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Quality Teaching in Mathematics K – 6:  perspectives on
classroom-based research and teacher professional learning

in PSFP primary schools.

Background
The NSW Priority Schools Funding Program (PSFP) assists schools with high
concentrations of students from low socio-economic status (SES) backgrounds to
reduce the achievement gap between these students and the full cohort of
students in NSW schools. Funding for PSFP is provided by the Commonwealth
via the Strategic Assistance for Improving Student Outcomes Program and the
NSW State Government. The program is underpinned by principles of equity and
social justice and focuses on literacy, numeracy and participation as the most
critical requirements for student achievement across the full range of education
and training outcomes. Schools on the program receive additional funding,
staffing supplementation and the support of consultants and community
development officers.

An important part of the role of PSFP consultants is to provide professional
support for teachers in PSFP schools from Kindergarten to Year 12 to improve
students’ learning outcomes. This paper describes classroom-based research
undertaken by two PSFP consultants, based at the Fairfield School Education
Area (SEA) in the South-western Sydney Region and the Shellharbour School
Education Area in the Illawarra and South Coast Region, in collaboration with
classroom teachers in PSFP primary schools. The research takes an action
learning approach to developing and evaluating approaches to enhance effective
implementation of the working mathematically strand in the Mathematics K – 6
Syllabus (NSW Board of Studies (BOS), 2003).

This paper draws on the collaborative development of the Co-operative Problem
Solving (CPS) model by consultants and teachers working in PSFP schools
(Johnson, 2002). The CPS model was designed to assist teachers to refine the
teaching and assessment of the working mathematically outcomes by providing
students with modelled questions linked to each of the working mathematically
processes. It builds on the research background underpinning the CPS that
established important links between talking and listening, co-operative learning,
reciprocal teaching and the importance of reflective language in the teaching of
primary mathematics (Johnson & Cupitt, 2003).

Rationale
Our involvement in supporting a significant number of PSFP primary schools over
the past eight years (comprising two quadrenniums of PSFP funding) indicates
that a key factor impacting on the teaching of primary school mathematics is
teachers’ confidence in their own understanding of mathematical concepts and
problem solving processes. While many experienced and effective teachers with
whom we work have a sound grasp of literacy concepts and processes for the
teaching and assessment of students’ achievement in reading and writing, their
approach to and confidence in the teaching of mathematics is often based on their
own experiences as mathematics learners.

This is not to say that teachers are not open to new ideas or unwilling to make
new connections. The teachers involved in the collaborative development of the
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CPS model were quick to see the strong links with talking and listening in the
working mathematically outcomes and processes. They also appreciated the need
to model appropriate language for students in PSFP schools in order to scaffold
them into asking questions to assist with the process of solving open-ended
problems. However, we have still noted reluctance for teachers in general to
involve students in genuine mathematical inquiry and believe that this is due to
low confidence levels about “letting go” of the content in mathematics lessons.

In NSW some of this reluctance can be explained by the way in which the
mathematics syllabus has been introduced and the significance of the working
mathematically strand of the syllabus.  The outcomes statement for the previous
syllabus was released some time after the syllabus document, which was first
introduced into primary schools in 1989. Teachers were already implementing the
content of the space, number and measurement strands when the outcomes
statement, which included the working mathematically outcomes and indicators,
was released to schools. This meant that teachers were required to rethink the
way they were teaching mathematics, since the intention of the syllabus was that
these outcomes should be addressed concurrently with the content of the other
syllabus strands. The recently introduced Mathematics K – 6 Syllabus (BOS 2002)
continues to stress the importance of working mathematically as a “process
strand” (P.9) which needs to be integrated into the “content strands” of number,
patterns and algebra, data, measurement and space and geometry. In order to
effectively teach and assess this strand of the syllabus, teachers need to shift
their classroom practices away from an exclusive focus on computational
accuracy and towards a focus on deeper understanding of mathematical concepts
and relationships (Kazemi & Stipek 2001). While many teachers are exploring the
use of open-ended questions and encouraging students to describe the strategies
they employ when solving mathematical problems, it is more “pedagogically
challenging” to engage students in genuine mathematical inquiry and move into
areas which do not come easily to them (Chazan & Ball, 1995; Fennema et.al.
1996 in Kazemi & Stipek 2001).

This challenge is exacerbated if teachers have had no experience of a classroom
focused on discourse and mathematical inquiry in their own mathematics learning.
Research commissioned by the NSW Disadvantaged Schools (DSP) Program in
1999 investigating literacy in the teaching of secondary mathematics confirms that
pedagogy in secondary mathematics classrooms has tended to focus on “direct
instruction of content followed by discussion and consolidation and practice”
rather than incorporating “practical work, problem solving and investigational work
in conjunction with the use of open-ended questioning and co-operative
groupwork” (Dawe et al 1999, P. 26). While this research focuses on secondary
mathematics teachers, it has implications for primary classrooms. Many primary
school teachers were taught mathematics in classrooms where the textbook was
the main resource. If they have had limited exposure to open-ended questions,
practical approaches or reflective practice in the teaching of mathematics, these
elements will be unlikely to become part of their own pedagogical repertoire.

