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Preface

Adult mathematics and numeracy education emerged as a recognised field of teaching in the late 1980s and early 
1990s in Australia. In those early days, encouraged by some measure of government funding for resources and 
professional development, it captured the energy and enthusiasm of a small band of people in each of the Australian 
states. We have enjoyed wonderful periods of innovative development, stimulating exchange and, most of all, 
learning. For many years we have dreamed of a conference which would allow us to celebrate and share our efforts 
in adult numeracy education as well as gain new input from colleagues in other countries. 
The decision by ALM to bring their 2005 conference ‘down under’ created this opportunity, although given our 
relatively small population and the huge travel distances involved we knew this to be an ambitious project. It was 
made even more so since political change and shifts in national funding priorities has meant a lot less financial 
support available.  
‘Connecting Voices’ applied in many senses to this conference. Many people around the world are involved in adult 
education and interested in adults learning mathematics. Enabling them to meet in a forum where they could both 
inform and learn from the endeavours of others was one form of connection. Adult numeracy and mathematics 
educators also work in different sectors of education: adult literacy education, bridging mathematics in training 
institutions and universities and in teacher education. There is both teaching and research happening in each of 
these areas. Each of these sectors has its own primary focus but their overlapping interests offer rich ground for 
sharing ideas and perspectives.  Within Australia there is also the tyranny of distance, with numeracy practitioners 
scattered across different States. In planning this conference we were consciously trying to connect the voices of all 
the players within these sectors.   
For this reason three organisations joined together to support the conference. These were: 
Adults Learning Mathematics – A research forum (ALM) – an international forum for researchers and practitioners 
interested in adult mathematics and numeracy teaching and learning. 
The Australian Council for Adult Literacy (ACAL) – a national organisation of teachers and researchers which 
supports and promotes issues related to adult literacy and numeracy provision, policy and teaching practice in 
Australia. 
The Australasian Bridging Mathematics Network (BMN) – a regional network of teachers and researchers from 
Australia and New Zealand who focus on mathematics bridging  and support for students participating in or wishing 
to access tertiary and training courses.  
The conference also set out to connect the voices of researchers and practitioners, so not only did we want paper 
presentations from researchers, but also plenty of time and space for workshops which enabled the sharing of 
teaching ideas in an interactive, hands-on fashion. In addition, a ‘smorgasboard’ of teaching and learning activities 
and resources allowed many participants to share their favourite practical ideas for the classroom in a less structured 
format.
We were also conscious that we wanted to hear the voices of learners, so efforts were made to ensure that the 
voices of adult learners, and the diverse range of cultural groups that they come from, were represented in many of 
the papers. A panel of speakers on indigenous issues added to this aspect of connection. 
To accommodate the range of interests represented by the organisations described above, the conference ran for 
four days, each with a particular primary focus but with activities of interest to each group available in all time slots. 
This enabled participants, who were prevented by financial or time pressures from attending the full conference, to 
be selective about the times they chose to come. 
Plenary sessions were organized each day to reflect some of the different themes of the conference as well as the 
special focus of the day. There was also opportunity for participants to organize round table discussion groups on 
areas of interest. On the final day of the conference, time was set aside for a forum on the common ground of social 
justice and adult mathematics education.  This combined ‘focus speakers’ with small and whole group formats, 
culminating in an exciting collection of ideas for future directions and networking.  
A conference like this, connecting over 200 people together, cannot be truly represented through written conference 
proceedings. A great many of the connections happened during shared meals, happy hours, introductions to 
indigenous culture, dinner and bush dancing. The conference concluded with a bang – quite literally – with African 
drums and dancing in the aisles, which reflected the togetherness and joy of the conference. 
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The world is now a much smaller place (even though those who made the journey from Europe to Australia may not 
feel so sure about that). Conferences like this offer opportunities for us to make connections across borders, oceans 
and continents. With the use of the internet we hope that many of these connections will be maintained as 
professional friendships and networks develop. 

How these proceedings are organised 
We had considered separating the focus strands into different sections within the conference proceedings but the 
degree of overlap made such divisions artificial. We have however, arranged the written contributions into three 
sections: Section 1 consists of written versions of invited plenary and focus talks, a panel discussion and forum 
reports; Section 2 contains papers presented at the conference and Section 3 contains accounts of some of the 
interactive workshops that were conducted and a few representative samples of activities displayed during the 
smorgasboard. 
People writing papers for the conference were able to choose whether or not they wanted them to go through the 
formal, blind, peer refereeing process. Those papers which were accepted through this refereeing process are 
marked in the proceedings with an asterisk (*) next to the title.
We want to thank all of the contributing presenters, with an extra thanks to those workshop leaders and invited 
speakers who went the extra distance to provide the written versions for the proceedings.  
All of the contributions to these proceedings, no matter in which section they are placed, should prove to be of 
interest to both practitioners and researchers. As the conference title, suggests we can all benefit from ‘connecting 
voices’ from all aspects of adult mathematics and numeracy teaching and learning.   
We would also like to thank the Potter Foundation who gave financial support to one of the keynote speakers and as 
well as travel scholarships to participants from remote areas. 
The conference was supported and sponsored by 

Australian Catholic University 

Adult Learning Mathematics (ALM) 

The Australian Council for Adult Literacy (ACAL) 

The Australasian Bridging Mathematics Network (BMN) 

The Department of Education, Science and Training (DEST) 

Australian Bureau of Statistics 

The Potter Foundation 
Thank you again to all who contributed to make the conference such a success 

Marj Horne & Beth Marr 

Organising Committee 
Convenor:    Marj Horne 
Executive Officer:   Betty Johnson 
Treasurer:    Dave Tout 
   Beth Marr 
   Karen Dymke 
   Rosemary Wood 
   Chris Brew 
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About ALM 

ALM is an international research forum bringing together researchers and practitioners in adult 
mathematics/numeracy teaching and learning in order to promote the learning of mathematics by adults. 

Objectives of ALM 
The Charity’s objectives are the advancement of education by the establishment and development of an international 
research forum in the life-long learning of mathematics and numeracy by adults by: 

encouraging research into adults learning mathematics at all levels and disseminating the results of this 
research for the public benefit; 

promoting and sharing knowledge, awareness and understanding of adults learning mathematics at all levels, 
to encourage the development of the teaching of mathematics to adults at all levels, for the public benefit. 

How we try to achieve these objects 
Specifically, our aim is to improve the learning of mathematics by adults. 
Several recent reports show that many adults have difficulties with the basic mathematical skills needed as parents 
citizens and workers. For example, the Moser Report (UK, Department for Education and Employment, 1999) 
suggests that in Britain, 40% of adults have some numeracy problems and 20% have very low attainment in 
numeracy. The results of the Internationsl Adult Literacy Survey (Organization for Economic Co-Operation and 
Development 1997) indicate that there are similar situations in may other countries. 
ALM’s membership is concerned about this situation and works ina variety of educational environments to improve 
the learning of mathematics by adults. Currently many of our members are involved in the provision of adult basic 
education programs. Other members are involved in teaching mathematics at all levels in further and higher 
education, including initial teacher training and ongoing professional updating of teachers. Many of their students are 
adults.  
The ALM forum provides opportunities for teachers to bring successful practice from their own classrooms to a wider 
audience. This happens at the annual conferences and throughout the year through the communication and 
networking encouraged by the forum. By reflecting on our own practice and the practice of others and by fostering 
international links between teachers, we are able to encourage the transference of good practice in curriculum design 
and in teaching and learning materials and methods, which have evolved in different countries. In this way, 
innovative ideas are enhanced through critical appraisal by fellow participants and pass into the public store of 
educational material through the publication of the Proceedings of our annual conferences. Thus the teaching of 
mathematics to adults is improved and adult students benefit. 

However, there is not enough information available about what mathematics is required by adults in their daily 
and working lives, how adults learn mathematics, and what the most effective androgogical practices are. Our 
aim is to connect research with practice, by bringing the experience of practitioners and students to bear on 
the formulation of research questions and the conduct of research, and by making academic research 
accessible to teachers and therefore benefit their students. 

The organisation does not support a single theoretical framework, or commission or conduct research. The 
presentation papers at our annual conferences provides an opportunity for discussion on research methods 
and findings, which constitutes and active and participative public peer review process and quality 
enhancement mechanism. 

People working in the field who are not members of the organisation and/or who are not able to attend the 
annual conferences, are also able to make use of the activities of participants and therefore benefit their 
students by access to the published Proceedings of the conferences. The dissemination of the results of our 
work increases the sum of communicable knowledge about the mathematical education of adults. 

We believe that these collective actions are of direct benefit to the public. 
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Organisation
ALM has become a Company and has also obtained the status as a National and Overseas Worldwide Charity by 
English and Welsh Law, UK, since the beginning of the year 2000. 
Company Number 3901346/ Charity Number 1079462 
ALM Company address: 
c/o 26 Tennyson Road, Kilburn 
London NW6 7SA, UK 
Website: http://www.alm-online.org
For more info about the organisation, please contact: info@alm-online.org

ALM Officers and Trustees 2004-2005 
Chair
Dr. Kathy Safford Saint Peter’s College Jersey City, NJ, USA 
Vice chair 
Lisbeth Lindberg Goteborg University Goteborg, Sweden 
Secretary
David Kaye City of Westminster College London, UK 
Treasurer
Pat Healy, 

   
London, UK 

Membership secretary 
Valerie Seabright 

 London, UK 

Dr. Diana Coben University of Nottingham Nottingham, UK 
Dr. Mieke van 
Groenestestijn

Utrecht University of Prof. 
Education

Utrecht, Netherlands 

Dr. Marj Horne Australian Catholic University Fitzroy, Victoria, 
Australia 

Henk van der Kooij University of Utrecht, 
Freudenthal Institute

Utrecht, Netherlands 

Prof. Dr. Juergen Maasz University of Linz Linz, Austria 
Carol Randall Lewisham College London, UK 
Dr. Alison Tomlin King’s College London London, UK 
Honorary Trustee
Prof. Dr. John 
O’Donoghue

University of Limerick,  Ireland  
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About ACAL 

The Australian Council for Adult Literacy Inc (ACAL) was established in 1977 to promote issues regarding adult 
literacy and numeracy policy and practice. 
ACAL leads Australia in the development, debate and promotion of adult literacy and numeracy practice and policy 
as well as promoting the broader contexts of adult education, and representing and promoting the views of its 
members.  
Raising public awareness of adult literacy issues and promoting the recognition of adult literacy teaching as a 
profession assists ACAL in building strong links within the field. ACAL provides information on current policies and 
services in adult literacy practice in Australia, and promotes community awareness on these issues.  
ACAL raises government, industry and non-government peak bodies' awareness of these issues and publish the 
newsletter Literacy Link as well as other occasional papers for its members.  
By offering national forums and annual conferences on issues in adult literacy practice in Australia, it provides an 
opportunity for debate and as well as information on current policies and services.  
The Executive is elected annually and includes a representative of each state and territory Council for Adult Literacy 
in Australia. 

ACAL –  leading Australia in the development and promotion of adult literacy practice and 
policy
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Research into research on adults in Bridging Mathematics: the past, the 
present and the future 

Janet A Taylor Linda Galligan 
University of Southern Queensland University of Southern Queensland 

taylorja@usq.edu.au galligan@usq.edu.au 

Bridging Mathematics has been an informal network of researchers and practitioners from Australian, 
New Zealand, Southern Africa and the Pacific since the late 1980s.  The political and educational 
climate that saw the rise of the network in those early years is not the climate that exists today. 
However, although the change in climate has effected both the research and teaching practice of its 
members, fundamental issues related to adults learning mathematics in all its forms are still being 
discussed.  In this paper we will trace the history of research into and about adults in bridging 
mathematics highlighting the major achievements along the way. The recurring questions about ‘What 
do we teach?’, ‘How do we teach it?’, ‘Who will teach it?’ and ‘What do we do about the changing 
technologies?’ will be revisited, leading up to the final question – ‘Is bridging mathematics still 
necessary? 

Any form of effective mathematics teaching is underpinned by research and scholarship and enhanced by the 
development of a community of practice that will support and develop its members. This paper will trace the history of 
the Bridging Mathematics Network (BMN), an Australasian based informal group of practitioners, as it struggles to 
understand the nature of learning and teaching of mathematics to adults within the bridging context. It will investigate, 
‘What is the Bridging Mathematics Network?’, its beginnings and initial research objectives, changes that took place 
between 1993 and 2004 in terms of research and the socio-educational climate over those years, the present and the 
future.  During this journey the aim is to answer the questions:  

What do we teach? 

How do we teach it? 

Who will teach it? 

What do we do about the changing technologies?   
culminating in the question “Is Bridging Mathematics still necessary in 2005 and beyond”. 

The why, who and what of Bridging Mathematics 
The network was established in 1991 to provide a support group for all teachers of bridging mathematics and 
statistics, and to allow and encourage practitioners and researchers to share ideas and findings. Its creation was in 
response to the increasing number of bridging mathematics programs created in the late 1980s when drastic 
changes were made to government policies for Higher Education.  
Initially, policies focused on increasing the overall participation in Higher Education and were driven by an economic 
imperative as a ‘means of making Australia more productive’ (Karmel, 1995, p. 25). In particular, mathematics, 
science and technology were seen as important components for this success. In the second Bridging Maths Network 
conference the then Minister for Education, Ross Free, stated that ‘mathematics is probably the single most 
important area of study’ (Free, 1992).  By the mid-1980s the Higher Education Equity Program was established to 
fund universities to improve student diversity. However, in a recent overview of Access and Equity policy and practice 
in Australia James et al. (2004) indicated that the lack of success of this initial initiative lead the government in 
introduce a policy entitled A Fair Chance for All (DEET, 1990), which proposed to change the composition of the 
student population in Higher Education to reflect more closely the composition of society as a whole. Thus 
universities, with access to targeted funding, formalised access and equity planning and reporting mechanisms. For 
Bridging Mathematics this meant the development of programs to service and support students who previously had 
little chance of accessing university studies. For example, in 1994, 23 (of 35) Australian universities reported some 
form of bridging program and/or ‘Learning Centre’ which included mathematics support (Postle et al., 1995, p. 131). 
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Since the establishment of the Network, members have come from a variety of Australian and New Zealand 
institutions and taught in a variety of settings. They ranged from university lecturers involved in teaching first year or 
pre-tertiary mathematics courses, to those involved in teaching numeracy skills to industrial workers. In a survey of 
Australian University web sites Taylor (1999) found that organisational structures emerged from three sources. If the 
need was perceived in undergraduate mathematics, staff would most likely be located in a Mathematics Department 
(40% of cases). If the need was perceived by study skills or counselling staff then the staff were originally located in 
Student Services types of structures (30% of cases). At times a dedicated stand-alone section, such as a 
‘Mathematics Learning Centre’ may have been established with line responsibility to a nominated Academic Manager 
(12% of cases). If the need emerged from industry, staff would probably be located in TAFE colleges. Today 
mathematics support is dispersed across a variety of Australian university structures. 
Specific Bridging Mathematics courses were usually of two types: pre-tertiary stand-alone courses and in-context 
support. Much of the work of bridging mathematics practitioners is not documented nor are preparatory programs for 
Australian residents regulated or scrutinised. Each university sets up and manages it programs at its own discretion, 
resulting in a wide diversity of programs and approaches (Clarke, Bull & Clarke, 2004). Within the pre-tertiary 
courses, the number and type of courses are diverse (Cobbin et al., 1994). In contrast, Australian preparatory 
programs for international students (ELICOS and Foundation courses) are heavily regulated and accredited by the 
National English Language Teaching Accreditation Scheme (NEAS). So while standardised programs and accredited 
teachers for international students are the norm, preparatory programs for domestic students have no such imposed 
standards. For Example, Clarke, Bull and Clarke (2004) indicate that preparatory programs for Australian residents  

extend from 1 week to 2 semesters 

include a variety of curriculum designs (some do not include mathematics); 

include a variety of deliveries (face-to-face, distance); 

have assessment that varies from formal through to less formal or ungraded assessment; 

target different groups and disciplines; and 

issue a variety of certificates from a simple informal certificate of completion to a formal Certificate or Diploma 
award. 

While bridging mathematics certainly flourished in the 1990s there was little community voice either within the 
institutions or outside them.  

… it was apparent that even within the one institution, many staff were not aware of their institution's preparatory 
programs, or were misinformed about prerequisites or the undergraduate programs which accept this entry 
method. In many instances, this state of affairs existed despite repeated attempts by relevant staff to keep others 
informed. … many academic and non-academic staff alike are unaware of the exact target and purpose of such 
[Access and Equity] programs offered by their own university.  This internal lack of awareness of programs also 
contributes to problems in gaining uniform recognised guidelines across all faculties within any one institution. 
(Cobbin, Barlow & Gostelow, 1993, para 2) 

The Bridging Mathematics community were certainly aware of this and worked for change. In 1992 BMN national 
coordination aimed to develop: 

Australian Bridging Mathematics Network 

National Resource and Materials database 

National Maths Support Service survey 

National Maths Bridging Course survey 

BMN research to date 
From the earliest days in 1992, to support their development, the Bridging Mathematics Network proposed a 
research agenda which aimed to look at a wide range of topics specifically aimed at the community of students we 
knew so well 

Ways of overcoming maths anxietyHelping students for whom English is a 2nd language 

Organising group work 
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Using technology 

Tests and other methods of establishing student needs 

Using writing to learn maths 

Helping students to develop a maths learning set 

What are the important cognitive differences between bridging maths & traditional teaching 

Are bridging courses working? How to measure the success of our work? 
To determine if the Bridging Mathematics Network had been successful in achieving its research goals and to answer 
the questions set at the commencement of this paper, conference participation and conference proceedings were 
analysed. Trends in Bridging Mathematics conferences, since their inception in 1992, were viewed in terms of 
conference participation and in the number and nature of the papers included within the conference proceedings 
(Figure 1).  
Figure 1 indicates that participation has varied over the years. The lows that occurred in 1995, 1996 and 2000 were 
usually associated with the location of the conference away from major centres of population (eg Darwin, Adelaide 
and Perth). However, conference attendance has never reached its early high, when the climate within the Australian 
sector in particular was flush with concepts of access and equity. Production of papers has been reasonably constant 
between 1992 and 2002.  

Figure 1. Level of participation at BMN conferences between 1992 and 2002 as presented by number of people 
attending and number of papers in the conference proceedings 

Conference proceedings were analysed using a grounded theory methodology (Schatzman & Strauss, 1973) 
whereby all conference papers were assessed to determine what categories of paper emerged from the proceedings. 
On the basis of this, papers were divided into topics about courses (curriculum design, teaching practices, teaching 
problem solutions etc), research or technology. In Figure 2 it is clear that by far the majority of papers are about 
teaching and practice within Bridging Mathematics.  
These papers were primarily descriptive in their nature and constituted approximately 44% of 196 papers presented 
between 1992 and 2002. These papers were usually descriptions of practice within a mathematics learning centre or 
the design of a new program, for example, to assist nursing students with drug calculations, or to describe a new 
video or software.  
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Figure 2. Percentage of papers from Bridging Mathematics Proceedings between 1992 and 2002 which match 
designated categories  

Technology has been a consistent point of discussion within the Bridging Mathematics Network with 14% of papers 
focusing on this topic. These have been primarily involved with the introduction of graphics calculators, but there are 
others related to computer-based testing or the evaluation of new software or videos.  
Research has been a significant part (26%) of the 196 papers. The nature of the research undertaken was described 
by using categories developed from the papers. The methodologies used in the papers were also noted.  
Table 1 summarises the number and types of research papers. As the bulk of conference papers were about courses 
and activities it is not surprising that many research papers were involved with course evaluation. The other 
predominant topic involved background factors again unsurprising because of the strong focus on practice and 
curriculum design. Many of these papers investigated age, gender, previous maths background, learning styles or 
attitude to mathematics. In some rare instances, attempts have been made to develop predictive models based on 
these background factors. The third category of research paper was entitled ‘learning’. In these papers, aspects of 
how students learn or study was investigated rather than general teaching practice. In most instances papers have 
used descriptive types of research methodologies, so surveys, interviews, observations and case studies 
predominated. With the exception of one or two, theoretical frameworks rarely underpinned the described research. 

Table 1. Categories of research papers in BMN Conference Proceedings 1992-2002 

Category of research Number of papers Example 

Course Evaluation 12 Preliminary phase of the evaluation of a bridging mathematics 
unit (Mohr, 1998) 

Background Factors 13 Mathematics support for tertiary students: an outline of 
backgrounds, needs and attendance patterns (Gillies, 1993) 

Learning 15 Attaining the balance between learning the statistics discipline’s 
content and processes and learning how to learn (Porter, 1995) 

Policy 3 A survey of numeracy concerns at the University of Adelaide 
(Cousins, 1996) 

If the investigation of the research papers is refocussed to determine if the original research questions posed in 1992 
have been answered, it can be seen that attempts have been made on many of these questions (Table 2). However, 
five out of the original nine questions have been rarely addressed. The research conducted by Bridging Mathematics 
Network members can be benchmarked against that described with the Mathematics Education Research Group of 
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Australasia (MERGA) where Walshaw and Anthony (2004), in an analysis of MERGA conference proceedings, found 
a rich framework of mathematics and education topics and methodologies. 
Bridging Mathematics Network, of course, is not an established organisation like MERGA, but why is the research 
not as rich? One hypothesis is that it results from the fact that overall, adults learning mathematics is an under 
theorised area ‘which needs to draw upon as many relevant disciplines as possible in order to develop’ (Wedege, 
Benn & Maasz, 1999). In 1990 Galbraith thought it was primarily a result of isolation and lack of connection with a 
research culture or partnerships, stating that a: 

…major concern was that educators in this field have had minimal liaison with their peers, and thus have 
individually concentrated on similar levels of work. They have thus proceeded without the advantage of a more 
powerful, more comprehensive, joint research and development base (cited in Godden, 1993).  

Further Godden and Pegg (1993) thought that problems lay in evaluation methods and concluded that: 
the strength of bridging mathematics programs, their great flexibility and student-centredness, was the very 
reason they were unable to be evaluated in the traditional manner of educational programmes generally; they 
called for a new approach to evaluation in this important area (cited in Coben et al., 2000, p. 30)  

Table 2. Number of papers in BMN Conference Proceedings between 1992-2003 which match the research questions 
posed in 1992. 

Research Questions Number of papers 

Ways of overcoming maths anxiety 14 

What are the important cognitive differences between bridging maths
& traditional teaching 14

Tests & other methods of establishing student needs 13 

Are bridging courses working? How to measure the success of out
work? 12

Helping students for whom English is a 2nd language 2 

Using technology 2 

Organising group work 1 

Using writing to learn maths 1 

How do you define success 0 

Helping students to develop a maths learning set 0 

Cobbin et al. (1993) reached the same conclusion for research in equity studies. It is interesting to note that in a 
recent book on the evaluation of learning support programs only one section referred to the evaluation of 
mathematics-based programs (Webb & McLean, 2002). So research is difficult to practice in this area of bridging 
mathematics learning and teaching but are there political, social or educational factors which impact on research 
practice?  

Why BMN is still needed? 
As the network is a bridge to Higher Education it needs to keep abreast of practice and trends both in schools and at 
university to ensure its practitioners are informed of curriculum change in both sectors and can be reactive and 
proactive to change. Some Queensland data exemplify trends in the secondary-tertiary interface. Figure 3 shows the 
school mathematics enrolment patterns of Queensland students from 1996 to 2004 as a percentage of total senior 
certificates issued. While Mathematics A, (general mathematics course with little algebra) numbers have remained 
steady, both Mathematics B (a calculus based mathematics course) and C (specialist mathematic course which 
builds on skills and concept of Maths B) numbers have declined. The International Centre of Excellence for 
Education in Mathematics (ICE–EM) is investigating in detail national enrolment patterns in Australian final years of 
school (Year 11 and 12; AMSI, 2005). 
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A similar trend in enrolment patterns may be occurring within Bridging Mathematics courses. At the University of 
Southern Queensland (USQ) Toowoomba, Australia for example, students in the Tertiary Preparation Program (TPP) 
are continuing to enrol in mathematics. 
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Figure 3.  Queensland Mathematics Yr 12 enrolment 1996 - 2004 compared to certificates issued

However, Figure 4 indicates that most students participate in our lowest level of mathematics (TPP81). What appears 
to be happening in both the school and bridging mathematics sector is that students are still doing some 
mathematics but often at a lower level than the demands placed on them at university.  
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Figure 4.  Number of students with final grade in the USQ Tertiary Preparation Program 

For example, while Mathematics C is not listed as a prerequisite at the USQ for students entering a Bachelor of 
Engineering degree, it is useful, and perhaps is an expectation of some lecturers. Figure 5 shows that in 1997, the 
majority of students had completed Mathematics C prior to university studies and thus thought it was useful although 
not required. However, the numbers declined steadily from a high of 82% in 1997 to just 35% in 2002. This does not 
necessarily mean that students will not be successful at university, but rather that their first year may be more 
demanding and support services needed more extensively to bridge the gap.  
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Figure 5.  Number of students who have studied Maths C in Engineering 

It is not only mathematics and science based courses where the support is needed. There are also many courses 
traditionally believed to be ‘non-mathematical’ where a level of academic numeracy is assumed. In a survey of all first 
year courses at USQ, Taylor et al. (1997) asked first year lecturers what mathematics they believed was needed in 
their respective university courses (Table 3). It was apparent that the stated entry requirements for many programs 
do not match the lecturers’ expectations of the mathematical knowledge required within their courses. For example, 
in a business degree, economics lecturers expected students to have completed school Mathematics B, while the 
entry requirements stated pre-requisites made no mention of this. 

Table 3.  Mathematics background expected for courses within each Faculty 

Faculty None Year 10 Maths A Maths B Maths C 
Commerce Introduction to Law  Introduction to 

Accounting
Business Australian Political 

Institution
  Economics  

Sciences Data Analysis Foundation 
Psychology 

Organic Chemistry Foundation 
Chemistry

Engineering Electronic Workshop  Engineering Communic-
ation

Civil Eng 
Materials

Electrical
Technology

Education Foundation of 
Language

 Socio-Cultural Physiology 
of  Educ. & Sport 

Arts Communication and 
Scholarship

Intro. to Studio 
Practice

Voice and Movement   

Conclusion
So in summary what can be said about bridging mathematics, its past and its future? Today bridging mathematics 
programs are many and diverse, yet staff in these programs are often still marginalised within the Australian Higher 
Education sector. The status of mathematics within schools and universities is at a low with many students opting to 
study easier types of mathematics, universities removing mathematical pre-requisites from award programs and not 
recognising the embedded mathematics within many of their courses. These trends ensure that initiatives which 
allow students to bridge the mathematical gaps to university are still necessary. Yet the current social, economic and 
political climate is very different in Australia today compared to what it was in 1990s. Many practitioners fear that the 
economic rationalist approaches adopted by current government may make provision of bridging programs, although 
still necessary, more difficult. 
On the research front, bridging mathematics research does exist, although even after 10 years of progress it is still in 
it infancy, with many authors not making the jump to peer reviewed publications, it has shed some light on who we 
teach, what we teach and how we teach it. However, there are many questions not fully answered and as universities 
move into the culture of quality and performance matched funding, it is essential that we continue to address the 
following questions. 

How is success defined in bridging mathematics activities? 
Practitioners must record, monitor and benchmark access, participation, retention and completion of students 
within their initiatives, at the same time as other qualitative measures of success such as career control, self 
esteem and goal setting. 
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What are the numeracy demands on entry to ‘non-mathematical’ university study? 
Investigation needs to continue into what mathematical knowledge and skills are required in first year 
university courses, especially those which are reviewed as ‘non-mathematical’. 

What are effective ways to support that study? 
Practitioners often believe intuitively that their initiatives are successful, but have we the quantitative 
measures that address both educational questions and cost effectiveness questions? 

Are successful bridging students successful university students? 
Have there been any studies that rigorously investigate whether students who complete bridging programs 
are successful in university studies? 

Is there more than mathematics? 
Mathematics is often seen as a set of skills independent of all other skills. Have there been any studies which 
investigate the development of mathematics skills with other skills believed necessary for success at 
university. Are these built into our bridging programs? 

In conclusion, we hope that we have provided evidence that bridging mathematics is still an essential activity within 
the Australian Higher Education sector and staff must have the brief not only to teach, but to research their students’ 
learning and performance before, during and after completing bridging mathematics initiatives. It is important that all 
who are involved in bridging mathematics:  

actively campaign the importance of academic numeracy skills in all university programs; 

continue to quantify, qualify and write about current practice; and 

rigorously defend the notion that bridging mathematics is an academic activity. 
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If we have a commitment to social justice, what is it in adult maths / 
numeracy education that we think is worth fighting for? 
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This paper is a response to the question posed to the author by the conference organisers: “if we have 
a commitment to social justice, what is it in adult maths/ numeracy education that we think is worth 
fighting for”. The paper argues that a commitment to social justice requires adult mathematics and 
numeracy educators and researchers to look outwards and think of themselves as social activists who 
work with other social movements to build strengths for sustainable and progressive social change. 

When I was asked to respond to the question: “if we have a commitment to social justice, what is it in adult maths/ 
numeracy education that we think is worth fighting for?” my first reaction was to say, “there are bigger and more 
important things to be worrying about than adult maths if we are really concerned about social justice”. This reaction 
was influenced by the timing of the request to speak and respond to the question. The request came in the same 
week as when the Australian government announced a set of radical Higher Education Workplace Reform 
Requirements (HEWRRs) (Department of Education, Science and Technology, 2005) that advances the 
Government’s commitment to increased privatisation, individualism and competition, and anti-union agenda. This 
seemed to be yet another assault on efforts of educators, unions and other groups committed to increasing social 
justice in Australia. Although my initial response was not helpful in addressing the question posed to me, it forced me 
to reflect deeply on how I needed to think adult mathematics and numeracy to see a connection between what the 
adult mathematics and numeracy community does and social justice.  
In this paper, I will first present how we can begin to conceptualise the relationship between the adult mathematics 
and numeracy community and social justice initiatives. I will then give examples of approaches taken by other 
movements and groups, and use some of the guiding principles of sustainable development to provide some more 
concrete direction for thinking about social justice, and the implications of how the adult mathematics and numeracy 
community might work on the broader project of social justice. Finally, I will conclude by proposing some general 
directions that might help the adult mathematics and numeracy community remain relevant and achieve its social 
justice objectives in a sustainable and productive manner. 
I preface the rest of the paper by saying that this paper draws heavily on my knowledge and experiences working as 
an academic and adult teacher educator, and also as a union activist in Australia. This means that the paper is not 
comprehensive in its reference to what is happening in the adult mathematics and numeracy community, nor 
necessarily balanced in the focus of issues that it discusses. However, I believe, unfortunately, that many of the 
problems and challenges I describe about the Australian context will probably resonate with readers working outside 
Australia as well. 

How can the field of adult mathematics and numeracy interact with social justice? 
The field of adult mathematics and numeracy, although focussed around the mathematics and numeracy education 
of adults involves not only teaching and learning, but also research and policy development. A commitment to social 
justice by the adult mathematics and numeracy education community (ALM, for short) must then be committed to 
foregrounding social justice in all three of these activities.  
Making a commitment to social justice requires an “unpacking” of this concept. Many of the ALM activities such as 
bridging mathematics and adult basic education focus on increasing access to further learning. In Australia, the 
pedagogies that underpin these programs embrace principles of equity and inclusiveness, which in turn lead to 
learners participating in the programs to achieve a sense of empowerment. Maintaining a focus on the needs of 
individual learners has become more difficult in Australia because of increasing measures to improve accountability 
and transferability of qualifications, which have led to standardisation of curricula, including the proliferation of 
training packages (national guidelines for vocational training qualifications). Despite these developments, many 
teachers in the field have continued to apply humanistic principles to ensure that their learners achieve a sense of 



21

empowerment as a result of their participation in learning. The effects of different pedagogical strategies and policy 
changes on learning and teachers’ work are the subject of research in adult mathematics and numeracy education. 
Looking at the field in this way, we could draw the conclusion that there is already a strong commitment to social 
justice across the ALM community and that there is nothing further that needs to be done. Figure 1 shows a map of 
the connection that can be made between ALM and social justice goals. 

