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Background

When professional standards for qualified teactaus were introduced in
England and Wales in 1998 (Department for Educatimh Employment,
Circular 4/98) there was a strong emphasis ondeagubject knowledge in
the core subjects of English, mathematics and seieA list of
mathematical topics, described as that which witiderpin effective
teaching’ was prescribed. Institutions involvedaacher training were
required to audit this knowledge and where gap®viarnd to fill them by
the end of the training course.

The concern with subject knowledge, particularlygdmary trainees, had
been growing for some time. It had long been fedt strengthening primary
teachers’ subject knowledge would contribute toaime of improving
standards in mathematics (Alexander, Rose and Weaalh992). The later
evaluation of the first year of the National Nuner&trategy (Ofsted 2000)
located weaknesses in teachers’ mathematical sudewledge,
particularly “teaching of progression from mentaliritten methods;
problem solving techniques; and fractions, deciraal$ percentages” (p. 6).
At this time, then, the audits and consequent régstied were considered to
be a strategy for addressing this problem.

Interestingly, the process of auditing stimulatdbiay of associated
research. For instance, there was considerableeoo@bout trainees’
anxiety and how best to address weaknesses inwiagh would not
damage self confidence (see Barber and Heal, 2008,discussion of peer
tutoring). Murphy (2003) found a tension betwesmntees seeing the
process as useful and confidence building or jusia to be jumped
through. In terms of mathematics, insights inffiadilties with geometry
and probability (Mooney, Fletcher and Jones, 2@0®) reasoning and proof
(Goulding, Rowland and Barber, 2002) were found.



During this period, government inspectors clainmedirtd that trainees’
mathematical subject knowledge had improved subathmn attributing this
partly to more systematic and less superficial tngliof subject knowledge.
The modified regulations (TTA, 2002a), which arehat time of writing still
in place, did not specify a body of knowledge auiee an audit, but one of
the assessment standards is ‘a secure knowledgendedstanding of the
subject(s) [the trainees] are trained to teache fbn-statutory handbook
(TTA, 2002b) suggests that the source of evideacéhis standard ‘is most
likely to be found in trainees’ teaching, partialyan how they present
complex ideas, communicate subject knowledge, copapils’ errors and
in how confidently they answer subject-based qaasti(part 1, para. 2.1,
pll). Itis for institutions to decide how to eresthat trainees have a
sufficient grasp of ‘the concepts, ideas and ppies’ they will need to be
able to teach in the age range for which they egparing.

Concern with teacher’s knowledge of mathematicisconfined to

England and Wales. In the US, both theoretical &éaorks and empirical
research on teacher knowledge are well developedavare highlighted by
the National Council for Teachers of Mathematinsseveral chapters of its
extensive review of research in mathematics edutdGrouws, 1992).
Much of this research is premised on the belief lgrning is a product of
the interaction between what the learner is taaghtwhat the learner brings
to the learning situation. For Ball, the knowleggespective teachers bring
to their teacher education courses is framed negjqti

This lack of attention to what teachers bring witem to learning to teach
mathematics may help to account for why teachecatibn is often such a
weak intervention - why teachers, in spite of cearand workshops, are most
likely to teach math just as they were taught. (B£188, p. 40)

Conceptualising subject knowledge

Much of the research mentioned previously drew lomli8an’s categories of
teacher knowledge, and, in particular, his constratsubject matter
knowledge, pedagogical content knowledgdcurricular knowledge

These classifications are generic but can be applith some adjustment to
the discipline of mathematics.

