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ABSTRACT

This study investigates what and how mathematios {¢aching) is constituted in
classroom practice. Specifically mathematical kremlgle for teaching fractions in Grade
7. One teacher was studied to gain insight ineortfathematical problem- solving the

teacher does and the dilemmas he faces as he lgoashés work.

The analysis of the data show that the mathematicdllem-solving that this particular
teacher engaged in can be classified as demonstrancouraging and working with
learner ideas. He appealed to mathematics (rulesgirical), experience (everyday) and
the curriculum (tests and exams) to fix meaninge fathematical problem solving and
appeals he made threw up dilemmas of represertimgdntent, competing goals and
student thinking. This aided in providing a destoip of what mathematics for teaching

is in this practice.

The report concludes with a discussion of whathteegneed to know or study in order to
become better mathematics teachers and where dp fthd these courses to

accommodate their need to improve as mathematchees.
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CHAPTER ONE

INTRODUCTION

1.1 Aim and Rationale

“Over the past 20 years, two refrains have echdedugh the discourse about
teachers’ knowledge of mathematics: The first iattihany primary teachers’
mathematical knowledge is weak. And the second higt the mathematical
knowledge needed for teaching is different fromt theeded by mathematicians.
Clearly, these two refrains are importantly relatedth central to the problem of
developing teachers’ knowledge for teaching. Stlforts to develop teachers’
mathematical knowledge continue to lack a heldfebretical or empirical basis for
what to work on, and how to connect it to the wibrkt teachers do”.
(Ball, Bass and Hill, 2004, 51)

The facts stated by Ball, Bass and Hill (2004) tleaeemphasize that teaching
mathematics is not a simple and straightforwardiviagt Being able to teach
mathematics successfully requires more than knownaghematics. It entails knowing
how to apply the mathematical knowledge so thahkss are able to understand it. So
how then do teachers apply their mathematical kedge so that their learners can make
sense of it? What must teachers know and do toenmakthematical knowledge

accessible for their learners?

Researchers such as Kazima and Adler (2006), Bais & Hill (2004), Segall (2004),
Brodie (2001), Ball and Bass (2000), Marks (1992) &ven, Tirosh, Markovits (1996),
have examined, as well as analysed teachers’ matigai knowledge in order to
understand and make better sense of the relatprisht exists between what teachers
know, how they came to know it and how they go abeaching it (Segall, 2004, 491).

There is a great need to develop teachers’ matlheah&howledge but it can only be
done if there is a deeper understanding of whatii¢e be developed. An increasing

agreement that there is a specialsed mathematioallgdge that teachers need to know
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and know how to use is not enough. Understandimdy describing this specialised
knowledge should now be in focus. There is howeagroblem of what to work on and
how to connect it to the work teachers do. Thisesthe important question of how we

find out what this specialsed knowledge for teaghimathematics is?

While many discussions and numerous studies haae d@mpleted in understanding this
specialsed knowledge, it remains vague. Not enasidtnown empirically about this
specialised knowledge that is required to teachhemaatics. It is for this reason that |
choose to study mathematics for teaching withiariqular context.

Another reason for completing this study is thaacter educators, curriculum
developers, government as well as teachers hawedaheir concern about teacher
knowledge in South Africa. Over the past few yedis®e meaning of successful
mathematics learning and teaching has experiencedadution in South Africa. In the
past, teachers focused on teaching procedures angutational skills. Now the new
curriculum demands that teachers help learners lgevskills that focus both on
conceptual and procedural understanding. No lodgewe teach mathematics to be able
to obtain correct answers and procedures, butadsie now teach so that learners will
be able to develop a deeper understanding of matiesn This requires a specialised
kind of knowledge and again raises the questiorgtwhthis specialised knowledge in
practice? Hopefully this study will aid in contuting to a better understanding and

description of this specialised knowledge.

1.1.1 Personal dilemmas

From a personal point of view, | have embarked lwe study with the intention of

understanding how to manage the dilemmas/problemgpérience as a mathematics
teacher with regards to teacher knowledge. | hawght Mathematics to primary school
learners for the past ten years. My qualificati@ssa primary school mathematics

teacher include a two-year methodology course am tooteach mathematics. | did not

do Mathematidsduring my initial years of studying as it was notemuirement and



Mathematics was the last subject | wanted to efwolbecause of the awful experiences |
had when learning it at school. After five yeafdeaching the different learning areas
(i.,e. Mathematics, Literacy, Science & Technologyife Orientation), | found

Mathematics to be the most interesting. It was tihat | enrolled to do my Honours and
later my Masters in Education with a focus on Mathécs. The experience was
invaluable. |1 had decided that after | obtain myskas degree in Mathematics

Education, | will enroll to do Mathematicat a university level since it would help my

teaching. However, after much deliberation and thk reading | have done on
Mathematics for teaching, | am no longer convintieat this will help me become a
better mathematics teacher. |1 am aware that lodd&mow enough mathematics, but also
know that just doing a Mathematics course or morgses in pedagogy is not sufficient.
My dilemma is that | want to continue to study irder to improve as a mathematics
teacher, so what is it that | must study? Do | gtombre Mathematics or do | study more
pedagogy? This is my dilemma around choicess hyi no means the only dilemma |

experience in teaching.

As suggested earlier, the mathematics curriculuguires that teachers teach for both
procedural and conceptual understanding. Thispnaged to be a dilemma for me,
particularly when teaching fractions. When teachfrartions | find myself rushing
through the work wanting the learners to just fellthe procedures in order to obtain
correct answers, knowing full well that they do metlly understand the underlying
concepts. | am faced with the dilemma of teacHnagtions for both procedural and
conceptual understanding. Teaching for conceptmdérstanding takes a fair amount of
time, learners need time to process what is taglage and make sense of the concepts.
It also requires that | engage with the learnera deeper level mathematically. Learners
often get frustrated and lose interest, resultimghe providing them with procedures to
follow. Teaching for procedural understanding regsiless time and learners can do the
mathematics by merely following given procedurefo | focus on whether they
understand the mathematics (why) or whether thaydoathe mathematics (how)? How
do | teach both procedurally and conceptually withcompromising either conceptual

understanding and so some meaning or procedutit $kis is a real dilemma for me as
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a mathematics teacher. Therefore | have chosetophe of fractions to help me explore
how to manage the dilemmas | experience and alsbéd more light on what must be
known and understood about the mathematical wakhters do, in order to manage this

dilemma.

1.2 Why fractions was chosen to contextualise thisystud

Fractions is a well-researched topic and findirgsns that the teaching of fractions is a
problem for any primary school teacher. As mermdmabove, it certainly is a problem

for me.

NOW, SAY WE | / WE HAVE Two HALVES,
CUT AN APPLE DON'T WE ? NOW..
N HALF...

THAT'S FRACTIONS!! B OU KNOW I'LL NEVER |
YOU'RE TRYING TO BUNDERSTAND FRACTIONS!

WHAT ARE 40U TRYING To DO
TEACH ME FRACTIONS! IBTOME 111 60 CRAZY 1 L

The cartoon above speaks a million words of hownkexs and teachers react towards the
learning and teaching of fractions. Learners oftgwve up because fractions are so
difficult to understand and teachers usually gipebecause fractions are so difficult to

make understandable.



Is the teaching and learning of fractions and reticmumbers an important and necessary
part of our mathematics curriculum? This queshias plagued my colleagues and | for a
number of years. In understanding the importarfdeagtions and rational numbers in
our number system and their complicated natureaviehcome to the conclusion that
mathematics teachers are threatened by this tdResearch suggest that there are two
reasons in particular why teachers may feel thiy whout teaching fractions: the
multifaceted nature of fractions and teachers wtdeding i.e. their perception and
conception of ideas related to the fractions. Whédachers may feel insecure about
teaching fractions, they cannot ignore the impasanf it in both mathematics and

everyday life.

Fractions form an important part of our curriculuth.is introduced formally to learners
from as early as Grade 1 and forms the basis ot Vigs ahead in understanding the
concepts related to rational numbers in later yedrsarners also encounter fractions
informally in their everyday lives, for example,asing out sweets amongst friends or
when baking a cake. Although fractions have beenngortant component of the
curriculum for a long time and much research haanbd#one on it, teachers still have
difficulty teaching it and learners still experiendifficulty understanding fraction

concepts.

1.3 Statement of the Problem and Critical questions

As elaborated in Chapter Two, the teaching of foast requires both procedural skill and
conceptual understanding in order to teach it cetepl and successfully. Teaching
fractions is not simple and straightforward and urexp specialised knowledge.
Therefore a focused study of the teaching of speadly the addition of fractions in

Grade 7 was undertaken, with the following critigakstions being asked:

1. What mathematical problem solving does this teadeewhen teaching addition
of fractions in his Grade 7 class?

2. What knowledge resources (appeals) does he cals tve goes about this work?



3. What teaching dilemmas are reflected in this pca€ti

4. How might this practice, and its teaching dilemrbasxplained?

These composite questions and how they are answalleétluminate the mathematical
work done by the teacher and also what is consttas mathematics for teaching in this
classroom practice. Ball, Bass and Hill (2004) adye that finding a helpful theoretical
and empirical base for what to work on and howaonect it to the work that teachers do
may aid in the effort to develop teachers’ matherabhknowledge. Being made aware of
and understanding the dilemmas teachers experiandhey go about their work may
provide the theoretical and empirical base that, Balss and Hill (2004) speak about.

14 Summary

In this chapter, | have highlighted the concersamted with mathematics for teaching,
as well as provided my rationale for embarking fois study. | have also engaged in a
discussion on the importance of using fractionghis study and how understanding
dilemmas teachers experience in their practicehedym provide a base for understanding
what needs to be developed with regards to tedainathematical knowledge. The next
chapter focuses on the relevant literature reltddte teaching and learning of fractions,

dilemmas, as well as the theoretical and analyfraatework that underpins this study.



Chapter Two

Literature Review and Theoretical Framework

In this chapter, | will review selections of resgratiterature that relate to the nature and
teaching of fractions, the knowledge teachers drawhen teaching fractions as well as

tasks for teaching fractions and teaching dilemmas.
| begin with a review of research on the nature ggathing of fractions, as this will
illuminate the kinds of problem solving a teachdgim be faced with, as well as the

knowledge resources he might call on in order &chefractions.

2.1 The teaching and learning of fractions

‘Fractions are among the most complex mathematmatepts that children encounter in
their years in primary school’ (Charalambous & &Rantazi, 2005). This statement
generates many questions within the realm of matiiem education. Some of these
guestions are: Why is the teaching and learnindradftions so complex? What can
mathematics teachers and teacher educators dalar tr ‘uncomplicate’ the complex

mathematical concepts associated with the teadumlglearning of fractions? What do

mathematics teachers know and do in order to saftdsteach fractions?

These are not new questions with regards to tlehiteg and learning of fractions. Much
research has been done on this topic and the §adiave been beneficial to teaching and
research in this particular field. However, sonfigh@se questions remain unanswered,

and the difficulties associated with the teaching Earning of fractions persist.

It has been suggested that there are two reasopchiliren may find it difficult to
develop a deep understanding of fractions: (1)ntere of fractions and (2) the way in
which fractions are taught (Charalambous & PittatRa, 2005).



2.2 The nature of fractions

Charalambous & Pitta-Pantazi (2005, p.233) uneaualy state that, ‘To date there is a
consensus among researchers that one of the pmealoinfactors contributing to the
complexities of teaching and learning fractions lie the fact that fractions comprise a
multifaceted construct’. Behr et al (1992, p. PR%&dicate, ‘...when fractions and
rational numbers as applied to real-world probleans looked at from a pedagogical

point of view, they take on numerous ‘personalities

These statements give us insight into why fractibage been so problematic for both
teachers to teach and students to learn. It ofteexplain that fractions are complex and

cannot be viewed simplistically.

Kieren (1976, 1988), Behr, Lesh, Post and Silvé88), Vergnaud (1983), Freudenthal
(1983), and Mack (2001) are a few researchers vetve attempted to explain the nature
of fractions. Kieren (1976) distinguished four heamhatical subconstructs of fractions:
measure, ratio, quotient and operator. = The notbrthe part-whole relationship

encourages the development of these four subcatstand is embedded in all of them.
It is for this reason Kieren did not consider isgparate subconstruct (Baturo, 2004).
Behr, Lesh, Post and Silver (1983) contested tha ilat the part-whole could not form a
separate subconstruct and differentiated part-whal®, quotient, operator, and measure

as mathematical subconstructs of fractions.

Since fractions have a variety of mathematical nmegmthere is a large range of ways in
2
which symbols such afmight be interpreted. Mamede, Nunes & Bryant (2000282)

offer us a clear description of fraction in partedd and quotient situations. For
example, in the part-whole situation, the denonainatiggests the number of parts into

which a whole has been divided, while the numemstiggests the number of parts taken.
2 o
‘So, 7 in a part- whole situation would mean that a wheldor example- a

chocolate was divided into four equal parts, anal Wwere taken’ (p.282).
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Figure 1.1 shows two parts of a whole chocolat¢ tas been divided into four equal

2
parts, which can be represented by the fra%ion

Fig: 2.1 A part —whole representation of the fracnfpn

In the quotient situation, the denominator suggdsés number of recipients and the
numerator suggest the number of items being shamedhe case oi it means that 2

items (chocolates for example) were divided amomgr fpeople. Furthermore, this

construct can be separated into two subconstrpatsitive and quotitive. This means

.2 L -
that the fractlonz1 represents the division and also the amount da@h recipient

receives, regardless of how the chocolates were 8widing two chocolates equally
amongst four children involves partitive or paditing while quotitive division

represents the part each child receives, evee iEflocolates was only cut in half.

Behr et al (1992) explain that,

, . 3.
The operator concept of rational numbers suggestie rational numbﬁrls thought of

as a function applied to some number, object or s&¢ such we can think of an
application of the numerator quantity to the ohjézitowed by the denominator quantity
applied to this result, or vice versa. The basidom is that the natural number causes an
extension of the quantity, while the denominatarses a contraction...(p.314).

For example, look at the pictures in figure 2.2 produce the picture of the smaller box,

. . : 3
the dimensions of the picture of the larger boxengperated on by a factorZJf



Fig 2.2 Using the operato?{ to shrink the dimensions of a picture.

Central to the measure construct is the concepnhaaf When children work with tasks
involving number lines (finding points on the numltiee), they must use the measure
construct (Behr et al, 1992). The following is e@ample where children could use the

measure construct, giving each child a piece afgtihat is one meter long and asking
.1 . ,
them to cut another length of strlnymetre long. When children are given the

opportunity to divide string, for example, into iieal lengths of various equally sized

parts, they gain experience identifying equivafeaxttions. For example, they are able to

. . 2 . N : 4 .
identify that;1 unit of string is equivalent tgunlt of string.

The fifth and final construct of fractions is ratid he ratio construct is different from the
other constructs in that the numerator and dendorirdo not necessarily refer to the

same quantity. Addition, unlike for the other fraction constructs, also defined

. . 23 243 2 3 5
differently for ratio numbers For example3 Y4=314 When3 and4 are ratios =

2 3. . L 2 3 17
When3 and4 IS not a ratio, addition is done as follomozst4 =17 (Behr et al, 1992)

Connecting the part-whole subconstruct with thecess of partitioning provided an
opportunity for Behr, Lesh, Post and Silver (19885 evelop a theoretical model which
links the different subconstructs of fractions lte basic operations of fractions, fraction
equivalence and problem solving (Charalambous &aMtntazi, 2005). For Mack
(2001), ‘partitioning’ encompasses both the pdmsle & quotient subconstructs, while
according to Charalambous & Pitta-Pantazi (200, model developed by Behr, Lesh,
Post and Silver (1983), suggest that in order teelde an understanding of ratio,

-10-



operator, quotient and measure, it is imperativeaasider the combination of the part-
whole subconstruct of rational numbers and the geef partitioning. In order to
develop an understanding of the multiplication awldition of fractions, the use of the
operator and measure subcontructs would be bealefidn order to solve problems
regarding fractions, understanding part-whole/parting, ratio, operator, quotient and

measure is needed.

From the literature it is evident that central e part-whole fraction subconstruct is the
notion of partitioning a whole, ‘whatever its repeatation, into a number of equal parts
and composing and recomposing (i.e., unitizing endhitising) the equal parts of the
initial whole’ (Baturo, 2004, p. 96). Kieren (aitén Baturo, 2004¥uggests that in view
of the fact that partitioning experiences are spdrtant to the development of rational
numbers, students should be afforded numerous tppies to partition diverse fraction
models in different ways in order to develop anemthnding of the representation of
fractions. Contrary to this, Kerslake (1986) adl\we Mamede, Nunes & Bryant (2005)
argue that the part-whole model is not the eassésttion for learning fractional
representations, in fact Kerslake suggests th&tadsof promoting the development of
the more general idea of a fraction, it inhibitdMamede, Nunes & Bryant (2005) in their
study reported that there is no supporting evidetitat the part-whole fraction
subconstruct is the most suitable one for teacHiiagtions since children performed
better in problems presented in quotient situatidResearch suggests that in ‘traditional’
classrooms, part-whole situations are used todnte the concept of fractions instead of
guotient situations and that maybe it is time tthirkk which is the most appropriate
situation to introduce the concept of fractionsis levident that these subconstructs make

choosing appropriate tasks to represent and teactidns very complex.

Some mathematics teachers struggle to find theecbmrepresentations for teaching
fractions because of its multifaceted nature. Tofgn resort to using representations
that comprise of regularly shaped objects thatarieled into equal parts or they use the
number line (Verschaffel, 2006). Hannula (2003)his study with 8 and 7" grade

Finnish students found that the students were enablse the number line to make sense
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of what the appropriate whole was. Instead ofddielpful, the number line posed to be
problematic. Similarly Charalambous & Pitta-Pan{@005) report in their research that
the number line is a difficult model for studerdsuse in order to understand the concepts
related to fractions and suggest that teachetsfdicais on establishing an understanding
of other notions before embarking on using the nemibe as a model in their teaching.
Kerslake (1986), in her discussion of the differembdels of fractions children are
familiar with, noted that the difficulty childreralie with fractions arises because of their
limited view of a fraction. This in turn genera@®blems when trying to make sense of
the addition or of placing a fraction on a numheel| Both Verschaffel et al (2006) and
Hannula (2003) draw attention to the fact that eifiactions comprise of multiple
subconstructs, the way that they are taught angsepted in mathematic classrooms at
schools should consist of multiple representatithrad encourage and promote both the
procedural and conceptual understanding of frastiomhis however, is not evident in
such classrooms and thus prompts enquiry into h@aetibns are being taught in

mathematics classrooms.

The focus of this study is not to find solutionsamswers to how teachers should teach
fractions or how students construct fraction un@eding (Mamede et al, 2005, Herman
et al, 2004, Pirie, et al, 1994,) but rather, aedon the previous chapter, it focuses on
one teacher and how he teaches fractions spelyfidhle problem solving he faces,
knowledge resources he draws on and the dilemnflagte=l in his practice. As noted,
despite a substantial amount of research donederdo establish and understand why
the teaching and learning of fractions is so difficthe difficulty persists and remains a
constant challenge for teachers. An in-depth safdyhat happens in practice could offer
some explanation and illuminate why the problentested to the teaching and learning of
fractions persist, particularly within the Southridén context. It also hopes that in
studying the knowledge for teaching in this pragtimore light will be shed on the
problem in order to help make a difference witharelg to the specialised knowledge

needed for teaching mathematics.
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2.3How _fractions are being taught

Philippou & Christou ( 1994) argue that becaus¢éhefcomplex nature of fractions, the
teaching of fractions should receive more attenton it should be taught in a more
meaningful way. However, they maintain that teasheontinue to teach fractions
procedurally instead of helping students develapeaper conceptual understanding of

them.

Philippou & Christou ( 1994) in their study of elemary teachers’ conceptual and
procedural knowledge of fractions conclude thattéaehers they worked with portrayed
a lack of conceptual understanding of fractions.hilé/they were able to calculate
correctly and displayed appropriate knowledge ahisgls and algorithms associated
with fractions, they had difficulty explaining wiparticular procedures were used. This
highlighted their lack of understanding of concepbtunowledge with regards to the
concept of the operations of fractions and theuerice it had on how they taught
fractions. The subjects involved in this particuidtudy carried out and focused on the
procedures to produce correct answers. This iteticéhat these preservice teachers
failed to make a connection between their procddamd conceptual understanding of
fractions. Philippou & Christou (1994) dichotomizearocedural and conceptual
knowledge and argued that the preservice teachers wnable to complete certain

problems successfully because of their conceptuaMedge of fractions.

Ma (1999) makes a similar kind of argument, howeshexr does not talk about procedural
or conceptual knowledge as separate entitieseddsthe refers to ‘knowledge packages’
where procedural and conceptual knowledge neeé twohnected. It must be noted that
Ma (1999) did not only study fractions, she males tlaim about other topics as well.
In her comparative study of teacher's understandihdundamental mathematics in
China and the United States she points out th&b 48 U.S teachers were able to
complete a calculation on the topic of division fogctions successfully, but none of

these teachers were able to offer a mathematicsdlynd explanation for their
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calculations. In contrast to this, the Chinesetiees were able to represent the operation
and correctly explain its meaning because of tbeircrete and extensive knowledge of
the topic. Ma (1999) alludes to the fact that hgvan ‘all-inclusive’ understanding of a

topic results in pedagogically powerful represeatet of that topic.

Charalambous & Pitta-Pantazi (2005), in their studiych attempts to provide empirical
validity of the theoretical model of fractions, whi link the five interpretations of
fractions to the operations of fractions and problgolving, suggest that in order for
students to become proficient in the operationgraxdtions, they must master the five
interpretations of fractions. This has many imgtiens for the teaching of fractions.
Firstly, it proposes that items used when teacHiagtions require both procedural and
conceptual understanding of the operations of isast Secondly it draws attention to
the fact that teachers need to develop a suppoirtamgework that would help students
develop a deeper understanding of the differemstealities’ of fractions. This in turn
could improve students’ performances with regaadsasks involving the operations of
fractions. Charalambous & Pitta-Pantazi (2005) condgth Philippou & Christou (1994)
and other researchers, that when fractions argyltaught, there must be an emphasis on
the conceptual understanding of it. The teachingigorithms to perform operations on
fractions in order to achieve correct answers niestsubstituted by the teaching of
fractions for conceptual understanding and knowdedd@his however, by no means,
suggests that teachers must ignore ‘procedurahitegiy but rather as Ma (1999)
indicates, teachers with profound understandinghathematics understand the role of
“procedural learning” in conjunction with “conceptwnderstanding” in the learning of
mathematics. This purports that teachers shougsgss more than just a procedural
knowledge of the operations of fractions.

“The real mathematical thinking going on in a ctassn, in fact, depends heavily on the
teacher’s understanding of mathematics” (Ma, 199863). Fennema and Franke (1992)
state, “the evidence is beginning to accumulateuigport the idea that when a teacher
has a conceptual understanding of mathematicsflitences classroom instruction in a
positive way” (p.151). Both of these statementspmwards the importance of the kind

of understanding that teachers possess regardemgntithematics they teach. What
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teachers know and understand, influences theieststthinking and how they teach. It
suggests that if teachers are unable to make senseaning of the mathematics they
teach for themselves, attempting to construct nmeprfor their students in order to
understand fractions could prove to be futileal$o intimates that being able to identify
and recognize errors made by students requiresethalers fully understand the subject
they teach in order to make valid judgments (Phdyp & Christou, 1994). What then
should teachers know in order to teach the operatad fractions so that their students
develop a profound understanding of it? All of¥bespects relate to teacher knowledge,
which forms an integral part of teaching.

As teachers embark on the process of teachingdracthey are bound to experience
certain dilemmas. Stein et al (2000), highligatdilemma experienced by one of the
teachers in their study. This dilemma experienlogdhe teacher is closely related to
what has been discussed thus far in the literatR@n, a mathematics teacher, struggles
to find a balance between teaching efficient procesl and encouraging students’
development of conceptual understanding when tagchiactions, decimals and
percentages. The literature clearly points to flaat in order to become proficient in the
operations of fractions, students must be exposdadsks that promote both procedural
and conceptual knowledge and the understanding @ecause of the complex nature of
fractions, teachers are faced with the dilemma ezching algorithms to perform
operations on fractions in order to achieve corgatdwers versus teaching fractions,
using more complex, less structured tasks, soth@t students are able to develop a
deeper understanding of the nature of fractiorishdy opt for the latter, they risk the
chance of working with students who become anxibesause of the uncertainty
associated with the tasks (Stein et al, 2000)hdf choose the former, their students will
have a superficial understanding of the concepfradtions. As mentioned in the
previous chapter, | have experienced a similantit@ when teaching fractions. How do
| ensure that my learners know both procedures camtepts without compromising
either?What do | need to know in order to promote bothosmual and procedural

understanding of fractions? How do | as a teaclerage these dilemmas | experience?
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These are not simple questions with straightfornamdwers, but rather require an in-

depth analysis of what takes place in practice wWrastions are taught.

From the above discussion, it is evident that #azliing of fractions is not simple and
straightforward. Its implication for this study fisat learners are bound to experience
problems as they grapple with the conceptual andguiural understanding of fractions.
This requires that the teacher help learners unpadkunderstand the mathematics. It
will entail some kind of mathematical problems sofvby the teacher and he will have
to draw on knowledge resources in order to legittnthe mathematics being taught. In
other words, in order to make explicit or point adat is valued. A lot of what has been
discussed thus far in the literature prescribestwdechers should know and do to teach
fractions successfully. As noted earlier, they mpsssess both conceptual and
procedural knowledge and understanding of fraction¥hey should be able to offer
mathematically sound explanations. They are reduito choose appropriate
representations to teach the concept. They haveodme able to identify and recognize
errors made by students and make valid judgmeais®ie literature offers an extensive
list of what the teacher must know and do when hiegc fractions, yet as argued,
difficulties persist. My aim in this study is ftocus on what the teacher actually does. In
other words, | hope to describe what takes plageaility in this particular classroom as
the teacher teaches fractions. It will be intengsto see what the teacher does as he
teaches fractions. Does he use representationsdhew he use them and what does he
call on to explain the concepts? Are the explamatihe offers mathematically sound?
What dilemmas does hexperience and what mathematical problem solvirgsdw® do?
How does he deal with student thinking? This, pdaavill provide an opportunity to map
out what the teacher does, to what is prescribethéyiterature in order to come to an
understanding of what and how mathematics for tegds constituted in this classroom

practice.