Figure 1. Connecting ALM and social justice 

There are two reasons why further consideration is needed in considering the connection between the ALM 
community and social justice goals. Firstly, one needs to reflect on whether any type of individual empowerment is 
necessarily an indicator of social justice. If George W. Bush becomes more empowered through increased literacy 
and numeracy and as a result becomes capable of writing his own speeches and policy frameworks, can we say that 
there has been some incremental increase made in social justice? That is, do cases of individual empowerment 
necessarily lead to communities and societies being more empowered? Secondly, if the focus is on greater 
participation and individual empowerment, then one could argue that in Australia, this is precisely what the Federal 
Government is trying to achieve. There is a strong Government rhetoric of increasing flexibility and “choice” (usually 
through increasing private providers) for learners so that more can get skilled and be employed to fill the skills 
shortages facing the country. The Australian government is keen on increasing participating in learning, but learning 
primarily for its own agenda, and not necessarily for the community’s benefit. When adult learning is focussed only 
on vocational ends, at the possible expense of the broader benefits of participation in learning, does it necessarily 
advance social justice? 
A helpful framework to consider how learning contributes to social justice is the conceptual model developed by 
Schuller et al (2004, in Kearns, 2005, pp.28-29). This model identifies the interaction and intersection between three 
forms of capital. They are: human capital which refers to “the knowledge and skills possessed by individuals”; social 
capital which refers to “the networks and norms which enable people to contribute effectively to common goals”; and 
identity capital which refers to “the characteristics of individuals that define his or her outlook and self esteem”, and it 
is suggested that developments of all three forms of capital are crucial in sustaining both individuals and communities 
(Kearns, 2005, p.28). That is, we cannot just focus on the human and identity capitals in thinking about social justice.  

Threats and lessons for the ALM community 
Achieving and then sustaining social justice outcomes will be a major challenge for any socially progressive 
movements. It is probably fair to say that in comparison to many other countries around the world, Australia rates 
highly in social justice indicators compared to many other countries. What is concerning for many activists in 
Australia is that the country is going backwards through the Government policies that are, for example, anti-union, 
anti-refugee, pro-privatisation, and pro-competition. 
It is not that educators and researchers in the ALM community have suddenly woken up to the neo-consverative 
agenda of the governments in Australia, U.S.A. and elsewhere. Rather, even in these hostile environments, many 
adult maths/ numeracy programs and initiatives – both in teaching and research, continue to respect and enact 
principles of social justice. There continues to be programs and initiatives focussing on increasing access to 
education and employment through bridging and adult basic education programs; devising inclusive and learner-
centred pedagogies in our teaching so that all of our learners can learn in a safe and productive learning 
environment; researching numeracy as social practice so that many different numeracy practices can be 
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acknowledged and inform teaching and learning; promoting critical mathemacy/numeracy/mathematical literacy in 
our curricula so that our learners engage with the politics of knowledge and knowledge generation (Coben et al, 
2000; Kelly et al, 2004). And of course, these activities need to continue. But where, and how? 
Figure 2 presents one snapshot of how the ALM community might look to an outsider. However well we as teachers, 
learners, researchers and policy experts fulfil their part, and however committed we may be to social justice 
principles, the ALM community, even internationally is not a large enough community to influence and reverse 
socially regressive forces from neo-conservative governments. Within the sort of environment that exists now, a 
small community that has traditionally worked and achieved its goals as a “closed” system is vulnerable to 
eradication. This is not a criticism of the ALM community. Much larger and more established groups are facing and 
feeling the same threat, for example, trade-unions in the Australian context. 

Figure 2. A snapshot of the ALM community – a closed system? 

In the trade union that I am involved in, we are faced with some new policies and legislation that can easily make us 
irrelevant and eradicate us. The Federal government is making it compulsory for universities to introduce changes 
that significantly diminish the role of the union in negotiating conditions through collective bargaining, having an 
active part in institutional policy development, and representing and protecting the rights of staff. The traditional 
methods of recruiting members are also under threat because of new limitations on right of entry of union officials on 
campus and use of university facilities. We are facing a period when union strength is more important than ever 
before, but we need to build strengths within a climate where there are the most draconian restrictions in terms of 
exercising our industrial muscle. In this sort of environment, workers who rely on union officials and paid staff to solve 
their workplace grievances and other problems for them will become instantly powerless because the legal 
frameworks that allow for union intervention in the local workplace affairs are being severely restricted. 
So in our union, as in many other Australian trade unions, we are rapidly reinventing ourselves not according to a 
“servicing” model that we had grown used to, but according to an “organising” model where the focus is on building 
activism at the rank and file. If legislations are introduced to stop the legal avenues currently available to us, then we 
have to be able to apply our collective political strengths to fight agendas that threaten us in the workplace, and not 
rely on paid “experts” to fight the fight for us. And the “organising” model extends outwards – from the local branch of 
a trade union to the union’s other branches, to other unions, and to other community based organizations, and any 
other allies that we can find to build a solidly grounded base to present challenges to regressive policies.  
I argue that the idea of an “organising” model is also relevant to groups like the ALM community. If as teachers, 
researchers and policy analysts, we are committed to social justice, then we have to find ways to ensure that their 
commitment can be realised and sustained not just during the working lives of the current ALM community members, 
but beyond that. This must be sustained not just through what ALM “experts” can provide either, but through more 
widely dispersed strengths and resources.  
The thought of building wider networks and negotiating agendas can overwhelm teachers and researchers. The 
thought of doing something on top of keeping existing programs going will seem like a death sentence in itself. But 
there are examples of successes gained through such approaches. In the state of New South Wales in Australia, 
adult basic education teachers, their union, students, and other community based groups worked together in 2003 to 
defeat the introduction of fees in TAFE (Technical and Further Education) for access courses (Hazell, 2004). In this 
campaign, teachers had to quickly mobilise support from students and other stakeholders, and they succeeded. 
There are also many examples in the literature on school and community partnerships where schools, community 
groups and parents have worked together to achieve shared community aspirations (see for example, Gregory et al, 
2004; Maurrasse, 2004; Wasik, 2004). At a more global level, one can look at the World Social Forum where people 
from all over the world come together to discuss ways of creating a different world! 
If we remain as a small and closed system, then we are vulnerable to eradication through changes in funding of 
programs we are involved in, outsourcing of our work, changes in research priorities, and so forth. However, if we are 
linked to a larger social movement that shares our broad social justice goals, and it in turn is linked to other social 
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movements, then it is possible for these movements to mobilise support across the different fields, and make 
ourselves less easy to “pick off”.  
To organise and build strengths in solidarity with other progressive groups and social movements, the ALM 
community (and these other groups) will need to articulate its core values and goals in a language that can be shared 
and understood by the broader community. This also means that some of the language of social justice needs to be 
rearticulated and reclaimed from the neo-conservatives that have appropriated social justice notions to advance their 
agenda. These include: 

Fairness

Right to work

Flexibility  

Choice 

Right to work
What it means to achieve and sustain social justice is expressed in the principles of sustainable development. 
Although there are many expressions of the principles of sustainable development, one key principle is that it is 
“development that meets the needs of the present without compromising the ability of future generations to meet their 
own needs” (Bruntland, 1987). The term sustainable development started to become part of our everyday language 
after the Bruntland Report or Our Common Futures report of the World Commission on Environment and 
Development was published (Bruntland, 1987). Following this report, there emerged a number of principles of 
ecological sustainability. Although there have been different variations of these principles, there is an understanding 
that sustainable development is about both environmental and social justice, and that this involves not only justice in 
terms of quality of life, access to resources, natural and cultural diversity, and political rights across all people now, 
but also across generations (Goldie et al, 2005). That is, intergenerational equity (as well as intragenerational equity) 
is a central tenet in ecological sustainable development. This means that we have a responsibility to build strengths 
in order that future generations of adult mathematics and numeracy teachers, researchers, policy analysts and 
learners can enjoy at least the same level of benefits that the current generation has enjoyed. 

Some directions 
This is not the first, and is unlikely to be the last period in history where the adult numeracy and mathematics 
education community is faced with the challenges of a social regressive political climate. In order to achieve and 
sustain our social justice commitments, we need to look outwards and work with others to build a larger and stronger 
network in which adult numeracy and mathematics education plays an important and critical role. The network will 
have to work towards building three forms of capital – human, social and identity capital that will lead to sustained 
individual and social empowerment. In this project, we need to think of ourselves not only as adult mathematics and 
numeracy teachers, researchers and/ or policy analysts, but also as social activists within a broader social 
movement.  
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To contextualise this paper I will first provide an introduction to me as a person and professional.  I was raised in 
South Africa with its attendant problems of racism and issues of inequity and social injustice.  My academic 
background is in mathematics.  My professional background is in maths teaching in UK and abroad then teacher 
education in maths, professional development etc.  More recently I have worked with radical approaches to teaching 
literacies and this, combined with my background, led to the development of a theory of maths as social practice and 
associated research.  All this means that my knowledge and positions are derived from my experiences in South 
Africa, mathematics, education, and research in the UK and abroad.  I have not had substantial experience of adult 
numeracy.  But, I am suggesting that my work coming out of the “Social Turn” in Maths Education, (Lerman 2000), 
with children, parents and students, has given me a potentially rich perspective in educational arenas such as adult 
numeracy and family education.  Such a perspective includes the notion of access to powerful ideas but suggests 
that it may be necessary to go beyond an access agenda in order to tackle intractable issues of social justice in 
maths education.   
This paper is a response to Keiko’s on the Australian ALM scene. First I will draw out some of the points in the paper 
and then relate these to the parallel scene in England.  I intend then to attempt to extend Keiko’s analysis to a 
transformative model.  To do so, I am intending to make use of some work done by John Smyth (1991) where he 
suggests a process for developing and sustaining the critical in teaching using four moments.  These are: to describe 
and give an account of the current position; to inform ourselves of what exactly is going on, our positions in it and 
account for it; to confront the position, revealing and exposing ideas, ideology, epistemology and pedagogy 
underlying; and then to reconstruct our positions from our agreed social justice perspective. I have found his model 
very useful when approaching issues in maths education that require the sustainability that Keiko stresses in her 
writing  
Keiko raises concerns about neo-liberal features of the Australian political and educational scene, such as 
privatisation, consumerism, individualism, union bashing, hostility towards the education sector, budget cuts, control 
and even blackmail.  She says the adult educational scene is under attack because of its emphasis on social justice, 
its beliefs in inclusive adult numeracy, its learner centred pedagogies, etc.  She feels that the only resistance to some 
of these attacks is to accept a stronger vocational role for adult numeracy, to look outwards towards sustainable and 
active trade unionism and to re-invent collectivism.  She feels it is vital to set up communities, wider global networks, 
and more active trade unions to ameliorate some of the worst effects of the current neo-liberal movements such as 
casualisation of labour and the shedding of the social justice agenda. 
My response is to accept much of her analysis.  But I first want to outline what is happening in the UK and then ask 
the audience to allow me to be a bit provocative.  This is not to divide us as it is vital, as Keiko says, for any attempt 
to protect ALM and to ensure that it remains committed to sustainable social justice requires joint and community 
action as well as networking among allied groups of people. Instead, I am seeking to strengthen us by trying to use a 
reading of Smyth’s analytical model (1991) to understand the situation better before trying to reconstruct our 
positions and give them stronger foundations in relation to social justice.  For an interesting account of meanings of 
social justice I refer you to Hart (2003). 
The political position in the UK is not the same as in Australia. The differences may be marginal but there may be 
larger differences in the field of adults learning mathematics.  In the UK we have a Labour Government, which labels 
itself ‘New Labour’ but which is not radical in terms of social justice.  It sought to win power almost at any cost and 
this resulted in an acceptance of the need to take the middle classes and business interests along with it.  There 
were all sorts of historic reasons for doing this such as the lack of electoral success for 18 years from 1979 to 1997.   
Whatever the reasons it was successful and we will now have a Labour government for at least three consecutive 
electoral periods.  The outcomes of this (in some cases perhaps fortuitously achieved) have been mixed in many 
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fields.  As in Australia there has been a strong move towards the market, individualisation, privatisation and even the 
calamitous PFI (private finance initiative).   
There have been some improvements in some aspects of the economy, health and education services, and policies 
towards development at the same time as some reprehensible excursions in foreign policy.  But there have also been 
significant increases in gaps in some fields especially economics, health and education, which run counter to social 
justice. Economically there is low inflation, a level of sustained growth, low unemployment, but a loss of 
manufacturing capacity, an increase in the service sector especially low paid employment.  Although there has been 
rising incomes for many, including a minimum wage, there is a widening gap between rich and poor.  There has also 
been more investment in the national health service and in some cases an improvement in the service received but 
privatisation is resulting in an increasing gap between the health care received by the rich and the poor.   
I now move into the first of Smyth’s four moments: a description of the education scene, which reveals similar gaps.   

Describing – what is going on?
In education there have been moves which have included greater centralisation and control, marketisation and 
privatisation, the calamitous private finance initiative, extensive and inappropriate uses of targets, inspections, 
notions of failing schools, a stress on leadership rather than democracy and community, devolving budgets to 
institutions through principals, rejecting the unions, a growth in charging fees particularly in HE and FE.  A strong 
emphasis has been placed on the importance of children learning ‘the basics’ and pathologising and problematising 
of parents and teachers for educational failures.  This led to the provision of the National Numeracy Strategy (DfEE
1999) in schools which has resulted in a new cohort of compliant teachers, who have accepted the Government’s 
agenda and are classroom technicians willing to deliver what they have been asked to do. At the same time there 
was a start of the provision of good parenting classes, which had at its roots the acceptance that some homes and 
parents were in deficit, unable to provide for their children educationally. Despite these changes there is clearly a 
substantial and sustained education gap with children from relatively poor homes doing worse than those from 
wealthy homes (Feinstein, 2003).  In maths in schools there is a similar long tail of underachievement (Ginsberg et 
al., 1997; Hughes, 1984)  
These educational policies and programmes in my view derive from what I would call the access agenda.  That is the 
UK government, perhaps unlike Prime Minister Howard’s in Australia, coming from a more liberal (as against neo-
liberal) position, believes that access to education will lead to higher employment, better prosperity for the populace 
and then to greater social stability and control; perhaps best summed up by the term ‘embourgeoisment’.  For 
example in prison education the correlation between education and stability is shown here: 

At the turn of the 21st century the government began to recognise the correlation between crime and the lack of 
education and introduced basic skills in education for prisoners.  ...  around 66% [of prisoners] have poor 
numeracy skills … There is a strong argument that this lack of basic education is a major contributing factor in 
offending and there is no doubt that it is a severe disadvantage in the job market. (Smith, 2005, page 14) 

The correlation between education and employment is erroneously taken in this quote as causal and has led to 
pressure for changes in education in the expectation that they will inevitably result in a reduction in offending, more 
opportunities for work and then in social stability.   

A shocking 7 million adults in England cannot read and write at the level we would expect of an 11-year-old. 
Even more have problems with numbers. The cost to the country as a whole could be as high as £10 billion a 
year. The cost to people’s personal lives is incalculable.  People with low basic skills earn an average £50,000 
less over their working lives, are more likely to have health problems, or to turn to crime. These people, and their 
children, risk being cut off from the advantages of a world increasingly linked through information and technology. 
A fair and prosperous society cannot be built on such insecure foundations. (Blunkett, 2003) 

Too many adults don’t have the basic skills they need to get a job.  Lower productivity and the increased burden on 
the welfare state is estimated to cost billions. ... The prospects for employment don’t look good for those who lack the 
basics. 98% of jobs are closed to people with basic skills below entry level and 50% of jobs are closed to people with 
basic skills below level 1.  (Rammell, 2005) 
In a similar manner education is seen here as a route that will lead inevitably to work and social stability. The UK 
government therefore has become committed to ensuring access and “equal opportunity” to education, enforcing 
this, if necessary through centralised measures.  This at times translates into ensuring that previously disadvantaged 
groups in particular have access to education that is seen by many as having a potentially powerful impact on 
people’s lives.  This seems like an exemplary position to take but I want to argue here that it has real and important 
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problems associated with it.  The problems, in part, may come from the appropriation of the ideas by policy makers.  
The argument here might contain important lessons for us in adult numeracy.   

Informing – how do we understand this description?
Looking more closely at Adult Education in England let me unpack in what ways the UK government has 
appropriated this access or equal opportunity agenda.  First it has prioritised Adult Education in general.  It has given 
it status and resources through its ‘Skills for Life’ agenda (DfES, 2003).  This has meant that there is an explicit 
commitment to substantially increasing the numbers of people attending adult education programmes, that is it has 
set high targets and invested a comparatively large amount of money into this process.  Every adult in England who 
has not achieved a adult basic skills level 2 (equivalent to a GCSE in maths achieved by many children at school at 
aged 16) has the right to free attendance at adult numeracy classes. Maybe this is not happening to the same extent 
in Australia. Thus: 

Our mission is to give all adults in England the opportunity to acquire the skills for active participation in twenty-
first-century society (Blunkett (Sec of State for Education and Employment), 2003). 

and, 
we are investing more money into further education [including adult education] than ever before.  Over the past 
three years, we have increased cash going into the sector by 25% in cash terms (Rammell (Minister of State for 
life long learning, further and higher education), 2005). 

Second, seeking to extend its influence and impact on adult education it encouraged the provision of an Adult 
numeracy core curriculum (DfEE, 2001).  Then it sought ways of ensuring that “best practice” in teaching and 
learning adult numeracy was available to all.   To do this the National Research and Development Centre (NRDC) 
(http://www.nrdc.org.uk) was set up in 2002. Within NRDC, in 2004, it set up the Maths4Life project 
(http://www.maths4life.org/) with a similar brief for conducting research and development projects to look for ‘best 
practice’ in terms of adult pedagogy and practice in post 16 numeracy.  
Third, in England the focus in adult numeracy research, development and teaching is essentially to seek an 
essentially ‘best way’ of teaching the given mathematics curriculum in all situations. By ‘best’ is meant ensuring that 
set targets of numbers of people attain designated levels of ‘basic’ numeracy as assessed by formal tests.  This fits a 
model of educational access where equal opportunities exist for people to achieve their own individual levels of 
attainment. Levels of attainment in this sense are related to individual merit.  If learners fail it is their fault and they 
are blamed. At least they have all been given the opportunity to succeed. 

Confronting – what is going on in terms of power and social justice? 
The question at this point is: what can be wrong with an access agenda? It is about equal opportunities and therefore 
must be an inclusive model of maths education. Can we confront these assumptions, see possible flaws in them, 
understand issues and problems and then seek to extend it to reconstruct an alternative model, which will fit more 
closely issues of social justice.  
Before seeking to develop an alternative perspective on adult numeracy I want, in Smyth’s (1991) terms, to confront 
the existing access model, seeking to reveal ideas, power, ideology, epistemology, and pedagogy underlying it. 
In my view the access model is based on several assumptions, beliefs and values: 

1. that the numeracy/maths curriculum contains important context-free, uncontested and powerful maths 
knowledge to which learners have access.  What is the effect of this construction of mathematics? 

2. that all learners are given the opportunity to reach their ‘level of ability’ – a meritocracy (Goldthorpe, 2005). 
The provision for maths/numeracy is designed and structured so that all learners can learn this mathematics 
knowledge and achieve the qualifications appropriate to their ability.  All barriers or inhibitors of meritocratic 
attainment are removed. Does this provide genuine equal opportunities for access to mathematics? 

3. that pedagogies provide equal opportunities and ensure access for all learners. Do current pedagogies do 
this?

In order to answer question 2 and 3 above, in relation to the implementation of an access approach, we could 
evaluate the effect of the current practices by looking at ‘outcomes’.  There is much evidence (Ginsberg, 1997; 
OECD, 2004) that attainment in mathematics is most closely associated with social class.  Learners in schools from 
middle class backgrounds in general do significantly better than those from working class backgrounds. This is not to 
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say that some individuals do not depart from this general rule.  They clearly do.  But members of the group do indeed 
do less well than those from other groups. This finding seems robust over time and over systems and cultures. This 
suggests that attainment is not straightforwardly related to merit.  There are aspects of teaching and learning 
mathematics that seem to privilege some learners rather than others. This suggests that current practices are not 
effectively inclusive.  They either exclude working class learners or at the least make it significantly harder for them to 
access the knowledge, the pedagogy and the qualifications in formal mathematics. Failure is seen as due to learners’ 
inadequacies (they did not have the ability to learn or did not take the opportunities offered to them) or ineffective 
teaching.  It does not acknowledge or accept that learners from different social background may be in conflict with 
the nature of the mathematics being taught, the discourse of the classroom or even the learner themselves.  An 
access model is built on the notion of an educational meritocracy but formal education seems to reproduce social 
differences and is therefore not redistributive. Formal education therefore conflicts with an access agenda and 
pedagogies that claim to be directed towards equal opportunities or social justice are not effectively doing so. 
A challenge to the first question above could come from a practices perspective.  That is, asking which mathematics 
practices (Baker, 1998) dominate formal education and why?  It is clear that these mathematics practices are the 
autonomous (Baker, 1998) or esoteric (Dowling, 1998), ones that dominate formal maths curricula including the adult 
numeracy core curriculum (DfEE 2001), in England. This mathematics is often seen as decontextualised meta-
knowledge often abstract in nature with much contextual ‘noise’ removed. It is often seen as value-free culture-free 
autonomous knowledge most of which plays little explicit role in many people’s lives.  Yet at the same time some of 
the least useful (in terms of every day lives) aspects such as algebra are seen by many as really important 
knowledge (Swain, forthcoming).  From this perspective it is not surprising that mathematics is so dominant in 
education because it has so much power.  The first source of power its social or economic role.  Here it is used to 
filter (Hart, 2003) or sort learners into their future career trajectories.   The second source of power is its use in other 
specific fields of human endeavour where it has remarkable explanatory, predictive and communicative power in 
technology, engineering and science. Maybe most surprising is mathematics’ often invisible power to frame or 
produce Discourse (Gee, 1999) within education.  Here mathematics seems to have achieved authority as an 
indicator of ‘intelligence’. 
The above arguments seems fairly conclusively to reject the notion that an access agenda works or could work. Yet 
my experience is that challenging such access models can be highly problematic.  Pointing out the inequities in 
student attainments has been met by very firm suggestions that I am either being deterministic in suggesting that 
working class learners cannot in general learn current formal mathematics or that my views will result in denying 
them access to the powerful ideas in mathematics perhaps through labelling or low expectations of teachers. This 
point is made strongly in relation to language in South Africa by Janks (2003/4 p. 33).  I think this has clear 
application to mathematics as well. For illumination I have inserted ‘numeracy’, where appropriate in brackets: 

If, on the other hand, you deny students access you perpetuate their marginalisation in a society that continues to 
recognise this language [numeracy] as a mark of distinction.  You also deny them access to the extensive 
resources available in that language [numeracy]; resources which have been developed as a consequence of the 
language’s [numeracy’s] dominance.  This contradiction is what Lodge (1997) calls that access paradox.  ….  we 
need to counterbalance access with an understanding of [numeracy] hegemony and diversity as a productive 
resource

This suggests that the provision of access has complexities that are often unacknowledged.  In one direction, 
denying access to education would marginalise working class learners.  On the other hand, the provision of access 
has built in contradictions.  It is access to hegemonic knowledge, which privileges learners from some backgrounds 
and disadvantages others.  These complexities seem to play a part in the fierce defence of the access model.  One 
way to view this is to ask in whose interests is the model?  The answer may be in part about vested interests and the 
privileging of the dominant hegemonic mathematics knowledge in formal education curriculum and the consequent 
rejection of diversity.  Those who have had access, be they teachers of mathematics, other educationalists or 
families of learners who have gained from achievement in formal mathematics, then seek to privilege and defend that 
position.  This suggests it is an elite position and one that is therefore exclusive. This privileging of certain content 
and processes results in an elite passing through educational filters and into powerful career trajectories, which they 
will defend.  Where is the social justice in this? 

Reconstructing – how shall we do this differently? 
I have attempted to challenge and confront the access agenda in adult numeracy.  Before we go on to attempt to 
reconstruct an agenda (transformative) more closely allied to social justice we need to look at what kind of agenda 
may be more suitable.  I need to say at this point that I have not yet fully developed the details of this agenda and I 
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look forward to starting the debate with this paper and continuing discussions with the ALM community in the future.  
The following points will frame the agenda. 
First, this agenda accepts that all curricula, including formal mathematics ones, are value-laden and derived from 
selections and choices.  This implies that there are values, beliefs and ideology underlying these decisions.  In a 
transformative agenda such values would be made explicit and would be contested.  That means that the existing 
mathematics curriculum itself would be challenged and all resulting curricula would have to be justified.  The criteria 
for such justifications would themselves have to be made explicit.   A transformative agenda would insist that any 
social or economic power residing in a maths curriculum would be made explicit and its position justified.   That 
would almost certainly mean its role as a filter or gatekeeper would be modified and perhaps also its central role in 
adult education. In Bourdieu’s terms the rules and procedures of the educational qualification “game” would be 
exposed and shared with learners (Bourdieu, 1990). It might challenge the content or even the emphasis placed on 
content areas. At the micro level for example the exaggerated position in the mathematics curriculum of the esoteric 
treatment of vulgar fractions might be challenged and instead allow greater emphasis to be placed on decimals or 
‘betting odds’ or the use of the calculator.  The position of long division as a skill might be challenged, as might some 
of the academic geometry, and instead allow more practical geometry to be included, such as builders’ mathematics 
practices for ensuring that constructed objects are ‘square’.  In a macro sense it might challenge the largely esoteric 
nature of much of the maths curriculum and instead encourage a more embedded or situated emphasis (Lave, 1994; 
Rogoff, 2003).  
A second aspect would consist of reframing pedagogical practices.  At one level this would mean challenging existing 
ones and then building on current teaching practices of mathematics/numeracy all from a social justice perspective.  
It would reframe the full range of practices within teaching and learning numeracy from assessment and classroom 
activities to social and institutional relations.  Such a perspective would no longer imagine equal opportunity but 
would seek to develop approaches that sought to ensure equity. This would use affirmative action to seek to redress 
imbalances in the privileging of the practices of previously advantaged learners.   It would ask that we rethink the 
ways that we distribute resources in education. As an example of such an approach I would draw on what Luis Moll 
calls learners’ “funds of knowledge”: 

Funds of knowledge represents a positive and realistic view of households as containing ample cultural and 
cognitive resources with great potential for utility for classrooms. (Moll et al p 134:1992) 

In a recent edition of NRDC’s journal, Reflect (Baker, 2005), I suggested what a broad view of funds of knowledge in 
terms of numeracy might be: 

For numeracy we could take [funds of knowledge] to refer to our learners’: 

Knowledge, experiences, histories, identities and their images of themselves in relation to mathematics; 

Attitudes, dispositions, desires, values and beliefs, and social and cultural relations in relation to 
mathematics;

Relationships to learning, to teachers and to mathematics itself 

Numeracy practices both within and beyond the class (Baker, 1998, Street et al forthcoming) 

A model of funds of knowledge could be accused of being romantic about what resources people have in their lives 
in relation to formal education, but to ignore the resources people bring to learning situations is not equitable and is 
counterproductive. Pedagogic practices would therefore include the need to be explicit about the values inherent in 
the educational processes and acknowledge thatthe education process is what Bourdieu called a game (Bourdieu, 
1990). 
A transformative agenda also needs to be responsive to the changing nature and demands of the society for 
mathematical knowledge skills and understandings that comes from digital technologies and globalisation.  So we 
could ask what forms of mathematical practices (that is the knowledge, skills and values, the social relations) do 
learners need to become effective, thinking and acting citizens in the changing and technological societies of the 
future?  The notion that these should be limited to the esoteric skills, knowledge and understandings of past 
mathematics curricula is untenable. There is a need for a much stronger more critical use of mathematics.  Such an 
approach can be seen in the attempt by Gutstein and Petersen (2005) to “rethink” mathematics.   Here the authors 
broaden perspectives on the role and place of mathematics within social justice and make practical suggestions 
about the kinds of teaching and learning activities that could be used in classroom practices for mathematics that 
would fit social justice. There is much to admire in this contribution but it still seems to be sited within dominant 
formal mathematical practices.  That is, although there is some potential change in social relations, especially in the 
contexts in which they site mathematics, they do not advocate sufficiently, changes in the nature of mathematics and 



29

the curriculum itself.  What remains, therefore, still to work on is what kinds of mathematical practices, (curriculum 
and pedagogies) should be part of a transformative agenda. 
My main response, then, to Keiko’s paper is to accept the points she has made but then to extend them.  I agree with 
her stress on the importance of moving towards a sustainable social justice agenda in adult numeracy and maths 
education. I agree with her ideas about networking and strengthening the role of the unions as politicising organising 
and conscientising bodies.  But I am concerned that in her desire to defend the valued work that adult numeracy has 
been doing, she may be proposing an approach, which will inadvertently place a ceiling in terms of social justice.  I 
have therefore tried to suggest ways that could go beyond the notions of access and a narrow view of equal 
opportunities and towards a transformative agenda (Freire, 1972) that stresses equity, affirmative action and much 
larger changes in the adult numeracy curriculum and pedagogy. If the adult numeracy community takes an access 
agenda and extends it into a transformative one then we will be ready for the challenges that Keiko has identified. I 
welcome the opportunity to engage together in taking these ideas further. 
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Notes from the Social Justice Forum 

The forum began with two focus speakers Keiko Yasakawa and Dave Baker. Keiko Yasakawa’s paper was written in 
response to the central question posed by the organisers:  

If we have a commitment to social justice, what is it in adult maths/numeracy education that we think is 
worth fighting for? 

The forum proceeded with Dave Baker responding to the ideas put forward by Keiko and participants being given 
time for individual reflection and pair discussion after each talk.  
The day was also inspired by a panel of speakers, discussing indigenous issues and reports by Gail FitzSimons and 
Clive Kanes of the Mathematics Education and Society Conference which unfortunately overlapped with the times of 
this conference. Speakers on the panel on indigenous issues included Caty Morris and Michael Michie whose papers 
are in this section.  
Participants were then asked to talk to others, identify issues or questions they regarded as important in relation to 
the central question and the speakers’ input, and to write these on slip of paper. These were collected and used to 
find themes for discussion during the afternoon session. Responses included the following: 

How to install a public discussion about adults learning maths in a country where this discussion is unknown – 
learn form strategies in other countries. 

The emphasis for numeracy and literacy funding is becoming essentially focussed on Vocational and 
employment outcomes. We need to maintain access for EVERYONE including continuing funding for Life 
Skills learning 

Overcoming bureaucracy to go forward with courses for Indigenous students (in my case Uni) 

Numeracy needs of prisoners, during and after confinement 

Ensuring numeracy available for everybody irrespective of their reasons for wanting to develop skills. 

The context of program delivery often defines the extent of social justice work. What are the implications for a 
social justice model for work being done in workplace programmes, when the onus is on delivery outcomes for 
companies as well as for learners? 

Isn’t it obvious to governments that numerate people would be more productive and const less to maintain? 
For example less debt, wiser financial decisions, fewer workplace incident/accidents. 

Changing perceptions/views of mathematics and numeracy - in government – in education – in society – in 
individuals – in the media. 

Funding - fee paying. Whose responsibility is it to provide access? 

How do we influence policy to promote/ensure social justice? 

Ruth (plenary speaker, Ruth Cossey) overstates the amount of suffering the privileged would face under 
successful redistribution. Immediately massive contributions to redistribution can be made by the most severe 
over consumers – US people (though Aussies rate high on this too) without any actual loss of quality of life on 
their part (indeed its possible their quality of life would improve if they consumed less.) 

I think it is important to think of ourselves, not just as providers, but also as organisers – Keiko talked about 
this in terms of organising at the grassroots – through unions. Bob Moses, in the parallels he describes 
between the Civil Rights movement of the 1960s and current maths access describes the need to build 
demand – in the hard work of building a movement for voters rights the and the work to build demand for 
maths access now. 

What is going to happen to my programme when I retire? 

Who are we reaching with our courses? How are we catering for: indigenous groups; low SES; 
underrepresented groups in our education system? Who should the client group be? How do we get their 
voice? 



31

I have concern about the non-taking up of opportunities to join a numeracy class by potential students from an 
English Speaking background (in a TAFE college). Any ideas or comments? 

