THE KNOWLEDGE QUARTET: A MEANS OF DEVELOPING AND
DEEPENING MATHEMATICAL KNOWLEDGE IN TEACHING?

Fay Turner and Tim Rowland, University of Cambridge

In this paper, a practice-based framework for tieritification and discussion of prospective
elementary school teachers' mathematics contewlenige is described. This framework - ‘the
Knowledge Quartet’ - emerged from intensive scyutin24 videotaped lessons, taught by novice
teachers. Application of the Knowledge Quarteeissbn observation and teacher education is
illustrated with reference to a particular less@ught by one trainee teacher

The text then proceeds to locate the first authousent longitudinal study of beginning primary
school teachers in the context of some of the thamsging from previous MKiT seminars. A case is
made for the claim that mathematical content kndgéefor teaching is most usefully identified in the
act of teaching, and developed through reflectioieaching. The study reported in this second pape
of the paper adopts an approach to developing nma#ties teaching based on reflection, using the
Knowledge Quartet, framed by socio-cultural thesié learning.

INTRODUCTION
Organisation

This paper is written for the fifth Nuffield MKiT &ninar, against the backdrop of the earlier mesting
The paper is in two parts. The first is a succawdount of a theory of mathematical knowledge in
teaching developed some five years ago by a teaighviricluded the two authors, at Cambridge. The
‘Knowledge Quartet’ is a ‘theory’ in the sense thagtroposes a way of thinking about mathematics
teaching in the usual institutional settings (Ies3pwith a focus on the disciplinary content
(mathematics) of the lesson. Readers familiar tighKnowledge Quartet could proceed directly to the
second part of the paper, in which Fay Turner dises a longitudinal project which investigatesafse
the Knowledge Quartet as an analytical ‘tool’ tport the development of early-career primary sthoo
teachers’ mathematics content knowledge (Sihid PCK) .

PART |: THE KNOWLEDGE QUARTET
Rationale

In the UK, most prospective (‘trainee’) teachentofw a one-year, postgraduate course leading to a
Postgraduate Certificate in Education (PGCE) imigersity education department. About half of the
PGCE year is spent working in schools as an ‘inteimder the guidance of a school-based mentor.
Research shows that feedback on observation afiegaught by student teachers typically focuses
heavily on organisational features of the lessath wery little attention to the subject-matter ugpi

taught (e.g. Strong and Baron, 2004). The purpbsieeaesearch reported here was to develop an
empirically-based conceptual framework for the déston of the role of trainees’ mathematics SMK
and PCK, in the context of lessons taught on twiool-based placements. Such a framework would
need to capture a number of important ideas aridriaabout content knowledge within a small number
of conceptual categories, with a set of easily-maimered labels for those categories.

Recent studies of Deborah Ball and her colleaguteedJniversity of Michigan (for a summary, see
Petrou, 2007) have been directed towards a “pextiicsed theory of knowledge for teaching” (Ball and
Bass, 2003). The same description could be apiedr own study, but while parallels can be drawn
between the methods and some of the outcomesyththéories look very different. In particular, the
theory that emerges from the Michigan studies giterto unravel and clarify the notions of SMK and
PCK. As a consequence, Shulman’s SMK is separateddommon content knowledge’ and
‘specialized content knowledge’, while his ‘pedaigagjcontent knowledge’ is divided into ‘knowledge
of content and students’ and ‘knowledge of congmt teaching’. In our own theory, as will become
apparent later, the distinction between differentl& of mathematical knowledge is of lesser



significance than the classification of the sitaasi in which mathematical knowledge surfaces in
teaching. In this sense, the two theories may baeb useful perspectives to offer to the other.

