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In Australia, numeracy is regarded as a generadlibty to be
developed across the whole school curriculum, ustt nathematics. This
paper draws on a research study that aimed totbéatihers in ten schools
design numeracy tasks and implement investigativeenacy pedagogies
across the middle school (Grades 6-9) curriculuneachers were
introduced to a rich model of numeracy that givésrgion to real-life
contexts, application of mathematical knowledge, okrepresentational,
physical, and digital tools, and positive dispasii towards mathematics.
These elements are grounded in a critical oriermato the use of
mathematics. The paper identifies ways in whicHabalration between
the researchers and teachers influenced the desimgmmeracy tasks.
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Numeracyis a term used in many English-speaking countoedenote the
capacity to deal with quantitative aspects of liteis often considered to have a
similar meaning to terms such @santitative literacy(Steen, 2001) omathematical
literacy (OECD, 2004). For example, Steen proposed thatlgmaents of quantitative
literacy include: confidence with mathematics; agpation of the nature and history
of mathematics and its significance for understagdssues in the public realm;
logical thinking and decision-making; use of matlaéios to solve practical everyday
problems in different contexts; number sense amtbsy sense; reasoning with data;
and the ability to draw on a range of prerequisitghematical knowledge and tools.
Some of these elements are visible in the PISAndefh of mathematical literacy as:

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

Steen (2001) argues that, for numeracy to be usefstudents, it must be
learned in multiple contexts and in all school sebj, not just mathematics. In
Australia, support for this challenging notion ltasne from several sources. A recent
national review of numeracy education undertakenth®/ Australian government
recommended that numeracy be recognised as “anssactbe curriculum
commitment” (Council of Australian Governments, 80p. 7). In addition, the newly
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developed Australian Curriculu+ the first ever nationally mandated curriculumr
this country —identifies numeracy as one of seven gel capabilities that appl
across all discipline content (Australian Curriculu Assessment and Reporti
Authority, 2012). However, the new curriculum doants do not provide teach
with detailed guidance in recognising the numerdeyands of the subjts they
teach, in designing tasks and learning sequenadsetnbed numeracy across
curriculum, or in making decisions about pedagothes support numeracy learnir
This paper draws on data from a one year projext lielped teachers to des
numeacy tasks and implement numeracy pedagogies attresschool curriculum i
Grades . It was conducted before the release of the Aligtr Curriculum, with th
intention of developing and testing a theoreticatifprmed model of numeracy th
could gude teachers’ curriculum planning, task design, aedagogical decisic
making in the context of an existing s-based curriculum framework (Sot
Australian Department of Education and Childreresv&es, 2005). For the purpos
of this project, a “nmeracy task” is considered to be an activity tmajages studen
in learning and/or applying some mathematics withgiven curriculum conte:

This paper aligns with Theme E: Features of taskgleinforming teacher:
decisions about goals and pedécies. It addresses the following quest

* How does collaboration between researchers andheacinfluence
the design of rich numeracy tas

Numeracy Mode

We developed the model shown in Figure 1 to aftinervalue of definition
of numeracy widely accepted in Australia (e.g., &&pent of Education, Trainir
and Youth Affairs, 2000), while introducira greater emphasis on tools as medi
of mathematial thinking and actic (Sfard & McClain, 200R and a critica
orientation to the ways mathematics is used to @iparguments and influer
opinions (ablonka, 20C). The original purpose of the model was to descri
characteristics of aumerate peion. However, when we worked with teachers
realised the model also provides principles for design of richnumeracy tasl.
Thus the elements of the model, elaborated bel@xe the task design principles t
we encouraged teachers to
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Figure 1. Numeracy model
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A numeracy task should require applicatiom@thematical knowledgén a
numeracy context, mathematical knowledge incluaesonly fluency with accessing
concepts and skills, but also problem solving sg@s and the ability to make
sensible estimations (Zevenbergen, 2004).

A numeracy task should promagpesitive dispositions- such as confidence,
initiative, and a willingness to apply mathematikabwledge flexibly and adaptively.
Affective issues have long been held to play areémble in mathematics learning
and teaching (Leder & Forgasz, 2006), and the itapoe of developing positive
attitudes towards mathematics is emphasised iomaltand international curriculum
documents (e.g., National Council of Teachers ofthdaatics, 2000; National
Curriculum Board, 2009).

A numeracy task should involve usirgols Sfard and McClain (2002)
discuss ways in which symbolic tools and other slgcdesigned artefacts “enable,
mediate, and shape mathematical thinking” (p. 1394).school and workplace
contexts, tools may be representational (symbolesys, graphs, maps, diagrams,
drawings, tables), physical (models, measuringunsénts), and digital (computers,
software, calculators, internet) (Noss, Hoyles,&®, 2000; Zevenbergen, 2004).