Bridging maths is bridging form the current social and cultural capital (numeracy) to formal maths. 
(accompanied by graphic) 

Explore ways/strategies to move outside the closed system as described by Keiko [Areas:  Research – 
Teaching and program development – Policy] 

Curriculum – Who is defining what is taught and accredited?  

Putting the learner at the centre might mean that teachers have to work in ways they haven’t anticipated (or 
believe in ). 

How to ensure that all students in the classroom are able to participate fully in classroom activities – that no-
one is silenced, inhibited, made to feel left out, or excluded – for whatever reason ( lack of language skills, 
feelings of inadequacy, etc) 

How can we overcome issues of low achievement in maths by working class learners? 

It’s worth fighting for equity for all people everywhere. Need to create avenues where people can talk about 
maths at any level. Social side of meths classes are sometimes more important than how to do it. Build 
confidence, articulation skills, social networks. Ask students and would be students. 

How to encourage /foster classroom /community instructors to look beyond tomorrow’s technique or material 
for immediate use ion the classroom, to the big picture – to methodology, access, social justice etc.? 

Organising at a local level – getting talking/reflecting – shifting at a local level  – using each other to bounce 
ideas, challenge, discuss. – because I think we get ‘snowed under’ with ‘accountability and compliance’ and I 
feel that sucks the life and creativity out of the field. 

To what extent are we (the mathematics education society) open towards other mathematical 
cultures/traditions -other than those in use in maths/numeracy ‘classrooms’? 

How do we change the gate-keeping function of numeracy/maths? Who has the power to change? 

Be of one purpose – Be of one action. We have ACAL for example, but small membership – how do you touch 
people (practitioners etc)? How do you get to them, inspire them?  – Think globally, act locally – does this 
work? 

From the inspirational talks I felt such a need to get more affective on social justice issues that I almost feel 
the (individualistic) need to establish my own institute. – Why do I feel so disempowered in the institutions in 
which I currently reside? 

Rewriting curriculum to be principles based rather than discipline/subject based. 

Lifeskills vs vocational skills – provision for marginalised groups in small communities. 

We need to get together – ie not our own party. We need to keep talking to all of these community people. 
How?

From these the forum organisers identified four themes and posed questions for consideration after the lunch break. 
These questions are presented below with the overhead transparency summaries of the responses made by the 
small groups. 

Can we identify ways in which adult numeracy educators can work with others to raise awareness of social 
justice issues?  

How can our organisations be advocates for the wide range of numeracy learning contexts and programs?  

Should ALM/ACAL be challenging the gate keeping function of numeracy?  

How can we influence government policy that affects adult numeracy provision?  
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Responses

1. Can we identify ways in which adult numeracy educators can work with others to raise 
awareness of social justice issues? 
We need allies so we engage our students in our classes as conduits to the community, (seeing ourselves as 
organisers in communities to get people to demand their educational rights) but we do this in a systematic and 
organised way by sharing maths ideas about social justice issues to stir up passions (for example calculating the cost 
a keeping a refugee in detention for a year) and by modelling or utilising democratic methods in our classrooms.

2. How can our organisations be advocates for the wide range of numeracy learning contexts and 
programs?

Collaborate  

Research  

Communicate 

LOBBY

Share

Advocate across organisations ALM, ACAL BMN 

Raise awareness – social, community, personal , family 

One important issue for using these strategies: Numeracy getting lost in vocational training. 

3. Should ALM / ACAL / BMN be challenging the gate keeping function of numeracy? 
Mentoring of employers and employment agencies to think more openly (and be explicit) about the numeracy needs 
of employees. 

Challenge the formal testing to assess capability to enter courses. We need to acknolwledge more formally what 
people bring with them to learning – skills and knowledge that they may not put into words in test situations. 

Our organisations should engage in the rewriting of the NRS (the Australian National Reporting System for literacy 
and numeracy) or international equivalent. 

4. How can we influence government policy that affects adult numeracy provision? 
Lobby 

Bring together common threads from research and practice evidence and focus the message  

(eg papers showing benefits to GDP of lifting level of people at level 1 (ALLS) rather than investing at L3, 4, 5) 

Coordinated cluster bombing to policy makers by individuals and representative groups 

Try to get numeracy into policy as a separate issue (separate from literacy? – in some circumstances maths 
educators better allies than literacy groups) 

Challenge formal testing (eg national tests such as GED) 

Think locally act globally 

ACAL, ALM, BMN and other organisations initiate ‘The most numerate community in ….’ Campaign (based on 
a slogan “the most child friendly town in Germany”). 

Another suggestion arising from the general discussion was the formation of local networks or clusters to function 
on a cooperative basis. These collections of adult numeracy educators could meet in a geographic area (or 
communicate online in the case of people with particular specialities) to keep alive the conversations and sharing 
about adult numeracy education. These conversations which, at least in Australia, were kept alive through 
professional development activities and assessment moderation days, are in danger of dying in the absence, or 
redirection, of government funding and support. 
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Numeracies in Indigenous communities 

Caty Morris  
DECS SA:

morris.caty@saugov.sa.gov.au 

This paper is part of a panel on mathematics education for indigenous students.  It specifically looks at 
a project which was funded to develop a resource for schools and the Technical and Further Education 
sector that embraced numeracies in indigenous communities. 

Today I’m going to talk to you about being a non-Aboriginal teacher working with Aboriginal learners and my 
experience and perspective on that.  As a teacher I’m very aware of my responsibility to ‘make a difference’ – that it 
is my business to do so.  I know that Aboriginal students bring to the teaching/learning environment a host of 
numeracies with an intricacy of understandings, concepts, skills, strategies and language and it is my job to make 
use of these in the teaching/learning process.   
I will be referring a lot to the Numeracies in Indigenous Communities project – a project funded by ANTA to develop a 
resource for schools and TAFE that embraced numeracies in Indigenous communities.  It must be pointed out that, 
from the onset, we (myself and my colleagues who helped with the project) were discouraged by a number of 
Indigenous leaders in Aboriginal education to leave the nomenclature of ‘Indigenous numeracies’ right out of the 
picture for reasons that will become apparent throughout the rest of this talk, and to avoid stereotyping. 
I continue to be very concerned that these numeracies are not reflected in that teaching / learning environment and in 
the ways we assess teaching and learning in mathematics and numeracy.  In many classrooms Aboriginal learners 
may be working with unfamiliar contexts, language, pedagogy and curriculum.  To put it another way, they may well 
be able to do the mathematics but a combination of circumstances may be preventing this.  For example they may 
have the mathematics but not the classroom language, they may have the numeracies but have developed these in 
other ways, that is their ways of knowing and doing could be different to those taught and assessed in the classroom. 
I know that Aboriginal learners can bring to the classroom very innovative, creative and intuitive mathematics and 
numeracies.  Recently I worked with Certificate III Aboriginal Education Workers who, when introduced to the 
concept of ‘numeracy’, very quickly and easily understood it.   However they were a lot less confident in dealing with 
‘mathematics’.  They were very quick to understand and apply numeracy as opposed to mathematics.  It was a lot 
easier to have a good conversation about numeracy (eg how we got to work today) than it was about mathematics 
and once there was a good understanding of what was meant by mathematics, participants were able to see it and 
identify it everywhere and in everything.   
This experience and similar such ones in schools and in certificate training encouraged an underlying theory that 
perhaps the mathematics could be better learned if it were wrapped in familiar numeracies, contexts, language and 
activity and if people could unpack their fears and anxieties and re-learn in new contexts.  This is nothing really new 
to the world of mathematics or numeracy but something that could be built upon in one way or another.  The 
challenge lies in which way and how. 
At the start of the Numeracies project one of our first questions was about transferring numeracies to the classroom 
while also taking on board that, as teachers, we need to make sure that what we teach and how we teach empowers 
our students to make decisions that will improve quality of life, to move forward and away from disadvantage (many 
of our Indigenous communities are amongst the most disadvantaged in Australia and across the world). 
From the start of the project we needed a clear understanding of what numeracy was.   
Perso (2003) says that “Numeracy is about the ‘maths we need’.  Numeracy is a cultural construct in that unless the 
learned mathematics is practised it is not necessarily retained as a skill” and asks “When does maths become 
numeracy?  Maths could become numeracy when it is solving a problem in hand and useful for everyday life”. 
A group of teachers I worked with a while ago likened it to playing sport – the coaching and training was the 
mathematics and the game on Saturday was the numeracy.  Perhaps some Aboriginal learners know how to play the 
game but haven’t had the same coaching and training as many of their non-Indigenous counterparts. 
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Further questions focussed on: 
What are numeracies in the community and where, when, how, why and by whom are they used? 

In what contexts and situations are they used?  What mathematics are within them? 

What choices or options are made to represent numeracies, to understand numeracies? 

How do people choose to use mathematics for particular purposes? 

How are numerate decision made? 

What determines the decisions that are made about numeracies and how mathematics is implemented eg: ‘do 
I walk or do I drive?’   

What affects the decision-making? 
Our aim was to produce a resource that consisted of a set of (a.) 7 tasks intrinsically aligned with numeracy as a 
family and community practice, and, (b.) numeracy stories from community people.  We went through a process of 
identifying numeracies and the contexts in which they were used, listened to the numeracy stories and dug out the 
mathematical strategies and skills that were being used.   
We settled on the 3 contexts of shopping, socialising, and family organisation.  From these evolved the tasks and the 
alignment of them with our Curriculum Framework, learning outcomes and a constructivist approach to teaching and 
learning.  Amongst other things, the tasks reinforce that we learn mathematics through use and that we can use the 
same mathematics in different ways or for different purposes. 

Teacher as a learner 
Throughout the project there was an enormous amount of learning and plenty more learning that could occur.  We 
worked with many Aboriginal people and communities across SA. This did not include those in the remote Anangu 
Lands. The focus was on ‘non-traditional’ communities and where most of our Aboriginal learners are.  
Not surprisingly we found a diversity of numeracies in these diverse communities.  The nucleus of everyday family 
and community life encompasses family organisation, socialising and shopping.   

Family & community – a context for mathematics 
We began with looking at ‘family’ and in particular family trees because we felt that this would be a very familiar and 
valuable context for the majority of communities and that most people would be able to talk extensively about family.  
When I’m asked where I belong in my family tree I say, ‘Well here’s me, my 4 brothers and sisters, my Mum and 
Dad, their parents and then all the grandchildren’.  Pretty easy stuff to follow, very linear and two dimensional. 
However, in talking with Indigenous families it soon became apparent that we were way out of our depth and that the 
subject warranted a full doctoral project and not just a 12-month numeracy project.  For example, a lengthy 
discussion (a whole day) with a mother / daughter team – Sue and Jane – about family took us into such deep, 
complex and powerful notions of place and belonging that we became completely lost – the mathematics was 
beyond our capacity of understanding.  In fact we changed the term ‘family tree’ to ‘family web’ to represent its three 
dimensional nature.   
They talked about intricate webs of connections and interconnections and the grouping and levelling of its members.  
Determining a place within a family web may depend on place (where a person is born, where the parents come 
from), time, generations, colour, politics (For example voting rights), who delivered the baby, relationships, tolerance, 
sharing, acceptance, recognising the rules and obligations that help fit people in the family web (enculturation of 
connections – mathematics that structures things as opposed to counting things), grouping, who can marry whom, 
respect of Elders…  
The family web is seen as the big picture and involves: 

Shifting between the generations of the family web which means going up and then down again ‘like a lift’ 
which open up on different floors and in different directions, stepping back from this side of the generation, 
going the other way, that is the order of thinking when doing generational levels. 

Using living memory for generation order and classification 

Representation of the family web in different ways  
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‘Having a picture that you’re brought up with that that’s where you belong’ 

Using mathematics to describe connections – ‘he has 8 mothers’ 

Using mathematics to describe where people are 

The point of relationship as an intersection on a graph. 
So now, when I ask someone like Sue to explain where she belongs and she replies with, ‘Well, it all depends…’ I’ll 
have some idea of what they’re talking about! 

Family organisation
Catering
Enormous collaboration, communication and cooperation can go into organising and managing a big event.  The 
catering part of an event is a great example of a diversity of numeracies and mathematics at work.  Catering for 
major events, for example a funeral, 21st birthday or Christmas, can be a big thing. 
Recipes, especially those for the Christmas pudding, can be handed down from one generation to the next.  These 
ways of learning and knowing can be done through mentally retaining and recalling information, procedures, 
numbers and quantities.  In this example a family recipe has been handed down through several generations: 

Q: Have you any family recipes written down? 

A: No.  We have a Christmas pudding recipe that we make each year.  I just remember it.  Sometimes if I’m not 
sure I’ll ring Julie (sister).  She remembers it. 

Socialising
Card games 
Card games can be very popular in many communities and can be played on a regular basis.  Some communities 
have well organised processes in place where ‘the game’ (can be concurrent games played at the one time) is 
hosted in someone’s house.   
Organisation can include: 

with whom you can play cards 

people moving from one game to another  

3-4 scores / games going at the one time 

the ‘main game’ which is usually in the kitchen as you can fit more people around the kitchen table 

‘fast games’ where participants play really quickly. 
Interestingly, it came out throughout these conversations that many people are leaving the pokies and returning to 
the card games because they’ve realised there’s more chance of winning with cards and that the money stays in the 
community.  A good example of critical numeracy at work! 

Shopping for Christmas 
There are many different ways to shop and the decisions around these can be based on many things.  One of the 
most popular situations is shopping for Christmas.  Buying hampers from Christmas hamper clubs is a popular way 
of budgeting and preparing for Christmas and ensuring there will be food and presents.  Decisions may be made 
around catering for a large extended family, for example, 20 or more extra people staying for a couple of weeks; 
Christmas hamper clubs can mean 4-5 packs or hampers being purchased through direct debit with a typical family 
setting aside their own amount to a maximum of $50 per fortnight. 

The stories 
A multitude of numeracy stories were collected.  They were grouped according to the 3 contexts and the tasks 
developed from these.  In family organisation there were stories around storing food, catering and travel.   
In shopping, the various stories focussed on bulk buying, when to shop, quality purchases, packing the esky with 
grocery shopping and travel to a larger shopping centre. 
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Implications for the classroom 
What does all this mean for the classroom?  How does this learning impact on the teaching/learning process?  
Following are a number of possible implications and recommendations. 

Use constructivist teaching and learning that allows learners to build on their knowledge, thinking, ways of 
knowing and doing, skills and mathematical language. 

Make sure learners know and understand what mathematics is and what numeracy is – the training and 
coaching versus playing the game. 

Borrow literacy frameworks and apply to numeracy (Johnston, 2002)  
For example: Numeracy Circles adapted from Literacy Circles (Day, 2003) which are based on Freebody’s 4 
reader roles.   Instead of discussing texts or stories, learners are having conversations about tasks (which are 
often stories within themselves).  My experience in using them reinforces that learners are more willing to 
communicate their thoughts and feelings and views if they are representative of the group rather than 
individual.  Participants referred to ‘working together’ as an integral part of learning.  Through the numeracy 
circles participants were able to talk together about their learning and make predictions, develop hypotheses 
and construct their own learning.   Numeracy Circles offer a way for learners to become critical users of 
mathematics and numeracies.   
Another example of a borrowed literacy framework is Brian Gray’s Accelerated Literacy where a service 
provider helped us to rewrite a unit of mathematics using this pedagogy.  We all know that mathematical 
language is an essential element in working mathematically and developing thinking around mathematics. We 
wanted to encourage the development of mathematical language and the use of doing words such as ‘flip’, 
rotate’, translate’ and their nominalisations such as ‘rotation’ and translation’. 
We changed our mode of questioning and used preformulation as in Accelerated Literacy.  Preformulation is 
the cultural information that precedes a teacher’s question in any context where new learning is being 
introduced. 

Look for other, unusual use of patterning and patterns.  One experience I encountered when working with 
Aboriginal Education Workers was how one of them watched for patterns in the way participants played 
‘Greedy Pig’ (a game of chance and data). The patterns she was looking for focussed on participants’ 
behaviours based on her relationships with each of the participants and between participants. 

Link new learning with old learning, develop new skills in familiar contexts and familiar skills in unfamiliar 
contexts (Harris, 1984). 

Consider that the learner may not be interacting with or seeing the mathematics because the context is too 
distracting / unfamiliar / more interesting than the mathematics.   

Do not assume that learners will be able to link or apply their mathematical learning in the classroom to other 
areas of learning or other contexts outside the classroom.  Not only do we need to teach the mathematics, we 
need to teach how, where, when and why it can be applied and how learners can be critical users of 
mathematics and numeracy. 

Consider that you may have misconceptions about students’ learning.  For example the majority of students 
learn to subitise (instantly see how many without having to count and can attach a number name to the 
amount) in the early years.  Some students can subitise without having the associated number word (First 
Steps in Mathematics, 2005).   

When learners are using mathematics in any situation, point this out to them and the mathematics they are 
using.  They may not realise they are using mathematics. 

Allow learners to play with mathematics and be creative with it.  Use real life situations, transfer these to 
hands-on/concrete simulations in the classroom then to pencil and paper representation / interpretation, 
followed by the use of ICT to back up learning and then lead onto more abstract learning and thinking and 
then push this learning back to real life situations again. 

Make the learning experiences such that they become stories for learners to tell.  Many Aboriginal people love 
telling stories and come from a long history of storytelling.   
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Provide opportunities that enable access to numerate discourse and numerate thinking, that is all of the 
above.   

Conclusion
I believe that many Aboriginal learners have many well-developed, complex numeracies in which they operate.  Does 
this then mean that these numeracies are underpinned by a firm understanding of mathematical concepts?  Does it 
mean they are very ‘streetwise’ in their use of mathematics?  
As teachers it is our responsibility to make a difference, to improve outcomes for Indigenous learners and to be 
continually thinking about how they will benefit from our teaching.  It is within our power to do this and thus empower 
learners by teaching them something that matters.  Consider how you can make a difference for Aboriginal learners, 
how your teaching and learning can benefit and empower your learners in the classroom and how this learning can 
be transferred to their communities, to make better decisions and build capacity and improve quality of life. 
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Lost in a sea of literacy: Numeracy and indigenous adult learners 

Michael Michie 
Educational consultant, Darwin 

mmichie@ozemail.com.au 

This paper was presented as part of a panel discussing indigenous learners. 

After researching indigenous adult numeracy five years ago and again for this panel, there seems to 
have been little change: the field, at least in Australia, has received limited interest. In fact, most 
references are usually in reports about adult literacy. As a researcher in cultural studies in science 
education, I look at similarities with mathematics education, although most of the research deals with 
school-aged indigenous learners rather than adults. These main ideas include: 

the culture of mathematics, and teaching mathematics as border crossing between cultures, 
including metaphors such as “teacher as culture broker” and collateral learning and the ease or 
difficulty of border crossing 

hegemony of western mathematics over ethnomathematics 

culturally appropriate/responsive/relevant pedagogies and Aboriginal ways of learning. 

Introduction
Let me first introduce myself, to give you some idea of my background. I am a 5th generation Australian of Scottish 
and Irish descent; I trained as a secondary science and maths teacher and this would be my 37th year of teaching; I 
have taught in all sectors of formal education and I’ve taught Aboriginal students in each sector; I have lived and 
worked in Darwin now for almost 30 years. I have worked as a science curriculum officer and as a consultant; I am 
currently doing a PhD on indigenous science education and teachers as culture brokers. 
In 1999 I undertook a survey for the Batchelor Institute on the topic of indigenous adult numeracy in Australia, with a 
slight gaze beyond. I remember doing a number of searches of the World Wide Web to see what was available at the 
time and I stitched together a report. There wasn’t much, most of what I did find was either lost in a sea of reports on 
literacy or, if numeracy, a passing reference to indigenous; work undertaken by a group of dedicated people trying to 
get something going in their various institutions, and very little research. 
So when I was asked to be a member of this panel there were two things which I did first up. One was to revisit the 
Batchelor report. The second was to visit the WWW, using much more powerful search engines than six years ago. 
What did I find? There wasn’t much, most of what I did find was either lost in a sea of reports on literacy or, if 
numeracy, a passing reference to indigenous adults; work undertaken by a group of dedicated people trying to get 
something going in their various institutions. Looking further afield I found that there had been a variety of courses 
and materials prepared for teachers and students in the tertiary sector (e.g. Hurley et al, 2003; Tankard & O’Kelly, 
2004), teaching approaches using IT had been researched and evaluated (Marshall, Northcote & Lenoy, 2001: 
Northcote, Marshall & Lenoy, 2002) and that some of this work has been reported in the literature or at conferences 
like this (Nawrocki, 2004; Yasukawa, 2004), as well as some reports for various funding agencies (e.g. Johnston, 
2002; Kral & Falk, 2004). There is a comprehensive reference list in Johnston (2002). 
There still appears to be a poor cousin relationship between numeracy and literacy; I remind you of my title, “Lost in a 
sea of literacy”. It appears from Johnston (2002) that in the Certificate in General Education for Adults (CGEA), ideas 
from the literacy movement and from theories of literacy as practice, have informed the concept of numeracy as it 
appears in the CGEA” (p.32), and one might suggest, beyond it. She also refers to Ciancone and Tout (2000), that 
numeracy is about using maths for a particular social purpose within a certain context, and that numeracy and 
literacy are taught together and teachers who have no formal training in maths find the learning outcomes easier to 
understand and work with.  
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Mathematics and culture 
I’m going to suggest that for most of us mathematics is so ingrained with our western culture that we may never have
thought of it as something which is alien to us. Like many of you, I once believed in the universality of (western) 
mathematics, and although I taught maths to Aboriginal students for many years I hadn’t really thought of their 
perception of maths as an alien culture (but I hadn’t done this in science, either, until recently).  
When I started my literature search for this talk I was aware that there had been a number of people who had looked 
at the culture of mathematics but I was surprised that the field didn’t seem as defined as cultural studies in science 
education (or my search engine was not too good). I suppose what I was looking for were some complementary 
ideas to match those I was used to in science education, although I must admit I also found them difficult to articulate 
(must be the ingrained ideas of mathematical universality). Anyhow, I’m going to address them under three headings. 

The culture of mathematics and teaching mathematics as border crossing between cultures 
Alan Bishop has been one of the leaders in looking at the cultural issues in maths (e.g. Bishop, 2002). His comment 
that “for many children around the world the mathematics education experience in schools is not culturally consonant 
with their home experience” (p.126) is also appropriate to most adults. Tamsin Meaney (2002) considered that many 
indigenous students find their own background and beliefs come into conflict with mathematics’ western, middle-
class values and beliefs; ditto for indigenous adults.  
Some of the ideas about border crossing, teachers as culture brokers and collateral learning which had appeared in 
the science education literature in the 1990s (e.g. Aikenhead, 1996; Aikenhead & Jegede, 1999; Jegede, 1995) were 
being considered by Ezeife (2002, 2003a,b). 

Border crossing suggests that because mathematics is a different culture, for some people there are degrees 
of difficulty moving from their real-world culture to the culture of mathematics, from easy through manageable, 
hazardous to impossible. 

To facilitate such a transition, a teacher might have to act as a culture broker, a person who, in its simplest 
form, has an understanding of both the western and the students’ culture. 

Collateral learning explains the conflicts between students’ cultural knowledge and western knowledge. Some 
ideas are compatible while other ideas may be discordant and cause some sort of internal conflict. 

The hegemony of western mathematics over ethnomathematics 
Recently Rowlands and Carson (2002) looked at four possible approaches to the relationship between 
ethnomathematics and the teaching of formal academic mathematics: replacing academic mathematics; as a 
supplement in the curriculum; as a springboard to academic mathematics; included in preparing for learning 
situations. They concluded that the real value of any ethnomathematics was understood and appreciated “only 
through the lens of formal, academic mathematics sensitive to cultural differences” (p.79). This would appear to be a 
minor concession to the hegemonic view of western mathematics to ethnomathematics. 
In a response to Rowlands and Carson, Adam, Alangui and Barton (2003) suggest there are five different 
possibilities for an ethnomathemtical curriculum: mathematics in a meaningful context; ethnomathematics as a 
particular content; a stage in the progression of mathematical thinking; mathematics classroom in a cultural context; 
and their preference, integration of a student’s cultural mathematics in formal academic mathematics. They also 
make the interesting point that Greek rationality is not the only form of rationality (p.330). 
The idea of using indigenous science in mainstream science courses has some currency and some of my work in the 
past ten years has been to undertake that at the school level and in a course I taught at the Batchelor Institute; not 
only was indigenous science seen as a cultural consideration, it was also seen as starting from what the students 
knew. It would seem that parallels should be taken in mathematics and of course there have been some already. At 
the College of New Caledonia in British Columbia they have had an Ethno-Mathematics Project where they applied a 
socio-cultural perspective to maths, including native content integrated into problems and acknowledging the 
contribution of indigenous peoples to mathematics (McGregor & MacMillan, 2004). Knijnik (2002) has used 
ethnomathematics in her work with people from the Brazilian landless movement. Of course such work involves an 
understanding of a particular indigenous culture and its mathematical ideas otherwise this kind of approach can be 
very superficial.
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Culturally responsive/relevant pedagogies and Aboriginal ways of learning. 
If you can’t explain how it’s relevant then don’t teach it. (Jack, quoted in Tankard & O’Kelly, 2004, p.3) 

Over the past 25 years a number of terms have been used to describe the ideas of making teaching and learning 
appropriate to students in multicultural education; two of these – culturally responsive and culturally relevant – are 
frequently used (e.g. Osborne, 2001). He defined culturally responsive pedagogy as  

adjusting and readjusting teaching practices and the content of curriculum in such a way as to assist students to 
develop appropriate classroom behaviour … because they build from existing skills and knowledge in ways in 
which they are at least partially familiar (Osborne, 2001, p.61).  

Culturally relevant pedagogy had been defined by Ladson-Billings (1992) as  
empower(ing) students to the point where they will be able to examine critically educational content and process 
… us(ing) the children’s culture to help them create meaning and understand the world (in Osborne, 2001, 
p.177).

There has been some examination and critique of Aboriginal ways of learning in Australia (and elsewhere), 
originating with Stephen Harris’s work in Northeast Arnhemland (Harris, 1980) and moving on to his ideas of two-way 
learning (Harris, 1990). More recently Hughes, More and Williams (2004) have highlighted Aboriginal learning 
strengths, suggesting a four-prong approach: identifying students’ learning strengths and teachers’ teaching 
strengths; teach to students’ learning strengths for difficult learning tasks; strengthen weaker ways of learning; and 
developing strategies for selecting appropriate ways of learning. 

Conclusion
It seems to me that there are two major concerns which apply particularly but not exclusively to indigenous adults: 

a concern that numeracy is included in literacy and that numeracy outcomes are often not apparent, 
subsumed in literacy outcomes which have minimal impact on the development of mathematical concepts 

a need to acknowledge that mathematics represents another culture, not only to indigenous people but also to 
many adults whose school experiences make them feel uncomfortable when returning to learn maths. 

In some ways we need to rethink numeracy as a technology, and Aborigines have a good track record of adopting 
useful technologies. There is a caveat there: useful. Johnston (2002) refers to a number of metaphors for adult 
numeracy which originated in The Certificate of General Education for Adults in her review: numeracy for practical 
purposes, for interpreting society, for personal organisation, for knowledge. I think it is possible to think of numeracy 
as a technology which is applied to solve problems where it is needed, because for many indigenous adults the use 
of relevant technologies is a normal way of life. 

Acknowledgment: I wish to acknowledge the Wurundjeri and Bunerong people as the traditional owners of the 
Melbourne area and the Larrakia people from around Darwin. 
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Proportional reasoning of adults with different levels of literacy* 
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Several ratio comparison problems were posed to adults of a wide range of levels of literacy (from low 
literacy to PhD). The problems were classified according to context and numerical structure, and the 
answers were classified as strategies, which were then labelled as correct or incorrect. In this paper 
the results are analysed in a quantitative and a qualitative way, which allows to observe the effect of 
schooling in the achievement scores and to attain a classification of subjects, through the examination 
of the strategies used, as Hatano’s adaptive or routine experts.  

Proportional reasoning has been described as both the capstone of elementary mathematics and the cornerstone of 
high school mathematics (Lesh, Post and Behr, 1988). However, this must not be taken literally: On the one hand not 
all subjects with a high school education have the ability for proportional reasoning; on the other hand there are 
adults with very little schooling who do have that ability. This paper aims at studying the ability for proportional 
reasoning of adults with different levels of literacy.  
Proportional reasoning problems can be classified according to several issues (Tourniaire and Pulos, 1985). One of 
them is the task: the most common are missing value problems and ratio comparison problems; in this research we 
work with the latter. Two other issues are the context and the numerical structure; we have proposed a framework for 
these two issues that will be summarized in the first section of this paper, together with the categorisation of the 
answers of subjects as strategies. 
In the second section, a quantitative analysis is performed on the results, which provides a classification of subjects 
according to their achievement. This is followed by a qualitative analysis, which allows a further insight in this 
classification, through the identification of different kinds of expertise in proportional reasoning.  

Framework and methodology 
Seventeen subjects were interviewed; they were aged from 16 to 65 and had from close to zero to 20 years of 
schooling. The sessions, which lasted 80 minutes on average, were videotaped. The subjects were posed a few 
dozens of rate- and ratio-comparison questions, such as those in table 1, the structure of which will be now 
explained. 
In a rate- or a ratio-comparison problem,  two objects (1 and 2) and four numbers are involved. The four numbers are 
the antecedent “a” and the consequent “c” in each object; they may be written in an array, which is an expression of 
the form (a1,c1)(a2,c2). The numerical structure of rate- or ratio-comparison questions may be classified in different 
“situations” according to several features (Alatorre, 2002); these can be classified in three difficulty levels L1, L2, and 
L3, which will be described later on.  
Eight different rate- and ratio-comparison problems, displayed in Table 1, were designed. They vary in their context: 
Rate problems or Part-part-whole problems, which in turn can be Mixture or Probability problems (Alatorre and 
Figueras, 2003). In Rate problems the antecedent and the consequent consist of different quantities, whereas in 
Part-part-whole problems the antecedent and the consequent consist of the same quantity (see also Freudenthal, 
1983; Tourniaire and Pulos, 1985; Lesh, Post and Behr, 1988; Lamon, 1993). Each of the eight problems was posed 
in fifteen questions with different numerical structure, which are displayed in Table 2.  
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Table 1. The eight problems of the protocol 

CONTEXT Objects Antecedent Consequent Question 

N Notebook
problem Stores Notebooks  Coins  In which store are the notebooks cheaper? 

B Blocks
problem Walking girls  Blocks  Minutes Which of the two girls walks faster? 

Y Yards problem  School-yards Children  Yard squares  Which of the yards is more cramped with 
children?

Ra
te L Lemonade

problem Jars Lemons  Water cups  In which jar is the lemonade’s taste 
stronger?

E Exams
problem Exams Correct 

answers
Incorrect 
answers

In which exam did the student do better? 

Mi
xtu

re

J Juice problem  Jars Concentrate
glasses Water glasses  In which jar is the mixture’s taste stronger? 

M Marbles
problem Bottles Blue marbles  Yellow marbles  In which bottle is it more likely to get a blue 

marble?

Pa
rt-

pa
rt-

wh
ole

  
Pr

ob
ab

ilit
y

S Spinner
problem Spinners Blue

sectors  Yellow sectors  In which spinner is a blue sector more 
likely to be marked? 

Table 2. Numerical structure of the fifteen questions 

Level Question numbers and their arrays (a1, c1) (a2, c2)
L1 1 (2, 3)(2, 3), 2 (1, 4)(3, 2),   3 (2, 3)(2, 3),   6 (2, 2)(3, 2),   7 (3, 3)(2, 0) 
L2 5 (3, 3)(1, 1), 8 (2, 1)(4, 2), 10 (3, 6)(1, 2), 12 (4, 6)(2, 3), 15 (8, 4)(4, 2) 
L3 4 (2, 1)(3, 2), 9 (2, 5)(1, 3), 11 (5, 2)(7, 3), 13 (3, 2)(5, 3), 14 (2, 4)(3, 5) 

The questions were posed in the form of cards with drawings such as the ones in Figures 1, 2, and 3. The subject 
was asked to answer the question with a decision (left side, right side or “it is the same”) and a justification.  

