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Introduction
There is a growing body of evidence tha the mathematica peformance of students
plateaus between ages 11 and 14 (Ryan & Williams, 2007) Others suggest there is a Gharp
falloffO(Nationd Mathematics Advisory Pand, 2008, p. xiii) or a QlipO(Siemon, Virgona
& Corndlle, 2001, p. 3) in mathematics achievement in the middle years of schooling.
Possible factors impacting on the lack of progress for students are inadequae assessment
practices and ingppropriate pedagogy. In any particular Audraian seconday school, the
students entering ther first year of seconday education (Year 7) usudly come from severa
primary schools. The primary curriculum is flexible enoughto alow for different learning
approaches in mathematics, which leads to a range of undestanding. Finding ways to
assess mathematics knowledge and developing lessons which suppott the diverse needs of
all sudentsisareal chdlengefor teachers.

In the Audralian context, several approaches have been used to inform teachersO
assessment and pedagogical practices. One approach is to andyse studentsOresults from

large-scale testing in order to explicitly focus on the areas of greatest need. A second
approach is to identify and assess low achieving students usng a task-based interview

protocol followed by the use of focused learning activities in classrooms (e.g., the Couning
On program, NSW DET, 2002; Perry & Howard, 2002) A third is to design schoolbased

projects, which attract additiond funding provided by the Audraian Federa Government;

projects which are suppoted and administered through school systems in each of the
Audralian States and Territories.

An example of the third approach is the Years 5-8 Mathematics Project (Andeson &
White, 2007) developd initially by a Catholic school system to enable schools to address
theissuesin the uppe primary and lower seconday years. Schools were invited to develop
schookbased projects identifying particular needs After a successful application for
funding, oneschool developed assessment strategies to identify learnersOneeds in fractions
in thefirst year of seconday school.

This pgpe presents backgroundinformation about the focus on middle years mathematics
and numeracy in Audralia as well as relevant research into the identification of issues in
early seconday mathematics learning. A description of the systemic approach to teacher-
led changethroughschoolbased projects is presented with the use of a case study school to
exemplify thetypes of approaches taken by project schools.

The Context for the Study

In Audralia, the debate surroundng mathematics and numeracy achievement has been
similar to tha experienced elsewheae. There is a growing recognition of the need for
greater proficiency and tha early intervention provides the best chance of success for
children at risk of failure. Theconcern aboutnumeracy by Audralian govenments was first
highlighted in the National Literacy and Numeracy Plan (DETYA, 2000) which provided
a framework for improving the literacy and numeracy outcomes of all students. This plan
embraced the development of naiond benchmarks for students in Years 3, 5 and 7
(Curriculum Corporation, 2000) as well as the need for assessment and reporting aganst



these benchmarks. Each State and Territory has collected student achievement data for the
federal govenment usang Basic Skills Tests with results published each year providing
evidence of a plateau, if notadip, in theresults from Year 3to Year 5to Year 7. Concern
about the propottion of students not meeting the minimum standards appears regularly in
media reports.

There has been an inarease in research and school-based projects focusng on numeracy in
themiddle years of schooling, typically induding Years 5 to 8 (Lukeet a., 2003. So, why
is it important to look at this particular group of students? It is in this age group that
students experience arangeof changesto thar soda and emotiond well being. In addition,
mog move from primary to seconday schools with very different learning environments
and frequently with different school cultures. However, it is not jug changing school
environments which is problematic since teache's from the schools which span the full
rangeof schooling from Kindegarten to Year 12 frequently implement special programs to
address the changes in the middle years, evidence suggests such programs still do not solve
the problem.

Research in several counties has identified a @ipOin numeracy and mathematics
achievement in the lower seconday years (e.g., Ryan & Williams, 2007; Siemon, Virgona
& Corndlle, 200]). To address this dip, many numeracy projects have been conduded
throughoutAudralia. Some have been implemented at thelevel of state-based jurisdictions
while others have been organised in schools or in clugers of schools. Thegoodnewsistha
many projects have been successful in creating a climate of change in schools and they
have highlighted the potential amongst the teaching profession (Vincent, 2004) However,
the postive results from the schookbased projects have not aways been reflected in
improved student learning outcomes.