Method

12 trainees on a one-year primary PGCE course giergen for observation during their final school
placement. Two mathematics lessons taught by datiese trainees were observed and videotaped, i.e.
24 lessons in total. We took a grounded approathetaata for the purpose of generating theory
(Glaser and Strauss, 1967). In particular, we ifledtaspects of trainees’ actions in the classrttwan
seemed to be significant in the limited sensettieyt could be construed to be informed by their
mathematics SMK or PCKL.hese actions were located in particular momene&p@modes in the tapes.
This inductive process generated a set of 18 coted, we revisited each lesson in turn and, after
intensive study of the tapes, wrote an ‘analytizaount’ of the lesson. In these accounts, sigaritic
moments and episodes were identified and codel,apipropriate justification and analysis concerning
the role of the trainee’s content knowledge initlemtified passages, with links to relevant litarat

Our catalogue of 18 codegresented us with the following problem. We intedo offer our findings

to colleagues for their use, as a framework forenging trainees’ mathematics content knowledge from
evidence gained from classroom observations ohtegcWe anticipated, however, that 18 codes is too
many to be useful for a one-off observation. Osphation of this dilemma was to group them intorfou
broad, super-ordinate categories, or ‘units’, whighterm ‘the Knowledge QuartétA detailed
methodological account is given in Rowland (in pjes

Conceptualising the Knowledge Quartet

We have named the four units of the Knowledge @tast follows: foundation; transformation;
connection; contingency. Each unit is composedsrhall number of cognate subcategories. For
example, the third of thesegnnectionis a synthesis of four of the original 18 codeanely:making
connections; decisions about sequencing; antioguatif complexityandrecognition of conceptual
appropriatenessOur scrutiny of the data suggests that the Quirtimprehensive as a tool for
thinking about the ways that subject knowledge comt play in the classroom. However, it will
become apparent that many moments or episodeswatieisson can be understood in terms of two or
more of the four units; for examplecantingentresponse to a pupil’s suggestion might helpfully
connectwith ideas considered earlier. Furthermore, itddne argued that the application of subject
knowledge in the classrooatwaysrests orfoundational knowledge. Drawing on the extensive range
of data from the 24 lessons, we offer here a lseeteptualisation of each unit of the Knowledge
Quartet. A more detailed account is given in Row|afduckstep and Thwaites (2005).

The first categoryfoundation consists of trainees’ knowledge, beliefs and wstdading acquired ‘in

the academy’, in preparation (intentionally or atiiee) for their role in the classroom. The key
components of this theoretical background are: kedge and understanding of mathemapies seand
knowledge of significant tracts of the literaturethe teaching and learning of mathematics, togethe
with beliefs concerning the nature of mathematicalwledge, the purposes of mathematics education,
and the conditions under which pupils will bestttemathematics. The second category,
transformation concerns knowledge-in-action as demonstrated ihgtfanning to teach and in the act

' A 19" code emerged much later (Rowland, 2007; in paess)result of theoretical sampling.
2 Specifically, the codes contributing to each offthe units are as follows:

FOUNDATION: adheres to textbook; awareness of purposecentration on procedures; identifying errorsyove
subject knowledge ; theoretical underpinning; usewhinology.

TRANSFORMATION: choice of examples; choice of repréagon; demonstration.

CONNECTION: anticipation of complexity; decisionsoalh sequencing; recognition of conceptual approgmess;
making connections between concepts; making connedbetwveen procedures.

CONTINGENCY: deviation from agenda; responding tddrken’s ideas; use of opportunities; teacher reatinat



of teaching itself. As Shulman indicates, the pnéstion of ideas to learners entails their re-prén
(our hyphen) in the form of analogies, illustragpexamples, explanations and demonstrations
(Shulman, 1986, p. 9). Of particular importancthistrainees’ choice and use of examples preseéoted
pupils in connection with the acquisition of contseand procedures, and also in the cause of
mathematical enquiry. The third categargnnectionbinds together certain choices and decisions that
are made for the more or less discrete parts dfienadtical content. In her discussion of ‘profound
understanding of fundamental mathematics’, Liping &ites Duckworth’s observation that intellectual
‘depth’ and ‘breadth’ “is a matter of making contieas” (Ma, 1999, p. 121). Our conception of this
coherence includes the sequencing of materiahf&iruction, and an awareness of the relative civgnit
demands of different topics and tasks. Our fin&gary,contingencyis witnessed in classroom events
that were not anticipated or planned for. In comptace language it is the ability to ‘think on one’s
feet'. In particular, the readiness to respondhitdeen’s ideas and a consequent preparedness, when
appropriate, to deviate from an agenda set out whetesson was prepared.

