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Following our previous work on diagnostic assessment (also pursued here in papers
by the Manchester colleagues) and argumentation space, we describe our current
work with teachers' inquiry groups working on argumentation practices in
mathematics classrooms. A recurring theme in our analyses is the general and the
particular in relation to teachers' pedagogical strategies. The former is appears to be
transferable, pedagogical practice, while the latter relates to specific content. We
anticipate that teachers professional development will require the development of
tools, accounts and dialogue appropriate to each.

INTRODUCTION

In the presentation [ introduced the symposium and reminded the audience of previous
work in which we built diagnostic instruments which were designed to elicit
significant misconceptions (Williams & Ryan, 2000) and researched the
argumentation spaces of children in small conflict groups (Ryan & Williams, 2001;
Williams & Ryan, 2001). The methodology and approach can be seen in these
proceedings in my papers with Afantiti, Hadjidemetriou & Misailidou, where deeper
explorations are being made into the topics of probability, graphs and ratio. Our basis
in the literature on psychology of learning provides some assurance that we are dealing
with errors which have significance for learning trajectories. Scaling is used to ensure
we can provide teachers with an indication of the difficulty of items, and the likely
ability of children making error responses. (The statistical modelling also helps ensure
validity by drawing attention to the need for interviewing.) Group interviews involving
small groups who gave different answers to the diagnostic items provide us with
evidence that the strategies and misconceptions the tests targeted are elicited in the
form expected, but also with opportunities to explore the dynamics of dialogues.

This latter has been termed exploring the 'argumentation space' in a 'conceptual locale'
(Williams & Ryan, 2001; Ryan & Williams, under review; Ryan and Williams, 2002).
From the analysis of transcripts of arguments/discussions between children and
researcher-teacher we attempt to build a simple chart of argumentation space which
summarises the main productive lines of argument in the context of the diagnostic
item. The reader will find a number of attempts to construct these in Ryan and
Williams, 2001b: "Children's ‘mathematical discussions”, a book for teachers, and
some in NNS materials to be published for ITE shortly. See also our web downloads.
These attempt to provide planning and reparation for teachers to develop a discussion
around the diagnostic item: they are very particular and, in our view, such particular
PCK knowledge is essential to effective management of such a dialogue. Other
artifacts produced from this stage of the research include transcripts, accounts and
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analyses of potentially productive teaching strategies tor developing rich mathematical
dialogues.

In the next stage of our work we are investigating how teachers can develop
mathematical dialogues in their classrooms, and what materials and resources they can
generate that will help their colleagues on a similar journey. These are the research
questions for the groups of teachers we are working with (we use the term
'‘communities of inquiry' or Teachers' Inquiry Groups, or TIGs, after the Children's
Philosophy Movement as described in such as Splitter & Sharp, 1995, and after Wells,
1999). Thus far we have produced a number of general artifacts, including 'rules for
discussion’, 'writing frames' (to help children structure their arguments) and even
alternative generic lesson plans/structures to help 'dialogical' teaching. We believe that
such general pedagogical materials can also be very helpful: evidence is mostly
anecdotal. Thus we hypothesise that particular & general kinds of knowledge may
play special roles in PCK/PK in the practice of teaching mathematics through
dialogue.

METHODOLOGY/METHOD/ DATA

The data we are collecting comprises:

e Observations, video, materials (plans/children's work) from lessons

e Interviews of teachers before or after lessons

e Records of TIG meetings (one Primary, one Secondary).

