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Current mathematics education reform efforts regugachers to learn in the act of
teaching. At the forefront of this challenge arestions concerning the content knowledge
that teachers bring to their work and how this ridgvelop. In order to characterise how
content knowledge is managed to meet the demandsefofm, we investigated the
processes through which teachers constructed, eshaahd negotiated knowledge within
their classrooms. In this paper we report on opeetsof the teachers’ experiences, namely
‘learning to notice’ critical mathematical instasaturing classroom interactions.

Current mathematics education reform efforts reqgtachers téearn in the act of
teaching.Central to those reforms is an awareness of thialrirole of the teacher in
changing the traditional ways in which mathemaltias been taught and learned in schools
(Even, Tirosh & Markovitis, 1997). In the ‘new’ niematics environment students
encounter, develop, and use mathematical ideasshitid in the context of genuine
problems and situations. The teacher’s role ishoose appropriate ways to represent
subject matter, ask questions, suggest activitidsdavelop discussions.

Deficit thinking about teachers’ knowledge that lhaslerscored research on teaching
has changed to building on what teachers alreadyvkiResearch is now beginning to
probe how teachers question, revise and refing,thhes content knowledge and extend
their knowledge to “more powerful forms of classroteaching” (Doerr & Lesh, 2002, p.
130). The provision of new-activity based contewisstudent learning is now understood
to be insufficient for reform to occur. This is bese activity-based instruction can be
devoid of meaning unless the teacher is capabler@fiding students with appropriate
challenges and helping them bring meaning out efattivity. For this to happen what is
needed are opportunities for “teachers engaging thié knowledge and considering the
implications for their instruction” (Rhine, 199827).

The Numeracy Development Project provided thoseodppities within the current
reform in New Zealand mathematics classrooms. Bi71%he Mathematics and Science
Task Force group had called for an initiative tgprove teachers’ professional skills,
knowledge, and confidence (Ministry of Educatior®97). The resulting professional
development project, the Numeracy Development Brdjdinistry of Education, 2001),
acknowledged that:

teacher’'s understanding of subject matter and afagegy are critical factors in mathematics

teaching. The effective teacher has a thorough mstateling of the subject matter to be taught,

comprehends how students are likely to learn, anmvk difficulties and misunderstandings they are
likely to encounter. (p. 2)

Sherin (2002) provides a conceptual framework fodarstanding what effective
teachers actually do in the process of changehé&ni®s formulationlearning in the act of
teachingoccurs as teachers negotiate among “three ardhgiofcontent knowledge: their
understanding of the subject matter, view of cuttim materials, and knowledge of
student learning” (p. 119). Effective teachers dmawa wealth of established routines for
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thinking about and teaching particular subject eratBut rather than just using these
familiar practices, effective teachers apply thkmowledge flexibly (Hattie, 2002).
Specifically, they adapt and modify these familmactices and in turn, these practices
initiate the development of new pedagogical rodirmad new understandings of the
domain. Sherin (2002) refers to thesmntent knowledge complexas “pieces of subject
matter knowledge and pedagogical content knowldalgieare accessed together repeatedly
during instruction [and] become connected” (p.124).

Three classes of interactions of teachers’ corkeawledge were identified by Sherin
(2002) when implementing reform. In a more limitggproach the teach@ansformsthe
reform into his or her own more traditional apptoaRoutines familiar to the teacher are
retained and the delivery of the lesson takes dte gudifferent form than that anticipated
by the curriculum reform developer. Teachers whagform the reform practices make use
of new resources in a limited way, and only insa&arthose resources match their own
beliefs and familiar practices.

In the second case teachadapt they develop new content knowledge and implement
the lesson as planned. These teachers changeb#iliegifs and learn new ways of doing
things but in a limited capacity. It is often a &b student idea that prompts teachers to
reflect on and rethink their instruction” (Schiftd©96, p.130). Whilst those novel student
ideas may initiate teacher questioning and prokahghe same time they do not contribute
to a changed focus or an altered lesson pathwag. challenge to teacher content
knowledge does not substantially change practice.

In the third case teachenggotiate Not only do they develop new content knowledge
but at the same time they make changes in a leasanunfolds in the classroom. This
change can be described as a cyclic process, iohwieachers’ understanding of the
subject matter, their perception of the reform, tvadr views on student learning, all play a
critical part. New content knowledge develops ashers skilfully negotiate amongst these
factors.

