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Abstract Numeracy, or mathematical literacy as it is also known, is a major edu-
cational goal internationally, and as such, is addressed in the curriculum documents
of educational jurisdictions and in national and international testing regimes. This
chapter reports on an aspect of a research study which investigated the interrela-
tionship between curriculum intent, teacher professional learning and action, and
students’ perspectives on their own learning in a 12 month long research and devel-
opment project. Specifically, this chapter examines the impact upon student learning
as a teacher attempted to implement the numeracy requirements of a state based cur-
riculum in an educational jurisdiction within Australia. These attempts were struc-
tured through a rich model of numeracy and supported through regular interaction
with the project researchers in a collaborative partnership aimed at improving stu-
dent learning outcomes in alignment with state curriculum objectives. An emergent
aspect of the project is the importance of a clear model of numeracy, which outlines
essential elements, to changes in a teacher’s numeracy practice. These changes in
practice led to positive student views on their mathematics learning and to greater
connectedness of this learning within and outside of mathematics itself.
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Introduction

Numeracy, or mathematical literacy as it is also known, is a major educational goal
internationally, and as such, is addressed in the curriculum documents of educational
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jurisdictions and in national and international testing regimes. Numeracy is increas-
ingly seen as fundamental to developing students’ capacities to use mathematics to
function as informed and reflective citizens, to contribute to society through paid
work, and in other aspects of community life (Steen 2001). This aspect of mathe-
matics education has been recognised internationally through the OECD’s Program
for International Student Assessment (PISA). According to PISA’s definition math-
ematical literacy is:

an individual’s capacity to identify and understand the role mathematics plays in the world,
to make well-founded judgments, and to use and engage with mathematics in ways that
meet the needs of that individual’s life as a constructive, concerned and reflective citizen.
(OECD 2004, p. 15)

This chapter reports on an aspect of a research study which investigated the interre-
lationship between curriculum intent, teacher professional learning and action, and
student learning, in a 12 month long research and development project. A focus
of this project was on enabling the numeracy dimensions of school subjects across
the curriculum. The purpose of this chapter is to examine the impact upon student
learning of a teacher’s attempts to implement the numeracy requirements of a state
based curriculum in an educational jurisdiction within Australia. These attempts
were structured through a rich model of numeracy and supported through regular
interaction with the project researchers in a collaborative partnership aimed at im-
proving student learning outcomes in alignment with state curriculum objectives.

The chapter is structured in five sections. First, the curriculum context in which
the study was situated is described. Second, the theoretical framework which guided
our approach to supporting teachers in the development of rich numeracy focused
learning experiences is outlined. Third, we summarise the methodological approach
we employed when working with students and teachers. Fourth, we present vi-
gnettes based on observations of teacher designed classroom activities as well as
students’ views of their own numeracy development in order to illustrate the nature
of students’ experiences of numeracy learning. Finally, we discuss the challenges
of moving from the intended learning objectives of a curriculum document to the
enactment of these objectives in teaching and learning practice.

Curriculum Context

In Australia, numeracy is an educational priority, with the national numeracy strat-
egy being part of government policy since 1997. The launch of the national numer-
acy strategy was encapsulated in the following statement:

...that every child leaving primary school should be numerate, and be able to read, write
and spell at an appropriate level. (MCEETYA 1997, p. ix)

This statement resulted in vigorous debate in relation to defining numeracy. After
continual discussion, consideration and revision of proposed definitions, educators
and policy makers in Australia have embraced a broad interpretation of numeracy
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similar to the OECD definition of mathematical literacy: “To be numerate is to use
mathematics effectively to meet the general demands of life at home, in paid work,
and for participation in community and civic life.” (AAMT 1997, p. 15). A further
outcome of the discussion around a succinct definition that captured the essence
of numeracy, and particularly a definition that was broader than facility with basic
number and calculation skills, was agreement that mathematics is necessary but not
sufficient for numeracy, and that all teachers are teachers of numeracy.

The cross-curriculum and contextual notion of numeracy as an Australian edu-
cational goal has further been validated and reiterated by a review of numeracy ed-
ucation undertaken by the Australian government (Human Capital Working Group,
Council of Australian Governments 2008), recommending:

That all systems and schools recognise that, while mathematics can be taught in the con-
text of mathematics lessons, the development of numeracy requires experience in the use of
mathematics beyond the mathematics classroom, and hence requires an across the curricu-
lum commitment. (p. 7)

Australia is now moving to implementation of a new national curriculum, and nu-
meracy continues to be a government educational priority. Within the national cur-
riculum numeracy has been included as a General Capability in all subjects. In the
case of the Mathematics curriculum documents (Version 3.0), numeracy, in all sub-
jects, is described in the following way.

Students become numerate as they develop the knowledge and skills to use mathematics
confidently across all learning areas at school and in their lives more broadly. Numeracy
involves students in recognising and understanding the role of mathematics in the world
and having the dispositions and capacities to use mathematical knowledge and skills pur-
posefully.