 This is an important area to consider for our work in PSFP schools due to its
implications for access and equity. Research into the equity implications of
mathematics classroom practice (Tranter, Verrall & Zevenbergen 2001) suggests
that many students do not have equal access to success in mathematics because
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particular classroom practices result in unequal opportunities for particular groups
of students to achieve success.  Their work focused on teachers’ expectations of
their students, and ways that their decisions about teaching and learning
(particularly relating to the use of open-ended tasks) contributed to the inclusion
and/or exclusion of students in mathematics. In considering the theories
underpinning the way teachers approached the teaching of mathematics, these
researchers concluded that the adoption of either a behaviourist or constructivist
approach was most likely to impact on teaching style and classroom environment.
They proposed that a teacher taking a constructivist approach would be more
likely to use open-ended tasks, while a behaviourist approach would be more
likely to result in classrooms characterized by high levels of discipline and teacher
control.

While agreeing that teachers may subscribe to a particular philosophy in their
playing out of classroom practice, we would argue that the issue of teacher
confidence is a more critical factor in determining ways that they approach the
teaching of mathematics. If current mathematics reforms are to be effectively
implemented teachers need to consider substantial changes to their role in the
mathematics classroom in order to “responsibly and effectively shift more
authority and autonomy to students” (Chazan, D. & Ball, D., 1995, P. 1). This must
go beyond the creation of “maths groups” or the introduction of concrete
materials. While we have observed many classrooms in PSFP primary schools
where students are grouped for mathematics lessons, much of the work they are
involved in is activity-based and directed by the teacher. Students are seldom
encouraged to think outside a particular activity and there is little emphasis on
investigating concepts, finding alternate solutions and sharing ideas with the rest
of the class. The teacher is mainly seen as the source of knowledge and valued
classroom talk. To meet the diverse needs of students in PSFP schools teachers
must create regular opportunities for sustained oral interactions where a range of
language structures can be modeled and scaffolded. Some students will fail to
grasp key ideas if they do not have an opportunity to talk them out as they learn.

The work undertaken in the area of mathematics education reform leading to the
development of a “math-talk learning community” (Hufferd-Ackles, Fuson &
Sherin, 2004) outlines the need for teachers to change their traditional practices
so as to develop a discourse community in mathematics classrooms. A discourse
community involves mathematics classrooms “in which the teacher and students
use discourse to support the mathematical learning of all participants” and where
“a primary goal ……is to understand and extend one’s own thinking as well as the
thinking of others in the classroom” (Hufferd-Ackles et al 2004, P. 82). Of
particular significance is the fact that this research is underpinned by Vygotsky’s
work on the learner’s zone of proximal development, where learning occurs when
scaffolding is provided at key points. The teachers who participated in the study
received assistance in various forms in order to expand their own understanding
at the same time as the students were assisted to take on new roles within the
discourse community. In a similar way, the support we provided to the primary
school teachers with whom we worked aimed to move them through their own
learning zones of proximal development by increasing their understanding of the
nature of mathematical concepts and relationships. We were interested in
enhancing teacher confidence in supporting students to engage in open-ended
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problem-solving activities and encouraging them to explore mathematical
processes rather than focusing only on computational accuracy.

Quality Teaching in NSW Public Schools

The Quality Teaching in NSW Public Schools discussion paper (DET, 2003) is
currently a major focus across the state. The paper was developed by Dr James
Ladwig and Professor Jennifer Gore from the University of Newcastle in
consultation with the NSW Department of Education and Training to “focus and
support the work of school leaders and teachers in addressing teaching and
learning in NSW public schools as a long-term strategic priority” (DET P. 3).The
NSW model is underpinned by the characteristics of effective pedagogy described
by Newman in Authentic Pedagogy (Newmann et al, 1996) and the work of the
Queensland School Reform Longitudinal Study (Education Queensland, 2001)
around productive pedagogy.

The discussion paper identifies “generic qualities of pedagogy that have been
successfully applied in a range of school contexts and are shown to lead to
improved student learning” (DET 2003, P. 4-5). These qualities are categorised
into the three dimensions of intellectual quality, quality learning environment and
significance. Each of the dimensions contains six elements outlined in Table 1:

Table 1: The dimensions and elements of the NSW model of pedagogy

Intellectual Quality Quality Learning
Environment

Significance

Deep knowledge
Deep understanding
Problematic knowledge
Higher-order thinking
Metalanguage
Substantive communication

Explicit quality criteria
Engagement
High expectations
Social support
Students’ self-regulation
Student direction

Background knowledge
Cultural knowledge
Knowledge integration
Inclusivity
Connectedness
Narrative

Quality Teaching in NSW Public Schools Discussion Paper (DET 2003 P. 9)

The discussion paper was released in May 2003, so had not been developed at
the time when we began the work with teachers described in this paper. However,
in relation to the teaching of mathematics, it has become increasingly apparent to
us that there are strong links between the dimensions and elements of the model
and the effective teaching and assessment of the working mathematically
outcomes. As our collaborative work with teachers in primary school mathematics
classrooms developed, we began to make explicit connections between what was
happening in these classrooms and the dimensions and elements of the model.