To identify factors contributing to the plateau or dip in performance from Year 6to Year 7,
a large study conduded in Victoria used rich assessment tasks to measure student
numeracy, and foundthat teachersin the middle years could, and should, expect a range of
knowledge and undestanding of up to 7 years within any class of students (Siemon et al.,
2001) The study identified key factors, which need to be addressed at all levels induding
the provison of oppotunities for success and scaffolding learning, the development of
learning environments which suppot speaking, listening and working togeher,
oppotunities for students to link mathematical conaepts and make connections between a
smaller number of ideas, and a focus on emphasising conjecturing and generalising rather
than just @oingd

One School System Approadc

More recently, one jurisdiction in Audralia sought to address the @ipOin middle years
achievement by developing a plan to suppot teacheas through funded projects. An
approach was adoptd to improve middle-years studentsOnumeracy development through
teacher-led schoolkbased projects spanning two years (Andason & White, 2007). Schools
were allocated fundsfor teachers to attend planned professiond development sessionsand
to use time away from classes to develop plans

The Years 5-8 Mathematics Project began in 2006 with 6 seconday and 21 primary
schools spread across a large metropolitan area. The originad conception of the project was
to involve onesecondary school working with 3 or 4 of its main @GeederQprimary schools to



develop strategies for addressing issues in middle years mathematics. It was anticipaed tha
groupsof teachers from the uppe primary grades and the lower seconday grades would
work collaboratively to review current practice and design projects to address the learning
needs of thar students. Meetings throughout 2006 revealed mos schools developed
individud plans based on andysis of large-scale testing daa or surveys of staff and
students at the school. Where collaboration occurred, it was frequently limited to school
vigits to observe lessons B an experience which chdlenged both primary and seconday
school teachers perceptions of mathematics learning in each context (Andeson & White,
2007)

An undelying prindple of the approach was the encouragement of leadership for learning
(Frog & Durrant, 2003)where teachers are seen as @hangeagentsOin their schools, with a
focus on improvement and learning. Teachers were required to develop a plan usng the
research approach of identifying a problem, developing an intervention, gatheing and
andysing data, and writing a report of the findings All project teachers regularly came
togaher to andyse schookbased daa, discuss key aspects about appropriate practice,
explore the curriculum, and consder issues impacting on the numeracy development of
middle years students. The resulting projects were unique context specific and induded a
focuson particular content areas of the curriculum, problem solving in real-contexts, open-
ended questioning, and technology-enriched learning experiences.

Using project reports, surveys of teachers, focusgroup discussons and interviews,
Andeason and White (2007) conduded an evauation of the projects after the first year.
Teacheas reported postive overal outcomes with a high level of teacher professiond
learning, identification of sound pedagogical practices, engagement and ownership. The
provision of fundsto suppot time and space to reflect, read and discuss with colleagues
appeared to bethe greatest benefit. From student data, teachers reported increased levels of
engagement, more postive attitudes towards mathematics, and improved mathematical
undestanding. A case study addressing a key issue in lower secondary mathematics is
presented in the next section.

The Case Study bMargate Schod

The evaluaion of the projects provided rich daa about the potential of research-focused
teacher-led development work to improve pedagogy and student learning outcomes. For
Margae School, afocus on appropriate assessment practices which clearly identify level of
undestanding (in this case, fractiong, provided an important benchmark agang which
studentsGknowledge skills and undestanding could be carefully assessed, and the learning
needsof students addressed.

Margae school is a comprehensve, co-educationd Catholic school in the outer subuibs of

alarge metropolitan area with approximately 950studentsin grades 7 to 12 (12 yearsto 18

years) and 80 teache's. Mog students entering Year 7 have attended one of four Geeder®
primary schools. Based on information provided by the primary schools and results from

tasks completed during initial school visits, students are streamed into classes according

thar results in al subjects. This approach to streaming does not take into account
differences between students English and mathematics performance. Students remain

togaher for al lessonsbut may be relocated into another class if their performance during

Y ear 7 indicates they have been misplaced.



The mathematics coordinator (Saly), arelatively inexperienced teacher in her sixth year of
teaching at the school, is a dynamic and motivating leader. While thee is a range of
expeience in the mathematics team, mos have been teaching mathematics for less than six
years. They are enthugastic and open to new approaches, with teachers of classes at the
same grade level working togeher to plan units of work, devel op assessment strategies and
evauae programs and practices. Early in 2006 Margate school was invited to paticipae
in the Years 5-8 Mathematics Project. Sally and oneother teacher (Ned) attended two days
of professiond development, which focused on a rangeof content areas from the mandaed
curriculum in NSW. In addition, details about possible schoolbased projects were outlined
and advice provided onways to develop aplan for researching issues.

The curriculum for Kindeagaten to Year 10 is divided into 5 content strands (Number;
Patterns and Algebra; Data; Measurement; and Space and Geometry) and one process
strand (Working Mathematically). To suppot teachers planning, the content is presented as
adevelopmental continuumof learning with key ideas articulated for every two years after
the first year of schooling (Kindegarten). The curriculum is packaged into two booklets,
onefor primary school teachers and the other for seconday mathematics teachers. When
planning, mog teachers focus on the key ideas for the two-year stage of thar students even
thoughthe advice in the doauments is to consder the stage before and after since not all
students learn at the same rate.

