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EXECUTIVE SUMMARY

Background

Concerns are currently being expressed about Australia’s capacity to produce a critical mass of
young people with the requisite mathematical background and skills to pursue careers in Science,
Technology, Engineering and Mathematics (STEM) to maintain and enhance this nation’s
competitiveness. These concerns permeate all levels of learning and skill acquisition, with
programs to assess mathematical achievement of primary and early secondary students regularly
identifying areas that require concerted action.

Internationally, Australia’s 15 year old students perform very well on the mathematical literacy
scale in terms of the knowledge and skills as investigated by the Organization for Economic
Cooperation and Development (OECD) in its Programme for International Student Assessment
(PISA) for 2002 and 2003 (OECD 2000, 2004). In addition, the Trends in International
Mathematics and Science Study (TIMSS) for 1994/5 and for 2002/03 revealed that Australian Year
8 students’ achievement in mathematics was significantly higher than the international average in
all content areas considered (Thomson & Fleming, 2004).

Along with these indicators of achievement in the early years of secondary schooling, there is
encouraging national evidence indicating that these levels of mathematical literacy are translating
into increased enrolments in senior mathematics courses. There is a paradox, however, with
enrolments in higher-level courses' declining and enrolments in elementary or terminating
mathematics courses increasing (Thomas, 2000; Barrington, 2006). This trend is not an
encouraging basis from which to improve the percentage of university graduates from mathematics-
rich courses that lead into STEM careers.

Against this background of perceived need and encouraging student performance in early
secondary schooling, the research question identified for the project was:

Why is it that capable students are not choosing to take higher-level
mathematics in the senior years of schooling?

The answers are deceptively simple. Nevertheless, it was anticipated that responses to it would
provide important insights into a number of critical issues underpinning the learning and teaching
of mathematics in Australia and provide a platform for constructive action to address STEM skill
shortages.

Sources of data

The main source of data for the Project was in the form of on-line surveys completed by
mathematics teachers and career professionals®. In addition to background information about the
respondents, 27 Likert scale questions were asked about perceived influences on students’

' This term is used to refer to mathematics courses taken at schools which lead on to mathematics-rich courses at the tertiary level
courses.

2 This is the generic title used in this Report to describe people in schools with responsibilities to provide career and course
advice/counselling.
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decisions to take higher-level mathematics courses. The questions were considered in four
groups. These groups were related to:

*  School influences, such as, timetable restrictions, course availability, and students’
experience of junior secondary mathematics;

*  Sources of advice influences, such as, job guides, other teachers in the school, and
friends in the same year level;

*  Individual influences, such as, perceptions of ability, interest, and previous achievement;
and

*  Other influences, such as, gender, parental aspirations, and understanding of career
paths.

In addition, there were questions relating to enrolment trends in respondents’ schools over the
past five years, aspects of teaching and learning that encourage students to take higher-level
mathematics courses, and strategies to increase student participation in higher-level mathematics
courses. Both teachers and career professionals had the opportunity to elaborate on their
responses to these questions by providing additional comments.

The information obtained from these surveys was supplemented with student surveys and focus
group discussions involving students and mathematics teachers. Both qualitative and quantitative
analyses were carried out.

Findings

Of the four major groupings of questions about perceived influences contained in surveys, the
Individual Influences group was perceived by both mathematics teachers and career professionals
as having the greatest impact on students’ decision making. The specific areas identified as
contributing to this impact were students’:

*  Self-perception of ability;

* Interest and liking for higher-level mathematics;

*  Perception of the difficulty of higher-level mathematics subjects;
*  Previous achievement in mathematics; and

*  Perception of the usefulness of higher-level mathematics.

Further analysis of these data was undertaken to identify any significant item effects and
interactions®. Three areas of interest were highlighted by this analysis. Firstly, the most
significant items from the four groups of perceived influences were:

*  Students’ experience of junior secondary mathematics;

*  The greater appeal of less demanding subjects;

¢ The advice of mathematics teachers;

*  Students’ perception of how good they are at mathematics;

*  Parental expectations and aspirations; and

*  Students’ understanding of career paths associated with higher-level mathematics.

® This was undertaken using a two (survey group: mathematics teacher/career professionals) by two
(location: rural & regional/metropolitan) by group of items MANOVA design.
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Secondly, the interaction between survey group and the groups of items revealed a number of
differences. The first of these related to the appeal of less demanding subjects where teachers
perceived this to be more influential than did careers professionals. The others related to the
advice of students’ mathematics teachers, the advice of parents and other adults, students’
understanding of career paths associated with higher-level mathematics, and of the way tertiary
entrance scores are calculated, where career professionals perceived these to be more influential
than did mathematics teachers.

Thirdly, the interaction between location and the groups of influences highlighted three areas
which were perceived to be more influential for regional and rural respondents than for
metropolitan respondents. These were the likelihood of taking higher-level courses in a
composite class and/or by distance education, the perceived difficulty of higher-level courses,
and the advice of other teachers.

In addition, a number of recurring themes emerged from the qualitative analysis of the
mathematics teachers and career professionals extended response data. Again, these reinforced
the central roles of prior learning experiences, student learning needs, and advice about post-
secondary options. These themes were:

*  Previous learning experiences in mathematics, which neglect the consolidation of
understandings, were perceived to be a necessary foundation for learning throughout
schooling and life.

*  Syllabus and curriculum frameworks which contain so much content that they do not
leave sufficient time for the consolidation of understanding and knowledge.

*  Heavy student workloads associated with higher-level mathematics courses.

* Teaching and learning practices which do not adequately support the learning of
mathematics from primary school through to secondary school.

*  Pedagogical approaches that do not engage students because teachers are often required
to teach outside their area of expertise.

* Assessment practices which vary in approach to purpose, structure and feedback
provided (e.g., formative, summative, holistic, pen and paper tasks, problem solving
tasks, grades and/or comments).

*  Subject choices which are based more on their mark potential for tertiary entrance scores
than on their preparation for tertiary study.

*  University information which lacks clarity or is ambiguous about pre-requisites needed
to undertake mathematics-rich courses.

e  Career advice which gives students an incomplete picture of potential options because of
a lack of a holistic approach from relevant stakeholders (e.g., through partnerships
between schools, employers, other education institutions, people working in the field).

Overall, mathematics teachers’ perceptions are that students need a substantial level of
achievement in mathematics prior to choosing a higher-level mathematics subject. This is needed
in order to sustain interest in and liking for the study of higher-level mathematics — students need
a realistic self-perception of their ability that will then allow them to engage, and persevere, with
a challenging senior mathematics course. Career professionals reinforced this message and added
that more needs to be done in the area of conveying the usefulness of mathematics.

Coupling this perception about usefulness with the relative importance of mathematics teachers’
advice which career professionals acknowledged, there are implications for clarifying the central
role that mathematics teachers have in supporting student learning. That role, and associated
support, is based on the provision of learning experiences which consolidate concepts and which



emphasise personal relevance so that students acquire positive perceptions of their ability and a
capacity to understand the role mathematics has beyond secondary schooling.

The additional data that was collected from student surveys and focus group discussions provided
supporting commentary for three key areas identified in the study. These comments related to the
importance of quality junior secondary school experiences, of engendering a positive self-
perception of ability in students, and of highlighting the career and personal relevance of
mathematics.

From the student comments, individual and post-secondary considerations accounted for most of
the influences on their decisions. The most important of these included the idea that studying
mathematics contributes to increased levels of knowledge and understanding that can be applied
in other (problem-solving) disciplines, and the notions that positive junior secondary school
experiences and acquiring confidence in their ability will support their choices. In addition, the
importance of mathematics was acknowledged through its general, career and personal relevance
beyond secondary school. Nevertheless, students also identified mathematics as a difficult
subject and that the knowledge and skills acquired come at a price in terms of effort and time
allocation associated with balancing study and personal schedules.

In their discussion, mathematics teachers focused on the changing culture of students, and the
need to respond to a diverse range of competitive academic and social pressures. One important
consequence of this competition was identified as an inability, among what was thought to be an
increasing number of students, to maintain the effort required to undertake a ‘hard’ course, such
as higher-level mathematics. In responding to this, mathematics teachers indicated that the way
mathematics is taught and the nature of support offered by mathematics teachers to their students
are two critical components in addressing the change in student culture.

Recommendations

A list of the recommendations from the Project is provided below. Six broad themes were
identified to provide a holistic approach for schools, education authorities and universities to
respond to the issue of declining enrolments in higher-level mathematics courses. The themes are
listed below and the recommendations are provided in the following three pages:

1. Mathematics teaching and learning

2. Career awareness programs

3. The secondary-tertiary transition

4. Further research to obtain a more comprehensive picture of influences on students’
decisions to take higher-level mathematics courses

5. Further research to investigate identified influences more deeply

®

Enrolments in mathematics courses

Vi



RECOMMENDATIONS

Implicit in these recommendations is an awareness of the issues that are of particular relevance
for rural, regional and remote school communities, and of differences within groups (e.g., gender,
ethnicity).

Mathematics teaching and learning

1.

That educational authorities actively support the teaching of mathematics in the primary and
junior secondary years to ensure that it is directed towards maximising the pool of students
for whom higher-level mathematics in the senior years at school is a viable and attractive
pathway. School systems need to foster a culture of sustainable professional development
within schools that enables mathematics teachers to act on the student-related influences
identified as the main findings of this report by:

* implementing pedagogical strategies that engage students;

* focusing on conceptual understandings at all levels and at key stages in learning, and

* having access to intervention programs that address students’ particular learning
needs.

That educational authorities have in place mechanisms that identify students, or which
enable students to self-identify, as in need of support programs in mathematics. These
students should be provided with opportunities to consolidate their understandings of
important aspects of mathematics at critical development points in their learning (e.g.,
through ‘second chance’ programs).

That the Commonwealth and/or other research funding bodies initiate further research into
the range of mathematics-specific issues that emerged in the Maths? Why Not? Project as
possible influences on students’ engagement and decision making, namely:

* The conceptual obstacles experienced by students in the middle years of schooling,
with a view to developing strategies to overcome them;

* The role of formative and summative assessment in early secondary mathematics
and the effects of each on students’ self-efficacy;

* The links between student-teacher relationships and performance in mathematics;

*  Problematic components of curriculum and teaching that were identified (e.g., lack
of rigour, shallow treatment of important ideas, irrelevance of content, lack of
opportunities for creativity, subject workload); and

* The extent to which teachers develop for students a ‘world view’ of mathematics
and mathematicians.

4. That Federal, State and Territory governments, in consultation with education authorities,

schools systems and other stakeholder groups, collaborate to develop and implement a
range of incentives that:

* encourage mathematics graduates into primary and secondary mathematics teaching;
and

* address the retention of degree-qualified mathematics teachers in primary and
secondary teaching.
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Career awareness programs

5. That professional associations involving teachers of mathematics and career professionals
work together to develop, trial and implement career awareness programs in the junior
secondary and upper primary years of schooling. These learning units should provide
information about the potential and value of mathematics-rich careers, and also highlight
links between careers and students’ evolving understanding of mathematical concepts.

6. That educational authorities, tertiary institutions, and other stakeholder groups form
partnerships to work together to support the development of school cultures that promote
mathematics-rich careers through the provision of programs that include:

* The regular production of career-related resources, including, a book of mathematics
related career advertisements, ‘bullseye’ type career posters, and career organization
newsletters;

* C(Clear advice to mathematics teachers, careers advisers and parents about the
importance of mathematics in choosing and successfully pursuing a career;

e Support for mathematics teachers and careers advisers about what mathematics
students can do in terms of career options and pathways; and

* Encouragement for schools to inform parents about career options and desirable pre-
requisites related to mathematics for their children.

The secondary-tertiary transition

7. That tertiary admission authorities, in consultation with State and Territory educational
authorities, review its procedures to ensure that the calculation of tertiary entrance scores
incorporates positive incentives to recognise those students who take advanced (and to a
lesser extent intermediate) mathematics subjects in Years 11 and 12.