 Figure 1. Question L-2 Figure 2. Question B-8 Figure 3. Question M-4 

The answers were then classified according to Alatorre’s  (2002) strategies framework, as presented in Alatorre and 
Figueras (2003). According to this framework, strategies can be simple or composed; in turn, simple strategies can 
be centrations or relations. Centrations are informal strategies; they can be on the antecedents CA, on the 
consequents CC, or on the totals CT (the totals are t = a+c). Relations, either “within” or “between”, can be order 
relations RO (an informal strategy performed when an order relationship is established among a and c elements of 
each object and the results are compared), subtractive relations RS (additive strategies, which are also informal), or 
proportionality relations RP. These in turn are classified in five kinds; the first three are semi-formal strategies 
(because they are always-applicable forms of proportional reasoning, yet do not imply formal calculations) and the 
last two are formal: 

RPM (“Multiples”): The subject realizes that there are multiples among the numbers of the array, within an 
object or between objects. For instance, saying “it is the same” in Figure 2 because the right side is twice as 
much as the left side. 

RPG (“Groupings”): The subject uses groups of specific amounts of antecedents and consequents, identifies 
them as appearing once or several times in each object, and compares the remaining elements. For instance, 
choosing the left side in Figure 3 because it has one group formed by two blue marbles and a yellow one, and 
at the right one blue marble is missing in order to have two such groups. 
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RPE (“Equalizing”): The subject executes a physical or a mental action of multiplying or dividing one of the 
objects by a certain quantity and so either equalizes both objects, or equalizes the antecedents, which permits 
the comparison of the consequents (or vice versa). For instance, saying “it is the same” in Figure 2 because if 
the girl on the left walked for one more minute she would walk four blocks, which is what the other girl walked 
in those two minutes. 

RPR (“Rate or ratio comparison”): The subject calculates in each object the rate or the ratio a:c, the part-part 
quotient a/c or the part-whole quotient a/t. This is generally known as the calculation of the unity value. Then 
he/she compares both results. For instance, choosing the right side in Figure 1 because that jar has 1½ 
lemons per water cup, while the other jar only has ¼ of a lemon per water cup. 

RPF (“Fractions properties”): The subject uses one of several properties of fractions, usually with the part-
whole fractions a/t. For instance, choosing the left side in Figure 3 because in 2/3 vs. 3/5 the cross products 
are 2x5>3x3. 

Finally, composed strategies are logical juxtapositions of two or more simple ones. Strategies may be labelled as 
correct, sometimes depending on the situation (numerical structure) in which they are used. Correct strategies are 
RP in all situations, as well as, in some situations each, RO, CA, CC, and some composed strategies with 
centrations that can be considered as theorems in action (for example Vergnaud, 1981). 
The three difficulty levels mentioned before are the following.  

In the first level, L1, are the arrays in which not only the proportionality relations RP, but also other correct 
strategies may be applied. One example is the array (1,4)(3,2) of Figure 1. In this level, some centrations, 
some RO relations, and some composed strategies can be correct. In Figure 1 it is possible to choose the 
right side because it has more lemons and fewer water cups than the left side (correct composed strategy CA 
& CC, a theorem in action), or because it has more lemons than water cups whereas the left side has fewer 
lemons than water cups (correct RO). 

In the second level, L2, are the proportionality arrays in which the only correct strategies that may be applied 
are the proportionality relations RP. One example is the array (2,1)(4,2) of Figure 2. The informal strategies 
are incorrect in this level; for instance choosing the left side in Figure 2 because that girl walks fewer blocks 
and spends less time walking than the other one (incorrect composed strategy CA & CC); or saying “it is the 
same” because in both cases there are more blocks than minutes (incorrect RO). 

In the third level, L3, are the non-proportionality arrays in which the only correct strategies that may be applied 
are the proportionality relations RP. One example is the array (2,1)(3,2) of Figure 3. The informal strategies 
are also incorrect in this level; for instance choosing the left side in Figure 3 because it has fewer yellow 
marbles than the right side (incorrect strategy CC); or saying “it is the same” in Figure 3 because both sides 
have one more blue marble than the yellow ones (incorrect RS). 

Quantitative analysis of results 
In order to make a quantitative analysis possible, one point was given to all correct strategies, and 0.5 point was 
given to answers that could be incomplete expressions of correct theorems in action. Also, 0.5 point was given to all 
non-classifiable answers that fulfilled the following conditions: correct decision and either no mechanism or a 
mechanism that could eventually become correct (such as arithmetic or geometric approximations). Then, for each 
group of answers (e.g., for each subject) a score was obtained, and expressed as a percentage of the answers in 
that group. A first approach consists of calculating each subject’s global score and studying the correlation with the 
subject’s schooling. As Figure 4 shows, there is a moderate correlation; a subject with no schooling has an average 
score of 56%, and thereof there is an increase of 1% for each year of schooling. 
It can also be verified that the categories labelled L1, L2, and L3 are indeed difficulty levels. As Figure 5 shows, L3 is, 
in all of the context types, the most difficult (i.e., the one with lowest scores), and L1 the easiest (highest scores). 
Except for the Rate problems, L2 has intermediate scores. Figure 5 also allows a comparison of the different context 
types.
The Rate problems are the easiest, and the Probability problems are the most difficult. Mixture problems are as easy 
as Rate problems only in level L1, and in levels L2 and L3 lay between Rate and Probability problems. Thus, 
comparing ratios in non-proportionality situations where the only way to obtain a correct answer is by using one of 
the proportionality relations RP (L3) is the most difficult task, although more so in Probability problems. And solving 
rate or ratio comparisons where there is a proportionality (L2) is rather easy in Rate problems, where there are two 
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distinct quantities (such as in Figure 2), of intermediate difficulty in Mixture problems and almost as difficult as L3 in 
Probability problems.  

Figure 4. Scores in relation to schooling  Figure 5. Scores in relation to difficulty level 

This technique allows also to study the behaviour of the 17 subjects in the three levels (across all contexts). The 17 
subjects can be classified in four groups, as shown in Figure 6, where the schooling of the subjects within each group 
is also described.  

GROUP  A  GROUP  B GROUP  C GROUP  D 

P S MS P S MS P S MS P S MS 

2 0 0 1 1 3 1 2 1 2 1 3 

            

Figure 6. Achievement graphs of four groups of subjects 
(P=Primary school or less, S=Secondary school, MS=More than Secondary School) 

Group A consists of two subjects in primary school. For them Level L1 was fairly easy, level L3 was very difficult, and 
level L2 was almost as difficult as L3. Groups B, C, and D consist of assortments of subjects of all schooling levels. 
In Groups B and C subjects find level L1 rather easy and level L3 rather difficult; the difference is that in the former 
the difficulty of level L2 lies midway between those of L1 and L3, whereas in the latter L2 is as easy as L1. Finally, 
subjects in Group D had good results in all three levels L1, L2, and L3. The best results are obtained by subjects in 
Group D, for whom even the difficult questions or L3 can be easily solved, then those of Groups C, B, and A in that 
order; this can also be seen in Figure 4, where the subjects of the four groups are represented by different icons 
(white circle, black circle, white square, black square). 
Although as stated before there is a moderate correlation between schooling and scores, no direct association can 
be found between schooling level and the behaviour group, except for the fact that in the group of lowest 
achievement, Group A, there are only subjects with almost no schooling. However, in the remaining groups there are 
inconsistencies: On the one hand in a “lower” group such as B three out of five subjects have finished college 
education, and on the other hand in a “higher” group such as D there are two  subjects who have just begun their 
formal education.  

0

10

20

30

40

50

60

70

80

90

100

L1 L2 L3

0

10

20

30

40

50

60

70

80

90

100

L1 L2 L3

0

10

20

30

40

50

60

70

80

90

100

L1 L2 L3

0

10

20

30

40

50

60

70

80

90

100

L1 L2 L3

0

20

40

60

80

100

L1 L2 L3

Difficulty levels

Rate

Mix ture

Probabilityy = 1.06 x + 56.3

r = 0.598

0

20

40

60

80

100

0 5 10 15 20 25

Years  of schooling



46

Qualitative analysis of results: routine and adaptive expertise 
In the next paragraphs the behaviour of the subjects who participated in the study will be described, and an attempt 
will be made to typify the expertise in proportional reasoning.  
The behaviour in level L1 of a great majority of the subjects could be described as follows. They almost never used 
RP strategies in L1; rather, they used RO or theorem-in-action strategies, varying the strategy according to the 
context and the numerical structure in a manner that reminds us of the adaptive experts described by Hatano (see 
e.g. Hatano and Oura, 2003). Thus, most of the subjects who participated in this study could be classified as locally 
adaptive experts, the adverb locally referring to level L1. 
However, this kind of expertise is the only one that the subjects of Groups A and B could attain. Some of these 
subjects continued in L2 and L3 questions to use simple or composed centrations and RO, as well as RS relations, 
and thereby obtained incorrect answers. Only in scarce occasions of L2 and L3 questions did these subjects use 
some RP strategies. Some of them could produce some RP strategies in some contexts (usually one or several of 
the Rate problems) but not in other ones. Some could produce RP strategies in some L2 questions but not in L3. 
If one considers that an expert in the kind of problems contemplated in this research is someone who solves a high 
percentage of questions using correct strategies, then the subjects of Groups C and D can be considered as experts 
in at least one kind of context. Six subjects can be considered as experts in Rate problems. Three subjects can be 
considered as experts in Rate and Mixture problems – they failed the Probability problems. Only one of the subjects 
can be considered an expert in all contexts and difficulty levels. 
It may be interesting to compare the behaviour of this last subject with the other ones. Vicente is a 50-year-old 
professor with a PhD in Chemistry, the most schooled and the only scientist in the seventeen subjects. It is of course 
no surprise that if there were to be only one expert in proportional reasoning it was he. However, given the nature of 
his instruction and the fact that he has taught in high school and university levels, it would have been expected that 
he was an adaptive expert. And yet he was not; rather, he behaved as a routine expert. He used the same strategy 
almost in all the questions: RPR, calculating the quotients a/c in all the Rate problems and the quotients a/t or c/t in 
all the Part-part-whole ones. He did so even in the facile L1 questions, except for a few occasions. In levels L2 and 
L3 not once did he deviate from RPR, not even when the mental calculations were cumbersome (he refused to use a 
calculator) and other RP strategies were easier to apply. In the whole interview, Vicente made only two mistakes: In 
questions M-11 and N-11 he calculated the quotients c/a, but chose the side with a larger quotient (right side) as 
though he had calculated a/c. This kind of error is typical among routine experts. 
At the end of the interview, the interviewer inquired Vicente about the use of this strategy. He volunteered a general 
formula but was surprised that other strategies could be used as well. When given some examples of other kinds of 
RP strategies, he justified his use of RPR by saying “It’s the only one that’s infallible”. 
The case of Dalia stands out as opposite to Vicente’s. Dalia is a 25-year-old housemaid who is studying in a 
correlative primary school for adults; she has the equivalent of 3 years of schooling. Dalia can be considered an 
expert in all the contexts with the exception of the Probability problems. She even did well in the Exams problem, 
which was an unfamiliar and arduous context for the rest of the adult subjects with very little schooling. In L1 
questions she used mostly theorem-in-action strategies, but also some RPR strategies. In L2 and L3 questions she 
used an assortment of RPs: mostly RPR, but also RPG and some RPE and RPM. She never used RPF, which 
seems to be the only RP strategy solely learnt at school. Only in one circumstance was her use of RP strategies 
monotonous: In the Lemonade problem she used RPR exclusively. It is also interesting to observe that the five 
mistakes she made in her “expert contexts” were assorted too: three failed attempts at a RPR strategy, one 
composed strategy (CC & CT) and one RS.  
Dalia’s behaviour could be described as a constant search for the most comfortable strategy, taking into account the 
four numbers as well as the context. She prefers the use of informal or semi-formal strategies but uses formal 
calculations (sometimes with the help of her own calculator) whenever she feels necessary. Albeit in an incomplete 
fashion, because of her failure at the Probability problems, Dalia is an adaptive expert. 
Although a non-representative sample of 17 is certainly not adequate to draw statistical conclusions, these subjects 
show a tendency that is worthy of attention. Those with more schooling tended to have favourite strategies (for 
instance one leaned toward RPE and another one toward RPF), whereas subjects with low literacy levels tended to 
use several strategies. Thus, it seems that routine expertise is associated with high levels of schooling, and adaptive 
expertise with lower levels. This coincides with Hatano and Oura’s (2003) findings. 
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Conclusions 
This study confirms some of the findings reported in the literature of proportional reasoning, which generally deals 
with children or adolescents (Tourniaire and Pulos, 1985): that there are important effects of numerical structure and 
of context, and that Rate problems are easier than Part-part-whole ones. Thus, these results seem to be independent 
of the schooling of the subjects considered. 
In this paper we have shown that proportional reasoning can cover a range from informal to formal strategies. Some 
of the adult subjects approach the rate- or ratio-comparison problems in ways similar to that reported in the literature 
about young children (e.g. Noelting, 1980): their first choice being centrations, they only succeed where centrations 
lead to the correct answer, and fail elsewhere. Their performance depends on the numerical structure of the 
questions; they only succeed where it allows non-proportional reasoning, and cannot be considered experts, 
although they do occasionally produce one form or another of proportional reasoning.  
Another group of subjects succeed in questions where the only way to reach a correct answer is with the use of 
proportional reasoning, although their performance depends on the context: it is fairly good in all Rate problems, 
decreases in Part-part-whole problems and reaches minimum levels in Probability problems; many can be 
considered experts (although some in some contexts only). Among them, some produce an assortment of forms of 
proportional reasoning, succeeding in the easiest questions mainly by using correct strategies different from the 
proportionality relations, and where proportional reasoning is necessary they use different kinds of strategies, 
apparently in a search for the easiest one. Other subjects tend to monotony in the choice of strategies, using 
proportionality relations even when other more facile strategies can be applied. The former are adaptive experts and 
the latter are routine experts. 
Several conclusions can be drawn regarding formal education. On the one hand, the literature on proportional 
reasoning has long ago demonstrated that schooling is not a sufficient condition to reach an appropriate proportional 
reasoning. The fact that daily life has provided some of the subjects with low literacy with a fairly good performance, 
at least in Rate and some Part-part-whole contexts, seems to suggest that schooling might also not be a necessary 
condition for proportional reasoning. On the other hand, it has been argued (Hatano and Oura, 2003) that school is 
biased toward routine expertise even though adaptive expertise is more desirable. We have seen a confirmation of 
the school’s bias toward routine expertise, and also a case where everyday experiences have taught the ability to 
flexibly search for the most comfortable strategy within a range that covers from the more informal strategies to 
almost all types of formal calculations, thus showing that in this sense life may be closer to the desired school than 
school itself. 
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Historically Charles Sturt University (CSU) provided Mathematics enabling courses to enrolled 
students in the distance and tutorial mode in January and July each year.  With the greatly improved 
student and community access to internet services and the university’s willingness to embrace the 
benefits to students afforded by online technology, we have been able to enhance our practises. 

The original offerings are now supported by on line diagnostic tests and remedial support materials for 
known problem areas.  Our aim is to further improve our on line support with video clips and interactive 
sessions.  We are currently undertaking research to see how these changes have affected student 
choice and progress. Analysis of the research findings and impacts on further developments will be 
presented.  Discussion will encourage participants to have input on their current best practice and 
future plans. 

In the age of the on-line environment it is important that we continually review our practices of delivery of material to 
our students to ensure we are providing quality materials and access to all. 
The new technologies available ensure that the evolution from print to on line materials is fast and furious. Many 
assumptions are made in the process and we need to be continually aware of the services we provide to students. 
In terms of the theme of this conference “Connecting Voices” this paper provides an insight into the balance required 
between the University voice, the student voice and connecting them to provide the best learning environment for 
students. 
Our formative research has indicated that we provide quality enabling programs and learning experiences for 
students. It has also informed us on future directions for our research.  
We do need to be very mindful of the ways we distribute information to students to ensure that the hard work taken to 
produce a high quality on line environment is taken advantage of.  
This is supported by evidence from the University of Southern Queesnland:  

The experience at USQ indicates that the tension between learning needs, technological innovation and access 
restrictions for undergraduates pulls in the direction of learning needs as programs attempt to cater for 
independent, interactive and collaborative learners. While with preparatory students the focus is still on access 
restrictions, especially for students from the equity groups. In both cases further evolution must be slow and 
careful (Taylor, 2002, p. 74). 

This paper discusses the evolution of the on line supported environment from an historical perspective discussing the 
impacts of our research and its implications for our future directions. It is more a presentation of practice than a true 
research paper 

Charles Sturt University background 
Charles Sturt University (CSU) is a regional Australian University with campuses in Albury, Bathurst, Dubbo, 
Goulburn, Orange and Wagga Wagga.  Of the 33,736 enrolled students more than 70% of students study by 
distance education (Office of Planning and Audit, 2004). 
The Student Services division employs three Mathematics Learning skills staff based at Albury (0.5), Bathurst (0.7) 
and Wagga Wagga (1.0). The role of these staff is to provide ongoing support to all students regardless of their 
enrolment category and to continue to develop and present the enabling programs in Mathematics and Statistics.  
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An historical perspective 
Since 1998 CSU has provided Mathematics and Statistics enabling courses to enrolled students in the distance and 
tutorial mode in January and July each year.  The courses were named Study Link.  Under this auspice the following 
subjects were offered:  

Stepping into Mathematics    SSS009 

Stepping into Mathematics for Agriculture  SSS008 

Stepping into Statistics    SSS014 

Stepping into Statistics for Social Sciences  SSS013 
These subjects have provided the background knowledge for a range of first year subjects offered in the University. 
Their purpose is three fold.  

1. They are short, non credit bearing enabling subjects designed to better prepare the students for the demands 
of tertiary study and provide appropriate back ground knowledge 

2. To make students aware of the support services provided by the Student Services division 
3. To enable students to create networks to assist in their further studies through attendance at tutorial sessions 

or through the forums offered via their distance enrolment in the subjects 
Students are notified of the availability and purpose of these enabling courses by two methods: 

A letter is sent  once they are enrolled in a targeted subject 

The CSU Student Services website advertises all Study link subjects on an ongoing basis. The CSU website 
continually evolves and has a specific section designed for the Study Link subjects.  

On average 23% of the targeted students have enrolled over the past three years.  
Students are offered two modes of study for Study link subjects. They are able to study by distance education or by 
tutorial mode. 
Distance education students receive a detailed self paced study guide with an assignment to be completed. They 
also have the opportunity to be involved in an on line forum to enable them to net work with other students. Students 
are also given a direct email link to the coordinator of the subject to enable instant feedback on questions relating to 
the course. 
Tutorial students are involved in two day workshops with a coordinator where they work through the study guide and 
complete all the work with added instruction. This provides a networking opportunity and individual assistance can be 
provided with problem areas. Students leave these sessions with a more positive attitude to the future study in the 
mathematical area. 

Some figures relating to Study Link success rates  
Over the past three years figures have been collected relating to the success rate of students completing the Study 
Link courses.  A brief description of each of the courses is provided in table 1. 

Table 1. Mathematical content of courses 

SSS014 Stepping into Statistics  Basic statistics, use of calculator, basic algebra and probability  
SSS008 Stepping into Mathematics for Agriculture Basic mathematical skills, algebra, functions, trigonometry, Unit 

conversions
SSS009 Stepping into Mathematics Basic mathematical skills, Algebra, Functions, Introductory 

calculus  

Table 2 indicates the percentage pass rate of students attempting each of the Study link subjects in recent trimesters 
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Table2. Percentage pass rate of students attempting Study Link subjects 

% of students achieving SY grade SSS014 SSS009 SSS008 
2003 January 79% 54% 57% 
2003  July 78% 71%   
2004  January 73% 47% 68% 
2004  July 79% 67%   
2005  January 77% 54% 55% 

For the first trimester in 2004 information was gathered to enable us to see the success rate of Study link applicants 
in the linked subject they studied during the semester.  Considering the students were considered “at risk” prior to the 
session these figures are encouraging. Table 3 displays the success rates. 

Table 3. Success rate of Study link participants 

Semester results for 2004 Jan. students who achieved SY1

grade in SL subject Ps or better FL Did not study targeted subject 
SSS008 61% 29% 10% 
SSS009 44% 4% 52% 
SSS014 60% 2% 36% 

Recent developments 
With the greatly improved student and community access to internet services and the university’s willingness to 
embrace the benefits to students afforded by on-line technology we have been able to enhance our practices. 

Charles Sturt University (CSU) has long been recognised as one of the largest providers of distance education in 
Australia.  The advent of the internet allowed the University to establish itself as an international leader in the 
delivery of online support and services. Since 1998 all distance education subjects have been offered as a hybrid 
delivery model using online to ‘wrap’ services (e.g. online forums, email, electronic assignment submission and 
tracking, online resource links, library) around the well established print delivery model.  Over the past 6 years 
the University has focussed on the development of enhancing online support services to students, including in 
house development of a student portal, online enrolment and an online communications system for students – 
the eBox. (Burr, & Smith, 2002, p. 95) 

In 2005 the University adopted a mandatory internet access provision for enrolment as per the following policy: 
CSU places great emphasis on services to its students. It is a leader in the provision of online services and, in 
particular, the use of the internet in the support of teaching, administration and communications with students. 
The online environment is so integrated into all aspects of student life and the learning experience at CSU that 
the University now assumes that all on campus and distance education students at CSU will be able to access, 
for at least one hour per week, an internet connected computer capable of communicating with CSU online 
systems. (Charles Sturt University, 2004) 

While students seem to readily accept the access for administrative purposes it would be most interesting to further 
investigate their up take for learning purposes.  Our limited research indicates that students are not always aware of 
the full range of available services despite the strong on line emphasis.  Further investigation needs to be undertaken 
in this area. 
With the increasing institution implementation of on line support to students it was thought that the Maths /Stats study 
link subjects could utilise some on line resources to supplement the subject material. 
The original print offerings are now supported by on line materials, on line diagnostic tests and on line remedial 
support materials for known problem areas.  The on line diagnostic tests cover all the material required in the 
enabling subjects. The standard of the questioning is at the completed level of achievement of the enabling course. 
The reasons for including this on the web site were: 

1 SY is a satisfactory grade. 
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To alleviate concerns the Mathematics Learning Skills staff had that students were enrolling in the enabling 
courses when their background knowledge was already acceptable 

To assist students in their decision to enroll in a Study Link course 

To assist students in determining if they should attend tutorial sessions if they performed poorly on the on line 
diagnostic test 

Support materials in known problem areas supplied on the website are  

Calculator instructions for a variety of brands 

Business Statistics assistance 

Financial Mathematics formula assistance 

Exam preparation strategies.  
The reasons for including these on the website are: 

As Maths Learning skills advisors we were very aware of the areas of difficulty experienced by on campus 
students.  We wanted to provide equitable support for the distance students. In discussions with students via 
email or phone we could readily direct them to the site. It appeared to be far more efficient.  

It provided a support mechanism for lecturers who could direct students to the site.  
Evolution from strictly print information to a combination of both print and multi media presentations of material has 
occurred.  In an Agriculture Engineering subject students historically had problems with the Unit Factor method of 
conversion and a CD Rom with a video clip of a whiteboard presentation was developed and sent out with the 
distance education packages. 
The continual improvement policy that we have adopted in our management of the enabling subjects has ensured 
that we continually seek the best way to enable access to all students. Close co operation between the Mathematics 
Learning Skills team members and the Subject coordinators ensures that developments are embedded in the subject 
outlines for students.  
To be successful the on line environment requires high quality interactive material to be readily accessible to all.  
With our commitment to face to face student contact and equity several questions need to be asked in the context of 
the on line environment. 

Can we allow the evolutionary process to take us to an on line only environment? 

Can we do away with the print versions and the face to face sessions and merely provide on line access to 
the material?   

What techniques can be utilized to give emphasis for the more difficult concepts? 
Whose role is it to design the on line material? As Maths Learning Skills advisors are we able to access the 
appropriate training or do we hand it over to the Learning Material staff? 

Research
The research undertaken is in very early stages but it has given us an insight into the directions we need to be 
heading with further research. 
All targeted students enrolled in a first year subject who had been sent a letter in the 20005 January session for all 
Study Link subjects were emailed an on line  survey and asked to complete it and email it back to us anonymously. 
Our main purpose was to see if the students  

were previously aware of mathematics related Study link  

received the information 

used the on line diagnostic test as requested in the letter 

enrolled in a Study Link subject 

used the diagnostic test results to assist their enrolment decision 
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benefited in their current course from the Study Link course 

utilized the additional on line support  
With all Study Link tutorial sessions an evaluation sheet is completed by participants. Until this year the distance 
education cohort had never completed an evaluation. An on line evaluation was emailed to all distance education 
Study Link students in January 2005.  The main purpose of this was to investigate the: 

method of discovery of  the Study Link course 

expectations from the course 

clarity of  published material  

benefits of the Study Link course to current studies 

level of utilization of  the subject on line forum 
It is interesting to note the method of information gathering in both cases was reliant on the web. 

Research outcomes 
The comment needs to be made that the sample of respondents is biased as the only form of dissemination of the 
surveys was through the web. 
This is very formative research and in the very early stages.  Our first attempt has made us very aware that ongoing 
evaluation is vital to keep us informed of what is happening from a student perspective and to assist us in decisions 
of resource management and directions of change. 
From the responses it appears that 65% of the targeted students received the letter explaining the availability of the 
enabling courses. Of these students 46% enrolled in an enabling course.  Of these enrolled students100% found the 
course to be most beneficial in providing assistance in their current subject being undertaken in this semester.  
It is interesting that we assume putting new information in a letter actually has an impact. We had introduced the 
notion of the on line diagnostic test in the early paragraphs of the letter, explaining its benefits in enrolment decision 
making for the Study link courses.  
Of those students who received the letter 54% were unaware of the availability of the on line test 
Of the students who did not receive a letter none utilized the on line test from accessing the web. 
43 % of the students who received a letter and did the on line test explained that it did assist in their decision making. 
The extra material available on the website to assist students is accessed by a minority. 

12.5% of respondents used the Calculator skills site 

5% used the Exam strategies 

2.5% used the specific Financial Mathematics section 

20% of respondents used the Business Statistics information. 
From the distance education cohort there were 10% of students who utilized the forum, 20% looked only and did not 
participate while 70% did not use it at all. 
All students said that the Study guide was very clear and easy to understand. 

What does this tell us? 
We know we are doing a great job with the courses we offer. Both the tutorial evaluations over the past years and the 
more recent on line surveys have all indicated that all participants have found the courses extremely relevant and 
helpful.  The written materials are comprehensive and clear.  
We need to be careful about assumptions that all students are aware of all that is available on our web site just 
because they “hit” the site.  
Assuming that all students do spend at least one hour on the web each week it was interesting to note that before the 
students received the letter introducing Study link 50 % of recipients were unaware of the availability of Mathematics 
related Study link subjects.
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Of the 35% who did not receive the letter 78% of those students were unaware of the Study link subject availability. 
We need to keep up our dissemination of material in print form to alert students to the availability of courses.  This 
information has to be better designed to ensure that our message of the on line environment is more readily received 
by the students. 
We assume that we provide a networking opportunity by providing an on line forum for distance students but it is 
currently being taken up by a very small number of our students.  We need to find ways of making students aware of 
this facility.

Are we heading in the right direction?
From our perspective we know we are providing an excellent opportunity to enhance the success of students who 
are not confident in the mathematical area.  We are very aware of the challenges ahead in terms of continually 
updating resources to enhance our delivery including through the on line environment. 
We are very interested in what is happening with the evolutionary process at other institutions.  

What is happening at your institution? 

How has your role changed over the past few years?  

What are the impacts of lessons you have learnt?  

What directions are you following?  
From the session people were impressed with the ability to capture the target students early enough in the process to 
disseminate the information.  
The challenge of provision for distance students was highlighted as an area constantly needing attention.  
People were concerned at the changing role from a learning facilitator to an on line expert.  
The changing role was a highlight of a paper delivered by Postle, Taylor, Taylor, & Clarke, University of Southern 
Queensland, Australia 

The change of roles of those involved in teaching-learning tasks and procedures are significant. However, it must 
be remembered that the “Flexible Delivery” model is still in its early stages of implementation and many of the 
roles of those involved in teaching-learning tasks and procedures have placed the participants in an uncertain 
world, somewhere between the “person culture” of the face to face model and the “team culture” of the flexible 
delivery model. Whereas the teacher operating in a “person culture” is a free agent within some limits, the 
teacher in a “team culture” must accept that there are many involved in both the design and delivery of teaching-
learning via the web. (Postle et al, 2001). 

The major point people felt compelled by was “Would all voices be heard if we purely went to on line facilities?”  
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Adult numeracy: What is it, and who teaches it? 

Andy Begg 
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This position paper is an attempt to broaden the debate on what constitutes adult numeracy and who 
should teach it. In it I argue that numeracy means more than basic number skills, and consider some 
possible aspects of numeracy tutor development.  

During 2004 I was involved in an adult numeracy project and found myself dismayed by what some colleagues 
believed should be in such programmes, and about who might teach such courses. Some colleagues thought that 
adult numeracy was little more than basic number work, and that literacy or second language tutors could adequately 
teach such a course. These views seem to me to be interrelated and link with what I see as the unfortunate use of 
the word numeracy. While literacy relates to the ability to read and write, it also has connotations with respect to 
literature, but numeracy is seen by many as relating only to basic numerical skills. This view of numeracy continues 
to be the popular view in spite of the dictionary definition that links numeracy with being numerate which means 
being ‘acquainted with basic principles of mathematics and science’; but perhaps the populace believes that the 
basic principles of mathematics are all numerical. 
In discussing these issues I acknowledge that I am a New Zealand mathematics educator with little experience in the 
field of adult numeracy—but sometimes fresh eyes see different things.  

Adult numeracy course participants 
It seems relevant to first think about the range of people involved or likely to be involved in adult numeracy courses, 
and to think about their prior learning and their needs. In New Zealand I would suggest that whether participants 
were born in the country or are recent immigrants, they are likely to have had considerable primary school 
experience and often some opportunity to participate in mathematics in high schools, and I accept that the situation is 
likely to be different in countries where basic education is not available to all or where more relaxed immigration 
policies exist.  
In terms of the prior learning of most New Zealand participants I would suggest that they have nearly all learnt 
‘successfully’, unfortunately their learning was not as intended—they have learnt that they could not do basic number 
work or more advanced mathematics. In such a situation I would assume that to repeat a course emphasizing basic 
number skills will successfully reinforce their ‘successful’ learning and will do little to help them satisfy their needs. 
Next I want to consider the needs of people enrolling for these courses. While they may want basic numerical skills 
do they want more or need more? And to what extent should such work with number skills be supported by 
conceptual notions and by basic calculator skills? This suggests a need to consider the aspects of mathematics that 
impinge on basic citizenship. I see these been drawn from a list of topics that might include at least: 

arithmetic (number skills and applications of these),  

simple geometrical notions (measurement, shapes, scale drawings, geometric patterns),  

algebra (mainly tables, simple graphs, some formulae), and  

statistics (all aspects of data handling, understanding variation, statistical graphs, chance). 
Before considering a list of topics, which was how the participants’ prior learning was probably organized, it seems 
appropriate to reconsider what mathematics is, and some alternative approaches to the teaching of mathematics. 
Note that I am now assuming that the word numeracy is a synonym for basic mathematics although I have not yet 
defined what the basic elements are.  



55

Mathematics
School mathematics is often broken into arithmetic, algebra, geometry and statistics, but this is only one way to think 
about the subject. More recently there has been an attempt to look at content (basic facts and procedures) and 
processes (reasoning, problem solving, communicating, and making connections). But, both content and processes 
are often interpreted in procedural ways.  
Content can be thought of as ‘what one knows’, and processes as 
‘what one does’, but these are underpinned by ‘what one thinks’. 
This leads to a way of thinking about mathematics as three 
inextricably intertwined aspects — knowing, doing, and thinking, as 
shown in figure 1. 
This thinking dimension is useful in that it provides an alternative 
way of introducing mathematics. However, before we can do this 
there is a need to consider what aspects of thinking underpin 
mathematics and how learning tasks can be designed to emphasize 
thinking. 