(Australian Curriculum, Assessment and Reporting Authority 2012a, p. 11)

There is also a specific numeracy statement within each subject. For example, in the
Australian National Curriculum: History, it is stated that:

Students develop numeracy capability as they learn to organise and interpret historical
events and developments. Students learn to analyse numerical data to make meaning of
the past, for example to understand cause and effect, and continuity and change. Students
learn to use scaled timelines, including those involving negative and positive numbers, as
well as calendars and dates to recall information on topics of historical significance and to
illustrate the passing of time.

(Australian Curriculum, Assessment and Reporting Authority 2012b, p. 10)

Hence, numeracy, from the perspective of the national government, is considered to
be a vital element in all students’ education across all subjects within schools.

In Australia, however, the responsibility for curriculum development and imple-
mentation lies within the individual states of the federation. This means that states
have the authority to implement curriculum with a flexibility that allows them to
cater for the circumstances of schools and students within their jurisdictions. None-
the-less, numeracy remains a priority for all Australian states and territories. In the
specific case of the educational jurisdiction that forms the background for the re-
search study reported here, numeracy was viewed as a critical element within all
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school subjects. Curriculum documents in this state, known as the Curriculum Stan-
dards and Accountability Framework, include a specific statement on numeracy in
relation to each subject. For example, within the Society and Environment subject
area numeracy is described through the following statement.

Learners develop and use operational skills in numeracy to understand, analyse, critically
respond to and use mathematics in different contexts. These understandings relate to mea-
surement, spatial sense, patterns and algebra and data and number. This learning is evident
in society and environment when, for example, students use and understand the concept of
time, when they use spatial patterns, locations and pathways in the form of maps, and they
gather and analyse data for social decision-making.

(Department of Education and Children’s Services 2005, p. 294)

Numeracy is also seen as an important goal for students in Mathematics.

Learners develop and use operational skills in numeracy to understand, analyse, critically
respond to and use mathematics in different contexts. Students’ learning in mathematics
enables students to explore the relationships between different mathematical ideas and apply
mathematical understandings to their learning in all curriculum areas.

(Department of Education and Children’s Services 2005, p. 219)

Even with the support of educational policy makers and curriculum authorities, it
has proven difficult to implement effective numeracy practice in Australian schools.
Attempts to introduce numeracy practices into schools have sometimes been char-
acterized by a utilitarian approaches that have emphasized basic skills over the ca-
pacity to engage higher order thinking. This is in contrast to the growing complex-
ity of the mathematical demand of work in many industries (Hoyles et al. 2002;
Straesser 2007). Further, numeracy has often been interpreted as being almost ex-
clusively associated with number, excluding other areas of mathematics, such as
geometry and algebra, which can also contribute to an individual’s capability to use
mathematics to solve problems in contexts outside of mathematics itself. Until re-
cently, few proponents of numeracy practice have acknowledge the important role
physical, representational and digital tools play in using mathematics in the outside
of school world despite the importance of these tools in working with mathemat-
ical ideas and concepts in industry and in life away from the workplace (e.g., see
Zevenbergen 2004). Thus, while the view of numeracy as a capability every student
should possess is endorsed by educational policy makers and curriculum authorities
the implementation of approaches to teaching and learning that foster the numeracy
development of students has been problematic. The challenge, therefore, is to find
ways to enact the intent of numeracy statements and objectives within curriculum
documents into mainstream classroom teaching and learning practice.

Theoretical Framework

While previous definitions capture the broad thrust of the concept of numeracy, they
lack the detail necessary for teachers to implement numeracy based approaches in
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practice. In short, current definitions of numeracy do not appear to convey what is
needed to transform what is intended within curriculum documents into what is en-
acted in school classrooms. More recently, however, Goos (2007) has proposed a
model of numeracy (Fig. 1) which encompasses four essential elements: attention
to real-life contexts, the deployment of mathematical knowledge, the use of physi-
cal and digital tools, and consideration of students’ dispositions towards the use of
mathematics. These elements are embedded in a critical orientation to the use of
mathematical skills and concepts that emphasises, for example, the capacity to eval-
uate quantitative, spatial or probabilistic information used to support claims made in
the media or other contexts. While the model was intended to be readily accessible
to teachers as an instrument for planning and reflection, its development was also
informed by relevant research, as outlined below.

At the centre of the concept of numeracy is the key dimension of context. Accord-
ing to Steen (2001), numeracy is about the use of mathematics to act in and on the
world. Typically, when mathematics is used in a context it is applied in a way differ-
ent from how it is traditionally taught in school (Noss et al. 2000; Straesser 2007)
and so to learn to be numerate individuals must be exposed to using mathematics in
a range of contexts (Steen 2001).

Appropriate mathematical knowledge is required to act on problems within a
given context. In a numeracy context, mathematical knowledge includes not only
concepts and skills, but also higher order thinking—such as problem solving strate-
gies and the ability to make sensible estimations (Zevenbergen 2004). How to inter-
pret a problem outside of mathematics in a mathematical way, and then how to
choose which mathematical knowledge needs to be selected to engage with the
mathematised problems is a challenge that lies at the intersection of confexts and
mathematical knowledge.