-16-



2.4 Teacher Knowledge and Problem solving

Teacher knowledge comprises more than just subjatter (content) knowledge. It is
the blending of both subject matter knowledge amdagogical knowledge, which
Shulman (1986) has termed pedagogical content laupel
Shulman (1986) explained that pedagogical conteowkedge includes:
‘...the most useful forms of representations of thioeas, the most powerful analogies,
illustrations, examples, explanations, and dematistrs- in a word, the ways of
representing and formulating the subject that nmiakemprehensible to others.....It also
includes an understanding of what makes the legrofrspecific topics easy or difficult:
the conceptions and preconceptions that studerdifefent ages and backgrounds bring

with them to the learning of those most frequetslyght topics and lessons....(p.9)

From Shulman, it is understood that pedagogicatertunknowledge is what describes
and evaluates teaching. Ball (2004) suggest RGK that helps distinguish teachers
from subject area experts. The distinction issmmuch in the quality or quantity of the
subject matter knowledge, but in how that knowledg®rganized and used. Marks
(1992) in his study on fifth grade teachers’ abthgir teaching of equivalence of
fractions, clearly shows that it is difficult topdown the concept of pedagogical content
knowledge theoretically, however, it signifies gayof knowledge that is specialsed,
unique and central to the work done by teachetsis Khowledge does not usually form
part of non-teaching subject matter experts ormtemcwho know little of that subject. It
is apparent that teachers are required to ‘tramsftimeir subject matter knowledge in

order to teach.

This means that the success of what is taught amd ihis taught depends on how
teachers use their subject matter knowledge, pejlego knowledge and their
understanding of topics that are difficult or irgting for students and how to represent
the content in a useful way (Ball & Bass, 2004 KRs therefore more than just subject
matter knowledge (SMK). It is knowledge that temrshmust have in order to teach the
subject knowledge successfully and effectively.eyrmust be able to present the content

in a way that is comprehensible for students. Tkaebwledge and understanding of
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different ideas, representations, methods etc mg@oitant if they want to teach for
understanding. They must understand and know weltgio concepts are either difficult
or easy for students and what would be the best twaieach it. The blending of
teacher's subject matter knowledge, pedagogicatendnknowledge and curricular
knowledge must allow for the knowledge to be transkd so that it can be taught. In
order for the transformation to take place succdlgsso that mathematics is taught well,
Ball, Bass and Hill (2004) suggest that teacherspack’ or ‘decompress’ the
mathematics they know and have been taught. Tipdias that teachers must have a
good understanding of their subject (mathematioaliter knowledge as well as knowing

how to use this mathematical knowledge when tegc@ler, 2005)

Since the inception of the notion of pedagogicaltent knowledge, several researchers
(Kazima & Adler, 2006, Ball, Bass & Hill, 2004, Sdfj 2004, Brodie, 2001, Ball &
Bass, 2000, Swafford, et al, 1997, Even, Tiroshikdats, 1996, Marks 1992, Lampert,
1985) have examined and analyzed teachers’ matieahlbowledge within a specific
topic area in order to understand and make bettesesof it. These researchers have
attempted to understand the relationship that ®xstween what teachers know, how
they came to know it and how they go about teacfktif®egall, 2004). However, some
researchers have brought to attention that themati pedagogical content knowledge is
not simple and straightforward to understand, msteiad brings with it a host of
complexities that make it difficult to identify anohderstand within a classroom context.
Marks (1992), in his attempt to describe PCK disged that it was very difficult to do
so since it is derived from other types of knowkedgtudent understanding, subject
matter, instructional processes and instructioredia). Determining where one kind of
knowledge ends and the other begins is very ditficMarks (1992), therefore suggests
that PCK cannot be viewed or assumed as being lkdge that grows out of general
pedagogy as well as subject matter. Ma (1999) |ailpito Marks, shows that knowledge
that is required for teaching mathematics must mateeaccount the relationship between
the student and the mathematics as well as tienade for learning mathematics. Ma
(1999) takes it a step further and extends our nstaleding of mathematical knowledge
as part of pedagogical content knowledge (Brod#)12. Brodie (2001, p.88) best
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describes the nature and development of what Mis cgirofound understanding of
fundamental mathematics’:
“...mathematics teachers understand mathematiceémhing in deeply structural ways.
They have ‘knowledge packages'(p.113) which represebs of mathematical concepts
and their relationships in ways in which they aestdearned by children. A key feature
of these ‘knowledge packages’ are ‘conceptual Kn@psll5) which tie together
meanings of concepts, symbolic representationgrittigns and their rationales, and

procedural and conceptual knowledge”

Ball, Bass and Hill (2004) hold a similar view toal#s (1992) and Ma (1999). Unlike
Shulman, they acknowledge that the boundary bet#é¢K and PCK is blurred. They
do not make a clear distinction between SMK and R@GH have instead coined the term,
“Mathematics for Teaching” (MfT) in order to dedwiand understand what takes place
in practice. In other words, they argue that taeegories related to teacher knowledge
are not discrete and that they are unclear aneftirera way forward would be to view
what takes place in classrooms as mathematicalgarobolving. Ball and Bass (2000)
argue that in order to understand what teachersvkdo and learn in the classroom, we
must observe classroom practice. As noted, a ¢éeanhist be able to ‘decompress’ the
mathematical knowledge they have acquired in dimléeach mathematics (Ball & Bass,
2000). They make a clear distinction between kndgée that teachers require in
anticipation of practice and knowledge that teaghmed in practice. Drawing on both
SMK and PCK Ball, Bass and Hill (2004, p59) havggested types of mathematical
problem solving that mathematics teachers do gsgbebout their work

» Design mathematically accurate explanations thetcamprehensible and useful

for students;
* Use mathematically appropriate and comprehenségdiaitions;
* Represent ideas carefully, mapping between a phlysicgraphical model, the
symbolic notation, and the operation or process;
* Interpret and make mathematical and pedagogicajmeats about students’

guestions, solutions, problems, and insights (potidictable and unpredictable);
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* Be able to respond both productively to studentathmamatical questions and
curiosities;
* Make judgments about that mathematical qualitynstructional materials and
modify as necessary;,
* Be able to pose good mathematical questions arimegns that are productive for
students’ learning;
» Assess students’ mathematics learning and takeekiesteps.
When teaching fractions the teacher may find hifrsegjaging in some of the activities
mentioned above. For fractions, it would mean ithat teacher is able to provide
mathematically sound explanations of the differemistructs of fractions. He would
also have to provide representations of the contexttafford learners the opportunity to
develop both procedural and conceptual understgndinfractions in their different
forms, bearing in mind the cognitive demands of tdeks. It proposes that the teacher
has insight into what his learners may be thinldeaghey engage with different activities
i.e. learners will bring to the class their everydenowledge about fractions that
influence their thinking and understanding. Theclkeer will have to identify, distinguish
and mediate between everyday knowledge and scteitibwledge in order to make
pedagogical and mathematical judgments. The natlifeactions is complex and this
requires that the teacher is able to modify task®mling to the learners’ needs without
necessarily changing the cognitive demand of tkk. ta his is by no means a complete
list of the mathematical problem solving that teadher in this study could be engaged
in. The mathematical problem solving will be idéatl as the teacher goes about doing

his work of teaching.

Adler (2005), drawing from Ball et al (2004) redsuithe work of mathematics teaching
as a particular kind of mathematical problem sayvinAdler & Pillay (2007) make it

clear that this ‘mathematical problem solving’ prdthematical work’ is not synonymous
with work someone does when working on or solvingathematics problem. Instead,
they describe it as the work done by mathematashters that involves particular kinds
of problem solving that has mathematical entailmemtachers are confronted with

problems as they go about teaching. The solvinipede problems is considered as the

-20-



‘mathematical problem solving’ or ‘mathematical wodone by the teacher in the
classroom. When teachers are involved in mathealgiroblem solving, it requires that
they call on certain knowledge resources in ordeixt meaning or legitimate meaning.
Adler et al (2005) provides three knowledge domadireg teachers might appeal to in
order to legitimate knowledge for learners in mathéics classrooms. The knowledge
domains are mathematics, experience and curricsem analytical framework for an
explanation on each one). In a similar study orctions by Adler & Pillay (2007), it was
found that the teacher explained by using empirmehmples and calling on what
examinations were rather than the nature of funstiolt would be interesting to see
whether the findings of the study done by Adler &lay (2007) correlate with the
findings of my study and how the outcome might kel@ned.

2.5 Teaching Dilemmas and Teacher Knowledge

While the use of Ball, Bass and Hill's (2004) netratical problem solving categories
help describe what takes place in classroom peggparticularly the mathematical work
the teacher does, it does not help in addressingitcessues that the literature is starting
to throw up. At a personal level dilemmas makearsense and the way Adler (2001)
used teaching dilemmas is useful. Therefore, bamg to draw on and explore the issue
of teaching dilemmas. | would like to see to whxetent dilemmas can be identified by
looking at what mathematical problem solving thacteer does and the resources he
draws on and how and whether these dilemmas addveesin relation to what the
teacher says. This will provide some insight imthat and how mathematics (for

teaching) is used and so constituted in this ad@ssrpractice.

Adler (2001) in her earlier work brings to oureattion the notion of teaching dilemmas
experienced in multilingual mathematics classroo®snilar to Ball and Bass, her
interest lies in accessing and understanding tegictaeit and articulated knowledge for
teaching mathematics. Adler (2001) states thatemtiassrooms are complex sites of
practice, knowing, understanding and identifyingatvbakes place during this practice

aids teachers to reflect and act on their practighe uses the notion of teaching
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dilemmas to capture and open up ‘teachers knowlexfgihe elusive, complex and
dialectical nature of teaching and learning math@san multiingual classrooms’
(2001, p.1). Although Adler's study focused on tHdéemmas of code-switching,
mediation and transparency experienced in multil@gnathematics classrooms, the idea
of identifying dilemmas provides me with ‘explaniat tools and analytic devices’ with
respect to what takes place in a Grade 7 mathesnelissroom when fractions are being
taught (Adler, 2001, p.1).

The purpose of using dilemmas is that it bridgesahstract ideas of theory and the on-
the-ground realities of practice (Adler, 2001, pAdller uses both Lampert (1985) and
Berlak and Berlak (1981) amongst others, to shat the notion of teaching dilemmas
as at once practical, personal and contextual besamuseful tool through which to
capture the complexities and contradictions inhewag (Adler, 2001, p.56). This means
that identifying, acknowledging and understandiegching dilemmas helps teachers
make sense of what is taking place during the p®oa# teaching and learning in
practice. Lampert (1985) states that when teachgrto solve pedagogical problems
that they encounter daily in the classroom, whatally happens is that they ultimately
experience ‘practical dilemmas’. These dilemmasadiren difficult to address and it is
imperative that teachers find a way to manage thestead of ignoring and pretending
that they do not exist. It will be interestingriote what the teacher in this study does to
manage the dilemmas he faces in particular, whatblem solving he does and what

resources he calls on as he goes about this work.

As noted, Adler's (2001) study reveals three dileamnexperienced by mathematics
teachers in a multilingual classroom. Lookingha tilemma of code switching, Adler
(2001) reveals that the teacher is faced with ttesrana of developing English vs. the
dilemma of developing meaning (p.68). For Adlekrmowledging this dilemma meant
that the teacher was able to understand what wasgtglace in the classroom with
regards to code switching and at the same timeradt in order to improve her practice.

It also provided an understanding of the teachenasthematical and pedagogical
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knowledge required for teaching mathematics in diqudar context. In other words,

dilemmas help explain what teachers know and wiegt heed to do.

With regards to my study, | hope to gain insighbithe teaching dilemmas by studying
what mathematical problem solving the teacher eagagith and what knowledge
resources he draws on to legitimate meaning fotdamers. In other words, | hope to
see the dilemmas in terms of the problem solvirgtdacher does and the resources he
calls on with a focus on the literature around timaxs. Identifying dilemmas and how
the teacher manages these, will in turn illumirmgemathematical work.

2.6 Coqgnitive Demands of Tasks and Associated Dilam

| now turn my attention to what forms an importpatt of this research and that is the
tasks used to teach fractions. It so happensirthtitis study the teacher presents the

addition of fractions through a complex task.

There has been a substantial amount of researeh @otasks since some of the reform
practices in mathematics have been introduced ¢fvroew kinds of tasks. The teacher
in this study does this so it is important for meekamine the task in relation to what

problem solving and dilemmas are thrown up.

For the purpose of this study, | will use Stein as (2000) understanding of
mathematical tasks and how they are enacted wiitleiclassroom context.

While tasks per se are not the focus of this stitdg,useful to look at Stein et al’'s work
on tasks since it helps identify the kinds of diteas teachers’ might face. Stein et al
distinguish between selection, set-up and impleat@mt of tasks. While they do not talk
about tasks in relation to specific topics likecfrans however, they offer some
understanding of things to think about with regatdsdilemmas teachers experience
when selecting, setting up and implementing taskany topic. Since the teaching of
fractions is laden with complexities because ohigure, the tasks that teachers use to

represent the content may be an ideal tool to tevieat mathematical problem solving is
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taking place, what resources are called on and dilshmas are experienced. In other
words, these tasks are not only central to learbogthey are also important artifacts of
practice that could illuminate the mathematicalbpgan solving, resources called on and

dilemmas.

Stein et al (2000) suggest that different tasksenthiferent demands on thinking. There
is a certain level and kind of thinking requiredstiddents in order to successfully engage,
complete and solve a task and this is what Steial g2000) refer to as cognitive
demands. They claim that ‘the level and kind ahlting in which students engage
determines what they will learn’ (2000, p. 13). diher words, teachers hold the key to
what learners learn. Teachers either provide t#sas require minimal thinking and
reasoning or they can supply their learners witksawhere they are actively engaged
cognitively. But in order to provide tasks thaé appropriate for a particular lesson,
teachers must be able to match the tasks accowihgir goal for student learning. This
means that if a teacher requires that learnersnpedtuent in certain procedure then
tasks that involve memorization may be appropmatd the goal is to develop a deeper
understanding of concepts then tasks that involemgd mathematics will be more
suitable (Stein et al, 2000).

Stein et al (2000) examines the cognitive demaadqa on learners in different kinds of
mathematical instructional tasks. They refer to thifferent levels of cognitive demands
of mathematical tasks. They are lower level cagaitemand (procedural) and higher-
level cognitive demands (conceptual). Memorizatiand procedures without
connections are considered lower level cognitivenaleds while procedures with

connections and doing mathematics are considerkdjasr-level cognitive demands.

With regards to the teaching of fractions, findirlge correct and appropriate
representations can be very difficult for teache@dten teachers resort to choosing tasks
that require procedural applications since thein anvderstanding of fractions are limited
and insufficient. A study done by Linchevsky anohnér (1989) show that in-service

and preservice teachers involved in the study,aledemisconceptions and confusions
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when the canonical whole was replaced by anothexlenfor fractions of continuous
guantities.  The teachers’ visual representatioris fractions were incomplete,
unsatisfactory and insufficient to form a completncept of fractions. Sanchez and
Llinares (1992), in their study found that the wWeactions are presented, formulated and
represented in order to make it understandabléuttests depends largely on elementary
teachers’ understanding of fractions (subject matt®imilarly Ball (1993) makes us
aware of the dilemma of representing the conteat #he experienced during her
teaching of negative numbers to Grade 3 learne3he reveals that what teachers know
about mathematics will determine what tasks theysehin order to teach the content
successfully. She explains that representing timteat to teach negative numbers and
other topics is extremely difficult. From the akosand in accordance with previous
studies (Charalambous & Pitta-Pantazi, 2005, Riolp& Christou 1994, Marks, 1992
etc) an assumption can be made that teachershwiise or implement tasks that match

their subject matter, curriculum and pedagogicaMkiedge of the topic.

2.7 Positing Potential Dilemmas

As noted, the teaching of fractions is difficuldainaught with dilemmas. It is often seen
as being abstract and difficult to visualize. hder for it to be taught successfully, it
must be clearly represented. This requires thathiers select appropriate tasks to help
them represent the concepts successfully. Thectsrle of good instructional
representation and knowing how to use it is of igmmportance and work together to
ensure a clear understanding of concepts taughtBall (1993) suggests, teachers must
have an adequate understanding and knowledge aiotieept first before they are able
to ‘unpack’ it so that their learners understandntl can access it. They must have an
understanding of how their learners may best ‘ske’concepts and predict learners’
difficulties so that they know how to best représdtie mathematics to them. Teachers
are required to use more than one representatice sio single representation can fully
capture all the ideas embodied in the conceptadftisns (Ball, 1993). Selecting and
implementing these representations poses problemsesfchers. What they select is

often difficult to teach because of the abstratuieaof fractions. While teachers have
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goals and intentions of setting up tasks concelgtule representations that they use can
be problematic, so pushing them to teach proceguiradtead. This creates a set of
dilemmas for the teacher in that the focus is mgéw on teaching both procedures and

concepts, but rather on only teaching procedures.

There are three interrelated dilemmas and theystin from what | have called
competing goals. It is described in the literatasethe procedural and conceptual work
involved when teaching fractions. The first dilemraaelated to the task selected, set up
and implemented to represent the content. Linketthis is what the learners do as they
engage with the task. So it is possible, in faaill hypothesize, that the teacher will
face some dilemmas around representing the taskilhéace some dilemmas around
what the learners do with the task and thirdly amakt centrally he will face dilemmas
around the procedural and conceptual work of fossti

Ball, Bass and Hill (2004) argue that teachers eahfront problems as they go about
their work and that these problems are mathematicahture. The teaching of fractions
will no doubt throw up a number of problems for tieacher. From the literature and
particularly from my own experience, teaching fracs both conceptually and

procedurally is a major and a legitimate problerall,BBass and Hill (2004) argue that

problem solving is mathematical, so is this dilemmhaompeting goals mathematical? |
would argue that the dilemma is mathematical. Hbes teacher manages this dilemma
affects the learners’ mathematical knowledge aradr tanderstanding of the concepts
related to fractions. |If the teacher has a deepelerstanding of the interconnection
between concepts and procedures in terms of peoftgi, the dilemma might be managed
in different ways.  Managing the dilemma is abouderstanding the relationship

between mathematical concepts and procedures aricdhtiwledge resources called on to

legitimate meaning for the learners.

As can be seen, the problem solving suggested byBzess and Hill is usefully extended

by the notion of dilemmas.
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While Ball, Bass and Hill's (2004) mathematicabplem solving categories enable me
to identify the mathematical work the teacher confs and does when teaching,
dilemmas help me think about the pedagogical/matitieal problems he faces and how
he manages them as he engages with the mathemattdém solving.  This, | posit

will provide greater insight into what takes planethis particular practice. It offers to

explain more than just what mathematical problehaisg the teacher does. Instead the
problem solving describes what the teacher doesnwibaching while the dilemmas

describe why he does certain mathematical probtduing as he attempts to address and
manage the dilemmas. In other words, the dilemneds express what the tensions are
and will help get to what mathematics is needeteéeh fractions and thus provides a

description of mathematics for teaching is in fisctice.

In this chapter | have reviewed literature and ghdlvat both the nature and the way that
fractions are taught is problematic and that algfomuch research has been done around
this particular topic, the problems still persistThis brings into question teacher
knowledge and what they should know in order tehefsactions successfully. | have
attempted to address this by looking at researdenms of what teachers actually do
rather than what teachers have to do. There ssanmption within the study that some
of what the teacher might do is the function of soonf the dilemmas he might

experience.

| now turn my attention to how | am going to seacter knowledge, problem solving,
knowledge resources and dilemmas in practice. tlfgirswill not be able to ‘see’ the
dilemmas and therefore | am going to have to itiem. Secondly, to see all of the
above-mentioned in practice, | have to developzegd his gaze will help me see things
related to the problem.

2.8 Theoretical Framework and Analytical Framework

In researching the mathematical work of teachirg,im other fields of research, a

theoretical framework is significant for severahgens. Fundamentally it provides a lens
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through which the data is interpreted or analyz&Htis in turn enables the ‘audience’ to

know or understand where the researcher is comamg.f (Fetherston, 1998).

This is a study of the mathematical work of teaghifiocused on the kind of
mathematical problem-solving a teacher does as des @bout his work, and the
knowledge domains and resources he calls on thidomork, specifically as he selects,
sets up and implements mathematical tasks for iegdtactions in his Grade 7 class. In
addition to describing this mathematical work, gtady seeks to explain this work,

relating it to possible teaching dilemmas and ttig=eences of the teacher.

Where and how is the mathematical work of teachinge ‘seen’? While a teacher’s
work is not reducible only to their classroom aityivit is central to their work. This
study is focused on classroom practice, and scstady of pedagogy. With this in mind
and in line with QUANTUM, | have turned to Bernstein’s theory of pedagatiscourse
as it provides a broad social lens with which t&e‘nto’ pedagogic practice, and is a key

component of the mathematical work of the teacher.

Bernstein provided a rather direct description efl@gogy: it is the conversion of
knowledge (intellectual, practical, expressive ocal knowledge) into pedagogic
communication (Bernstein, 1996). In the case othewmatics and the teaching of
fractions (as in this study), the teacher’s task imke knowledge of fractions (what they
are conceptually, how they can be applied, operatielated to fractions and the related
rules and so on, together with how this knowledgpears in curriculum documents,
texts for teaching and so on) and (re)present thieskis learners so that they are
understandable or learnable. For Bernstein, pegl@agommunication is inherently and
intensely social and so, by no means straightfawar addition to what others have
called the transposition of knowledge, pedagogmormanication is shaped by:

* How teachers (and the curriculum more broadly)klahbout learners;

! As noted, QUANTUM - a larger study on mathematinsteaching, is elaborated in
various research papers. See Adler & Pillay (20Biflay (2006), Adler et al (2005),
Kazima & Adler (2006)
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* The knowledge resources teachers can and do appeal
* How they (and the curriculum) interpret mathematics

* The ways learners respond to mathematical taslsatieegiven.

But how is pedagogic discourse, and particulargy tlachers’ mathematical work to be
‘seen’? Bernstein posits the notion of a ‘pedagatguice’ (1996, p. 39) as the central
concept and tool in understanding pedagogic pectite describes the pedagogic device
as a set of three inter-related hierarchical rulestributive, recontextualisation and

evaluative (Bernstein, 1996).

The distributive rules control the distribution different forms of knowledge between
social groups, and originates in the recontextattia rules. The recontextualisation
rules ‘regulate the formation of specific pedagodiscourse’ and originate from the
evaluative rules. The evaluative rules determifetwcounts as valid acquisition of
instructional (curricular content) and regulatisagial conduct, character and manner)
texts (Singh, 2002, p. 573). As Adler, Davis, KazjnParker and Webb (2005) have
argued, “ the distribution of knowledge and theesufor transformation of knowledge
into pedagogical communication is condensed inuatain”. Evaluation, as it is at work
in pedagogic practice, attempts to control thesmaission or acquisition of the available
potential meaning. The evaluative rules constthet pedagogic practice by providing
the criteria to be transmitted and acquired (Pjl2§06). Davis et al (2003) argue that
the possibilities for meaning are condensed in thnough moments of evaluation, and
that in mathematics classrooms, evaluation is noh@ off thing, but rather happens

over a certain period of time.

It follows from this, that the workings of the pedaic device, and so too the
mathematical work of teaching can be made visibteugh a study of the what, over

time, comes to count as valid mathematics in pegiagoractice.

It provides a way of understanding how teacherstilegte or fix meaning when
knowledge is distributed and transformed (recomigliged) within the classroom

context.
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Within a classroom, as in any other pedagogic m@cteachers provide an accepted
standard of what it is they want their learnerktow (Bernstein, 1996). In providing
these criteria, teachers have to comply with remsghrules, standards and traditions of
the pedagogic discourse. Consequently teacheferaesl to form

sound opinions, sensible decisions or reliable gpedegitimate meaning).

The transmission of the criteria to learners depem two rules of acquisition which
Bernstein calls recognition and realization rul&ghile the recognition rule requires that
learners recognize/accept the validity or truttwbft he/she is expected to know ot do
realization rule determines how meanings are pgetteer and made public (Bernstein,
1996). An understanding of the recognition rule translats the realization rule. This
means that the learner is able to recognize whattiiey are meant to know or do and
produce a legitimate text required by the teacli®&gcognition and realization rules work
in tandem and not in isolation from each others limportant that learners acquire both
rules since recognition rules on their own are figent. It is important to note that
while Bernstein focuses on the acquirer (learned) laow they come to understand the
realisation and recognition rule, this study ise@med with the possibilities set up by the
teacher and pedagogic discourse for the learnacdaire these rules. In the context of
this study, Bernstein helps to think about whatrlees are to recognise as mathematics
and how do they do this.

Through what is known as the evaluative momentpeadagogic practice, | hope to
capture what is taking place in the classroom legitsg’ the knowledge and experience
the teacher draws on as he goes about his woiaching fractions. In other words, it
provides insight into what is actually happening &ngoing to help me see:

* What problem solving the teacher is doing;

* What is the content of these events;

* What kind of fraction work is demonstrated, valweal validated and how this is

done;

* What is happening to the nature of the task.
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* And eventually identify what kind of dilemmas tresather is facing and what is
being called on in order to address the dilemmas.

Ultimately an understanding of Bernstein’s evakmtiules and principles help us ‘see’

what the mathematics for teaching is, how this iinction of problem solving, the

dilemmas faced by the teacher, and so providevaralb orientation to the study.

The next section focuses on the analytical fram&wwehich will help aid in identifying,

and observing what has been highlighted thus far.

2.9 Analytical Framework

The analytical framework used in this study is addgdrom the research done by Adler
& Pillay (2007), which focuses on mathematics feadhing functions. The data is
chunked into units of analysis. Each unit is chiéen evaluative event or episode. An
evaluative event or episode is defined by the mdhesteacher makes to legitimate
meaning or to fix meaning(Adler & Pillay, in presén evaluative event is considered to
start when the teacher announces the object (thiahvis to be learnt) and ends when he

fixes or legitimates meaning. The end of one eigetiie start of another.