It should be noted here that the NSW model of Quality Teaching has particular
relevance for teachers in PSFP schools because of the centrality of the dimension
of intellectual quality to the framework. The research underpinning the
development of the NSW model clearly demonstrates that “pedagogy focusing on
high levels of intellectual quality benefits students, whether they are high or low
achievers (or) from backgrounds typically identified as disadvantaged” (DET, 2003
P.7). PSFP schools have traditionally had a strong focus on developing a quality
learning environment for students but in some cases this has been at the expense
of ensuring students are engaged in work of intellectual quality. Similarly there is
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general acceptance that teachers in PSFP schools need to “link the work of their
students to personal, social and cultural contexts outside of the classroom” (DET,
2003 P.7) by incorporating elements of the dimension of significance into their
pedagogy. The NSW Quality Teaching model clearly outlines the importance of all
three dimensions in order for students to benefit from work of high intellectual
quality.  Consequently we felt that it was important for us to assist teachers to
identify where we observed links to particular elements of the model in both their
teaching practice and in the modelled activities we introduced.

It is possible to see very clear connections between the working mathematically
processes and the quality teaching elements. A number of schools and
educational consultants have made similar connections and begun to track them
in different ways and we acknowledge their contribution to the development of our
own thinking outlined in Table 2.

Table 2: Relationship between the working mathematically processes and
    the elements of the NSW Quality Teaching model

Working Mathematically
process

Quality Teaching
Elements

Observation

Questioning:
Students ask questions in
relation to mathematical
situations and their
mathematical experiences

Deep knowledge
Substantive
communication

Where students are engaged in
discourse-based inquiry they
contribute to the construction of deep
knowledge by asking questions and
engage in sustained conversations
about mathematical concepts

Applying Strategies:
Students develop, select and
use a range of strategies,
including the selection and
use of appropriate
technology, to explore and
solve problems

Deep understanding
Higher order thinking
Problematic knowledge

Students’ ability to select and apply
appropriate strategies to solve
mathematical problems demonstrates
deep understanding of key concepts,
involves analysis and synthesis of
information and assists them to
construct their own understanding of
mathematical processes

Communicating:
Students develop and use
appropriate language and
representations to formulate
and express mathematical
ideas

Metalanguage
Substantive
communication
High expectations

When teachers and students engage
in discourse about mathematical
processes they are commenting on
the symbolic language of
mathematics, engaging in sustained
conversations and valuing conceptual
risk taking

Reasoning:
Students develop and use
processes for exploring
relationships, checking
solutions and giving reasons
to support their conclusions

Substantive
communication
Higher order thinking
Problematic knowledge

When students articulate their
mathematical thinking they engage in
sustained conversations about key
concepts, analyse, synthesize and
evaluate information and construct
their own understanding about
mathematical concepts

Reflecting:
Students reflect on their
experiences and critical
understanding to make
connections with, and
generalizations about,
existing knowledge and
understanding

Deep understanding
Substantive
communication
Background knowledge
Knowledge integration
Connectedness

When students reflect on what they
have learnt and make connections
with existing knowledge they
demonstrate deep understanding of
mathematical concepts and
processes, make links with their
previous understandings and apply
school knowledge to contexts outside
the mathematics classroom

 Adapted from the work of Christine Murray, Mathematics Consultant, NSW DET, Sydney Region
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Further, it is clear that in mathematics classrooms where students are encouraged
to explore open-ended problems and contribute to discourse around mathematical
investigations there is more scope for pedagogy to be characterised by high levels
of engagement, connectedness and inclusivity and for teachers to value the
background knowledge students bring to the classroom. In developing the CPS
model we noted the importance of considering context in problem solving (Kouba,
1999 in Johnson & Cupitt, 2003) and this remains critical for teachers in PSFP
schools where it is important to acknowledge the diverse range of backgrounds
and contexts students bring to the classroom. Teachers also need to take into
account the inferential thinking students may bring to particular problems and
ensure that students maximize opportunities to talk out their own interpretations
based on context and background.

Methodology
The co-researching model (Figure 1) utilised in our research provides a
framework for the way PSFP consultants, classroom teachers can work together
to improve students’ learning outcomes.

Figure 1: Co-researching Model

Reflection

Reflection Reflection
   Consultants

                     
       Teachers

                                                    Students

Reflection Reflection

    
Explicit teaching of key concepts,
skills and strategies and access to
research and ideas so deep
knowledge can be jointly constructed

Modeled, guided and independent
practice of skills leading to high
expectations of achievement of
outcomes

Opportunities for substantive
conversation to reflect on
observations, debrief and plan
what needs to be taught next

Accessing background
knowledge, building on prior
learning and connecting with the
world outside the classroom

Consideration of appropriate ways to
demonstrate deep understanding
(including a range of assessment
opportunities)

Collection of qualitative and quantitative
data to validate action and document the
learning of all (inclusivity)
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This model incorporates the principles of action research and many of the
elements of the Quality Teaching framework and we believe it offers the potential
to contribute to changes in classroom practice that have a positive impact on
student learning outcomes. It also provides a structure for ensuring that the
learning of all participants in the process, including the consultant, is ongoing.
Reflection as a tool for learning needs to occur at all stages of the process, which
is not necessarily sequential, but constructed according to the needs of those
involved and the context in which learning is occurring. Consultancy support may
be accessed at all stages, but a “buddy” or mentor within the school could also
provide professional support at any stage of the model.  A critical strength in this
model in terms of enhancing teacher confidence lies in its emphasis on modeling
classroom practice, team teaching, observation of students and guided reflective
dialogue following lessons.