Figure 1. Three aspects of mathematics 

Thinking
Thinking seems to be a current curriculum trend nationally and internationally. There are many forms of thinking.  
Here are some to consider: 

critical, creative, and meta-cognitive 

logical—deductive (general to particular) and inductive (particular to general) 

deterministic and non-deterministic (thinking in causal and complex/chaotic ways, thinking in certain and 
uncertain situations) 

analytic (breaking into parts) and synthetic (building into wholes) 

visual (diagrammatic, graphical, spatial), symbolical, and verbal 

relational (making connections, conjecturing, multiple representations, modeling, connecting within 
mathematics, between subjects, and the world) 

And this is just the beginning, other forms might be described with adjectives such as: lateral or divergent, intuitive, 
aesthetic, entrepreneurial, ecological. 
Thinking about thinking does not mean that content and processes (knowing and doing) can be ignored. Just as a 
content-oriented course and a process-oriented one suggest different teaching approaches, so thinking provides 
another way to approach the subject. 
From my perspective every subject in the curriculum provides different ways of thinking and making sense of the 
world, and thus an adult numeracy course should contain basic elements of content, process and mathematical 
thinking. 
While others may not disagree with my reasoning, the following ‘shaded area’ task illustrates some different ways of 
thinking.  
Example: Shaded Areas
Look at figure 2. Assume that the shading continues starting with the square being 
split into four, the bottom LH square shaded, the top RH square split into four, and 
so on. 
What fraction of the square is shaded? 

Figure 2. Shaded Quarters.
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Some approaches: 
(i) Most high school mathematics teachers think symbolically, their approach is: 

Aha! a geometric progression, so (1/4) + (1/4)2 + (1/4)3 … and (of course then)  
S  = a/(1 – r).

(ii) One alternative is to think visually, to look at the diagram, and break it into a series of L-shapes, and think 
what fraction of each L is shaded.  

(iii) A third approach is to think verbally: imagine a square cake being cut into four, three of us take a piece, the 
remainder is cut into four, again three of us take a piece, and so on. How much of the cake will each of us 
eat? 

Aspects of mathematical thinking for emphasis 
If one assumes that mathematical thinking needs more emphasis in adult numeracy (and in school mathematics), 
then one needs to consider what might be done. I believe that a teacher cannot change all their practice at once so 
there is a need to focus on a small number of changes. I would suggest three aspects need urgent consideration and 
I am indebted to a colleague, John Mason of the Open University in England, for two of these. 

Visualization
The shaded area task suggests the need to think visually and to look at diagrams differently. This emphasis on the 
use of diagrams is not new—whenever learners are given a task they should be encouraged to draw a diagram. 
Many problems can be solved simply by drawing diagrams, and diagrams provide different representations that help 
students see things differently. 

Dimensions of variation 
John Mason has worked for some time on the construction of mathematical tasks for classroom use. One focus he 
uses he calls exploring ‘dimensions of variation’. This involves asking questions about the ways and the extent to 
which a task can be varied and extended. (Note: variation is used here not in the statistical sense, but to indicate 
changes that might be made to a task.) For example, when we learn to add whole numbers, how might this be 
extended to other numbers (fractions, decimals, negative numbers, irrational numbers) and to addition in algebra. 
This focus on dimensions of variation means that classes do not work through pages of exercises, but have tasks 
that they can extend and discuss, and approach in numerous ways.   

Generalizing 
John’s other focus was on generalization. This is related to ‘dimensions of variation’ and involves taking any idea, 
conjecturing about how it might be applied more generally, and then verifying (or disproving) the conjecture. In his 
words (Mason, 2003): 

Any lesson without an opportunity to generalize is not a lesson in mathematics. 

It is easy to think of familiar examples and consider how they might be varied. For example, Pythagoras’s theorem, 
variations include the converse, using > 90  or < 90  instead of = 90  (and converses for these), shapes other than 
squares on the sides, the general result in symbols (the cosine rule), and visually for triangles that are not right-
angled (showing squares and the triangles altitudes extended to divide each square into corresponding rectangles of 
equal area). 
Olympic Rings or the W-problem 
A simple numerical example, the Olympic rings problem (or the W problem) can illustrate how these three forms of 
thinking might be used.  
Example: Imagine the five Olympic rings which form nine regions. Imagine a dot in each region and a W passing 
through them (with dots on each vertex of the W and at the midpoint of each arm). Is it possible to put the numbers 1 
to 9 on the dots, so that each arm of the W adds to 19. If so, how? If not, prove it. 
Firstly, the visualization requires a diagram, and as many people are not quite sure how the Olympic rings overlap, 
expressing the question as the W-problem can help. 
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After experimenting (something not always encouraged in traditional approaches to mathematics, but often 
necessary) most people find it not difficult to prove the impossibility— the 1 has to be used, whichever arm the 1 is 
on the largest possible total is 18 (1 + 8 + 9), so 19 is impossible.  
However, proving that 19 is not possible is only the beginning—in terms of dimensions of variation or generalizing 
one can ask, what numbers other than 19 could be used, and can each only be achieved in one way? This will 
involve conjecturing and verifying and while the results are surprising they also give considerable practice with basic 
number work and logical thinking.  

Other aspects of thinking 

Thinking in problem solving 
I still remember the 4-step problem-solving presented by my mathematics teacher (Towers, 1954) when I started 
high school (see figure 2).  
He referred to:

step 1  as a translation from a real problem to a standard 
mathematical one, 
step 2  as procedural, 
step 3  as translating the solution back to the language of 
the problem, and  
step 4  as checking the reasonableness of the solution.

Real problem      1      Maths problem 
4    2

Real solution      3      Maths solution 

Figure 3. The problem solving cycle 

He said that school mathematics has for too long emphasized step 2—the step that anyone can be trained to do, and 
that steps 1, 3, and 4 require mathematical thinking. Now step 2 can often be done with a computer or calculator and 
we need much more emphasis on steps 1, 3, and 4.  

Thinking about proof 
In many cultures mathematics is seen as useful for solving problems, in some it has a recreational dimension, and in 
western cultures it is often seen as important because of the aspect of proof — although, being a human construction 
this proof is relative to axioms (assumptions) and has nothing to do with truth.  But what do we accept as proof in 
class?  

Is a visual proof enough? For example, was the diagram enough in the ‘shaded area task’ to prove that (1/4) + 
(1/4)2 + (1/4)3 + … = (1/3)?

And what about computer proofs; think of the four-colour theorem — is proof changing with technology? Is 
‘dragging’ in Cabrí providing a geometric proof? (Dragging is all one needs to prove Pythagoras’s theorem!) 
Or. is ‘convincing a peer’ what is meant by proof at school level?  

Again, an example might illustrate this.  
Example: Imagine a right-angled triangle with a square on each side as 
shown in figure 4. Join the vertices of the squares to form three triangles 
between the squares (as in the diagram).  
What might you conjecture about the four triangles?  
Can you generalize this? 
Does the triangle have to be right-angled? 
Can you prove your conjecture in more than one way? Figure 4. Pythagoras plus. 

Yes, all four triangles have the same area, and you can prove this by ‘dragging’, by using trigonometry, or 
coordinates, or with a rotation, and it is true for all triangles.
An important issue for mathematical thinking in adult numeracy concerns proof. Should we accept informal proofs 
and proofs without words? How does the ‘audience’ influence the rigour of proof? And, are some adults in numeracy 
courses parents who wish to help their children? 
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Statistical thinking 
Statistical thinking is important because for some people, statistical literacy and making sense of newspaper articles 
is a new way of introducing much numerical work and the numerical work can be learnt incidentally which may be 
less threatening than direct instruction. 
Wild and Pfannkuch (1999) identified four general types of thinking that relate to mathematics and five types of 
thinking that are fundamental within statistics. Their general thinking included strategic thinking, seeking 
explanations, modeling, and applying techniques; and their foundational thinking included recognizing the need for 
data, ‘transnumeration’ (changing representations), considering variation, reasoning with statistical models, and 
integrating the statistical and the contextual—and all of these help us expand our views of thinking. 

Contextual thinking 
Using statistics, problem solving, and rich learning activities (see appendix), usually involve contextual thinking and 
one aspect here is to ensure that the thinking about the context is not so new or engaging that it detracts from the 
mathematics model being employed. If the context is a reasonably familiar one then this is not so likely to occur and 
the context can provide a bridge between the more concrete contextual thinking and the more abstract mathematical 
thinking.  

Approaches to teaching 
In considering approaches to adult-numeracy teaching I recall a comment made by a language school director about 
staff. He said that the most important criterion when hiring staff was that the tutors were not high school teachers as 
they “talk too much”.  That made me think about what we do as teachers. I have also commented how many adult 
numeracy students have learnt that they cannot do mathematics, and I assume that the approach to teaching adult 
numeracy should be different from that experienced in schools. A third notion is that adult learners are in a somewhat 
different power relationship with their tutors and that treating them as adults is important. 

At the same time, there are some commonalities in teaching all age groups including: 

the need to start where the learners are (including acknowledging their tacit understanding) 

the need to use meaningful (authentic) tasks that the learner wants to work on,  

the responsibility for learning is with the learners, 

the teacher is important and can influence whether the learner turns ‘off’ or ‘on’, and 

learners construct their own ‘schemas’, the difference with older learners is that their initial schemas are more 
robust, having lasted longer, and are often harder to change. 

Some possible approaches to adult numeracy are: 

changing from a content/procedures approach to a process/thinking approach, 

using inquiry-based learning focusing on problem types that the class wish to solve, 

having broad curriculum and negotiating the details with the class,  

making use of technology wherever it is applicable,  

employing ‘rich learning activities’ (Ahmed, 1987; Cox, 1998, see appendix), and 

using more group work and discussion so that learning and doing mathematics is seen as a communal activity 
rather than an individual enterprise. 

One aspect of the curriculum relates to teaching particular algorithms, or using multiple approaches. I have been 
surprised when working in teacher education when a class of 15 was given the problem 9 x 17, all the class obtained 
the correct answer, but nine different approaches were used. In the same way, the farmyard problem (53 heads, 150 
legs, how many hens and how many sheep) that might be used in the context of simultaneous equations can also be 
solved with a simple equation, by guess and check, by logic, by drawing, and by acting out a situation. It does seem 
to me to be important that adult numeracy tutors acknowledge that many approaches to rich tasks are appropriate 
and course participants should be encouraged to solve problems in more than one way. 
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Curriculum and assessment 
Assuming that numeracy means being ‘acquainted with basic principles of mathematics’, then we need to ask what 
are the basic principles, what is mathematics, and what is meant by acquaint? For me basic principles include 
processes and thinking, mathematics is more than number and the number operations, and ‘acquaint’, in this context 
means more than ‘know of’, it includes ‘know how’, ‘know when’ and ‘know why’. 
I think there is a role for group work and group assessment, and that assessment tasks (and learning tasks) need to 
be constructed so that assessment is a learning activity and that early attempts at tasks can be edited and 
resubmitted. Assessment needs to focus on what the student knows and thinks, not on what they do not know. 
Perhaps a work portfolio might be suitable for assessment. 

Tutors
In terms of who teaches adults to become numerate, I assume that most educated people are familiar with basic 
numerical skills, and when pressured, feel that they can help others develop these skills. However, if I was to suggest 
that most mathematicians are basically literate and could help others develop literacy skills I would not expect a 
positive response from literacy tutors! I do understand how adult numeracy courses have evolved as a part of literacy 
courses but at some stage there is a need to break this tie and acknowledge that adult numeracy, or basic 
mathematics, or perhaps ‘mathematical thinking for adults’ needs to stand alongside literacy as another subject that 
helps learners develop further ways of making sense of their worlds. If this is not always possible then there is a 
need for literacy tutors to have professional development to extend their thinking about numeracy to include the basic 
principles of mathematics. 

Numeracy tutors’ professional development 
Whether adult numeracy tutors are literacy tutors, former mathematics teachers, specialists, or have come through 
some other career path, I see a need for professional development that considers many issues including those 
outlined in this position paper. I see a need for tertiary institutions to offer relevant papers (courses, subjects) and for 
groups of tutors to initiate their own professional development. Because the needs of the client group in adult 
numeracy courses are somewhat different from the needs of children in schools, adult numeracy tutors should be 
leading the way rather than lagging behind colleagues who teach mathematics in schools.  

The future 
Much needs to be done and it is unlikely that governments or tertiary institutions will take the lead, and if they did it 
may not be in what we might regard as the right direction. I have previously argued (Begg, Davis & Bramald, 2003) 
that the development of teachers, curriculum, resources, assessment, and policy, along with theorizing, research and 
reflections are all interrelated. This implies that there are numerous ways one might start to work to make changes, 
but the lack of likely assistance leaves it to tutors as professionals to take responsibility for any development — a big 
ask, but at least adult numeracy tutors will have more control of their own futures. 
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Appendix
Criteria for rich learning activities (modified from Ahmed 1987 & Cox 1998)  
Dimension Criteria _____________________
Approach – approach the unknown through what is known to the students 

 – be accessible to all students at the start 
 – allow further challenges and be extendible 

   – challenge the better students without overwhelming the weaker ones 
Properties – be interesting to the students, and to achieve this, to the teacher 

 – have an element of surprise 
 – be enjoyable (that is, engaging) 

   – should not trivialize the subject 
Appropriateness – introduce material within the programme at a time relative to its use 
   – provide opportunities for constant review 
Possibilities – invite students to make decisions 

 – involve students in speculating, hypothesis making and testing, proving or explaining, 
reflecting, interpreting

 – do not restrict students from searching in other directions 
 – promote discussion and communication 
 – encourage originality/invention 

   – encourage 'what if' and 'what if not' question 
Focus  – emphasize key general principles more than technical details 

 – provide specific illustrations of general principles 
 – be seen both as an end and as a basis for subsequent work and study 
 – avoid the temptation to teach too much material 
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Nurses are the profession predominately responsible for administering medicines to patients. One 
component of safe administration of medicines is calculating correct dosage—for this, nurses must be 
numerate. Calculating the correct dose includes the mathematical skills of problem solving, and 
choosing and applying correct formulas. During the testing of dosage calculations calculators are not 
permitted. First year undergraduate (Bachelor of Nursing) students are alerted to the skills they require 
through a diagnostic arithmetic test. Data from this testing show significant number of these students 
have poor arithmetic skills. These students come from a wide range of backgrounds and include 
internal and external students, mature-age women with maths anxiety and innumerate school leavers.   

This paper presents how a teaching team have addressed this issue, by developing a Safe 
Administration of Medicines (SAM) website which included ‘Maths for Nurses’ learning resources. The 
maths site identifies the key numerical concepts and provides an explanation of these concepts, 
examples, and clinical quizzes to ensure these skills are contextualised in workplace practice. 
Evaluation of this site has included a comprehensive external technical and content review. We believe 
web-based on-line learning has tackled a unique problem using manageable resources whilst 
achieving successful outcomes in numeracy. 

The teaching framework at the University of South Australia (UniSA) emphasises graduate qualities for their students 
as they move into professional practice. For nursing graduates the qualities related to problem solving and 
communication (of which one indicator is numeracy), are essential to nurses providing safe administration on 
medicines. Providing competency in this particular area of practice is indeed a priority of the nursing profession. 
Medication errors occur as a result of human error, such as wrong dosage, wrong route, wrong medicine, wrong 
time, or wrong patient. ‘The process of prescribing, dispensing and administering medication is complicated and filled 
with opportunity to fail’ (McRoberts, 2005). Of the stages in this process, the calculation of correct dosages relies on 
adequate numeracy skills.
Dosage calculations require nurses to apply their numeracy and problem solving skills to determine the amount of 
medicine to administer, whether oral or injected, or intravenous infusion. In these calculations nurses use basic 
number skills which include use of times tables and calculations with decimals and fractions. In addition they are 
expected to be competent problem solvers so they can assess a situation, then plan to resolve it, implement and 
finally evaluate it. Furthermore nurses need to choose appropriate formulas, insert the correct numbers and units, 
and then manipulate these. During the testing of these skills, nurses are not permitted to use calculators. Ultimately 
100% accuracy is mandatory to gain employment as graduates. Significantly, the obsession of the profession on this 
issue is founded in the fact that, one error in such calculations could be lethal.  
Indeed, ‘if you have no confidence in maths, or are just no good at it, you can kill a patient. It is as simple as that’ 
(Hall, cited in Gooding, 2004, p. 7). In a US study in 1993 medicine calculation errors were considered responsible 
for 7000 deaths and one in 854 deaths of hospital patients (Roark, 2004). In Australia it is estimated that the 14,000 
Australians die in hospital from adverse events.  Many of these are medicine administration errors (Wilson, cited in 
Global Health, 2003). 
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The highly responsible task of administering medicines means that nurses must be appropriately skilled to avoid any 
fatal consequences. Yet student nurses continue to have poor basic maths skills, anxiety towards learning 
mathematics and a lack of motivation (Mayo & Duncan, 2004). Hence worldwide, nurse educators are aiming to 
facilitate these skills for graduating nurses, particularly dosage calculations. Increasingly they are utilising information 
technology (IT) as a tool to facilitate this. Some technological responses have included websites, CD-ROMs, bar-
codes for medicines and increased use of electronic medical records (Edwards & Moczygemba, 2004). Calculation of 
dosages, however, is more problematic when nursing students come to their studies with inadequate arithmetic skills. 
These students find it difficult to perform dosage calculations correctly and may correspondingly become highly 
anxious (Chaplow & Crouch, 2005) and lacking in confidence (Gooding, 2004).  
This paper, in response to these inadequacies, outlines the numeracy skills needed in dosage calculations and 
discusses a strategic response to this issue by Nursing Educators at UniSA in collaboration with a Learning Adviser 
using IT. Together we have developed a range of independent learning resources using multimedia, culminating in a 
website called Safe Administration of Medicines (SAM). This paper focuses on how SAM addresses the issue of 
numeracy for nurses, particularly through the section Maths for Nurses.   

Numeracy required for dosage calculations 
Worldwide basic arithmetic skills for safe administration of medicine required by nursing students are: the four 
operations with integers, decimals and fractions; conversion of fractions, decimals and percentages; and metric 
conversion (Hilton, 1999). These arithmetic topics are identical to dosage calculations self-test questions on the web, 
which then also provides explanatory answers (Nursing Center, 2004). These arithmetic skills begin to be learned in 
primary school and hopefully are mastered by mid-secondary school. Nursing students however, consistently 
demonstrate that they struggle to achieve complete mastery in these skills. In one study up to 30% of first year 
nursing students did not achieve 70% on arithmetic questions (Gooding, 2004). In another study 53% of 103 first 
year students did not achieve 70% in a diagnostic arithmetic test (Hilton, 1999).  
In addition to these arithmetic skills, students need to develop skills of applying dosage formulas (Grandell-Niemi, 
Hupli, Leino-Kilpi & Puukka, 2003). These skills include selecting an appropriate formula, inserting the correct 
numbers and units, and then manipulating these using various arithmetical calculations.  
Nurses in practice, also demonstrate similar inadequacies. For example, in Finland in a study involving 546 nurses, 
despite saying they were confident in their arithmetic and dosage calculations and found these calculations ‘easy’, 
they demonstrated deficiencies and a lack of confidence in these calculations (Grandell-Niemi, Hupli, Leino-Kilpi & 
Puukka, 2003). Of the nurses surveyed, overall only 17% achieved a score of 100%. 52% gave correct answers to all 
the arithmetic operations, with the most common mistake being the placement of the decimal point (83% of errors), 
69% were correct for the conversions, and 85% for the dosage calculations. The younger nurses (20-29 years) 
outperformed the older nurses.   
These numeracy skills for the administration of medicines, therefore, are not only problematic during undergraduate 
studies for many students, but also provide an ongoing professional challenge for ongoing registration of nurses. 
However sound preparation and mastery of these skills at undergraduate level will have an impact on life long 
learning and competency throughout a nurses career. 

Strategies to support numeracy development
Nursing educators internationally have developed many strategies to address the development of numeracy skills for 
nursing students and nurses. These strategies include additional teaching input from nurse educators or learning 
support staff, such as additional tutorials on medication calculations, diagnostic testing, intensive ‘summer’ schools, 
regular testing and monitoring (Grandell-Niemi, Hupli, Leino-Kilpi & Puukka, 2003), and remedial support through 
individual appointments. 
Through these processes, students are able to focus on their own weaknesses and develop ways to strengthen their 
skills. They can concentrate on the maths which is particularly problematic. They can think about the process, 
discuss questions and make the calculations directly relevant to their needs. When working with students in this 
setting, the instructor can often identify more specifically the nature of the difficulties that students experience. These 
face-to-face experiences nevertheless need to be supported by self-help resources which can enable students to 
continue to reinforce and maintain their skills independently. 
Some students are encouraged to attend adult maths classes.  While students have admitted these to be helpful, 
they question the relevance of such courses for them as future nurses (Gooding, 2004). Overall students tend to 
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support the principle that the development of numeracy skills needs to be context specific, i.e. related to clinical 
scenarios.  
Support strategies also include a range of published resources, such as textbooks on medication calculations 
(Gatford & Phillips, 2002; Hext, 2001; Hext & Mayner, 2003), CD-ROMs (Chaplow & Crouch, 2005; Hill, Hall, Gillham 
& Berk 2000; Ramos, 2003), websites (Nursing Center, 2004) and software (Simtel, 1997). The variation of these 
resources can provide a useful collection of sources for practice and understanding, particularly as they have been 
produced by nurse educators, practitioners, or mathematics teachers. Many of these use clinical scenarios or just 
practice the maths, but few of these attempts to develop a conceptual understanding of the mathematics. 
Unfortunately because of differences in drug names and units and measure used from country to country, text books 
and websites are not always internationally transferable. 
The range of strategies outlined is indeed used by the Finnish nurses to maintain their medication calculations skills. 
They practiced daily, have routine and regular assessment, attend lectures and use textbooks (Grandell-Niemi, Hupli, 
Leino-Kilpi & Puukka, 2003).   

The UniSA context 
Mathematics is not a prerequisite high school subject for nursing at UniSA and hence nurse educators are aware of 
the potential issues many students may have with numeracy. Therefore, nursing educators at UniSA have 
consistently implemented a range of strategies to prepare students for being successful with their medication 
calculations. The issues identified in the literature review, are also experienced by them. Their current approach to 
addressing this issue is to alert students to the importance of developing accurate mathematical skills for the 
administration of medicines in their first year of studies, and then reinforce and broaden these skills throughout their 
program of studies.  
The UniSA currently has the largest school of nursing and midwifery in Australia. Our nursing undergraduates are a 
unique population, having a high percentage of mature aged, female, and rural students. Approximately half of the 
students are external students. The nursing undergraduate population also has a substantial school leaver 
population. These groups have varying degrees of numeracy. 
Every year all first year undergraduate (Bachelor of Nursing) students are given a diagnostic arithmetic test. The test 
is similar to others reported in the literature and asks students to multiply and divide integers, fractions and decimals, 
simplify fractions, convert fractions and decimals, work with percentages and convert metric units. Students are also 
asked to rate their maths skills from poor to excellent, and their confidence from terrified to confident. They are also 
asked to identify areas they found most difficult.  
In 2002 a numeracy test (which underpins the arithmetic required for dosage calculations) of 319 first year nursing 
students was conducted amongst our 660 students. The results revealed that 50% failed to reach the satisfactory 
test score of 20/32 (Range 3-32 Mean 20 SD 7) and 80% of the total students expressed a need for remedial 
support. The results from this testing over the last years show significant numbers of these students have poor 
arithmetic skills.  
Once students have first addressed these arithmetical skills, throughout their studies they learn to calculate dosages. 
Despite this they demonstrate poor performance. For example in 2003, 180/260 undergraduate UniSA students 
failed the medication calculation test in which it is mandatory to achieve competence before permission is given to 
enter the clinical setting in their Practicum. Of these 100/260 3rd year students, received remedial instruction and 
were placed on a clinical contract (a prescribed program to achieve skill competence).  
Consequently much staff time is spent on remedial instruction, and tracking and managing these clinical learning 
contracts. Whilst on clinical contract students are only able to practice limited skills and in particular not participate in 
medicine administration, thus missing valuable and important clinical opportunities. 
To add to this, a comprehensive review of the curriculum and course material within the School of Nursing and 
Midwifery identified that no homogeneous philosophy or strategy existed for the teaching and learning of the safe 
administration of medicine. 

UniSA strategies to address the numeracy issue 
At UniSA, as other institutions, the nursing staff provide students with a range of strategies to address the issue. 
Apart from the course embedded teaching, if students have not attained competent level for dosage calculation for 
their year, they are encouraged to attend an annual ‘summer school’. The summer school is a 2 day workshop to 
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teach and practice these skills. The students are also encouraged to attend remedial workshops provided by a 
Learning Adviser, with a mathematics education background.  
Since 1996 the nursing staff and learning advisers have actively engaged with IT possibilities to develop 
supplementary independent learning resources which could be interactive so students could practice their 
calculations skills. In 1997 a first CD-ROM was produced to clarify the maths in context. It uses interactivity to 
practice the maths, but this was limited according to the IT resources available at that time. In 2000, a second CD-
ROM was produced, based on the same philosophy. This resource was more comprehensive and functioned more 
effectively to provide more interactive practice, as a result of the improved technology available. These CD-ROMs 
were resourced through two UniSA Innovative Teaching and Learning Grants worth $10,000 each). The second CD-
ROM is a recommended resource for the students to purchase. However, we still wanted to extend the practicality of 
the CD-ROMs by increasing the flexibility of the resources, linking to other online resources via the Internet, and 
taking a broader view of safe administration of medicines beyond dosage calculations. The outcome is the website 
Safe Administration of Medicines (SAM).

Safe Administration of Medicines website (SAM) 
SAM is an online resource for nursing students, clinicians, Registered Nurses, health care professionals, nurse 
educators and clinical teachers. SAM is a website which takes an overall perspective on medication calculations and 
addresses this practice issue throughout the three years of the nursing program. Key to the development of this 
website is the need to embed dosage calculations into the clinical scenario. The process of web development 
involved staff at all levels of the program through involvement in a reference group and by contributing scenarios and 
resources to the website. The website is based on the principles of providing flexible access for all students—
particularly external students—addressing their anxieties and being comprehensive by addressing all aspects of 
medication calculations, termed the 8R’s. 
It is a ‘one-stop shop’ offering information and resources to manage the safe administration of medicines, including: 
medicine calculations (dosage and drug calculations, calculation tests); related pharmacology; and current research 
(refer to Figure 1). The sections of SAM are: the 8 R’s of SAM; information for students; resources, scenarios; and, 
Maths for nurses.  
The SAM website has been the first to introduce the eight right methods (8R’s) of Safe Administration as the RIGHT: 
time, patient, medicines, dose, route, documentations, effect, and education. The website provided a series of 
instructions for each factor. For example, the right dose instructs the administrator to read the order, measurement 
and abbreviations carefully, checking and rechecking the medication calculations, checking with another person 
whether this would be the right dose for a patient of this age, condition, history or weight.  
SAM then provides information for students according to their level of studies and links to the courses teaching the 
dosage calculations. This information covers a summary of what students need to know (such as problem solving 
strategies, formula, medicine abbreviations), practice tests, and links to additional resources, including websites for 
further practice of calculations.  
The next section of SAM links to additional resources such as The British Pharmacopoeia 2002/2003; Australian law 
and drug administration, Australian and South Australian standards; further quizzes; a Nursing Calculations CD-ROM 
(Ramos, 2002) which records results for the students to include in their clinical portfolio.  
The section, the scenarios, provide examples of ‘real’ clinical situations. Questions are provided as prompts to 
achieve safe administration of medicines. Answers are also provided (refer to Figure 1 for a sample scenario).  
The fifth dimension of SAM is the Maths for Nurses subweb. This website, does not aim to replicate routine practice 
of the maths as is done well in other resources. Instead the focus of these resources is on conceptual development 
of the mathematics from first principles. The resources aim to present the concepts from the beginning and 
specifically so students can redevelop fundamental understandings of the concepts. Sometimes nursing students 
report that they started to ‘lose’ maths at primary school level. Others demonstrate their lack of numerical 
understanding by even needing to use fingers to do times tables. Due to the anxieties expressed by students in 
getting the maths right and knowing how important the problem solving process is to maths, a metacognitive 
approach was used, i.e. step-by-step explaining the mathematics thinking needed for the maths.  

Scenario
Mr Black, 77 years, is admitted to the Vascular unit with an infected diabetic ulcer which is MRSA positive. He is 
commenced on Vancomycin 750mg BD. There are no times for administration written on the medication chart. 
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8R’s Questions Answers 
Right Time Is this the first time you have prepared 

Vancomycin? How will it be administered? 

At what times should Vancomycin be 
given?

Dilute to 5mg/mL over 60 min.
Dilute to 10 mg/mL in fluid restricted 
patients.
Dilute 750 mg in 10 mL of water for 
injection and add to 250 mL of normal 
saline.

Vancomycin should be given 500 mg every 6 
hours or 1 gm every 12 hours. 

Right Patient The medication chart has no patient label 
on it. What should you do? 

Check the order with prescribing doctor and 
have them place patient label or write patient 
details on medication chart. 

Right Medication There are two different dosages of 
Vancomycin available. Which should you 
choose?

1 x 1 gm vial 

Right Dose Show your calculations for this infusion. 

1

100x750
= 7.5 mL to be added to           

250 mL of normal saline 
Right Route List the possible routes which Vancomycin 

can be administered? 
Which is the correct route for this infusion? 

Topical eye ointment 
Oral
IV

IV
Right Effect List the side effects of Vancomycin? 

See effects listed @ Aust Medicines 
Handbook http://amh.hcn.net.au/ 

See effects listed in Australian Medicines 
Handbook http://amh.hcn.net.au/ 

Right
Documentation

Describe how Vancomycin is documented 
on the medication chart? 

Document time given
Two nurses to check and sign for IV 
medications

Right Education Mr Black’s family ask you what this 
antibiotic is for? 

Vancomycin indicates a severe infection 
caused by susceptible organisms in MRSA 
infection
Additional Information/education for nurse 
administering Vancomycin. 

Knowledge of drug 
Knowledge of side effects 
Knowledge of trough monitoring 

Figure 1. A clinical scenario from SAM complete with questions and answers. 

Maths for nurses website 
The Maths for nurses website, consistent with international nurse education research, has identified the key 
numerical concepts to develop as working with whole numbers, fractions, decimals, percentages and metrics. 
Therefore the website is structured around these concepts. Additional pages include: Welcome (to contextualise the 
maths), Surviving maths tests (addressing maths anxiety), Resources and a discussion room, Questions and 
feedback..
The approach to presenting the mathematics is grounded in the need to re-establish the mathematical concepts from 
first principles, rather than providing students with ‘rules’ and practice. The conceptual approach is informed by an 
identification of possible misunderstandings that the nursing students may have (based on 8 years of my working 
with these students) and then some activities to develop the concepts, for example, through the use of diagrams. 
This approach is consistent with the comprehensive study of children’s understanding of mathematics through use of 
diagnostic testing conducted in the early 80’s by Hart (1981, 1984).  
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The entry page, Welcome, explains why the maths is important and what the students need to know (with a sample 
of a maths skills review test). It also provides two examples of medication calculations. The sample calculations show 
students step-by-step what thinking is needed to calculate dosages. For example, the administration of tablets (as 
shown in Figure 2)—the most straightforward of the dosage calculations— would enable students to recognise that 
they need to divide and convert units.  
The web pages for each of the maths concepts are all presented in a similar way. First the website provides an 
example of the sample medication calculation. Then an explanation of the concept, called ‘What you need to know’, 
follows. This may include questions, answers, diagrams, or a focus on patterns—all contributing to a way of thinking 
about the concept which hopefully makes sense to the students.  For example, decimals are introduced with place 
value tables so students consider the value of the digits, rather than just ‘moving the decimal point’. The approach 
used is shown in Figure 3, where each step of the calculation for adding decimals is demonstrated. Colour is used to 
enhance the explanation. This is followed by more examples, where even more detailed explanations are given. Next 
students have an opportunity to practice using various interactive websites. Of these, AAA maths is highly 
recommended as it provides a comprehensive range of practice questions from K-8 
(http://www.aaamath.com/B/tablcont.htm). Next students have the opportunity to do two quizzes, one based on the 
numbers and the other a clinical quiz. Of all the subsections, the initial explanations are most crucial. These online 
explanations may not work for all students, but hopefully will be useful to the ones who struggle at the beginning of 
conceptualisation. 
Another aspect of numeracy addressed in this website is the students’ real fear of numbers and sitting maths tests, 
terms ‘Surviving maths tests’. This section of the website was designed in collaboration with a counsellor, who often 
deals with students’ anxiety responses. Therefore it suggests strategies to enable students to identify their attitudes 
to maths and become more positive. Other sections include ways to learning maths, the importance of practising 
maths, preparing for maths tests, doing the test and after the test. Finally some strategies for managing stress are 
also included.
The final section of the Maths for nurses website is a Question and feedback discussion room. This forum has 
allowed students to provide reflective comments—some of an evaluative note, and others requesting additional 
information. Evaluation has been very positive, with recommendations being made to improve the website. These 
comments, while positive, also show the need to maintain the website and ensure no errors are made.  