Upon the identification of an evaluative event tabsished whether the task used to
represent the object requires a high (proceduréss a@nnection and doing mathematics)
or low (memorization and procedures without conioes) level cognitive demand and
whether it encourages procedural or conceptual stateling of the object (Stein et al,
2001). The focus of this study is on knowledgeoweses and what comes to be
legitimated as mathematics. Turning to Ball et28l04) eight types of problem solving
(refer to the literature review) that mathemateaschers do, as they go about their work,
provide an opportunity to explain what knowledgsomrces are called on and what
comes to be legitimated as mathematics. | havptedand added to Ball et al's (2004)
eight categories as follows: explaining, questigni demonstrating, representing,
restructuring, defining, encouraging, working witharner ideas-identifying errors

(mathematical calculations and practical errofsmust be noted that while encouraging
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is not per se mathematical | have included it as @fadhe mathematical problem solving
that the teacher does. Kilpatrick (2001, p. 116eree to productive disposition as
‘habitual inclination to see mathematics as seasideful, and worthwhile, coupled with
a belief in diligence and one’s own efficacy’. FHilpatrick (2001) confidence in
mathematics goes together with skills. Learnerstrhave confidence in themselves and
in the mathematics they are learning. The teachéhis study attempts to encourage the
learners through a supportive authoritative roleorder to build their confidence in
themselves and the mathematics. He often appe#iem to do the mathematics for him
or encourages them by letting them know that heebet that they are capable of doing
the mathematics. This is discussed in greateildetshe chapters that follow. | am
aware that the encouraging he does may not be matloal per se ,however coupled
with what Kilpatrick describes as productive disgoa and the work the teacher does
there is a certain element of mathematical worklved and therefore | have included it

as one of the mathematical problem solving categori

As discussed previously, when teachers fix or iegite meaning for their learners they
call on certain knowledge resources. In the stoghAdler & Pillay (in presss) three
knowledge domains that the teachers in that stygheaed to legitimate meaning of
function ideas were identified. They are descriagd
Mathematics (M) - Principles of mathematics: reasgndefining, representations
etc.
Sub categories formed from the principahathematics are:
1)empirical (through observation you can make sense of it)
2)definitions (the teacher’s attempt to define notions based on
mathematical definitions and rules in imeatatics)

3)rules (conventions in mathematics)
Experience (E)- The teacher draws on his petsomgprofessionalexperience.

The teacher drawslmnéxperience of his learners (relates

notions to teeeryday).
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Curriculum (C)- The teacher legitimates knowlegemaking appeals to

textbooks, tests and exams

As mentioned above, these knowledge domains coome Rillay’s (2006) study. It is
important to note that the empirical domains (dédfe teacher working differently,
different topic) of my study differ from Pillay'snd thus these knowledge domains can
only offer to be a useful starting point for myadyu The teacher in Pillay’'s (2006) study
appealed to the learners’ everyday lives. In dadimg he used a metaphor of the
relationship that exists between a mother and fatbeexplain functions. Relating
functions to the everyday lives of the learnersgested that if they understood what
happened in everyday life they would understandtwha in mathematics. The teacher
also appealed to how the mathematics worked and tivedearners would need to do in
the examinations. In identifying appeals and thevdedge resources drawn on by the
teacher, Pillay (2006) related it to the kind ofriWproblem solving done by the teacher.
With regards to my study, these domains may or maybe the same, they may be
elaborated on and how these domains may featutdeviluture illuminated in terms of

the dilemmas.

In the analytical framework | have included somdha dilemmas that might come up.
In relation to the mathematical problem solvingcdin be seen that there are certainly
dilemmas around representation and working witihnkeiaideas. It will be interesting to
see the relationship that exists between knowledgeurces the teacher calls on and the
problem solving he does in order to address anchgethe dilemmas he faces.

In summing up, | have put up a framework, the amaylanguage is going to help me
proceed with this study, but these come from dfferstudies. | am hoping to take the
research further, so | am expecting that it willé@daborated on and that there will be

something more.
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2.10 Summary

In this chapter | have outlined the theoretical andlytical framework of the study. |
have reviewed the literature pertaining to the reatand teaching and learning of
fractions, teacher knowledge pertaining to concaptand procedural knowledge of
fractions as well as tasks used to teach fractiomsthematical problem solving and

teaching dilemmas.

The literature highlights that teachers often psssely a procedural understanding of
fractions. Because of this the tasks they chodtn anvolve only procedural work.
Dilemmas surrounding the work of teaching fracticosne about as teachers represent
the content, work with learner ideas and engagh thié procedural and conceptual. It
will be interesting if these are similar concerosthe teacher involved in this study. The
following chapter involves a discussion on the rodtilogy that influences this research.
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Chapter Three

Methodoloqgy

This chapter deals with the research methods thavé adopted for this study as well as
the data collection techniques that | have employedlso addresses the sample used for
the study and the ethical issues that | have cersid

3.1 Methodological Approach

‘A research paradigm is a network of coherent igdamut the nature of the world
and of the function of researchers which, adheoedyta group of researchers,
conditions the patterns of their thinking and updes their research actions.’
(Bassey, 2003, p. 42).
This statement offers to explain that in makingseewnf the world researchers have

different beliefs about the nature of reality. 8&s (2003) proposes that there exists two
particular research paradigms. They are the p@itresearch paradigm and the

interpretive research paradigm.

While positivists believe there is a reality ‘obete’ in the world that exists, whether it is
observed or not and irrespective of who obsendes,interpretive researcher cannot
accept this idea since, for them, reality is seetha construct of the human mind. They
deem people perceive and so make sense of the wondys, which are often similar,
but not essentially the same. Therefore, therebeadifferent understandings of what is
real. Rather than reality being ‘out there’, ithe observers who are ‘out there’ (Bassey,
2003). Similarly Cohen et al (2002, p.22) agreat,ttiThe interpretive paradigm, in
contrast to its normative counterpart, is charamtdr by a concern for the individual'.
With this brief explanation of the interpretive easch paradigm, | will now discuss it in
relation to my study.
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My research is classroom-based and its main puigdsegain an understanding of what
and how mathematics (for teaching) is constituted@¢lassroom practice from both the
researcher and teacher’s perspective. What tdkee m the classroom is dependent on
the teacher and his pedagogical content knowlduge,he responds to the mathematics,
the learner's actions and reactions toward the ,tdbkese are all interrelated,
interdependent and open to interpretation. Ibrsthis reason that a positivist paradigm
would be inappropriate. Instead an in-depth, d¢atale and interpretive research

paradigm is most suitable.

For this study the most appropriate research metimdd be a case study. Bell (1987)

describes a case study as being “an opportunitgrieraspect of a problem to be studied
in some depth within a limited timescale”. Coh¢mlg2002, p.182) defines a case study
as portraying “...what it is like to be in a partiaukituation, to catch the close up reality
and ‘thick-description’ of participants’ lived expences of, thoughts about and feelings
for a situation.” Similarly Opie (2004.p.74) sugtethat a case study “can be viewed as
an in-depth study of interactions of a single ine&in an enclosed system.” Stake
(1995) advocates, in qualitative case study, wé ggeater understanding of the case.
We want to appreciate the uniqueness and complexityts embeddedness and

interaction with its contexts. Mousley (2003) ssate‘Case study allows researchers to
capture evidence of and synthesize dimensionsachtag theory as well as practice....,

it provided a methodological approach for descgbinomponents of classroom

interaction, but also allowed inquiry into the anig of these elements, the meanings that
they seem to hold for the subjects of research flamavays teachers and children interact

with tools and traditions of mathematics educati@n339).

The above statements reveal that there is uniqeeai®sut case study research in that it
aids the understanding of complexities in particidantexts (Bassey, 2003). With
regards to my research questions and an undermstpaticase study research, it would be
prudent to suggest that a case study is most logadefiFirst, using a case study as a
research method provides hypotheses that mighifibeutt to obtain in other contexts. It

provides an opportunity to work in a particular taxt i.e. the classroom. Secondly the
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use of a case study may provide unique situatiotfsinmhe classroom context, which
can be used to develop and test hypothesis. Vhitidé case study may provide new
perceptions, help adapt and alter pre-existing itond, or point out gaps in
mathematical knowledge. Fourthly, the case study memonstrate how a theoretical
framework can be exhibited in a concrete examplex,(2968). Taking the above
mentioned into consideration and using case stsdy sesearch method, | hope to gain
insights into the kinds of knowledge that a teadtmmws on as he teaches fractions, as
well as the teaching dilemmas reflected in thicfpca and how the knowledge resources

and teaching dilemmas be explained.

It must be noted that while the use of a case staglya research method may be
beneficial, there also exists limitations and diflties. Stakes (2003) clearly puts
forward the limitations of using qualitative resgarwith regards to case studies. He
states, ‘Qualitative inquiry is subjective. Newzples are produced more frequently than
solutions to old ones. Its contributions to ditogd science are slow and tendentious.
The results pay off little in the advancement ofiabpractice. The ethical risks are
substantial. And the cost in time and money i©ihigery high'. (p. 45). While this is
true of qualitative research, it must not be forgothat it is the subjectivity that enables
understanding of lived experiences in a complexas@orlid.

3.2 Data Collection Strateqgies

As already suggested, data was drawn from a casly sff a Grade 7 mathematics
teacher as he goes about teaching the topic ofidrsc In order to obtain this data,
gualitative methods of observation and semi stmectuinterviewing were used to
ascertain what mathematical problem solving thelteadid, the knowledge resources he
called on and the dilemmas he faced as he tauattidns. While the use of in-depth
interviews are crucial, it did not afford me thepoptunity to observe what was actually
happening in practice. Ball and Cohen (1999) aall &d Bass (2000) argue that if we
want to see and understand teacher knowledge prodwand teacher learning, we must
look at what is actually happening in the classra@luring teaching.
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Stake (1995, p.62) states, “During observation, gbalitative case researcher keeps a
good record of events to provide a relatively irtestable description for further analysis
and ultimate reporting. He or she lets the oceadel its story, the situation, the
problem, resolution or irresolution of the probletsing observational research helped
me identify and interpret what was actually happgrduring the teaching process and
the implementation of the task and aided in thelyamsa of data, together with the
interviews. It also assisted me in the understendand establishment of how the
teacher implemented the task, what dilemmas heriexped and what mathematical
problems solving he did. While using observatiomasearch proved to be time
consuming, it allowed me to gain direct insightoinwhat was happening during the

teaching process.

According to Opie (2004), there are two roles @assher can take on: participatory or
non- participatory. A non- participant role is wlehe researcher does not communicate
with the subjects when collecting the data. Tbie iis often associated with structured
observation. A participatory role can take up afiehree broad forms: observer as
participant, participant as observer and complatégpant. In the light of my research,
| took on a non-participatory role. During thealabllection process, | was present in the
class, only observing what was happening. There m@#teraction or interference from

me with either the children or teacher duringléssons.

As mentioned above, information was collected ie florm of observational and
interview data. Video recordings, field notes amerviews were looked at through an
analytical framework (refer to literature reviewin analytical tool has been developed,
based on this analytical framework and it will becdssed in the next chapter as the data
is presented.

There were two forms of observational data thatddu Firstly, there was a videotape of
all the lessons and its transcriptions. The vidsordings played a vital role in the data
collection strategy. Even though | observed al idssons, it was impossible to capture

everything that was happening in the classroonis ftir this reason that | opted to video
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record the lessons. | was able to watch the raogsdepeatedly in order to make sense
of what was taking place in the classroom and ‘séwit | had failed to observe during
the actual lessons. The video recordings helpedige additional information such as
gestures and body language, which helped understaatiwas being communicated, by
both the teacher and the learners. Each lessotraresribed verbatim. The purpose of
the transcription was to provide a full accountexord of what was taking place in the
classroom. It was also transcribed so that a sygterand comprehensive analysis could
be done in terms of the problem solving done bytdaeher. Providing a transcript of
each lesson allowed me to chunk the data accosdingEach lesson also exhibited the
time intervals between episodes. This is importarthat the time intervals help denote

what took place and when.

Secondly, | made my own field notes during thedasssince it was important to note the
different events taking place in the classroonprétved to be beneficial as it helped me
recall details that | did not have time to writenstoduring the observation (Fraenkel &
Wallen, 1990).

The observational research data collection strasegiere supplemented by interview
data. Information was collected from interviews docted with the teacher only. |

completed three interviews with him. Each of theeiviews were semi- structured and
tape-recorded. The first one was done prior taghehing of fractions and focused more
on why he selected the task he did. The secomdvietv was done a week after he
started the topic and focused on the problems h&atted when teaching fractions. The
final interview was conducted at the end of all thesons and focused on bringing
together what took place over the ten lessonsavé hncluded the third interview as an
example (see appendix A). The information collédtem these interviews helped shed
light on some of the dilemmas experienced by treeher as well as providing the

opportunity to gain further insight into why thether did things the way he did.

! The full transcript of each lesson is bound angt keparately.
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Using interviews as an instrument provided vitaformation in establishing and
understanding what was taking place in the classramd why, from the teacher’s
perspective. In other words, it afforded me th@ahunity to delve into issues that
needed clarification from the teacher’'s perspectigewell as to investigate particular
issues in depth. Opie (2004) suggests that th@oger of an interview, unlike a
guestionnaire, enables one to answer the questiby’. With regards to my research
guestions, using interviews enabled me to findwhy the teacher selected or ignored
certain tasks when teaching fractions. This m#sttwhile the interviews enabled me to
understand what the teacher was looking for whéatseg a task and how he planned on
implementing the selected task, it also provideshats to why he chose the certain tasks
and why he planned on implementing them in a padgicmanner. As suggested by
Oppenheim (cited in Opie, 2000, p.111) an intervadlaws ‘the respondents to say what
they think and to do so with great richness andh&pwity’. This meant that the teacher
was able to freely express himself verbally withbaving to write down answers which

could have been a hindrance, especially since &inginot his first language.

The interviews were semi structured which meany thiere not solely controlled by the
guestions | planned, but rather that these questmnovided opportunities for me to
enquire and expand on what the respondent i.etetiher, said (Opie, 2004). It was
flexible and aided in allowing the teacher to pdeviexplanations and reasons for why
things were done in the way they were done. Hmei structured questions also helped
prevent straying from the topic or from collectidgta that was not relevant to the
research project. For ease in transcription anérpmé¢tation, all three interviews
conducted were tape-recorded and transcfibedo field notes were taken during the
interviews as | felt that it would have been oveslmhing for the teacher to have the
interviews tape-recorded and me taking field notealso did not want to lose focus of
the interview by taking notes and since | am a c®vesearcher, there was a great chance

of this happening. | did however make notes afterh interview.

% The full transcript of each interview is bound &egt separately.
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3.3 Piloting

The process of piloting enables researchers torerthe reliability and validity of the
instruments used. It suggests that if the resealishgoing to use a test instrument, they
would want to make sure that it is going to testthey want it to test. There is a
process involved. With regards to my researchegtojl did not follow the process of
piloting that ensures validity and reliability, tead, in order to make sure that | was
systematic, rigorous and trustworthy, there wasrmamgoing process of looking at how |

was doing things.

Piloting the instruments in this particular reséagroject was difficult. The only
instrument that could possibly have been pilotedevilee interviews. However, since the
interviews were semi-structured and so specifitht teacher, it was difficult to pilot.
Instead, | opted to develop the interview instrumérhe interview instrument was
developed in conversation with my supervisor. Mws done so that she could examine
the clarity of the interview questions, whethentineere comprehensible and since they

were semi structured that they covered the relemémtmation.

All that | could do was to imagine the kind of resges | could get from the teacher. |
mentally rehearsed them as suggested by Stake )(A88%nowing that they were semi-
structured interviews, | focused on sharpening myehing skills and probing for

answers, reasons and explanations.

The analytical tool was developed in order to bedus examine the data. What this tool
is and how it was used to do the analysis is e&dbdrin Chapter Four. As will be shown
and discussed, the tool was changed as the datevgagied. The empirical evidence
also started to shape what needed to come intmdheTherefore, piloting the analytical

tool was problematic.
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3.4 The Sample

The research was carried out at a multilingual,ticwitural primary school situated in
the south of Johannesburg. It is a co —educatsctaol where English is the language
of teaching and leaming. However, for many leesrikis is not their mother tongue. It
is a well-resourced government school comparedast in South Africa.

The subject of this study is a Grade 7 mathemé&tiasher and 36 Grade 7 learners. Mr.
T2 is an opportunistic sample, known to me. | teatthe school and this gave me easy
access to the teacher. Mr. T was also selectealibef his qualifications and teaching
experience. Since the purpose of this study wagaitoinsight into how mathematics (for
teaching) is constituted in classroom practice lification and experience was of vital
importance. Mr. T has a four-year higher educateaching diploma and has been
teaching for 23 years. He taught different sulsjeetd learning areas during the past 23
years. However, over the past 10 years he has te@aehing mathematics in primary
school. He taught mathematics to both Grade S5Guadle 6 and for the past five years
has been teaching Grade 7 mathematics. He thuls fotfith criteria of experience and
gualification. Mr. T is an Afrikaans male whose imdanguage is Afrikaans,

nevertheless he teaches in English.

Mr. T is the only Grade 7 mathematics teacher atsithool. He teaches five Grade 7
classes every day on a seven-day cycle. He codtgmon a regular basis with the Grade
6 mathematics teacher so as to keep up with wredsn® be done in the school with
regards to the mathematics curriculum. He is wddrmed and knowledgeable about
the mathematics curriculum and has attended theiresttraining with regards to the
Revised National Curriculum Statement as well aggssional development workshops
for mathematics. His classroom is well resourceth wvinathematics equipment (unit
fractions, geoboards, etc), teaching aids, textb@skwell as a whiteboard and overhead

projector.

% For the purpose of this study | will use the psewan Mr T to refer to the teacher.
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Mr. T works closely with local high schools in ord® prepare the learners for high
school mathematics. The following extract takeanfrthe second interview done with
Mr. T reveals his concern about his learners, tipairents, and mathematics in his

classroom and beyond its four walls.

Please note that Mr. T's first language is Afrikaamd he is teaching in English. | have

not corrected the errors typical of an Afrikaansader and the text is verbatim.

SG: You work closely with all the high schoolgyhi, School A and School
BS

Mr. T: Not School B. Not the boys’ school, thelgjischool. And | ask them,
listen what do you expect me to do next year anafgarents will nail
me on the algebra. They'll say to me, you not gdhre algebra at School
C®. Why not? Our kids go to high school and batfléae high school say
to me you don’t do it. Do things your kids neektmw for next year. So
| take a Grade 8 book and I go through that areklrmore or less, ok, this
links up with that, this links up with that.....

Mr. T displays a genuine concern for his learneis what they need in order to excel in
mathematics. He is actively involved in the scimgplcommunity in order to stay up to

date with what is happening. This mathematicalMdadge and insight as well as his
involvement and dedication to the learning arealaathers make him an ideal candidate

for my sample.

The past three years have hailed success for Mxitll regards to his mathematics-
teaching career. For three consecutive years bantamaged to help produce excellent
results with regards to mathematics at his schadl r@gion. Mr. T entered both the

Grade 6 and 7 learners in what is known as the it Bchool'Mathematics Challenge.

* This is a pseudonym used for the school in omi@rotect its identity.

> This is a pseudonym used for the school in omi@ratect its identity.

® This is a pseudonym used for the school in ori@rotect its identity. Refers to the
school he is teaching at.

" This a pseudonym used to protect the identithefdchool that runs the competition.
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The following extract from the first interview doneith Mr. T, further explains the

competition and his success:

SG: You recently won an award. Tell me abbataward and what it was for.

Mr. T: The award was basically HH High School advarm, we entered it

last year and we did very well there. Our scha@whe second there and |
came second and our learner came second and weedetn enter the
whole Grade 6 and Grade 7 group this year to giwenkids an
opportunity, to expose the children to that typeahpetition. You know
it was basically arranged, like | said by HH Higingol, um, and | entered
my grade 6’s and 7's and | ‘m very proud to sayt ttheere are 3000
learners that enter that competition, 16 school$ amr kids are very
smart, | mean, it's not their teachers, it's thesnwaell. And we had 20
kids in the last hundred. We had the top Gradeaner out of the 16
schools. We had the top Grade 7 learner out oflthechools, which
makes me the top maths teacher in the region amgblanning next year
to take all four of those awards, top grade 6,gmule 7, top teacher and
top school and yet again | still came second.

SG:  Well done and thank you for your time.
(Interview 1)

This year (2007) Mr. T managed once again to hedpyce the top Grade 7 learner and
was awarded the prize for the top mathematics txaoh the region (second time).
Unfortunately the school did not manage to win thye school or top Grade 6 learner.

However, Mr. T remains optimistic and determine@dbieve all four goals next year!
These successes highlight my choice of Mr. T asample. Not only is he recognized
within his school, but he has also been acknowléddgea regional level. He is actively

involved in the development of mathematics eduoadioall levels.

3.5 Ethical considerations

Bassey (2003, p.74) discusses the notion of resediics under three headings: respect
for democracy, respect for truth and respect fosqes. | will offer a brief description of
each heading and further explain the ethical pwesbarked on with regards to my

research project.
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3.5.1 Respect for democracy

Bassey's (2003) main focus regarding respect fonatgacy relates to the freedom
researchers have i.e. ‘the freedom to investigadet@ ask questions, the freedom to give
and receive information, the freedom to expresasdend to critise the ideas of others;
and the freedom to publish findings’ (p.74). Buithwthis freedom comes certain
responsibilities. Researchers are expected to tesmpect for the truth and for people. If
these two are achieved, researchers have the fretmldo things that won'’t jeopardize
themselves or their careers.

With regards to my research project, there werersévactors that pointed to respect for
democracy. For example, the University of the Witwsrand expected me to obtain
permission from the Gauteng Department of EducafeDE) in order to conduct the
research in one of their primary schools. | thbtamed permission from the GDE (see
appendix B). | also obtained permission from thagypal of the school, the teacher who
was involved in the study as well as the learmerd their parents. All participants
involved in the study (i.e. the principal, the teac the learners and their parents) were
required to complete a consent form. Letters waet out informing them of the
purpose of the research, ensuring them that tmedess school, principal and teacher will
remain anonymous and that they could decide wheltesr wanted to be a part of this
research project. The letter also explained the dallection strategy and how it
involved the learners and teacher. It offered>grlamation of how the research findings
would be used and confirmed the teacher’s, learaedsparents approval of the use of
the transcripts and video-recordings by myselfpublication and by other researchers
(see appendix C). Furthermore, | also obtainedt®ttiearance from the University of
the Witwatersrand (See appendix D). The ethicaldas addressed above may also form
part of respect for truth and respect for persons.

3.5.2 Respect for truth
Being truthful in data collection, analysis and teporting of findings are expected from

researchers. In other words, researchers owdittotheir subjects and themselves to be

honest. They must have integrity and not interdilgrnor unintentionally deceive others

46



or themselves. It is here where trustworthineaggan important role. | will address the

issue of trustworthiness later in this chapter.

Before conducting the research | took into accaumat would happen or what | would
do if the information gathered from the researcls watentially harmful in that it was
neither flattering to the school nor the teacharorder to resolve this dilemma, | made it
clear to the principal and teacher from the onisat the aim of my research was not to

find fault with the teacher or his teaching stratdgut rather to learn from him.

3.5.3 Respect for persons

Researchers must take cognisance of the fact them wollecting data, the data initially
belongs to their subject/s and therefore they dwe them to treat them as fellow human
beings, with dignity and privacy (Bassey, 2003).

There were several ethical issues that arose duhegesearch project. The teacher
involved in the study is a colleague of mine. Iswansure of how our professional
relationship would be influenced by this study, Isefore | conducted the research |
explained clearly to my colleague what was expeofddm as the teacher and me as the
researcher, making sure that he was not in anyWwesatened, intimidated by me, or
insecure about the research. | did this by comvgravith him as well as writing an
official letter to him.

Time played a vital role during the data collecti@specially with regards to the
interviews and classroom observation. The teaaieslved in the research had a very
busy extracurricular timetable and time was a agstig factor. As part of my ethical
considerations, we negotiated times that would Isofih of us in order to ensure that the
research did not become a burden for him. | alsued that our appointments were
diarised and that any cancellations were made warace by both of us and rescheduled

for another time.
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With regards to classroom observation, | was vevgra of the time the teacher had in
order to achieve the different outcomes set outth®y Revised National Curriculum
Statement. | therefore ensured that being in taesccaused minimal distraction and

disruption for the teacher and learners.

Patti Lather (in Opie, 2004, p.29) introduces tlenoept of ‘rape research’. It is
described as when researchers enter the resealdhdet all the necessary information
they require and forget to return to the field mler to thank the participants for their
contribution towards the study. | was very waryto$ happening, since | am on the staff
of this particular school. | have kept the teaahgdated on a regular basis and plan on

providing my findings to the teacher once the redeeeport is completed.

It must be noted that respect for democracy, rasfoectruth and respect for persons
appear to be inter-related. It must also be nttatl these ethical values clash and may
cause problems for the researcher. In order teeptehese clashes, the above-mentioned

ethical processes were put in place.

3.6_Rigour in my research
Sikes (in Opie 2004 p. 17) states, “ It is on thateh between methodology and

procedures and research focus/topic/questions ttiat credibility of any findings,

conclusions and claims depend, so the importancegetfing it right cannot be

overemphasized.” This means that in order for esgarch findings to be credible ,I had
to ensure that the methodology and procedures decineere best suited to my research
topic and questions. The general aim of the rekeisr to describe what comes to be
mathematics for teaching in this Grade 7 classra@mh associated dilemmas and why
this is so? What does this tell us about mathesaised in teaching? In order to
investigate these broad questions, a focused stiithe teaching of fractions in Grade 7

was undertaken with the following critical quesson

1. What mathematical problem-solving does this teadoewhen teaching fractions

in his Grade 7 class?
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2. What knowledge resources (appeals) does he call tve goes about this work?
3. What teaching dilemmas are reflected in this pca€ti
4. How might this practice, and its teaching dilemrnasxplained?

Bassey (2003, p.75) explains, “reliability is th@¢ent to which a research fact or finding
can be repeated, given the same circumstancesyaliatity is the extent to which a
research fact or finding is what it is claimed &'.b While both validity and reliability
are vital concepts in quantitative research, masgarchers believe they are not so with
regards to qualitative research. In fact, theyarthat it is problematic to use validity
and reliably in qualitative research since it viesubjectivity as primary. Since validity
and reliability are inappropriate for qualitativesearch, researchers (Guba & Lincoln,
1983) use the concept of trustworthiness (cretibitransferability, dependability and
conformability) instead. Interestingly Silverma20(Q1) disagrees with this and shows
how qualitative research can be seen as credibbeigh reliability and validity. | will

use Silverman’s notion of credibility to show tlediability and validity of my research.