We would like to acknowledge that the model might well include parents at the
centre, as the role of parents and carergivers in students’ learning is a critical
factor in the education of all students, but particularly those from low SES
backgrounds. The work described in this paper has not explicitly included parents
as co-learners at this stage because of its focus on building teacher confidence.
We felt that it was important for the focus of our work to be on the roles and
relationships of teachers and students in the mathematics classroom.

The collaborative work described in this paper was undertaken in four PSFP
primary schools. While the particular focus in each of the schools arose from
different circumstances and came about for different reasons, it is characterised
by some common elements provided by the questions we asked teachers and the
use of the CPS model.

Teachers were asked to reflect on the following questions to provide a frame for
our collaborative work in the classroom. Their responses are documented within
each of the “school stories” below:

1. How do teaching and learning activities in your classroom provide
opportunities for students to demonstrate achievement of the working
mathematically outcomes?

2. What assessment methods do you currently use to assess these
outcomes?

3. How do you use samples of student work to reflect their achievement of the
working mathematically outcomes?

4. What is your ”vision” for the students in your class in terms of their ability to
solve problems in mathematics?

Exploring Mathematical Investigations Involving Number and 2D Shapes in
Early Stage 1 and Stage 1 Classrooms

Cabramatta West Public School

Cabramatta West Public School is a PSFP school situated in the Fairfield School
Education Area in south-western Sydney. It has an enrolment of approximately
615 students K – 6, 93% of whom come from a non-English speaking (NESB)
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background. The school services an area largely populated in the first instance by
newly arrived migrants, many from a refugee background, but also experiences a
high level of transience as families tend to move out of the area after they become
more established. Like many PSFP schools, the staff includes significant numbers
of newly-appointed and casual teachers as well as English as a Second
Language (ESL), bilingual and Community Language teachers. This presents a
number of challenges in the area of teacher professional learning.

To meet the needs of this diverse school community, Cabramatta West PS has
developed an innovative model for staff professional development utilising the
staffing supplementation and school grant provided by the PSFP and integrating
other forms of support available within the school. The Deputy Principal is
released from class to co-ordinate a comprehensive internal program to identify
needs and deliver appropriate support to all teachers. This may take the form of
release time for individuals or groups of teachers to attend professional learning
activities either within or outside the school, to work with Stage supervisors or
access support from educational consultants.

As part of this structure, I was approached in 2003 to work with three Year 2
(Stage 1) teachers and the Assistant Principal who was their supervisor. This
group was selected partly because all three teachers were in their first two years
of teaching. The school has a strong commitment to a team approach that
encourages young teachers to work collaboratively with a mentor. This team
wanted to explore the implications of explicitly teaching talking and listening skills
through the mathematics KLA, an area reflected in two of the school’s targets for
2003:

! to improve teachers’ understanding of the processes children undertake
when learning mathematics

! to increase teacher understanding of how to explicitly teach talking and
listening utilising the KLA of mathematics.

The starting point for our work was an overview of the action learning process and
explanation of the co-researching methodology (Figure 1). The teachers were
then introduced to the CPS model and discussed the links between talking and
listening and the working mathematically outcomes and processes. They agreed
that they would like to explore the model with their Year 2 classes and an
implementation plan was collaboratively developed. This plan was also informed
by the responses of the teachers to the questions included in the methodology
section.

The teachers were able to provide a range of examples of strategies they were
using to provide opportunities for students to demonstrate achievement of the
working mathematically outcomes. These included trading games to support
addition, hands on tasks, questioning activities to reinforce concepts about shape
(teacher thinks of a shape and students frame questions to assist them to identify
it), looking for 2D and 3D shapes in the classroom and school environment and
talking about their properties. In common with practice in many primary schools,
students’ worksheets were often photocopied or even photographed with a digital
camera and sent home as work samples demonstrating achievement of the
outcomes. These teachers were also concerned that many of their students
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attend mathematics tutoring programs outside the school where they learn by drill
and are not encouraged to think or talk about the strategies they are using. The
teachers agreed that their current practice in assessing the outcomes did not go
far enough and were keen to explore ways to expand their thinking. They wanted
their students to gain confidence in selecting and using strategies to solve
problems and to be able to articulate their thinking using appropriate mathematical
language.

It was decided that I would visit each of the Year 2 classrooms on a fortnightly
basis during Terms 2 and 3 to model ways of teaching the students some problem
solving strategies and introduce them to the CPS questions. We agreed to
concentrate on problems associated with the number and shape strands of the
syllabus, and where possible to make connections with topics the students had
been learning about in other KLAs. Time for feedback and reflection after the
lessons was also set aside.

Initial lessons concentrated on modelling of open-ended problems to encourage
the students to formulate some questions they could ask that would assist them to
identify and apply a strategy to find a solution (this was in keeping with the
intention of the CPS model, where the questions provided are examples only). It
was also important to have students think about what existing knowledge they
could tap into to help them solve a problem and to consider ways of recording
their thinking as they worked. They could then draw on this when participating in
the whole class guided reflection phase of the model. We decided to identify and
teach the students four strategies – using a table, making a list, drawing a
diagram and “guess and check”. There was a strong focus throughout the project
on modelling appropriate mathematical language for the students and an
expectation that they would use this language not only when engaging in whole
class reflection but also in their groups while working on the problems.