Because numeracy is about using mathematics tmamd on the world,
numeracy tasks should be embedded in a rangeomtexts(Steen, 2001). These
contexts may be drawn from real life or curriculareas other than mathematics.

Numeracy tasks should develop catical orientation in students since
numerate people not only know and use efficienthodd, they also evaluate the
reasonableness of the results obtained and ares afappropriate and inappropriate
uses of mathematical thinking. Numeracy tasks coasg#t students to evaluate
guantitative, spatial or probabilistic informatioised to support claims made in the
media or other contexts. They could also encoursigelents to consider how
mathematical information can be used to manipuldisgdvantage or shape opinions
about social or political issues (Jablonka, 2003).

The design of rich numeracy tasks according tgtiiples outlined above
is not sufficient to enable learning. We argue ttedchers also need to adopt
investigative pedagogie® fully realise the numeracy opportunities thatts tasks
afford. Diezmann, Watters, and English (2001) defimthematical investigations as
“contextualized problem solving tasks through whitiadents can speculate, test
ideas and argue with others to defend their solgtidp. 170). We consider this
definition applies equally well to numeracy invgstions.

The numeracy model was used in three ways: (Lnh&dyse the numeracy
demands of the South Australian school curricul@ads, Geiger, & Dole, 2010); (2)
to support teachers’ curriculum planning (Goos,eDd& Geiger, 2011); and (3) to
trace changes in teachers’ understanding of numé@aos, Geiger, & Dole, 2011).
This paper is primarily concerned with (2), angxtends our previously published
analyses by focusing on the design of numeracystastl implications for pedagogy.

Project Overview

Teachers were recruited from ten schools with deedemographic
characteristics: four primary schools (Kindergai@made 7), one secondary school
(Grades 8-12), four small schools in rural areasa@@s 1-12), and one school that
combined middle and secondary grades (Grades 6H2h school nominated two
teachers, thus ensuring that participants coulthlobotate with a colleague in their
own school as well as teachers from the other dshddney included generalist
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primary school teachers who taught across all culrm areas as well as secondary
teachers qualified to teach specific subjects (erattics, English, science, social
education, health and physical education).

There were three elements to the research plaran(Jgudit of the middle
years curriculum to identify the numeracy demamdeeient in all curriculum areas;
(2) three whole-day professional development waskshat the beginning, middle,
and end of the project; and (3) two daylong vidibs each school for lesson
observations, discussion of planning documentstaaching approaches, and audio-
recorded interviews with teachers and students. ®hwerall project design is
summarised in Table 1. More details on data catiacand analysis methods can be
found in Goos, Dole and Geiger (2011).

Time Researcher activity Teacher activity

February: Identify numeracy demands in all

Curriculum curriculum areas

audit

March: Introduce numeracy model; presenfnalyse numeracy task design via

Workshop #1 findings from curriculum audit; providereference to model; plan for
sample numeracy tasks implementation

June: School Observe lessons; provide feedback dncorporate feedback into planning for

visits planning, task design and pedagogies further implementation

August: Provide feedback on first round of schodbhare tasks and strategies tried so far;

Workshop #2 visits; present stimulus materials for taskractise task design with emphasis on
design critical orientation

October: Observe lessons; provide feedback dncorporate feedback into planning for

School visits  planning, task design and pedagogies further implementation
November: Report on student perceptions of numeraclyractise task design; reflect on
Workshop #3 present stimulus materials for task design professional learning trajectories