It is our contention that support and encouragerftarieachers in this difficult process
of redefining their teaching practice can be predidhrough the development of a
community of learners (Dufour, 2004; Sherin & Y&004). Within the community,
teachers learn to think in new ways, by engagingmd reflecting on, new kinds of
mathematical teaching experiences. Teachers deagl@ititude of enquiry towards their
teaching and an increased awareness of the leabgntial while involved in a
community (Shulman & Shulman, 2004). A “criticallleagueship” develops within an
atmosphere where “members trust each other buhetsame time participate in a
professional discourse that includes and doesvud @ritique” (Wilson & Berne1999, p.
195).

Description of Study

We report on the first year of a two year studyleacher Knowledge. It is one of four
research ‘nests’ situated within a larger projéttmeracy Practices and Chang€he
objective in this initial year was the developmeha small scale supportive community of
learners that includes teachers, facilitators, eegkarchers. It is envisaged that in the
second year more in-depth investigation with tlaehers will take place.

In this first year we focused on questions conecgynihe content knowledge that
teachers bring to their teaching. We explored haw ¢ontent knowledge might develop if
teachers are to manage the more complex demanagooi. Sherin (2002) has argued
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that a key characteristic in promoting changes antent knowledge complexes is the
development of classroom noticing. We want to itigase how, as a result of their own
listening and questioning, teachers began to nati@nges in their teaching behaviours.
We looked at how they transformed, adapted andtragd within the context of their own
mathematics teaching. We asked:

« Did teachers learn to notice? If so,

« How did they learn to notice?

« What did teachers learn to notice?

- Did ‘learning to notice’ have any affect on the deers’ development of content

knowledge complexes?

Design research was used in hope of disentangimghers learning to notice from the
complexity of mathematics teaching (Doerr & Lesb02; Wood & Berry, 2003). We were
mindful of two characteristics of the design expmmt; firstly, the deliberate intention of
an improved process or product. We sought indisatdirased on Sherin’'s (2002)
framework of interactions, of teachers learningnttice and noted how this evolved over
time and across settings. The second importantctaistic of the design experiment was
the multiple cycles of analysis. We were able tgieeer our particular focus on teachers’
learning to notice and systematically study thisrf@f learning. This approach allowed us
to provide support for teachers within the learntogtext through the cyclic nature of the
meetings (Cobb, Confrey, diSessa, Lehrer & Schazoi@3).

A supportive and encouraging community of learnemas critical to teachers’
management of the reform (Wilson & Berne, 1999)y k& the success of developing a
community was the initial building of trust. Thisaw slowly built up as the eight teachers
from three primary schools attended eight meetiagser half or full day, over a period of
eight months. At each meeting teachers discussddtrailed rich tasks and problems
which challenged their content knowledge compleXegh tasks were subsequently
trialled (and videoed) in the teachers’ classroo@are was taken by the researchers in
designing the tasks as teachers taught acrossge k#nclass levels and, consequently,
catering for a range of student ability levels witlthe task provided was a challenge
(Doerr & Lesh, 2003). The tasks needed to promathamge in teaching approach; they
needed to encourage the teacher to negotiate dimengpaching episode and to reveal the
students and teachers current way of thinking.

Each meeting focussed on a number topic, for exangdhce value, fractions, ratios
and proportional reasoning. Questioning techniguee modelled, trialled and discussed
within the problems and rich tasks. The cycle corgd as teachers then trialled some of
these rich tasks/problems back in their own classs) reflected on the outcomes and then
discussed this at the subsequent meeting.

Extensive use was made of teaching video footate sagpplied by the researchers and
from the teachers’ own classroom episodes. Whistvng video footage, teachers were
encouraged to notice significant mathematical msta. Focus was on the ideas children
raised and how the teacher responded; what thisatedl about the students and the
teacher’s maths understanding, the subject comtealved, student and teacher responses
and possible teaching pathways (Sherin, 2000; 20Ré&jlective prompts in supporting
teachers as they learned to notice were used. Tires#pts included: What is important?
Can | understand what is happening here? Whaitsatbase of? (Sherin & van Es, 2003).

Our data collection began early and continued tijinoeach successive meeting with
the teachers. Data sources included:
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« Audio taping of discussions at the meetings,

« Teachers’ journal entries of significant mathenatrnoments between meetings,

+ Videos of classroom episodes as provided by thehera and the researchers,

+ Researchers’ field notes,

« Group discussion following a written questionnaaed

« Taped individual interviews at the completion o tiesearch.
The researchers’ field notes initially providedtamces of teachers learning to notice.
Relevant excerpts from audiotapes of the meeting wanscribed and collated; these were
cross-referenced into teacher profiles and withie@ framework of interactions. Often
these audiotapes included discussion from the vidatthing as teachers became more
acutely aware in their noticing. At the end of tresearch period teachers’ journals,
individual interviews and final group discussionrev@nalysed for anecdotes of noticing
experiences and comments regarding changes inngaabproaches.