Kirk and Miller (cited in Silverman 2001, p.226)pae that :
‘Qualitative researchers can no longer afford tg tee issue of reliability. While the
forte of field research will always lie in its cdplity to sort out the validity of
propositions, it results will (reasonably) go igadrminus attention to reliability. For
reliability to be calculated, it is incumbent oriestific investigators to document his or
her procedures.’
The main instrument in qualitative research is ihgearcher. The complicating issue
with this regard is that researchers are humangbaand often have different theoretical
orientations, therefore making it difficult for thestrument to be repeatable. However,
researchers can aim to be consistent by usingritezi@ and concept of indicators in a
consistent and principled manner. This enabldsréifit readers of the text/transcripts to
witness similar events occurring which help elinn@iosyncratic interpretations.
The statement above made by Kirk and Miller infhest in order for qualitative research
to be highly reliable, qualitative researchers merssure that what they record when
using observational research is as concrete asbpmssThis means that ‘ verbatim

accounts of what people say, for example, ratham tesearchers’ reconstructions of the
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general sense of what a person said, which wolddvaksearchers’ personal perspective
to influence the reporting ( Clive Seale cited itvéman,2001, p. 227)'.

| would like to note that when conducting this @sf | acted responsibly and
documented all my findings. All video recordingsterviews and audio-recordings were
transcribed verbatim in order to strengthen théabdity of the interpretation of the

transcripts. The observation and transcripts of kesons were verified through
interviews with the teacher. My supervisor helpathwhe checking of the interpretation
of the transcripts and verified that the codes vegmglied uniformly. These transcripts

are bound, kept separately and available for sorati any time.

As is discussed in detail in the next chapter,léissons were chunked according to time
intervals and the analysis of the data was doneereoltly, consistently and
systematically. As suggested by Silverman (200k) systematic, consistent and concise
recording and analysis of the concrete evidencee@ses the reliability of the research.
This is what | aimed for when doing this researthe analytical tool that was developed
from the framework was used to help analyze tha.ddthe categories derived from the
use of this tool were used in a standardized wagrolvided a description for each
category (mathematical problem solving done bytélaeher and the appeals made) so as
to ensure that any researcher/person would bet@blgtegorise the data in the same way.
My supervisor provided accountability in ensurihgttthe categories were standardized
and the data analyzed accordingly. Allowing anottesearcher to analyze the data
according to an agreed set of categories, enshatsahy differences are examined and
ironed out. Silverman (2001) refers to this ageiifrater reliability’ and this proved to be

very useful in ensuring the reliability of this easch.

‘Ultimately all methods of data collection are azad ‘quantitatively’, in so far as the
act of analysis is an interpretation, and therefofenecessity a selective rendering.
Whether the data collected are quantifiable or itatale, the issue of the warrant for

their interferences must be confronted. (Silvern280,1, p.233)
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Silverman (2001) points out that it is importanatthresearchers both qualitative and
guantitative, have a ‘warrant for their inferencast that their work is valid. Instead of
using triangulation and members' validation, hegssts that in order to validate
guantitative research the following methods mudglien into account:

Analytic induction

The constant comparative method

Deviant-case analysis

Comprehensive data treatment

Using appropriate tabulations

Analytical induction depends on a model of how abtife works as well as a set of
concepts specific to that model (Silverman, 200My primary concern with regards to
this research is to describe what comes to be mattes for teaching in this Grade 7
classroom and associated dilemmas. The intermmesadf the data is shaped by both an
‘involved’ theoretical framework, which guaranteesntact with established theory, as
well as my experience and knowledge of the classradich ensures contact with the
established practices (Brodie, 1994). This retetiop that exists between the practical

and the theoretical knowledge aid in the establesftrof the validity of the research.

The constant comparative method involves ‘simpgpecting and comparing all the data
fragments that arise in a single case (Glaser &uSs in Silverman 2001, p.239). This
comparison was made possible by ensuring thatdtee Iccollected was assembled in an
analyzable form. The whole-data set from the videcordings was transcribed and
chunked into time —intervals. | started by analgzielatively small chunks of the data.
From this | generated and modified a set of categan conjunction with the theory. |

tested out emerging hypothesis by steadily expanthie amount of data. The data was
placed into the appropriate categories and usatiumas accounted for. This ensured
that there was a constant to and fro movement legiilee different parts of the data. No
data was left ‘uninspected’ or ‘unanalyzed’ andv&iman (2001) refers to this as

comprehensive data treatment.

51



The data could be placed into the different categdrecause of the use of appropriate
tabulations. As mentioned before, these categonese derived partly from the
theoretically defined concepts. While the datdeotéd in the study was qualitative, |
employed and incorporated certain quantitative oddlogy in order to analyze the data
and gain insight into the bigger picture. | usesimaple counting technique to record how
many times the teacher used certain mathematiodlgm solving and how many times
he made certain appeals. This allowed me to suasllethe data ensuring that nothing
was overlooked. It also enables the readers i@guhe data and get an idea of the data

as a whole.

Sampling decisions are important with regards teegalisability. Purposive sampling as
suggested by Silverman (2001) allows us to seleetsa for the reason that it exemplifies
that which we are interested in. This does notmiba approval of any case chosen, but
rather that purposive sampling insists on exergigudgment and thinking critically
about accessibility and limitations of the sam@searchers are interested in. As | have
explained earlier, the reasons for choosing thiiquéar teacher were opportunistic, he
was also chosen because of his excellent credentgth regard to his experience and
mathematical knowledge and since according to Bitea (2001) generalisability in
gualitative research relates to the extent to whineh explanations can help illuminate
other similar situations, | believe large claims dze made about the analysis of this

study.

3.7 Summary

In this chapter | have drawn attention to the rnedeanethods employed in this study.
The piloting process was discussed, as well asthieal issues that were considered
when embarking on the project. The chapter alstremdes issues of credibility with

regards to reliability, validity and generalisatyili

The way the analysis was done is elaborated innthe¢ chapter where | provide a

description of and the indicators of the data cddld. | engage in a discussion guided by
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the analytical framework of the quantitative anelys the first four lessons. This in turn
leads to providing answers to the first two criticuestions of this study i.e. the
mathematical work/problem solving the teacher camb as he goes about teaching
fractions to a Grade 7 class and the appeals hesnalorder to legitimate meaning for

his learners and following that an engagement gutkstions three and four.
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Chapter Four

Analysis and Interpretation of Data

In this chapter | begin with a description of thesdons with particular focus on the
mathematical and cognitive demands of the taskd iskssons observed. This will be
followed by a detailed analysis of the lessonslitaminate the problem solving and

appeals made by the teacher and the apparent didsrnenfaces.

4.1 Overview of lessons

Mr. T taught a total of 10 lessons related to tbpid of fractions (addition and
subtraction). | observed all 10 lessons taughtrte of the four Grade 7 classes. The
lessons were all approximately 50 minutes long@rdmenced on the 26 July 2006 and
ended on the 11 August 2006. The focus of thidysia on the first four lessons. |
provide a brief description of all ten lessons (appendix E) since they help locate the

four lessons. Lessons five to ten followed thiégpa of lessons three and four.

The classroom was organized in ‘columns’. The 8&rrers were arranged in 3

‘columns’, as in the diagram below, with the poi@infor collaborative or group work.

Fig. 4.1 Seating arrangements in classroom

Although learners sat together in ‘groups’ they keak quietly and independently with
little or no communication between them. Mr. T hadvhite board, which he used
frequently for written communication with the lears. The white board was prominent
in Mr. T's teaching since he frequently and comsily used it to demonstrate the
procedures involved when teaching fractions. Dutitegg10 lessons, Mr. T worked on the
addition and subtraction of common fractions, agdamd subtracting mixed numbers,
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converting mixed numbers to improper fractions amgroper fractions to mixed

numbers when adding and subtracting fractions.

The first two lessons were dedicated to confirmthgt when using a fraction wall,
certain fractions with different denominators candombined and add up to one whole.
The third lesson focused on finding the lowest camrdenominator without using the
multiples of the denominators as well as changimgethnumbers to improper fractions
and vice versa. The fourth and fifth lesson inedhcorrecting the exercise from lesson
three. Lesson five also included the introductioraddition and subtraction of mixed
numbers. Lesson six was a continuation from ledaa and involved the learners
completing the exercise on the addition and subdraof mixed numbers. During lesson
seven Mr. T recapped what was done in lessonshooegh five. It also included the
addition and subtraction of mixed numbers with baplerations in one problem. Lesson
eight and nine dealt with the corrections of thereise in lesson seven. The learners
were also introduced to their project. Lessonwas a revision lesson on everything that

was covered regarding the addition and subtracti@ommon fractions.

In summary, over 10 lessons involving fractionsthwihe first four focused on the
addition of fractions, including mixed numbers,\ad®d me the opportunity to hone into
the mathematical problem solving the teacher thid appeals he made and the dilemmas

he faced in this context.

4.2 Task focus and demands

I will now provide an analysis of the two tasks dise the first four lessons. What

follows is the worksheet given to learners. | hdixeded it into task 1 and task 2. Task
1 was focused on during the first two lessons asé 2 was focused on in the next two
lessons. The tasks will be analyzed accordinea tognitive demands and the relevant

literature on fractions.
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Task 1 (my naming)

PAGE 1 FRACTIONS

COMMON FRACTIONS
ADDITION AND SUBTRACTIONS

DISCOVER....DISCOVER........DISCOVER......... DISCOVER......c00me

Adding and subtracting common fractions is easy if you
understand the simple basic rules:

o Ifthe denominator is the same just add or subtract to find answer to sum.
e If the denoeminator is not the same find LCD then worl out the answer.

DISCUSSION AND CONCLUSION

But before we can do the work we need to travel on the road of discovery.

e WHEN TO USE A COMMON DENOMINATOR
HOW TO PROVE BY USING A FRACTION DIAGRAM/GRID

IF YOU ADD FRACTIONS WHERE THE DENOMINATORS ARE DIFFERENT THE ANSWER
WILL BE ONE WHOLE.

E.g.% +1 +

a ':‘ =1 NOW LET US PROVE ITiIi!
Instructions

Draw the diagram/grid at home.

Fill in the different fractions.

Cut into different size fractions.

Make sure it is neatly done.

Make up 10 number sentences to prove the above.

Remember it is for marks, you have two periods to complete the project.

ASSESSMENT RUBRIC/TABLE

COMMON FRACTIONS: ADDITION

1. FOLLOWING INSTRUCTIONS

2. COMPLETE DIAGRAM/GRID

3. 10 NUMBER SENTENCES/ANSWERS
’ 20

TOTAL
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Task 1 was given to the learners with the intentballowing them to engage with the
concept of fractions. During the initial interviewdr. T provided the following
explanation for why he chose this particular tasktroduce the addition and subtraction
of fractions:
Mr. T: Because | felt in the past by just goingaggtht to the addition and
subtraction the children don’t understand Whyé\and a% plus

whatever can make one whole. Why theaenators are not the

same and if they are different they htaveok for the LCD. | find it

easier to work with a fraction board, @his actually grade 5 and grade

6 work, before | go to the grade 7 wodkist to make them understand it

better and | find that they find it quitderesting, it's also a little bit of a

discover, that’s the main thing. They hawdiscover that by using

different equal parts you can actually wout a sum total.

(Interview 1)

The teacher did not merely want to give the learrelarge number of sums in order to
practice addition. Instead he designed the tagk antin-built self-checking mechanism.
This in-built self checking focused the learnergeation on the addition of fractions
while it provided them with the opportunity to clketbat their answers were correct and
added up to one whole. This is a notable task at thprovides opportunity for the
learners to learn about unit fractions and wholes & can be carried out in different
ways. The task allows for the consolidation oktheoncepts through no particular set of
procedures, and lends itself to learners being @bladd fractions and get a sense of
meaning for how fractions add up to one wholecal therefore be considered “doing”
mathematics (Stein et al 2000). Built into the tasthe possibility for learners to add the
unit fraction in a range of ways. For example his strip the learner had repeated tenths

seven times and therefore could have added senthste

] \\/\;; %@E (::

o L R T i T - Kl o
= Jjo jo 1O )¢ to [ e

-1 | i

ol \Wihhale
5 +1 +32> = i Whole.

Fig. 4.2:Extract from learner ‘s boc

59



Or, learners could have used each unit fractiore @mdy in order to get to one whole as

shown in the example below:

D A —

"B i m B ,
K..oz- =L '
I j NS T ] c

| 1
2tz 4+ = AN
Fig 4.3 Extract from learner’'s book

The task allowed for the consolidation of concglite equivalent fractions. As you will
see, the teacher gave directions on how to add ftagtions using lowest common
denominators and expected the additions to be twateway. An alternative approach
would have been to leave this open. In this sellseT reduced the task to a set of
procedures that is followed when adding fractiom$ so shaped and constrained

the potential meaning of the task. This will becdssed later in this chapter and is not

uncommon with regards to the implementation of¢gske Stein et al, 2000).

There are other possibilities that lie in this tasks an open task in that learners can put
the different fraction pieces together in whichreway they want, as long as they get to
one whole. This in turn factors into what they dh¢e add to get a whole and shifts the
task between doing mathematics and carrying owtqoiares. As | will be showing later,
there is more potential in this task than is regliby the teacher. While there are many
aspects of fractions that can be explored withrag#o this task, Mr. T focuses on the
self-check feature of the task. Given the way MatT deals with the task, it raises the
guestion of how he then copes with both the proaddand conceptual demands of the

task as these emerge and as his learners worledagk.
Task 2 involved procedures with connections. & was set up so that learners could

engage more with the procedural aspect relatechtdidns and also so that they are able

to make the connection between the procedural andeptual. Part two of the task
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allows the leamers to make a connection betweatingdfractions with different
denominators and finding the lowest common denotainaWhile the task requires that
learners follow a general procedure, it cannotdoeedmindlessly (Stein et al, 2000).

The literature clearly points to the fact that nder for learners to gain an understanding
of fractions, they must engage both conceptuallg @nocedurally with the topic.
However, research has shown that teachers experwiffculty finding the balance in
teaching fractions both procedurally and conceptustcause of their nature. Teachers
place emphasis on the procedural aspects. lbeilhteresting to observe whether this is
true for Mr. T and if he faces similar challenge&s argued in the literature, teachers’
knowledge and understanding of fractions determinew they teach fractions and
facilitate their learner's procedural and concebtuaderstanding. Using appropriate
representations, working with student ideas in otdemove them on mathematically,
offering mathematically sound explanations, engagiith and responding productively
to student questions, using mathematically appatprand comprehensible definitions
(Ball et al, 2004) will affect how Mr. T manage®throcedural and conceptual demands

of the task as these emerge while his learners wotke task.

4 .3Working with the procedural and conceptual in téaghractions

The task allows for the development of both coneaipand procedural knowledge and |
will now discuss these two concepts in the lighStgin et al's (2000) description of the
cognitive demands placed on learners through tasksle Stein et al (2000) considers
what happens to the task during the set up andemmgtation phase, this is not my
focus. Stein et al's (2000) focus is on tasks lam teachers sustain or reduce demands.
These task demands shift from the set up to impiaien and vice versa. In terms of
teaching fractions, research explains that therstex tension between the set-up that
may be conceptual and the implementation that neagrbcedural or vice versa. In other
words, there might well be a problem with the iniemto set up a task conceptually but
it is reduced to procedurally teaching. Thus thk Ibetween the set-up and the

implementation of a task is not straightforward.
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As this research involves how a teacher works \aitparticular task as well as his
learners, it is interesting to look at in termsSeéin et al's work. My focus, however, is
more on what problems the teacher confronts, hodedads with these and the dilemmas
he faces. Stein et al (2000) are concerned wittstis all mathematics, | am however,

only focused and concerned with fractions.

In light of the above mentioned task, the literaton fractions and the criteria set by
Stein et al (2000), tasks that are procedural tareamay place lower cognitive demands
on learners while tasks that engage in conceptndenstanding may be of a high
cognitive demand. While this may be true, theréstexthe possibility that certain
procedural work may demand a higher level of thmgki Stein et al (2000) refer to
procedures with connections as well as proceduif®wt connections. They classify
procedures with connections as placing a high ¢wgndemand on learners. They use
the word ‘procedural’ and it fits into both high dalow cognitive demand tasks.
Therefore, it cannot be unequivocally stated thaks, which require procedural work,
make low cognitive demands on learners but ratihet it depends on what the
procedures are doing. The task used by Mr. T maeapto be procedural in nature
however, going beyond its surface and superficizture, there is evidence that it
requires a high level of thinking. The task presédydth procedural and conceptual goals.
It allows the learners to work with and developuaderstanding that fractions are part of
a whole and at the same time show that when adftexgions there are certain
procedures that need to be followed. The task ddmangagement with the concepts
involved in fractions (addition, multiples, LCD) @stimulates purposeful connections to
meaning or relevant mathematical ideas, which teaal different set of opportunities for
student thinking (Stein et al, 2000). Thus bothaaptual and procedural understanding
of fractions can be promoted and developed.

As mentioned previously, there exists a tensionvbeh the procedural and conceptual
teaching of fractions. High demand tasks thanawee conceptual in nature, the complex
nature of fractions and teachers’ understandinth@ftopic, throw up dilemmas around

procedural and conceptual work, the representatiohe content and working with
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student ideas. Teachers might intend to teach @awelop certain concepts by using
specific tasks, however, what they might intendas always what happens. The tasks
are sometimes inappropriate to develop the conceptthey are difficult and require
mediation from the teacher. The teacher may naildbe to provide efficient mediation
since they themselves find it difficult to re/praséhe content in an alternative way
because of its complex nature. Their conceptudl@ocedural knowledge of fractions
influence how they teach it. They might be abledmplete calculations on the topic of
fractions successfully, but not be able to offemathematically sound explanation for
their calculations; or they are able to represéet dperation and correctly explain its
meaning because of their concrete and extensivevledge of the topic. If the former is
true, it is inevitable that the teacher will beddawnith the dilemma of teaching algorithms
to perform operations on fractions in order to aghicorrect answers versus teaching for
conceptual understanding and knowledge. This m, Wetermines the representations the
teacher will use. Reducing the task to simple @lgms, devoid of any high level
thinking versus using the more complex, less atreck task, so that their students are
able to develop a deeper understanding of the ematuiractions then becomes a dilemma
for teachers. Linked to this, is the dilemma ofkiog with students’ ideas. Using more
open-ended tasks requires that the teacher haspauthelerstanding of fractions so as to
move the learners on mathematically. If the teaalwmes not possess the necessary
knowledge and skills, it leads to them working wétludent ideas at a superficial level.
How they engage with their learners mathematicalill ultimately determine the
mathematical learning that takes place. Do teachece again teach procedurally at the
expense of conceptual understanding or do theyhteanceptually, knowing that they
themselves are unable to facilitate the necessasgiation required for a deeper
understanding of fractions? There exists a reiahg between the task selected to teach
fractions, how it is implemented, the teacher's\wlaalge of the topic, and the dilemmas

that the teacher faces when he works with the é&xarand the task.
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4 .4 Description of data and indicators

What | present next is an extract and commentargsdon 1 where Mr. T encounters
difficulties working both procedurally and concepity with the task. | also present a
table that illustrates how the data was classifird recorded for this extract. There are
two main reasons for the selection of this extr&gtstly, it shows the criteria for the data
analysis i.e., the concepts and the indicatorailltexplain what mathematical problem

solving he does and the appeals he makes to ledgirmeaning for the learners.
Secondly, it provides an example of when the teachdaced with the dilemma of

working both procedurally and conceptually with thsk.

The table on the next page illustrates how the data classified and recorded. As
initially discussed in Chapter Two, the classrooranscripts were chunked into

evaluative events (see appendix F). Each eventmeked by the start of a new idea,
what | refer to as a notion or sub notion. In thésticular extract, indeed in the whole

lesson, there was one notion with two sub notidnslay, and all of these were around
the addition of fractions. The first column repmsethe events, the second column
represents the timing of the events, the third roolsignifies the notion, and the fourth

column represents sub notions respectively. Firos) éach event is analyzed according
to the cognitive demands of the task, the problelvirsg the teacher engages in and the
appeals he makes. It must be noted that in pracltéhese categories are inter-related.

Separating them analytically enables ‘seeing’ whatppening with new eyes.
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Task . -
Concept Demands Problem Solving/ Mathematical Work Appeals
Working
Lower | Higher with Maths Experience [Curriculum
Level | Level learner
ideas
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Lesson 1 (50 Min)
Finding the
LCD using v v vV v v
31.53-36:19 4.1 multiples
36:20 - 37:56 4.2 Using fraction 4 VIivlv Vv v v
Adding fractions with strips to prove
4 different one whole & v v iv]|v v v v
37:57 - 39:49 denominators 4.3|finding the LCD
Using fractions
strips to prove Syl slvl vl v v v v
one whole &
39:50-45:13 4.4] finding the LCD
Adding fractions with Using fractions
5 45:14-46:36  |different strips to prove 4 4 4 ViV
denominators 5 1/one whole

Table T Event 4 from Lesson 1

| am going to show what an event looks like. Aemstarts when the teacher introduces
something new. In the extract that follows for myde, it is allowing the learners to
work with the unit fractions on the floor. Bringinn this new representation is the start

of a new event.

| will proceed with the analysis by presenting sanaascript. | will emphasis aspects of
the transcript that | am going to discuss. Thigpleasis will be indicated by either
underlining or bold words. Excerpts of the traisowill be referred to in order to show
how | have identified the problem solving and hoWale identified the appeals. After
the transcript | will make some comment on whafagng on in the lesson because the
transcript is not always illuminating of what waappening. | will contextualize the

transcript and what will follow is analysis of tpeoblem solving and appeals.
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The following extract was identified as event 4eadson 1. | have already explained the
lessons. However, it is important to note what hagpened prior to when this extract
begins. Up until event 4, the teacher explainedtés& to the learners. He did a few
examples on the board of how to find the lowest mmm denominators. The learners
were than required to complete the 10 sums theyemgud from their charts. Mr. T
walked around the classroom to assist the learmetividually. A few learners
encountered problems while engaging with the tadkese problems will be discussed in
detail later on. Event 4 commences when Mr. Ttes/a learner who is having difficulty
finding the lowest common denominator for one of Bums to work with the unit

fractions on the floor.

The extract from the transcript of lesson 1 statt86:20 and lasts for 9 minutes and 7
seconds.

Between the time interval 36:20 to 37:56 | haventdred the sub-notions assing unit
fractions to confirm one wholand finding the lowest common denominator using

multiples. This is event 4.1.

36:20
Mr. T: You still battling with that one (learnearnot find the LCD in order to complete
he sum).

L: Yes sir

Mr. T: What's it, three, five, four. Bring me yobook. Come her@moves to the front of
the class where unit fractions grePut your book on the floor. Sit down on the
floor. Now take, let's do this. Put thisr(t fraction) on the floor. Grade 7,
young man would you like to leave? Put this onftber. Just imagine that's a
whole @ half unit fractiony Take your combination now that you've got. OK,
and take it from herel{e tablg and put it over therdHe floor) and see if it will
work out. I'm going to call you up guys, one byeojist now &ddresses whole
clasg and | want to see the ones you battling withr i§igoing to ask you to
come and build it on the floor here and lets jusé sf you've gone over.
Remember my pieces were cut equally. So let'sgast Here’s the other piece
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(speaks to learnejKer® stay seated pleaseLe@rner works on the floor, while
teacher watchgs

Mr. T: Ok now, if you look at that (refersto the unit fractions on the floor that the
learner has put together). Can I tell you what, your answer must work out.
You just got to find the lowest common denominator.Go and find it. | bet
you'll be able to do it. Ok, who else did | see was battling with this SukVvhom
of you just said to me you were battling?

L: (few learners raise their hanjls
Comment

Table 1 shows that the demand of the task wasiiaehas lower level cognitive demand
that focused on procedures without connections.

This is evident in that when the learner strugtpgefind the lowest common denominator,
the teacher instructs him to use the unit fracpoovided to see whether his answer will
work out. The learner puts the unit fractions tbgetto form one whole. He
acknowledges that his sum should add up to oneenduadl goes back to his desk to find
the lowest common denominator in order to compleeesum. When completing the
sum, he is involved in merely generating multidlesn memory and in order to find the
lowest common denominator he must follow the pracesl set out by the teacher in the
beginning of the lesson. Thus the task was coresidas a lower level cognitive demand

task involving procedures without connections.

The mathematical work or problem solving that Mr.ehgaged in, | classified as
demonstrating, representing, restructuring, enapuoga and identifying errors
(mathematical calculations-learner cannot findLte®). Mr. T uses the unit fractions to
representthe learner's sum (visually & graphically). He repents the sum of the unit
fractions as a whole. He alsemonstrateshow to add the unit fractions to get one
whole. He restructures (so as to get the learnek ba the task) the task in that he moves
the learner from finding the lowest common denor@n#o allowing him to work with

the unit fractions so as to establish that the swmt work out to one whole. He then

8 Pseudonym to protect the identity of the learner
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moves him back onto the task that requires himrd the answer one by finding the
lowest common denominator and adding the unitifsast Mr. T attempts to make a link
between the conceptual and the procedural as eiaeses the task. Identifying the
mathematical error (learner cannot find the lowesshmon denominator) made by the
learner is evident in that Mr. T immediately recags that the learner is unable to
calculate the sum and as a result instructs hios#the unit fractions so as to confirm
that the answer must work out and to encouragéetireer that he can perform the task.
He alsoencourageghe learner by saying to the learner that he Ihetwill be able to do
the sum.

Analysis of the appeals

In Mr. T's attempt to fix meaning, | classified heppeals to be mathematics. As
discussed in Chapter Two there are three ways inhaippeals to mathematics can be
distinguished i.e. principled, rule based and eimglir As is seen in this extract (refer to
the bold print), the appeals are mathematical &®y fare rule based. The teacher
explains to the learner that since the fractionsswadd up to one whole, the calculations
must also add up to one whole, he further explthas in finding the lowest common

denominator the sum will add up to one whole. TinScates, that Mr. T is appealing to
a mathematical rule as well as the empirical (acoete example- the unit fractions must
add up to one whole). In encouraging the learneagpeals to mathematical rules in that
he suggests that he knows this learner will be dbldind the lowest common

denominator and show that the unit fractions addaupne whole because his answer

must work out.

Transcript
Between the times interval 37:57 to 39:49 the sutibns are similar to the previous ones

i.e. using unit fractions to prove one whaedfinding the lowest common denominator

using multiples This is event 4.2.
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37:57
Mr. T: Come here J3e Bring me your book as well.

L: (learner comes to the front of the classrgom

Mr. T: Before you do that, take these pieqasdes on the floor used by the previous
learner) and put it backdn the tablg Just leave the two halves. Give me your
book. Put those other pieces back heretfie tablg No, no, leave the halves. |
want...({naudible) because | haven't got a whole. So I'm going e that as a
whole ok. Now take the one that you battling witliake the pieces off here
(table) and put it thereflpor). Ok, so see if your sum will work out.

L: (asks for certain strip, inaudibje

Mr. T: Sorry young man. You neediagudiblg. There isn’t one. Is that what your sum
is?