8. That Federal, State and Territory governments, in consultation with industry, develop a
program of post-secondary scholarships and/or cadetships for studying and completing
mathematics-rich courses at university (i.e., those that depend on successful completion of
higher-level mathematics courses at school).

9. That tertiary institutions develop realistic minimum and desirable levels of mathematical
background required for the study of tertiary mathematics subjects at university. These
levels should be clearly and unambiguously identified in all promotional material as “pre-
requisite knowledge,” “assumed knowledge” or similar.

10. That the Commonwealth and/or other research funding bodies initiate further research into
the reasons and motivations which contribute to senior secondary students’ decision to enrol
in tertiary mathematics-rich courses.

Further research to obtain a more comprehensive picture of influences
on students’ decisions to take higher-level mathematics courses

11. That the Commonwealth and/or other research funding bodies support an evaluation of the
Maths? Why Not? methodology for application to a fully representative sample of
Australian students and parents/caregivers to identify students’ beliefs and perspectives
concerning the influences on their subject, course and career choices. The study should
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contribute to a holistic understanding of ‘Generation Y’ in relation to these matters, as well
as clarify issues for particular subjects (e.g., the uptake into science and mathematics) and
particular pedagogical approaches. There should be a broad scope of students studied (e.g.,
Years 5 — 12 and into the tertiary years) to gain a comprehensive picture of:

* The meaning students attach to terms, such as, ‘usefulness,” ‘relevance,” ‘less
demanding subjects’ and ‘difficulty” when used in the context of choosing
mathematics subjects in the senior years;

* The characteristics of earlier learning experiences which contribute to positive
achievement and high levels of interest in mathematics, and which have the potential
to influence decision-making (e.g., curriculum, pedagogy, teaching, encouragement,
feedback, performance); and

* The factors which contribute to developing positive beliefs about mathematics and
its application to students’ lives and aspirations.

12. That the Commonwealth and/or other research funding bodies initiate further research into
the extent of career professionals’ knowledge and practice concerning the nature and
usefulness of higher-level mathematics, and counselling about possible career paths.

13. That the Commonwealth and/or other research funding bodies initiate further research that:

* Identifies the current benefits and rewards to students of undertaking higher-level
mathematics;

* Identifies potential benefits and rewards (associated with other subjects) that may be
transferable to mathematics;

* Investigates the relatively low rating that career professionals attribute to their
advice;

* Investigates the relative importance of the influences identified in the project that
apply to the pre-secondary context, and the efficacy of introducing career programs
into the primary years of schooling;

* Analyses the PISA and TIMSS data concerning enrolments in countries that are
more successful than Australia in terms of students studying advanced mathematics,
and concerning attitudinal characteristics of students;

* Determines whether or not there are critical times during schooling when students
make formative decisions about subject choices and careers.

Further research to investigate identified influences more deeply

14. That the Commonwealth and/or other research funding bodies initiate further research to
investigate aspects of effective advice which are:

* Characteristic of career professionals (e.g., is the advice subject-specific or
motivational; advisory or mandatory; informative or influential); and

e Common to the range of other advisory influences highlighted in the Maths? Why
Not? Project (e.g., are there important social constructs inherent in the advice?).

Enrolments in mathematics courses

15. That State and Territory curriculum authorities adopt a nationally consistent approach to the
reporting of student enrolments across subjects.
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16. That State and Territory professional associations consult concerning the setting of
desirable levels of student uptake into senior mathematics courses.
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SECTION 1
MATHS? WHY NOT? - THE PROJECT
1.1 Background

Australia will be unable to produce the next generation of students with
an understanding of fundamental mathematical concepts, problem-solving
abilities and training in modern developments to meet projected needs
and remain globally competitive.

[Mathematics and Statistics: Critical Skills for Australia’s Future; The
National Strategic Review of Mathematical Sciences Research in
Australia, 2006, p.9.]

The extract provided above encapsulates concerns currently being expressed about Australia’s
capacity to produce a critical mass of young people with the requisite mathematical background
and skills to pursue careers that will help to maintain and enhance this nation’s competitiveness.
The malaise permeates all levels of learning and skill acquisition, with programs to assess
mathematical achievement of primary and early secondary students regularly identifying areas
that require concerted action.

Throughout schooling, the range of issues that impact on the quality of teaching and learning
include the qualifications, supply and retention of teachers who teach mathematics; course
structures in schools; access to, and uptake of, professional development. At the tertiary and
policy-making levels, the nature of teacher preparation courses and the lowering or removal of
mathematics prerequisites for entry into courses in science, technology, engineering and
mathematics further compound the problem. Reports, such as the House of Representatives’
Standing Committee on Education and Vocational Training’s Top of the Class (2007), the Audit
of Science, Engineering And Technology Skills (2006), the Australian Academy of Science’s
National Strategic Review of Mathematics Research in Australia (2006), and the Australian
Council of Deans of Science’s Preparation of Mathematics Teacher in Australia (2006) continue
to articulate the scope of the consequences of having a reduced skill-base in the enabling
subjects. Australia’s Teachers: Australia’s Future — Advancing Innovation, Science, Technology
and Mathematics (2003) marked the beginning of a significant attempt to address a number of
factors identified through the work of the Committee for the Review of Teaching and Teacher
Education as contributing to a lack of vitality in the teaching of science, technology and, in
particular, mathematics in our schools.

These are deeply ingrained issues and trends. Sustained, collaborative effort on a range of fronts
is required.

Against this background of diverse priorities and urgent needs, the Maths? Why Not? project
sought to bring together commentary about participation in mathematics. The purpose is to
consider relevant material from the literature covering research in mathematics education, trends
revealed in international studies, and data based on the experiences and perceptions of teachers,
careers professionals and others.



1.2 Methodology

The research question identified for the project was:

Why is it that capable students are not choosing to take higher-level
mathematics in the senior years of schooling?

This question is deceptively simple. Nevertheless, it was anticipated that it would provide an
important ‘toehold’ to a number of critical issues underpinning the learning and teaching of
mathematics in Australia. More importantly, it offered a means of connecting the learning and
teaching of mathematics from the perspective of the current and projected skills shortages. The
intention was to offer new insights and a platform for constructive action.

1.2.1 Project team

The project was undertaken by a partnership between the Australian Association of Mathematics
Teachers Inc. (AAMT) and the National Centre for Science, ICT and Mathematics Education for
Rural and Regional (SiMERR) Australia. The co-managers of the project were Mr Will Morony,
Executive Officer AAMT and Professor John Pegg, Director of the SIMERR National Centre.
The research team included Dr Greg McPhan and Mr Trevor Lynch, with administrative support
from both the AAMT Head Office (Adelaide) and the SIMERR National Centre (Armidale). An
Advisory Committee was established (see Appendix A for membership and affiliations) to
provide advice and guidance at strategic stages of the project. Key contributions of this group
during the course of the project included the initial formulation of general categories for coding
qualitative data from the surveys, and the formulation of recommendations when it met to reflect
on the findings of the project.

1.2.3 Overview of methodology

The methodology adopted sought to explore several clusters of factors that may influence
students’ choices. The systematic investigation of enrolments undertaken in this project was in
line with recent research concerning falling enrolments in the Sciences (Lindahl, 2003; Lyons,
2006; Osborne, Simon, & Collins, 2003; Schreiner & Sjeberg, 2005). The clusters of factors to be
explored were:

¢ Mathematics curriculum;

*  (Classroom experience of mathematics;

*  Teaching and learning practices;

*  School and curriculum organization;

. Career information and advice; and

*  Preparation for, and access to, further education.

The factual dimension to each of these six areas was identified in a scan of documents and
existing research — to the extent that is this reasonable and possible (see Section 2). More
important, however, are the perceptions about the (relative) influence of these areas. The project
focused on the perceptions and issues at the time of students’ formal decision making in relation
to choices of senior school mathematics subjects made around Year 10. There are other decision
points including the end of schooling — at which time students make formal choices in relation
to post-school trajectories — and, possibly, in the later years of primary education during which
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time attitudes may well be established. These critical stages in the life of students when the
decision to ‘opt out’ of mathematics may be made were not explored in this project.

Clearly students’ perceptions are critical because they have the capacity to inform choices.
Teachers’ perceptions are also a critical dimension to understanding the issues, and identifying
strategies to address these. A third perspective identified as being important was that of school-
based careers advisers.

1.2.4 Data sources

The two key instruments used to gather data on perceptions were online surveys and face-to-face
focus group interviews. Table 1.1 summarises the use of these instruments for each group.

Table 1.1 Summary of Data Collection

Group On-line survey  Focus group
Mathematics Yes Yes
Teachers
Career Yes No
Professionals
Students Yes Yes

Separate surveys were constructed for each of the groups and copies of these survey forms are
provided in Appendix B. Each survey comprised a number of sections. There was a large
number of common items in the survey forms for mathematics teachers and careers advisers.
Approval to conduct the research associated with the project was sought from The University of
New England’s Human Research Ethics Committee and was approved on 28" September 2006
(See Appendix C).

1.2.5 Contacting respondents and seeking data

Members of AAMT were used as the means for contacting mathematics teachers and students.
Members were invited to complete the online survey form through direct contact — electronic and
in hard copy, on several occasions. They were also encouraged to recruit colleagues who may or
may not be members of AAMT to complete the survey.

The last item on the survey form asked mathematics teachers to volunteer to further assist with
the project. The volunteers from New South Wales and South Australia were invited, through a
personal email and some subsequent telephone contact to enlist students at their school as
respondents, both to the student survey and, subsequently, as members of a focus group. The
decision to limit student input to these two states only reflected the limited resources of this
project — the AAMT office is located in South Australia; the SIMERR National Centre is in New
South Wales.

Permission to involve students in this research was received from both jurisdictions: the
Government of South Australia’s Department of Education and Children’s Services (DECS), on
10™ October 2006; the New South Wales’ Department of Education and Training (DET), on 12"
December 2006. (see Appendix D for copies of the approvals). For non-government schools the
approval of the principal was needed as a first step in obtaining data from students.



As part of the requirements of the jurisdictions and the UNE Ethics Committee, it was necessary
to obtain parental approval for their children to be involved in responding to the survey and/or be
a member of a focus group. The volunteer teachers were required to take on this task on behalf of
the project. Letters were also sent to school principals seeking permission to invite teachers and
students to participate in the project (see Appendix E for copies of the information sheets, letters
and approval forms provided to the volunteer teachers).

1.2.6 The parent perspective

It was suggested at a meeting of the project’s Advisory Committee that the perspectives of
parents are also important. Although this had not been anticipated in the contract for the project it
was decided to extend the methodology to include an online survey for parents. This was made
feasible through the volunteer teachers distributing information that encouraged completion of
the parent survey at the same time as parents received information seeking permission for their
child to be involved (see Appendix F for a copy of the material about the parent survey
distributed by the volunteer teachers in South Australia and New South Wales). Many of the
items in the parent survey form were the same as those in the student form (see Appendix G for
copies of the forms). This additional dimension to the project proved to be problematic in the
context of the time frame for data collection and available human resources to ensure that a
sufficiently representative parent sample was contacted. Ultimately, it was not possible to access
a sufficient number of parents to complete the survey.

1.3 Data Transformation and Analysis

The surveys and focus group sessions furnished both quantitative and qualitative data.
Quantitative data was obtained from the questions that comprised a stem and a scale for
indicating endorsement of statements in the stem. Most of the questions had a five-position scale
and some had a four-position scale. These Likert scale questions were analysed within clusters of
influences in line with the structure of the surveys. Data were tabulated and charts prepared to
represent the extent to which each of the groups of respondents endorsed the items. Where
relevant, the charts were prepared to provide a metropolitan — rural breakdown of responses.