Table 1. Project Design
Influencing the Design of Numeracy Tasks

We claim that there are several aspects of theegrdhat influenced the
design of rich numeracy tasks and enactment ofcegsd investigative pedagogies.
The first was the numeracy model itself, the eleisei which provided a set of
principles for task design. The second was our maayeaudit of the South Australian
Curriculum Framework, which identified distinctiveumeracy demands for each
school subject taught in Grades 6-9. For examie, subject called Society and
Environment is organised into four strands: tinemtmuity and change; place, space
and environment; societies and cultures; and sayatems. The numeracy audit
found that data analysis and spatial sense arentbst relevant elements of
mathematical knowledgdor this subject. Contexts for numeracy development
included the study of social, economic, politicaldaecological systems. Students
were expected to develaispositionsenabling them to “to be active citizens who can
make informed and reasoned decisions and act cetfPECS, 2005, p. 291). The
use of tools such as maps, measuring instruments, online dateces, and
spreadsheets for collecting and analysing inforomatvas vital to learning in this
subject. The goal of enabling students to parttei@es ethical, active and informed
citizens, requires development ofcatical orientation to viewing information and
interpreting data. Presenting the audit findingstdachers was intended to raise
awareness of their subject’'s numeracy demands.
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The third influence on task design was the way mclv the research team
used the three workshops to (1) immerse teachanarnreracy tasks we had created,
(2) model investigative numeracy pedagogies, (8Jethe analysis of tasks using the
design principles provided by the numeracy modet &) invite the teachers to
practise designing their own numeracy tasks. Famgte, in the first workshop we
engaged teachers in cross-curricular numeracy figeti®ns suitable for use with
middle years students. These included investigatioh Barbie dolls’ physical
proportion (with links to the health and physicatlueation curriculum), the
occurrence of the Golden Rectangle in art, desighraature (linked to the arts and
design studies curricula), and planning for pgwttion in the Tour Down Under, a
bicycle race similar to the Tour de France (linkedthe society and environment
curriculum). In the first round of school visits vieund little evidence of a critical
orientation in the lessons we observed. In intevsiavith teachers it emerged that
they were unsure about how to embed this elemetiteohumeracy model into their
planning and practice. Therefore, at the seconcksimp we presented a range of
stimulus materials drawn from print and digital n@edources and asked teachers to
work together to develop these into tasks that digubmote a critical orientation in
their students, without losing sight of the othlEngents of the numeracy model. In
both workshops we provided a task design/analgsigplate that listed each element
of the numeracy model, asked how the task developeteracy with respect to each
element, and invited teachers to identify schobljetts that could provide a context
for using the task.

The fifth influence on task design was the reseahprovision of in situ
feedback to teachers during school visits. We \abte to suggest ways of modifying
tasks used in the lessons we observed to giveegrpatminence to elements of the
numeracy model that appeared to be under-represehe final influence on task
design was the structured sharing of practice laghers at the second and third
workshops. At the second workshop all teachers \asked to bring evidence of one
task or lesson sequence they had tried with thasscto describe to the whole group
how the task had been implemented and how welh¢d) it had worked, explain
what they learned from this experience and how theuld use this evaluation in
their subsequent planning. This workshop provide@@portunity for teachers to see
how colleagues in other schools went about designith numeracy tasks. At the
third and final workshop, and as a result of oualgsis of school visit data, we
invited four teachers who exemplified different égp of professional learning
trajectories to report on their experiences. Onethefse is the teacher whose
abbreviated case study is presented below torditeshow she made decisions about
the design of numeracy tasks with an investigafiggour. Although this project
emphasised numeracy across the whole school clumg¢uihe example below shows
how numeracy tasks can be designed within mathesati

Teacher Decision Making about Task Design

Maggie taught mathematics and science at a lagndary school in a rural
town. She was in only her second year of teachihg. class with which she worked
for this project was a Grade 8 mathematics class.

First school visit

Initially Maggie struggled to come to grips with vianoto highlight the
numeracy within mathematics, but she decided todamn teaching mathematics in
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real life contexts that would be of interest to berdents. She planned a task based on
the television progranThe Amazing RaceStudents worked for 3 weeks in the
computer laboratory to complete the task, whichoiwed organising an adventure
holiday around the world, given an itinerary anduaget of $10,000. They also had
to complete a number of challenges for which theyed an additional $2000 each.
The challenges, which includ€2iving with Sharksn Cairns,Skiingin Switzerland,
and visitingThe Roman Colosseutmad a focus on using directed number in context.
In The Roman Colosseuthallenge students were also required to use fasmn the
context of comparing areas of the Colosseum andvigleourne Cricket Ground, as
well as looking at exchange rates and convertirigyden currencies.

Members of the research team observed the sec@sonleof this unit.
Students appeared motivated and well preparedihaydvere able to explain the task
to us when we questioned them. Maggie noted thatespreviously disengaged
students were interested in the task, while a féners remained aloof. Some students
seemed so engaged that they acted as though thevaasreal; for example, when
Maggie asked one boy “Where are you up to?”, hke@pl’m on my way to Paris!”.

This task placed mathematics in the real didatextof an adventure holiday.

It targetedmathematical knowledgef directed numbers and operations with integers
(money calculations), using digital (internet) argpresentational (charts, tables)
tools We did not observe teacher actions that promptesitive dispositionstowards
numeracy, but students were clearly motivated amdident in tackling the task and
trying out different combinations of flights andcacnmodation bookings that would
fit within their budget. Acritical orientation does not seem to have been built into
this task. However, after the lesson we suggestédbiggie that this orientation could
be promoted via questioning, such as that we obdamhen Maggie helped a student
compare advantages and disadvantages of bookingapchbackpackers’
accommodation. In this way we attempted to show hbe numeracy model
informed not only task design but also teacherdagegies.