The lessons began with the students on the floor so the problem could be
presented to the whole class. Students were encouraged to ask questions about
the words in the problem and the context of the work before moving into their
groups. The diverse backgrounds of the students made it essential to clarify their
initial understanding and share experiences relating to the problem – for example
a number-based problem utilising the concept of a dartboard may have confused
students if playing darts was outside their cultural experience. The students then
moved into groups to work on the problem. During this part of the lesson we were
able to observe the students’ ability to use the strategies we had taught them and
to listen to the language they were using to talk about the problem. Time was
always set aside at the end of the lesson for guided reflection, so students were
able to listen to each other talking about the strategy they had used and their
solution to the problem. This is a critical element of the CPS model because it
reinforces for students that there is often more than one way to solve a problem
and may be more than one correct answer. Students were also encouraged to
move into using more reflective language by identifying and commenting on some
of the mathematical concepts related to the problem in each lesson.

A feature of the work at Cabramatta West was the integration of ideas across
KLAs. The students were studying insects in a unit of work entitled “Minibeasts”
as part of their work in the Human Society and its Environment KLA, so the
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teachers were keen to utilise their knowledge of and interest in this topic as part of
the work on problem solving. We presented the students with the following
problem:

I went into the garden and saw 100 legs.
How many different minibeasts could there be?

This proved to be an effective strategy for engaging the students as it allowed
them to bring their background knowledge and prior experience to the problem
solving process. It also provided teachers with opportunities to listen to the
language students were using about the topic they had studied as well the
mathematical language associated with the problem.

As the project progressed and the students became more confident with the
processes they needed to go through in solving problems, the teachers took on a
stronger role in talking to the students about what they were doing and guiding
their work through questioning. They had agreed to reinforce the concepts taught
in these lessons in class during the intervening fortnight and the students’ grasp of
the strategies and processes that had been modelled for them as the project
progressed confirmed that this was occurring.

At the end of the project the teachers were invited to provide critical feedback
about their involvement and its impact on students’ learning with a particular focus
on identifying opportunities to enhance their assessment practices.  They agreed
that the focus on questioning and using appropriate language demonstrated in the
shared lessons would make it much easier to assess the working mathematically
outcomes and were particularly interested in considering ways to document their
observations of students as they engaged with the working mathematically
processes.

Fairvale Public School
Fairvale Public School has an enrolment of approximately 552 students and is
situated on the outskirts of the Cabramatta area of south-western Sydney. About
90% of the students come from a non-English speaking background. The school
has a strong commitment to professional learning and utilises data on student
learning to identify focus areas for staff development. In 2004 the school decided
to move to a focus on improving students’ numeracy outcomes and I was asked to
present a workshop around the CPS model. My offer to work more closely with
interested teachers resulted in a response from one of the Kindergarten teachers
to explore some of the elements of the model with her class. The school has
developed an exemplary Kindergarten orientation program with positive outcomes
for Kindergarten students settling into school routine, so this was an excellent
opportunity to explore the possibilities of conducting mathematical inquiry with
students in Early Stage 1. This teacher acknowledged that she had not really
given much thought to assessing the working mathematically outcomes but was
very interested in exploring ways to enhance her students’ confidence in using
mathematical processes to solve problems.

In collaboration with this teacher and drawing on the experiences of working with
teachers at Cabramatta West PS, we decided to begin by introducing the concept
of conducting a mathematical investigation and recording data using a table. I had
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not previously explored this approach with such a young group of students and it
must be noted that the project at Fairvale was characterised from the start by the
principles of action learning, since we had no clear ideas about how the students
would respond to the material we were introducing. Each stage of the project was
determined by the students’ responses to the activities and ideas presented in the
previous stage, and the teacher quickly took equal responsibility for the sequence
of teaching and learning by building on the ideas I suggested and expanding her
repertoire of modelling appropriate language, questioning and reinforcing key
mathematical concepts.

Because the class was looking at 2D shapes, our initial focus was on encouraging
the students to use a table as a strategy for sorting using two criteria – colour and
shape. The students worked in pairs to sort red, blue and yellow plastic triangles,
squares and circles onto a table. This activity was extensively modelled with the
students at the start of the lesson. An important part of the process was to model
appropriate language for the students, since we ultimately wanted them to use
these terms when reflecting on their data. We engaged the students in an
extensive discussion around the meaning of “investigation” and they were able to
relate this concept to their background knowledge about “finding out” about
something. We were also initially surprised to find that a number of students were
able to identify some key terms such as “row” and “column”, which allowed us to
explore the metalanguage associated with the purpose of a table as a tool for
organising information.

A key part of the work was to encourage the students to use reflective language to
describe the process they had gone through, and the results they had obtained by
conducting the investigation. We asked them to “tell us something about their
results” and modelled the way a sentence could be structured to include all the
relevant information. Typical responses were on my table there are four blue
triangles or I have three red squares on my table. This was a useful way to
introduce reflective language as the students were able to build extensively on
this process at later stages.

It became apparent quite early that there were so many possibilities associated
with the collection and recording of data using tables that this would become the
main focus of our work. The intended focus on assessing the working
mathematically outcomes did not get lost – the teacher acknowledged very early
in the project that the type of work the students were engaged in would make it
much easier to “capture” the language the students’ were using to talk about their
mathematical investigations and link these to the outcomes.