Saly and Ned decided to focus on Year 7 studentsOundestanding of fractions from the
Numbe strand of the curriculum. For thelast few years, they had noticed students were not
ready to engage with the content on common fractions presented in the age-appropriate
stage from the lower seconday curriculum (Stage 4). Until the new syllabuses were
released in 2002, the primary school curriculum had little common fraction content
(Andason & Wong, 2007) With the release of the latest syllabuses (BOS NSW, 2002a
BOS NSW, 2002b) the expectations for common fraction learning has been significantly
increased so tha students in Years 5 and 6 (Stage 3) learn to add and subtract fractions
place fractionson a number line and multiply fractionsby whole numbers.

Developing common fraction undestanding is one of the mog chdlenging areas of the
mathematics curriculum (Nationd Mathematics Advisory Pand, 2008; Ryan & Williams,
2007) However it is critical that students have a solid founddion of fraction undestanding
before they are able to engage with the abstract ideas of algebra. Sounding a word of
warning about our expectations of the development of fraction knowledge Ryan and
Williams (2007)suggest:

E concepts such as that of the fraction % and % continue to develop over a prolonged period

of schooling and Gaving the conceptOis often a dlippery idea; concept acquisition is aways a

work in progress, and a lot depends on the context of the concept, the model or representation,

and the mode of assessment of the task. Indeed, conceptions of fractions continue to develop
with that of proportions right through secondary school E (p. 69).

Perhgpsprimary school teachers undestand these concernssince Andason & Wong(2007)
reported teachersOlevel of discomfort with the increased expectations of common fraction
undestanding in the new syllabuses. As a consequence teachers tend to rely on textbooks
and worksheets to suppot student learning.

For Sally and Ned, the approach adopted by primary school teachers does not seem to have
worked as the Year 7 students they encounier have little undestanding of common



fractions Addeal to the dilemma of limited undestanding, there is not a uniform approach

to teaching fractionsin the four main primary schools sending students to Margate school.

To address theissug, Sally and Ned wanted to assess each student@ knowledge skills and

undestanding of fractions so they would know where to begin planning lessonsand units

of work. With theassistance of a Numeracy Project Officer employed by the school system,

they developed a pre-test based on fraction content from the primary curriculum (Stages 2

and 3). The pen-and-paper test was administered to ther two Year 7 classes. To alleviate

pressure and encourage students to be honest about thar level of undestanding, the GestO
was labdled GBhow Me What Y ou KnowOwith students encouraged to provide feedback

aboutthdar mathematics learning experiences in primary school.

Assessment and Pedagogyfor Common Fractions at Margate School

Andysis of studentsOresponses revealed many misconceptions and little undestanding of
paticular fraction representations Figures 1 to 3 are examples of the items on the test.
While these items do match with syllabus expectations at Stages 2 and 3, Ryan and
Williams (2007) suggest they are not necessarily straight forward with students typically
finding circle modds easier to work with and multiplicative thinking involving ratio taking
longe to learn than syllabuswriters might anticipae.

Q1) Inthediagramsbdow, wha fraction of each shape has been shaded?

I

Figure 1. Question 1 onthe pre-test (Stage 2 or Y ears 3 and 4 of primary schooling)
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Figure 2. Question 150onthe pre-test (Stage 3, Years 5 and 6 of primary schooling)
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Figure 3. Question 20aonthe pre-test (Stage 3, Years 5 and 6 of primary schooling)



After the pre-test, students discussed theitems and described thar experiences from
primary school Dit became clear they had limited undestanding of the primary school
common fraction content. In addition, a sample of students representing low, medium and
high achievement on thetest were interviewed and video-taped as they attempted similar
guestionsand problems involving common fractions One of the problems presented to

students was:
If you have 3 chocolate bars and 4 children, work out the equal share that each child would get
from these 3 chocolate bars.

The same test was used as a post-test after the unit of work on common fractions Students
were aware that the same GestOwould be used and were encouraged to revisit the questions
before taking the pod-test. For mog items in the pog-test, there was an increase in student
undestanding. However the three items in Figures 1 to 3 ill created issues for many
students.