Subject matter knowledge the ‘amount and organization of the knowledge
per se in the mind of the teacher’ (Shulman, 198%.and is later (Shulman
and Grossman, 1988) further analysed substantive knowleddéhe key
facts, concepts, principles and explanatory frantksvm a discipline) and
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syntactic knowledgéhe rules of evidence and proof within that ditioe).
His pedagogical content knowledgensists of

the most powerful analogies, illustrations, exarapéxplanations and
demonstrations — in a word the ways of representiagubject which makes it
comprehensible to others...[it] also includes an wstdading of what makes
the learning of specific topics easy or difficult (Shulman, 1986, p9)

The boundaries between SMK and PCK may well badiljistudents who
have multiple representations for mathematicalsdeal whose
mathematical knowledge is already richly linkedl\wg able to draw upon
these both in planning and spontaneous teachiegpictions. In such cases
it would seem that the students’ subject knowladgee for exploitation
and that in turn the experience of teaching wilddack into and enrich
subject matter knowledge.

Shulman’s arricular knowledgeconsists of knowledge of the scope and
sequence of teaching programmes and the matesatsio them. Again,
there could be a feedback loop, as teachers erexoueiv ways of thinking
about and representing mathematical ideas in tekgand other resources.

Subsequent writing by Shulman and his associatess@@&an, Wilson and
Shulman 1989)takes into account student beliefs about mathes)atibilst
Ernest (1989) identifies attitudes (interest andfic@nce) as important.
Beliefs about the nature of mathematics may beupedith SMK in the
way in which teachers approach mathematical sdnoati If they believe that
mathematics is principally a subject of rules amatines which have to be
remembered, then their own approach to unfamiliablems will be
constrained, and this may have an impact on thatcting. Beliefs may be
particularly salient in the development of synta&mowledge, where
conjecturing, finding evidence and seeking explanatis quite different
from applying rules and routines in recognisableterts. If teachers lack
confidence in their SMK, then they may avoid riskigations in the
classroom and be inhibited in responding to chiltdr@&nexpected questions.
They might also seek refuge by opting to teach geuwchildren where they
may feel less daunted by the demands of the matientarrriculum,
denying themselves the opportunity to engage wakenmal which would
challenge and develop their SMK. On the other h&gathers who lack
confidence may be more inclined to prepare thesdas carefully and to
access a range of resource material. If teacheksimterest, their planning
and preparation may be skimpy and they may coneelnigs of negativity,
or at best indifference, to their pupils. The migtat good SMK in
mathematics is somehow a barrier to teaching thgsuto younger pupils
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and young children and that those with weak SMK @@mpensate for this
with empathy may be unhelpful.

Research on Teachers’ Mathematics Subject Knowledge

Ball echoes Shulman’s constructs of substantivesgnthctic knowledge in
any discipline by making a distinction between kfexigeof mathematics
(meanings underlying procedures) and knowlemlggutmathematics (what
makes something true or reasonable in mathemalt@stigating both
elementary and secondary pre-service teacherststateling of division,
she found (Ball, 1990a) that both had significafftailties with the
meaningof division by fractions. Most could do the caltubns, but their
explanations were rule-bound, with a reliance omiorgsing rather than
conceptual understanding. They were also at aad®$s how they could
justify answers. Although they wanted to be ablgit@ pupils’ meaningful
explanations, their own limited subject knowledgauwd prevent them from
being able to realize their aim. They believed thathematics could be
meaningful but lacked the knowledge of these mepihemselves.

Division by fractions was also the focus of a stamtount by Ng (1998),
working with trainee teachers on illustrative deagis which gave meaning
to the answers obtained by using a division algorit Ma’s (1999)
comparative study of Chinese and US teachers’ praf&knowledge of
‘fundamental’ mathematics (PKFM), also investigatkdding fractions by
fractions as one of four problem scenarios. Coeyparth the American
teachers, who mostly had a limited and sometima$yfanderstanding, the
Chinese teachers were able to do the calculatrowjge examples of the
concept in context and discuss concepts undergrthmunderstanding of
division. In other topics, they were also ablerticalate salient
mathematical structural properties e.g. distrilatytito justify the standard
procedure for ‘long multiplication’. Ma concluddsat no amount of general
pedagogical can make up for ignorance of partiomathematical concepts.