The qualitative data consisted of extended responses made by respondents when they had the
opportunity to elaborate on their endorsements of a number of question stems. Their comments
were coded within a general framework comprising ten general categories, each with a number of
specific categories (see Appendix H). This grid was developed by two members of the project
team using a protocol established at an Advisory Committee meeting as well as by using general
themes identified in the literature scan. The comments were read and general categories
established according to the content of the comment (e.g., school influences). These general
categories were then refined in terms of a number of specific categories (e.g., timetabling; class
organisation). This coding grid was refined as the comments were analysed jointly and
separately by the two members of the project team. Once completed, the coding grid was applied
to all comments made by teachers, career professionals and students. A number was assigned to
each of the specific categories and this meant that data could be represented in chart format for
further analysis.

Two additional perspectives on the data were obtained. The first was provided by interpreting
the Likert scale questions for teachers and career professionals from a Rasch perspective. This
process lead to some preliminary interpretations of the results of the survey in terms of how easy
some of the items were to endorse. The second perspective was provided by undertaking a two
(survey group: maths teachers/career professionals) by two (location: regional &
rural/metropolitan) by group of items MANOVA analysis. This analysis was carried out in order
to identify any significant item effects or interactions.
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SECTION 2
LITERATURE REVIEW

Australia must improve its percentage of university graduates with a
mathematics or statistics major, from the current 0.4% p.a. to at least the
OECD average of 1%. This target cannot be achieved without improving
school mathematics ...

[Mathematics and Statistics: Critical Skills for Australia’s Future, The
National Strategic Review of Mathematical Sciences Research in Australia,
2006, p.52.]

2.1 Introduction

Internationally, Australia’s 15 year old students perform very well on the mathematical literacy
scale in terms of the knowledge and skills as investigated by the Organization for Economic
Cooperation and Development (OECD) in its Programme for International Student Assessment
(PISA). Results from the projects carried out in 2000 and in 2003 place Australia 5" (out of 31
countries) and 11" (out of 40 countries) respectively for mathematical literacy (OECD 2000, 2004).
In addition, the Trends in International Mathematics and Science Study (TIMSS) for 1994/5 and for
2002/03 revealed that Australian Year 8 students’ achievement in mathematics was significantly
higher than the international average in all content areas considered (Thomson & Fleming, 2004).

Against this background of achievement in the early years of secondary schooling, there is
encouraging national evidence indicating that these levels of mathematical literacy are translating
into increased enrolments in senior mathematics courses (Figure 2.1). There is a paradox however,
with enrolments in higher level courses declining and enrolments in elementary or terminating
mathematics courses increasing. This trend is not an encouraging basis from which to improve the
percentage of university graduates with a mathematics or statistics major.

Information concerning the number of Year 12 students undertaking elementary mathematics
courses across Australia indicates an encouraging rise during the period 1995 — 1999, whereas there
is an associated decline in the numbers taking advanced courses and only moderate increases in
intermediate course numbers (Thomas, 2000). It is interesting to note that there is a parallel in the
data presented by Thomas and similar data concerning enrolments in physics and chemistry courses
for the same period (Lyons, 2005). Enrolments peak in 1992, decline to 1996 and then begin to rise
again. Declines are documented also in the audit of Science, Engineering and Technology Skills
initiated by the Minister for Education, Science and Training in 2004. The audit identified declines
in these skills across all education and training sectors, particularly in the enabling sciences, which
include advanced mathematics (DEST, 2006).

More recent data document the continuing downward trend for advanced course numbers and a
similar pattern for intermediate courses (Barrington, 2006, DEST Audit Report, 2006). Table 2.1
details the national changes in the percentage of Year 12 students enrolled in higher-level courses
during the period 1995 — 2004.
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Figure 2.1 Year 12 Mathematics Enrolments for Australia by Gender (Adapted from Forgasz, 2005)

Table 2.1 Changes in the Percentage of Year 12 Students Across Australia Taking Advanced and
Intermediate Mathematics Courses 1995 - 2004 (Adapted from Barrington, 2006)

State Advanced Intermediate
From 1995 To 2004 From 1995 To 2004

NSW 18.9 15 30 20.1
Vic 11.4 12.6* 24.4 24.2
Qld 12.6 8.4 33.7 31.7
WA 12.6 8.2 18.8 13.4
SA 11.8 9.1% 23.6 16
TAS 4.6 55 15.3 14.3
ACT 12.2 11.9 27.6 28
NT 5.8 3.2 15.7 14.2

* Qverall decline after a rise ’96-’97

Barrington noted that information concerning elementary mathematics courses is less clear-cut with
over 70 courses falling into this category, e.g., General Mathematics, Modelling with Mathematics,
and Mathematics Life Skills. He provided, however, an estimate of 9% as the increase in the
percentage of students across Australia enrolling in elementary mathematics courses over the
period of the review, i.e., 1995 —2004. For the same period the national variation for advanced and
intermediate courses is given as decreases of 2.4% and 4.6%, respectively. Neither decrease
reflects the variation in separate states and the possible curriculum decisions which have prevailed



in States, such as Western Australia and Tasmania over this period to give rise to substantial
changes in, and relatively stable figures respectively.

Other national studies provide an inconsistent picture of enrolments, with differing breakdowns for
the relative proportions of students in each course. The Longitudinal Survey of Australian Youth
(Fullerton et al., 2003) reflected the national ratio of approximately 2:1 for advanced and
intermediate courses given by Barrington, whereas the Youth Attitudes Survey (DEST, 2006)
based on 1830 surveys across Years 10, 11 & 12, and Thomas (2000) indicated a greater proportion
of students enrolled in intermediate courses. Within the period 2000-2004, Forgasz (2005),
described enrolments for intermediate courses that indicate a pessimistic national decrease that is
more pronounced for females than for males.

A number of reasons has been put forward for the change in status of advanced mathematics
courses with the single most important affective predictor of enrolment in additional senior
mathematics identified as usefulness (Brinkworth & Truran, 1998). ‘Usefulness’ can take on a
number of qualifications, such as its usefulness as a prerequisite for further courses at the post-
secondary level courses (Fullarton, Walker, Ainley, & Hillman, 2003). This usefulness is
consistent with the widespread view that some students will use advanced mathematics courses as a
vehicle to gain entry into university courses with a high cut-off scores (Brinkworth & Truran,
1998).

Whilst the importance of mathematics for further study emerges as the main reason for enrolling in
mathematics courses, a range of factors has been identified that influence students’ choices. One
‘snapshot’ of the background to student subject choices is provided in the Longitudinal Surveys of
Australian Youth prepared by the Australian Council for Educational Research (ACER) in which
patterns of subject participation are described in terms of gender, socio-economic background,
ethnicity, location, State and Territory, school sector and achievement in literacy and numeracy
(Fullarton, Walker, Ainley, & Hillman, 2003). These influences are encapsulated in a description
of the typical advanced mathematics student as a high-achieving Asian boy from a high socio-
economic status family, likely to be enrolled in an independent city school and who has aspirations
to go to university.

Although a global view such as this one can be informative, it cannot describe individual
differences and preferences. Significant groups of influences articulated by students for choosing
to study mathematics have been reported as:

*  Achievement/liking; usefulness; course requirements; encouragement received (Jones,
1988);

*  Gender; socio-economic background, parental education; ethnicity;
attitudes/achievement (Ainley, Jones, & Navaratnam, 1990);

*  Number of courses offered; subject difficulty; interest and enjoyment; career relevance;
ethnicity (Malone, de Laeter, & Dekkers, 1993);

*  Keeping options open; previous performance; prerequisite (Brinkworth & Truran, 1998);

*  Gender; achievement level; further study; language background (Fullarton et al., 2003);

*  Gender-based factors — spatial-visualisation, mathematics anxiety, mathematics
achievements, female attribution patterns; and Social factors — mathematics as a male
domain, classroom culture, the curriculum, different treatment of girls and boys in the
classroom (Conway & Sloane, 2005);

*  For Year 10 students: Usefulness; engaging curriculum; career; tertiary entrance score;
teachers (DEST, 2006);

e For Years 11 & 12 students: Usefulness; future prospects; performance; parents;
advisers; teachers (DEST, 2006).



Factors which have been identified as ‘other influences’ include career advice, role models, school
sector, and congruence with personal needs. Some studies have also considered the influences on
students’ choice not to do mathematics. Significant groups of influences include:

*  Room for creativity/self-expression; level of boredom (Brinkworth & Truran, 1998)
e Boredom; difficulty; lack of usefulness; poor grades (DEST Youth Attitudes Survey,
20006)

The review of the literature that follows has been organised into three main sections. The first
provides an overview of the various background reports that provided patterns of enrolments and
descriptions of cohorts of students. The second section details the various influences which have
been identified as impacting on students’ choices. These have been grouped under a number of
general headings, each reflecting a different aspect of usefulness. These headings are:

1. Aspirations, e.g., job prospects or further study;
Engagement with the Curriculum — learning/structure/teaching, e.g., enjoyment, the number
of courses taught or subject availability, encouragement by and engagement of teachers;

3. Family and Peers, e.g., background and the nature/extent of support within the family or
whether or not a friend does the subject ;

4. Performance, e.g., because of the previous grades;

5. Subject image, e.g., the way maths is presented in the media or by professionals.

These sections are followed by a summary of the main ideas that have emerged and suggestions for
areas of continued investigation.

2.2 Background Information

This section draws mainly on material contained in reports of enrolment patterns (Barrington, 2006;
Forgasz, 2006) and of student performance in international studies, such as TIMSS and PISA. This
information provides a ‘snapshot’ of student participation in mathematics in terms of two relevant
indicators, namely, the number of students in each course and key aspects of student performance.

The detail of students undertaking courses in advanced and intermediate mathematics as provided
by Barrington for the period 1995 — 2004 is given in Figures 2.2 and 2.3 (Barrington, 2006).
Allowance has been made in the data to ensure that students are not counted twice if they undertake
an advanced course and are simultaneously enrolled in an intermediate course. The Year 12
reference populations for determining percentages are the total Year 12 candidatures as provided by
the respective State curriculum authorities. Figure 2.2 indicates that the data for all but two of the
States reflect the national trend of an overall decline in the number of students undertaking
advanced mathematics. In Victoria, although there was a substantial increase in the period 1995 —
1997, this has been followed by a gradual decline. Only in Tasmania has there been a recent trend
towards increasing numbers of students undertaking advanced courses, although the data
represented in Figure 2.2 indicate that this increase is from a low baseline level.
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Figure 2.3 illustrates the gradual declines which, again, reflect the national trend evident in
intermediate courses. In most States, the overall changes have been small, a result of minor annual

fluctuations.

Only in the Northern Territory have there been substantial fluctuations and, in

Victoria, the trend there mirrors the one for advanced course, namely, a peak in 1997, followed by
subsequent declines. Consistent downward trends contributed to the greatest overall declines seen
in New South Wales, South Australia and Western Australia.
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A comprehensive overview of Australian enrolment patterns in all mathematics courses is provided
by Forgasz (Forgasz, 2006). Although the most detailed section of this report covers the period
2000 — 2004, data are also included for the periods 1970 — 1989 and 1990 — 1999. This information
1s provided against a background of increasing Year 12 retention rates since 1970 as a percentage
of the national population and a 150% increase in total Year 12 mathematics enrolments since
1980. The choice of concentrating on the period since 2000 is a consequence of an analysis of the
mathematical content of Year 12 mathematics offerings across Australia (Barrington & Brown,
2005). The range of mathematics courses available to students was given classifications of
advanced, intermediate and elementary to enable a meaningful comparison between States. Figures
2.4 — 2.11 which follow detail the period since 2000 and are based on the enrolment data provided
in this report. These have been updated using information from the respective State curriculum
authorities to cover 2005 (ACT Board of Senior Secondary Studies, 2005; Australian Bureau of
Statistics, 2005; Board of Studies, 2005; Curriculum Council of Western Australia, 2005;
Queensland Studies Authority, 2005; Senior Secondary Assessment Board of South Australia,
2005; Victorian Curriculum and Assessment Authority, 2005; J. Fitzgerald, personal
communication, December 7, 2006).