Since the TIGs are now meeting with the explicit aim of addressing the research
questions, we conceive of this as collaborative, practitioner research ( a group of six of
the teachers are seeking BPRS funding for this 2work next year.) Video observations,
analyses of lessons and discussions of professional practice and dissemination
concerns are shared with the teachers, and it is thereby hoped to close the gap between
research and practice. The method of analysis is interpretative: each successive act of
interpretation generates an account which can stimulate further discussion and inquiry,
which in itself generates the material for further interpretation. The process in a sense
begins with the teachers plan (perhaps following a TIG or some other CPD stimulus)
to teach a 'dialogical’, discussion, misconception-based, maths lesson; this is observed
and or reported and reflected upon, possibly leading to a post-lesson discussion
between observer and teacher, and perhaps a discussion in a TIG; the interpretations
of these may then be discussed in subsequent TIGs. -

SAMPLE OF ANALYSIS AND RESULTS

Carol worked with her year 6 class (11 year olds). She used the developed
methodology (pre-armed with the students’ responses and the charts of argument). She
too reported being anxious about having errors and misconceptions centre-stage and
‘uncorrected’ for the class period. Each group (of 5 students) used rules of discussion
and a writing frame listing the different answers discussed, what they decided was the
‘correct’ answer and why, and whether any disagreement remained. These were
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reported to the whole class and other children questioned them on how they made their
decisions. One group was challenged by the other children on the use of a “vote™ for
resolution!

One group discussing the item ‘Ordering of decimals’ dealt with 4 different answers
in a group of 6 children. The dynamics of the discussion and changes of mind reveal
some complete shifts and some partial shifts that significantly inform the teacher about
the stages of learning for each child (Figure 6). The social dimensions are also
informative (who is persuasive). Nicola and Samantha have made a partial shift by
ordering the 57, the 73s and the 185 correctly. Claire, Scott and Michael have made
complete shifts and report that the argument that “.5 is 'z “ has been persuasive, while
Andrew has actually reported that the persuasive argument was “.5 is .50 (what is
persuasive).

Carol has recently reported that her school is moving towards using setting
(homogeneous) groups in mathematics but is not sure if it is a positive move. “The
point is, in mixed ability (grouping), you have a variety of answers. I'm working with
wrong answers — [ get the children to unpack it all... and it leads to a very good
understanding.”

1. The question was o write the numbers in I didn’t change my mind (Correct order) '

order from smallest to the largest.

2. We discussed the following different answers;

57,7332, 73.5, 73.64, 185 (Andrew) is # so I agreed with him. So I put 73.5 in

I changed my mind because Scott said .5 ’
the middle. (Now correct order)

57, 185, 73.5, 73.32, 73.64 (Claire)
I think the answer really was 57,
73.5, 73.32, 73.64, 185, (No
reason aiven) (Incorrect order)

73.64, 73.32, 73.5, 57, 185 (Nicola & Samanth

57, 73.5, 73.32, 73.64, 185 (Scott &
Michael)

73.64, 185 ... I knew my first answer

I changed my mind to 57, 73.5, 73.32, '
ould be wrong. (Incorrect order)

3. We decided the correct answer was:

57,7332, 73.5, 73.64, 185

I changed my mind because I listened
to Scott'’s opinion and I agreed with
him. (Now correct order)

4. We decided this because

57 is lower than 73 and 185,

Also 73.5 is equivilant (sic) to 73.50

I changed my mind because I realized .5
is 1 half so I swapped 73.32 around with
73.5. (Now correct order)

So 73.5 is higher than 73.32

5. But..... did not agree with this because ..:

She has become confident using errors and misconceptions generally and sees them as
a way of developing differentiated opportunities for children of widely differing
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‘abilities’ around a common task. “It would take away the need for setting.”
Now lJill's lesson: a class of 15 'less able' year 9 children, in very pleasant
accommodation, well-adjusted to the teacher and in good mood. In a lesson on
ordering decimals some weeks earlier the class had tackled the above problem of
ordering based on our previous research and the argumentation analysis we provided,
also benefiting from experience of our record of the above). In this lesson she hoped to
build on this by presenting a more stretching example that omre of our Primary teachers
had trialled with success, namely the ordering of @ mixture of decimals and fractions.
The approach was to collect the children's responses in advance, and them group them
for discussion in ways which allowed them to hear alternative and conflicting
arguments.