Mr. T: (Marks Joe’s book while he works on the floor

Mr. T: (addresses previous leamerRight it's just somewhere with your lowest
common denominator. You didn’t do something ri¢fefers to the sum in his
booK. And that makes you feel like you can ddréferring to the fact that the
strips add up to one whole so the sum must work durh | right?  You smarter
than what you thought you were.

Mr. T: (comes back to help Kedust push your puzzle togethezférring to unit
fractiong. Look there. Can you see the gap there?

L: Yes sir

Mr. T: Maybe if you haveifaudible it will work out. Ok right. Go try it again. 3ttry
it again for sir. See if you can do it and yoetime back here again.

Mr. T: Ok, who else?addresses entire classEome Tom’. Bring me your book.
Comment

The teacher continues to engage with the learmelisidually. The task is once again
classified and remains as a low-level cognitive aedhtask with the focus on procedures

without connections. In other words, it encouraged focused on procedural learning
and there is no connection to concepts since dehér provided the steps for the learners

® Pseudonym to protect the identity of the learner
19 Pseudonym to protect the identity of the learner
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to follow. This came to be a sub-notion in tha teacher has the opportunity to engage
with a different learner with regards to the saasktat hand. The learner in this instance
experienced difficulty in that his sum would notdadp to one whole. Unlike the
previous learner, this learner's combination oft dractions was incorrect in that it did

not add up to a whole. This is the example frasrblook:

[*—mm.%_k_

- \-_-___L_Lghﬂ &/
() =

Drawn in by me to show the gaps (practical error)

Fig. 4.4 : Extract from Joe’s book

Mr. T once again gets the learner to use the waitibns to show him that the sum must

1
add up to one whole, however in this instance Mdid'not have the unit fractior§(} SO
the learner useé instead. Mr. T points out the gap to him and sstgthat if they had

1. .
9 it may work out. He does not note or refer to‘t/@s’ in the learner’'s book as shown

in Figure 4.4. He recommends that the learnes tagain to work out the sum and come

back later to use the unit fractions if he is usssful. It is interesting to note that the

111
sum was as foIIow§ t3t5+g= , this does not add up to one whole.

It appears that Mr. T sent the learner to worktbetsum without realising that the sum
will not work out to one whole. Mr. T did not idéfyt the practical error or the
mathematical error made by the learner. He assuhadhe learner was struggling to
find the lowest common denominator and thereforelccoot get to one whole. When
the learner used the unit fractions provided by Mrit was difficult for him to tell that
the unit fractions he used would not add up to baeause he did not have the unit
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fraction é) to represent his sum. Unfortunately time rahamd this was not addressed

again.

The problem solving that Mr. T was engaged witthis event was very similar to the
previous one. Hedemonstrated, represented, restructured and identified a
mathematical error (unable to find the LCD) made by the learner. He demonstrated
and represented the content using the unit frastiddlowever, the unit fractions did not

1
work for him in this case in that he did not hahe@to show the learner that his sum

would not work out. If he was able to represdm@ sum using the appropriate unit
fractions, Mr. T may have realised that it was pinactical error (gaps) that led to the
mathematical error (not combining the correct drattions resulting in the sum not

adding up to one whole). Instead he allowed thmier to go back and try the sum again.

Mr. T again appeals to the rules of mathematicstaeempirical as he points out the gap
1
when using the unit fractions and proposes thia¢ ihad the appropriate unit fractic§1)(

it may work out to one whole.

Transcript

The next time interval, 39:50 to 45:13 is a condition of the previous sub notion. This

is event 4.3.

39:50
L: (Tom comes to the front of the classroom and sith@rfioor. Hands his book to the
teacher

Mr. T: Put those pieces back on the board. &astd the halves there. Put the other
pieces back on the table for me please.

L: (puts unit fractions on the table. Leaves two halwe the flooy

Mr. T: Take the one you battling with. Put it &tlger.
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L: (puts unit fractions togethégr

40:48
Announcements over intercom

Leaner needs certain unit fractions but not avd#ab Teacher continues to work with
him, but intercom is on and very difficult to hemnversation. Teacher tries using unit
fractions from a pie chart.
42: 41
Mr. T: They don’t have twenties, ah. My plan & working. Three twenties will be

how many tenths? Think carefully.

L: No response.
1 1 1 . . ,

Mr. T: If | had to replace that (refersto the 20 t20* 20 unit fractions) with tenths
what would it be?

L: No response

Mr. T: Those three twenties. If | take a ten hereg{ve learner a tenth).

L: Places tenth in position.

Mr. T: We've got, ok it won't work. Take it off. So we’\e got to find an alternative
for that. What | though was, if we have ninths, just put thrathere gie grapl).
I'll see something now. What else do you need?

L: One eighth

Mr. T: One eighth, uh, sometimes they don't gieei \all the puzzles that you need so
they can’'t work. Ag, it frustrates me! | can’t tlos one. Oh eighths, here’s an
eighth. You only need one?

L: Yes sir.

Mr. T: You see what sir was trying to do now is.I thought, | don’t think a ninth
will fit in there. And | don't have the. Ok, here you are (ands learner
pieces). Putitin there. Let's see what you going todshort of.

L: Learner takes pieces

Mr. T: Put it on here. Put it on this. Make b&k this is going to be your wholei¢
chart)

72



43:46

Bell rings

Mr. T:

Okay, now put it on there. Let’s fill thpuzzle. Okay so you still need, what else
do you need? Two fifths. No you've got fifths.

L: Thirds

Mr. T: Thirds, you need a third. This is moststmating. But | actually thought that
we could use this. Okay, mmm, okay so we can't use We can'’t use it on
this side either. So we need a ninth there. It @sn’t look like your sum is
going to work out now can you see, because alreabwttling um, to put the
pieces together?Okay, so it's not the end of the world. Um, yad i over here
(referring to work in learner’s bogk What did you find? Ah Grade 7 don’t talk
please. Um, okay, where, where, which one wa$\itfich one was it?

L: Points to sumupit fractiong

Mr. T: Athird, a fifth a fifth. It seems to fih there. Okay, | do believe that if we had a
ninth over there it would work out. Okay, so jgstand try, your lowest common
denominator what did you find?

L: | couldn't find it. Had to carry on?

Mr. T: Okay but you must carry on. That's why yaidn't find it. Super, okay we
know where your problem was. Okay?

L: Yes sir

Comment

This is what appears in this learner’s book:

el —
=]

Fig: 4.5 Extract from Tom’s book
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Fig. 4.6 Extract from Tom’s book

Here the teacher engages with a different leameérimadoing so, restructures the task to
doing mathematics as he problem solves and malgE=ahhe learner in this particular
sub notion is having difficulty finding the lowesbmmon denominator. He uses the

fractions strips provided by Mr. T to confirm tithe sum must work out to one whole.

Once again there is no ninth unit fraction so iingpossible for the learner to check
whether his sum will add up to one whole.

Mr. T attempts to use different unit fractions épresent the ninth and thus moves the
task into doing mathematics. It is evident that thsk demands are changing, as up until
now all that was required of the learner was tdofelprocedures. At this point in the
lesson, Mr. T and the learner face a problem and Mrattempts to work more
mathematically. He asks questions that force e¢aener and himself into thinking more
mathematically about the problem instead of mef@lpwing procedures as before (refer
to bold print). Mr. T tries to find an alternativepresentation for the sum, but fails.
When he and the learner are unable to solve itguie unit fractions, he turns to a
different form of representation and uses the fnadtions of a pie chart in order to show
the learner that it will add up to one whole. HWeg into problems again because once

more he does not have all the unit fractions. Exedly Mr. T refers to the learner’s book

74



and suggests that the unit fractions that the éramsed will add up to one since they
fitted perfectly in his book (refer to figure 4.6)He also suggests that the learner’s
problem was adding fractions with large denomireatord not practical errors.

Referring to figure 4.6, it is clear that the learfiound the lowest common denominator
(i.e. 180) and circled it, but was unable to cortgotee sum. However, it is interesting to

note thaté + é + E+E+i +i +i, does not add up to one whole (41—%?) It adds

5 5 20 20 2C

up tol—79, which is very close to one whole. WhéLn +£+£+i +i is added we
18C 3 5 20 2C

5

geti—:?. The unit fraction piece that will fit in mostaiéy to get close t%is in fact%

because what is actually missingiizglE oré , which is almo%. Neither the teacher nor

the learner was able to pick this up. In fact lyatiscovered this close to the end of the
analysis when my supervisor pointed it out to nRerhaps if the learner completed the
sum he would have realized the error. Visuallgppears as though the unit fractions fit
together and add up to one whole. However, tteeaebigger problem presented here and
I will return to it when | engage in a discussioagarding the structuring and

representation of the task in the chapters tovllo

Mr. T was involved in seven of theght mathematical problem-solving categories (i.e.
explaining, encouraging, identifying mathematical calculation eors, restructuring,
representing,demonstrating, questioning. As with the previous events, appeals here

are classified as Mr. T appealing to mathematigials and the empirical.

The event, including the notions and sub notioosu$ed on thus far, involves the
teacher and the work he did with individual leamerThey do not illustrate all the
possible problem solving and appeals e.g. defirfprgblem solving) and curriculum
(appeals) are not classified. In order to illustréne notion of defining, | will make use

of the extract that involves work done by the teachith the whole class.
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The next extract was taken from lesson 3 and iste¥d. It is approximately a minute
and a half into the lesson. Mr. T recaps whattaksn place the past two lessons and
then proceeds to explain and demonstrate how tmgeha mixed number into an
improper fraction. In doing so he requires that tharners define what an improper

fraction and mixed number is.

Transcript

01:38 — 03:28

Mr. T: Okay boys and girls, we took a fraction ttbaWe cut it up. We stuck it back
together again. You worked out a couple of sunts yau proved that if | put
certain fractions together, look at me I'm herem What it works out to one
whole. Now we going to go a little bit furtherml going to show you two ways
of getting to the lowest common denominator withasihg multiples of what I'm
working out. Short and sweet. Quickly you cantdbut step by step. Now like |
said to the other classes and | said to you yesfeitls like getting a play
station game, right. I'm putting it into the play station and | start playing.
It's a brand new one | just discovered of the shelf I'm putting it on and I'm
playing with it, but I'm battling because I've got to discover how to get to
how to win the game or whatever the case may be. h& same with maths
okay. The same with this work. There is shorter methods of doing this but at
this stage | think if you take the long road and libng method like I'm going to
show you and why I'm doing things that you'll beleko get the sum right. And
then at the end you can say, okay | know a shomethod. | worked out the
answer quicker. That's great. You can do thait & the moment boys and girls
let's just follow. There’s two ways of doing thisi,g I’'m going to put it on the
board. I'm going to show you. I'm going to askuygoing to copy it down. I'm
going to give you your worksheet and | am expectiog guys to do it like that
okay. And look at your examples. Say, this is élxample; | don’t understand
how sir got that. Call me and I'll come and hefpuyagain. But at this stage if
you just listen to what I'm doing on the board, y@an do it. Okay, and its easy
sums that sir is giving you.

03:29 — 05:30

Mr. T: Okay, we are now going to mixed number, foger fractions.Whom of you
can explain to me what an improper fraction is? Wha is an improper
fraction? You told me a fraction is an equal partof a whole. What is an
improper fraction?

L: An improper fraction is when the denominator is smder than the
numerator.
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Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

L:

: Numerator is smaller*. Give me an example.

Like uh, thirteen over eleven.

. Thirteen over eleven Q/vritesﬁ on theboard). So it depends on, somebody

took my pensMHattles to write on board with his pens and mumbieder his
breath). That's an improper fraction. Now I'd like tdhange, what is a mixed
number? What is a mixed number then? Ja.

When there is a whole number and a fraction.

: A whole number and a fraction. Good answer. Irother words | can change

that (Referring to fraction on board) into a mixed number.

Yes sir (espond togethér

: What will my answer then be?

One whole

: One wholerepeats after learnejs

The fraction mustn’t beétacher interrupts

: No, no give me the answer to this. Youitgl me (earners calls out answigr

Two elevenths.

: Two elevenths (epeats after learner). Okay. That's exactly what I'm

looking for. So that over there (writes 1% on the board) boys and girls is

known as a mixed number, okay.

Mixed numberthat repeat after the teacher

1
: And you know that now from grade six anditis over thereié and writes

improper fraction next to it) is an improper fraoti.

Improper fractionthey repeat after the teacher

| am aware of what the teacher said here andttbatild just be a mistake on his part.
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Comment

Before | attempt to explain how | recognized defmas part of the problem solving done
by the teacher, | must make mention of the appeal ™Mmakes with regards to the
learners’ everyday lives. He likens the procedafesompleting and being competent in
adding fractions to playing a play station gamee (beld and underlined print). This
indicates to me that he appeals to experiencethitnparticular event, he equates the
activity of doing mathematics to having fun. Henwounicates the message that
fractions are meaningful because it is like playingame, rather than it is meaningful
because of what fractions are and what they reptedeappears as though he is trying to
say that mathematics, as an activity, should be finthis extract, he does not relate a
mathematical idea to an everyday concept, likentbek done by Adler & Pillay (2007),
which reports on how the teacher uses an everydagept (marriage) to explain the
mathematical idea of an equation. Mr. T makestkifit everyday appeals. He appeals
to the learners’ everyday experiences, but at reiffe levels, one is at a level of
experience and disposition (learners should nosthegygling with fractions, but rather
they should be having fun) and the other is atléwel of concepts (in lesson 1 he
associates the fraction wall with a brick wall ahadw the wall cannot go into the
neighbours yard). Both of these are linked to tharrers’ everyday knowledge and
experience, but since this is not a study of evayyaractices, | will refer to both of these

as everyday experiende

This extract from lesson 3, illustrates the subiamothanging a mixed number to an
improper fraction. In order to explain to the leans the procedures and rules to follow
when changing a mixed number into an improper iwactMr. T questions them by

asking them firstly to define what an improper frac is and secondly, what a mixed

number is. In getting the learners to define th@seconcepts, it is evident that Mr. T

12| am aware that one is about how (how you do nmattiies is like playing a play
station game) and the other is about what (thedcibén and a fraction wall is like a brick
layer).
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appeals to mathematics (see bold print). He pdatily makes an appeal to definitions

and rules.

None of the extracts drawn on thus far describesalspto the curriculum (e.g. test and
exams) made by Mr. T. When Mr. T makes an appeé&tdts or exams he informs his
learners that they must follow certain proceduresider to obtain marks. He also
stresses the importance of what will be requiredh®y learners in preparation for the
exams or tests, for example he constantly remihedmtthat they must correct the sums
they have done so that when they are studyinghfmekams or test they are able to study
the correct methods and procedures. Mr. T cleamhphasizes the set of rules the
learners need to follow as described by the cuurou For example in lesson 4 he states

the following:

Mr. T: That's why | keep on telling you maths istady subject boys and girls.
When | give you something to do at home, go ovédikat you study.
Remember the stuff you were taught in class. kiegh on going over it.
And now look at this, you sitting here thinkingout have done that, oh
that was easy, this was easy...
(Lesson 4)
The next section involves a composite table ofpitzblem solving and appeals made by
Mr. T in the first four lessons. This is done @msby-lesson and then taking all the

lessons into account.

4.5 A Quantitative Analysis

In order to make overall sense of the task demah@smathematical problem solving
done and the appeals made by Mr. T, it was usefiquantify the data. This helped
depict the presence, absence and frequency anclagpevided a view of lesson 1 to 4
of the task demands, problem solving and appedishelps to show up dominant

practices and by linking the problem solving and #ppeals, it starts to reflect what
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dilemmas the teacher faces. This was done byrtgligccurrences of the task demands,
problem solving and appeals made.

The following table quantifies, per lesson, th&ktdesmands, the problem solving that Mr.
T engaged with and ultimately the appeals madeitvyih order to legitimate meaning
for his learners. The last column of the tabl@ldigs the average of the percentage of the
occurrence of each item. | offer an explanatiothwegards to the values that appear in

the percentage occurred column later in this clnapte

Total Occurrence % Occurred §
Lesson Number 1 2 3 4 1 2 3 4 g
Notions (including sub-notions) 14 17 7 b Z
Memorization 0 0 0] 0] 0] O 0 0 0
Procedure without connections 13 17 7 |5 |93 100 10m0 | 98
Procedures with connections 0 0 0 |0 |0 O 0 0 0
Doing mathematics 2 0 0 0 14 O 0 0 4
Explanations 5 5 4 21 36 29 57 40 41
Questioning 1 0 0O 0 7/ O 0 0 2
Demonstrating 9 7 4 Qq 64 41 57 0 41
Representing 4 6 g 0 29 35 0 0 16
Restructuring 3 2 o0 o 21 12 0 0 8
Defining 1 0 11 0| 7] O 14 0 5
Encouraging 8 7 1 4 57 41 14 80 48
; ; Mathematic
gﬂgke'?]? deas With | Calculations 6 | 5 | 1 2| 48 20| 14| 40 3
Practical errors 7 12 g 0 5 71 0 0 30
Empirical 7 4 0| 0| 50| 24 0 0 19
Mathematics Definitions 1 0 1/ 0/ 7] 0 14| 0 5
Rules 13 16 7] 5 98 94 100 100 97
. Profession 0 0 o0 0 O O 0 0 0
Experience
Everyday 2 2 3] 1] 14 12 43 20 22
Curriculum Test/Exams 1 6 1 1] 7 35 14 20 19

Table 2: Quantitative Results per Lesson



The next table quantifies the task demands, proklelwing and appeals made by Mr. T,
taking into account all four lessons. It illumieatthe overall practice. From the table
below it is important to note that within an evethe categories do not necessarily occur
exclusively. For example, when legitimating meaniior his learners, Mr. T could

appeal to more than one category. The table iteBcthat there is a total of 43 events,
inclusive of notions and sub-notions. The totatwweences signify the frequency that
each of the categories could be identified. Thegage occurred simply denotes a

percentage of the total occurrence out of the tftdB.

Total Occurrence % Occurred

Notions (including sub-notions) 43
Memorization 0 0
Procedure without connections 42 98
Procedures with connections 0 0
Doing mathematics 2 5
Explaining 16 37
Questioning 1 2
Demonstrating 20 47
Representing 10 23
Restructuring 5 12
Defining 2 5
Encouraging 20 47

Mathematic
Working with | Calculations 14 33
student Ideas:

Practical errors| 19 44

Empirical 11 26
Mathematics Definitions 2 5

Rules 41 95
Experience Profession 0 0

Everyday 8 19
Curriculum Test/Exams 9 21

Table 3: Composite Quantitative Results



The next step involved in this study would be teisi# and answer the critical questions
that underpin the study in order to provide an ysislof the data. The critical questions

are as follows:

1. What mathematical problem solving does this teadioewhen teaching fractions
in his Grade 7 class?

2. What knowledge resources (appeals) does he calt tve goes about this work?

3. What teaching dilemmas are reflected in this pca€ti

4. How might this practice, and its teaching dilemrnasxplained?

4.6. Identifying the mathematical problem solving W confronts in his teaching

In this section | will discuss the mathematical lgean solving or mathematical work
done by Mr. T as he teaches the additions of frastito his Grade 7 learners.
Interestingly Pillay® (2006), who | have mentioned before, did not filese same
observations. In his study of the mathematicatkndone by teachers, the kind of
mathematical problem solving carried out by thechea was seen as a function of
pedagogy. He draws attention to a similar studyeday Kazima and Adler (2006) on the
mathematical knowledge for teaching probability anSouth African classroom and
explains that certain tasks/activities will elisgecific mathematical problem solving for
the teacher. In Pillay’s study he describes tlaeher's pedagogy as ‘traditional’ and
suggests that this ‘limited’ the problem solvingtttook place. Taking the study done by
Pillay (2006) and the one done by Kazima and A@GREO06) into consideration, it is
useful to think about what the teacher involvedhiystudy does and in what way. | will

look at whether there are any similarities or défeces between the studies.

From Table 3 it can be observed that Mr. T is imedlin the full range of mathematical

problem solving identified in the literature. Howee, some are carried out at a greater

13 A study investigating mathematics for teaching; kind of mathematical problem
solving a teacher does as he goes about teaclartggit of Functions.
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degree compared to others. For example, it appesarhough he spends more time
encouraging his learners than he does posing matieaihquestions and problems. My
study, similar to Kazima and Adler (2006) showsatthwhile defining, explaining,
representing and questioning are present, thegareentral to Mr. T's lessons. This is
in contrast to the study done by Pillay (2006), wehet was reported that these were
central features of the teacher’s lessons. An rtapbdifference to note between the two
studies is the way learners were engaged. Whdadahcher in Pillay’s study took on a
more ‘traditional’ approach and did not use an maésl or complex task to teach
functions, Mr. T did. Thus, Mr. T had to deal witthat the learners produced and
engage their thinking. This was done largely at lgwvel of mathematical rules and so
correcting errors made by the learners. While tidmk was set up to be a doing
mathematics task, Table 3 depicts that it decliakdost immediately to a lower level
task that involved procedures without connection3his certainly influenced the
mathematical problem solving that Mr. T undertoakinlg his lessons.

I will now take a closer look at the mathematicedlgem solving done by Mr. T and
attempt to explain, using extracts from differeasdons, the mathematical work of

teaching that Mr. T confronts.

It is expedient to use some of the extracts preslodiscussed as these have already been

described and contextualized.

4.6.1Explaining and demonstrating

Table 3 reveals that the average for the categenptaining and demonstrating are
37% and 47% respectively. The following extractfi elucidate what the notion of

explaining and demonstrating involve.

5:35

. , 3 .5 3 5
Mr. T: Now boys and girls, I've got two exampltis {-5 = andz1 T
like I said. | hope you can see this panufnbles under his breath about the
pen. If you can’t see at the back boys and girls) yoe welcome to move to the
front. Right the first one boys and girls, | loakmy denominator. | want to add,

) on the board
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Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

L:

L:

. » 5
you can see it's addition. | want to a%i andg. Okay, but | see my

denominators is not

The samergéspond together

: Not the same. What do you want me to dmth

You have to figure out the lowest common npidi

. Figure out the lowest common multiple with@saying multiples of four equals

four, eight, twelve, and sixteen. We going to kdvat bit of the sum out now.
We just going to...laudiblg. There is a easy way to do that now. All youéha
to say is, can four go into itselefers to sum on the bogrd

Yes (espond togethér

: Yes. Can four go into eight?

Yes fespond togethér

: Can eight go into itself?

Yes (espond togethér

: Can eight go into four?

No. Yes éome answer yes, somé no

. So which one of those two will | use thenthe lowest common denominator?

Four pne learner respondls

Four, eightiespond together with different answpers

Teacher ignores the incorrect answer and carries on

Mr. T: Okay, equalsdraws line and writes eight as the denominatddkay boys and

L:

girls, what I'm saying to you is changedlks to his desk to find a penUh
change, boys and girls, to same de-no-minatoclés the number 8 and writes
change to same denominator’ on the board next ¢ostim). Look I'm writing
over here because | want you to see it. Changetihait will be?

Eight fespond together

Mr. T: That will be class?
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L: Eight fespond togethér

Mr. T: Guys do me a favour. Just speak up soveatan all hear you.
L: Yes sir (espond togethér

Mr. T: Eight. So now I'm saying four goes int@kt how many times?
L: Twice (espond togethegr

Mr. T: | say times twowrites it on the board Eight goes in itself?

L: Once (espond togethgr

Mr. T: Times one. What | do at the bottom | mdgatat the?

L: Top fespond togethér

Mr. T: Okay, times twowrites it next to the numerafpr Sorry bout thaimakes
a mistakeand times one.

Leaner brings pens from the other teacher.

Mr. T: Right okay. Now we say four times two igh#, eight times one is eight. Is that
clear? You understand that?

L: Yes (espond togethér

Mr. T: Boys and girls you understand where | dnait tfrom?

L: Yes.

Mr. T: Now, three times two iS?

L: Six (respond together

Mr. T: Six (repeats after learnejs Plus boys and girls?

L: Five fespond togethér

Mr. T: Where did we get the five from?

L: Five times one is fiveréspond together

Mr. T: Five time one equalsdpeats after learnejs Now?
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L: Eleven (espond togethér

Mr. T: Hang on, hang on before you shout out teaser. Eight, the denominator stays
the same there boys and girls. Can you see thAfte6 eight as the

denominatoy
L: Yes sir (espond togethér

Mr. T: Six plus five is?

L: Eleven fespond togethér

Mr. T: Okay(writes eleven as the numeratoReprimands a learner.

Mr. T: What do we have here boys and girls. Weag®

L &Mr. T: Improper fraction kespond togetheér

Mr. T: 1just want to write it over here so youncsee. \irites the words improper
fractions next to the fractign Now what must | do with that? | must change it
to a?

L: Mixed numberrespond togethér

Mr. T: Mixed numberrepeats after learnejs What will my answer be?

L: (individual learner): One whole sir and two over eight.

Mr. T: One whole, are you sure? And, Yes?

L: (Shout out answer together)

Mr. T: One whole and?

L: Three over eight

Mr. T: 1 whole and% boys and girls. Now can | simplify that®drner gives teacher
another pen Thank you very much young lady. Can | simpttgat?

L: No response form the learners

Mr. T: Guys I'm asking you a question. Can | slifythat? We've done it before.

L: No sir fespond togethegr
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Mr. T: So my final answer would be 1 whole e?gd)kay (writes it on the board).

That's one way of doing it. The first way is finithe lowest common

denominator and you work out your multiples okdhe second one is all I've to
say is can that denominator go into that and can dienominator go into that
(refers to sum on the board) and that will be mydst common denominator.
The third one, you ,look on the board boys andgrid you'll see three quarters
plus five fifteens.....dxplains how to do the sym

(Lesson 3, time interval 5:35)

To teach the learners how to add the different nadtions Mr. T engages in explaining

to them how to find the lowest common denominator.