The desire and confidence to apply mathematics in real world contexts is related
to the disposition of an individual in relation the use of mathematics. The importance
of developing positive attitudes towards mathematics is emphasised in national and
international curriculum documents (e.g., Australian Curriculum, Assessment and
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Reporting Authority 2012a; OECD 2004). Further, Gresalfi and Cobb (2006) argue
that it is not sufficient to focus on the mathematical skills and capacities we want
students to learn alone, but that teaching must take place with students’ dispositions
in mind if students are to develop an affinity with a discipline. This affinity is vital
for students to be disposed to making use of mathematics in their current lived in
worlds and in their future lives (Boaler and Greeno 2000). These dispositions in-
clude not just confidence with mathematics but a willingness to think flexibly, to
show initiative, and to take risks.

An increasing number of studies identify tools as mediators of meaning making,
reasoning and action in relation to mathematical learning (e.g., Pea 2004; Verillon
and Rabardel 1995). In school and workplace contexts, tools may be representa-
tional (symbol systems, graphs, maps, diagrams, drawings, tables, ready reckon-
ers) and physical (models, measuring instruments), but increasingly tools are digital
(e.g., Artigue 2002; Goos et al. 2003).

The elements of the Goos (2007) model are embedded in a critical orientation
of the use of mathematical skills and concepts which emphasises the evaluative and
judgemental aspects of numeracy practice. We view this critical orientation as a vital
capacity for informed and participatory citizenship and for exercising effective and
socially conscious decision making in an individual’s personal life. Ernest (2002)
views social empowerment as an important reason for teaching mathematics. This
social empowerment can range from the purely utilitarian skills associated with the
mathematics that is needed to function, in the simplest sense, in work and society
through to the critical skills that enable individuals to: make decisions and judge-
ments; add support to arguments; or challenge an argument or position. This position
is also consistent with that of Frankenstein (2001) and Jablonka (2003) who argue
for the need to recognise how mathematical information and practices can be used
to persuade, manipulate, disadvantage or shape opinions about social or political
issues.

The elements of the model and the critical orientation within which these ele-
ments interact are summarised in Table 1.

Table 1 Descriptions of the elements and critical orientation of the numeracy model

Mathematical Mathematical concepts and skills; problem solving strategies;
knowledge estimation capacities.
Contexts Capacity to use mathematical knowledge in a range of contexts,

both within schools and beyond school settings

Dispositions Confidence and willingness to use mathematical approaches to
engage with life-related tasks; preparedness to make flexible and
adaptive use of mathematical knowledge.

Tools Use of material (models, measuring instruments), representational
(symbol systems, graphs, maps, diagrams, drawings, tables, ready
reckoners) and digital (computers, software, calculators, internet)
tools to mediate and shape thinking

Critical orientation Use of mathematical information to: make decisions and
judgements; add support to arguments; challenge an argument or
position.
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This model has been used as a framework to audit school curricula (Goos et al.
2010) and for analysis of teachers’ attempts to design for the teaching of numeracy
across the curriculum (Goos et al. 2011). The numeracy model was also used to
promote teacher professional learning and, in particular, to assist teachers to reflect
upon their own practice. In this chapter the numeracy model will be used to evaluate
one teacher’s attempts to enhance her numeracy teaching practice by developing
richer classroom learning experiences and to analyse her students’ perceptions of
their own numeracy learning as a result of their teacher’s attempts to change her
practice.

Research Design

Twenty teachers were recruited from ten demographically diverse schools on the
basis of their interest in cross-curricular numeracy education. They came from four
primary schools (Kindergarten-Grade 7), one secondary school (Grades §—12), four
smaller schools in rural areas (Grades 1-12), and one school that combined middle
and secondary grades (Grades 6—12). The focus on teaching numeracy across the
curriculum meant that it was important to include teachers with varying subject area
specialisations. Thus, participants included generalist primary school teachers as
well as secondary teachers qualified to teach particular subject areas (mathematics,
English, science, social education, health and physical education).

The research design was consistent with an action research model with the
Loucks-Horsley et al. (2003) framework for professional development underpin-
ning the development aspect of the project. Consistent with this framework, project
meetings were followed up with school visits, enabling the research team to provide
on-going support to teachers in their efforts to change their numeracy practices,
whilst simultaneously providing the means to gather data on the process. Two full
action-research cycles were implemented, providing teachers with the opportunity
to set new goals and re-plan after the first cycle.