Applying the Knowledge Quartet

We now proceed to a brief illustration how the Kiedge Quartet is being applied, by reference to one
of the 24 videotaped lessons. The trainee in questiaura, was teaching a Year 5 (pupil age 9-10)
class about written multiplication methods. The kegus of this lesson was on teaching column
multiplication of whole numbers, specifically mplying a two-digit number by a single digit number.
Laura reminded the class that they have recenén berking on multiplication using the ‘grid’ mettho
(see below). Simon was invited to the whiteboarddmonstrate the method for 9x37. He wrote:

x | 3 | 7
9 | 270 | 63 = 333

Laura then said that they would be learning “anottesy”. She proceeded to write the calculation for
9x37 on the whiteboard in a conventional but elateat column format, explaining as she goes along:

37 Laura performs the sum 270+63 by column
X 9 additionfrom the right ‘carrying’ the 1 (from
30x9 270 7+6=13) from the tens into the hundreds
7x9 63 column. She writes the headings h, t, u above
333 the three columns.

1

Next, Laura showed how to “set out” 49x8 in the rfewnat, followed by the first question (19x4) of
the exercises to follow. There was 24 minutes’ wamkexercises that Laura had displayed on the wall.

In a concluding eight-minute plenary, Laura asked boy, Sean, to demonstrate the new method with
the example 27x9. Sean got into difficulty; he wer@7 and x9 in the first two rows as expected, but
then wrote 20x7 and 2x9 to the left in the rowshel

We now select from Laura’s lesson a number of mdasy@pisodes and issues to show how they might
be perceived through the lens of the Knowledge t@uig@ome possibilities for discussion with the
trainee, and for subsequent reflection, are fladgdw thusDiscussion point We emphasise that the
process ofelectionin the commentary which follows has been extreme.

Foundation

First, Laura’s professional knowledge — a caselwdtvthe Michigan team would surely call ‘speciaiize
content knowledge’ - underpins her recognition thate is more than one possible written algorithm
for whole number multiplication. We conceptualibestwithin the domain of fundamental knowledge,
being thefoundationthat supports and significantly determines hegritibns or actions. Laura’s
learning objective seems to be taken from the Matidlumeracy Strategy (NN&yamework(DfEE,
1999) teaching programme for Year 4:



Approximate first. Usénformal pencil and paper methods to support, recomekptainmultiplication.
Developandrefinewritten methods for TUxU (p. 3/18, emphasis added)

These objectives are clarified by examples latéhé@Framework these contrast (Apformal written
methods - the grid, as demonstrated by Simon - (Bijlstandardwritten methods - the column layout,
as demonstrated by Laura in her introduction. jieighaps not surprising that Laura doesquestion

the necessity to teach the standard column foronaitipils who already have an effective, meaningful
algorithm at their disposal. A best-selling handbmr trainee primary teachers, written by a respec
teacher educator, explains why the standard aklgonitorks, but forcibly advocates the adequacy and
pedagogical preference of grid-type methods witinary pupils (Haylock, 2006).

Discussion point where does Laura stand on this debate, and hibthidi contribute to her approach in
this lesson?

At this stage of her career in teaching, Lauragiithe impression that she is passing on her own
practices and her own forms of knowledge. Her mesource seems to be her own experience of using
this algorithm.

Transformation

Laura’s choice of demonstration examples in hepdhiction to column multiplication merits some
consideration and comment. Her first example s938he then goes on to work throughx8%nd
19x4. Now, the NNS emphasises the importanamefitalmethods, where possible, and also the
importance of choosing the most suitable strategwiiiy particular calculation. 48 and 1%4 can all
be efficiently performed by rounding up, multiplian and compensation e.g.x®= (50<8)-8.

Her choice of exercises - the practice exampléso-iavites some comment. The sequence is: 19x4,
27x9, 42x4, 23x6, 37x5, 54x4, 63x7, 93x6, with 9988x3, 76x8, 62x43, 55x92, 42x15 as ‘extension’
exercises (although no child actually attemptsehierghe lesson). Our earlier remark about the
suitability of the column algorithm relative toetdhative mental strategies applies to severalaxfeh
99x9 being a notable example.