The extract reveals Mr. T explaining how to addfestént unit fractions using three
different methods. Prior to this extract he rechp® to change a mixed number to an
improper fraction and vice versa. This extracttstaith Mr. T explaining that to find
the lowest common denominator, the learners maodtthe lowest common multiples of
the denominators of the fractions they are addifmbge second method he explains that
learners need to look at the denominators 4 arahdB figure out whether they are
divisible by 8. The third method, shows them hovsimplify a fraction and then add it
to another fraction by multiplying the denominatorsorder to find the lowest common
denominators. He does not offer a full explanatbthe first method since the learners
have already completed a number of sums usinghie following shows the two sums he
used to explain the two methods:

Method 2 Method 3

3(x2)  5(x1) 3.5

4 g 4 15

6+5 3(x3) 1(x4) , . ..
=g =4 tT3 (simplified)
_11 9+4
8 12
_3 13
8 12

%z
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Mr. T's explanations of the different proceduresfdllow when adding fractions with
different denominators are all procedural in natmd linked to mathematical rules. This
was largely a result of the decline of the taskdugde does not offer to explain why or
when certain procedures are used. Referring tatierlined text from the extract, it
appears that Mr. T in his explanations, attemptsrévide some mathematical rationale.
However, he poses questions to the learners tiat iesponses of how to do the sum
rather than why they are following certain procedur His questions are of a procedural
nature in that the answers he requires follow ¢epat He meticulously writes down all
the steps involved when following the procedwred explains clearly how they must be

done.
4.6.2 Demonstrating

While explaining involved an attempt to provide somathematical rational for adding

fractions and verbalizing the procedures of theoidigms (Ma, 1999), demonstrating

involved showing or displaying the steps of thenpatation or procedures and /or

verbalizing procedures For example:

3:29

Mr. T: Okay, we are now going to mixed number, roger fractions. Whom of you can
explain to me what an improper fraction is? Whaansimproper fraction? You
told me a fraction is an equal part of a wholehats an improper fraction?

L: An improper fraction is when the denominagsmaller than the numerator.

Mr. T: Numerator is smaller. Give me an example.

L: Like uh, thirteen over eleven.

1
Mr. T: 1-? (writes it on the board So it depends on, somebody took my péastles to

write on board with his pens and mumbles undebheathg. That's an improper
fraction. Now I'd like to change, what is a mixadmber? What is a mixed
number then? Ja.

L: When there is a whole number and a fraction.
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Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

L:

. Awhole number and a fraction. Good answarother words | can change that

(eferring to fraction on boargdinto a mixed number.

Yes sir (espond togethér

: What will my answer then be?

One whole

: One whole ilepeats after learnejs

The fraction mustn’t badacher interrupts

: No, no give me the answer to this. Youitel me (earners calls out answigr

Two elevenths.

: Two elevenths (repeats after learner). YYKahat's exactly what I'm looking

2 .
for. So that over therevfites 11_1 on the board)oys and girls is known as a

mixed number, okay.

Mixed numberlgarners repeat after the teacher

. . 13
: And you know that now from grade six andttis over thereréferring to77 and

writes improper fraction next tg is an improper fraction.

Improper fractionthey repeat after the teacher

Asks one of the learners to get him pens from amotbacher because his are not
working.

Mr. T: Okay can you boys and girls, improper fract mixed numberréfers to boargl

L:

So you understand that concept. How do | get fooi to another. How do | test

.13 ,
my answer? |justsay 1x11 +2 glvewokay. Am | right?

Yes sir (respond together)

Mr. T: Is that what you were taught in Grade fared Grade six. Okay.

L:

Yes sir.

(Lesson 3, timeerval 3:29)
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This extract reveals that Mr. T demonstrates to lé¢sners how to change a mixed
number to an improper fraction and vice versa. nkégely asks the children to define a
mixed number and improper fraction and demonsttatésem how to convert them. Mr.
T does not engage in a discussion with regardshtp itvis necessary to convert mixed
numbers to improper fractions or vice versa. Neitdlees he offer to explain the
mathematical link (they have the same value, batrapresented differently) between

improper fractions and mixed numbers, or what tinean mathematically.

While the following extract reveals several thiragout the task, the mathematical work
done and the appeals made by the teacher, | wadtate attention especially to the
mathematical work of demonstrating exhibited by Mr. | have underlined the text in
order to draw your attention to the specific aréthe extract in question.

Here Mr. T explains to the learners what he is gaim do on the board and what is
required from the learners. The extract revealatwir. T's intentions were, i.e. to show
(demonstrate) to the learners how to use two differmethods to find the lowest
common denominator. When Mr. T says that he iaggto ‘show’ the learners how to
do the sum, this is what he literally does. Whenrdfers to * .the long road...” and
‘why I’'m doing things that you'll be able to get thesum right...”. He is referring to
the procedures involved and following them stepsbgp in order to get the correct
answer. He encourages and ensures them to jimsfile procedures and they will be
able to do it. He makes no reference to explainmaghematically why the two different
methods can be used, what makes them different) Wieyy can be used etc. There are
no mathematical explanations just a demonstratiomaow’.

01:38

Mr. T: Okay boys and girls, we took a fractionabh. We cut it up. We stuck it
back together again. You worked out a couple ofisand you proved
that if | put certain fractions together, look aée tm here. Um that it
works out to one whole. Now we going to go aditlit further. I'm
going to show you two ways of getting to the lowastnmon denominator
without using multiples of what I'm working out. h&t and sweet.
Quickly you can do it, but step by step. Now likeald to the other classes
and | said to you yesterday, it’s like getting ayp$tation game, right. I'm
putting it into the play station and | start playinlt’s a brand new one |
just discovered off the shelf. I'm putting it ondal’'m playing with it, but
I'm battling because I've got to discover how ta ¢@ how to win the
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game or whatever the case may be. The same wittsrokay. The same
with this work. There is shorter methods of doihis, but at this stage |
think if you take the long road and the long methke I'm going toshow
you and why I'm doing things that you’ll be able det the sum right.
And then at the end you can say, okay | know atehaonethod. | worked
out the answer quicker. That's great. You camhdd. But at the moment
boys and girls let's just follow. There’s two wag doing things. I'm
going to put it on the board. I'm goingdtiowyou. I'm going to ask you
going to copy it down. I'm going to give you yoworksheet and | am
expecting you guys to do it like that okay. Andloat your examples.
Say, this is the example: | don’t understand havgst that. Call me and
I'll come and help you again. But at this staggafi just listen to what
I'm doing on the board, you can do it. Okay, arsdeiasy sums that sir is
giving you.

(Lesson3, time in&@n01:38)

Demonstrating formed a large portion of the mathérabproblem solving done by Mr.
T and was influenced by the nature of the task.

4.6.3 Working with student ideas and encouragiagners

There exists a definite link between the matherahticork done by Mr. T regarding

working with student ideas (mathematical calculaioand practical errors) and
encouraging learners. Encouraging, similar to destrating, is ranked as the highest
(47%) problem solving Mr. T confronts, while workinwith student’s ideas also makes
up a substantial amount of the problem solvingrigages in.

The following extract depicts the mathematical wofkencouraging and working with
student ideas.

Prior to this extract, while Mr. T was marking tlearners’ books, he discovered that
many of them did not cut out the unit fractionswretely and so he wanted them to see
their mistakes. Mr. T got different learners to @to the board and use his unit fractions
to check whether their answers would add up tovamale.
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The following is the example from the learner's kabat Mr. is referring to in the

extract:

Fig 4.7 Extract from learner’'s book

37:55

Mr. T: Uh, | want you to look on the board. Plea®n’t have your own conversations
Grade 7's. I'm trying to, I'm just going to see &ther we can solve a few
problems and see where you guys, the area wherguysubattled with.téacher
sticks unit fractions on the board)

Mr. T: (addresses individual learner once done stickinguthie fractiong And now look
here. Okay, what do you think wasrymoblem? Tell me.

L: Response is inaudible

Mr. T: It was too short. Okay. So you left ougges. Guys I'm not going to do the
sums physically. I'm just wanting you to come be tboard to show you where
you’ve gone wrong. | mean now, look at his novank you.

Learner goes back to his seat

Mr. T: And then we can see whether we can solirgou have, he cut out his pieces
now and he pasted his pieces back into his boald tAis is all the wayréfers to
unit fractions on the boajdam I right young man?

L: Yes sir

Mr. T: And but look at the gap. So that's ondlaf reasons why his sum did not work
out It's a simple, the start of his project alreagyen he cut up his fraction wall
and he stuck them back together and sort of mixivegn up. He has already
made mistakes. It's not a serious problem. Dwwtry. You not going to be,
uh, get into trouble for it. | just wanted to shgwu what silly mistakes we can
make in order to prove or either we rush throughwvtiork.

Mr. T: (refers to next learngrYour problem would now beddoks at book with learngr
Okay, let's put it together and see whaidems

Mr. T: (addresses entire clagg/ho else sitting here think they've got a problefihey
in thesame boat.
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L: Put up their hands

Mr. T: Before you put up your hands. Who of yoittisg here think you made the same
problem as Palf? Where your pieces, you cut your pieces outk skiem back
into your book. It look to you like it’s fittingutt it's not. Just put your hands up
and then you’ll see. Put up your hands high.

L: Quitea few learners put their hands up.
Mr. T: Look at that. Can you see thateférs to gaps And you think it's a serious
mistake or is it just a silly mistake from your t¥ar

L: Silly mistake Respond togethgr

Mr. T: Silly mistake. If | give you a fraction bad again and | say to you go cut it out
and put it back together again. You think you'd aléthe answers right next time
round.

L: Yes sir fespond togethér

Mr. T: And you will be able to prove to me thathe denominators are all the same and
you stick it back properly underneath the whole swodr fraction wall, your
answer will be one whole. Would you be ablddahat?

L: Yes sir (espond togethér
Mr. T: Are you sure?
L: Yes sir (espond togethér
(Lessyrtime interval 37:55)

When working with learners’ errors, both practiaad mathematical calculations, Mr. T
often refers to the procedures that should be vi@tb in order to obtain the correct
answer. He then follows that up with a word of mmagement. For example, in the
above extract (refer to underlined text), Mr. Tnities that a learner did not cut out the
unit fractions accurately so his sum was not addipgo one whole. Upon identifying
the error, Mr. T explains to him why his sum wititradd up to one whole, i.e. because he
did not follow the instructions/procedures cargfullThereafter, Mr. T encouraged the

learner, ‘It's not a serious problem. Don’t worryYou not going to be, uh, get into

14 pseudonym to protect the identity of the learner.
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trouble for it'. While Mr. T does pay some atientto the mathematics and what was
done incorrectly, he is more concerned about h@néehrners feel and finds the need to

consistently encourage them.

In the extract below from lesson 1, Mr. T addregbeswhole class. He identifies that
the learners are struggling to find the lowest cammenominator. He encourages them
not to give up and ensures them that they will fimel lowest common denominator. He
also encourages them by reassuring them that theydo the mathematics. It is clear
that when Mr. T deals with student thinking, he@mrages them and moves them on
emotionally, whether he also does this mathem&tialn question.

35:49

Mr. T: (addresses whole class while marking a learner’skh&me of your
combinations are brilliant. Just shows me that gan do maths. And it does
work. And some of your combinations are right gat not finding the right
lowest common denominator. Somewhere along tleeylou are slipping. So just
keep on going back to that. Because I'm telling,ygou will discover the right
one. It's very interesting | must say.

(Lesson 1,dimterval 35:49)

4.6.4 Representing, guestioning, restructuringdefthing

Very little mathematical problem solving is donethwregards to representing,
guestioning, restructuring and defining by Mr. He initially represents the fractions
empirically using unit fractions and later represethe fractions symbolically (using
number). He constantly works between the empirgecal symbolic in order to address
learners’ errors and misunderstandings and alsonme instances attempts to restructure
the task in order to promote understanding. HmBeasentations are limited to the unit
fractions, symbols and what | describe as unsutalplanations related to the learners’
everyday lives. They are unsuitable in that theydt carry mathematical meaninghe
guestions posed by Mr. T are more encouraging iethematical. For example:

Mr. T: Look at that. Can you see thatéférs to gaps And you think it's a serious
mistake or is it just a silly mistake from your{ra
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L: Silly mistake Respond togethgr

Mr. T: Silly mistake. If | give you a fractiorolard again and | say to you go cut it out
and put it back together again. You think you'd @lethe answers right next time
round.

L: Yes sir (espond togethér

Mr. T: And you will be able to prove to me thathe denominators are all the same and
you stick it back properly underneath the whole godr fraction wall, your
answer will be one whole. Would you be abldaahat?

L: Yes sir (espond togethér

Mr. T: Are you sure?

L: Yes sir (espond togethér

(Lessyrtime interval 37:55)

4.7 The knowledge resources (appeals) and expesghat Mr. T calls on as he goes

about this work

As initially discussed in Chapter Twanathematics (empirical, definitions, rules),
experience (professional, everyday) ancurriculum (textbooks, examinations/tests)
were identified as the categories of appeals. & keaswledge domains were what Adler
and Pillay (in press) found in their study, andstherovide a starting point for me. | am
now going to elaborate on my findings. These algpe®re drawn on by Mr. T to
legitimate meaning for his learners. Table 2 (Quaive Results per Lesson) reveals
that Mr. T either made appeals to a single categorp different combinations of the
three categories in his attempt to fix meaning.uslmot all categories may have been
appealed to in each event. The next section igarifhe knowledge resources and
experiences that Mr. T draws on as he engageseirdifferent mathematical problem

solving while teaching.
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4.7.1 Mathematics

The statistics in Table 3 (Composite Quantitativesits ) clearly illuminate that Mr. T
often appealed to rules in mathematics in ordefixxaneaning for his learners. The
appeals he makes can be associated and closedyl liokthe task used. While the task
was set up as a higher-level cognitive demand téskleclined to a lower level
procedures without connections task, resulting in M engaging in the mathematical
work of demonstrating and explaining. Thereforanynof the appeals made by Mr. T
were to mathematical rules. He also called on eogbiobservations from time to time
to help learners make sense of the procedures ancepts. The following extract
highlights the mathematical work he

engages in as well as the appeals he makes, parfyjcto mathematical rules. For the
purpose of drawing your attention to the specifieaain question, | have underlined the

text.

03:23
Mr. T: (interrupts learney What have we noticed already? That?

L: The lowest common denominator is twelve
Mr. T: (repeats what learners have sgithat the lowest common denominator is?
L: Twelve

Mr. T: We've already picked that up. So, cirdiattboys and girlc{rcles 13. This is
simple work Grade 7’s. OKklt's knowing your times tables. That's what lowest
common denominator, lowest common multiple meafvgrites the following on
the board : LCD equals lowest common denominator. Sorry, I'ma&dring on
the board now. Right that's twelveviftes: LCD = 13. That @raws ling.
Twelve (vrites 12 as denominatpr Now we say can four go into twelve?

L: Yes
Mr. T: How many times?

L: Three times
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Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

: Times 3. Times 3 theraMrites X3 next to denominators that aje £€an six go

into twelve?

Yes.

: How many times:

Twice

: Times two Yrites X2 next to denominators which ajeténes two, times two.

And what we do at the bottom, we must do at tipe(darites x2 and X3 next to
numerators respectively Guys it's step by step. Just followhree, times three,
times two, times two. Okay. One times three W#ites each step as he explgins

(respond togetheithree

: One times three is?

(respond togetheithree

: One times two is?

(respond togetheitwo

: One times two is?

(respond togethénwo

: One times two is?

(respond togethgitwo

. Equals twelve over twelve. If you add updé plus three equals?

Six

. Plus two equals?

Eight

. Plus two equals

Twelve

: That is?
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L: 1 whole
Mr. T: Do you see that.
L: Yes sir.

Mr. T: | proved that partgoints to unit fractions that shows probleai the sum by
following, by doing it step by step by steplhere’s no short cuts guys. The
minute you take a short cut you are going to batfeght, you need to do that
(points to example showing multiple on the boandd you need to do thipdints
to working out of sujrfor me Will you be able to do that?

(Lesson 1, time in@r03:23)

In this extract, in Mr. T's attempts to explain adédmonstrate how to find the lowest
common denominator, he appeals to the mathematited of knowing the times table.
Mr. T explains to the learners thalt's knowing your times tables. That's what lowest
common denominator, lowest common multiple meariBhe mathematical problem
solving he engages in requires that he calls ahghrticular mathematical rule. He later
refers to the representation of the sum in the fofranit fractions, to show the learners
empirically that the sum must add up to one wh@e, Mr. T emphasises that following
the correct procedures (based on the rule of fopdive lowest common multiple and
following each step) and having the correct uraicfions will ultimately produce the
correct answer. It is also noted that Mr. T emagas the learners by stating that the
work is simple and makes a personal and an emadtappeal to the learners to do the
work for him. Again it is noted with interest ththere is not an appeal of a mathematical
kind.

4.7.2 Experience

When engaging in the procedural work, Mr. T appéalmathematical rules. However,
in his attempt to make sense of the conceptuagppeals to the everyday lives of the
learners and their experiences. Consider thevialip extract from lesson 1, | have
underlined the text to assist in drawing attentimithe pertinent aspects in the discussion

that follows:
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30:31
L:

Mr. T:

Mr. T:

Can one of ...ifaudible)

No, no. Remember we working, we want tscdiver whether it's one whole. We
don’t want to go into a mixed number. Okay, san@ou see why, look at your
fraction wall. Come | show you something. Loolert points to learner’'s
fraction wall in book). Look how you've done it. Can you see théd@ps
between unit fractions Now look at mine on the board. Look here. Miitg in
properly here. Can you see that? And yours ate fibe minute | do this and |

1 1 1 1
(takesg and replaces it with existir@) take th% and | take thi% off here. 1 put

that in here(the unit fraction sticks out and does not make whele). Look
what's going to happen now. Can you see there@ i®sinow going to become
more than a whole. Okay, and that's what we deitt. So now you got to go
back to your fraction board and have to redo tlitasd that you find out a piece
that fits in here JoHR Ok, you got to put that back in here. Now trallooks.

If you building a wall for a house. John, if youleilding a wall. John, look at
me. I'm building a wall at home. So now I'm gontfas is my neighbour’s yard
(uses unit fractions on board to illustrateo I'm gonna put my wall like thdthe
unit fractions put together are greater than oneolefl . Never mind it's going
over into my neighbour’s yard. Do you think hey@ging to be happy with that?

No sir.

No, he’s not. His gonna tell you take thatay and put it back on. There’s lots
of examples | can use to say to you it's got tedeal.

(Lesson 1,gimterval 30:31)

This extract illustrates two things. Firstly, Mr.appeals to the empirical to show the

learner that the sum must add up to one whole.shdsvs the learner that if the correct

pieces are placed accurately (i.e. without any degteeen them), the sum must add up

to one whole. He demonstrates that when an incbc@ambination of unit fractions are

used, the sum will not add up to one whole, buteiad the answer will be a mixed

number. Secondly, in Mr. T's attempt to explaimeceptually the importance of the

correct combination of unit fractions in order tetgne whole, he appeals to the

everyday experience of building a wall. Learneeymomprehend and understand that

you cannot build a wall that leads into your nemints yard, but what does this mean

mathematically when adding unit fractions that agdo one whole? Mr. T's appeal to

15 pseudonym to protect the identity of the learner.
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something visual and emotional can make an impache learners, but it is not exactly
clear how this might carry a mathematical meanhmg is sufficient to help solve the

problem.

When dealing with procedural work Mr. T calls ontheanatical rules and the empirical
to legitimate meaning. When working with the cgotoal and trying to make meaning
of it, he calls on the everyday. It is this dispathat severs the mathematical connection
between the procedural and the conceptual. Asiomad in the literature review, there
exists an important connection between the proetdurd conceptual understanding of
fractions because of its complex nature and thysoal understanding of both will enable
mathematically meaningful explanations and reprgems of concepts and procedures.
The following extract illustrates another way inighh Mr. T calls on the everyday to

legitimate meaning for his learners:

27:18
Mr. T: Imagine boys and girls that you are playmplay station game. Ok, the first time
you get it. How do you feel? That you are goimdpattle to play it. Am I right?

L: (respond togethéryes sir.
Mr. T: And then, you discover, and the more yowcdigr to play the game, the easier it

is becoming and the more fun it's becoming. Thexactly what you doing now.
You are going to find, uh, what's that, short cutthe game. In this game too,

1 1
that you playing now. You are going to discoveattifi you add & plus and Z

1 1 1 1
and % and ag and & and & together, that it might not work out....

(Lesson 1, time intd®&:18 )

Mr. T wants to make learning mathematics fun soeiates it to the learners’ everyday
experience of playing a play station game. He kk#re mastery of the skill of playing
the game to that of following the procedures ineortb complete the sum successfully

and stresses that just like playing the game isdans doing mathematics.
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4.7.3 Curriculum

When Mr. T engages in the mathematical work of eraging and/or working with
learner ideas(refer to the chunking of lessons Appendix E) , he sometimes appeals to
the curriculum in the form of tests and examinatio He encourages them by saying
that the mathematics is easy and they can do welie exams if they follow the steps
exactly like they did in their books. Thus agamgving them on emotionally, and not
appealing to the experience of success. When intatkeir books, he frequently
comments on the number of marks they will obtain detting the sum correct and
following the instructions and procedures. Thdofwing extract from lesson 4 helps

shed some light on the appeals he makes regatengutriculum.

27:04

Mr. T: That's why | keep on telling you maths is a studigject boys and girls. When |
give you something to do at home, go over it likel gtudy. Remember the stuff
you were taught in class. Just keep on going tveAnd now look at this, you
sitting here thinking I could have done that, oattlvas easy, this was easy...

(Lesson 4, timerval 27:04)

From the discussion regarding the problem solving appeals Mr. T makes, it seems

apparent that despite a potentially interestingrmathematically demanding task, he can

sustain his practice without pushing mathematitialking, either his own or his learners.

This in turn, questions Ball and Bass's (2002) sgsed mathematical problems

teachers solve as they go about their work of tegchin the final chapter | will discuss

these problem solving categories and show how ti@ye helped or hindered my

research.

4.8 _Summary

In summing up, Mr. T selects, sets up and implesyxentonceptual task to teach the
addition of fractions. From the literature we arade aware that the teaching of fractions

is difficult because of the tension between theceptual and the procedural. When

engaging with the conceptual representation, hes dm#tain mathematical problem
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solving. The problem solving centers mostly arotirel empirical, metaphorical and the
examples he uses about the everyday. Mathematidedching in this practice can be
described as predominantly demonstrating, encougagvorking with learner ideas and
appeals to mathematics as a set of rules. As Mjoés about his work of mathematical
problem solving, he faces certain dilemmas. Tlddsenmas are thrown up as a result of

the problem solving and appeals he makes.

In the next chapter | will provide a discussiomatetl to the teaching dilemmas that are
reflected in Mr. T's practice and how this practmed its teaching dilemmas might be
explained.



Chapter Five

Discussion

The discussion that follows is concerned with angwethe last two critical questions,
and they are:
» What teaching dilemmas are reflected in this pca€ti

= How might this practice, and its teaching dilemriasexplained?

5.1 What teaching dilemmas are reflected in thestice?

As discussed previously, dilemmas are thrown uMinT’s practice as a result of the
mathematical problem solving and appeals he engagis There are three main
teaching dilemmas that are reflected in Mr. T'scpice:

* Representing the content

» Competing goals (procedural versus conceptual)

* Student Thinking

It must be noted that these were anticipated dilesnamd are not necessarily reflective of
what the teacher experienced as dilemmas. Thesatrer what was apparent to me, the
observer, and | refer to these as what he facedill Hiscuss these dilemmas from the
perspective of the teacher as well as from thealitee and what | have observed. | hope
that this will help me reflect if the teacher isrtmve his practice on in ways that align
with the new curriculum goals, what he will need know and be able to do,
mathematically as well as pedagogically (or what Mill he need) to acquire and where

this might be possible for him.

5.1.1 Representing the content (Cognitive deman&rsouragement)

In order for Mr. T to present the topic of fract®mrme had to represent it in some way. In

this case, it came as a task. The task was paligntnathematically demanding. Its
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representation, however was predominantly procédufhe task was open and
unstructured, i.e. the learners labeled the uadtions, cut them out, stuck them together
randomly so as to get one whole. With this camefdiewing problems: the learners
made both practical and mathematical errors. Searaers did not cut the unit fractions
out accurately or they left gaps between the uaittions resulting in their answers not
adding up to one whole. Others did not use a tyagéunit fractions and this defeated
the purpose of finding the lowest common denominatd@he mathematical errors
occurred when they were unable to find the lowestmon denominators because of the
combinations they chose. Leaving the task operctracid unstructured, with few or no
restrictions resulted ultimately into the teacheltirig the learners to “follow these
steps”. This in turn led to a decline into a lowevel cognitive demand task and
practical and mathematical problems. For exantpeptoblem mentioned earlier, where
the visual overrode the mathematical (refer to Ei§: Extract from Tom’s book).

Neither Mr. T nor the learner were able to telttithe sum would not add up to one
whole because the unit fractions appeared to getleer and make a whole. It was
difficult to spot the error visually and this cadsa set of problems for both the teacher
and the learner. Perhaps the teacher could hasledex certain unit fractions e.g.
ninths, placed restrictions on what unit fractiomsre used or put up some of the
combinations for the learners to practice the amlibf fractions. This brings us to the
fact that without direction from the teacher it tblead to a whole lot of misconceptions.
Mr. T found himself engaging in the mathematicarkvof encouraging his learners, and
appealing to mathematical rules and experiencedardo help them arrive at the correct
answer and feel secure about their ability to deheraatics. Ensuring that his learners
felt as though they could do mathematics and trethematics is a ‘fun’ subject was of
paramount importance to Mr. T. This is indicatedhe third interview carried out with

him:

Mr. T: ........ | wanted them to discover that if yaké that fraction board and
that wall and you cut it apart and you put the @getogether again, you
can find out if different pieces make one wholeka@d and that you can
actually play, make a game of it and make maths fum, and if they
discover that making has got to do with discovelfythey can discover
um, that you just take a plain simple thing likettiraction board and
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make it fun and put it together again and workaifferent sums and see
where um, um, how important the denominator is ihatt
whole...(mumbles something that is inaudible). | 'tahink now.
Basically it's just for them to discover. You kndavsee that maths can be

(Interview 3)

While Mr. T wanted his learners to be able to ‘diger’ that different unit fractions add
up to one whole and that in order to do this susfodly they must know how to find the
lowest common denominator, he also wanted to make that the mathematics was fun

for his learners.