At the first project meeting, teachers came together with researchers and Depart-
ment personnel to explore the ideas embedded in the numeracy model, to discuss
the potential to teach numeracy within the constraints and affordances of the state-
wide curriculum framework, and to work through investigations that allowed for the
elaboration and clarification of the ideas embedded in the model. In order to stimu-
late discussion about numeracy demands that existed within the curriculum, teach-
ers were also presented with a numeracy audit of the curriculum framework. The
audit was completed by examining the relevant Curriculum Scope and Standards
statements within the Curriculum Standards and Accountability Framework. Nu-
meracy demands of each subject were evaluated by reference to the elements of the
numeracy model in Fig. 1: mathematical knowledge, contexts, dispositions, tools,
and critical orientation. The results of the audit indicated that numeracy demands
existed within each subject area in alignment with the dimensions of the Goos nu-
meracy model (further detail can be found in Goos et al. 2010). After discussing the
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demands and opportunities provided by the curriculum framework within the whole
group, teachers worked in small groups to adapt presented tasks or to develop new
activities they might trial in their own classrooms.

After this initial meeting, teachers were asked to introduce the activities they had
begun to develop at the first meeting and/or other activities into their own classroom.
After a number of months, teachers were brought together again for a second whole
project meeting to present examples of activities they had trialled and to engage in
further curriculum planning while being supported by teachers from other schools.
During this meeting, the researchers provided input on the way elements of the
numeracy model were evident in each of the activities presented. The researchers
also provided additional input on the role of critical orientation within the numeracy
model as this was an area that was noticeably underdeveloped during the first round
of school visits and an aspect that teachers had asked for further advice in particular.

The project concluded with another cycle of trialling activities, visits from the
research team and a final presentation to the entire project group.

Between each of the whole project meetings, the researchers visited schools to
provide further input and support, and to collect data for the purpose of evaluating
the success of the trialled activities from the perspective of students and their teach-
ers. Across the project data were collected via field notes of classroom observations,
records of semi-structured interviews with teachers and students, and artefacts such
as student work samples and computer files. The data used in this chapter are drawn
from one teacher and her class of Grade 8 students (12—13 years of age), which
represents a case study from within the larger project. The teacher was selected be-
cause her progress through the course of the project revealed a developing capacity
to interpret the numeracy demands and opportunities of the Curriculum Standards
and Accountability Framework in a way that allowed her to create tasks of increas-
ing richness for her students. Her case was also chosen for this chapter because her
field of expertise lay outside of mathematics teaching, that is, health and physical
education, which demonstrates the across the curriculum possibilities that exist for
numeracy learning and teaching practice. The student participants who were inter-
viewed as part of the data collection process where nominated by their teacher as
individuals she perceived to have the capacity to articulate their thoughts on class-
room activities the teacher had designed for their numeracy learning in a clear, open
and honest fashion. As a group, these students’ history of mathematic achievement
was varied. Interviews lasted approximately 30 minutes and were conducted away
from the classroom without the presence of the teacher.

The Development of a Student Oriented Numeracy Practice

In this section one teacher’s attempt to design student learning experiences that sat-
isfied the requirements of the Curriculum Standards and Accountability Framework
within the subject area, Health and Physical Education (HPE), while also meeting
the numeracy demands of this framework, is outlined and illustrated. This teacher,
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Clare, had volunteered for the project for two reasons. Firstly, she was initially
trained as a Health and Physical Education teacher but over time had found she
preferred to work with students in the middle school (Grades 6 to 9) where she
was required to teach across the curriculum. As a result, she found herself teach-
ing in a subject where she had received no pre-service training and in which she
felt less confident. Her engagement with the project was, in part, an attempt to
improve her content and pedagogical knowledge in an area she perceived to be a
weakness—mathematics teaching. Secondly, she had begun to believe that her ap-
proach to teaching, in general, was too direct, and she saw the project as a way of
engaging with more inquiry based approaches to teaching and learning.

First School Visit

Clare had worked hard to improve her classroom numeracy practice from the on-
set of the project but had been disappointed with her initial efforts with a Grade 8
class (12—13 years of age). In the first lesson we observed, Clare attempted to de-
velop students’ understanding of the addition and subtraction of directed numbers.
She demonstrated the method via a number line drawn on the blackboard, which
was also illustrated on a handout distributed to students. Students were to stand on
the first number listed and face in the positive direction if the operation was to be
addition or the negative direction if the operation was to be subtraction. They were
then to walk the number of steps indicated by the second number, walking forward
if this number was positive and backwards if it was negative. The number at which
they arrived via this process was the answer to the problem. The handout provided a
systematically developed list of problems involving adding and subtracting positive
and negative numbers, including a “long walk” with seven operations in succession.
Two questions then required students to describe any patterns they observed in their
walks and to explain some of the rules they discovered while adding and subtracting.

After an initial ten minutes of teacher instruction, students moved outside to com-
plete the activity. One drew a chalked number line and gave instructions to another
as this student “walked” a couple of problems. After 30 minutes of outdoor activity
the class moved inside and Clare asked students what they had been thinking and
feeling during the activity. How did they know if they were on the right track? Stu-
dents seemed willing to say they were confused; others simply said that the activity
was fun. Clare explained to them that they had been using a model that would help
them understand the thinking they would be doing in the next few lessons on adding
and subtracting directed numbers. She drew their attention to the questions about
patterns and rules, and asked them to try a list of additional exercises for homework.
She then modelled the number line representations of:

—3442=-1
—34-2=-5
—3—42=-5

3—-—2=-1



482 V. Geiger et al.

and asked if anyone could describe something about what they saw, reiterating that
this was to be done for homework.