On a national basis, for the period since 2000, there has been a small increase in the number of total
mathematics enrolments but this becomes a small decrease when enrolments are considered as
percentages of Year 12 cohort sizes, with more male enrolments than female, a pattern which has
remain unchanged since 1970. For the individual courses, a small increase has been recorded in
advanced enrolments although this increase does not compensate for the sharp decline observed
between 1999 and 2000. Enrolments in intermediate and elementary courses have recorded small
decreases and stable percentages respectively after substantial increases between 1999 and 2000.
These trends do not entirely match those reported by Barrington (Barrington, 2006) and highlights
a difference in reference populations when determining percentages. Forgasz expressed enrolments
as percentages of Year 12 cohort size and this can lead to inconsistencies if compared with raw
enrolment numbers. The gender breakdown reflects the national pattern except in the elementary
courses, where more females are enrolled than males. A brief summary of the details for each State
and Territory follows.

Australian Capital Territory (Figure 2.4)

e  Slight decrease in advanced course enrolments for males with a slight increase for
females;

*  Declining intermediate course enrolments;

* Increasing elementary course enrolments; and

*  More females than males enrolled per course except for advanced.

New South Wales (Figure 2.5)

*  Stable advanced course enrolments for males with a slight increase for females;
*  Declining intermediate and elementary course enrolments; and
*  More males than females currently enrolled in all courses.

Northern Territory (Figure 2.6)

*  Stable advanced course enrolments for females with a slight increase for males;
*  Declining intermediate course enrolments for females; and
*  More males than females currently enrolled in all courses.

10
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Figure 2.5 NSW: Year 12 Mathematics Courses Enrolments as Percentages of Year 12 Students by Gender
2000 — 2005 (Adapted from Forgasz, 2006)
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Figure 2.9 Tasmania: Year 12 Mathematics Courses Enrolments as Percentages of Year 12 Students by
Gender 2000 — 2005 (Adapted from Forgasz, 2006)

[NB: Students enrolled in more than one course contributes to percentages greater then 100%]
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Queensland (Figure 2.7)

e  Stable enrolments for all courses; and
*  More males than females enrolled per course except for elementary.

South Australia (Figure 2.8)

*  Declining enrolments in all courses; and
*  More males than females currently enrolled in all courses.

Tasmania (Figure 2.9)

*  Stable advanced and intermediate course enrolments overall with a slight increase in
intermediate enrolments for males;

*  Decreasing elementary course enrolments; and

*  More males than females enrolled in all courses

Victoria (Figure 2.10)

e Stable advanced and intermediate course enrolments for females with slight decrease in
both courses for males;

* Increasing elementary course enrolments; and

* More males than females enrolled in all courses.

Western Australia (Figure 2.11)

* Slight decreases in advanced and intermediate course enrolments;
* Increasing elementary course enrolments; and
* More males than females enrolled per course except for elementary.

Whilst there is no definite pattern for the States/Territories, when seen against the background of
the national pattern described above, it is possible to isolate those areas which contribute to the
pattern or which differ markedly. For example, the advanced course pattern of overall slight
increase is a result of data from the Australian Capital Territory, New South Wales and Victoria
(female enrolments) and the Northern Territory and Tasmania (male enrolments). The elementary
course pattern of more female enrolments than male is not evident in New South Wales, Northern
Territory, South Australia, Tasmania and Victoria. Queensland is the state which most closely
reflects the national pattern and South Australia is the state which records declines in all courses.

The second indicator of participation in mathematics considered in this section is the various
aspects of student performance documented in international studies. They are included as they
provide a way of describing key influences on students in the middle years of secondary schooling.
In particular, the PISA 2003 information relating to 15-year old students is pertinent since these
students are at a stage in their schooling when they are about to make important decisions about
subject choices.

As part of PISA 2003 (where there was a focus on mathematical literacy), a number of questions
were asked of 15-year old students based on the self-regulating learning principle that certain
characteristics make it more likely that students will approach learning in beneficial ways. Table
2.2 details these questions which were framed within four categories each of which were then
described in terms of a number of student characteristics.
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Table 2.2 Characteristics and Attitudes of Students as Learners in Mathematics
(Adapted from PISA, 2003, Figure 3.1)

Category of characteristic Student characteristics

Motivational factors and general
attitudes towards school

Interest and enjoyment of mathematics.
Instrumental motivation in mathematics.
Attitudes towards school.

Sense of belonging at school.

D=

—_—

Self-related beliefs in mathematics Self-efficacy in mathematics.

2. Self-concept in mathematics.

Emotional factors in mathematics 1. Anxiety in mathematics.
Student learning strategies in 1. Memorisation/rehearsal strategies.
mathematics 2. Elaboration strategies.

3. Control strategies.

Australian students’ interest and enjoyment of mathematics index was comparable with the OECD
average and a greater index for males than for females was recorded. It contributes positively to
performance in mathematics. The instrumental motivational index was above the OECD average
and, again, a higher index for males was recorded than for females. The relationship between
extrinsic motivation and performance was positive although not as strong as for intrinsic
motivation. Predictably, the average index was higher for students aspiring to complete a
university-level program compared with students expecting to complete lower secondary education.
Students’ attitudes towards school were positive with the female index higher that the male index.
No relationship was observed with performance in mathematics. Students’ sense of belonging was
above the OECD average and the female index was greater than for males. The relationship
between a sense of belonging and performance was observed to be weak for individuals and more
pronounced at the school level, suggesting that where schools provide a basis for students to be
engaged there will be improved overall performance.

Motivational factors considered in the TIMSS 2002/03 study of Year 4 and Year 8 students were
enjoyment of mathematics, valuing of mathematics and educational aspirations (Thomson &
Fleming, 2004). Although Australia registered a significant increase in the number of Year 8
students who agreed that they enjoyed learning mathematics, the average was below the
international value. About half of the Year 8 students placed a high value on mathematics in terms
of its role in a future career and 40% envisaged themselves completing a university degree. In line
with the international pattern, valuing mathematics and educational aspirations were positively
associated with achievement.

Self-efficacy is one of the strongest predictors of student performance at the individual and school
levels and Australian students’ index was comparable with the OECD average with the average
index for males higher than for females. This higher index for males is interpreted as having
confidence in their mathematical ability. This self-concept is also closely related in a positive way
to performance both at the individual and school levels. The confidence expressed by 15-year old
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students in the PISA study is similar to the self-concept trend identified in the TIMSS 2002/03
study where a large percentage of students expressed high confidence in learning mathematics.
The gender difference was significant with more males than females expressing high levels of
confidence and there was a strong positive association with achievement (Thomson & Fleming,
2004). Also strongly associated with performance at the student and school levels is the anxiety that
students feel when dealing with mathematics. Reflecting the pattern for all OECD countries,
females in Australia have a higher average index than males.

Australian students’ capacity to manage their own learning is comparable with the OECD average
with very little difference in the average index for males and females. The relationship between the
use of control strategies and performance tends to be weak.

In addition to the questions about student approaches to learning, questions were asked in PISA
2003 about learning and school environments. These questions were part of an overall
investigation of school climate, school policies and practices, and school resources. One focus
when considering learning environments was the notion of school effectiveness, and the capacity to
provide support structures that will raise performance levels. Australia was amongst a group of
countries where students reported the most positive perceptions of teacher supportiveness for
individual learning in mathematics. The report pointed out that across all OECD countries, poor
student-teacher relations has the strongest negative impact on mathematics performance (OECD,
2004, p. 257). This was seen to be the case, even when adjustments were made for a range of
demographic and socio-economic factors — economic, social and cultural status; gender; country of
birth; language spoken at home; early education attendance.

In outlining the features of schools which can influence student performance, the following list was
provided after allowances were made for the various socio-economic factors:

*  disciplinary climate — positive influence;

*  student morale and commitment — small positive influence;

*  sense of belonging — small positive influence, not statistically significant;
*  selective admission policies — strong influence;

*  avoidance of ability groupings — positive influence;

e provision of additional mathematics activities — positive influence;

* large school size — positive influence;

*  Jocated in small communities — positive influence;

*  educational resources — positive influence;

* teacher shortage — small negative influence.

No significant relationship was detected between the frequency of teacher-developed tests, or
between student/teaching staff ratios and student performance.

A similar, statistically significant list of school factors which influence student performance in
mathematics was provided in the TIMSS 2003/03 report. This list identified nine student, and
school and classroom level variables. These were:

*  self-confidence in mathematics — large positive influence;

* indigenous status — large negative influence;

*  educational aspirations — positive influence;

*  computer usage — positive influence;

*  number of books in the home — positive influence;

*  parents’ education — positive influence;

*  emphasis on mathematics homework — strong positive influence;

*  principal’s perception of school climate — strong positive influence;
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*  general school and class attendance — positive influence.

The two lists highlight the range of variables which, in different contexts, have been identified as
associated with student performance. It is of interest to note in each case the significance of student
characteristics, namely, attitudes to learning in the OECD study and self-confidence in the TIMSS
study. This is in line with the analysis in a Longitudinal Survey of Australian Youth in which the
role of social background and school sector are identified as explaining, at best, 20 per cent of the
variation in student performance at the Year 12 level (Marks, McMillan, & Hillman, 2001).

2.3 Influencing Factors

This section provides an overview of the influences which have been identified as impacting on
students’ decision to undertake higher-level and further mathematics. These influences have been
grouped within a number of categories which represent common themes in the diverse lists of
variables reported in the literature.

2.3.1 Aspirations

This category deals with the strategic nature of mathematics and the importance of a tertiary
entrance score in helping students realise post-secondary options. Whether or not students are
interested in mathematics, this score ranks highly as an influencing factor across Years 10 to 12 for
two key reasons. Firstly, as a rationale for learning the subject and, secondly, when deciding to
include mathematics within a pattern of study in Years 11 and 12 (DEST, 2006). Mathematics has
considerable prerequisite currency in terms of maintaining patterns of study or securing a career
pathway and this is a view expressed by students whether they are interested in mathematics or not
(Brinkworth & Truran, 1998; DEST, 2006). In addition, the aspirations for further study have been
associated with higher levels of numeracy in junior and early secondary school (Marks, McMillan,
& Hillman, 2001; Rothman & McMillan, 2003).

Of the students who aspire to undertake post-secondary education, more are likely to be enrolled in
advanced level mathematics courses (Fullarton et al., 2003) and there are high percentages of Year
10, 11 & 12 students intending to study business, health, engineering, science and technology at
university who undertake tertiary accredited mathematics (DEST, 2006). These percentages can be
misleading, however, as there has been a decline in the number of students undertaking an
advanced course and this has been linked to the removal of such courses as internal prerequisites in
many discipline areas by universities (Thomas, 2000; Fullarton et al., 2003). The single digit
percentage decreases quoted in the Introduction translates into an alarming 23% when expressed as
a total of university enrolments (Thomas, 2000).

An important implication of the change in internal prerequisite requirements at universities 1s the
notion that students may be taking courses in science, engineering and technology (SET) at
university without a solid foundation in the enabling subjects — which includes advanced
mathematics. Some of the longer-term consequences can include a lack of flexibility in the labour
market, frustration at university and unnecessary failure. The notion of decline is further reflected
in the number of domestic students enrolling in and completing science, engineering or technology
courses (DEST Audit Report, 2006).

High visibility of mathematics at school does not carry over into careers. It is clearly a requirement
for economics- and science-related careers, but in all else it is regarded as peripheral; jobs requiring
mathematics qualifications do not confer higher social status, even though they might be well paid
(Brinkworth & Truran, 1998). One of the main reasons given by teachers for students not
continuing with mathematics at university level is the inability to see a career in mathematics
(Crann, 2006). The peripheral message about mathematics and careers is reinforced in the extent of
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qualification “wastage” that is evident in professions, such as engineering, where a significant
proportion of SET qualified people do not work in related occupations (although this is perhaps an
increasing trend with many people being embarking on career journeys in a highly dynamic and
evolutionary context).