I quite appreciate the maths practice questions. I thought that as an enrolled nurse I had it all but this is really 
helping me as I am not currently employed and therefore not practising as much. 

Thought while we had summer break, I would get some practice on my maths...finding the site wonderful 
although some of the links no longer work. Look forward to doing much more practice.   

Hi, firstly l would like to say that l am enjoying doing this page, getting the answers right is building my confidence 
for when l have to start meds (which l am not looking forward to doing) but l would like to point out Decimals quiz 
nos. 10 + 11 have the incorrect answers on them, hope this helps. 

I would just like to say thanks for putting up the web site for drug calcs. I have found it very helpful. 

Hello to everyone, just wanted to say how GLAD I am to have found this site as I am very very very terrified of 
maths. I am studying part time externally and I reckon this site will, well already is my best friend. 

But then … this does not work for all students: 
help, help, help, i just can not understand this stuff!!!! i am stressssdddd to the limits any ideas on what i can do 
pleasssssse. cheers  

Students also use the discussion room to ask questions and share resources:  
Can you please include how to calculate drops per minute for IV's as asked in Example 2? 

Just thought I'd share a handy program/game I found for practicing drug calculations. It's a shareware program 
called "drug calculations for nurses" and it basically randomly generates questions on metric conversion, tablet 
doses, fluid doses and IV calculations. It's only about 230kb to download and at least I can play it and not feel 
guilty that I should be studying!  <http://www.simtel.net/product.php[id]30569[sekid]0[SiteID]simtel.net.>  

Useful site and or CD Rom - www.educinnov.com.au - CD Rom Nursing calculations V1.0.0 by Educational 
Innovations

An evaluation of the SAM website has included a comprehensive external evaluation reviewing the technical aspects 
and content, review by the reference group and ongoing comments from students using the site. This evaluation 
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process is ongoing. A more comprehensive evaluation is occurring at present, focused on the whole site and student 
outcomes.  

Example 1
The doctor has prescribed 0.125 mg Digoxin.  The available stock comes as 62.5 mcg tablets.  Calculate the number of 
tablets to be administered. 

Worked solution

mcg
mg

handinstock
requireddose

5.62

125.0

mcg
mcg

5.62

125

625

1250

125

250

25

50

Answer: 2 tablets 

Steps
1. Select the appropriate formula 

Read the question carefully to decide on the type of medication formula you 
would used. In this case it is the formula for administration of tablets. The key 
words in the question which will help you decide this are: ‘Doctor has 
prescribed 0.125 mg Digoxin’ and ‘stock comes as 62.5 mcg tablets’.  
Write down the formula in words: 

.
'

assame theisThis.
gotveyouwhat

needyouwhat
handinstock

requireddose

2. Write down the numbers given in the formula 
Write down the measurements given in the question carefully into the 
formula.

3. Convert metric units 
Check that the units of measurement are the same. If not, convert them. 
Milligrams (mg) are larger than micrograms (mcg) so change to micrograms. 
There are 1000 mcg in 1 mg, so multiply 0.125 mg x 1000 = 125 mcg. 

4. Change decimals to whole numbers (get rid of the decimals!) 
To calculate with whole numbers, multiply both the top and bottom numbers 
by 10. 

5. Simplify the fraction (cancel) 
Divide the top and bottom numbers by a common denominator (e.g. 5 or 25) 
or by the lowest common denominator (625). Often it is easiest to cancel with 
smaller numbers and do so several times.  

6. Express the answer (with units) 
Write out the answer clearly, with the units, i.e. 2 tablets. 

7. Check the answer 
2 tablets x stock in hand = 2 x 62.5 mcg = 125 mcg / 1000 = 0.125 mg  
(Divide by 1000 to change mcg to mg).

 Figure 2. An example of calculating the administration of tablets. 

Addition
2.4 + 5.7 TTrryy mmee!!

Ones Tenths 

 2 4

+   51 7

 8 1

Steps

1. Line up the numbers under each other in a place value table. Line up 
the numbers under each other in a place value table. Estimate an 
answer.

2. Add the smallest value of digits, ie the tenths. So 4 add 7 equals 11 
tenths [0.7 + 0.4 = 1.1 or 11 tenths, where 11 tenths is the same as 1 
and 1 tenth]. If the sum of the tenths is greater than 9, write down the 
tenths in the ‘tenths’ column and the ones in the ‘ones’ column. 

3. Add the ones. 2 add 5 plus 1 equals 8 [2 + 5 + 1 = 8].

Figure 3. An example showing how to think about adding decimals. 

Discussion and conclusion 
The aim of this paper was to describe the numeracy demands in the nursing profession related to administration of 
medicines and the approaches used to support ongoing skills development for these students. Specifically, online 
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resources developed within UniSA, which provide a contextualised approach to addressing numeracy in this area of 
nursing practice, were discussed. The overall approach to link the maths to the context is recognised as an important 
‘hook’ for young people to learn numeracy (National Research and Development Centre, 2004). Similarly the 
approach of accepting and acknowledging numeracy issues and associated mathematics anxiety is also recognised 
as valuable in numeracy programs to provide a ‘non-judgemental attitude (National Research and Development 
Centre, 2004). 
Interestingly in the medical profession, not only do nurses struggles with numeracy issues, but also doctors (Wilson, 
cited in Global Health, 2003). In reality, addressing the problem of medication errors needs to be an interdisciplinary 
one, involving pharmacists, nurses, and other practitioners and continues to use technology to reduce the incidence 
of medication errors (Clancy, 2004; Nicholas & Agius, 2005).  
Solving the problems of social innumeracy and mature age maths anxiety, may be bigger than what is required of a 
teaching and learning website. However by deconstructing the smaller simple arithmetic components that make-up a 
dosage calculation and presenting them in a contextual way such as medicine administration we have provided an 
additional on-line ‘way of learning’ the maths for nurses for safe practice, which seems to be valued by students. We 
believe this site has tackled a unique problem using manageable resources whilst achieving successful outcomes in 
numeracy. This site is dynamic, and so with continual feedback and improvements in IT we will continue with its 
development.  
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Adult learning and oral culture 
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I have worked as an educator in Papua New Guinea for over 20 years. The major part of my role has 
been the provision of professional support of teachers and administrators. For the past ten years I 
have been working with Papua New Guinean teachers to improve learning outcomes in Mathematics 
for primary school children. Papua New Guinea has over 850 language groups spanning the spectrum 
of Melanesian culture ‘bound’ in their voluminous oral traditions. My presentation relates my 
experiences of knowing and learning among the people of these many and varied oral traditions. It 
considers Mathematics in Melanesian culture, teaching and learning styles and what seems to work 
with adults. 

Papua New Guinea 

Mathematics in Melanesian culture 
I want to begin my presentation by paying tribute to the cultural mathematics of Melanesia and to one of its great 
champion scholars. 
I draw on the words of Kay Owens (2001) to express my awe and wonder at Melanesian culture and its mathematics.  

Papua Niugini with its 800 languages and cultures is very rich. …. to think that (they might) feel as proud of their 
traditional maths as they are of their traditional dances and designs and kinship relationships. 

Glendon Lean (1968 – 1989) was the champion of Melanesian Mathematics.  
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Over .. 21 years he …… personally collected and documented more than 1,500 counting systems (in Papua New 
Guinea ). His Ph.D thesis "Counting systems of Papua New Guinea and Oceania" documents over 2000 different 
counting systems in four book-sized appendices. (Alan Bishop, 1995) 

The people of Melanesia have a truly awesome wealth and variety of cultural counting systems that are a living 
library of the development of the number systems of mankind. But for the work of Glendon Lean and now Kay 
Owens, few of us would know of these treasures. 

About culture and mathematics 
The term ‘ethnomathematics’ was first used in the late 1960s by a Brazilian mathematician, Ubiratan D’Ambrosio, to 
describe the mathematical practices of identifiable cultural groups. Some see it as the study of mathematics in 
different cultures, others as a way of making mathematics more relevant to different cultural or ethnic groups, yet 
others as a way of understanding the differences between cultures. But perhaps the most powerful claim for the new 
discipline has been made by D’Ambrosio himself (quoted in The Chronicle of Higher Education, 6 October 2000):  

Mathematics is absolutely integrated with Western civilization, which conquered and dominated the entire world. 
The only possibility of building up a planetary civilization depends on restoring the dignity of the losers and, 
together, winners and losers, moving into the new. [Ethnomathematics, then, is] a step towards peace. 

Some people maintain that ancient mathematics systems are irrelevant today. This is unfortunate. Many non-
Western mathematics systems remain ‘alive’; some Mayans, for example, still use traditional calendars for religious 
purposes and to help determine the agricultural cycle. Most Melanesian languages retain the traditional counting 
systems in one form or another. 
Moreover, Western mathematics does not meet the needs of all people and is not always easily understood outside 
the ‘mainstream’ culture. For years, Australian educators have noted that Western mathematics often has little 
meaning in remote Aboriginal communities and is therefore difficult to communicate. Approaches that take into 
account the cultural context and the mathematical systems in use within the community are likely to be much more 
effective

About Melanesian cultural mathematics 
It is important that we remember the context in which the number systems of Melanesia were learnt and used.  
Papua New Guinea is an oral culture, its heritage is held in oral traditions of story-myth, verse, song, drama and 
dance, art and sculpture. None of the traditional maths was associated with written symbols. At best it was recorded 
as notches on sticks or knots on ropes. Many of the systems used multiple cycles for counting. The systems ranged 
from limited (2,5) cycles to sophisticated decimal systems that enabled counts to over a million. The number names 
in some counting systems were related to body part names. A single language or cultural group sometimes had 
different counting systems for different purposes. The mathematics of the different cultures was integral to their 
language and relevant to their needs, for example, counting produce, trading goods, tracking seasons, and 
navigation at sea. 

Analysing Melanesian counting systems 
Counting systems can be classified according to their structural characteristics. Glendon Lean used the classification 
system developed by Salzmann (1950).  For example:  

Let us suppose that we have analysed a counting word sequence to have the form: 1, 2, 3, 4, 4+1, 4+2, 4+3, 
2 4, (2 4)+1, (2 4)+2, (2 4)+3, 3 4,...., (4 4)+3, 20, 20+1, 20+2, 20+3, 20+4, (20+4)+1, (20+4)+2,..., 2 20, 
(2 20)+1, (2 20)+2, ... i.e.  there are distinct number morphs (names) for 1 to 4, and 20, and all other members 
of the sequence are composed of these. 

The characteristics used by Salzmann to describe and analyse the counting systems are:  

frame pattern - the number morphs (names) (1, 2, 3, 4, 20) from which all other numerals in the sequence are 
generated, is called the frame pattern of the sequence 

cyclic pattern - the sequence has a cycle of 4 and a superordinate cycle of 20 denoted by the set (4,20) and  

operative pattern - of a numeral sequence is essentially a summary of the various number sentences which 
indicate how the complex number words in the sequence are composed  
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The operative pattern of the Kewa (EHP, PNG) system becomes apparent when we consider the semantics of the 
numbers 5 to 12 as shown in table 1. 

Table 1. The Semantics of the 4-Cycle System of (East) Kewa 

Hindu-Arabic Kewa Number Word Body Part Symbol 
1 pameda one finger 
2 laapo two fingers 
3 repo three fingers 
4 ki four fingers i.e. one hand 
5 kode   the thumb, i.e. one hand and one thumb 
6 kode laapo two thumbs, i.e. one hand and two thumbs 
7 kode rep three thumbs, i.e. one hand and three thumbs 
8 ki laapo two hands 
9 ki laapo na kode two hands, one thumb 
10 ki laapo kode laapo two hands, two thumbs 
11 ko laapo na kode repo two hands, three thumbs 
12 ki repo three hands 

The Wiru and Kewa 4-cycle systems (EHP, PNG) are not the only means of enumeration for these language groups. 
Both possess body-part tally systems, that for Kewa has a 4,7-cycle.  The operative pattern of the Kuman dialect in 
Simbu Province (from personal contribution by Mrs Nicky Nombri – June 2005) 2, 5 – cycle system is shown in Table 
2.

Table 2.  The Kuman number system 

Hindu-Arabic Kuman Number Word Body Part Symbol 
1 suwara (one finger) 
2 suwo (two fingers) 
3 suwo ta [2+1] 
4 suwo suwo [2+2] 
5 suwo suwo ta (ongo koglo) [2+2+1 or 5 (one hand)] 
6 suwo suwo suwo (ongo koglo ta) [2+2+2 or 5+1] 
7 ongo koglo suwo  [5+2] 
8 ongo koglo suwo ta [5+2+1] 
9 ongo koglo suwo suwo [5+2+2] 

These are but two examples of the enormous variety of counting systems in Melanesia. The variety of counting 
systems feature across both the Austronesian and Non-Austronesian languages of Papua Niugini and Oceania. 
Table 3 below (Owens, 2001) summarises the frequency of some 10 and 5 cycle systems in these languages. 

Table 3. Frequency of 10 and 5 cycle systems. 

System Subgroups Number 
10 cycle 10, 100 182 
 10, 20   20 
 10, 20, 60     1 
5 cycle 5 / 5, 20 142 
 5, 10 134 
 5, 10, 20   59 
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The use of a body-part tally system features in many Melanesian languages. The standard Oksapmin number 
system is an example of a body-part tally system. In the Oksapmin counting system, “… one begins with the thumb 
on one hand and enumerates 27 places around the upper periphery of the body, ending on the little finger of the 
opposite hand. If one needs to count further, one can continue back up to the wrist of the second hand and progress 
back upward on the body” (Saxe, 1999). See figure 1 below from Saxe (1999). 
In this short presentation we only have time to wet your appetite for this rich treasure of mathematical history. We are 
here to consider how this rich culture may impact upon learning of mathematics in the context of modern times where 
the world and culture of these peoples have been invaded by Western approaches to everyday mathematics. 

Figure 1.  The Oksapmin body part counting system. 

Teaching and learning styles 
If we remember that Papua New Guinea’s heritage is held in oral traditions of story-myth, verse, song, drama and 
dance, art and sculpture and that none of their traditional maths was associated with written symbols, then we might 
ask how they went about learning their numeracy, their Mathematics. Can we westerners ever imagine learning 
anything of importance and not recording it in written symbols.
In traditional Melanesian society people are taught and learn in everyday contexts. They learn the oral counting 
sequence and apply it to the different purposes requiring counting, for example during ceremonial exchange for 
marriage, birth, death, dispute resolution and for trade.  
Some language groups, though few in number, record tallies using markings on sticks and bark or knots in ropes. 
Many groups use standard size groups or bundles for particular items for example, shell money rings in Tolai culture 
in East New Britain. Most cultures have some form of accurate measurement for construction of houses and canoes. 
They have systems for comparing the size of pieces of land such as gardens. 
Many Island cultures are able to navigate the open ocean by the stars, wind and wave patterns. The use of wave 
patterns for navigation required a knowledge of the prevailing wind driven wave patterns and the refractive patterns 
caused by reefs and islands. The knowledge and skills used in these tasks were passed on as special knowledge 
and learned through experience. 
I began pondering the impact of traditional culture when faced with a problem with the learning of Mathematics at my 
newly established school. The school was one of two schools fully staffed by Melanesian teachers who were required 
to teach the Western styled syllabus used in our system of schools.  
I was faced by the dilemma that many of my students were not learning school maths. Upon working with the 
teachers during inservice sessions, I found that they too were poor at school maths. They didn’t have a well 
developed understanding of the many concepts and thinking processes needed to solve basic problems. I found that 
my teachers were ‘rote learners and teachers’ of maths. They made no links between their cultural mathematics 
systems and the western maths they were supposed to teach. There was an obvious disjunction between the two 
worlds of these intelligent people, their traditional knowledge systems and the knowledge systems of their workplace. 
I began to analyse what we do to people when they come into one of our western style schools which use English 
exclusively as the language of instruction (as I had done so many times before). This western style education makes 
little effort to link school numeracy to the learners’ prior knowledge and culture and hence, in this case, fails to build 
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on their understanding of cyclic counting systems. We make no reference to their familiar language systems and 
teach a Mathematics almost completely divorced from language, ever rushing to impose its own written symbol 
system.
We introduce Hindu-Arabic counting to these people as though it is something entirely new, different and a foreign 
language, thus rendering the awesome richness of their prior knowledge irrelevant. We create confusion for many 
because, for example, the naming of cardinal and ordinal numbers is both distinctive and gender sensitive in some 
traditional languages 
When we western style educators quickly introduce learners to written symbols without them thoroughly knowing the 
oral counting sequence and its cyclic nature, counting becomes more associated with and confused by the abstract 
symbols. The situation is compounded because many teachers have poor a understanding of place value notation 
and little facility to use it mentally and so, as a result, the concept becomes poorly developed in their teaching.  
Further confusion arises with the English number words for the teen numbers. New learners are confused because 
the names and symbols are inconsistent and do not reflect the place value system for the decimal counting cycle 
(see table 4 below). In traditional oral systems, there is no confusion with a complex notation system. 

Table 4.  Inconsistencies in English 

Numeral English Name Systemic Meaning 
9 Nine Nine ones 
10 Ten One ten 
11 Eleven One ten and one 
12 Twelve One ten and two 
13 Thirteen ( three and ten) One ten and three 
20 Twenty  Two tens 
21 Twenty one Two tens and one 

These are some of the obvious dilemmas we place upon our learners in our western styled education. Is it arrogant 
or not? It is certainly not always better. 

What seems to work with Melanesian adults. 
I have found that when working with Melanesian adults, that the place value notation system we use for representing 
the counting numbers is basically a mystery. Few have a clear and consistent understanding that can be matched 
with concrete application. I have had considerable success during teacher training and inservice programs in 
developing an understanding of place value by resorting to bundling and counting single and groups of objects using 
their Tok Ples (traditional language or lingua franca) and English. We then write the names and numbers in both 
languages and in Hindu-Arabic Symbols.  
It appears important to me that very early in the education of everyone, we should revisit the learner’s traditional or 
familiar counting system (or tok pisin) and highlight the cyclic nature of the counting sequence. This also builds a 
sense of being valued and of valuing culture. We must build the language within and around the concept of counting 
cycles using the language of instruction (English). We need to integrate numbers everyday into language instruction 
sessions so that our mathematics is seen as part of our language and not removed from it. It is important to link the 
traditional cyclic counting sequence to written symbols and place value notation using concrete materials to 
overcome the difficulty with abstract symbols. This is one way to make any similarities and differences explicit. We 
need to generalise the concept of counting cycles and place value notation to the Hindu-Arabic System. Probably 
most important of all is that we ‘play’ with large numbers of objects to develop a ‘feel’ for their magnitude (For 
example: count a large number of objects by bundling in tens). 
An example of how I try to help generalise the counting cycles and place value notation to Hindu-Arabic System is to 
use counters to demonstrate how regrouping is used to solve the base 5 task shown in figure 2. 
I call this counting and adding by the pentile people.  Many adults schooled in the columnar addition algorithm find 
the answer ‘32’ rather baffling for some time. It certainly brings home the point about what happens to our young 
children when they go to school. Once they have grasped the addition, we usually do some simple subtraction and 
multiplication examples as well. We then generalise the thinking to the decimal system. 
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Figure 2.  A task using pentile numbers. 

A Melanesian perspective 
Melanesians generally believe that special knowledge is something given to you to empower you. It is given by 
someone who has the authority to give and pass on that authority for you to use it. Common examples of knowledge 
that is bestowed in this way often relate to sorcery, lineage and land boundaries. 
Western Mathematics, I believe, is often seen by Melanesians to be one of these special types of knowledge. It is 
perceived to have its own language and symbols that only those with the special ‘gift’ for and authority to use 
Mathematics are able to understand and use it beyond mechanically learned and applied facts and processes. It is 
seen to belong to the elite and privileged few. 
This cultural perspective on the ownership of knowledge and the role that Western Culture bestows on Mathematics 
raises a serious equity issue:-
How can mathematics become knowledge that empowers everyone in society to participate equitably? 

There are probably many who would disagree that Mathematics should empower equity, however I believe we need 
to. To achieve this end, it is necessary to separate the issue of mathematics and numeracy into two separate 
domains: 

Basic Mathematics:  referring to basic mathematical (numeracy) concepts, knowledge, language and literacy 
that are used in everyday life. They are important to everyone to enable them, within and through their culture, 
to engage effectively in modern society. This Mathematics needs to be taught in schools in the social and 
cultural context of the students. 

Applied Mathematics: referring to the theorems, algorithms, language and literacy used for specific 
applications over and above everyday life activities. Very few people use formal algorithms and trigonometry 
in their daily living, for example, whereas they may or may not be important at their workplace. The type of 
Mathematics needed for the different applications, particularly for different work tasks, can be mapped and 
taught to those that use it when they need it, thus removing the gate-keeper role often played by Mathematics. 

The reality in modern education is that seventy or more percent of school children do not effectively learn Western 
school Mathematics.  We need to remove basic mathematical knowledge from the bounds of special knowledge and 
open access to Basic Mathematics to everyone. Leave the specialist applications of Mathematics to those that need 
it. Rather than teach everything to everyone, let us carefully map who needs to know what and when they need to 
learn it.  

Some big ideas 
In the context of pulling together my thoughts for this presentation, I reflected upon my work as an educator of 
teachers and learners. This work often leads me to ponder the implications of some of the familiar big ideas that have 
long been held important to the learning process. I think of: 

Gardiner – multiple intelligences and learning styles 

De Bono – ways of thinking 

14 13+
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Piaget, Diens – constructivism 

Vygotsky – Social context of learning 

Bloom – levels of complexity of cognitive skills 
These big ideas tell us that people think about and perceive their world or their reality in different ways and at 
different cognitive levels. Our individual world has a social context that is part of wider culture made up of beliefs, 
knowledge and technology that we as individuals and as a community of people have constructed so that we can to 
live and prosper.  As I think in this way, several principles appear to be important. If mathematics is going to be 
meaningful and accessible so as to empower the wider population rather than just the intellectual few, then we must: 

Respect the integral relationships between mathematics, language and culture. 

Respect the culture of all peoples’ and their mathematics, be it different or not, as a relevant and important 
way of being in and perceiving the world. 

Respect and build upon the prior knowledge of learners. 

Value the need for people to know and understand both their Traditional (Owens, 2001) and Western 
Mathematics as tools for equitable participation in a global society.  

Finally, I believe that the quest that is common to us all at this conference is to find out:   
How can mathematics become knowledge that empowers everyone in society to participate equitably? 
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First year mathematics and statistics classes generally do not accommodate to the range of technical 
abilities which students have when they enter into first year university. UTS offers extra support for first 
year students by the use of a Mathematics and ICT Study Centre. This resource is available for 
students from a variety of faculties, who study or use Mathematics in their degree. A peer tutoring 
service has been implemented in the study centre with volunteer students from third year mathematics 
and statistics classes being rostered, simultaneously bridging the gap in the budget and the students’ 
education. This paper describes a study which used qualitative methods to examine the motives and 
benefits that have opened up for the student tutors through peer tutoring. 

Peer tutoring is defined as students taking on the role of a teacher to other students of either the same academic 
level or lower. It is important because it has great potential in the development of students’ skills both educationally 
and personally.   
Much work has been done on looking at the benefits of peer education as a whole and of different aspects of peer 
education. Damon and Phelps (1989) distinguish three approaches to peer education namely peer tutoring, 
cooperative learning and peer collaboration. Cooperative learning is generally a team based learning approach 
where students pool their resources together on a particular topic and in peer collaboration simultaneously approach 
all aspects of a topic, constantly working together. With these two aspects of peer education, the students are 
generally on an equal level to one another whereas in peer tutoring, one student takes on the role of a tutor and the 
other(s) take the role of a tutee. Griffin & Griffin (1998) investigated the positive effects of reciprocal peer tutoring on 
various educational levels. They found that peer tutoring is effective at increasing student achievement for both the 
tutor and the tutee with the tutor often benefiting more than the tutee. Peer tutoring schemes have been implemented 
in a variety of subjects and educational levels. Carroll (1996) discusses the effectiveness of senior medical students 
acting as co-tutors working in tandem to the academic tutor for first year biology students and Bush (1985) describes 
a peer tutoring program used for introductory accounting courses as a possible suitable substitute to current 
laboratory classes. In both of these cases the senior students were paid as academic tutors and were able to relieve 
full time academic staff while at the same time providing quality tuition to first year tertiary students. 
Peer tutoring has benefits not only for the tutee but also for the tutor as a means of promoting educational and 
personal development. Both Hopkin (1988) and Houston & Lazenbatt (1999) investigate the use of reciprocal peer 
tutoring within a class environment at a tertiary level where each student (or group of students) in the class is 
responsible for a particular topic and then take on the role of the tutor, teaching that particular topic to the other 
students in the class. They found that this type of peer tutoring fostered independent and responsible learning, 
promoted greater levels of communication, student participation and a deeper understanding of the work involved 
(mathematically in Hopkin and educationally in Houston & Lazenbatt) for the tutors.  
This paper describes a study of a peer tutoring program where senior students voluntarily take on the role of an 
academic tutor for first year mathematics students. Unlike the other papers discussed, this study used qualitative 
analysis of the use of peer tutoring from senior students who were volunteering their time and efforts, not for financial 
gain or means of passing a subject, but rather as a genuine commitment to the further development of mathematics 
for themselves and others.  We shall describe the different approaches the tutors took in teaching mathematics, their 
reasons for volunteering, accomplishments achieved and any connections between them, how their views on 
learning mathematics and mathematics in general have changed since tutoring, and look into the different 
approaches to and depths of their own mathematics and how the peer tutors’ responses reflect these. This paper is 
important because it confirms the belief that positive benefits are gained through peer tutoring while exploring a new 
realm of what is possible within this tutoring system. 
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Background 
The transition for students from secondary school to tertiary education involves major changes not only academically, 
but also socially and environmentally. At the University of Technology, Sydney (UTS) there is a mathematics study 
‘drop-in’ centre where students come and receive support from tutors. It is also commonly used as a meeting place 
for collaborative learning where students do group work and often receive support from other students. This form of 
social academic interaction has helped make the transition less stressful for the first year students. 
Mathematical support for first year students is available in universities through a variety of means. There are 
standard tutorial and laboratory classes, some subjects implement extra support tutorials and students can also visit 
lecturers for extra support when needed. At UTS there is also the operation of a Mathematics and ICT (information 
and communications technology) study centre. The operations of the study centre include the running of support 
tutorials, workshops, bridging courses as well as the drop in centre where a tutor is available to give support for first 
year students requiring help in mathematics, statistics and introductory computing. There are four computers in the 
drop in centre which enable students to receive assistance in using the mathematical and statistical programs. 
Throughout the past few years the study centre has been a popular environment for mathematics and statistics 
students from a range of faculties.  They visit the centre for assistance and extra support.  It also became popular in 
its use as a meeting place for collaborative learning. 

Peer tutoring program 
Traditionally at UTS, honours and doctorate students have been paid to act as peer tutors in the Mathematics and 
ICT drop in study centre. Last year the implementation of a peer tutoring service, in which third year volunteer 
students were added onto the tutoring roster, was incorporated into the drop-in study centre. In the semester just 
passed (Autumn, 2005) the tutors consisted of one doctorate student, three honours students, one full-time staff 
member/researcher as supervisor and 18 third year volunteer students. This has shown to be highly effective among 
the first year students, the tutors (third year volunteer students and honours students) and also on the budget, 
making it a win-win situation for all involved. 
The requirement for the volunteer tutors was that they were each to tutor in the drop in study centre for one hour 
every lecturing week, with their choice of tutoring during the non-lecturing weeks, whereas the paid tutors were in the 
centre every week. The volunteer tutors could either do this hour on their own or pair up with another volunteer and 
share a two-hour shift between them. There was no minimum academic achievement result required for the students 
to volunteer as a tutor as there were always other resources available for the tutors if they did not feel confident in 
answering a particular question asked by a student. Emphasis was placed on the tutors’ responsibility and 
communication for the successful operation of the drop in study centre. If a tutor could not make his or her shift for 
any reason it was requested that they attempt to swap a shift with another student for that week and if they were 
unable to do so that they be in communication with the supervisor who would try and find a replacement or post a 
notice of their absence.
Towards the end of semester the tutors were asked to complete a survey on their learning experiences while 
assisting in the study centre. The survey was designed to address the nature of teaching in the drop in study centre, 
the experience gained by the tutors and to gain an insight into peer tutors’ different points of views for the learning 
and teaching of mathematics at an introductory tertiary level. In addition to demographic questions, the following 
questions were asked: 

Why did you originally volunteer or sign on for peer tutoring? 

How do you go about teaching mathematics in the maths study centre? 

What are your views of mathematics and how have they changed since tutoring? 

What are your views on learning mathematics and how have they changed since tutoring? 

What sense of accomplishment do you feel you have gained through peer tutoring? 
The survey was not compulsory and out of the 22 peer tutors in the study centre (other than myself) there were 12 
responses. Of those students, nine were third year volunteers and three were paid honours students.  The details of 
the students participating in the survey are shown in Table 1. 
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Table 1. Students in Survey 

Student Reference Degree Year 
A B. Maths and Finance 3rd

B B. Maths and Finance 3rd

C B. Maths and Finance (Honours) 4th

D B. Maths and Finance 3rd

E B. Maths and Finance 3rd

F B. Science in Maths 3rd

G B. Maths and Finance 3rd

H B. Maths and Finance 3rd

I B. Maths and Finance 3rd

J B. Science in Maths (Honours) 4th

K B. Science in Maths (Honours) 4th

L B. Maths and Finance 3rd

Methods of teaching 
The tutors used a wide variety of methods and resources when teaching in the maths study centre. Some of the 
tutors explained the theory and concepts involved behind the questions, as seen by [G] and [H] (below) taking a 
deeper approach to teaching, while others used examples and explained the steps involved to show how to tackle 
problems in a more systematic manner as seen by [L]. Sometimes these differences in approach were due to how 
much the tutors felt the students understood or wanted to know, for example [J] and [K]. 

[G] …I try to give them an overview of the basics to ensure that they aren’t just learning how to do the question. 

[H] I tried to clarify what sort of explanation/help they really require and explain things in the simplest way I can. 

[L] I attempt the question by myself first and when I get an answer I show the student how I reached that answer. 
I clearly explain what I did in each step and make sure that they understand the method. 

[J] …more times than not its just that they want help in doing a single problem or it’s an assignment problem. It’s 
not often at all that someone will walk up and say ‘hey I don’t get integration by parts can you help me review it?’ 

[K] I read the question and ask them what it is they don’t understand about it, then I teach them the concept or 
the topic they are confused with, and after that if they still have trouble doing that particular question, I give them 
an example similar to that question, and usually at this stage they can do the question on their own 

Many questions required a unique modelling approach rather than a systematic manner of teaching, such as some 
science or worded questions. Some peer tutors found it challenging to get these types of questions across to the 
students, for example [C], [I] and [J] (below). When difficulties were encountered in explaining the work the tutors 
used a variety of different resources. All of the tutors incorporated other resources into their teaching in some way or 
another, such as looking up topics from the students’ textbook or textbooks in the centre, incorporating the 
assistance of fellow peers in the centre at the time and when all else fails, requesting the assistance of a lecturer [F] 
was always an option. The peer tutors also asked the students requiring assistance what they knew about the topic 
as both a resource for the tutors, and a solidification of the student’s knowledge, as seen by [I] and [J]. There was a 
great emphasis on communication between the peer tutors and students while teaching. Much of the communication 
from the students to the tutors seemed just as important for their understanding of the work [J] as from the tutors to 
the students, helping to solidify the students’ knowledge at the same time as having them feel comfortable to ask the 
questions [B]. 