Reflecting on this lesson through the lens of the numeracy model, mathematical
knowledge had a clear focus in the addition and subtraction of directed numbers. At
the start of the lesson Clare elicited some of the real life confexts in which directed
numbers appeared, however, the confext she used to demonstrate these operations,
the chalk number line outside the of classroom, could not be considered to be re-
lated to a real-life use of directed numbers. A representational tool, the number lines
drawn on the blackboard and on the ground, was used to help students discover pat-
terns and explain rules concerning these operations on directed numbers, although
Clare did not elicit and evaluate students’ ideas during the lesson. Clare attempted
to ascertain students’ dispositions towards mathematics and the learning activity by
asking them how they felt about the lesson but students’ responses were varied from
finding the lesson fun to experiencing confusion in relation to what they were meant
to learn. Despite Clare’s efforts to design an engaging and thought provoking lesson
for her students, there was no opportunity to develop a critical orientation to this
subject matter.

Clare was disappointed with the lesson and admitted she was struggling, in par-
ticular, with critical orientation. She felt there was no scope in the lesson for devel-
oping a critical orientation to the subject matter.

After some reflection, Clare decided the only way to improve her practice was to
take a very different approach from how she had taught in the past.

After much reflection I decided to do some things differently... One of the goals I set
myself was to take a more exploratory and investigative approach, particularly in dealing
with teaching aspects of numeracy across all learning areas.

(Peters et al. 2012, p. 24)

Between School Visits

Clare’s first step on the new pathway she had set herself took place between the
school visits by the project researchers. In this activity, students in HPE were to
investigate media coverage of sports. Clare implemented this activity in preparation
for a report at the second teachers’ meeting. Her students collected sports reports
from a local newspaper each day for a week and then measured and calculated the
area of the space devoted to both female and male sports. Clare reported that stu-
dents found that equal representation was not given to female and male sports in
the media and that an interesting discussion had followed. Clare was much happier
with the outcome of this lesson as she felt she had begun to address numeracy in
HPE and that it seemed to create a deeper student understanding of the concepts
and processes covered.
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Second School Visit

During our second visit to the school, near the end of the project, Clare had prepared
an activity within Health and Physical Education where students investigated the
level of their physical activity through the use of a pedometer that they wore during
the day for one week. Students entered the number of paces they had walked or run
every day into a shared Excel spreadsheet. They were then asked to analyse their
own data using Excel and to compare their results with those of other students (see
Fig. 2).

Students also had to convert their total daily and total weekly paces into kilo-
metres to gain a sense of how far they typically walked in a day or a week. The
task was also designed to help students realize that the distance they walked was not
determined by the number of paces alone, as an individual’s pace length was also
a factor. In order to bring about this conversion, students were required to design a
process for determining the length of their own pace. This involved marking out a
distance of 100 metres and counting the number of paces they each took to walk this
distance. After demonstrating the procedure for obtaining the length of her pace and
then converting paces in a day to kilometres from her own personal data, the teacher
asked students to complete conversions of their own pace totals to kilometres. She
also suggested that students compare their kilometric distances with each other and
discuss why they were different.

Clare finished the lesson by indicating the next session would include an investi-
gation of the number of paces Usain Bolt takes during a 100 metre sprint.

This activity provided Clare with the opportunity to promote the elements of nu-
meracy described in the Curriculum Standards and Accountability Framework and
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made explicit in the numeracy model employed to guide her practice. In this activ-
ity, the elements of numeracy were situated in an authentic context (their level of
physical activity) in which students were challenged to use a range of mathemat-
ical knowledge (measurement, conversion of units, representation of data) and to
make use of physical (measuring tapes, trundle wheels), digital (pedometers, spread-
sheets), and representational tools (graphical representations). She encouraged the
development of positive dispositions in students towards the use of mathematics
by designing a task students were personally interested in (their own activity lev-
els). This lesson also incorporated aspects of a critical orientation as students made
judgments about the reasonableness of results and posed their own questions about
meaning that lay within the collected data. Clare indicated that making the desired
changes to her practice necessitated a change in teaching practice towards a less
directive and more inquiry-oriented approach, a “letting go” process that she found
difficult but more effective for enriching students’ mathematical knowledge and pro-
moting a critical orientation to evaluating information and answers.

It can be seen though this sequence of events that Clare had attempted to enact
the numeracy aspect of the Curriculum Standards and Accountability Framework in
a rich and engaging way for students. From Clare’s perspective, she had been suc-
cessful in her aim to improve students’ dispositions towards mathematics learning
that in turn resulted in positive outcomes for her students in all aspects of numer-
acy. She believed these improvements were due to the changes she had made to her
teaching practice. But teachers’ perspectives on the benefits to student learning as a
result of changes in teaching practice are only one part of the story of realising the
intent of a curriculum in practice. In the next section, students’ perspectives on the
changes they experienced though the year, as part of the project, are presented.