If the task was closed or more structured withaertestriction (for example, learners
were only allowed to use each unit fraction onchy,oor only certain combinations of
unit fractions were allowed), it might have main&d its cognitive demand. This would
have urged them to look more closely at the visughnization of the unit fractions and
allowed them to think and generate mathematicahgdef when to use a common
denominator. It may not have eliminated all thacfical errors, but there is a possibility
that it would have allowed the teacher to engageenio the mathematical work of
explaining, working with the learners’ ideas andirdag at a conceptual level, instead of
demonstrating, encouraging learners and appeatinmpathematical rules in order to

correct and address practical and mathematicaiserro

Ma (1999, p.83) states that ...in order to have @agegically powerful representation
for a topic, a teacher should first have a comprsive understanding of it’. This entails
being able to determine how to use tasks appretyiafioreseeing possible difficulties,
responses and errors from the learners. By ddiisgthe teacher could make decisions
regarding the best way to represent the mathemaidkem. While Mr. T wanted
learners to engage with the mathematics, he alsdedaghem to see mathematics as fun
and to encourage them. In engaging with the madtiiead problem solving of
restructuring and scaling the task so that thenkxarcould understand the mathematics

and have fun doing it, a dilemma is reflected. wH#does he do this simultaneously?
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How does he maintain the cognitive demand of thke #md still provide opportunities for
learners to feel secure about their mathematicditiedb and have fun when doing
mathematics? If he opts for tasks that are moadleriging in nature, does he risk the
chance of working with students who become anxibesause of the uncertainty
associated with the tasks (Stein et al, 2000) oesde use tasks that will encourage and
make mathematics ‘fun’ and risk having learners’ owlpossess a superficial
understanding of the concept of fractions? Mr.oEsinot articulate this as a dilemma,
but he emphasizes the need for his learners tajeyh ‘They must have fun when doing
mathematics.” It is because of this that the difemis thrown up. | have named this
dilemmacognitive demands vs. encouragemerand will discuss later in this chapter

why this dilemma may be reflected in Mr. T'’s praeti

5.1.2_Competing goals (procedural vs. conceptual)

The literature unequivocally states that the taagloif fractions is difficult because of its
complex nature. Being able to teach it successfudquires a comprehensive
understanding of the nature and different subcaoaotdrof fractions as well as a sound
pedagogical knowledge. This involves teaching tioms both procedurally and
conceptually and this is not an easy task for tech Studies have shown that teachers
often resort to choosing tasks that require procddapplications or they lower task

demands and argue this as a function of their awitdd understanding of fractions.

As discussed earlier, the task chosen by Mr. T \watentially interesting and
mathematically demanding. However, in his repreg®n of the task he taught
procedurally.  Teaching procedurally involved Mr. [Brgely engaging in the
mathematical work of demonstrating. When doings,thie appealed mainly to the
empirical and mathematical rules. When attemptimgexplain conceptually, Mr. T
appealed to the experience of the learners’ evgriygas. Ma (1999, p. 82) explains,

‘...the “real world” cannot produce mathematical @ntby itself. Without a solid

knowledge of what to represent, no matter how aok’s knowledge of students’ lives,
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no matter how much one is motivated to connect em#tics with students’ lives, one

still cannot produce a conceptually correct repregen’
Evidence (refer to previously mentioned extractejrf my research shows that what is
mentioned above is true of Mr. T. Mr. T, in higdrviews, explains that he wants
mathematics to be fun and the learners to enjoyHie attempts to make a connection
between their everyday lives and the mathematic®oraer to make this possible.
However, in his attempt to explain that if the irreat unit fractions are placed together,
it would not add up to one whole is not helpfuldonnecting the mathematics to the
everyday. His appeals made to the everyday liiearners (building a wall and
playing a play station game) did not produce a eptwally correct representation since it
was unclear how this might carry a mathematicalmmepthat is sufficient to help solve

the problem experienced by the learners.

As discussed earlier, there lies a gap betweeprbeedural and the conceptual teaching
of fractions in Mr. T's classroom. Mr. T's mathetical work was reduced to
demonstrating since the task declined to proceduite®ut connections. This threw up a
dilemma for the teacher in that the focus was mgdo on teaching both procedures and
concepts, but rather on only teaching procedures.TMloes not recognize this dilemma
as procedural vs. conceptual. Instead, for hime, dilemma is one of time. The
following extract from interview 3 done with Mr. ifluminates his concerns with regards
to the amount of time he has to teach.

Mr. T: Um, | found that there was a problem anlihk that, uh, | don’t get
enough time to, like | said, | just don’t get enbugne to spend with the
children that really, really need my help. You tmget through the work.
You got to rush the kids. And by looking at theaod | would have loved
to spend more time with a lot of kids because wy@nwere filming it we
were looking at some of the kids and, the camesamathem, | could see
they were desperately crying saying ‘please sirne@ed more time with
this ’ but we just didn’t have the time. The pmil um, um, maybe they
should, I don’t know. | don’t know how to solveetproblem. 1 just think
that the kids are not getting enough um, | caveghem enough to make
them understand, um how easy it is to do the wofku see for me it's
easy. I've done it a million times but it's becausn doing it over and
over it's easy. Just imagine what we’ll be abledtoif we could teach
them over and over the same thing and eventuadly tll pick up and
the difficult things will just fall into place. Bmuse it's the easy things



that they must understand before they can go tméix¢ level. | can see
now with the work I'm doing now. Um, and we doitg the power of
square roots. If | had more time they would underd it like this (clicks
his finger). But there isn't.

(Interview 3)

From this extract we see that time is a proxy lier problem Mr. T faces. He is pressured
by the curriculum, tests and examinations, so tim@& major concern for him. He
articulates clearly that he does not know whatdonith regards to this problem. If he
had more time he sounds convinced that the leameutd achieve more. Teaching for
conceptual understanding requires time. Learnave ko make sense of the concepts and
engage with the mathematics at a deeper level. TMtearly feels that he does not have
this time at his disposal and therefore sees & psoblem. He has to move on to other

topics whether his learners understand the mathesrat not.

The literature states that in order for fractiombé meaningful for learners they must be
exposed to both the procedural and the conceptadt surrounding it. So, if Mr. T
wants his learners to be both procedurally fluewt possess a conceptual understanding
of fractions, as suggested by the literature, hoasche do this? How does he ensure that
since the procedural is “easier” and less timesaaring to teach, it does not dominate,
resulting in the conceptual being ignored? How doesivoid using representations that
force him to teach procedurally? This is a dilenforehim. Does he teach algorithms to
perform operations on fractions in order to achieeerect answers or does he teach
fractions, using more complex tasks, so that hasnlers are able to develop a deeper
understanding of the nature of fractions?

5.1.3 Working with learner ideas (Scientific vs.efyday and Conceptual vs.

Procedural)

The task that Mr. T used, was intended to conreetunit fractions to the symbolic
. . 1 . . .
representation of fractions (e.g.), and to connect the symbolic operation of additi

with the process of physically finding unit fraci® that add up to one whole. The
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learners had to think about how they would go altlbetactivity i.e. what unit fractions
go together to get one whole, how they would aéddifferent unit fractions to get to one
whole etc. The way the task was intended meantles could not apply the procedures
mindlessly. However, Mr. T modeled/demonstratealvhihe learners should do it’, what
procedures to follow etc. This resulted in leasneeing unable to make connections to
the conceptual meaning associated with the taskn(&t al, 2000). They focused on
following the procedures. Mr. T's attempt to britige learners back to focusing on the
conceptual part of the task, as well as followihg procedures correctly, threw up a

dilemma for him.
Mr. T was faced with working with his learners idean two levels. The first level
involved identifying practical errors that the le@rs made, while the second focused on

the mathematical calculation errors the learneropred.

5.1.4 Identifying practical errors (Scientific camts vs. Everyday concepts)

The learners did not follow the instructions of tiask carefully, they cut out the unit
fractions incorrectly i.e. they were too short amdhey stuck them down leaving gaps
between them or the combinations of the unit faactiwere greater than 1 whole. This
created what | have called practical errors. Bseahe combinations of unit fractions
were incorrect and/or there were gaps, the sumsatiddd up to one whole.

In the first interview with Mr. T, he offers an dapation of how he planned to deal with

these practical errors:

Mr. T : | have, funnily enough | already experiedary first problem today with another
class with exactly the same thing. They are pattime fraction board pieces
together and it is not equaling a whole. They hdyé’s a simple thing, you can
see it, because theyil% % +211 +211 +% + whatever will equal one whole, I've
experienced that already atite only way to now solve the problem is to sit
with them and say here’s another fraction board, lok at it, that's equal to
that, that's equal to that, that's why it's calledequivalent fractions. I've had a
few of them; it's not a lot of them. It’s a littling like equivalent, equal fractions
that by just cutting out the things wrong they fineir whole is like this and their
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two halves are shorter. Their half and half is shecause they cut it out wrong.
Then they are already puzzled because now it dbesike one whole and they
are looking at it and they haven’t even startedsyet. It's fine to then say to
them, OK guys now do it again. Just look at itedalty, just put your pieces
together, put your puzzle, | always say to thesilike a puzzle you are building
now, if one of the pieces of the puzzle is gone,fghzzle don't look right. When
you finished putting your pieces together, you aatually put a frame around it,
and it's got to fit perfect into that frame, if tleés a gap in the frame it means one
of your puzzle pieces are wrong, one of your sagtieces are wrong
(Interview 1)

From the explanation it is evident that Mr. T calls the empirical (see bold print text)
and the everyday experiences (see underlineddékt¥ learners to address the errors.

I now offer an example of how Mr. T addressed ttaetical errors.

The following is an example of a learner who expeced a practical error:

Fig 5 1 Extract from Iearners book

In Mr. T's effort to correct the learner, he offéhe following explanation:

Mr. T: If you building a wall for a house. Johnyiu're building a wall. John,

look at me. I'm building a wall at home. So ndm Qoing to, this is my
neighbour’s yard (uses unit fractions on boardltstrate)
So I'm going to put my wall like that (the unit étdons put together are
greater than one whole, similar to illustration &o Never mind it's
going over into my neighbour’'s yard. Do you thih& is going to be
happy with that?

(Lesson 1, time in&dr30:31)

Here Mr. T is trying to show the learner that tmat dractions he used will not add up to

hole. H he | b tation 5 +76,¢ 3 * § 5
one wnole. e represents the learner’'s symbopcesen alonl 106747875

1
15 =) by using the empirical (unit fractions) to shiwm that the sum will be greater
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than one. He attempts to restructure the task byingahe learner from the procedural

work of completing the algorithm, to visually undanding the problem. In his attempt

to explain conceptually why the unit fractions wilbt add up to one, he appeals to the
everyday experience of building a wall. Mr. T trimsmake a connection between the
procedural work done by the learner and the cone¢pteaning associated with the task.
He is unsuccessful in doing this because his reptason of the conceptual (appeal to
the everyday) does not lend itself to helping tharder understand the mathematical

concept.

The following extract is another example of MrsHttempt to work with a learner who
has made a practical error:

Mr. T: 1 gave you a grid which has already beenalfom you and all you had to

fill in was the missing link and then you had td @¢wp and stick it back

together using different fractions. And now wecdigering it's not that

easy. In the first place you have to know youresnables, okay. You

have to know that it's got to fit, the pieces hay@ to fit in properly

before the sum works out. It's like a puzzle a$l.Weoss®, if one of the

pieces of your puzzle is gone, is your puzzle waylout?

(Lesson 1, time interval 27:18)

He appeals to the mathematical rule of knowingtithes table in order to find the lowest
common denominator. He then explains that the fuadtions are just like a puzzle, if
one of the puzzle pieces is missing, the puzzlé lval incomplete. Here is another
instance of where Mr. T uses the learner's every@aerience of building a puzzle in
order to legitimate meaning and does not providethematical explanation for why the
unit fractions will not add up to one whole if thase not the correct combination or stuck

down incorrectly with gaps in-between them.

The next extract reveals Mr. T's attempt to explaiathematically why the sum will not
work out if the unit fractions are not cut out elijua

Mr. T: Fractions are equal parts of a whole, okaje minute you don’t cut your
pieces equally boys and girls, it won’t work, oklagcause, what's the
word I'm looking for? Um, never mind, | can’t thirof it now but I'm

1® pseudonym to protect the identity of the learner.
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going to do, these pieces on the floor and thestatd equal. So what you
are going to do now is, you going to come and aithand just take your
sum that you are battling with and you are goingubthe pieces together
just to see whether you've done it correctly okayd if you haven't then
it's not going to work out. It's going to work ottt more than a whole
and that's what we’ll do later. Okay. Thank yowa@e seven. We'll
carry on with this when you come to me tomorrow.

(Lesson 1, time interval 45:14)

Mr. T tries to explain mathematically why the ufidctions must be cut out correctly so
that the sum can work out to one whole. He expegs difficulty doing this and so
abandons the idea and refers to the empirical lp the learners make sense of their

practical errors.

In other attempts to correct learners’ practicabis; Mr. T appealed to the empirical in
order to explain why the sums will not add up tee omhole. He does not explain
mathematically why the symbolic representation wobé different from the visual

representation.

5.1.5_Mathematical calculation errors (ConceptisalRrocedural)

In his attempt to correct the mathematical calooaerrors made by the learners (these
included not being able to find the LCD, not chogsthe correct multiple as the LCD,
adding incorrectly, using the incorrect LCD), Mr.sbmetimes attempted to work with
the empirical in order to show the learners whhey tmade a mistake and to bridge the
learners procedural and conceptual understandiigs threw up dilemmas for him and
the following extract highlights his plight in limg procedural and conceptual

knowledge.

39:50
L: (Tom comes to the front of the classroom and sitherloor. Hands his book to
the teacher

Mr. T: Put those pieces back on the board. &astd the halves there. Put the other
pieces back on the table for me please.



L: (puts pieces on the table. Leavers two halves @fidbr)
Mr. T: Take the one you battling with. Put it &tiger.
L: (puts strips togethgr

40:48
Announcements over intercom

Leaner needs certain strips but not available. cheat continues to work with him but
intercom is on and very difficult to hear conveisat Teacher tries using fraction pieces
form a pie chart.

42: 41

. . 3 .
Mr. T: They don’t have twenties, ah. My plan & working. 20 will be how many
tenths ? Think carefully.

L: No response.
1 1 1 . . ,
Mr. T: If | had to replace that (refersto the 20720 " 20 unit fractions) with tenths
what would it be?

L: No response

1
Mr. T: Thosez—so. If I, take a7o here @Qives learner atenth).

1 .
L: PIacesE In position.

Mr. T: We've got, ok it won’t work. Take it off. So we’\e got to find an alternative
for that. What | though was, if we have ninths, just put thrathere gie grapl).
I'll see something now. What else do you need?

L: One eighth

Mr. T: One eighth, uh, sometimes they don't gieei \all the puzzles that you need so
they can’'t work. Ag, it frustrates me! | can’t tlos one. Oh eighths, here’s an
eight. You only need one?

L: Yes sir.

Mr. T: You see what sir was trying to do now is.I thought, | don’t think a ninth
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will fit in there. And | don’'t have the? Ok, here you are (ands learner
pieces). Putitin there. Let's see what you going todshort of.

L: Learner takes pieces

Mr. T: Put it on here. Put it on this. Make bk this is going to be your wholei¢
chart)

43:46
Bell rings

Mr. T: Okay, now put it on there. Let’s fill thmuzzle. Okay so you still need, what else
do you need? Two fifths. No you've got fifths.

L: Thirds

Mr. T: Thirds, you need a third. This is moststmating. But | actually thought that
we could use this. Okay, mmm, okay so we can't use We can'’t use it on
this side either. So we need a ninth there. It @sn’t look like your sum is
going to work out now can you see, because alreabattling um, to put the
pieces together?Okay, so it's not the end of the world. Um, yad i over here
(referring to work in learner’s bogk What did you find? Ah Grade 7 don’t talk
please. Um, okay, where, where, which one wa$\itich one was it?

L: Points to sumupit fractiong

Mr. T: Athird, a fifth a fifth. It seems to fih there. Okay, | do believe that if we had a
ninth over there it would work out. Okay, so jgstand try, your lowest common
denominator what did you find?

L: | couldn't find it. Had to carry on?

Mr. T: Okay but you must carry on. That's why yaidn't find it. Super, okay we
know where your problem was. Okay.

L: Yes sir

(Lesson 1, time interval 39:50)
Firstly Mr. T tries to represent the learner’'s syiitbrepresentation empirically by using
the unit fractions. It appears that in doing thiee hopes the learner gains an
understanding of why his sum must work out to om®le. He restructures the task in
that he moves the learner from merely working witbcedures, to engaging with the
concept of whether the unit fraction chosen wiltlagh to one whole and what other

fractions (equivalent fractions) could be used.e islunable to do this because he does
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not have the appropriate unit fractions. He th#engpts to use a different form of
representation, still using unit fractions, exctifgse are now in the form of a pie chart.
Once again he runs into trouble because he doebawat the correct unit fractions to
represent the sum. Eventually, Mr. T refers to mner's book and uses the unit
fractions in the learner’'s book to point out thia¢ sum must add up to one whole. An
interesting issue appears here which does not awdace for the teacher. To the human
eye it appears as though the combination of uadtiions used by the learner will add up
to one whole, but as discussed previously, in Girapour, it does not. The teacher
suggests that if they had a ninth (see bold ptimd)sum would work. However, a ninth
is too small and so the sum does not add up towdrde. As mentioned, this is very
difficult to notice with the human eye in the lears book and perhaps if the teacher had
the correct unit fractions they would have beer ablidentify this error. The teacher is
unaware of the misconception and does not medetieden the practical error and the
mathematical calculation. If the learner complatesisum and saw that it did not add up
to one whole, it could have thrown up a differeidémma of the conceptual versus the
procedural for the teacher. The teacher resodk tmathe procedural when he urges and
encourages the learner to go back and find thedba@mmon denominator and follow
the rules. This will help him find the answer ahdnust work out to one whole because
the visual representation in the learner’'s bookeappto add up to one whole. Engaging
with the mathematical work of restructuring andresenting, threw up a dilemma for
Mr. T of the conceptual versus the procedural kieol\ge.

In an attempt to understand and explain the matheahavork done by Mr. T when
working with this particular leamner, | posed tldldwing question during our third and

final interview, and got the following response:

SG: Do you think that using the unit fractions aidd the learner’s
understanding of the concept when you weteaching?

Mr. T: Yes, | think | did as you so rightfully nagd. | think the problem is that | should
have had, like | said early on, if | only had tight material. The right hands on
material, those kids would have understood it péisfe But he knew what he was
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doing but he couldn’t figure it, he couldn’t geethght piece. One of the pieces
were missing and because | just didn’t have it btidnk if in that if | can get
more equipment like that with it standing all ovay classroom and kids can
actually go to it and say oh lets see if we canestthe problem. They will solve
the problem. Even a computer, if | had a computeny class.

(interview 3)

Not being satisfied with this explanation, and afteich probing for answers that would
give me an understanding of Mr. T's mathematicabwiedge regarding fractions, |

posed the following question:

SG: Okay, what | was thinking was that because theunit fractions were
inadequate in representing the concept of finding e lowest common
denominator- we didn't have enough. This might hae impacted on the
possibilities for learners to understand. What do/ou think?

Mr. T: | think the school must get more maths eqept. More of those type of things
that kids can. You know what, I've learned thatids, if they can be hands on to
a lot of things, like in science, if they can fidddround with things it can make
them understand things better. It's anything ie,liff you do it, if you do it
yourself and you can build on those things, youenstand things. It's like a
puzzle. If I put a puzzle together and | know hovdo it or this video games the
kids are playing. Once they understand the bagng$ where they actually got
their hands on the things, on the equipment thelerstand things better. That's
what | think.
(Interview 3)
From the interview and discussion, | concluded tat T continuously went back to
stating that the ‘equipment’ (referring to the uinéctions) he used would have worked
better if he had the correct and different unitctians. He did not refer to the
mathematics in order to justify his statements, faiher felt strongly about having
sufficient mathematic equipment so that the chiidreuld experience what it is like to
work with the ‘equipment’ in order to understandir. T. did not recognize that the
dilemma was the procedural versus the conceptuahletge, since for him not having

the correct equipment led to the problem.
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From the discussion on both the practical and nma#ttieal calculation errors, it appears
as though Mr. T is faced with the dilemma of madmbetween the conceptual and the
procedural as well as mediating between scierdiiccepts and everyday concefiise
dilemma of mediating between the procedural andcthreceptual when working with
learner ideas is not a new dilemma, but is ratbenected to what | have referred to as
competing goals and is an extension of the proetdersus the conceptual. | assumed
that as Mr. T worked with learner ideas differentemimas would be thrown up.
Evidently this is not so and the dilemma of compgyoals manifested itself as practical

and mathematical problems.

Not being able to mediate between scientific cotec@pd everyday concepts was a real
dilemma for Mr. T. According to Vygotsky, when vikarg with topics like fractions, it is
possible to move from the abstract to the concrebe.other words, we can teach from
the scientific to the everyday. We do not alwasach from the concrete to the abstract.
Moving from the abstract to the concrete is alswag of filling out and understanding a
concept. This is what Mr. T attempts to do. Hogrethe concrete (everyday) is not the
‘right kind’ of concrete. Choosing appropriate sy concepts to relate to the
scientific concepts or moving between the concemtd the abstract becomes a real
difficulty and throws up dilemmas of mediation afe relationship between scientific
concepts and everyday concepts. What has beensde&t thus far regarding the
mediation between scientific concepts and evenaacepts goes beyond the scope of
this research. | have not used any of the aboveiomenl in this research project and am
only aware of it from my own studies. Had | knotis at the beginning of the study it
might have been something interesting to expldngill return to this later in the chapter
when | engage in a discussion on the emphasis aleyance placed by the new
curriculum on mediating between scientific consemtd everyday concepts and how it

challenges teachers to bring in the everyday whadhing.

Mr. T faced the dilemma of mediating between theceptual and the procedural
knowledge and mediating between scientific concapts everyday concepts because of

how the task was represented. Perhaps if thehtadkoeen less open, more structured



and not had so much emphasis placed on it beingMunT would have had less issues
to deal with. Once again this is not a new dilemimat rather an extension of the
dilemma of representation (cognitive demand vsoeragement). The dilemmas faced
when working with learner ideas was a result of hbes task was represented and/or

competing goals.

When Mr. T worked with learner ideas, he appeatethé everyday, the empirical and
mathematical rules. It must be noted that duregsdns 1 and 2, when working with
learner ideas, he made appeals to the everydayrieahand mathematical rules (refer to
chunking of lessons 1-4, Appendix F). During less@ and 4, while he made some
appeals to the everyday, he appealed mostly toemsttical rules and made no appeals
to the empirical. A possible explanation for tiesthe total decline of the task from a
doing mathematics task to a task involving proceduwithout connections. While
lessons 1 and 2 required intensive work by Mr. Drder to correct both practical and
mathematical errors made by learners when complétia task, lessons 3 and 4 involved

Mr. T working mostly procedurally to correct mathetimal errors.

I will now engage in a discussion on how this pEcaind its teaching dilemmas may be

explained.

5.2 How might this practice, and its teaching dileas be explained?

Teaching dilemmas make explicit the tensions infigireteaching (Adler, 2001). With
regards to Mr. T's practice, the teaching dilemnraflected in his practice are
illuminated by the problem —solving or mathemdtwark he does and the appeals he
makes. They also aid in providing a descriptionvidhat constitutes mathematics for
teaching (MfT) in this practice.

Ball, Bass and Hill (2004) report that knowing meatiatics is not sufficient to teach

successfully. Knowing mathematics for teachinduisdamental to both teaching and

learning mathematics. Knowing mathematics for h&ay involves teachers having a
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comprehensive understanding and pedagogy of thiestdpey teach. Teachers are
obliged to ‘unpack’ or ‘decompress’ the mathematiesy know so that their learners are
able to make sense of it. Fractions especiallg difficult and complicated topic to

engage with. Its multifaceted nature makes itidiff to understand and requires a
special kind of knowledge to ‘unpack’ and ‘decongsfeso that learners can understand

and make sense of it both procedurally and conediptu

Mr. T, in his attempt to ‘unpack’ the mathematikabwledge of fractions he possesses,
reflects certain dilemmas. These dilemmas may loacerred for several reasons and |

will try to explain why.

There runs a common thread through the dilemmabkanthey all revolve around the
conceptual and procedural work done by the teachérs is not a new occurrence and
confirms what is said in the literature about tha@aeptual and procedural work around

the teaching of fractions.

The dilemmas may be because of the influence afi¢hecurriculum (C2005) and/or Mr.
T’s subject as well as pedagogical knowledge ofttpc of fractions. Unfortunately,
during our interviews | did not address the impatcthe new curriculum and how its
implementation has influenced his teaching. In iglat | realise my error and therefore
can only speculate that the new curriculum hasrhadh influence on the task he chose,

the mathematical work/problem solving he does aedappeals he makes.

Curriculum 2005 states that the purpose of teachimdjlearning mathematics must aim
to develop ‘the necessary confidenand competence to deal with any mathematical

situation without being hindered by a fear of Matiatic’ as well as ‘' a love for

Mathematics’ (RNCS, 2001, p. 91).

From observing Mr. T’s lessons and engaging with Huring the interviews, it is clear

that he wants his learners to be confident whery #re in his classroom learning



mathematics and he wants them to love Mathematidse following extract explains

how he feels about teaching mathematics:

Mr. T: You know to see that maths can be a fun subject arahything is possible in
maths. If you really try you can do it. You know, and by taking that fraction
board, | think that the kids have a, uh, uh, whetésword I'm looking for? If we
had the right equipment, we could have fractionrtt®dike that lying around and
children that can’t imagine that, that you can {hirigs together and make it and
make something of it.So that the kids can just see it's not difficult todo
maths. It's a simple subject. The thing is we'vaot to think anything is
possible | don’t know whether, it's a difficult thing task because | discovered
that | do that it makes the children excited, it m&es the children want to be
at maths. | don’t know whether when you were heresaw that a lot of kids
got excited about it.

(Interview 3)

This extract shows us that Mr. T would really Idge his learners to see mathematics as

being fun and at the same time build up their aw@rfce so that they can do mathematics.

This in turn will foster a love for mathematicsrof the analysis of the mathematical

work he does, it reveals that he constantly engmsdhe learners. This highlights the

fact that he sees the mathematical work of encaugags a vital aspect of teaching and

learning mathematics. While this may be in accoecdawmith the curriculum, developing a

deeper understanding of fractions is also importdia (1999) states that while

encouraging learners is necessary, it is not sefftdo promote significant mathematical
learning. As teachers encourage learners, they amcs be able to support mathematical
learning and inquiry.  Stein et al (2000) sugdkat in order for teachers to help their
learners obtain and/or maintain a high level oafahinking, tasks must be structured to
elicit this. As explained in the analysis, Mr.iftended to use the task to teach for
conceptual understanding. However, in his repitasien of the content, he reduced the
task to procedural work and shifted the focus tocoemaging learners to achieve correct
answers to build up their confidence when doingnmiatatics. This led to him appealing
to mathematical rules and the everyday to legitm@aeaning for his learners. The

tension arose here and caused a dilemma of cogiemand versus encouragement.
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Literature regarding the teaching of fractiontagen with examples of teachers who are
able to perform calculations on the topic of frant, but are unable to offer
mathematically sound explanations for their caltofes. Their understanding of the
topic influences how they work with their learneidéas and how they move them on
mathematically. Mr. T, in his attempt to move Hearners on mathematically
experienced problems. Concurring with findingsorded in Ma’s (2000) study,
although Mr. T was concerned with teaching for emtgal understanding, teaching

fractions for him meant following a set of proceglkistep-by step to arrive at answers.