Furthermore, theequencef exercises might be expected to be designedesept the pupils with
increasing challenge as they progress though them.

Discussion point on what grounds did Laura choose these parti@damples and exercises? What
considerations might contribute to the choice?

Connection

Perhaps the most immediate connection to be estaloliin this lesson is that between the grid method
and the column algorithm. Laura seems to havectiimection in mind as she introduces the main
activity. She reminds them that they have usedjtliemethod, and says that she will show them a
“slightly different way of writing it down”, althogh after the first example is completed Laura $hgs
they are learning a “different way to work it ouBhe says that the answer would be the same
whichever way they did it “because it's the samm’siOf course, that presupposes that both methods
are valid, but does not clarify the connection lestwthem: that the same processes and principles -
partition, distributivity and addition - are presémboth methods. The fact that Laura includes
demonstrations of 37x9 by both methods does hedstablish the connection, but the effort to sastai
the connection is not maintained, and no referémt¢iee grid method is made in her second
demonstration example, 49x8.

Discussion point Laura seems to be trying to make a connectiondmivthe grid method and the
column method. How did she intend to make that eotian? To what extent did she think she was
successful?

Contingency

Sean’s faulty attempt (mentioned above) to caleu?aix9 on the whiteboard appears to have taken
Laura by surprise. There are several ‘bugs’ irapiglication of the procedure. The partition of 2ii
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20 and 2 is faulty, and the multiplicand is firsti®en 7. This would seems to be a case where Sean
might be encouraged to reconsider what he hasewiity asking him some well-chosen questions. One
such question might ask how he would do it by theé gethod. She asks the class? “Is that the way to
do it? Would everyone do it that way?”. Leroy destoates the algorithm correctly, but there is no
diagnosis of where Sean went wrong, or why.

Discussion point what might be the reason for Sean’s error? Intwiays could this have been
addressed in the lesson, or subsequently?

Concluding (Pt I) remark

Research originally fuelled by curiosity about tearcknowledge and classroom practices led to the
development of the Knowledge Quartet, a managdedoteework within which to observe, analyse and
discuss mathematics teaching. The framework is@imniteacher education programmes in Cambridge
and elsewhere. Those who use it need to be acqdaiith the details of its conceptualisation. Hditi
indications are that this development has beennge#tived by teacher-mentors, who appreciate the
specific focus on mathematics content and pedagogy.

PART II: USING THE Knowledge Quartet TO DEVELOP AND DEEPEN MKIT
Conceptualising and identifying mathematical contehknowledge for teaching

An aim which has been implicit throughout the MK§&minar series, and is explicit for seminar 5, is
that of determining how teachers’ mathematical eohknowledge for teaching might be identified and
developed. A first step towards such an aim wastweptualise what is meant by ‘mathematical
knowledge in teaching’. Maria Goulding cited thenseal work of Lee Shulman (1986) as a starting
point towards defining such knowledge. Shulmantegaries of teacher knowledge have given a useful
basis for many contributions to this debate.

Seamus Hegarty (2000) however, argued that wagatefjorising teachers’ knowledge do not
themselves explain how teacher knowledge affeetssobom behaviour and so does not help in
understanding effective teaching. Hegarty arguasttte effects of all the different areas of teache
knowledge can only be understood within the costekidynamic teaching situations. He presented a
model in which the teacher has a humber of incotagets of relevant insights, elements of which
come together in instances of teaching to formvainsight specific to that situation. Accordingttos
model, teacher knowledge is firmly situated witthie act of teaching and must be observed through
such acts.

Shulman would not seem to disagree with this itteaddition to developing categories of teacher
knowledge, he proposed that knowledge for teachiists in three different forms. The first of thdwe
termspropositional knowledgand is the theoretical knowledge held by teachiére.second form of
knowledge case knowledgdevelops through experience of teaching situatmusfinally,strategic
knowledges that which refers to the way teachers act énttoment while teaching. Knowledge in this
third form would seem to be similar to that progbbg Hegarty. Propositional knowledge might be
measured without observations of teaching. Cashy stmowledge might also be measured away from
the classroom, but could also be observed in thefdeaching. Strategic knowledge can, by defnifi
only be observed in teaching.