[C] …it is not very easy to explain maths to students. Well I do what I can, drawing a diagram or graphs is often 
helpful…

[I] We may have never seen the application of maths with regard to some engineering and finance students, or it 
may have been years since we had dealt with a topic. So in working with the student we need them to tell us 
everything they know and maybe to isolate textbook material. This process is often times as important to the 
solidification of the student’s understanding as are the links and explanations that the tutor can offer. 
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[J] I Try to think about the best way to explain what it is happening in the question in a pseudo mathematical way 
(important for word questions). If I don’t know I ask to see the textbook and work over that section with them. Or I 
try to think though the problems from scratch with some help from them … I then try to walk them though it with 
them prompting me on what to do or I ask them questions on what should happen next 

[F] If I can answer it straight away, then I do, if not I look for a friend in the MSC at that time who could help. I 
have also called a friend on the phone to help me. If I feel there is no way that I can help, I suggest the student 
visit their lecturer, or direct them to a lecturer that I know will be able to help. 

[B] I would also try to develop a friendship between students so as for them to feel comfortable asking questions 
and being honest with what they do and don’t understand. 

Views on mathematics and learning mathematics 
Different views of mathematics are apparent through the peer tutors’ responses. We have defined three main levels 
in which people view mathematics. A lower level view of mathematics is that it is a tool used for calculating things. A 
mid level view starts to see mathematics in an abstract or analytical way, as well as seeing how it can be used in 
modelling real life situations. The highest level of viewing mathematics is that everything in life can be described by 
mathematics. Students who view mathematics on a lower level often take a surface approach to learning how to do 
maths, often by rote learning. Students who view mathematics on a mid and higher level usually foster a deeper 
approach to learning mathematics as they go beyond seeing it as just a tool and consider how it relates to life in a 
modelling sense, and analytically how it starts to relate to itself, as an abstract language. Students who didn’t 
understand the work on a deeper level would be more likely to struggle to follow topics [B-1] (see below). Most of the 
peer tutors had a mid or high level view of mathematics. A high level view can be seen in [B-2] and [L]. In [D] it is 
seen in the practical sense but not very deep in the analytical sense. Most of the tutors viewed mathematics and 
learning mathematics as challenging [B-2], [D], and interesting [G]. 

[B-1] …there is a core requirement for understanding mathematics which is basic understanding and this is one 
thing I discovered whilst tutoring. Students who missed one core fact of a topic would have trouble understanding 
everything related. 

[B-2] I have always viewed Mathematics as a fundamental subject to education which can be very challenging 
and thus requiring logical and analytical thinking. I believe maths exists in all areas of life and even in more subtle 
situations like decision making which seems maths free but also requires analytical thinking. 

[L] I believe that mathematics is one of the most important subjects. It is incorporated into almost everything 
around us. 

[D] … it is helpful in the real world, but the depths of it are just useful if you are an insightful person or just love 
maths. It is very challenging and logical…  

[G] Mathematics is an exciting area of study with a lot of interesting applications.  Tutoring in the MSC has made 
me even more appreciative of these applications and areas of study. 

At times, some of the tutors disliked maths or found it boring. It can be seen in the following two quotes that at those 
times a surface approach to learning was most probably taken, they have not fully understood what was going on 
and have more than likely made it through those situations by rote learning the components. 

[A] There are topics I feel are boring and complicated and confusing, these I find hardest to learn because of 
inability to understand fully. I feel that some of those topics are ‘pointless’, but still try my best to learn them 
because I don’t want to fail. 

[D] Maths is fun when it is easy, but I dislike it when it gets into physics and very scientific. 

The comments below indicate that some of the tutors have developed a higher level view of mathematics, through a 
greater understanding, since they started the peer tutoring program. However, a few of the tutors’ views of 
mathematics have not changed since tutoring. By teaching other students, some have developed a greater 
appreciation of the practicality of maths [D], a greater understanding of the methodology used in applications [B] and 
insights in seeing how mathematics plays a fundamental role in real life situations [K]. Since teaching, some tutors 
also gained a greater analytical understanding of the underlying theory [J]. Overall, the peer tutors have fostered a 
deeper level of understanding of mathematics. 

[D] … since tutoring I noticed how [much] more practical maths is. 

[B] …through tutoring I have come to understand that more importance should be placed on methodology and 
understanding than purely repetition. 
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[K] By tutoring other students, you can get the overall picture of the topic in mathematics that you have taught, 
and clearly you can see what sort of problem you are solving, and [how] they might be used in the workplace. 

[J] When you first do it, you are more thinking about the mechanics of the problem as in we do this then that 
when it looks like this.  But now when I look back at that work it seems to make more sense. 

It is said in Damon (1984) that the students have more to gain in learning from their own age group in addition to that 
of the school teachers, as they are direct in their communication and on a level easily understood. A similar view is 
shared by some of the peer tutors, seen by [F] for example, thus indicating that the peer tutoring program is a win-
win situation for all involved [I]. 

[F] A lecturer knows their stuff inside out, back to front, and has the answer before you have read the question. A 
student tutor, however, has a quality that the lecturer has lost and will never regain. The student tutor can teach 
short cuts to learning and understanding concepts on a much more basic and willingly absorbable level. 

[I] If you can teach something then it’s a sure way to learn it good. I see a lot of students in the study centre get 
onto this fact and jump at the opportunity to get involved in tutoring. 

Reasons for volunteering and accomplishments achieved. 
The reasons why students volunteered or signed on for peer tutoring can be divided in two categories, extrinsic and 
intrinsic. Extrinsic reasons include the opportunity to help younger students, share knowledge, to take the pressure 
off other tutors, to put something back into the mathematics department and into the university community. 

[K] When I was in 1st year I noticed the Maths Study Centre was helpful to me. That is why I wanted to help 
students with the extra little bit of help they might need in order to do well in their subject. 

Different intrinsic reasons include filling time in between classes, gain some teaching experience, a nice addition to 
the resume, solidify knowledge, increase communication and interpersonal skills, increase confidence, meet more 
people, learn from the students and the self satisfaction of teaching enjoyment. This last point could possibly be 
viewed as extrinsic in its origination, as it is more than likely the tutor gains such enjoyment through making a 
difference for other students. We shall look at this again through the peer tutors’ accomplishments. 
After the peer tutoring program all of the tutors who responded to the survey said that they felt a sense of 
accomplishment. Extrinsic accomplishments were all based around being able to help contribute to other students’ 
knowledge and understanding of mathematics and inspire them for future study. Intrinsic accomplishments gained by 
the tutors included having developed some new friendships, a greater sense of responsibility, an increase in or 
grounding of their own mathematical knowledge and the development of other skills such as interpersonal skills and 
the ability to convey knowledge to others. Some also said it had increased their levels of self confidence, in tackling 
unknown problems and they had rediscovered their overall confidence in mathematics. The most prevalent of the 
accomplishments is intrinsic in nature with extrinsic origins in that the tutors felt good about themselves by helping 
make a difference to others. This accomplishment is often a direct link to the reason why people have an enjoyment 
in teaching. It also plays a significant role in the outcome of the other intrinsic achievements, as seen by example in 
the following two quotes. 

[F] When I have helped just only a hint, enough for them to recognize the rest of the problem on their own, it 
gives me such a boost of confidence, motivation and inspiration, that my own study becomes a pleasure. 

[H] …the satisfaction of successfully helping others impacted greatly on my self-confidence. 

Only a few of the peer tutors knew that they enjoyed teaching when they originally signed on for volunteering in the 
centre, however, nearly all of the respondents expressed experiencing pride and enjoyment from their teaching in the 
peer tutoring program. This is illustrated by the following quotes. 

[A] I feel good when I am able to provide help to other students. … Seeing students who have a better 
understanding after my help is most rewarding. 

[C] Well, it always feels good when you find that you’ve been helpful to some people. And yeah, it kinda gives me 
pride to hear that students have got good marks thanks to my teaching. 

[D] It feels great when you successfully help a student with their maths. It’s the concept of ‘giving yourself a pat 
on the back’. 

[G] It is great to see that you can make a difference to a student.  When they go away with extra knowledge and 
a smile on their face, you are left with a feeling of achievement. 

[I] I get a real kick out of helping students out. 
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[L] I’ve always found it very rewarding to help others in need. 

An overall accomplishment brought forth through the achievements of communication and interpersonal skills, 
friendships developed and responsibilities gained, is that a greater sense of community was realised among the peer 
tutors.

Conclusion
This paper has described a peer tutoring program to support first year students who study mathematics or statistics 
in there degree. Research has shown that peer tutoring has much to offer students, benefiting both the tutors and the 
tutees. Volunteer students have worked as peer tutors in the Mathematics and ICT study centre, bridging the gap 
financially and educationally, in what can be described as a “successful” operation. 
Many first year students frequented the drop in study centre to utilize the tuition of the peer tutors. A survey was 
completed by the tutors and a qualitative analysis of their responses was performed. Of the nine from eighteen 
volunteer students who completed the survey, all claimed the program had fostered a deeper level of understanding 
of mathematics and many of them gained confidence in themselves personally, or in mathematics over the course of 
the program. It could be argued that the nine volunteers who did not complete the survey did not benefit from the 
operation. The survey however was not compulsory and was distributed only a few weeks before the commencement 
of exams and they may simply have chosen not to complete it due to being busy in the preparation of their final 
exams. Overall, we are assured that at least 50 percent of the volunteer tutors did have a positive experience in the 
program. 
The third year student volunteers did not have anything to gain financially over the course of the program. This gives 
a sense of reassurance with the quality of teaching as the volunteers were not simply going through the motions of a 
job but rather they held a genuine commitment to furthering the development of mathematics for themselves and 
others. 
This study has confirmed our belief of positive benefits gained through peer tutoring and explored the possibilities of 
its potential. The Mathematics and ICT study centre will continue to incorporate senior student volunteers into the 
peer tutoring program in the future while taking on board the tutors’ suggestions for improvement to ensure the 
continuation of a “successful” operation. With the close to negligible operational costs, positive benefits gained by the 
tutors and quality reassurance in teaching to visiting first year students, this peer tutoring program has shown to be a 
win-win situation for all responding tutors. 
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Research and development in adult numeracy/mathematics education is currently enjoying a higher 
profile than ever before in the UK. This paper presents a range findings and emerging themes from 
research and development projects in adult numeracy/mathematics education undertaken through the 
National Research and Development Centre for Adult Literacy and Numeracy (NRDC) in England and 
Learning Connections, Communities Scotland, and asks what we in the UK can learn from recent 
experience in Australia, where the adult numeracy ‘wave’ crested ten years earlier. 

Adult numeracy and mathematics education is currently riding high in the United Kingdom. With the publication of the 
report of Professor Adrian Smith’s Inquiry into Post-14 Mathematics Education (Smith, 2004) and other recent 
government reports on education and training post-14 (DfES, 2005; DfES, DWP & HMT, 2005; Tomlinson 2004), the 
mathematics education of adults and young people is at last being recognised as important in its own right.  
All this contrasts strongly with the situation in recent decades, when adult numeracy education lagged behind adult 
literacy in policy, research and practice (Coben, forthcoming). In the 1970s and 1980s adult numeracy was largely 
subsumed within adult literacy or ‘adult basic education’, emerging as an ‘adult basic skill’ in England in the 1990s. 
The ‘Moser Report’, A Fresh Start: Improving literacy and numeracy (DfEE, 1999) followed the UK’s poor showing in 
the International Adult Literacy Survey (IALS) of 1996 (OECD & Statistics Canada, 2000) and led to the inception of 
the government’s Skills for Life strategy (DfEE, 2001) to improve adult literacy and numeracy in England. As the title 
of the strategy suggests, the focus is on literacy and numeracy as (basic) skills to be acquired and utilised by adults 
in the workplace and elsewhere. The strategy marks a sea change, including, as it does, a range of innovations, 
including national standards, a core curriculum, national tests for learners and specifications for teacher training. The 
Skills for Life target is for 1.5 million adults to improve their literacy and numeracy skills by 2007 (DfES, 2003a). 
This target should be seen against the background of the extent of ‘need’ in the adult population. The Skills for Life
Survey commissioned by the government’s Department for Education and Skills (DfES) found that nearly one in two 
adults of working age in England (47%; 15 million adults) was classified at or below the level expected of an average 
11 year old in numeracy (DfES, 2003b). At the same time, a dismal picture of adult numeracy education in England 
began to emerge, with a shortage of experienced teachers and teacher trainers. For example, a report by the 
inspectorate in 2003 found that: numeracy is taught less frequently than literacy; there is less demand for numeracy 
despite equivalent levels of need (in fact, greater need, according to the Skills for Life Survey); there is a need for 
greater expertise in teaching numeracy; and numeracy is too often taught by rote learning rather than by developing 
understanding of numerical concepts (OfSTED & ALI, 2003). The Smith Report acknowledges that the adult 
numeracy strategy is challenging and demanding for teachers and learners alike. Using exemplars from the English 
system2, the report states that progress could easily be undermined by uncertainties surrounding the teaching and 
assessment of mathematics; the limited pool of competent and confident teachers of mathematics and numeracy; 
and the lack of employer engagement in raising the skill base of new employees (Smith, 2004, para. 4.41). 
Recently, ‘numeracy’, ‘mathematical literacy’ and the plethora of other similar terms have been joined by ‘functional 
mathematics’, a term yet to be defined in the UK context, but one which the government’s Working Group on 14-19 
Reform uses with reference to preparation for adult life “based on a common understanding of what learners need to 
develop […] including both knowledge and capacity to apply it” (Tomlinson, 2004, p. 31). Whatever definition of 
functional mathematics emerges, it is likely to have profound implications for adult numeracy/mathematics (or 
‘functional mathematics’) learners in the UK in future years. 

2 Although the Smith Report covers the UK as a whole, Professor Smith states “for the most part, my analyses and recommendations refer 
more directly to England than to Scotland, Northern Ireland and Wales.” (Smith 2004:v). 
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Meanwhile, in the UK’s partially devolved system of government3 (UK Forum for Local Government, nd), each of the 
home nations has developed its own policies in this area. In Wales, a Basic Skills Strategy was launched in February 
2002, based on an inclusive vision of education from early childhood through to adulthood (Welsh Assembly, 2001). 
In Northern Ireland, the ‘Essential Skills for Living’ strategy was launched in April 2002. It sets out the introduction of 
a regional curriculum, accreditation for adult learners and improved tutor qualifications, sets targets for building 
capacity and engaging new adult learners, and suggests ways in which these might be achieved (Department for 
Employment and Learning, 2002). In Scotland, the Adult Literacy and Numeracy in Scotland (ALNIS) report (Scottish 
Executive, 2001) led to a strategy based on a social practice model of literacies. 
The second half of the present decade is seeing an unprecedented advance in adult numeracy and mathematics 
education. Work is underway on implementing the Smith Report recommendations, including the introduction of 
measures designed to raise the profile of mathematics, improve the supply of teachers and support continuing 
professional development (CPD), while reviewing the curriculum, assessment and qualifications frameworks. It 
remains to be seen how this will play out throughout the UK.

Recent funded research at King’s College London and elsewhere 
Alongside the expansion of adult numeracy provision and professional development there has been an 
unprecedented expansion of research, including funded research, especially in England. Policy makers have 
invested in the kind of “use-inspired basic research” advocated by the OECD (OECD & CERI, 2002), a development 
welcomed by those of us who argue that “research must be closely linked with practice in a field where development 
and improvement in practice have priority status” (FitzSimons, Coben et al., 2003, p. 117). Indeed, if policy makers’ 
investment in research is taken as a measure of the interest accorded to work in this area, then they are certainly 
taking it seriously. 
The largest project of this kind is Maths4Life (www.maths4life.org), a consortium4 project of the National Research 
and Development Centre for Adult Literacy and Numeracy (NRDC, www.nrdc.org.uk), which aims to stimulate a 
positive approach to teaching and learning in adult numeracy and mathematics, combining research and practice to 
produce teaching and learning resources and guidance for practitioners. Maths4Life is funded at £2.7 million over 3 
years (2004-07).
Other projects funded by NRDC and based at King’s College London include several in which work in progress has 
been reported at previous ALM conferences (Baxter, Leddy et al., 2003; Coben, 2003; Coben, 2005; Rhodes, Swain 
et al., 2005; Swain, Baker et al.' 2003; Swain, Baker et al., 2005; Tomlin, Baxter et al., 2005). Work started with a 
review of research and related literature on adult numeracy, which produced a report (Coben, Colwell et al., 2003); 
and an online research database (www.maths4life.org/anr.asp) with over 3000 entries.  
Two subsequent projects ran in parallel, ending in August 2004: Making numeracy teaching meaningful to adult 
learners, a study of the relationship between the numeracy in adults’ lives and that taught in the classroom or other 
learning setting, and Teaching and learning common measures, especially at Entry Level. In brief, Making numeracy 
teaching meaningful to adult learners found that: learners’ motivations for studying numeracy are complex; many do 
not see their numeracy studies as having a practical application in their everyday lives, they are “coping OK”; many 
are primarily motivated by a desire to succeed in a subject (mathematics) that has previously defeated them, and that 
is highly regarded and essential for many areas of further study and training; parents and carers also want to be able 
to help their children (Swain, Baker et al., 2005). The ‘measures’ project found that: participants see measurement as 
- essential for success in examinations; helpful in understanding children’s schoolwork, but not as a ‘practical’ part of 
the curriculum. Some say they already have the skills they need; some have skills in measurement at levels beyond 
those covered in the Adult Numeracy Core Curriculum (Baxter, Leddy et al., 2005). The project also produced new 
learning/teaching materials which are web-based, adaptable, and copyright-free 
(http://www.nrdc.org.uk/content.asp?CategoryID=511). 
Both these project teams included teacher-researchers, as does A study of effective practice in inclusive adult 
numeracy teaching. This is a correlational study seeking to identify: a range of naturally occurring variation in 
teaching numeracy to diverse adult learners in different settings; correlations between different practices and 

3 “The devolution settlements across the UK are markedly different. Scotland has a tax-varying, primary legislative parliament [the Scottish 
Executive] and Wales has an assembly with secondary legislative powers. Northern Ireland has been beset by political difficulties that have to 
date stifled the development of their own political system.” (UK Forum for Local Government nd:2) 
4 Maths4Life partners include the Institute of Education, University of London, LLU+ at London South Bank University, King’s College London, 
the University of Nottingham, the Learning and Skills Development Agency (LSDA), the National Institute for Adult Continuing Education 
(NIACE), Cambridge Training and development and the Basic Skills Agency. 
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learners’ progress; implications for teaching, teacher training and CPD. It is part of a larger NRDC study of effective 
teaching and learning, including reading, writing, English for Speakers of Other Languages (ESOL) and information 
and communications technology (ICT) as well as numeracy, which is due to report in 2006. 
A further NRDC project has looked at ‘The provision and accreditation of financial literacy education’ in the 
education, community and private/commercial sectors in England at Skills for Life levels (Coben, Dawes et al., 2005). 
The project team found that: there is considerable diversity in financial literacy education provision in the public and 
private sectors; in the education and community sectors provision and accreditation are patchy and piecemeal; in the 
commercial/private sector there is little formal personal financial education for employees; overall, it is likely that 
many people do not have sufficient information, education or guidance to make well-informed decisions on issues 
with financial consequences. 
In partnership with EdExcel, the qualification-awarding body, King’s is also undertaking a project funded by the 
Qualifications and Curriculum Authority (QCA), on Developing curriculum pathways in mathematics in England 
(2005-06). 
Meanwhile in Scotland, following the ALNIS report, research commissioned by Learning Connections, Communities 
Scotland, part of the Scottish Executive, started with the Shifting the Focus report (Coben, 2005). This was followed 
by Using ICT in adult numeracy teaching in Scotland, an action research and staff development project undertaken 
by a team from the University of London (King’s College London and the Institute of Education), and the University of 
Edinburgh (Coben, Stevenson et al., 2005) (see also Pullen, Coben et al, this volume).
In all these projects, key features of our approach include: a broad focus on numeracy and mathematics education in 
different settings, geared to the interests of adults with various purposes for learning; an integrated approach to 
numeracy and mathematics education provision, both discrete and embedded in other subjects; teacher researchers 
fully integrated into research teams; and last but by no means least, an international perspective via ALM. Our aim is 
to create new knowledge, while maximising the possibility of opportunity and progression for adult learners and 
development for practitioners and researchers. At present we are able to do this in a policy climate that supports 
evidence-based practice and is funding research and development in adult numeracy.

Adult numeracy education in England and Australia 
So those of us working in adult numeracy in the UK could be said to be riding the crest of a wave. Can we learn 
anything from the recent experience of colleagues in Australia? A brief comparative sketch of the trajectory of policy, 
research and practice in Australia in recent years may be instructive. 
Australia’s adult numeracy ‘wave’ swelled and then crested a decade earlier than in the UK. The Language and 
Literacy Policy of 1991 led to an unprecedented expansion of provision and professional development in the early to 
mid-1990s (Cumming, 1996). The adult numeracy education landscape at that time was informed by ideas of 
constructivism, critical numeracy and the principles of lifelong learning and practitioners and researchers had a key 
role in developing these ideas and shaping practice (Johnston, 2002). The view of numeracy and mathematics that 
developed saw numeracy as making meaning of mathematics and mathematics as a tool to be used efficiently and 
critically (Marr & Tout, 1997), in contrast to the skills-based approach of Skills for Life. One area in which Australia 
was particularly strong is teacher training and professional development and the situation in Australia in the 1990s 
was compared favourably with that in England at that time (Coben & Chanda, 2000). 
However, according to the Australian Council for Adult Literacy (ACAL), this expansion was not sustained. The 
political climate changed with the election of a series of administrations led by Prime Minister John Howard of the 
Liberal Party in 1996, 1998, 2001 and 2004. 
Writing in 2001, ACAL stated that: 

Ten years ago Australia was at the forefront of adult literacy and numeracy teaching, learning and research. 
Now, we do not even have a national policy and we are going backwards (ACAL, 2001). 

Since 2003, numeracy, literacy and language education have been incorporated into vocational education and 
training (VET). 
A recent report on Building Sustainable Adult Literacy Provision: A review of international trends in adult literacy 
policy and programs summarises the results of an extensive study of policies and practices in adult literacy and adult 
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basic education in Canada, the Republic of Ireland, New Zealand, the USA, the UK5 and Australia. The study 
concludes as follows in relation to the current position of adult literacy (including numeracy) provision and policy in 
Australia: 

Australia has achieved considerable success in the integration of literacy with vocational education and training 
(VET) which operates within national qualifications and quality assurance frameworks. It also has a strong base 
for developing national policy settings and putting in place an effective national reporting system on the outcomes 
of literacy provision. 

Australia has not refreshed its literacy policy since 1996, unlike the other countries studied, to take into account 
the new dimensions and approaches to literacy that have emerged in recent times. It is also unclear how these 
literacies relate to other recognised generic skills. 

Australia needs to pay closer attention to literacy teaching workforce issues and build the capability of the 
existing workforce in the light of an expanding range of teaching methods, new technologies, emerging new 
literacies (such as effective use of technology) and the diverse range of contexts for delivery. In fact, it appears 
that in Australia opportunities for professional development are decreasing. Improving certification to enhance 
professionalism might also be needed to aid the replacement of practitioners who are leaving or about to leave 
due to age. 

Efforts are needed to develop a better understanding of current literacy provision - in all its forms - and rates of 
success compared with apparent levels of literacy need. The best documented programs are those offered 
through the VET sector as accredited stand-alone courses, while Australia’s provision through informal non-
accredited courses is not documented. In addition, the effectiveness of literacy teaching that is integrated within 
VET skills programs is not currently measured (McKenna, FitzPatrick et al., 2004 P. 4). 

The report states that “Australia exhibits some of the characteristics of the American and British regimes” (p. 23), 
although the examples that follow this statement all relate to the USA and Canada, rather than the United Kingdom. 
Overall, the report paints a picture of a field that has been redirected towards VET and away from other forms of 
provision of adult literacy and numeracy education. The tone of the report is businesslike; a long way from the 
optimism of Australian writing on adult numeracy in the early 1990s. 
However, is the shift to VET in Australia as thorough-going as it appears? If funded research is a bellwether, it may 
be useful to look at the list of projects in progress with the word ‘numeracy’ in their title on the National Centre for 
Vocational Education Research (NCVER) website (www.ncver.edu.au/teaching/21008.html), to see which issues are 
currently deemed researchable (and fundable). NCVER is a not-for-profit company owned by the state, territory and 
federal ministers responsible for VET, so it might be expected to serve as a vehicle for the promulgation of the shift to 
VET in adult numeracy (and literacy) policy in Australia. Nevertheless, the project titles seem to indicate that the VET 
agenda is being interpreted fairly broadly; they are: 

Current and future professional development needs of the language, literacy and numeracy workforce. 

Economic returns to education and training for adults with low numeracy skills. 

Learning numeracy on the job: A case study of chemical handling and spraying. 

Moving forward - understanding benefits, counting costs: literacy and numeracy across domains of social life. 

Reframing adult literacy and numeracy program outcomes: a social capital perspective. 
It seems that adult numeracy is regarded seriously in both countries, though with policy directions (VET in Australia 
and Skills for Life in England, for example), criticised as narrow and restrictive of adults’ purposes in learning by 
some of those active in the field at the ALM12 conference and elsewhere. Investment by policy makers in research is 
currently considerably greater in England than Australia, and, as the Building Sustainable Adult Literacy Provision
report shows, Australia has not ‘refreshed’ its literacy policy since 1996, while, as we have seen, a range of policies 
has been developed in England, Scotland, Wales and Northern Ireland since 2001. The expansion and development 
of adult numeracy education in the UK appears to be following a similar trajectory to that in Australia ten years 
earlier, with an influx of public money going into a previously neglected area. 
As yet it is too early to say how the pattern will play out in the UK. The wave may already have crested, since, for 
example, the NRDC has been a major funder of work in this area and its funding is due to end in 2007. If the 
Australian experience were to be replicated in the UK, expansion would be followed by contraction and a shift away 

5 No distinction is made in the report between England and the UK as a whole, with the Skills for Life strategy ascribed to ‘Britain’ or ‘the United 
Kingdom’ rather than England. 
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from the encouragement of broad-based adult numeracy education (although it is debatable to what extent Skills for 
Life really does this – arguably it has introduced a highly bureaucratic system which restricts both learner choice and 
teacher autonomy) towards a narrow focus on VET. However, it seems that some more broad-based research is still 
being funded in Australia, indicating that even a tightly-focussed policy may still be interpreted loosely in some 
respects in an area where so much basic research remains to be done and where experienced researchers can 
make a good case to government. 
Practitioners and researchers in the UK may have much to learn from our Australian colleagues about surviving 
dramatic shifts in policy with associated redirection or reduction of funding for provision and research. The lessons 
seem to be: ride the wave while you can and create some new, critical and useful knowledge for adults learning 
mathematics along the way; be prepared for the wave to recede, as it surely will; later waves may be smaller, but 
they may still be worth surfing. 

The research team at King’s College and Institute of Education, London 
Dr Diana Coben; Professor Margaret Brown; Margaret Dawes; Dr Valerie Rhodes; Dr Ian Stevenson; Dr Jon Swain; 
Dr Alison Tomlin. 
Teacher Researchers: Jackie Ashton, Dr Elizabeth Baker, Mark Baxter, Debbie Holder, Eamonn Leddy, Sandra 
Lowe, Cathy Magee, Barbara Newmarch, Sue Nieduszynska, Liz Richards, Veronica Storey, Topo Wresniwiro 
With support from ALM colleagues around the world: www.alm-online.org
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Love the new syllabus but where is the text book? 
Reconceptualising mathematics for senior high school students to build 

their confidence and success 
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This paper is about the development of Prevocational Mathematics: a numeracy syllabus to build 
student confidence and success. It outlines how we created this syllabus, including: 

meeting the political imperatives of the Queensland state, and Australian federal governments and the 
needs of teachers and senior students (those in Years 11 and 12) 

reconceptualising the existing syllabus to incorporate current national and international research on 
numeracy teaching, learning and assessment practices; numeracy in and for the workplace and 
financial numeracy. 

This new syllabus, by way of detailed examples of good pedagogy and lots of resources, especially 
hotlinked websites, models ways that work in practice and that do not rely on textbooks. For some 
teachers, this syllabus is frightening— for others, it is where they have wanted to go with mathematics 
for a long time.  

The Queensland Studies Authority does not run schools. It is a statutory body that is legislated to: 

write syllabuses and guidelines and help schools implement them by providing professional development and 
support materials 

develop tests for years 3, 5, 7 and 12 

issue senior certificates and tertiary entrance statements. 
This paper outlines the successful development of Prevocational Mathematics— a mathematics syllabus for young 
adults in years 11 and 12 who lack confidence in their abilities and who have had negative experiences in ‘school 
mathematics’. This syllabus replaces an older one called Trade and Business Mathematics. These students do not 
want to do the academic tertiary entrance mathematics subjects (there are three: Mathematics A, B and C) and 
typically most have not experienced much success in their previous studies of mathematics.  
Syllabuses in Queensland are curriculum frameworks that schools use to construct courses of study. This syllabus is 
one of a group called study area specifications (SASs). Unlike the syllabuses for tertiary entrance, the work the 
students do in SASs is not externally moderated by groups of teachers. In both types of syllabuses, school-based 
assessment is the cornerstone with no external testing in any subject. Schools develop courses of study that differ 
from school to school to suit students and available resources. 
Not being able to do tertiary entrance mathematics is considered the world over, to be a sign that you are inferior — 
mathematics ability is used as an academic and social filter. The fact that most students who can do the ‘harder’, 
more theoretical and abstract mathematics, never use it again in their lives, does not matter: they are better people 
because they studied a ‘hard course’. No wonder some students hate mathematics –from their earliest years there is 
a stigma attached to those who ‘cannot do’ mathematics. 
Subject names are crucial to try to avoid the ultimate put down of ‘vegie’ or ‘spac’ or ‘spazo’ mathematics, which, by 
association means that students and teachers of such a subject must also be rejects or deficient in some way. The 
original title was ‘Trade and Business Mathematics’, although it was not about ‘trade’ or ‘business’ but it had a good 
acronym for school timetables: TBM. Teachers were TBM teachers of TBM kids. 
Students would turn names like ‘Mathematics for Living’ (a textbook title from years ago) into ‘Mathematics for Dying’ 
(a lucrative enterprise of course). ‘Practical Mathematics’ would become ‘Impractical or Useless Mathematics’ (and 
the acronym would be IM or UM!) and so on. The name we almost decided on: ‘Workplace and Personal 
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Mathematics’ had to be rejected because of its acronym: WAPM. Eventually we decided on ‘Prevocational 
Mathematics’ to denote preparation for future vocations from paid to unpaid that may require some mathematics. 
Teachers like the title—they think it will give the subject the much sought after ‘above vegie’ status and the acronym 
is ‘safe’. 

Why redevelop the SAS? 
During the redevelopment of the SAS according to the prescribed cycle of syllabus revision, we took account of 
government agendas and teacher dissatisfaction with the existing SAS. 

Cycle of syllabus revision 
The QSA has a six-year cycle of syllabus revision. This is the time between implementation of revised versions. It 
involved officers (us) working with a subcommittee of teachers and at least one tertiary person (about nine people 
who are not paid for their services). Progressive drafts of the syllabus were presented to a Mathematics Advisory 
Committee of about twenty (practising teachers, tertiary academics and one parent who is neither) who decided 
when it could proceed to the Curriculum Committee (of Principals). This committee recommended to the Governing 
Body of the QSA that the syllabus proceed to implementation because it met QSA standards and served the needs 
of teachers and students. During these quality assurance processes, drafts were put on the QSA website and 
distributed to a consultative email network of interested teachers for feedback. We sought face-to-face feedback 
about progressive drafts from heads of school mathematics departments at organised cluster meetings. The very 
positive responses (‘this is just what we need’) encouraged us. 
The writing of the syllabus took two years. It is being implemented in 2005 and 2006. Standards and Assessment 
Officers presented the syllabus to teachers in fourteen workshops across the state in February, March and April 
2005. These workshops helped teachers understand the philosophy behind the syllabus, share ideas and plan their 
courses. 