The students next carried out a mathematical investigation involving working in
pairs to collect and record data about the results of throwing a dice 20 times. We
provided them with a tally sheet using “smiley faces”, which they coloured in each
time they threw a particular number. They then transferred this information onto a
table by colouring in the appropriate number of squares for each of the numbers
from one to six (these numbers were represented by dots in the same
configuration as those on the dice). All of this information was on a single sheet to
assist the students to keep track of their information. This was a very demanding
activity for such young students, but the teacher was confident that they could
manage it with support. We observed that all the students were able to record
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their results by colouring in the faces but some were not immediately able to see
the relationship between this part of the process and the table. This was not
surprising as the second part of the activity required a command of higher order
thinking skills that may have been outside the zone of proximal development of
some of the students. However, with our support and the scaffolding provided by
the structure of the worksheet, most of the students were able to engage with the
activity at some level and importantly, several students were able to complete the
work independently. When we asked the students to share their results in the
whole class reflection session, we quickly realised that some of them were not
aware that the information was actually on their recording sheet rather than “in
their head”. The teacher observed that this was particularly evident with those
students who were generally the first to volunteer answers. We were able to guide
these students through this problem, but felt that it raised some critical questions
about students’ willingness to take risks with their learning when faced with
situations outside their previous experience as well as the assumptions teachers
make about students’ thinking.

The series of lessons culminated in an activity that aimed to explore the students’
grasp of the concepts we had introduced about collecting and recording data (it
was also a “fun” way to conclude the project). We told the students that we were
going to construct a “human table” by having them sort themselves into “rows”
and “columns” on the floor. The class had recently been on an excursion to
Fairfield City Farm so we initially used photographs the teacher had taken of
different farm animals and asked the students to identify their favourite animal by
sitting in a row behind one of the photographs. We then asked different students
to record this data on a large table by colouring in a square to represent each of
the students in the column. This proved to be a popular activity so we repeated it
using the students’ favourite colours. The students were able to see the
relationship between the “human table” and the recorded data and were all keen
to be chosen to do the recording. Finally we decided to revisit the topic of 2D
shapes and asked the students to select their favourite shape from a choice of
square, circle, triangle and rectangle. It was interesting to note that the triangle
column was by far the most popular. We concluded by asking several of the
students to share their reasons for choosing triangles as their favourite shape.
The responses indicated that at least some of the students had grasped the key
concepts relating to the properties of 2D shapes (I like triangles because they
have three sides/ “pointy” edges) but by far the most impressive reason was that a
shape is always a triangle if it has three sides no matter what size they are.

Exploring Mathematical Investigations Involving Chance and Data in Stage 2
and Stage 3 Classrooms

Bodalla Public School
Bodalla Public School is a PSFP school on the south coast of NSW. At the time of
this research project it was also a Country Area Program (CAP) school. The
school draws students from small coastal villages and rural holdings as well as
the township of Bodalla. There is a significant Aboriginal student population. The
feeder high school is in Narooma about 15km away. Targeted students attend the
high school’s maths program and there is close interaction between the high
school and its feeders involved in the maths program. Initial discussion with the
school’s six classroom teachers resulted in the two Stage 3 teachers being able to
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take part in the research. An initiative of CAP was to engage all schools in
increased use of co-operative learning strategies with a focus on higher order
thinking. This was also a whole school development initiative.

The research project targeted two Year 5/6 (Stage 3) classes. Both classroom
teachers were interested in researching more effective use of concrete materials
(particularly in the areas of chance and data), observation of working
mathematically processes with a view to being better able to assess them, the
role of talking and listening in the mathematics lesson and, as result of the whole
school CAP project, application of cooperative learning strategies and group work
skills in their students. Both teachers responded to the research questions and
were keen to map out a series of classroom visits interspersed with classroom
learning activities to reinforce and expand the outcomes of the demonstration and
co-teaching lessons. We were also interested in exploring how the research
methodology impacted on increasing and improving the teachers’ mathematical
content knowledge and whether this would lead to enhanced teacher confidence
in engaging students in mathematical inquiry.

Classroom visits occurred approximately each fortnight. This allowed for a series
of five demonstration and team teaching lessons separated by timetabled lessons
to reinforce processes and expand on content areas. On each school visit time
was put aside for reflection, debriefing and discussion of what had been observed
in the demonstration lessons and how this would be built on before the next visit.

Both teachers indicated that any opportunity for students to demonstrate their
achievement of the working mathematically outcomes was incidental and that
while they recognised the importance of providing learning activities which
focussed on these outcomes there was insufficient planning in their lessons to
cater for it.

The demonstration lessons centred on the explicit teaching of a range of problem
solving strategies (listing outcomes, using a table and, as the problems increased
in complexity, tree diagrams) which were then applied to a series of practical
probability lessons consisting of some groups tossing two coins while other
groups rolled two dice. (Later demonstration lessons focussed on the need to
expand the repertoire of problem solving strategies to take into account increasing
complexity when three and four coins and dice were used). In addition, the CPS
model was introduced and through modelled and guided practice was built into
the lesson structure. The emphasis was on recording data collected through
repeated experimentation followed by whole class aggregation of results. Through
student discussion, comparison of their experimental results with the expected or
theoretical results was made. The mathematical content focussed on binomial
theory and its application to a range of two outcome events. This proved to be a
fertile area as the students were exposed to a range of contextually significant
problems such as family structure, computer switching and a range of industrial
applications of probability.