In her earlier study, Ball (1988) explored the idistion between what
mathematics should be known and how it should barozed. The ‘what’
tends to be listed, as in Circular 4/98, and tlmvhtends to be described
gualitatively by words such as ‘flexibility’ andnidepth’. Her term
‘connected’ (Ball, 1990b), derived from comparisirihe knowledge held



by expert and novice teachers, has since beenbyseithers as a way of
describing the quality of subject knowledge thacteers need (e.g. Askew
et al., 1997). So in the case of division, the kieolge displayed by Ma’s
Chinese teachers could be described as connectiedher terminology
‘profound’. Ng's approach with prospective primaeachers could be seen
as a way of developing connected subject knowl@dg@ining.

In their training, Ball argues that not only shootdthematics be revisited,
but also that pre-service teachers may also neechlearn’ what they know
about teaching and learning of mathematics. Hegnarmmes at Michigan
State University are designed ‘to surface and ehght’ assumptions by
requiring students to engage with some unfamiliathmmatics (e.g.
permutations) themselves, observe her working avigloung child exploring
the concept and then take on the role of teachexpioring the concept
with someone else, not necessarily a school plipd.reflections of the
students on these courses clearly demonstratdfda ef this ‘unlearning’
on their self-awareness and their beliefs abouhemaatics. One student
wrote:

I’'m learning about mathematics in this class...matfitijust about memorising
formulas — it is knowingvhy a problem is done the way it is...In high school,
[it was] memorising formulas, theorems and defoms. (Ball 1990b, pp. 43-
44)

Research on the Relationship between Subject Knovdge and
Classroom Teaching

If categorising teachers’ knowledge is complexnthging to explore it in
action is even more difficult, quite apart from nmakjudgements about the
relationships between variables such as subjedenmatowledge and pupil
progress. Aubrey (1997) acknowledges this in bemgrehensive review of
the literature on competent teaching performarazgely derived from US
comparisons of expert and novice teachers, bukeartpr ‘the central
importance of disciplinary knowledge to good eletaen(primary)
teaching’ (p.33)

Aubrey’s conceptualisation owes much to Shulmarshetuses a
superordinate category of pedagogical subject kedgé, incorporating
SMK, knowledge about children’s understanding amdlicular knowledge.
Her study set out to investigate teachers’ pedagbgubject knowledge, the
informal knowledge of pupils at school entry andithieachers’
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understanding of what their own pupils know and hbey think about
mathematics, in order to consider the implicatiftonghe mathematics
curriculum in the first year of schooling.

Although the sample for this study was small (feaachers in three English
schools) the qualitative data was fine-grained gaittiered over the course
of one year. Aubrey identified pedagogical sublemwledge through
observation of classroom discourse — the represemsaeachers used, what
they said, did or demonstrated, what the childeed, glid or showed, and
from interviews. These observations in a ‘realtisgtcontrast with both Ma
and Ball's approaches which drew on task-focuseshwews with the
teachers. It is important to note these differenaksough an extended
discussion of measures of effectiveness is beylomdtope of this paper.
Aubrey’s criteria for teacher effectiveness werglernced in qualitative
descriptions of teachers’ behaviours, with onéhefteachers “[displaying]
precisely those teaching behaviours associatdteieffective instruction
literature with higher achievement scores” (p 1i4&)

* systematic presentations of new ideas;

+ reflection on and communication of the resultshofdren’s
investigations

» importance attached to explanations;

* making explicit links between different represeiotas (verbal, concrete,
numerical, pictorial);

» accessing prior knowledge and making links to n#sas (although this
was not always successfully achieved in whole atgssodes).

These behaviours, claims Aubrey, were possibleusecaf the interaction
between the beliefs about learning and strengtheofubject matter
knowledge held by this teacher, enabling her tadioate and use both her
own subject knowledge and the mathematical knovdedgich these young
pupils already had on school entry. Although Aubdel/use pre- and post-
observation interviews with the children, she claiimat it was not possible
to make any link between the identified progrespugdils over the year and
the teaching behaviours of the four teachers.