The notion that students see mathematics as peripheral to careers, such as law, where an
understanding of mathematics is becoming increasingly essential, does highlight a need for specific
counselling about the relevance and benefits to future careers of mathematical studies (Brinkworth
& Truran, 1998).

2.3.2 Engagement with the Curriculum — Learning/structure/teaching

Included in this category are the motivational aspects and general educational experiences within
the curriculum that can influence a students’ decision to enrol in mathematics courses. These
experiences relate to enjoyment, excitement, challenge, good grades, access to real-life examples,
concurrent patterns of study and cognitive style. With more boys undertaking mathematics
courses, the reporting of gender effects is common and this influence in mathematics appears most
pronounced where students have the option to choose more than one course, with boys
demonstrating a stronger preference (DEST, 2006).

High achievers disagree with the notion that success in mathematics requires good luck and
memorisation of notes/textbooks. They also disagree with the idea that computers are essential for
learning, although students who intend to study at TAFE regard them as essential (Brinkworth &
Truran, 1998). This attitude towards learning support has been documented in a Victorian study in
which Year 11 students were surveyed for their ideas about computer use in mathematics (Forgasz,
2004). That study found that although computer use was widespread in mathematics, only a
minority of the students surveyed believed that computers had assisted their understandings in
mathematics.

Students’ perceptions of mathematics have considerable influence over levels of participation with
some of the reasons for not choosing the subject given as the need for hard work, memorisation,
learning and practising rules constantly, that it is a technical subject, boring and lacking in
creativity. In addition, classroom practices are still dominated by teacher-focused strategies, such
as copying from the blackboard, rather than students being given the opportunity to share or present
their understandings (Brinkworth & Truran, 1998). Although memorisation is seen as a necessary
feature of mathematics, it is less of a burden with more and more rules and formulae provided for
assessment tasks. A strong teacher focus would account for the large number of students who
indicate that the relative lack of quality teaching in mathematics compared with language-rich
subjects is influential in deciding whether or not to continue with mathematics.

After the importance of strategic factors, a survey of Year 10 students revealed that teachers have
an important role to play in developing their interest in mathematics and they look to them to be
engaged in a curriculum that is exciting and challenging through events, such as experiments and
field trips (DEST, 2006). The findings of an extensive investigation into effective mathematics
teaching and learning in Australian secondary schools (Ingvarson, Beavis, Bishop, Peck, &
Elsworth, 2004), were summarised in the surprising notion that what took place in the classroom
was largely responsible for contributing to quality learning. Good relations with teachers have been
identified as having a positive effect on students’ self-perceived achievement in mathematics
(Marks, 1998).

The curriculum for mathematics up until Year 10 could be described as socially relevant, i.e.,
students are likely to associate mathematics with the solving of everyday problems. This aspect of
the curriculum continues to be accessible to students who undertake the applied courses in Years 11
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and 12 and is, for the most part, removed for students who choose “pure” or higher-level
mathematics courses (Brinkworth & Truran, 1998).

Teachers and parents have a moderately strong influence on students’ choice to study mathematics
whereas, those who choose not to study mathematics rely more on personal considerations, such as
finding the subject hard, not being good at it and finding the teaching uninspiring. Students in
independent schools and country school students are more likely than city students to access
support from teachers/advisers/parents. The place of pastoral care and the sense of community in
these respective contexts have been put forward as possible explanations.

There is a potential for careers counsellors and advisers to assume an important supportive advisory
role, particularly in the light of the number of students who choose to continue with mathematics in
order to “keep options open.” Reasons for this default setting hint that the information offered from
these areas is unclear about pathways provided by universities and TAFE, or is unfriendly towards
mathematics (Crann, 2006), and therefore is an inadequate basis for making decisions (Brinkworth
& Truran, 1998). The majority of teachers surveyed in a study about increasing the supply of
mathematical science graduates indicated that there was uncertainty about the capacity of careers
advisers to deliver quality information about careers (Crann, 2006). Improving information and
awareness about careers is identified as a key influence in encouraging students studying Science
Engineering and Technology courses and aspiring to further study and careers in these areas
(DEST, 20006).

Brinkworth & Truran (1998) have suggested that students’ views about the nature and relevance of
mathematics is predicated on the following problems and that teachers can play an important role in
addressing them:

* Inadequate information about its positive values and its role in study and careers;
* A distorted view of those who use it;
* A lack of exposure to appropriate content and methods.

Participation in higher-level courses is highly dependent on previous educational experiences.
Although students achieving in the top quartile are more likely to be enrolled in specialist
mathematics courses, Ridd (Ridd, 2004) referred to a “condition” of mathematics in Year 8, 9 and
10 which contributes to a level of ignorance about senior course and a “discontinuity” at the Years
10/11 interface. This lack of knowledge can reduce students’ ability to make informed decisions.
Drawing on Queensland information, Ridd referred to a “weak data set” of assessment and auditing
systems in place during these Years that can be used by students for making strategic choices about
further study.

Reference is also made to the correlation between tertiary entrance scores and Year 9 numeracy and
literacy performance, highlighting the long-term implications of lower secondary schooling. One
implication of this link — in addition to quality assessment practices, is the provision of quality
learning experiences during these Years. In particular, students are not given enough experiences
with algebra, regarded as the most important enabling tool (and a “gateway to higher
mathematics”) in the context of problem solving and a student’s capacity to generalise. Instead,
quoting the opinion of one “expert”, this lack of exposure to algebra is a consequence of doing
“foolish, fuzzy investigations instead of mainstream mathematics ...”

Access to co-curricular events in mathematics has indicated that students can build up a bank of
positive experiences and also gain a deeper enjoyment, understanding, an awareness of the
applications of mathematics and of its potential in careers (Crann, 2006).
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Where the curriculum is offered, in terms of school system and geographic location, has been
identified as having a moderate effect on the number of students enrolled in higher-level courses.
There are indications that students at independent schools are more likely to enrol in advanced
mathematics courses than in government schools (Fullarton & Ainley, 2000). There are few reports
concerning the effect of geographical location on enrolments in higher-level mathematics courses.
One study that included an investigation of the patterns of participation in Year 12 across courses
has revealed a trend towards a majority of students undertaking intermediate mathematics in rural
schools (Fullarton et al., 2003).

The PISA 2003 Project used four constructs to investigate positive dispositions of 15 year olds
towards school and learning and their impact on achievement in mathematics. These variables
were interest in and enjoyment of mathematics, the instrumental (or life relevance) nature of
mathematics, attitudes towards school, and sense of belonging at school (OECD, 2004). Compared
with the positive feeling students felt about reading demonstrated in PISA 2000, students expressed
less enthusiasm for maths. The general trend from the data indicated that students with a greater
interest in and enjoyment of mathematics tend to achieve better results than those expressing less
interest and enjoyment. There are interesting individual country results, such as Japan where
student performance in mathematics is high but where expressions of interest and enjoyment are
comparatively low. There is an interesting gender difference, with boys in the majority of countries
expressing greater interest than girls leading to questions about how schools and society promote
motivation and interest in mathematics. Australian students’ interest rating on the PISA
standardised score is average — zero on a -1 to +1 scale.

Australian students’ extrinsic motivation rates slightly better than the intrinsic factor above,
although the same gender effect is noticeable. An overall positive relationship was noted between
instrumental motivation and students’ expected level of education. This gender pattern is reversed
for most countries when students’ perception of how well school has prepared them for life.
Overall, Australian students rank 8" in their positive attitudes towards school. Again, Australian
girls express a greater sense of belonging at school than do boys. Other gender differences
described in PISA 2003 indicated that Australian boys are more instrumentally motivated, are more
interested in and enjoy mathematics, are less anxious in mathematics, report greater self-efficacy
and a stronger self-concept, and use elaborations strategies more frequently than girls.

2.3.3 Family and Peers

Families have a moderate influence on students’ choice to study mathematics and the influence
appears to be more pronounced if there is a history of university study. Parents’ negative feelings
about mathematics are influential in the choice not to study mathematics, particularly at university
(Crann, 2006).

Parent occupational and educational levels have an influence on students’ participation in
mathematics courses. As parental occupational and education levels increase (Low — low middle —
upper middle — high), the number of students undertaking advanced courses increases. Also, the
difference in the number of students in advanced courses compared with elementary courses
increases (Fullarton & Ainley, 2000; Fullarton et al., 2003), and students are more likely to
undertake multiple mathematics courses if their parents were classified as professionals or had trade
or advanced clerical skills (Fullarton & Ainley, 2000; DEST, 2006).

Ethnicity also is a predictor of the distribution of students across courses in mathematics. Across
elementary, intermediate and advanced courses, the total numbers for students whose first language
is not English (LBOTE) is, respectively, much lower than, comparable with and much higher than
the number of English speaking students undertaking those courses. A clear preference for higher-
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level courses is demonstrated by Asian students, with 73% of those undertaking mathematics
enrolled in the advanced courses (Fullarton et al., 2003).

Whether or not a friend is studying/not studying mathematics consistently rates as having little or
no influence (Brinkworth & Truran, 1998; Crann, 2006; DEST, 2006). However, it has been noted
that the potential for peer sanctions within a particular classroom culture will result in students not
trying or underachieving (Sullivan, McDonough, & Harrison, 2004).

PISA 2003 noted that, regardless of students’ own socio-economic background, in schools where
there is a high average socio-economic background, performance in mathematics is likely to be
enhanced.

2.3.4 Performance and Ability

It would come as no surprise that advanced mathematics courses, along with the physical sciences,
attract high-achieving students. Based on Year 9 achievements in literacy and numeracy identified
in the various Longitudinal Surveys of Australian Youth, the majority of students (75%) enrolled in
advanced mathematics courses are drawn from the top two quartiles of achievement (Lamb & Ball,
1999, Fullarton & Ainley, 2000; Fullarton et al., 2003). Of the two, numeracy achievement has the
strongest link with tertiary entrance performance (Marks, McMillan, & Hillman, 2001)

This trend of high-achieving students opting for advanced mathematics courses reinforces findings
noted by Ainley and Jones concerning participation in science and mathematics (Ainley & Jones,
1990; Ainley, Jones, & Navaratnam, 1990; Fullerton & Ainley, 1990). From the information
contained in ACER’s Study of Subject Choice, it was evident that participation in physical science
courses is more likely for students who achieve in the top quartiles for numeracy and literacy early
in schooling. Whilst there is no clear association given for mathematics, because of sample size
factors, it might be possible to infer on the basis of similar descriptions given of student types for
physical sciences and for mathematics. They also add that measures of achievement early in
schooling can help to contribute to a sense of competence and interest, and a disposition towards
further study. They give a clear message that a curriculum and teaching strategies in the early
Years which engage students in investigative activities and which provide them with a sense of
competence are central to increasing participation rates in mathematics. These factors have also
been identified in later studies into participation rates which indicate that what happens in the
middle and early years of school can influence educational intentions and subsequent participation
(Khoo & Ainley, 2005).

Attempts to find the causes of the difficulties students experience during the middle years of
schooling (ages 10 — 15 years) have not come up with clear reasons to explain a lack of
engagement. In a study involving a small number of Year 8 students from a regional Australian
city, Sullivan, McDonough, and Harrison (2004) found that students saw themselves as persistent
in the face of difficult tasks, provided that this persistence lead to the correct answer. These
students also realised the important link between effort and achievement, and that you can get
better by trying. The majority of the students in the study, and in particular the higher-achieving
students, were classified as performance oriented based on a social cognitive approach to
motivation and personality.