The role of the teacher as questioner was a focus for our research. Initially
teacher questioning and instruction was high and was related to ensuring students
understood instructions and processes. As we saw student confidence grow in
conducting their experiments and as we observed student conclusions becoming
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more sophisticated the nature of questioning changed. Through modelling and
teacher directed reflective questioning we saw increased student confidence in
asking each other questions. In volunteering results that differed from those of
others, students showed evidence of increased awareness that their results would
be different but at the same time began to develop the confidence to justify their
answers and to develop explanations that took into account the different
experimental results.

Batemans Bay Public School
Batemans Bay Public School has been a PSFP school for the past four years.
The school has a significant Aboriginal student population. It has recently
completed a joint PSFP/Aboriginal Programs Unit (APU) project in adapting CMIT
resources to reflect local Aboriginal culture and heritage. The students, teachers
and parents are involved in a number of PSFP funded projects focusing on
improved student outcomes in literacy and numeracy.

The school was approached with the view to conducting research into the
teaching of mathematics centred on incorporating the working mathematically
processes in an explicit way. Two classroom teachers took part in the research
with a Stage 2 class focusing on content and outcomes drawn from the chance
and data strands of the syllabus. The second class was a Stage 3 class and here
the emphasis was on teaching to the outcomes on using computer technology in
mathematics lessons. This involved using spreadsheets to solve a range of
problems. Teaching students how to enter data and construct and enter formulae
to manipulate the data was central to this focus.

The research was implemented after discussion and negotiation involving
developing a series of five demonstration and team teaching lessons with a range
of activities to reinforce and extend student skills and understanding between
each of the five lessons. In addition, before and after each lesson, time was
devoted for teacher/consultant reflection on where the students were and to plan
the next sequence of lessons.

In the Stage 2 class a range of problem solving strategies was introduced through
modelled and guided activities. In particular, listing possible outcomes, recording
results in a table and using tree diagrams were applied to a series of practical
probability lessons consisting of coin tossing and dice rolling. The students were
also guided through the CPS model enhancing their confidence in problem
solving. In addition to the practical activities the classroom teacher introduced
Pascal’s Triangle. The students explored the relationship between the number of
arrangements of heads and tails and the numbers generated in Pascal’s Triangle.
As student confidence grew so did their willingness to predict outcomes. The use
of mathematical language to describe and record events became more
sophisticated as students became aware of the relationship between the number
of outcomes in the practical activities (as the number of coins was increased) and
the results in each line in the triangle (the pattern for generating each number in
each line was easily discovered).

The mathematical focus in the stage three lessons was around perimeter and
area of rectangles. The class had undertaken a series of practical activities and
the concepts of length, breadth, area and perimeter were well understood. The



16

spreadsheet lessons built on this previous knowledge and introduced the students
to generalization and formula building. The notion of pronumerals standing for
numbers and, more generally, of these pronumerals taking on a variable values in
a formula was modelled. Initially, students were asked to assign values of their
choosing to the length and breadth of rectangles and allow the spreadsheet to
calculate both the area and perimeter. At first they were asked to restrict their
choices to whole numbers but the classroom teacher’s intention was always to get
them to investigate the relationship between large and small numbers. A variety of
investigations were presented to the students. Students were given a fixed
perimeter and using their spreadsheet had to investigate all possible lengths and
breadths and then find the area of each rectangle. Similarly, the area was fixed
and the students were asked to investigate possible lengths and breadths and to
find the perimeter of each rectangle. Another activity required students to
investigate the real world problem of finding the maximum area enclosed by using
the least amount of materials. The students were soon developing a range of
formulae related to minimizing costs associated with fencing, paving and painting
enclosures. In addition, the students generated a range of graphs which allowed
discussions around the smallest and largest numbers which could be found to
satisfy the given conditions.

These investigations allowed the students to use computer technology in their
mathematics lessons through developing an understanding of how spreadsheet
cells can be used to store data while others can hold formulae to manipulate that
data. However, much of the richness of their work was in the fact that they
provided a vehicle which allowed students to explore, discuss and draw
conclusions about the real number system. Whole class reflection drew out their
increased understanding of how mathematics can be used to solve real world
problems and how, at the same time, mathematics allows the investigation of the
patterns and connections between numbers.

In both classrooms the CPS was incorporated by the teachers into their
mathematics program. The students became aware of the five working
mathematically processes and both teacher and students evaluations showed
evidence of he value of the CPS in providing a significant point of attack to
problem solving situations. Students reported the importance of being able in a
structured way to seek clarification and ensure the question, task or purpose of a
mathematical investigation was understood by all. The teachers focused on the
value of a structured whole class reflection and that the CPS provided clear
evidence of the working mathematically processes being followed by their
students. Also the CPS provided them with assessment data for both working
mathematically outcomes and syllabus content outcomes.