Results and Discussion

A snap shot of cases described here is providadytdight the changes in the ability of
our eight teachers in noticing. At the beginningled year the teachers tended to focus on
children’s behaviour and procedural maths when wigwideos both supplied by us and
their own teaching episodes. As the year progressachers became more aware of the
significant mathematical moments as evidenced igir theaching videos and when
reviewing the videos of others. This is illustralyda comment from Mike:

Having a look at the video and seeing how muchirtglkm actually doing. I'm definitely learning
from watching myself in action. | used to thinkshwas a great lesson the kids are getting theghing
out of it, but then when you just mention that notell, you know, | did jump in a bit too much. |
needed to shut up and let the kids do the talkhmgy would have learnt a lot more instead of saying
YES YES YES and me thinking I've done a good lesgord what had they learned? | hadn't even
asked them! And didn’t even talk about them.

Learning to notice was suggested as a key teadmaacteristic in promoting changes
in content knowledge complexes (Sherin, 2002). Agsult of their own listening and
guestioning, teachers began to notice changes eir teaching behaviours as they
transformed, adapted and negotiated within theestrmif their own mathematics teaching.

Responses from the initial interview provided asight into the degree of change
brought about by the earlier numeracy reform foe ¢@acher. Joe appeared to be very
much transforming new materials into his existimggtices. When asked to describe his
maths teaching at the beginning of the year Jqeoreted:

The last two years that | have been teaching | fegsnate enough to go through the Numeracy
Project so that gave me a grounding on the NumeRroject. | was using Numeracy in the
classroom and the numeracy way of teaching buteastart of the year | guess | was using a balance
of pulling out stuff from the numeracy project amsing it in conjunction with what had been done
previously.

Throughout the research teachers varied greathyein ability to notice. This was often
dependent on the demands made on their contentlédge: At one of the meetings
teachers solved the following problem (Fig. 1);
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Shade 6 of the small squares in the rectangle siheaw.

Using the diagram, explain how to determine eadhefollowing:
Figure 1. the percent of area that is shaded
Figure 1. the decimal part of area that is shaded
Figure 1. the fractional part of area that is shaded.

Figure 1 Problem for teachers. (Stein, Schwan-Smith, Hegsgn & Silver, 2000, p.13.)

Teachers discussed how they solved the probleme seene surprised that they were
able to solve it proportionally while Mary and Mijkeho were considered by the group to
be the better mathematicians, struggled and folmeg had to solve C, then use the
algorithm to solve B, and then use this to answer A

Mary videoed herself working with a group of stutdeto solve the problem and shared
it at the next meeting. One student solved it gaikiinking proportionally while two
struggled to apply a formulae. Mary, in the videsed proportional reasoning as a teaching
point; she negotiated with the students, buildimgtieeir current knowledge to develop
further understanding. However she admitted to doeinsure of where she should have
taken the children to next. Mary accessed her otigentent knowledge complexes and
was able to modify them but her lack of deep sulljpowledge meant that she was unable
to fully negotiate a change in her content knowé&edgmplexes.

Continuing with this episode when Mike was viewihg video he recognised a novel
idea offered by a student but suggegtesinext stage of the teaching episode would be to
teach the children how to apply the formuldke, when accessing his current content
knowledge complexes, did not see the need to chhisgeaditional method of teaching
proportional thinking. His content knowledge conxale were challenged but not altered.

Another noticeable change was the teachers’ awsseniethe types of questions they
asked. Teachers were noticing changes in theihireg@s they implemented their lessons.
They were beginning to ask fewer directive questioWhen Joe was asked to clarify a
comment he made about “better questions” his respoms:

Because in a lot of ways, my questioning was diydetding the student to the right answer. | was

in some ways influencing their answer and it wagiving them a chance to think about the ...

Asking better questions and more open-ended qusst®&o why did you think that? What made you

think that? Why are you doing that? How are younddhat? How do you know that’s right? Does
anyone else see that, can you explain it agaivexyene else can see what you're doing?