Such students rely for success on tasks that have limited challenge and they easily experience a loss
of confidence, plunging expectations, low persistence levels, and will seek positive judgements and
avoid negative ones. This view has implications for structuring the curriculum in such a way as to
provide students with sufficient engaging learning opportunities that will promote deeper learning
in the face of challenges. A suggestion for teachers is that rather than respond to students
experiencing difficulties by providing easier tasks which provide the desirable positive feedback,
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there is a need to focus on longer term goals related to learning. More work needs to be done in this
area of students’ self-perception, their views of success, the nature of intelligence as it relates
specifically to learning in mathematics and the type of tasks teachers provide as a learning context
for students. If the curriculum and teaching in the early Years are to contribute to increasing
participation rates in mathematics courses, then engaging students in investigative activities that
provide them with a sense of competence is regarded as central to this process.

At the Year 12 level, students’ perception of their ability in mathematics ranks comparably with the
strategic importance of mathematics for future study. For students who do not choose mathematics,
subject appeal, rather than ability is a major influence (Brinkworth & Truran, 1998). Being good at
mathematics is associated with a perception that mathematics may enhance prospects of a good job,
and students who achieve in higher-level courses are more optimistic than lower achievers about
the number/pay/interest of jobs requiring mathematics. There is an additional, concurrent study
advantage in undertaking a “hard” subject as this can give students the confidence to succeed in
other subjects in the curriculum (Brinkworth & Truran, 1998; Ridd, 2004). Reasons for not
continuing with mathematics at university included its perception as a hard subject, a lack of
natural ability and passion for the subject (Crann, 2006).

In Queensland, a high correlation has been reported between Equivalence National Tertiary
Entrance (ENTER) scores and Year 9 performance in numeracy and literacy (Ridd, 2004). It was
also reported that males are more likely to be affected by poor mathematical schooling in the earlier
years than females.

2.3.5 Subject Image

One gender perspective to emerge concerned the respective views expressed about mathematics.
Girls, more than boys, certainly do not regard mathematics as uncultured, conventional, dull or
lacking in creativity (Brinkworth & Truran, 1998). Creativity was identified as an important
influence in this study that reported 60% of all students saying that there was not enough creativity
in Year 12 mathematics and 68% of non-mathematics students said that the lack of room for
creativity and expression influenced their decision to drop mathematics.

Generally, students views about mathematics were summarised as “a relatively uncreative subject,
more usefully related to scientific/numerical/financial pursuits rather than language-
rich/humanistic/creative ones ... not essential for succeeding in life, but is a necessary stepping
stone ...” (Brinkworth & Truran, 1998, p.31). The perceived lack of creativity has been put down
to an emphasis on test and examination preparation, and the pressures of covering a syllabus, all of
which are factors external to students and may give rise to the notion that students are not able to
express themselves through the current assessment/evaluation procedures.

Students’ beliefs about mathematicians and users of mathematics paint a picture of a collaborative
profession, either teaching or working in groups and, with the assistance of appropriate technology,
which devotes much thought to the solving or problems. Paradoxically, despite this focus on
problem solving, students do not believe that mathematicians deal with important social issues
(Brinkworth & Truran, 1998) and this could impact on choices made by students who might be
contemplating careers which focus on legal or environmental issues. An additional component in
the formation of beliefs about mathematics is the influence of role models and an interesting
comparison is made between the high school music and mathematics teachers. Mathematics
departments might examine strategies which exist in music departments — and possibly sports
departments, concerning the way that extra-curricular participation and involvement is productively
encouraged and sustained in those areas (Brinkworth & Truran, 1998)
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Students who choose pure mathematics courses are not being given a balanced view of
mathematics with respect to their relationships with the community and society, i.e., lack of
creativity, absence of social issues, applications or opportunities for self-expression. The subject
needs to be humanised (Brinkworth & Truran, 1998), a notion that is in keeping with a concern
expressed in the Third International Mathematics and Science Study (TIMMS) and the OECD’s
PISA international comparative studies. The concern raised relates to the extent to which school
mathematics is connected to real-world contexts. One option for teachers to explore important
links between mathematical and social contexts, and in the process raise the self-expression aspects
of mathematics, is by “engineering” gossip amongst students (Callingham, 2004).

2.4 Summary

School students who aspire to further study at university perceive mathematics, and particularly the
higher-level courses, as having considerable prerequisite currency. Whilst it counts strategically
towards a tertiary entrance score and for managing the transition to university, there is a perception
that higher-level mathematics courses lose their prerequisite value for students once they are at
university. This may, in part be due to the notion that jobs requiring mathematics qualifications do
not confer higher social status. Fewer domestic students at universities with a foundation in the
enabling subjects suggests that mathematics is less strategic for the transition from university to the
workforce. Strategies encouraging a more positive disposition towards the continuation of studies
in mathematics reflect some degree of deficiency in the information provided to students at school.
The implication is that students are not adequately equipped to make informed decisions and that
teachers and school counsellors may have an important role to play in changing attitudes and
perceptions.

Engaging students with the curriculum in a sustained way can be considered within four general
areas, namely the nature of mathematics, the support needed, the relationships students establish as
they learn mathematics, and the learning experiences provided within the curriculum.

Mathematics is perceived as a hard, technical subject where there is an emphasis on learning rules,
constant practice and little room for creativity. The capacity for hard work appears to be the most
significant quality for learning mathematics with high achieving students demonstrating self-
reliance rather than relying on good luck, memory or even computers to support their learning. The
relationships students build up with parents, teachers and advisers, influence those who intend to
continue studying mathematics more than those who choose not to study mathematics. With this
later group of students, personal factors predominate. Generally, an ideal set of circumstances for
sustaining participation in mathematics courses would comprise university educated professional
parents, learning experiences which are not predominately teacher-focused or which rely on
excessive copying, and access to careers advisers who can provide relevant information about
further study and careers which directly relate to students’ aspirations. An extension of the
importance of advisers and counsellors can be detected in the notion that pastoral care and a sense
of community in country and independent schools provide an additional, if somewhat intangible,
layer of support.

The importance of considering a social dimension of learning is brought out in the observation that
the socially oriented curriculum with a focus on solving problems from everyday contexts is not an
integral part of the pure, higher level, mathematics courses undertaken after Year 10. Appropriate
problem-solving activities alone do not seem to be sufficient to help students manage the transition
to senior courses. A range of learning experiences, which includes quality assessment practices and
stimulating co-curricular participation are critical long-term support structures, particularly in the
middle years of schooling.
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Whilst there are gender and ethnicity effects in participation levels in mathematics, most
information collected about the relative influences of families and peers indicates that families have
only a moderate influence, which increases with the education level of the parents. Overtly, peers
have very little effect on choice, however, a culture of peer sanction may operate in some learning
contexts which may lead to underachievement. Such cultures have the potential to affect a
student’s capacity to contribute to their own success and, hence, to their enjoyment of schooling.

In terms of external indicators of performance and ability, it has been noted that the majority of
students enrolled in higher-level senior mathematics courses will be drawn from the top two
quartiles of Year 9 achievement in literacy and numeracy. This trend reinforces the notion that
good experiences in the middle years of schooling can influence students’ dispositions for future
choices. Dispositions, on the other hand, may also be the result of a number of interacting factors
and there have been some indications that investigating the links between student self-perception,
general views of intelligence and teachers’ approaches to managing challenges may furnish insights
about how to engage more students.

There is some conjecture about whether or not enjoyment of schooling and success in mathematics
are related particularly in the light of the PISA 2003 data where students from high-achieving
countries do not necessarily express high levels of school enjoyment. In these contexts the strategic
advantage of mathematics for further study, its capacity to enhance job prospects and its concurrent
study advantage may help students endure it rather than enjoy it.

The notion of whether the study of mathematics is to be enjoyed or endured reflects an important
belief that students hold about mathematics. For most, the image of mathematics is one of a
relatively uncreative subject which can act as a stepping stone, provided you can negotiate the
pressure of frequent testing and examinations of syllabus content that is not related to important
social issues. The perceived lack of creativity, absence of social issues and little opportunity for
self-expression contribute to an unbalanced view of pure mathematics courses in terms of their
relationship with the community and society. It does not automatically follow that engagement in
pure mathematics courses will equip students to engage in society.
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SECTION 3
TEACHER SURVEYS

Many students find that they do not have the accumulated knowledge necessary
to continue higher-level maths. They have not appreciated early enough that
higher-level maths is important in many career choices and now they can only
get there by repeating Year 10 maths, which they won’t do.

[Northern Territory teacher, metropolitan]

Students are influenced by ... the workload they perceive involved in maths
and the irrelevance of much of the content. Also, their need to get maximum
points for university entrance and they feel they will be more successful in
other subjects with less demands.

[South Australian teacher, Regional/rural]

3.1 Introduction

The two comments above introduce the notion of successful transitions as an outgrowth of
accumulated knowledge and personal relevance. There is an implication that students are in a
position to choose higher-level mathematics during secondary school, and use it as part of their
post-secondary plans, if they have acquired the appropriate knowledge and work ethic. In the
absence of relevance and a timely realisation of career importance, mathematics appears
relegated to the “too hard basket”.

This section details teachers’ perceptions of the influences on students’ decision-making
concerning higher-level mathematics. These perceptions are based on responses to the Teacher
Survey (see Appendix B) and they are presented in a number of sub-sections in line with the
groupings of questions presented in the survey. The first of these groupings relates to
background information about the teachers who responded. This is followed in the second sub-
section by quantitative aspects of the survey dealing with the groupings of influences related to
school, sources of advice, the individual, and other influences. This sub-section concludes with
teachers’ perceptions of enrolment trends over the past five years, and the extent to which
students are encouraged by the syllabus, teaching practices, and assessment practices to take
higher-level mathematics courses. The third sub-section provides a summary of teachers’ open-
ended responses to survey questions where they often provided supportive detail for a number of
their survey selections.

3.2 Background

A total of 399 teachers from each of the States and Territories responded to the survey with a
metropolitan and rural (non-metropolitan) breakdown of 240 and 159 teachers, respectively.
Most responses were obtained from New South Wales, Queensland, South Australia and Western
Australia. The distribution between metropolitan and rural teachers is presented in Figure 3.1.
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Figure 3.1 Distribution of Metropolitan and Rural Teachers Responding to the Survey

The distribution was not even across the States and Territories. Most teachers (80%) were AAMT
members and, at the time of the survey, fifty-eight percent had been teaching 15 years or more.

A comparison of the percentages of teachers from each State and Territory compared with the
AAMT membershio for 2006 is provided in Figure 3.2.
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Figure 3.2 Comparison of Teachers Responding to the Survey with the 2006 AMMT Membership

The respondents’ teaching experience encompassed a full range of junior secondary and senior
secondary courses. Primary teachers were under-represented in the sample. A range of school
types was represented — general secondary (52.4%); combined primary and secondary (24.1%);
senior secondary (14.5%); secondary to Year 10 (2.7%); combined primary and secondary to
Year 10 (1%); other (5.3%). Teachers were drawn from a range of school sizes and this
distribution is presented in Figure 3.3.
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Figure 3.3 Distribution of School Sizes of Teachers Responding to the Survey
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3.3 Survey Data: Quantitative Aspects

This sub-section is structured to reflect the way questions were presented in the survey: four
groups of questions about teachers’ perceptions of influences on students’ decisions to take
higher-level mathematics followed by a fifth group relating to enrolment trends. Each of these
groups is discussed separately referring to charts prepared from the total number of responses. A
metropolitan — regional/rural breakdown is provided for each of the areas of influence, along with
any comments provided by the Rasch analysis.

3.3.1 School influences (Questions 8 — 13)

There were six questions in the survey relating to school influences. Teachers were asked to rate
the influence on students’ decision-making of the following:

*  Timetable restrictions (e.g., clashes with other more preferred subjects);

*  The availability of particular senior courses in the school;

*  The likelihood of having to take the course in a ‘composite’ class and/or by distance
education;

*  The greater appeal of subjects students perceive as less demanding;

*  Students’ experience of junior secondary mathematics; and

e The quality of teaching resources (e.g., textbooks, technology) students anticipate
encountering in the senior years.