Students’ Perspectives on Their Learning Experiences

Students were interviewed in small groups of five during each of the school visits.
They were asked to reflect upon the numeracy lessons they had recently experienced
and to express their feelings about mathematics or using mathematics in various
activities.

First School Visit

During the first visit to the school, we interviewed four students immediately after
Clare’s lesson on directed numbers. Attitudes towards mathematics varied in this
group with some saying it was at the “top” of their favourite subjects and others
saying it was at the “bottom”.

When asked about the lesson they had just experienced on directed numbers,
students were able to explain they were learning how to add and subtract positive



Curriculum Intent, Teacher Professional Development and Student Learning 485

and negative numbers. They thought the activity was helpful because it was “step
by step” and they could “do it”, by which they meant engage with the ideas and
concepts through a physical activity. Students’ responses varied in relation to what
they had learnt from the lesson. One student could not recall if her group came up
with any rules about the addition or subtraction of directed numbers based on the
activity. Another student, however, recounted that he had worked out that you go “up
the number line” if adding positive numbers or subtracting negative numbers and
“down the number line” if adding negative numbers or subtracting positive numbers.
It would appear that their learning in relation to mathematical knowledge ranged
from improved understanding and confidence to that of only limited observations
on the key features of the lesson.

Students were also asked about the nature of the activity, not just its content, and
how they felt about learning mathematics. Students indicated that they had occasion-
ally gone outside for mathematics lessons, for example, to find shapes nominated by
the teacher (rectangles or triangles), or to measure the perimeter of the basketball
court. They offered the opinion that these “outside” activities helped them under-
stand mathematics better than when they worked on mathematics in their exercise
books while sitting at a desk in the classroom. This was because they felt they “re-
ally didn’t pay attention to what they were doing” when working in this fashion.
While the students were positive about their teacher, they did not express any ex-
citement about their mathematics learning nor indicate that mathematics was being
connected to contexts that were interesting to them or relevant to their current or fu-
ture lives, other than through occasional “outside” activities. It would appear from
these comments that the students believed the use of contexts was advantageous to
their learning but that this approach had been infrequently adopted by their teacher.
Further, students’ positive attitudes to learning mathematics in ways that varied from
traditional classroom bound approaches and their lack of enthusiasm for mathemat-
ics taught in this way implies that their dispositions towards mathematics and to
learning mathematics is influenced by the context in which it is presented. During
this interview, students made no mention of the use of fools, either representational
or digital, when learning mathematics.

Second School Visit

During the second school visit we observed a HPE lesson in which students were
analysing the data they had collected using pedometers by the use of Excel spread-
sheets. Four students were interviewed as a group directly after the lesson. During
this discussion students were clear about how they were meant to conduct the activ-
ity, what they were meant to investigate, and what they found.

Researcher 1: We saw you earlier today—and you were wearing pedometers! What
was going on there? What was that all about?

Student 1: We were measuring how many steps we took over a period of one
week. From, in effect, Saturday to Friday—measuring how many
steps we took.
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Researcher 2:
Student 1:
Student 2:

Researcher 2:
Student 2:
Student 1:
Researcher 2:
Students:
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So, did you have to wear the pedometers the whole time?

Yeah, pretty much.

And we were told that when we measured our steps it had to be at
around the same time everyday. So that you've got an even amount
of steps every week day.

So weren’t wearing it all day then?

Yeah you wore it most of the day.

Whenever we walked.

So you didn’t have to wear it while sitting on the couch then?
Laugh.

As part of the discussion, students indicated they were enthusiastic about the oppor-
tunity to use digital fools. They made use of an Excel spreadsheet to graph different
representations of the data and then used these graphs (representational tools) to
draw conclusions about their own and other class members’ level of physical activ-
ity (critical orientation).

Researcher 1:

Student 2:
Researcher 1:
Student 2:

Student 3:

Researcher 1:
Students:
Researcher 1:
Student 1:
Student 2:

Student 1:

Researcher 1:

Student 1:

So, it was interesting seeing that table (referring to the Excel spread-
sheet) and one thing that stood out for me was first, if you look at the
totals, there are differences between all of you. But did you notice
when you were looking at that on different days of the week each of
you were walking different numbers of steps?

Yeah, Sunday was smallest.

I noticed!

I was going to say that Thursday and Saturday probably would have
been the biggest too, ‘cause that’s when we play sport.

We did some graphs on the computer too showing two days and I
did Saturday and Sunday on a line graph .. .and there was a major
difference! Saturday was like this (gesturing to show a large number
of steps) and Sunday was like this (gesturing to show a small number
of steps).

OK. So when you did this on the computers, you used Excel did you?
Yeah (together).