Pupils’ progress (as measured by test score gams)however, associated
with particular beliefs and the nature of knowledhgéd by the larger sample
(90 teachers, 2000 pupils, 18 case study teacimetisg Effective Teachers
of Numeracy Project (Askew et al., 1997) at KinGallege London.



Although the mathematical focus was narrower thabray’s, the progress
of pupils measured by tests of numeracy beforeadtied the study revealed
that teachers who believed that all pupils coulcbb@e numerate and who
themselves had ‘knowledge and awareness of coralegminnections
between the areas which they taught’ (p. 3) prodiice highest numeracy
gains in pupils. These so-called ‘connectionisdcteers did not necessarily
hold advanced qualifications in mathematics i.€.lé&el or beyond, but
they were more likely to have attended extendedi@aing Professional
Development (CPD) courses. Initial training wascpéred to have little
influence on effectiveness, raising questions abmiamount of time
devoted to mathematics on postgraduate certifioadelucation (PGCE)
courses and the relative contribution of ITT and>d® deepening
understanding.

Doubt about the effectiveness of mathematics sp&isidad earlier been
highlighted in one part of a study of primary PGtt&nees (Carré and
Ernest, 1993) involved a comparison of the teacbingathematics by the
specialists, with that of the whole cohort. Thee'sialist’ trainee teachers
were so designated on the basis of their choisgpedialist training in the
course, which did not necessarily reflect an adgdmathematics
gualification. When classroom teaching performamnas assessed, it
emerged that “there is virtually nothing to distugh mathematicians and
others in teaching mathematics” (p. 161). The sitnavas very different in
the teaching of music (Bennett and Turner-Biss@®3]}, where specialists
were judged to perform at a higher level of compegethan other students.
This was in accordance with the researchers’ egfieas (p. 164), since
music specialist students had been assessed agzaligh level of music
subject-matter knowledge relative to other studemitsle this was not the
case for mathematics specialigis a vismathematics.

At the time when teacher training institutions wezguired to audit trainee
teachers’ subject knowledge, the SKIMA (Subjectkisalge in
Mathematics) collaborative group was establishée. rElationship between
SMK and teaching performance in number as judgeobsgrving tutors
was investigated for cohorts of primary traineesr@everal years. Early
findings that effective classroom teaching of elatagy mathematics was
associated with secure SMK at a level beyond tbmehtary curriculum
was replicated over this period (Rowland, Barbexalkand Martyn, 2003)

Discussion



Of all the elements of teacher knowledge discugséus overview, the
category of subject matter knowledge would seebetthe most
contentious. Primary teachers in England and Wakesequired to have a
minimum qualification (the equivalent of a gradatGhe GCSE
examination taken at age 16) in order to gain eatiy course of teacher
training, but this in itself cannot guarantee cageror connectedness. The
introduction of an audit with its associated listontent was one attempt to
define the knowledge which should underpin succegsimary teaching,
but this was a relatively crude way of addresshgissue and has now been
abandoned. Treating SMK as something which comisd#he preparation
for teaching and which may have to patched up mesway does not give
the message that SMK is a work in progress.

Aubrey’s model, which subsumes SMK within pedagabstibject
knowledge would seem to be a good way forward esihacknowledges the
importance of teaching in the whole enterpriseteAdll, ‘teachers use
mathematical knowledge not so much for the doingnathematics but
rather for the teaching of mathematics.’ (Hodg€l93 p106). Nonetheless,
attention to SMK, would seem to be necessary wittnconsideration of
pedagogy. This is not pedagogy in the general segsewhether a three
part lesson should be used or not, but in lookpegsically at how the
mathematics will be taught. It would also seem ssagy to make sure that
syntactic knowledge, as part of SMK, is not negddt the expense of
substantive knowledge. How should this be doneitral teacher training
and in continued professional development, whitstraling to the affective
dimension of the trainees’ learning? Is there atithse for surfacing and
challenging, and how should this be incorporatéo @am approach which
emphasizes pedagogical subject knowledge?
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