Their responses are summarised in Figure 3.4.
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Figure 3.4 Teachers’ Perceptions of School Influences on Students’ Decision Making re Higher-level
Mathematics (Questions 8 — 13)

Overall, there was general agreement between metropolitan and rural teachers’ perceptions
concerning this group of influences, with the option of taking a course in a composite class and/or
by distance delivery recording a notable difference in the not at all influential response category.

There are three additional features of interest in teachers’ responses. Firstly, ratings of very
influential and extremely influential accounted for 71% of responses concerning students’
perceptions of the appeal of less demanding subjects. This proportion suggests that teachers
recognise the competition from other courses that mathematics faces in terms of effort required
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and this view is consistent with the notion that higher-level mathematics is a difficult subject
requiring sustained effort.

Secondly, a similar proportion of responses was observed for views about students’ experience of
junior mathematics where 62% of the responses comprised the very influential and extremely
influential categories. The importance of prior experiences requires some qualification since
there are benefits and disadvantages inherent in the learning experiences in which students
engage, and a review of teachers’ additional comments provided clarification.

The third feature of interest relates to non-student factors (i.e., those external to students)
associated with timetabling, course delivery and resourcing. Overall, these non-student factors
are perceived to be relatively uninfluential.

Within this group of questions, the Rasch analysis indicated that this group of questions
functioned together as a cohesive sub-group. From the average measures for each item, the
influences were amongst the easiest to endorse suggesting that teachers perceive this group to be
amongst the least influential. There was clear separation between item measures.

3.3.2 Sources of advice influences (Questions 14 — 20)

There were seven questions in the survey relating to sources of advice influences. Teachers were
asked to rate the influence on students’ decision-making of the following:

*  Careers advisers in the school or elsewhere;

* Job guides, websites with career information etc;
e  Students’ mathematics teacher(s);

¢ Other teachers in the school;

*  Friends in students’ year level;

*  Older students and friends/siblings; and

*  Parents and other adults.

Their responses are summarised in Figure 3.5. , ,
M Extremely influential

100 - i i
90 = = = - . . ;;/:(:c};;rfzeul;nit:guemial
80 -

N

[[JNot very influential
70 | [[JNot at all influential
60
% 50 4
40
30

Regional/Rural ||

Regional/Rural

Regional/Rural

Regional/Rural |

Regional/Rural

Metropolitan

Regional/Rural | [ |
Regional/Rural

Careers advisers - Metropolitan | | ]
Job guides, websites - Metropolitan || |
Maths teachers - Metropolitan
Other teachers - Metropolitan ||
Friends in year level - Metropolitan
Older students, friends/siblings -
Parents, other adults - Metropolitan

Figure 3.5 Teachers’ Perceptions of the Influence of Sources of Advice on Students’ Decision Making re
Higher-level Mathematics (Questions 21 — 26)
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Overall, there was general agreement between metropolitan and rural teachers’ perceptions
concerning this group of influences and Figure 3.5 reveals the relative importance of mathematics
teachers’ advice, something which would be consistent with teachers’ knowledge of the students
they teach and of students’ capacity to manage the different courses.

There are three additional points of interest in the way teachers perceive advice. Firstly, teachers
were somewhat cautious in their rating with 63 % placing their advice in the very influential and
extremely influential categories.

Secondly, metropolitan teachers place the influence of parents on an almost equal footing as their
own advice. Parents are within the next cluster of sources of advice, along with friends in the
same Year, and other students with overall ratings of 55 %, 52 % and 45 % respectively.

The third aspect of interest is the placement of other sources of advice which could be regarded
as having a professionally informed basis, such as other teachers, careers advisers and job guides.
The combined ratings in the extremely influential and very influential categories given to this
group of 25%, 40% and 34%, respectively, place them after the influences of the group
comprising parents, siblings and friends. Beyond their own advice, teachers appear to have made
a distinction between social and professionally-based influences.

Within this group of questions, the Rasch analysis indicated that this group of questions
functioned together as a cohesive sub-group. From the average measures for each item, the
influences were easy to endorse and these values placed this group as more influential than
school factors. There was clear separation between all of item measures except for Question 18
concerning the advice of friends in the same Year level which indicated that distinction between
the not at all influential and not very influential categories was not easy to make. Question 15
concerning the influence of job guides and websites did have a relatively high Infit score
indicating a certain randomness in the responses and suggesting that this question may need
further qualification if the intrinsic influences are to be identified.

3.3.3 Individual influences (Questions 21 — 26)

There were six questions in the survey relating to individual influences. Teachers were asked to
rate the influence on students’ decision-making of the following:

*  How good students thought they were at mathematics;

*  Students’ interest in and/or liking of mathematics as a subject;

*  The perceived difficulty of higher-level mathematics;

*  Students’ previous achievement in mathematics;

*  Students’ perceptions of the usefulness of higher-level mathematics; and
*  Students’ perceptions of the teachers and teaching they will encounter.

Their responses are summarised in Figure 3.6.
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Figure 3.6 Teachers’ Perceptions of Individual Influences on Students’ Decision Making re Higher-level
Mathematics (Questions 21 —26)

The group of questions relating to individual factors provided teachers with a number of
attitudinal aspects that might influence students’ choices. Once again, there was general
agreement between metropolitan and rural teachers, and all but one of the questions attracted a
large percentage of responses in the very influential and extremely influential categories. It is of
interest that teachers are (almost equally) divided concerning the influence of students’
perception about them and their teaching.

The Rasch analysis for this group of questions indicated that, whilst they operated as a good sub-
scale, they were the most difficult group of questions to endorse suggesting that teachers
perceived these influences to be considerably important. Question 26 about students’ perceptions
of the teachers and teaching to be encountered was associated with a high degree of randomness
and is suggestive that the feedback link between teachers and the students they teach is a more
complex construct than this question can probe and is therefore an area for further investigation.

3.3.4 Other areas of influence (Questions 27 — 34)

There were eight questions in the survey which were grouped together as other influences.
Teachers were asked to rate the influence on students’ decision-making of the following:

¢  Students’ Gender;

*  Students’ socio-economic background;

*  The mathematics students had completed at primary school;

e  Parental aspirations and expectations;

* The involvement of mathematics teachers in providing subject, course and careers
advice;

*  Students’ understanding of career paths associated with higher-level mathematics;

*  Students’ knowledge of pay and conditions of types of jobs that use mathematics; and

*  The way tertiary entrance scores are calculated.
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Their responses are summarised in Figure 3.7.
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Figure 3.7 Teachers’ Perceptions of Other Influences on Students’ Decision making re Higher-level
Mathematics (Questions 27 — 34)

From within the group of questions detailing a list of Other Factors influencing students’
decisions, teachers’ ratings of very influential and extremely influential accounted for 66% of the
responses for parental aspirations and expectations. Once moderately influential was included as
a rating, the involvement of mathematics teachers, an understanding of careers paths, and how
tertiary entrance scores are calculated became important influences. Taken together, this group
of influences highlights two key elements for students, namely, support needed and the place of
mathematics in post-secondary options.

Also of interest is the perceived relative unimportance of mathematics study at primary school
(Question 29). Again, teachers’ additional comments provided further clarification about this
influence since they have already expressed definite ideas in Question 12 of the survey about the
relative importance of previous achievement and experiences of junior mathematics.

There are two areas where the agreement between metropolitan and rural teachers differs slightly.
The first concerns parental aspirations (Question 30) where metropolitan teachers perceived
parental aspirations to be more influential than do rural teachers. This emphasis is similar to that
observed in Question 20 concerning parents’ advice. The second is related to the calculation of
tertiary entrance scores (Question 34) where, again, metropolitan teachers regard this as more
influential than do rural teachers. Taken together, these two areas may reflect important
differences between the priorities of the two groups.

The Average Measures obtained for this group of questions in the Rasch analysis indicated that
this group of questions was relatively easy to endorse. Questions 29 — about the mathematics
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done in primary school, and Question 34 — about the way tertiary entrance scores are calculated,
were associated with a degree of randomness that suggests that there may be a range of
influences and/or opinions informing teachers’ selections that warrants further investigation.

3.3.5 Enrolments trends and encouragement (Questions 36, 38, 40, 42 and 44)

The five questions which made up this section of the survey are discussed in two groups. The
first two questions (Question 36 and 38) related to the proportion of students undertaking higher-
level mathematics and teachers were asked to consider changes over the past five years in:

*  The proportion of senior students taking higher-level mathematics; and
*  The proportion of students entering their first year of secondary school who are capable
of taking higher-level mathematics.

Their responses to these two questions are summarised in Figure 3.8.
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Figure 3.8 Teachers’ Perceptions of Enrolment Trends Over the Past Five Years (Questions 36 and 38)

For both questions, metropolitan and regional teachers were in agreement concerning the extent
of decline, perceptions which are consistent with the enrolment trends for each of the States and
Territories, mentioned in the literature review (Section 2). Taken together, the decreased a little
and decreased a lot categories accounted for 58% and 43% of the responses respectively.

The second group of questions that related to enrolment trends comprised three questions
(Questions 40, 42 and 44) about sources of encouragement. Teachers were asked to rate the
extent to which students are encouraged to undertake higher-level mathematics by:

*  The current junior secondary syllabus or curriculum framework;
e Current teaching practices in junior secondary mathematics; and
*  Current assessment practices in junior secondary mathematics.
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Their responses are summarised in Figure 3.9.
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Figure 3.9 Teachers’ Perceptions of Syllabus, Teaching Practices, and Assessment Practices as Sources of
Encouragement (Questions 40, 42 and 44)

An overview of teachers’ responses indicated that teaching practices are perceived to be more
encouraging than the syllabus, followed by assessment practices, although no single source is
substantially more influential than the others when responses in the somewhat and a great deal
categories were considered. The greatest difference was evident in the responses in these
categories from rural teachers concerning encouragement by mathematics teachers (51%) and
from metropolitan teachers concerning encouragement from assessment practices (44%).

3.4 Survey Data: Qualitative Aspects

This sub-section focuses on the six questions in the Survey that provided teachers with the
opportunity to elaborate on their responses to Questions 34 (other influencing factors) and
Questions 36, 38, 40, 42 and 44 (enrolment trends and encouragement). These comments were
coded within the framework of general and specific categories developed as part of the coding
grid (see Appendix H). In the discussion which follows, charts are included which indicate the
relative proportion of comments coded within each of the ten general categories. References are
also made to specific categories which apply to selected comments and these are indicated in
square brackets after the comment.

3.4.1 Other factors (Question 35)

This open-response question was part of the group of survey questions related to ‘other factors’
which influenced students’ decision-making in the senior years of schooling. Teachers were
asked to outline any additional important influences and a summary of their coded responses are
presented in Figure 3.10.

34



25

20
15
%
| I

w

=

Es 3% g8 g8 g & $5 E£5 g
= O 22 S5 2§ 2 =] g g £ 8 2
270 <= =5 O = Q Q Q o Q o
22 & & S £ 25 & & S £ & &
[=ie] O =5 > o —_— - T = I
5 = 2] = X [=} = < = m )
UT) = = O ] Q = <=
<= = Q Q

g H S E] 5] &

wn (=] (5]

%) S =

Figure 3.10 General Categories Associated with Comments from Teachers about Perceived Additional
Influences on Students’ Decision Making re Higher-level Mathematics (Question 35)

Much of the commentary contained in the additional comments provided by teachers in this
section of the survey related to the two general categories of Curriculum/methodology, and
Tertiary Entrance. Within the Curriculum/methodology general category, the majority of
comments related to the specific categories of Structure — of courses offered (17% of the
comments), and the Perceived difficulty of mathematics (67% of the comments). Typical
comments included:

Interest and enrolments in Maths C in Qld has dramatically reduced since the
syllabus changes which made different strands optional for schools (Structure).
[South Australian teacher, metropolitan]

... as a result of the Curriculum Framework, all mathematics strands are valued
equally and as such, there doesn’t seem to be enough time spent consolidating
the knowledge and skill in the Number and Algebra strands (Structure).
[Western Australian teacher, regional/rural]

Students have discovered that selection of the easier course (Discrete M) cf the
more difficult (Applicable) gives them a higher TER. Students do not want to
do more work than they have to (Perceived difficulty).