5.3 Summary

In this chapter | have focused on questions 3 ane.4what teaching dilemmas are
reflected in this practice and how might this piast and its teaching dilemmas be
explained? Representing the content in the forra te#fsk revealed that mathematics for
teaching in Mr. T's classroom constitutes predonalyathe mathematical work/problem

solving of demonstrating, encouraging and workinthearners ideas. He legitimated
meaning for his learners by appealing to mathemggmpirical, mathematical rules),

experience (everyday) and the curriculum (test, msja Engaging with these

mathematical problem solving and appeals refleddddmmas of representing the

content, competing goals and working with learmkyas in this practice. | also explain
that the dilemmas faced by Mr. T could be a resiult

the demands placed on teachers by the new cunnncul

In the concluding chapter | reflect back on thelgtuts theoretical underpinnings and its

results.
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Chapter six

Conclusion
6.1 Introduction
This study was concerned with investigating what how mathematics (for teaching) is
constituted in classroom practice?
Why is this so? What are the implications of thas the improvement of teaching and
learning mathematics?

The questions that guided this study were:

1. What mathematical problem solving does this teadioewhen teaching fractions
in his Grade 7 class?

2. What knowledge resources (appeals) does he cals tve goes about this work?

3. What teaching dilemmas are reflected in this pca€ti

4. How might this practice, and its teaching dilemrasxplained

The use of an extended task was critical in thiglystas it aided in unveiling the
mathematical work/problem-solving the teacher dassyell as the appeals he makes. It
also helped reflect the dilemmas in this practice.

The topic of fractions was chosen since it is praidtic for both teachers and learners
and despite the substantial amount of research dorthis topic, difficulties associated
with the teaching and learning of fractions stélgist.



The theoretical lens that informed this study wasah form the QUANTUM project. It

is located in the sociology of pedagogy and Bemst€1990) notion of the pedagogic
device provided an orientation that enabled metwolysthe detail of this pedagogic
practice. It helped me select evaluative events @sit and see how they were grounded

through appeals, which in turn was linked to thehamatical problem solving.

The study is influenced by the work on tasks don&tein et al (2000) and the work on
teaching dilemmas done by Adler (2001). Steir’'st @€000) work on understanding the
cognitive demands of tasks helped categorise thle uged by Mr. T. Ball, Bass and
Hill's (2004), eight types of mathematical problesolving that teachers do as they go
about their teaching, aided in identifying the gatges that were used to described the
mathematical work of the teacher. Since thesegoat=s were not adequate in describing
what took place in this particular practice, it weesessary to add to the categories. The
categories that were used to identify the appeals TMmade in order to legitimate
meaning were taken from work done by Adler & Pi#ag2007) and provided a starting
point for the analysis. Once the data was chumikedevaluative events it was clear that
the mathematical work/problem solving that made Mp. T’'s practice were
predominantly: demonstrating, encouraging and waykwith learners’ ideas. While he
did engage in the other mathematical work/probletaisg, they were not the focus of
his teaching practice. He appealed to mathematales( & empirical), experience
(everyday) and the curriculum (tests and examsjiXxameaning. The mathematical
problem solving and appeals he made threw up cediggmmas. The dilemmas were
representing the content (cognitive demand vs. @wagement), competing goals
(procedural vs. conceptual) and student thinkirge(dific vs. everyday and conceptual
vs. procedural). This aided in providing a deswip of what mathematics for teaching
is in this practice.

6.2 Personal Coda
Referring to the my personal dilemma expressechiap@r One regarding what | need to
study in order to improve as a mathematics tead¢teye come to conclude that | am no

different from Mr. T. When | reflect on my own pt&ce and that of Mr. T's | empathize
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with what | have observed, which is why it has beerifficult to do this study. | know
that | need to learn more about fractions. Cetipd a course in higher level
Mathematics may extend my mathematical knowledgkhaip me feel more confident
in my mathematical capability. Attending a couthat is pedagogically focused i.e.
taking pedagogical artifacts like tasks that dewhviractions and engaging with them
will most definitely benefit me and I will learngreat deal from it. A third option would
be to do an in-depth study of fractions, what fawt are, the different subconstructs of
fractions, examining various kinds of tasks, hoesth tasks work, the kind of fractions
they represent and do not represent, what reséaslipeen done on fractions, studying
more and observing other teachers teaching fraxtma observing the kind of problems
they experience etc. Of these three options | dague that while each one of them
may benefit me personally, not all of them will h@lith my professional development.
For me to improve how | teach fractions, | will leato choose a combination of the three
options. Does a course like this exist anywhereeather development or training? |
know that courses focusing on either higher-levealthdmatics or pedagogy are readily
available at universities and teacher trainingeggs. A combination of the pedagogy
and mathematics is advanced. Where would | firmbw@rse that addresses the issues
related to the teaching of fractions so that | aaprove my ability to teach fractions?
After doing this research project | am still notesthat | would be able to select, set up
and implement a task that would include, focus degelop both the conceptual and
procedural understanding of fractions. Where wduldarn to do this? This did not
happen while completing my BEd Honours or Mastels.certainly is not going to
happen if | complete my PhD. So my question chsngem, “What do | study to
become a better mathematics teacher?” to, “Wherefidal the appropriated courses to

learn more about how to teach mathematics sucdgSsfu
6.3 Reflections
After 10 days of observing Mr. T | was distressedl @onvinced that the data | had

collected was of no use. All that | saw was tihat teacher was doing the same thing

over and over again. It was only when steppindglmwd adjusting my gaze, with the
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help of the analytical framework, i.e. mathematiwatk/problem solving by Ball, bass &
Hill (2004), appeals by Adler & Davis (2005), Dilemas by Adler (2001) and tasks by
Stein et al (2000) that | was able to see beyoadtiperficial and common sense.

Using the mathematical problem solving categorefmdd by Ball et al (2004) proved to

be most useful in that it provided a descriptionvbft was taking place in the classroom.
The categories assisted me in seeing that whileéetheher did not engage successfully
with the conceptual understanding of fractionsreghas most definitely an attempt on
his part to do so. This was really helpful widgards to working with learner ideas. It
showed how the teacher worked with learner ideasaso showed that working with

learners’ ideas formed an important part of theckeer’s job. It explained so much of
what this research is trying make sense of i.e.twbastitutes mathematics for teaching

in this practice.

Using the task as a tool revealed that tasks arstrasghtforward. Stein et all (2000) and
related literature report the strains and stressesected to working with tasks that
involve both the procedural and conceptual. Thaswo different for Mr. T. The
appeals helped me see how difficult it was for konprovide mathematical grounds for a
lot of what he was doing, while the dilemmas regddhe demands placed on him by the

new curriculum.

So mapping the analytical framework onto the ctassr practice helped me see what |
could not see before. It provided me with a regdihthe classroom practice. | am by no
means suggesting that this is the only readinghigrclassroom practice, but rather that it

provided a particular reading which was very illaating.

While all of the above is true, not all was so dengnd straightforward. | conducted the
research as rigorously as | could. The mathematvcak/problem solving categories
were on one level very helpful and yet on anottiery were problematic. The categories
have specific meanings that are not clear in Hdiss and Hill's (2004) writing. For

example they describe the work of explaining asidpeible to, ‘design mathematically
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accurate explanation that are comprehensible agfilusr students’ (Ball, Bass & Hill,
2004, p.59). What they see as the work of expigiand what could count as explaining
in different classrooms are not necessarily theesafRor example, it was very difficult to
determine whether Mr. T’s attempt to explain haw add fractions with different
denominators was in fact what they prescribe asgoan explanation. The difficulty in
categorising whether his explanations fitted thespription arose when he demonstrated
how the different unit fractions added up to oneol@hwithout any mathematical
rationale. Another instance is his ‘explanation’hofv to follow the procedures in order
to complete the algorithms. While they were mathegrally accurate and both
comprehensive and useful (they understood the dwes and it enabled them to
complete the algorithm successfully) for the lessnahey lacked a mathematical
rationale. This convinced me that the work he walved in was more of
demonstrating than it was explaining. | therefagenerated a category called
demonstrating. With the help of work done by M99, p.47), | redefined explaining as
being able to offer a mathematical rationale fo# grocedures and ‘ verbalizing the
procedures of the algorithm’. Demonstrating medisplaying the steps of computation
or the unit fractions and/or verbalizing the praoess of the algorithm’ (Ma, 1999, p.7).
This meant that when Mr. T was engaging in the eratitical work of explaining, he
could also be demonstrating. However, if he werenahstrating, there would be no
explaining involved. | conducted the analysis gemusly as | could, however | grappled
with this dilemma of explaining versus demonstmtilght up until the end, and | know
that much work still needs to go into understandtrigetter and formulating categories
that will best describe the mathematical work.

The mathematical work/problem solving of encourggias also very difficult to fit into
any of the categories formulated by Ball, Bass ldilid2004). As mentioned previously,
since Mr. T did a significant amount of encouragiigas necessary to include it as one

of the problem solving categories, yet it is nat pe mathematical.

For Ball, Bass and Hill (2004) mathematics for teag is about defining, explaining,

representing, questioning, working with learneagl@nd restructuring tasks. If teachers,
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for example, are asked whether they work with leeg'nideas, | am sure that many
would respond in the affirmative. The questiomthe ask is, is it in line with Ball, Bass
and Hill's (2004) category of working with learneideas? If not, what does this mean?
Does Ball, Bass and Hill's (2004) guide for lookiag MfT work for any pedagogy?
There is a problem with these problem -solving gaties. They are tasks of teaching
and this is what teachers do, but what makes it so?

From this particular study, it is evident that whilhe teacher engages in all of the
mathematical work/problem solving, it is done dfattent degrees with certain categories
dominating and does not always fit precisely irite stipulated categories. So what is
prescribed by Ball, Bass and Hill’'s (2004) will nodld true for any pedagogy and may
be more of a hindrance than a help.

Ball, Bass and Hill's (2004) problem solving catege was put up as a framework and
during the initial stages of the research it magtess to use it, but as the study progressed
it got complicated and difficult to work with. Asentioned before, while the problem
solving categories aided in revealing what tookcglan Mr. T's practice, it posed a
problem in that the boundaries of the categorie®wet clear. For lack of a better word,
they were ‘iffy’, their meanings were not clear azailild not be relied on. This indicates
to me that it does not relate to different pedagodyince it is not possible to use these
categories in any classroom, it is insufficientelping us understand MfT in different

classrooms.

Not only have | used the mathematical work/probkotving categories, but this study
was also driven by a pedagogy discourse condemsedaiuation. This methodology |
believe, was a useful and successful way of anajythhe data for following reasons:
Chunking the data helped me account for everythivag took place in the classroom
during the lessons. Nothing was left to chancealo made working with the
insurmountable data easier. After collecting thetad observing the lessons and
transcribing them, | felt incredibly insecure anctwhelmed. It was only when | started
chunking the data that | was able to make someesehd. Determining the cognitive

demand of the task, identifying a notion, categngzthe mathematical work or



problem/solving done by the teacher and the appeataade to legitimate meaning were

all very insightful, but not without problems ormzerns.

The appeals used to legitimate meaning were atsuse for concern. They were vague
and while they aided in understanding and showed hb. T fixed meaning for his
learners, they were not clear in meaning or intentiSimilar to my experience with the
problem solving categories, | sometimes experierdifitulty categorising the appeals
made by the teacher. For example, when Mr. T eryagehe mathematical work of
encouraging his learners, he called on the everyd@is initially seemed easy to
categories as his appeals related to the learnergday experiences, however, once the
analysis progressed, | realized that the new adum had an even greater effect on his
attempt to legitimate meaning for his learners. e kKmowledge domain related to the
curriculum and explained by Adler & Davis does moovide a clear description of
legitimating meaning through the new curriculumhe$e knowledge domains may have

to be revisited in order to make them clearer andemelevant to the pedagogy.

As | reflect back on the process involved in cortipgethis study, | realize how much |
have learnt. While this has been a long and chgibenroad to travel it has been
worthwhile. As a developing researcher, | lookkbaad question the framework, tools
and orientation | have adopted for this study. yIthave shaped what | have come to see,
and while they explain many aspects that this saidyed to investigate, it must be noted
that the framework is still in its developmentahg#s and not yet stable. | used the
categories from Ball, Bass and Hill's (2004) and ¥nowledge domain from Adler &
Pillay (2007) the best way possible. Building owd @nhancing the work already done by
these researchers could prove most beneficialifderstanding mathematics for teaching
in different practices involving different pedagogy
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Appendix A
Example of Interview Schedules

Interview 3 with Mr. T

Present: Mr. T

Sharon Govender

Question:

Thank you for making time again to talk with me. Just a reminder about the
focus of my research and the wider project it conngs with. We are trying to
understand better the mathematical work teachers das they prepare and then
teach- what do teachers of mathematics need to knawathematically and in
relation to learners and learning so to teach wellSo the questions | want to
explore with you all relate to learning more abouthis from you, your experience
and your practice. So what | want to know is whatvas your goal in lesson one?
You know you gave them the fraction board, what did/ou want to teach and what

did you want them to learn?

Question:

From observing your lessons | concluded that the ain aim was to get learners to
add and subtract fractions that have different denainators. You used a fraction
board/wall, got the learners to make up ten differat sums by sticking different
fraction pieces together in order to get one wholeThey had to show all their
calculations of how they added the fractions up. nl order to do this they needed tg

find the LCD. So your focus was to find the LCD. Wiy did you choose this

13€



particular method, the fraction wall, to teach thisparticular concept, finding the

LCD?

Question: | What was the purpose of the fraction wall?

Question: | So you got to watch the DVDs?

Question: | When you think back did this work as you hoped, usig the fraction board, did it
work the way you wanted it to work? Did it work wdl?

Question: | How do you think this helped them learn about LCD’'®

Question: | What problems or concerns, if there were any, arostr you?

Question: Mathematically what problems did you encounter?

Question: | So close to the end of lesson one of the learndrthink it was Tom®’, he struggled
to show that his unit fractions added up to one whe. Do you remember that?

Question: | He was sitting here in the front and um, he tried® get it to one whole but he
couldn’t because he did not have the correct unitréctions. You tried to help him
but you also ran into difficulty. And it seemed tome this was because you didn’t
have the correct unit fractions.

Question: | Canyou remember?

Question: | Do you think that using the unit fractions aided tre learners understanding of the
concept when you were teaching?

Question: | How do you think the unit fractions helped them uneérstand lowest common
denominators?

Question: | Okay um, do you think it posed any problem« unit fractions? To you think it

" Pseudonym to protect the identity of the learner
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was a problem?

Question: | Okay, what | was thinking was that because the unitractions were inadequate in
representing the concept of the lowest common denanator- we didn’t have
enough. This might have impacted on the possibilés for learners to understand.
What do you think?

Question: | So you don’t think Tom found it difficult because tey didn’t have the proper unit
fractions?

Question: | Okay, now have you ever come across or used otheays that you could have
used to present the concept of finding the lowesbmmon denominator in order to
add or subtract fractions?

Question: | Have always used a fraction board?

Question: | It's very interesting because usually they use ibtteach equivalent fractions. You
are using it to teach the addition and subtractiorof fraction?

Question: | Do you think you selected what was appropriate andid it aid you teaching the
concept of fractions? Did you find it a success?

Question: | I would like us to shift the now attention to somef the learners so you could

reflect with me on the kind of work we have to dod help them especially when
they are having difficulties. For example in lessothree, Ted®, | don’t know if
you remember this. He struggled with one of the sus. He couldn’t find the
lowest common denominator. Eventually you had toh®w him how to get to it.

Do you remember that?

18 pseudonym to protect the identity of the learner.
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Question:

When you asked him questions regarding the examplg®u gave them on the
board, he was able to articulate that you simplifid it and found the multiples in
order to find the lowest common denominator. Howear, when he completed his
own sum and explained how he got the lowest commadenominator he was

unable to do that. Can you elaborate on this?

Question:

He could tell you exactly what you did, this and tht and the multiples and how to
get to it but when he did his own he just couldn’tlo the maths. He was able to
say what you did in the example but he couldn’t da in his book. Now Mr. E, as

a teacher are there are other ways that you coulddip him?

Question:

Mathematically to find the lowest common denominaidr, can you think of any
other ways that you would use besides using the urfiractions or besides what you
did with, showing them the multiples, because youewnt through them. You went,
what are the multiples of four and you said two andour. You said 'what are the
multiples of eight?’, and you went through all, | @n’t remember what you said.
And you went and you said circle it. Is there anypther way that you could think

of that you would teach that?

Question:

Ok Mr., that's it. Thank you for your time
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Appendix C
Letters Seeking Permission

L etter to Principal

Dear Mr. Shutte

As you are aware | am currently completing my Mistf Education in Mathematics
Educations at the University of the Witwatersrand am required to conduct a research
project.

For the purpose of this study | require a gradeathdmatics educator as well as a group
of grade seven learners who will participate instydy. The study aims to investigate
the dilemmas/ problems experienced by grade 7 mathes educators when teaching
fractions.

With your consent, and permission from the GDE,egning body and parents, | would
like Mr. Esterhuisen and Grade 7E to be participamtthe study. Mr. Esterhuisen has
informally indicated that he would be a willingpgarticipate in the project.

| plan to observe lessons that are dedicated totdhehing of fractions. | plan to
videotape these lessons as well as to have acocessptes of some of the materials
produced by the learners during these lessonssohsswill continue as normal and as
scheduled, with my presence in the back of thesad@sn. | also plan on conducting
approximately 3 interviews with Mr. Esterhuisen. will interview him before he
introduces the concept of fractions and after rethaght it. Another interview will be
conducted during the interim period of completihg tinit. | will be collecting data for
approximately 2 cycles (i.e. 7 days per cycle, dasBon is an hour long). This works
out to be approximately 14 hours in the classroohime interviews will be about 45
minutes each. The total time required of the etbuda approximately 17 hours.

All data collected will only be used for researalrgoses. There is a possibility that the
research could be reported at appropriate confesemicin relevant journals. | assure you
that anonymity and confidentiality will be protedten all written and verbal reports by
making use of a pseudonym to refer to the scheakher and learners. Video extracts,
where anonymity cannot be provided, will only bedisith consent from the learners
and parents/guardians. Upon completion of theeptogll data collected will be archived
and securely stored at the University of the Wiasstand for a maximum period of five
years.

Please note that if consent is not granted | e#ipect your decision. In addition, if at
any point you wish to withdraw your consent, youyni® so without any penalty or
prejudice.

Thank you for your support.

Yours sincerely
Sharon Govender



CONSENT FORM (PRINCIPAL):

l, pleasg print full name,) the
principal of Mondeor Primary School give consenttte following:

1. Allowing Mrs. Bennett to conduct her research anleor Primary School.
YES[ ] NO[ ] please tick

2. Videotaping of lessons on mathematics fractionghich an educator of the school
might appear as part of the videotext.

YES[ ] NO[ ] please tick

3. Copies made of classwork, homework or assessmatietaners
might produce as part of these lessons.

YES[ ] NO[ ] please tick
4. Tape recoding of interviews with researcher.

YES[ ] NO[ ] please tick

Signed:

Date:
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L etter to Parents/Guardian

Dear Parents/Guardians

| am currently completing my Masters of EducationMathematics Educations at the
University of the Witwatersrand in Johannesburg.s part of my study, | am
investigating the dilemmas/ problems experiencedglade 7 mathematics educators
when teaching fractions. This letter is to requesir consent for your child/ward to
participate in the above mentioned research project

In this phase of the project the focus will be ¢assroom teaching of fractions in grade
7. 1 plan to observe lessons that are dedicatetigdeaching of fractions. | plan to
videotape these lessons as well as to have acocesspies of some of the materials
produced by your child/ward during these lesso@isice you are the parent/guardian of
the learners in these classes, | ask for your cariseallow your child/ward to appear as
part of the videotext and where necessary to hevesa to copies of materials that your
child/ward might produce. Lessons will continuenasmal and as scheduled, with my
presence in the back of the classroom.

All data collected will only be used for researalrgoses. There is a possibility that the
research could be reported at appropriate confesemcin relevant journals. | assure you
that anonymity and confidentiality will be protedten all written and verbal reports by
making use of a pseudonym to refer to the scheakher and learners. Video extracts,
where anonymity cannot be provided, will only bedisvith your and your child/wards’
consent. Upon completion of the project, all dadkected will be archived and securely
stored at the University of the Witwatersrand fanaximum period of five years. 1 will
be collecting data for approximately 2 cycles (f.elays per cycle, each lesson is an hour
long). This works out to be approximately 14 hoiwrghe classroom. The total time
required of the learners is approximately 14 hours.

Please note that if consent is not granted | vedipect your decision. Therefore your
child/ward together with any other children nott#pating in the project will be seated
on one side of the classroom and will not be vidpetl. Furthermore, any text that your
child/ward might produce will not be used in th@jpct. In addition, if at any point you
wish to withdraw your consent, you may do so withary penalty or prejudice.

Please complete the form attached and return iMte. Bennett at your earliest
convenience. | will be happy to answer any questar queries that you might have.

Looking forward to hearing from you. Thank you f@ur support.

Yours sincerely
Ms. Govender
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CONSENT FORM (PARENTS/GUARDIANS):

l, pleasg print full name,)
parent/guardian of ,
give consent to the following:

1. Videotaping of lessons on mathematics fractionshich my child/ward might
appear as part of the videotext.

YES[ ] NO[ ] please tick

2. Copies made of classwork, homework or assedsimenmy child/ward
might produce as part of these lessons.

YES[ ] NO[ ] please tick

Signed:

Date:
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Letter to the teacher

Dear Mr. T

As you are aware | am currently completing my Mistf Education in Mathematics
Educations at the University of the Witwatersrand am required to conduct a research

project.

For the purpose of this study | require a gradeathdmatics educator as well as a group
of grade seven learners who will participate instydy. The study aims to investigate

the dilemmas/ problems experienced by grade 7 mathes educators when teaching

fractions.

With your consent, and permission from Mr. Shutie governing body, the GDE and
parents, | would like you and Grade 7E to be pigiiats in the study.

In this phase of the project the focus will be ¢assroom teaching of fractions in grade
7, as well as interviews with you at three point$ie interviews will be conducted before
you introduce the concept of fractions and aften pave taught it. Another interview
will be conducted during the interim period of cdetmg the unit. | will be collecting
data for approximately 2 cycles (i.e. 7 days p@&lesyeach lesson is an hour long). This
works out to be approximately 14 hours in the ctam®1. The interviews will be about
45 minutes each. The total time required of yoapigroximately 17 hours.

| plan to observe lessons that are dedicated totdhehing of fractions. | plan to
videotape these lessons as well as to have acocessptes of some of the materials
produced by your learners during these lessonsiceSyou are the teacher of these
learners in these classes, | ask for your congemtlow me where necessary to have
access to copies of materials that your learneghthmroduce. Lessons will continue as
normal and as scheduled, with my presence in thle dithe classroom.

All data collected will only be used for researalrgoses. There is a possibility that the
research could be reported at appropriate confesemcin relevant journals. | assure you
that anonymity and confidentiality will be protedten all written and verbal reports by
making use of a pseudonym to refer to the scheakher and learners. Video extracts,
where anonymity cannot be provided, will only beedisvith your and your learners’
consent. Upon completion of the project, all dadkected will be archived and securely
stored at the University of the Witwatersrand fomaximum period of five years. The
findings of my study will be communicated with ydtiyou so desire, upon completion
of my study. Please note that the results of théyswill not be shared with the school’s
principal.

Please note that if consent is not granted | vedipect your decision. In addition, if at

any point you wish to withdraw your consent, youyna® so without any penalty or
prejudice.
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Please complete the form attached and return iMte. Bennett at your earliest
convenience. | will be happy to answer any questar queries that you might have.

Looking forward to hearing from you. Thank you f@ur support.

Yours sincerely
Ms. Govender



CONSENT FORM (TEACHER):

l, ag@lerint full name), a grade
7 teacher, give consent to the following:

2. Videotaping of lessons on mathematics fractionshrch | might appear as part of
the videotext.

YES[ ] NO[ ] please tick

3. Copies made of classwork, homework or assessmaintiylearners
might produce as part of these lessons.

YES[ ] NO[ ] please tick
4. Tape recoding of interviews with researcher.
YES[ ] NO[ ] please tick

Signed:

Date:
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Appendix D
Ethics Clearance issued by the University of the Witwatersrand

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the Deputy Registrar (Research & Academic)

MEMORANDUM

TO Mrs S Bennett
School of Education .
Sent by e-mail -adleri@educ.wits.ac.za an adlere wik. ar 2,
C/0 Prof 1 Adler J

FROM: Ms Anisa Keshav
Secretary: Human Research Ethics committee (Mon-Medical)
Tel: 717 1234 Fax 339 5708 e-mail:Keshava@research.wits.ac.za

DATE: 18 July 2006
Ref: R14/49/1

Protocol; HO60709: The Dilemmas/Problems Teachers’ Experience when
Teaching Fractions: A Case Study of Grade 7 Teacher

The above protocol was considered by members the Human Research Ethics
Committee (Non-Medical). This application cannot be approved until the following
amendments/correction have been made.

- Written consent from the Department of Education must be
submitted

- A child assent form is needed

- The Information sheets need to indicate how much time the
researcher would like of participants

- The information sheet to the instructor should explicitly indicate
that results of the study will not be shared with the schools
Principal

Please let me have the amendments as soon as possible as protocols on which ne

action has been taken will be removed from the agenda without approval after
two months.

Cc
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31 January 2008

To Whom It May Concern:

Dear SirfMadam

This letter is to confirm that I Sharon Govender (student number: 9309109G) upon applying for
Ethical clearance from the University of Witwatersrand received the following reply (see attached
document). | made the necessary changes as suggested by the ethics committee and resubmitted my
application. My supervisor was notified via e-mail that it had been accepted and that I was allowed to

continue with the research project.

Yours sincerely

Sharon Govender

Confirmation

I confirm the above information. I am Ms Govendet’s supervisor and she proceeded having done the
necessary refinements to the ethics procedures as requesed.

I did not keep the email copy — assuming this was held in the University and sent fo the student. Ms
Govender has not been successful in her attempts to reach the University Research Office, and obtain
a copy.

Yours truly

Ledller

Jill Adler
Professor Jill Adler, Chair of Mathematics Education

Director: Marang Centre ==

Wits School of Education

15C
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