After a preliminary activity in which the children were asked to order whole numbers,
(successtully completed), they were asked to:

'Put in order from smallest to largest:

2.02; 20.2, 2, 2.12,

2 and 2/5, 2 and 2/10, 2 and 11/100'

There were no correct answers. A variety of incorrect responses were ditficult 1o
analyse on the spot. We have looked at these many times and been unable to
disentangle and make complete sense of them, though there are clearly elements of the
following:

e 9 children put 2. first: 2 comes first because it’s a whole number;

e the decimals are small and come before the fractions (4 cases);

e 5<10<100 so 2/5 <2/10< hundredths;

e 20.2 is the largest because 20 is bigger than 2 (whole number parts);

e 2 and 11/100 is biggest because 100 is the biggest number around,

e One child converted fractions to decimals such as 2.05, 2.10, and 2.11 got
converted to 3 (11/100 was converted to 1 whole by several children);

e very few included all seven numbers in their answer.

If we ignore the fractions then half the children were correct, which is consistent with
the observation that the earlier ordering activity had been successful in generating
productive discussion. The class proceeded to discussions of the ordering. It was very

difficult to see how their problems could be resolved through discussion in this class.
But a number of interesting misconceptions were voiced during these discussions.

Finally, Jill sought to take them back to “secure ground’, she asks: “Lets throw
something new into the melting pot. Can you remember what %2 is as a decimal
equivalent of /2?’

© BSRLM and others 56



Goodchild, S. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 22(1&2) Feb/May 2002

The children's answers were: 2.5, 5.0, 2.50, 0.5, 0.25, 0.50, ... Jill understandably
looked lost at this point, and the lesson ended with what one TIG group calls 'bail-out,
when the discussion is lacking direction, general pedagogical strategies are needed. In
this case the teacher asked the children to discuss the problem with their parents and
come back to class with comments next day. In the post lesson discussion Jill
described how she had felt:

Jill: [ think .. I felt if I did that lesson again Id order the wholes and then maybe put in
one decimal and then maybe added a fraction, then gone on to made a mix ... my
danger when I was planning this lesson was I thought maybe well never get past the
overhead. if T do that. but T thought ... when I spoke to you and said Id like to have a
go at this and you said ‘yes’ cos I knew it w’d raise so much discussion....with
hindsight, you see | missed my Fridays lesson, and Id have set them up a bit..

Researcher:  maybe started with wholes and decimals?

Till yes Id spend a whole lesson on that ... (later) what I did last time was I gave them
this then I had a couple of days (to think about it) sort them into groups and I knew ..

Researcher:  do you think that’s useful (did that work?)

Jil definitely that worked brilliantly ... 11l know exactly the way they’re
thinking and plan the discussion..

Researcher;  but its more harder to do on the hoof
il definitely ...

The subsequent TIG groups have been discussing general strategies for handling such
difficult situations 'on the hoof', and we have seen several other teachers dealing with
this kind of situation, for instance when an unexpected misconception arises. In a
longer paper we are examining some of these data (Ryan & Williams, 2002).

We believe that our research on diagnostic tools and argumentation spaces has helped
to prepare teachers for some dialogues, and that they will help teachers new to such
dialogical teaching to be prepared for the lines of discussion the children produce. In
cases where teachers creatively develop such questions for themselves, we have seen
how this can lead to difficulties. When a teacher is 'surprised’ by the responses of the
children, and does not have available to hand a content-related strategy for taking the
children's thinking, strategies and misconceptions 'forward', then they may 'fall back'
on general heuristic pedagogical strategies, such as 'dropping it', 'bailing-out', inviting
the children to discuss the problem with their parents, etc.

We think of this as an interplay of general and particular pedagogical content
knowledge (Shulman, 1986): the former is nearer the pedagogical end of a spectrum,
(which it seems to us many generalist Primary teachers are strong on) while the latter
is more mathematically particular. In our TIGs we are looking for dialogue between
Primary and Secondary teachers, around the question 'How can we help our colleagues
learn from the paths we are treading, i.e. in developing strategies that will help teach
through conflict discussion?” We expect to produce accounts and artifacts of various
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kinds which retlect these two kinds of strategy, exemplified in artifacts which might
support colleagues developing both propositional and case knowledge, in Shulman's
sense.
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