Had you ever used Excel before?

Yes—last year we learnt the basics of it.

Except this is the new version and not many of us knew how to use it
except for me.

I think we are getting the hang of it. There haven’t been too many
complaining about how hard it is, but it is very complicated.

So some of you already knew how to use it and others of you didn’t—
so how did that work in the classroom when some people knew what
to do and others didn’t?

Well some of us are a bit better with it—like we understand it a lot
quicker, so just got help from them.

Interestingly, and even surprisingly, students were comfortable with having a higher
skill level in relation to this type of technology than their teacher and their peers, and
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were happy to accept the responsibility of providing assistance, where necessary, to
their teacher and other class members. This is an indication of both the confidence
students had developed with respect to the use of digital fools and their willingness
to take the lead in assisting all members of the class, their teacher included, in mov-
ing forward with their mathematics learning (dispositions). It also demonstrates the
teachers’ new preparedness to take risks by including skill elements in an activity
she herself was yet to master and to give over some degree of control to the stu-
dents in order that they had opportunity to feel responsible for their own and others’
learning (dispositions).

Student 2: And I was trying to help Mrs Clarke as well, so then she knew how
to use it to help others.

Researcher 1: That is an interesting thing. Most people think that teachers know all
of this stuff and they are meant to help students.

Student 2: Well, she admitted she didn’t know how to use it.

Researcher 1: Is that OK, for a teacher to be learning stuff?

Student 2: Yeah (all students).

Students were conscious of the potential for the use of digital fools in other subject
areas and in different real-life contexts. They were also aware that their teacher
was deliberately attempting to provide greater focus on mathematical ideas, skills,
and processes, in other school subjects (contexts). To illustrate this awareness they
recalled a number of instances where mathematics was particularly relevant to their
learning in other subject areas.

Researcher 3: So do you think it is a program you could use in other subject areas?

Student 1: Definitely!

Researcher 3: Like what?

Student 1: Like we had to do in Science recently, a prac, and it required
amounts, graphs and percentages. I haven’t done it yet but I'm going
to get the percentages and use them on Excel and make a graph out

of it.
Researcher 3: And that will be OK with your teacher?
Student 1: Yeah. The idea is to create a graph and on the computer is fine. And

it is easier than trying to draw up one.
Researcher 1: So that subject we saw today was PE?
Students: HPE! (together).
Student 1: But with a bit of maths integrated.
Researcher 1: Yeah.

The students were very aware of the teacher’s purpose in relation to the “mathemat-
ics” in other subject areas (contexts).

Student 1: That’s what out teacher, Mrs Clarke, is trying to do. Trying to get
more maths stuff in other subjects.

Researcher 1: Do you think that it is working? Can you see how maths is being
integrated into other subjects?

Students: Yeah (together).
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Student 2: And I think HPE is the best lesson to do it in as well because all of
your sports and stuff, you use numbers for your scores. And if you
can learn it in different areas as well it helps.

Researcher 1: What about other subject areas. Can you tell us about some examples
where Ms C has put more maths there.

Student 1: In Science earlier this year, we done [sic] a test to see how much one
plain peanut — how much exercise you have to do to work off that
much.

Student 2: It was a cashew!

Student 1: Yes a cashew. And we set fire to it. And then I got it with mathematics

to calculate how much. And we came up with seven to eleven minutes
of handwriting to work off one plain unsalted cashew!

With prompting, students realised there was mathematics in English.

Student 3: Yeah, remember we were going to do that thing about how many pence
in a dollar. Remember reading the Red Dog book?

Student 1: Yeah. When we listened to the recordings of a Fortunate Life (a novel),
it was talking about the old currencies and we were going to do some
maths on the amounts of pence and pounds.

Student 3: But we ran out of time!

The students also identified many opportunities to use measurement in their Home
Economics class where they were making boxer shorts (mathematical knowledge,
tools, context).

Researcher 3: What are you doing in Home Ec (Home Economics) at the moment?
Student 2: We’re doing a bit of sewing. Tomorrow we’re making boxer shorts.
Student 1: Yeah .. .lots and lots of measuring.

A number of students also demonstrated that they were able to use mathematics in
a critical sense to form judgements within subjects outside of mathematics (critical
orientation). In Studies of Society and Environment, they described their learning
about koala habitats. In this exchange they revealed that they had developed an
understanding of the relationship between koalas and specific types of eucalyptus
leaves on which they feed.

Student 1: And we recently did a section on Koalas and the different types of
trees they eat. And we did a percentage table of the different types of
trees eaten by a Koala. And we did a pie graph for that.

Researcher 1: Did that lead you to draw some conclusions or report a finding?

Student 4: Koalas are fussy!

Student 1: I’m not sure we found what leaf they eat the most.
Student 4: It was the Madegal! In South Australia at least...and New South
Wales.