In a briefing paper for the third MKIiT meeting, Mana Petrou summarised recent work of Deborah
Ball and her associates in the US. This includegbart on the development of a questionnaire for
measuring ‘professional mathematical knowledge’avhthough based on observations of teaching,
may also be used independently of observations, (Bélland Bass, 2005). This instrument is claimed
to measure both SMK and PCK through presentingh&aawith teaching situations and asking them to
answer multiple choice questions about them. Itlmargued however, that though this instrument can
measure propositional and case knowledge, it cameasure the strategic knowledge which most
visibly affects the learning of children.



Developing teachers’ mathematical content knowledge

This seminar series has not only aimed to definatwhowledge is needed for mathematics teaching
and how such knowledge might be identified. It @sus to understand how such knowledge might be
developed in teachers. Jeremy Hogden'’s and Julilimihs’ papers both took the socio-cultural
perspective that any ‘judgements’ about teacheathematical content knowledge for teaching must be
made in the context of their teaching, since kndg#eis located in social practice (Lave, 1988; Goee
1998; Putman and Borko, 2000). Recognising thestlinature of knowledge for teaching has clear
implications for the development of such knowledfi&nowledge is located in a socio-cultural cortex
then development of such knowledge must also tideepn this context.

There are many proponents of socio-cultural theaogels of teacher learning (Lave, 1988; Lave and
Wenger, 1991; Cobb, Yackel and Wood, 1991; Werlf#38; Lerman, 2001). In such models, teachers’
learning is seen as situated in classrooms andhdealin interactions with students (Cobb, Yackel an
Wood, 1991). Furthermore, learning is not seerafaplen in isolation, but within professional
communities of practice (Wenger, 1998). Cobb anc€Min (2001) explained how their thinking had
progressed from seeing teacher learning as cla@tlgted in their classrooms and grounded in their
interactions with students to recognising the ingnace of interactions with other professionals.

Calderhead and Shorrock (1997) proposed a sociaralimodel of professional development which
they termedenculturationor socialization into the professional cultufehey also proposed a more
individualistic model of professional developmeritigh they termegrofessional development through
reflection Calderhead and Shorrock suggested that no simgdiel on its own will give the whole
picture, but that they each offer some help in wstdading development, and are all interrelatee@. Th
model of professional development through reflect®often referred to in initial teacher education
Donald Schon (1983) identified two forms of refleat reflection-in-action- the process of monitoring
and adapting behaviour in context, aaflection-on-action- after the event evaluation. Reflection may
be seen as an individual activity performed bytdaeher in isolation. However this is not necefsari
the case and it can be argued that reflection i® reffective in developing practice when carrietl ou
within a ‘community of practice’.

Barbara Jaworski (1998) demonstrated developmeheimathematics teaching of teachers through
reflection, when working on their own action resdgprojects. In her later work (Jaworski, 2001) she
emphasised the importance of communities of praciincaddition to reflective activity, in such
development as they “provide opportunities for stgaexperiences, synthesising from and explaining
outcomes of research and developing critical fraorks/related to practice.” (p. 298).

Lerman (2001) was also adamant in his view thaeecgbn alone does not lead to learning but must
involve others.

Reflection per se, does not give us enough to ssnaeprocess of learning. This is not to say tleat w
don't reflect, only that for reflection to say saimeag about how people learn involves others in wag
or another. Reflective practice takes place in comities of practice, as groups of teachers in @aach
teachers attending in-service courses, or otheatsiins, and learning can be seen as increasing
participation in that practice. (p. 41)

But what if the practice into which teachers armgpéenculturated’ is not that which might be
considered ‘good’ practice? Fennema and Franke2(198ygest that teachers subject matter knowledge
(SMK), their pedagogical content knowledge (PCKJ &meir knowledge of students is ‘firmly situated’
within their own school experience. Though thiswiedge may be developed through teaching
experiences, pedagogical content knowledge canlmntjeveloped in a positive direction if situations

in which teachers learn, reflect received goodtmacBrown, McNamara, Jones and Hanley (1999)
also suggested that development facilitated bygmatéon into communities of practice may not lead t
mathematics teaching that is consistent with copterary views of effective teaching (Cockcroft, 1982
NCTM, 2000). So, what can teacher educators arehresers do to maximise the potential of

beginning teachers to learn in the contexts of th&iools?