Addressing the L earning Needs of Students

Student results from the pre-test and diversity of responss to the problems in the
interviews was a Qearning curveOfor Sally and Ned. They were surprised by the diversity
of knowledge skills and undestanding but were now much more informed abouttheissues
assodated with learning common fractionsand the chdlenge to develop focused learning
expeiences for thar students. In the past, they had assumed the students had far greater
undestanding of the primary school curriculum and had not taken the time to investigate
the studentsCknowledgein ameaningful way.

The daa convinced Sally and Ned to modify ther programs by planning from the primary
school content for fractions In addition, they purchased more resources for teaching
common fractions with modds other than circles and developed a range of appropriate
games and tasks. Textbooks were now used for homework rather than as a focus for
teaching and learning in lessons Experiences for students were far more dandsonOSally
reported the students were more engaged in lessons B from pre-test responss, the students
were aware how much they needed to learn. In lessons students Qold us how they learntQ
realising the teachers needed to know if they were to plan lessons which addressed thear
needs Students were keen to do the post-test to see how many of the questionsthey could
now do. The following two quoes from students reveals they enjoyed doing both

assessments:
| redly like the pre-tests because | can see what | already know and it makes me feel smarter
(Year 7 student).

Post-tests are good. | get to see what Qe learnt and what | have to remember more for my tests
(Year 7 student).

Sharing theresults from ther investigation with three other teachers of Year 7 classesled to
the development of more focused units of work, pre- and pod-testing in al of the Year 7
mathematics classes in al topics which followed. Lessonsfor Year 7 classes now indude
more conaete expeiences and more discussion and group work, with students openly
sharing therr primary school experiences and the chdlenges they have faced in learning
paticular topics in the curriculum. The mathematics teachers have since trialled the
approach in other year groupswith similar results.

The success of the project has influenced the practices of other teachers at Margate school
as well as teaches from othe primary and seconday schools in the district. TeachersO
comments reinforced the success of the project:



I wouldn® have known that this huge difference in ability existed in my classroom without first
pre-testing. It has allowed me to modify the content for individual students who are working at
different levels (Teacher of Y ear 7 Mathematics)

| was able to self evaluate and reflect on what strategies had worked best for my students. It
wasn@ about what the students didn® learn, but rather what | needed to do to help them learn
(Teachers of Year 7 mathematics)

Improvements identified in pod-test results led to presentations at a school staff meeting
where Sally demongrated to teachers of English, science, history and geography tha the
pre- and pog-testing approach has had significant benefits for teachers and students. By
congdering the content of the primary school curriculum in ther subject, teache's have
become aware of knowledge skills and undestanding they either assumed the students
knew or did not know was induded in the primary curriculum. Other faculties at Margate
school have now adopted similar assessment practices.

I mplications and Recommendations

The schoolkbased project at Margate School has revealed important issues for teaches in
the lower secondary years of schooling. For seconday school teachers, knowledge of the
primary school mathematics curriculum is essentia induding how students learn key
conaepts, and the errors and misconceptions assodated with each topic. Each student®
level of undestanding needs to be established through appropriate assessment if the needs
of students are to be met. Making assumptions about studentsOknowledge skills and
undestanding does not save time but potentially creates more issues for student
achievement in mathematics. It is possible tha the plateau or dip in peformance is a
consquence of students disengaging from learning because they either do not have the
founddion knowedgeto learn new concepts, or they aready undestand and are wasting
time.

Developing learning environments where students are free to talk about thar experiences
from primary schooling, share thar conaerns with teachers, and describe how they best
learn new idess, has the potentia to change studentsO attitudes and bdiefs about
mathematics. While assessment is crudal, students do not need the pressure of Geking a
test® negotiating a process of Ghow me what you knowOhas been very produdive for the
teachers of Margate School. Students have been engaged in a patnership with ther
teachers, providing feedback on new pedagogical approaches, which indudegreater use of
conaete materials and collaborative group work.

Saly@ leadership of the project and time for teachers to plan and work together have
contributed to its success. She has led by example, encouraged staff to become involved,
discuss outcomes and share resources, with all teachers in the mathematics faculty now
usng pre- and pog-testing. However, she acknowedges they still have more to learn and
notall of the studentsOlearning needs have been met. With the encouragement and suppot
of the Princdpd as well as the Learning and Teaching Coordinaor, she has influenced
teachers from othe key learning areas to adoptsimilar approaches.

Schoolbased projects have the potential to provide a renewed focus on the early seconday
years of schooling, particularly when many schools focus much of ther energy on the
uppe seconday years where high-stakes testing occurs. Addeal to the issues in the early
seconday years, less qudified and less experienced teaches are frequently allocated to
teach mathematics classes in the important early seconday years when students need



subgantial suppot to address the @ipGn achievement. More research is needed but schod-
based projects provide important research potential for furthe investigation.
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