Researcher 1: So if you say they are fussy, it means they only eat certain types of
leaves from certain types of trees. So that makes me think about if we
ever get to a situation where there is not enough of those trees—if we
cut them down.
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Student 4: Yeah, that’s what it was basically about. You know it’s alright if we
cut them down and you try and regrow them for Koalas but if we put
them in the wrong spot and they stave because they don’t like the
trees.

Towards the end of the interview, students were asked what they thought of
their teacher being involved in the project. Students were enthusiastic about their
teacher’s involvement as they viewed it as a way she was attempting to upgrade her
skills in order to help her students’ learning.

Researcher 2: So what do you think of your teacher being involved in a project like
this. Do you think this is a good thing for teachers?

Students: Yeah (together).

Student 2: 1 think it is because sometimes they don’t know what we’re gonna do
during a lesson and in this program they get a chance to know how
kids like to learn and whether they learn more out of doing things,
showing or doing it themselves.

In general, students said they enjoyed the numeracy learning experiences, for a va-
riety of reasons: they were allowed to work in groups; they participated in extended
investigations; they used technology such as the Internet and Excel spreadsheets and
graphs. Many commented that they were learning mathematics without realising it.

Students’ comments revealed that they believed Clare’s new approach to teaching
numeracy provided them with opportunities to engage with mathematical knowl-
edge within contexts that emerged in other subject areas as well as in mathematics
classes. These contexts were ones students could identify as related to their current
or future lives. They were also aware of the important role physical, representa-
tional, and digital tools played in developing their understanding of and capacity
to use mathematics. Their preparedness to use mathematics to solve problems in
context and to take risks when applying mathematics to new situations stood in con-
trast to what students reported during the interview after the first school visit and
indicates a healthy disposition towards using mathematics. Students also displayed
a capacity to take a critical orientation to the use of mathematics within subjects
outside of mathematics.

Discussion and Conclusion

The challenges of moving from the intended learning outcomes framed by formal
curriculum documents to the enacted practices of teaching and learning, in a way
that is faithful to the spirit of the original curriculum design, are well known. This
chapter outlines an approach where teachers were supported in implementing an in-
tended cross-curricular practice—numeracy—in a way that provided for rich learn-
ing opportunities for students. This approach was mediated by the use of a model
that made more explicit the essential elements of numeracy and was supported by
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social practices in the form of discussions with the project researchers during school
visits and interactions with other teachers during whole project meetings.

With a clearer sense of what was intended by numeracy statements within rele-
vant curriculum documents and the support offered by the project researchers, Clare
developed adeptness at designing learning experiences that her students found rel-
evant and engaging. This was a gradual process in which Clare found she needed
to take the risk of moving away from teacher centred approaches, with which she
felt confident, towards approaches where students were challenged to take intellec-
tual risks by engaging with open-ended activities and to look for opportunities to
use mathematical knowledge and modes of reasoning in a variety of within school
and outside of school contexts. Clare’s focus on improving students’ numeracy out-
comes, the permission to explore numeracy rich topics relevant to students’ interests
expressed through the numeracy audit, and the personal support offered through the
project, encouraged her to move from teacher centred, topic focused modes of teach-
ing practice to a more student focused and inquiry based approach to teaching and
learning. This new approach was context rich and aimed at improving students’ dis-
positions towards doing and using mathematics. Clare was now conscious of the
need to incorporate the use of digital tools in her teaching practice and to provide
opportunity for students to exercise judgements, form opinions, and make decisions
based on mathematical evidence.

Students responded to this new approach in ways that demonstrated that they
were interested in learning mathematics, provided learning activities were challeng-
ing and offered a genuine opportunity to be engaged in their own learning. Students
could see their teacher was attempting to create activities where learning was rele-
vant to students’ current or future interests and that had a genuine purpose. Clare’s
approach meant that students learnt about mathematics in classroom contexts that
were not specific to mathematics, that is, for example, in Health and Physical Edu-
cation. In the case of the activity where students investigated their levels of physical
activity, students demonstrated that they had acquired new mathematical knowledge,
made use of digital tools, and demonstrated positive dispositions to the use of math-
ematics in inquiring into an issue embedded within a context relevant to students’
current interest and well being. The data gathered, as a consequence of this activity,
provided students with the opportunity to critically review their personal levels of
activity through comparison with those of other members of the class.

This chapter was concerned with how the intent of the numeracy aspect of a
curriculum document was enacted in one school classroom through the support of
a research and development project. The outcomes reported here appear to be a
consequence of the clarity offered by the model employed in the project in relation
to the essential elements of numeracy and of the approach to teacher professional
learning adopted by the project. These influences have led to positive student views
on their mathematics learning and to greater connectedness of this learning within
and outside of mathematics itself. Further research is needed, however, in order
to demonstrate the effectiveness of this approach on a scale greater than a small
group of teachers working within a limited number of project supported schools.
In attempting to implement approaches of greater scale, for example, whole school,
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school cluster, regional or system wide, the issue of leadership must necessarily
be addressed. This implies work must also be done on developing a theory of and
vision for numeracy leadership as part of the implementation of curriculum within
schools.
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