Burton and Povey (1996) found that teachers wheaerare of their own philosophical position and
evaluated their own teaching in relation to it, @varore likely to be able to develop in their teaghi
This required reflection both in practice and oagbice and enabled teachers to act authentichly:is,
to teach according to their own beliefs rather timeaccordance with the norms and culture of their
schools and the wider professional environmenthisiway, reflection works alongside enculturation,
enabling the teacher to learn through a commuripractice in acritical way. Such critical reflection
may lead to changes in beliefs, practices, or binth,way that conserves authenticity betweentie t

The rationale for my study is based on the prethiaecritical reflection and participation in
communities of practice, as well as the interrefehip between the two, are both important inflesnc
on teacher development. It was my contention tioeeethat an effective way to develop content
knowledge for teaching mathematics would be to stigpachers in their reflections on their
mathematics teaching in a way that enables theshevelop within communities of practice. There was
also recognition that, alongside developments iriea@t knowledge, related changes in beliefs and
practices will need to reflect one another in otderonserve authenticity.

The approach taken in my study is consistent vhithidea that teachers’ mathematical content
knowledge needs to be considered in the contebeamhing practice. It draws on both #reculturation
into the professional cultunmodel and th@rofessional development through reflectiondel of
development. Central to my study is the idea tefi¢ctionin andon practice, with a focus on
mathematics content knowledge, will promote changeachers’ content knowledge, as well as their
conceptions about mathematics and mathematicsitgadrhe instrument used to promote such
reflections in my study has been the Knowledge @uéramework (Rowland, Huckstep and Thwaites,
2005). This framework helps teachers to focus tlediections on their mathematical content
knowledge as evidenced in practice.

The study

My project is a four-year longitudinal study worgiwith a group of beginning primary school teachers
to investigate changes in their mathematics tegobver four years. My intention was to help teasher
recognise aspects of their mathematics content lautge revealed through their practice, and through
discussion of that practice to enhance these tesialmederstanding and development of their own
mathematics teaching. The focus on content knovdeshigompassed Shulman’s notions of both subject
matter knowledge (SMK) and pedagogical content kedge (PCK). This was an evaluative study, in
that | set out to evaluate the efficacy of the Kiemlge Quartet as a framework for helping teachers
reflect on and develop the mathematical contetteif teaching, as well as to evaluate the validity

the Knowledge Quartet itself. It was also invedtigg in that | hoped to investigate how beginning
teachers change in relation to their mathematmshieg and what factors, along with participation i
this project, might be influential in this change.

| began from the position that all involved in th®ject would have their own interpretations of any
observed teaching episodes and of the ways in whathematics content knowledge is revealed
through these episodes. Discussion was seen aarssiftg both revealing and bringing together these
interpretations in order to develop the understagadif both. The Knowledge Quartet framework was
used in the study as a tool to focus reflectiordsdiscussions on mathematics content knowledgeaand
provide shared understandings that would facilica@munication.

The relationship between the teacher participamisnayself as researcher was considered to befthat o
co-learners (Wagner, 1997) and elements of anraptigearch approach (Stenhouse, 1975; Kemmis and
McTaggart, 1988) were employed. Research sugdesttsiby development of teachers’ conceptions

and related practices is a long term process, ldadvias recognized in the longitudinal design of my
research project.

Methods

The doctoral thesis itself will draw mainly on fozase studies. These case studies involve teawhers
were all student teachers in the 2004-5 cohotth@ine-year early years (3-7 years) and primaty1(5-



years) PGCE course at the University of Cambridge. study began with 12 participants, reducing, as
anticipated, to 9 in the second year, then 6 irthiird year, and finally 4 in the fourth and finedar of

the study. All participants were observed teacldagng the final placement of their training year,
twice during their first year of teaching and thtieees during their second year of teaching. These
lessons were all videotaped and analysed usingattegories and codes of the Knowledge Quartet. In
the training year, the videotapes were the basistimulated recall discussions using the Knowledge
Quartet to focus on the mathematical content ofghgon.