Implications and Future Directions
While we acknowledge that the work described in this paper does not offer hard
data in relation to students’ learning outcomes or changes to classroom practice,
we believe it raises a number of important issues about quality teaching in primary
school mathematics classrooms, particularly for PSFP schools. Our work with the
teachers in the four primary schools involved students in Kindergarten (Early
Stage 1), Year 2 (Stage 1) and Years 5 and 6 (Stage 3). It confirmed the
effectiveness of many elements of the CPS model for students at all Stages of
primary schooling identified in our initial research (Johnson 2002). These include
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the importance of modelling the types of questions students can ask as they
engage with open-ended problems, providing problems that acknowledge context
by building on students’ background knowledge and prior learning and scaffolding
students into the use of reflective language to articulate their mathematical
thinking. The teachers at Cabramatta West and Fairvale all expressed their
surprise at the level of student interaction with problem solving activities in the
classroom and the ability of even very young students to use reflective language
to describe their mathematical thinking. They also confirmed observations made
by teachers involved in developing the CPS model that indicated it provided
opportunities for all students to engage in the process regardless of their
perceived mathematical ability. We have frequently observed that students
designated as having learning difficulties in mathematics are able to participate
meaningfully in mathematical investigations where the processes they need to go
through are suitably scaffolded and where strategies for solving problems are
explicitly taught. Similarly, students considered “talented” at mathematics benefit
from being encouraged to articulate the processes they use when engaging in
mathematical inquiry. Many of the students at Cabramatta West attended maths
tutoring outside the school and could demonstrate computational accuracy in their
work but were unable to talk about their thinking or ask questions about their
mathematical experiences without considerable modelling of appropriate
language structures.

The feedback provided by the teachers also indicated that our original focus on
providing support to effectively assess the working mathematically strand of the K
– 6 mathematics syllabus had been successful. All the teachers involved in this
project were able to see how the use of open-ended problems to encourage
students to articulate their mathematical thinking facilitated more effective
assessment of the working mathematically outcomes than the methods they were
currently using. An obvious implication for future work in this area is to document
the extent to which the connections teachers were able to make has become a
part of their pedagogical repertoire.

The positive reaction of the teachers in all four schools to the co-researching
model also confirmed for us that it is an effective way to provide professional
support. Where teachers, consultants and students are able to work
collaboratively as an action learning team there are possibilities for knowledge to
be socially constructed that may not occur when professional learning takes the
form of top-down delivery by a so-called “expert”. This Vygotskian perspective
“asserts that an individual’s learning is affected by participating in a wider culture,
the classroom and the outside world” (Cobb, 1994 in Hufferd-Ackles et al 2004,
P.83). The inclusion of time for reflection following lessons allowed teachers and
consultants to talk about their observations of student interactions and evidence of
students’ mathematical thinking and build on this in developing the next stage of
the process. As the culture of the classroom in these shared lessons moved from
a largely teacher centred to a more inquiry centred approach, teachers were able
to observe the reactions of students first hand and comment on their
observations. In this way all stakeholders were contributing to the learning and
assisting each other to move through their zone of proximal development.

The introduction of the Quality Teaching framework has also had strong
implications for our ongoing work with primary school teachers. The relationship
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between the working mathematically processes and the dimensions and elements
of the framework has not only provided us with a common language to describe
teaching practices that effectively engage students in mathematics learning, but
reinforced the need for teachers in PSFP schools to develop a pedagogy
characterised by high levels of elements in all three of the dimensions. We have
also significantly strengthened our co-researching model by incorporating many of
the elements of the Quality Teaching framework into the professional support we
provide to teachers. We were particularly encouraged to observe the way that
teachers’ expectations of their students’ ability to grasp mathematical concepts
and processes were heightened as a result of their participation in this work.
While high expectations is an element of the dimension of quality learning
environment in the framework, it is also an ongoing focus of the PSFP in
supporting teachers to reduce the achievement gap for students from low SES
backgrounds.

The work described here has also deepened our own understanding about the
complexities of moving teachers towards a discourse-based approach to
mathematics teaching. While there is clearly a need for teachers to provide
students with more opportunities to talk about mathematical processes and how
they apply them, we acknowledge that the role of the teacher in a “discussion-
intensive” mathematics classroom (Chazan & Ball 1995) needs to be explored
further.  We observed an increase in the confidence of the teachers at
Cabramatta West and Fairvale in using open-ended problems and teaching
problem-solving strategies. One teacher in particular commented that her concept
of what constituted a problem in mathematics had been challenged as she had
previously believed that this involved a complex mathematical situation presented
in words. She was surprised at the extent to which students could apply a range
of mathematical concepts, processes and strategies when invited to consider how
they could better organise a number of different coloured 2D shapes or how many
possible combinations of ice-cream could be made from three flavours. The
teachers at Bodalla and Batemans Bay also demonstrated increased confidence
in supporting students to engage in mathematical inquiry. However, it should be
noted that the increasing complexity of the mathematical concepts in the Stage 2
and 3 classes meant that teachers were more reliant on the assistance of the
consultant to explore their own understanding and to develop activities that were
open-ended.

We would like to build on our current work in this area by utilising the co-
researching model and the principles of the CPS to encourage teachers in more
PSFP primary schools to move towards the type of discourse-based “math-talk
learning community” described in the research of Hufferd-Ackles, Fuson and
Sherin. We believe that this work will provide a valuable frame for supporting
teachers to embrace the elements of mathematics education reform that have
been widely advocated for some time. We remain convinced that the issue of
teacher confidence in their own mathematical understanding is a major factor in
implementing change in primary mathematics classrooms.
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