As Davis (1997) and Stein (2001) highlight, askjast these types of questions does
not ensure teachers are truly scaffolding the lagrof their students. Although the open-
ended questions were an important shift for Jaehiim to be truly involved in a cycle of
negotiation, he needed to be aware of how besbltow-up the students’ response and
hence how to make significant changes in the doeabf the lesson. This involved, for
Joe, both in-depth subject knowledge and pedagogpcdent knowledge.
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Linked closely to this change in questioning waes ¢hange irwait time The teachers
noticed when reflecting on their maths teachingremease in the time they waited for a
student to respond. As they became more confideastmpners, teachers became more
comfortable with allowing the students more timetlhink about and formulate their
responses. Joe responded:

Pause time, giving kids time to answer the questi@ause I'm noticing a lot more what they are
doing with hands, and don't just give them the arste@ push them along. It is often important for
the groups learning to actually stop and listen gimd them time to figure it out and talk about wha
they are doing.

Joe acknowledges the importance of student thinkimd) the importance of allowing
wait time for them to develop and articulate théiinking. However he did not
demonstrate an awareness that his own lesson megkltto change course in situ.

All teachers volunteered that their planning hadch@ange. Teachers became more
adaptable in their teaching and no longer needetib@re strictly to formal planning and
lesson delivery of the past. This recognition itates a progression towards a more
adaptable approach to teaching, with teachers mtpwhemselves scope to negotiate,
rather than transform new material into an existearhing approach. Mike comments:

I won't plan the whole week now. I'll just plan tag, and | will have an outline of what we will
focus on for the week, but I'll just plan a day ahdn after we've done that I'll look at what we'll
do the next day ...I still actually use the NumerBopks, more as guidance now, where as before |
was using them more like a programme. We have mdéwe problems and use that as a guide, what
things can | do with different groups.

However all teachers expressed an uncertainty frotrknowing ‘where to next?’ To
negotiate successfully teachers need to demonstrsigmificant change in the direction of
the lesson (Sherin, 2002). This uncertainty of ‘veh® next?’ indicates that perhaps very
few of the teachers in the study were fully nedotatheir way through this mathematical
reform.

It is probably my skill of knowing “where to nextThey will come up with something and | will
think that isn’t in my lesson plan, but where shedl take that next? Kind of thing. Because it it no
prescriptive as such, being aware and consciowghaf questions | am going to ask, and if they
come up with something else what am | going toftler hat? Especially if they go out on a tangent,
it is quite good learning to go on that tangensoAlwhere are we going to go to next if we have
learned that key concept we might learn it in dedéint way or use different numbers and | am
thinking what are we going to do after that? [Rdiche

Rachel's concern indicated a possible lack of depther content knowledge, both
subject knowledge and pedagogical content knowle®je was conscious that the
teaching pathway for her was not apparent. Yethsttemade great strides in that pathway
by learning to notice in the classroom.

Joe summed the change in learning to notice ofethehers when he said:

Something that I've learned this year is that yan tet the children guide a lot of the learnintg it

OK to stop and smell the roses a little bit. If sthing comes up, that's a great little teaching

moment — go for it — grab it — even if it goes off a tangent somewhere, rather than having to just
stick to the book- close the book — someone’s nbup that idea so let’s talk about that.

Summary

If teachers are going to provide students with appate mathematical challenges and
assist the students to gain meaning, they needetablte to access their own content
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knowledge whilst engaged in the act of teaching trrucial teachers are able to notice the
significant mathematical moments and respond apjartedy. As the teachers involved in
this research learnt to notice it became clear ttmatimpacted on other aspects of their
mathematics teaching. All commented on how thegstjoning had become more open-
ended and how this in turn affected their plannifhgachers changed their planning to
highlight the major concepts to be developed.dbaave them the confidence to be more
flexible and cater for student ideas. During teaghihe teachers allowed students more
time to think and whilst involved in this wait timeéhey were actively watching the
students to gain clues into their thinking and usteding.

Sherin suggests that “emphasis on understandingltlas that students offer is one of
the hallmarks of mathematics education reform” @Q0® 84). Teachers need to adapt to
ideas the students raise in class and thereforelisies to those ideas, access their content
knowledge complexes to decide how best to prockethis process they will consider
their own mathematical understanding and their Kadge of the students’ learning. If
their understanding is insufficient they will bealnte to complete the cycle of negotiation
that will allow changes to their content knowlediyethis research teachers indicated how
the lack of depth in their content knowledge comreteimpacted both on their ability to
notice and knowing ‘where to next’. The investigatiset the scene for a deeper probe of
teachers’ content knowledge surrounding reformtmes.
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