Second school visit

When interviewed before the lesson observation, gagaid she had given
a lot of consideration to the types of tasks shated to design for the second
research cycle. She was dissatisfied with the lkengt the Amazing Race
investigation, as this tended to discourage soméests and to make it difficult to
complete for any who missed some lessons. As & i&sour emphasis in the second
workshop on developing a critical orientation, siteo decided to give more attention
to this element of the numeracy model in designthg next investigation,
Approaches to a Healthy Lifestylghich comprised a number of smaller tasks.

In one task, students investigated the relationbeigveen the heights and
walking speeds of everyone in the class. The matliesn embedded in the
investigation included elements of collecting, esanting, reducing and analysing
data. In the lesson we observed, students wereate recatter plots using Excel in
order to determine whether there was a patterrhéendata they had collected. In
earlier lessons they had collected height datacabclulated the mean, median and
mode. In another lesson students had marked oQtraetre section of a 100 metre
running track and then found the time it took tollkw¢his distance. With this
information students had calculated their walkipgesls in metres per second, metres
per minute and kilometers per hour.
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Students all appeared engaged with the task aru graeip or individual
produced a scatter plot, although the appearant¢beofraphs varied depending on
the scales chosen or on the choice of variabléhfox andy axes. Most students were
able to describe a general trend in the data aadthis to make a prediction about
what Maggie’s walking speed might be, based onHeght. Interestingly, many
students gave most attention to their own datatpeithin the scatter plot with
comments such as “This is me (pointing at the gmpte data point) and “This is
how tall | am and how fast | walk”. Using persomniata seemed to be effective for
engaging students with the task. From a studem’'spective, the activity was about
them and how they compared to the rest of the class

Students expressed surprise that the scatter plstnet linear, so that taller
people did not necessarily walk faster. Maggie lengled them to explain why this
should be the case. Some groups suggested thaiagie variables — with associated
alternative hypotheses — should be explored, imatyydor example, the relationship
between walking speed and leg length or betweekimgabpeed and stride rate. One
group suggested there might be a stronger reldiiprieetween a person’s height and
their maximum walking pace rather than their ndtwalking pace.

Maggie chose an engagingntexithat made use of students’ personal details
to introduce themathematical knowledgthat was used in this lesson. The use of
personal data encouraged positielspositions towards involvement in and
completion of the task. This task required knowkd§ how to produce a scatter plot
from a data set using Excel and the capacity toenpakdictions from trends in the
data. Maggie asked students to wspresentational toolsuch as scatter plots and
digital toolsin the form of computers and Excel. By challenggtigdents to explain
the variance in their data from the anticipateddinrelationship, Maggie introduced a
critical orientationto the task. A critical orientation was evidentiost tasks in the
Approaches to a Healthy Lifestyilevestigation. For example, in the culminatingktas
students were to compare data on the number ofveugit and obese Australians in
various age groups, and make an argument for wheth®ot the government needed
to introduce a healthy eating policy for South Aakan schools.

Implications and Concluding Comments

The work we reported here has implications for heas, researchers, and
curriculum developers. First, it provides some ewitk that a focus on task design,
when supported by a theoretical model of numerdat ts readily accessible to
teachers, can influence teacher learning and dpwedat. For example, when Maggie
reflected on what she had learned during the coofrsee project, she identified her
readiness to make use of more extended tasks whehihg mathematics. However,
she tempered this view by arguing that tasks neealbg@ made up of self-contained
sub-tasks that allowed students to move toward$lenaehievable goals. For her, the
level of engagement she observed while studentse wesrking on numeracy
investigations was a compelling case for theirusmn within mathematics classes.
Nevertheless, other teachers in the project founaare difficult to decide “how
long” a numeracy investigation should be to alldudents enough time to explore all
aspects of a task without losing interest, and haveh guidance to give students in
structuring the investigation.

A challenge for researchers is to design largetesstudies that do not
simply rely on recruiting more schools or teachérkis is the case for most
educational research and is not unique to our grroje tackle these challenges we

597



hal-00834054, version 1 - 14 Jun 2013

Theme E — M. Goos, V. Geiger, S. Dole

are currently conducting a follow up study that sifor both scale and sustainability
by developing numeracy curriculum leadership witb@mools, so that the numeracy
model and associated task design principles beaot®grated into schools’ planning
processes for implementation of the new AustraGarnriculum.

The current version of the Australian Curriculunifecd some support for
recognising the numeracy demands of different dclsaobjects, for example, by
providing a numeracy learning continuum togethethwtons and filters that link
numeracy capabilities to relevant curriculum conhteidowever, additional
opportunities for developing students’ numeracyatglies are invisible unless one
knows how to “see” them and how to design and implet tasks for classroom use.
The numeracy model and ways of working with teaglwrtlined in this paper may
prove useful in supporting teachers to fulfil themeracy intentions of the Australian
Curriculum.
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