During the first year of teaching, feedback usimg Knowledge Quartet was given following the two
observed lessons. Participants were then sent a @\iieir lesson on which they were asked to write
reflections. In the second year of their teachardy minimal feedback was given following the lesso
as | wanted to see how the teachers would indepéigdaake use of the Knowledge Quartet in their
reflections. They were sent DVDs of their threestes and wrote reflections on each of these lessons
under the four headings of the Knowledge Quariti¢pants also wrote, and sent me, regular
reflections on their mathematics teaching. Oveiftlie years, the Knowledge Quartet framework was
increasingly utilised by participants to organisese written reflections.

The use of reflection within the study does nobignsocio-cultural models of teacher development.
Individual reflections of participants were madéhivi the communities of practice in their schoald a
also within a ‘research group community of practinade up of the participant teachers and me. Group
meetings of all participants were seen as offegisggnificant support to development as well as a
forum for collecting data on the teachers’ pergpest These meetings took place at the end of the
training year and the first year of teaching, antha end of each term in the second year of tegchi

This is consistent with Julian Williams’ (2007) giggtion that seeing teacher knowledge as held
collectively offers a “possible remedy” for deveilog this knowledge through working with
communities of teachers as a “collective subjegt”lQ). The role of interactions with pupils and
colleagues in school, and the role of CPD coumsas,recognised within the design of my study. All o
these were investigated in the one-to-one postiedscussions and interviews, as well as in tohegr
discussions.

This year, the fourth and final year of the projeetch of the remaining four teachers will be
interviewed individually three times - once eaamteThere will be group meetings twice during the
year. Case studies are being built from observatidrieaching, discussions following observed lesso
contributions to group meetings, written reflecé@nd individual interviews. For an overview ofalat
collection throughout the project see AppendixXThble of data collection.

Analysis of data

A number of constructs have emerged from the déiach offer insights into what Robert Stake (2006)
termed, the condition being studied, or tjuéntain In this case thquintainis the developing
mathematics teaching of the beginning teacherssébenstructs have been built on existing theories,
as suggested by Yin (2003). Such theories inclod®<cultural theories of teacher development a we
as theories that envisage development througlcariteflection of practice. These constructs ontag
emerged from the analysis of data from post-legst@nviews, written reflections, group interviewsda
individual interviews. Stake (2006) suggests thaémvcarrying out multiple case study analysis,
attention must first be paid to the rich data afividual cases before assessing the relevancechf ea
case to thguintain The NVivo qualitative analysis software package heen used to facilitate such
analysis, first within, and then between casedeRa emerging from individual cases and between
cases have given rise to a number of codes or $iading NVivo. These codes have been organised
hierarchically into themes or ‘tree nodes’. Unsisipgly, one overarching theme that has arisen from
this analysis is that a&flectionand another is that gbcio-cultural influenced am at an early stage in
analysing and making sense of all the data. Howekerinterrelationship between individual critical
reflection and participation in communities of dree seems to be emerging as an important area for
further exploration.



Initial findings in relation to the individual-social nature of teacher development

Giving participants the Knowledge Quartet framewtariocus and deepen their reflections has
positively affected the way in which all particigatave engaged with learning situations in thein o
contexts.

You don’t take your teaching for granted. You thatiout all the images, prompts or examples you'll
need. You think as you are teaching of extra didg; you are phrasing explanations. | think the
Knowledge Quartet has pushed me to think from thercside and see more clearly how the children see
and what they need. (From written reflection atéhd of Amy’s second year in post)

I think the categories are very useful ... they kifidive you a way of thinking about what would be a
kind of sensible remark to make about your matksde, and they evaluate it against certain things.
(From group meeting at the end of the first ternKafe’s second year of teaching)

Initial findings however, show a contrast in thge to which teachers have opportunities to
participate in communities of practice. These firgdi are presented in more detail in a paper prdpose
for PME32 (Turner, 2008). One teacher, Amy, haser@dumber of comments suggesting that her
development is influenced by her colleagues.