[Western Australian teacher, metropolitan]

The perceived heavy workload of higher courses is very off-putting for most
students especially if easier options are available (Perceived difficulty).
[Western Australian teacher, metropolitan]

Many students in recent years are looking for an easier pathway without a
willingness to extend or challenge themselves intellectually (Perceived

difficulty).

[New South Wales teacher, regional/rural]

The comments presented above highlight the view that curriculum changes can have a
destabilizing effect on attitudes towards mathematics and that the “hard yards™ associated with

35



studying higher-level mathematics and the intrinsic qualities of the subject are losing their appeal
for students.

The comments concerning Tertiary Entrance general category were evenly distributed across
issues associated with Maximising tertiary entrance scores (46% of comments), and Internal
university pre-requisites (54% of comments). Typical comments included:

The fact that there are very few courses that requires a pre-requisite for Year 12
mathematics means that students will primarily choose the subjects they must
complete to get into the course they want and the other subjects are made up of
those subjects that will give them the highest TER on the lowest amount of
work (Maximising tertiary entrance scores).

[South Australian teacher, metropolitan]

Students perceive that if they do very well in General Mathematics, as opposed
to moderately well or poorly in 2/3/4U mathematics, their UAI will be better.
Students are also looking for the most gain in marks for the least amount or
work; there are many HSC subjects where the students can ‘wing it’ or put in
some work, and achieve well. With mathematics, students generally need to put
in time and practice to maintain levels of knowledge/understanding, and cannot
just work for two weeks before an exam (Maximising tertiary entrance scores).
[New South Wales teacher, regional/rural]

Mathematics is no longer a pre-requisite for many university subjects that
inherently need maths (Internal university pre-requisites).
[South Australian teacher, metropolitan]

The information about pre-requisites downplays the need for students to study
these harder courses. Stating “highly recommended” as a pre-requisite is often
interpreted by students and others as there is no need to study that subject in
Years 11 & 12 (Internal university pre-requisites).

[Queensland teacher, metropolitan]

These additional comments also provided some qualifying statements about Early school
experiences in mathematics. This was an influence where the need for clarification was
identified in relation to the influences of primary school, junior school and early achievement.
The main issues identified in these comments apply to teacher training, appropriate pedagogy,
and the consolidation of basic understandings. Typical comments included:

The lack of appropriate teaching in primary school sets the students up for
failure in maths. Maths teachers’ unimaginative teaching coupled with social
‘fear’ of maths coupled with non-specialist primary teaching of maths is a
major issue.

[South Australian teacher, metropolitan]

The quality of teachers they experience firstly at primary level and then
secondary. It is the teacher, through creative pedagogy that can bring the
subject of mathematics alive.

[Queensland teacher, regional/rural]

Students often seem to believe that previous demonstrated understanding of
concepts will not influence success in Senior schooling. This previous
understanding is a factor not taken into account sufficiently.

[Western Australian teacher, metropolitan]
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The important influences identified by teachers in their comments to Question 35 can be
summarised as:

*  Course structures which do not leave sufficient time for the consolidation of
understanding and knowledge;

*  Heavy workloads associated with higher-level courses;

e Teacher training and pedagogy which do not adequately support learning in mathematics
from primary school through to secondary school;

*  ‘Playing’ the tertiary entrance game; and

*  Unclear messages from universities about pre-requisites.

3.4.2 Enrolment trends and encouragement (Questions 37, 39, 41, 43 and 45)

This group of open-response questions was linked to the survey questions related to enrolment
trends over the last five years and the extent to which students are encouraged to take higher-
level mathematics by the curriculum, teaching practices and assessment practices. Teachers’
responses were coded according to the general coding grid and the relative proportion of their
comments in each of the general categories is summarised in the Figures which follow. In the
discussion, Questions 37 and 39 are treated separately, Questions 41 and 43 together, followed by
Question 45.

In the first of these open-response questions, teachers provided their perceived reasons for any
increases or decreases in the proportion of students undertaking higher-level mathematics over
the last five years. The codings for their responses are presented in Figure 3.11.
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Figure 3.11 General Categories Associated with Comments from Teachers about Perceived Influences on the
Proportion of Students Taking Higher-level Mathematics Over the Last Five Years (2002-2006) (Question 37)

The relative importance of the curriculum structure and tertiary entrance influences was
reinforced in comments made by teachers in response to questions about enrolment trends (see
Figure 3.11).

Most of the comments within the Curriculum/methodology general category related to Structure
(22% of the comments) and to Subject difficulty (69% of the comments). Some typical comments
are included below and they convey a message about higher-level mathematics courses as losing
their appeal and not providing the incentive for students to take on demanding subjects.
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The Specialist maths course has not attracted anywhere near the numbers of the
old Maths 2 course. The examination has been way too hard and the word gets
out so that students have moved to the Maths Studies course. The old Maths 1S
cohort has not been captured by our new courses (Structure).

[South Australian teacher, metropolitan]

Our timetable structure has changed. Previously students chose 7 subjects, now
they only choose 6. Maths C has been adversely affected (Structure).
[Queensland teacher, metropolitan]

Other subjects such as Outdoor Education and Physical Education have been
chosen over mathematics (Difficulty and competition).
[South Australian teacher, metropolitan]

The students perceive maths (and rightly) as requiring more work and having a
higher degree of difficulty than other subjects with the equivalent potential
score (Difficulty and competition).

[Tasmanian teacher, regional/rural]

The higher-level maths courses are not rewarded in scaling. Students think they
are disadvantaged by doing a harder subject and believe they can instead do
bridging course if they get into their course of interest (Difficulty and
competition).

[South Australian teacher, metropolitan]

The students see it as a ‘hard’ option and can achieve a higher TER taking other
subjects. Given that few university subjects have mathematics as a pre-
requisite, they have little incentive to take the subject (Difficulty and
competition).

[South Australian teacher, metropolitan]

The comments within the Tertiary Entrance general category also reinforced the responses from
Question 35 where there was an equal focus on either the need to Maximize UAI/TER scores or
the issue of Internal university pre-requisites. Typical comments for the Tertiary Entrance
general category included:

They get a better UAI if they get a better mark in an easier subject (Maximize
UAI/TER scores).
[New South Wales teacher, metropolitan]

Students perceive that they can get high scores from less demanding subjects
(Maximize UAI/TER scores).
[Tasmanian teacher, regional/rural]

Students taking subjects that they see as easier options, aiming for highest TER
rather than knowledge/understanding in subjects that may help them at tertiary
level (Maximize UAI/TER scores).

[South Australian teacher, metropolitan]

Universities have changed their pre-requisites and the higher order mathematics

subjects are often no longer required (Internal university pre-requisites).
[Western Australian teacher, metropolitan]
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University courses seem to drop Mathematics at a senior level as a prerequisite.
Very few students are motivated to do mathematics (Internal university pre-
requisites).

[South Australian teacher, regional/rural]

Universities are taking students with lower TERs into courses that traditionally
had higher demands and have reduced their expectations in terms of
prerequisites in high school mathematics courses (Internal university pre-
requisites).

[South Australian teacher, metropolitan]

The comments above concerning university prerequisites highlight a theme of standards within
the school-university learning continuum. It raises the questions of whether students are
choosing less demanding subjects because universities are not requiring them as prerequisites, or
universities are changing requirements because fewer students are choosing higher-level
mathematics.

In the second of this group of open-response questions, teachers provided their perceived reasons
for any increases or decreases in the proportion of students entering their first year of secondary
schooling who are capable of undertaking higher-level mathematics. The codings for their
responses are presented in Figure 3.12.
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Figure 3.12 General Categories Associated with Comments from Teachers about Perceived Influences on the
Proportion of Students Entering High School Over the Last Five Years (2002-2006) who are Capable of
Taking Higher-level Mathematics (Question 39)

The proportion of comments in the Curriculum/methodology general category reinforced this
area as an important influence identified by teachers. Of these comments, almost half were
concerned with the rigour associated with mathematics and the preparation of students for higher-
level mathematics.

In line with the importance of student preparation, there were many comments which were coded
within the Early School Experiences general category, particularly the quality of experiences in
the primary years of schooling. This quality was perceived in terms of student preparation and
the skills base they bring to secondary schooling, and attitudes to teaching and learning held by
teachers. Typical examples included:
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Students entering Year 8 do not have the basic skills (particularly number) that
the students of the past years have had. They have good technology skills or
they can undertake a social impact study but when it comes to the rigour of
higher order mathematics, their knowledge base lets them down. Students no
longer want to remember, they just want to do then forget. Instantaneous
gratification.

[Queensland teacher, regional/rural]

The reduced rigour and increased ‘play’ that happens in primary schools does
not prepare students as well.
[South Australian teacher, regional/rural]

They (students) have a weaker background coming from some of the feeder
primary schools due to perhaps teachers not as interested in mathematics.
[New South Wales teacher, regional/rural]

It is my belief that many primary teachers do not like maths themselves; (some)
openly admit to having been hopeless at maths at school ...
[Queensland teacher, regional/rural]

Many students enter secondary with big gaps in knowledge: usually fractions,
tables and ability to do long division and multiplication.
[Victorian teacher, metropolitan]

Along with the need to consolidate the mathematical foundations and preparation of students,
teachers had definite views about how the structure of courses is/is not supporting students’
learning. When asked about the extent to which the various syllabuses supported students to
undertake higher-level mathematics courses (Figure 3.13), the message that came through in the
comments was the importance of meeting students’ learning needs, even though the different
curricula were given various endorsements, including “a mess,” “too outcomes-based,” “watered
down,” ““ a serious heap of detritus,” ““ a disaster,” and “too content driven.” Typical comments
that were coded in the Curriculum/methodology general category about how teachers perceived
the links between the curriculum and students’ needs included:

2 ¢¢

Curriculum Frameworks does not provide any useful information to students in
terms of their potential to succeed at higher-level maths. They don’t understand
band levels and the automatic promotions that result (Structure).

[Northern Territory teacher, regional/rural]

The current syllabus for upper school is very good ... for top level students.
Unfortunately, the mis-match between expected outcomes levels and what
students need to be capable of to undertake maths at the top level is significant
... the gap between the “dumbed-down” Year 10 and the academically rigorous
(Year 11) course is too great (Structure).

[Western Australian teacher, regional/rural]

The junior syllabus is too unstructured in content to allow for full confidence in
mathematics (Structure).

[Western Australian teacher, metropolitan]

In NSW, if a teacher extends students in the early years of high school so that
they are able to achieve Stage 5.1 by the end of Year 8, it offers the opportunity
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for students to feel very comfortable with their mathematics by the end of Year
10 and thus more willing to attempt the higher levels in the senior years

(Structure).
[New South Wales teacher, regional/rural]

To go into the higher Year 11 courses, the students should be at level 6 ... we
arrange our programs so that this can be achieved if the student is able
(Structure).

[Western Australian teacher, regional/rural]

The last two comments raise an interesting point concerning how the syllabus can encourage
students to undertake higher-level courses and it relates to how the various courses in schools are
planned and delivered by teachers.

In the next two open-response questions, teachers provided commentary concerning the potential
for the current junior syllabus, and current teaching practices in junior secondary mathematics to
encourage students to undertake higher-level mathematics. The codings for their responses are
presented in Figure 3.13.
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Figure 3.13 General Categories Associated with Comments from Teachers about Perceived Aspects of
Syllabus and Teaching Practice which Encourage Students to Take Higher-level Mathematics (Questions 41
and 43)

The role teachers play in encouraging students, as reflected in the general coding categories, is
the second feature represented in Figure 3.13. As with syllabus encouragement, the largest group
of comments was coded within the Curriculum/methodology general category.

The typical comments about teachers’ influences included below highlight differing needs:
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