I have found talking the feedback (from me) ovethwiny colleagues, means we have had more of a

dialogue about maths and our teaching of mathshind, well in the lower school, with my colleagues
and that seems really interesting and useful aisdaitvays good to talk about other people’s ... abou

how you are teaching or about how you can movedoua. (From group meeting at the end of Amy’s
first year in post)

And a lot of it is from talking to colleagues aslw¥ou do learn from discussions, you're having
constant discussions and you learn that way as {#@bdm the interview with Amy at the beginning of
her third year of teaching)

Kate, on the other hand seems to be finding lggsatifrom her colleagues.

| am a bit confused about empty number lines atibment. When you look at “The Power of the
Number Line’ DVD and various numeracy strategy maler people seem to use them in a ‘come and
show me how you are going to use this in your ovaywind of approach. However my colleague who
previously taught year 3/4 at our school beliebes tve should only be teaching ‘counting on’ aldimg
empty number line for subtraction because thathatwhe children will be taught in year three. Rro
Kate’s written reflections in the middle of her sad year in post)

Occasionally, not very often but occasionally, ¢ géth the other people | am planning with, theeoth
teachers that they don’t seem to understand songgethat | think is quite necessary to understand, a
they have either got it wrong or they don’t seemetaise that it is important. (From group meettghe
beginning of her second year in post)

Jaworski (2001) and Lerman (2001) suggested tflacton is most effective when shared with others.
However, there is evidence from the study thaeotfve individuals, such as Kate, are able to Ieauch
develop independently of the communities of practiwey find themselves in.

Not very often (have deep conversations about $leeofirepresentations), no, not as often as wedéhou
because nobody wants to do the planning again.l\goess | would just use the other representation
rather than discussing it with anybody. (From iviaw with Kate at the beginning of her third yeér o
teaching)

As mentioned under foundation, | changed the planene day as | didn't agree with the idea beluod
investigation. | haven't discussed this with myleatues as | didn't want to be awkward. (From emitt
reflections at the beginning of Kate’'s second ydaeaching)

Kate is not being simply ‘enculturated’ into th@fassional culture she finds herself in. Wheredhigr
dissonance between her own beliefs about teachatgematics and the practices of the community, of
which she is a part, she does what she believies beest. Barbara Jaworski (2006) offers a way of
interpreting Kate’s behaviour within Wenger's (19@8nceptualisation aflentity within acommunity



of practice One characteristic of identity, as belonging tmmmunity of practice, is that afignment
with that community. Jaworski modified Wenger'sinatof alignment to that adritical alignment
allowing for critical evaluation of the practicetbe community while aligning oneself with it. Tingh
not sufficiently confident to explicitly questiohed ideas and practice of others, the beginnindhesac
continue to do so in their reflections and in rielato their own practice. They may develop fegdiof
belonging to the community of practice while contirg to be critical of some of the practices of the
community. Their alignment might therefore be dibsat ascritical alignment the critical nature of
which depends on an ability to reflect independeintla critical way.

It is difficult for teacher educators to influenite learning contexts in the schools of beginning
teachers. It is, however, possible to help teadbeceme reflective practitioners who are able wage
more effectively with these situations. The abititybe critically reflective would seem to be esplyg
beneficial where communities of practice do notuplearning in what might be considered, by
bodies such as NCTM, to be in a positive direction.
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Appendix 1

Table of data collection

Year Y1 Y2 Y3 Y4
Training year NQT ECT ECT
Date May — July 2005 Sept 2005 Sept 2006 Sept 2007
— July 2006 — July 2007 —July 2008
Number of 11 9 6 4
participants
Research activity Video-tape 1 Video-tape 2 Video-tape 3 3 interviews
- mathematics lesson  mathematics mathematics (one per term)
data collection lessons lessons

(per participant)

Analysis by KQ

Video-stimulated

recall and feedbac

End of year group

Analysis by KQ

Feedback

(one per term)
Analysis by KQ

3 end of term grouy

D 2 group interviews

End of year group interviews
interview interview
Participant data Some lesson Sporadic Reflections on
provision reflections reflections on observed lessons Half-termly
individual lessons reflections on
and mathematics Half-termly mathematics
teaching generally|  reflections on teaching
mathematics
teaching
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