Government agendas 
(a) Education and Training Reforms for the Future (ETRF) 
Currently, Queensland is undergoing major reform in its educational offerings as part of the Education and Training 
Reforms for the Future (ETRF), 2002. This agenda requires that students be ‘earning or learning’ at age 16. Many 
initiatives to facilitate this are under trial ready for implementation in 2006. As part of ETRF, vocational education 
offered in schools should link to future pathways for students and be highly regarded by industry. This is always a 
problem for vocational certificates in subjects like English, Mathematics, and Religious Studies because they do not 
immediately and obviously connect to being a plumber, welder, carpenter, plasterer, diesel fitter or chef (all jobs that 
are in demand in this state).  
The original Trade and Business Mathematics, syllabus developed in 1996 and revised in 1999, used unsuitable 
vocational certificates that were at too high a level. These certificates were part of the government agenda of the day 
– one that pushed vocational education. Many countries were doing this at that time. These irrelevant vocational 
certificates had to be removed and not redeveloped even though many schools mistakenly believed that these 
certificates had value. 
(b) Retention rate 
The state government has set an above 80% retention rate to be reached. Many students do not take the tertiary 
entrance mathematics subjects. Syllabuses have to be developed to meet the needs of students who may not want 
to remain at school, but must do so until they are 16 or have a job. Teachers need useful pedagogical advice about 
helping these students to learn in a school setting. 
(c) Literacy and numeracy  
Concerns about literacy and numeracy loom large on state and federal government agendas. The implementation of 
the ETRF agenda and increased retention rates have meant that SASs in English and Mathematics had to ensure 
that they met the needs of students who may not be very literate or numerate and are not tertiary bound. This meant 
that we had to understand how young people become numerate. This involved conducting a journal and resources 
search on numeracy teaching and assessment around the world. This research informed the redevelopment of our 
syllabus.
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Teacher dissatisfaction 
Teachers across Queensland teaching the original Trade and Business SAS (in 206 schools) were surveyed about 
what they thought of this old syllabus and asked for ways of improving it.  We had a 49% return rate – which is 
unusual (the typical return is about 25%). A high return rate means dissatisfaction and spleen venting! The resulting 
39-page report of teachers’ answers to questions and their additional comments (May 2003), guided the revision. It 
revealed that: 

many teachers and students were unhappy with the irrelevant vocational certificates; many students could not 
complete them 

teachers liked some aspects of the existing SAS because their students experienced success 

some teachers were not teachers of mathematics and felt they had been ‘dumped with the vegie maths kids’  

students were not interested in trigonometry or algebra but did like practical activities that meant something to 
them

there were two types of students studying the old SAS, both without well developed numeracy: those who 
were compliant and willing to work on whatever the teacher provided (often a textbook of exercises) and those 
who were considered ‘feral’ and who objected to whatever the teacher provided (yes – a textbook of 
exercises); some teachers did do radical things like not use a textbook – inventing interesting activities that all 
the students enjoyed. 

The syllabus: not your typical mathematics syllabus 

It is different: it is reconceptualised not rehashed 
Prevocational Mathematics is different from all other Queensland syllabuses in Years 11 and 12 in that it has an 
extensive pedagogy section and a large appendix of examples of contextualised assessment that has been 
developed and used with real students. Our P-10 syllabuses provide this sort of help but our senior syllabuses do not 
– an interesting difference which will disappear in the near future. The QSA wants more support in or accompanying 
its senior syllabuses for several reasons: teachers are increasingly busy and do not have the time to keep up with 
current research in teaching; they may be inexperienced, in an isolated school, or not be a specialist teacher of that 
subject; they may be in regional areas of Queensland and unable to attend workshops because of large distances to 
travel and the cost involved.  
It is also different from other QSA mathematics syllabuses because it:  

defines numeracy and does not relegate the term to low ability students 

aims to build student confidence and success by encouraging teachers to: 
view students in terms of what they are able to do rather than in terms of the deficit model 
scaffold student learning carefully and closely  
provide much more support to students 

reconceptualises what is taught by connecting it to the workplace, leisure and informed citizenship 

 reconceptualises how mathematics is taught by: 
placing much more emphasis on pedagogy than content (a problem for textbook writers) 
promoting learning that is truly contextualised: not confined mostly to textbook-based algorithms or 
hypothetical scenarios that do not interest students (again a problem for textbook writers) 

promotes a view of assessment that is not based on traditional examinations. 

Defining numeracy- a minefield of different opinions 
None of the QSA’s senior mathematics syllabuses have defined numeracy. We decided to break from tradition and 
enter the numeracy minefield. This is a dangerous place comprising hundreds of definitions—from those constructed 
by governments for their own agendas to those constructed by academics, employers, parents and students. Much 
can hinge on which definition is used formally or informally by different individuals and organisations.  
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The definition we used in the rationale of the syllabus reflects a broad view of numeracy, not one that is (Steen, 
1999) ‘just an expanded list of topics to be added to the mathematics curriculum’ (p. 3) or one that has the subtext of 
deficiency —‘less mathematics’ or ‘under-achievement’ (O’Donoghue, 2002, p. 49). This definition is a combination of 
one used by the McLean (1997, p. 5) and a longer one by Gal, van Groenestijn, Manly, Schmitt, & Tout (1999). 

Numeracy is the ‘effective use of mathematics to meet the general demands of life at home, in paid work, and for 
participation in community and civic life’. Numeracy is more than being able to operate with numbers. It requires 
mathematical knowledge and understanding, mathematical problem-solving skills, literacy skills and positive 
beliefs and attitudes. When students become numerate they are able to manage a situation or solve a problem in 
real contexts such as everyday life, work or further learning. This involves responding to these contexts by 
identifying or locating, acting upon, interpreting, and communicating mathematical ideas and information. 
Students learn to represent these ideas and information in a number of ways. (syllabus p. 3). 

This definition: 

links directly to the way the Australian National Reporting Standards (NRS) for numeracy are constructed: 
around making meaning, problem solving and communication—we developed our ‘expectations of the learner’ 
from their level 3 and some level 4 expectations 

takes account of the shift from a focus on ‘an immutable, discrete set of mathematical concepts and skills’ to 
‘multiple practices’ shaped by, or situated in social or cultural contexts (Johnston, 2002, p. 20). 

Not the deficit model: reconceptualising the ‘who’— building student confidence and success 
We know that a syllabus cannot by itself alter deeply-held beliefs. The teacher survey results told us that the 
transmission mode of teaching via a textbook was alive and well, and that students were blamed for failing to 
achieve. The students were viewed as deficient in many areas of mathematics, and in their attitudes to using 
mathematics. So there was a need to help teachers reconceptualise the students they were teaching (in terms of 
numeracy and how to re-engage low achieving adolescents). We agreed with Marr and Tout (1997) that 

numeracy teachers…..needed to confront their assumptions about mathematics and mathematics teaching if 
they were to offer effective learning experiences to students who had not been successful in the traditional 
mathematics classroom. (quoted in Johnston,2002 p. 48). 

Non-mathematics teachers also teach this subject so their assumptions needed to be confronted as well, but all this 
confronting had to be done gently. There was also a need to help students reconceptualise the mathematics 
curriculum and the purpose of the mathematics classroom. We believe our SAS can help teachers discard the deficit 
model and build student confidence and success (which will in turn help students to disregard their own deficit views 
of teachers). 
Teachers need help to ‘confront assumptions’. We have provided this in two ways: 

To help teachers establish a positive learning environment at the start of a course, the SAS provides an 
outline of possible lessons, a worksheet and sample of a learning contract. This has been adapted and 
developed from Marr & Helme, (1999) by of one of our subcommittee teachers and used for several years 
with low achieving adolescent boys. She says that the change in their attitudes to mathematics in the first 
three weeks of Year 11 is phenomenal; they are happier and more willing to work together. Other teachers are 
now using this material and experiencing the same attitudinal change from their students and in themselves. 

We have also outlined the features of a supportive learning environment in the introduction to the section on 
teaching strategies. This helps teachers to confront assumptions concerning how to teach mathematics and 
what their classrooms might be. The information borrows from the approach in primary schools, which, for a 
variety of reasons, we don’t often use in secondary schools. 
Syllabus extract: In a supportive learning environment:

learning is cohesive: highly-structured, scaffolded and in manageable steps under close supervision 
students’ own experiences are valued and used as starting points for teaching instead of viewing 
students in terms of the ‘deficit model’  
activities are varied sufficiently to increase attention span and improve memory by: 

allowing students to move around to other locations in the classroom (or outside as a class) for 
some activities rather than remaining continuously desk-bound 
including whole- and small-group class discussions, roleplays, seminars, etc. rather than relying 
primarily on ‘teacher talk’ 
using humour where suitable to engage the emotions 
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assistance such as hints, rules and modelled examples are provided to help students make informed 
decisions 
more than one opportunity is provided for students to demonstrate their understanding 
adequate time is provided for students to process information 
encouragement and constructive feedback are given freely 
students are praised, reassured and rewarded for improvement in learning — thus the learning 
environment is non-threatening 
there is a range of different stimuli such as posters (that are changed regularly), plants, soft background 
music, videos, guest speakers, games, computer software, manipulatives. 

From discussion with our subcommittee, tertiary contacts and advisory committee, and from our own teaching 
backgrounds, we know that many teachers are afraid to be creative. This is because they assume that mathematics 
is about algorithms, and therefore so must numeracy be. They needed permission to be creative and examples of 
how to do this. Our new SAS provides lots of examples of different learning experiences, assessment ideas, teaching 
strategies and contextualised ‘projects’.   

Reconceptualising the ‘what’
When considering the ‘what’ of the SAS, the following points made by Forman & Steen (2000) served almost as 
guiding ‘principles’: 

many mathematics teachers have ‘virtually no experience using mathematics in real work contexts’ (hence we 
would provide examples) 

‘many studies show that adults rarely use much of the mathematics they learned at secondary school’ (hence 
we had to decide what is of use after school) 

‘workplace tasks typically require sophisticated problem solving using primarily elementary mathematics’. (p. 
86)

School versus workplace mathematics 
Workplace mathematics is often very different from school mathematics. Workplaces, with their own social and 
cultural practices, require that workers use workplace-specific numeracy practices to ensure efficiency – these differ 
from workplace to workplace, even in the same industry. 
According to Vergnaud, (2000)  

the mathematical domains that appear again and again in the routines at the workplace are: proportionality, 
graph reading, map reading, evaluation and approximation. (page XVIII).  

This observation belies the conundrum that, in some industries, the mathematics (to a mathematician) is overt 
(carpenters read an imperial-to-metric conversion table), while in other industries, there ‘appears’ to be no 
mathematics involved at all.  
For example, boat builders mix fibreglass and binders by the feel of the mix, adjusting the amount of binder by trial 
and error depending on conditions, such as on a humid or cold day, pool builders do not use formal measurement 
and geometry— instead they estimate by eye (among other ‘tricks of the trade’) the number of truckloads of soil to be 
removed (Zevenbergen, 1995). 
These different ideas about what mathematics is or is not in the workplace can be traced to different perceptions of 
what is numeracy. These different perceptions are also held within workplaces. Numeracy in the workplace research 
(in which the QSA is an advisory and funding partner) involving school leavers working in 19 Gold Coast small 
industries, revealed that older employers saw numeracy as related to number work only (pencil and paper calculating 
and mental arithmetic). In sharp contrast, school leavers and younger employers saw numeracy as ‘an applied 
notion’ —they did not bother with mental calculations or algorithms when a calculator or computer was handy; they 
viewed problems holistically, applying their number sense, problem solving and estimation skills (Zevenbergen, R. & 
Zevenbergen, K. 2003). The definition of numeracy used in the SAS supports this latter view. 
No school mathematics syllabus can hope to teach students how mathematics is used in every workplace, nor could 
such a syllabus keep up to date with the rapid changes in workplace practices. Our SAS takes account of the above 
research by preparing students for the workplace through: 

explicitly promoting calculator and computer use  
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revisiting the mathematics from the compulsory years of schooling in a way that appeals to young adults 

promoting development and use of range of mathematical skills such as,  
estimation and approximation 
multiple problem-solving strategies (including evaluating) 

taking a more applied approach to teaching mathematics (encouraging teachers and students to ‘see’ 
mathematics in everyday activities) 

providing examples of numeracy in the workplace 

encouraging schools to organise work experience for Prevocational Mathematics students so they can see 
numeracy as situated practice and apply some of what they learned in school. 

Organisation of the mathematics 
In the SAS, the mathematics is intertwined through the general objectives of knowing, applying and explaining. 
These are defined below: 

Knowing involves knowledge of content and the use of basic skills such as working with given rules, operations 
and procedures in simple situations. It also involves learning how to use measuring instruments and calculators. 
The use of computer software is strongly encouraged. The recall of rules is not a requirement of this objective. 

Applying involves students using familiar mathematics in different contexts in a supported environment. This 
means that when carrying out tasks, students interpret and analyse these contexts to identify familiar 
mathematics. This allows them to develop strategies (for example, organising, comparing and validating), select 
and apply rules and procedures (for example, measuring, calculating) and, where relevant, predict consequences 
and reach decisions.

Explaining involves students using basic mathematical and everyday language to present and explain their 
responses to tasks in both familiar and different contexts. Their responses can be presented in various forms for 
different purposes to suit the task: orally, visually or in writing. To explain their responses, students describe, 
state opinions, outline arguments, comment on and give reasons for suggested consequences, proposed 
recommendations or decisions. (Syllabus, p. 7). 

Content in contexts; five topics 
The SAS outlines five topics that are not studied as stand-alone, but in combination and in contexts that are 
meaningful to students. The topics may be revisited in different contexts during the course. They are grouped into 
three categories according to the purposes and functions of using mathematics in various contexts. They are based 
on the framework of the 2002 Victorian Certificate in General Education for Adults (CGEA) developed by Language 
Australia. 
The five topics are: 

Mathematics for interpreting society: number (study area core) 

Mathematics for interpreting society: data 

Mathematics for personal organisation: location and time 

Mathematics for practical purposes: measurement 

Mathematics for personal organisation: finance. 

These topics were designed to link directly to the Years 1-10 Key Learning Area Mathematics (KLA) syllabus both in 
content and pedagogy. The KLA has eight levels: foundation, levels 1-6 and beyond level 6 discretionary outcomes. 
Prevocational Mathematics presumes that Year 11 students enter the subject having achieved level 3 or 4 (about 
grades 5-7) outcomes or equivalent. In contrast, to enter Mathematics B or C for tertiary entrance, students have to 
achieve the beyond level 6 outcomes, usually in Year 10.
Threaded through the topics are most of the mathematical demands in: 

the numeracy component of the Certificate II in General Education for Adults (CGEA)  

the entry level trainee requirements in ten training packages (O’Callaghan, 2000)    

six of Steen’s ‘seven strands of quantitative thinking’ (1999, pp.3-4), suggested for grades 5-9, excluding 
finding unknowns by manipulating symbols or using models which is too abstract for students; the strands are: 
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higher arithmetic (ratio, percentage, proportion) 

measurement geometry in two and three dimensions (length, area, angles, volume) 

data analysis (graphing data, estimating error, we did not use the term ‘statistics’ as it has connotations 
for teachers of complex formulae) 

mental arithmetic (estimation, approximation, mental calculation but not requiring ‘exact’ mental 
calculation) 

argument and persuasion (types of reasoning, using quantitative evidence) 

chance and risk (we did not use the term ‘probability’— instead students estimate, compare and 
control risk). 

In developing the finance topic, we relied heavily on the Financial Literacy in Schools, ASIC (Australian Securities 
and Investment Commission) discussion paper, June 2003. This paper defined financial literacy (or ‘numeracy’ in 
terms of our syllabus) as: 

the ability to make informed judgments and to take effective decisions regarding the use and management of 
money (p. 12).

Reconceptualising the ‘how’ 
To help teachers reconceptualise their own teaching practices we used twelve of the thirteen strategies outlined by 
Ginsburg and Gal (1996). These strategies, which drew upon an overview of more than 20 years of research focused 
on adults who had “deep-seated negative beliefs and attitudes towards….mathematical learning” (p. 1).  
We incorporated into these strategies: 

practices that our subcommittee of teachers had developed that were effective in re-engaging students 

ways of changing the classroom environment to take account of brain research and adolescent learning 

research on effective teachers of numeracy (Doig, 2001) 

the teaching strategies in the CGEA. 
The strategies are listed below – they are expanded in detail in the syllabus (pp. 31-41).

1. Ascertain and evaluate attitudes and beliefs regarding both learning mathematics and using mathematics: 
getting to know your students. 

2. Determine what students already know about a topic before instruction. 
3. Provide opportunities and time to explore mathematical ideas with concrete or visual representations and 

hands-on activities. 
4. Encourage the development and practice of estimation skills. 
5. Encourage development of mental mathematics skill as an alternative computational strategy. 
6. View computation as a tool for problem solving, not an end in itself. 
7. Encourage the use of multiple solution strategies  
8. Develop students’ calculator and computer skills. 
9. Provide opportunities for group work. 
10. Provide opportunities for students to communicate about mathematical issues. 
11. Plan for practical and contextualised learning. 
12. Develop students’ skills in interpreting numerical or graphical information in everyday texts. 

The notion of contextualised learning and assessment permeates all the research on the teaching of mathematics 
and the development of numeracy. What we are promoting is that teachers use contexts that students are interested 
in and which are relevant to them (be it ‘schoolies’, the ‘formal’, mobile phones, childcare or buying a car) rather than 
what we, as teachers, think is relevant. We encourage teachers to  
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think of mathematics not just as tasks on school worksheets but as something that arises naturally in many 
contexts’ (Steen, 1999, p. 3). 

Reconceptualising assessment: but I have to have an exam 
Just as assessment grows out of learning experiences, the assessment strategies were developed from the teaching 
strategies listed above. The following quote from the syllabus, summarises the intent of assessment: 

Regardless of whether assessment is informal or formal, it should extend well beyond examining students’ ability 
to find the right answer for a computational exercise. It should assess the many additional skills and knowledge 
areas that are part of being numerate, such as interpreting claims about data, acting upon numerical information 
in technical documents and forms, applying mathematical reasoning and solving realistic problems, 
communicating about mathematical issues and explaining one’s reasoning (p. 45). 

The assessment strategies are listed below. They are outlined in detail in the syllabus (pp. 45-48).  
1. Conduct assessment mostly in class time. 
2.  Encourage students to talk about what they are doing and the choices they are making. 
3. Develop contextualised assessment tasks. 
4.  Use open-ended extended tasks that may have more than one reasonable solution and/or solution path. 
5.  Assess a broad range of skills and reasoning processes using a range of written and non-written methods. 

The syllabus also states that:  
Because this study area specification emphasises contextualised assessment of a broad range of skills and 
reasoning processes and is not test-based, it is strongly recommended that examinations be kept to a minimum 
or not used at all. If they are used, then they should be ‘open book’ — students should be able to bring resources 
to the examination to help them. (p. 46).

Making judgments about student work 
During a course of study, students develop a folio of evidence upon which teachers make judgments about student 
achievement in the general objectives of knowing, applying and explaining. QSA syllabuses use a framework for 
making these judgments. This framework comprises criteria and standards. The criteria: knowing, applying and 
explaining are derived from the general objectives. The standards awarded for each of these criteria are descriptions 
of the typical performance of a student on a scale from A to E. A set of principles of assessment is used to assist 
teachers to come to an exit judgment and overall level of achievement. For this reconceptualized SAS, we provided 
additional advice to teachers to help them apply the standards. This advice required them to take into account the 
nature of support that different students will need during assessment, to help them achieve. 

Implementation: introducing the SAS to teachers 
At a series of fourteen workshops across Queensland in 2005, teachers were encouraged to share with their peers 
what they did and to try to be creative in developing learning contexts for their students. One teacher took his 
students to cemeteries – to do ‘cemetery maths’, another did market gardens, another did the mathematics of 
murder. A teacher at Chinchilla, in the far west, planned to buy poddy calves and do the mathematics of growing and 
selling them (and the mathematics of slaughtering them too!). We did not put this last idea in the SAS (can you 
imagine it in a textbook?).  
These creative teachers were fearless and had supportive administrations. They confidently and enthusiastically 
‘sold’ their ideas to the fearful teachers at the workshops. We encouraged the teachers to have fun with the students 
and to always ask students what they thought of the activity: how could it be improved; did they understand what they 
were trying to do; did they have success?.  This was another ploy to view students differently: as people whose 
opinions do matter. 
Teacher feedback about the syllabus as presented in workshops, varied but was predominantly positive. Below is a 
sample of teacher evaluations: 

Love it – it frees me up to do what I want and what the kids are interested in. 
So easy to read and so many good ideas. 
Love it but I am not very creative, so where is the textbook? 
Well it is not real mathematics is it? 
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Conclusion
In reconceptualising this Year 11-12 syllabus, we have met the needs of teachers and followed state and national 
government directives to produce a syllabus that is grounded in extensive research and supported by samples of 
good practice, lots of ideas and resources. It is connected to the Years 1-10 Mathematics syllabus and provides a 
way of building students’ confidence and success. Implementation has commenced in 2005 with a predominantly 
positive response from teachers at workshops. They appreciate the scope of the syllabus and the opportunity to be 
creative in developing ideas for contexts.  
Entrenched behaviours and lack of time to be creative or even laziness for some teachers mean that we have heard 
the comment several times ‘love the syllabus but where is the textbook’ (in pleading tones). We know of at least one 
publisher in Melbourne who has commented to us that their writers were going to have difficulty writing a textbook 
because the syllabus did not lend itself easily to a textbook –now you know why. 
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In this paper we analyze two case studies by means of observing a learning situation in which various 
adults work on the concept of proportions in a dialogic way. Our main aims are to reveal how 
differences influence mathematics learning, and which positive interactions producing meaningful 
knowledge can be considered by means of dialogic learning. We based our analysis upon both socio-
cultural and cognitive perspectives of mathematics education. From a methodological point of view, we 
use cognitive trajectories in two in-depth case studies to control the influences of interactions in 
proportional reasoning. We analyze some aspests in order to improve the numeracy teaching, learning 
and assessment practices into the mathematics classroom. In this paper we conclude that each person 
tries to justify the solution they provide, seeking arguments that allow them to sustain their point of 
view. Through this dialogue, learners could overcome their difficulties and improve their mathematical 
knowledge. 

Introduction
Last year (2004) Spain received 686 224 immigrants more than the year before6. In such a context, issues like 
interculturalism, respect for difference, and guaranteeing the same opportunities for everyone, stand out in today’s 
educational debate. One of the concerns that people who teach in Adult Education have is how to address classes 
with increasingly diverse people. We find men and women of different ages and backgrounds in the classroom, who 
have different cultures, languages and ways of understanding the world. We present two case studies in which we 
have worked with two groups of people in the School for Adults La Verneda – Sant Martí (Barcelona, Spain). The 
focus of this paper is the meaning production in Adult Education related to Mathematics in proportional situations. 
The contents related to proportionality are used to illuminate the role of language and interaction in building abstract 
meaningful mathematical knowledge appropiation. Our main aim is to see how sociocultural differences imply 
different roles of language in mathematics reasoning in an adult dialogic perspective, but do not imply difficulties for 
productive interactions.  

Theoretical framework 
Adults’ learning is different from regular school education7 because adults have many prior experiences that we must 
not forget in our pedagogical practices.8 Previous studies demonstrate that the way of using mathematics depends 
on prior socialization (Berger & Luckmann, 1988).  In Spanish adult schools we have groups with extremely different 
previous experiences and backgrounds. Therefore, in analyzing cognitive data, we must consider many non-
academic sociocultural elements influencing adults reasoning and arguments.  In such a perspective, diverse authors 
have centered their research on the study of non-academic mathematical skills and they affirm the existence of a gap 
between the mathematics learnt at school and that used in other contexts and the need for a framework of equity 
(Civil 2004). We all have non-academic ways and procedures for solving problematic situations that imply the use of 
mathematics, and everyone uses these procedures that they have acquired throughout their life according to the 
cultural context in which they have grown up. In fact, research has moved on to show that people participate in more 

6 INE. 2004. Cifras INE. Informative Bulletin of the Instituto Nacional de Estadística. Madrid. Available in digital versión at http://www.ine.es.
7 We refer to education devoted to compulsory education until the age of 16.  
8 In Europe, we have made many efforts in this field. EU financed a set of research projects about “previous experiences as an important 
concept and presented results by means of APEL (Assessment of Prior Educational Learning policies), applied successfully in the UK or 
Sweden. For information on CREA – Center of Research in Theories and Practices that Overcome Inequalities, see http://www.pcb.ub.es/crea.
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than one context. So, the same person may indeed draw on different mathematical resources/knowledge depending 
on the context/practice in which they have participated.   
In this paper, our hypothesis is that sociocultural differences do not negatively affect mathematics learning through 
discourse in a dialogic learning framework (Flecha 2000) which uses informal proportional perspectives (Kaput & 
West 1994) and legitimates participants’ different prior experiences. Our perspective starts from Zevenbergen’s 
(2000) analysis of the mathematical code of the discourses that are produced in the classroom from the cultural 
perspective of Bourdieu (1979). As we can see in these studies we also assume that some practices can turn into 
excluding factors for some students because the language that they use does not coincide with the formal language 
that is used in the classroom. We also accept according to Wedege (2002) and FitzSimons (2004) the need for re-
reading the theory of codes and control by Bernstein (1977, 1996), and applying it to the teaching of mathematics. 
We consider dialogue in a constructive critical way (AlrØ & Skovsmose 2003), and we try to understand how speech 
acts (Searle 1980) can improve adult learning reasoning even in a diverse “dialogic” egalitarian group (Flecha 2000) 
to reveal the role of informal proportional reasoning in adults’ interactions for improving meaning productions. 

Methodology used
We have carried out two case studies in the School for Adults La Verneda - Sant Martí, in Barcelona (Spain). Six 
women formed our first group, in 2003. With this group we created our methodology, as well as a booklet of 
mathematical activities (in paper and digital format). These adults worked on the theme of proportionality during 
various sessions.9 Six adults also constituted the second group. This group of people had very different backgrounds: 
there were two Spanish people, one person from Senegal, two from Morocco and one from the Dominican Republic. 
The two Spanish people were two women who did not study in their early life but have decided to study now. The 
person from Senegal was a man whose business degree from his country is not recognised in Spain, hence his 
studying to obtain a degree in Spain. The two Moroccan individuals were also men: one of them only attended 
primary school, the other attended college but he was not able to finish his degree. Finally, the person from the 
Dominican Republic was a woman who, like the Spanish women, did not attend formal schooling when she was 
young. In order to collect information for our purposes, we analyzed one of the sessions using a digital video-tape 
(approximately 70 minutes) from our first group. In our second group we conducted in depth interviews that we also 
recorded. 

Table 1. Examples of mathematics activities.  

Task 1

In this stand at the market they have elaborated a board 
on which they calculated the price of various weights, 
relieving them from having to calculate the price each 
time they make a sale.    Complete the following table:     

Weight (kg) 1 2 3 4 5 6 7 8 
Price€ 3 6       

Task 6

If we approach or move away from things that surround 
us, they look larger or smaller. Try it out: join someone 
and together try to measure the height of the classroom 
door. What is bigger, your colleague or the door? Do you 
think if you begin to walk forward or backwards that there 
will be a point at which your colleague is the “same or 
equal” height as the door? What distance were they from 
the door in order for this to happen?

Task 1: Example of a task from the mathematics book 
AA.VV. 2002. Matemáticas. Educación de personas 
adultas. Barcelona: El Roure. Page 152 

Task 6: Example of one of the tasks on the mathematics 
web site <http://www.neskes.net/mates>

In order to analyze the speech acts and the way that adults argue about a proportional situation, we used several 
categories (Díez-Palomar, 2004): PC: particular case; DP: diverse particular cases; CI: comprehensive interpretation;
GR: generalised recognition. These four categories allow us to distinguish the arguments that correspond to concrete 
examples or questions from arguments that move to more abstract ideas. On the other hand, in order to understand 
how interactions between people within the classroom affect them, we have used the following categories of analysis 
of the functions of language: p: provocation; a: agreement; er: explicative response; de: doubting enunciation; ae: 

9 In those sessions adults worked on 10 activities about proportions, in which elements of daily life (like the activities that were proposed in the 
context of a market place) were combined with more theoretical elements (such as questions, as for instance, about the meaning of the 
proportionality constant). The first five questions are “problems with text”, that are characterized by presenting an explicit context, with a single 
formulation and a single possible solution. On the other hand, in the last five, we find “problems of daily life” (in which the context appears only 
partially, and the solutions can be varied).  



99

assertive enunciation; cc: clarified correction (Diez-Palomar, 2004). Using these categories for the analysis, we have 
built what we call “cognitive learning trajectories” (CLT). The developments are in a graphic representation where we 
locate the different sentences that appear in the dialogue among the people who intervene in a class or in the in 
depth interviews. The sentences were categorized using the categories presented above. CLT have served as an 
innovative methodological tool to study the dialogues that are produced within the classroom, while people in the 
mathematics group solve different situations. We also analyzed interactions in terms of illocutionary and 
perlocutionary speech acts (Searle, 1980). A perlocutionary speech act is one that convinces or produces an 
intended or unintended action or feelings, while an illocutionary speech act is one performed in the saying, not 
explicitly intending to bring about change. In the case of teaching, perlocution carries the authority so conviction 
through authority, while illocution puts the information on the table, so to speak, and allows the receiver to decide on 
how to interact with it.  

Findings
Let us begin with an example to see how we develop the analysis, comprehensive interpretation and findings. In our 
first case study, persons 4, 5 and 6 were discussing an activity that consists in discovering the proportional 
relationship that exists between the height of a door and that of the teacher, while the latter walks towards or backs 
away from the door (See Task 6 in Table 1).  

P6.- If she is in front of the door (the teacher), from far she looks bigger.  

P5.- If you walk further away, you see the same or… 

P4.- No, I don’t think so, I think she will remain smaller (case study 1). 

In this piece we can see different illocutionary interpretations: on the one hand person 6, who has a clear idea of the 
functional idea of proportionality (that is to say, he/she sees that it is a relationship in which one measure depends on 
the other); and on the other hand, person 4, who does not really see that relationship. The dialogue established leads 
to the conclusion that there is a relationship of proportionality between the distance of people in the group in relation 
to the teacher and the door.  

P1. Can my height be the same as the door?

P5. Well, I don’t…it depends on the distance you look at the door from.    

P1. Look to see if at any point you see me the same as the door …  

P5. From here, no…  

P1. What about if I stand here, in front of you all?  

P4. Ah, yes, if you stand there…  

P6. You look taller, of course, if you see it like a prism… (…)   

P6. Then of course, if you get really close to us, then it does look like you were the same height as the door. 
Because we are...but if you would stand here like it says, then of course, we would see everything as being very 
far in proportion (case study 1).  

On the basis of video tapings we have identified different CLTs (see figures 1-3) revealing what happens in the 
interaction by adapting the type of graphs proposed by Dreyfus, Hershkowitz and Schwarz (2001). In fact, the lines 
reveal how the adults achieve more abstract language and higher levels of proportional reasoning (inscribed in 
successive circles) according to time. Thus, different people’s interventions appeared in the dialogue (p1, p2, and so 
on), revealing an increasing trajectory (See Diez-Palomar, Giminez & Garcia, 2004, for a detailed explanation of such 
trajectories).
In the fragment of the transcription that we reproduce, we see the dynamic of one person who is the protagonist of 
the cognitive learning trajectory in an activity: towards the end of the fragment she enters into a dialogue with herself 
(a kind of monologue) in which she goes through the particular cases to recognise what is implicit in the rules of 
proportionality.  
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Figure 1. Cognitive learning trajectory from activity 1(a) (case study 1). 

The next CLT comes from our second case study. The person was using a cooking receipt from Senegal to illustrate 
the concept of proportion. To do it he used a “generalized recognition”. In this case, we observe that this person uses 
a typical didactic strategy that is a specific example for the explanation or exemplification of a general idea. The 
shape of the CLT is shown in figure 2. 

Figure 2: Cognitive learning trajectory from an in-depth interview (case study 2). 

From a semantic point of view, we observe that in this situation (figure 2) there was a mistake in lexicon, in the word 
that this person uses when referring to the proportion. He associates “proportion” with “equivalence”. While he is 
doing this he confuses “equivalence”, which is a relation like a = b, with “proportion”, that is a relation like a/b = a’/b’. 
While explaining his point of view, he related how the amount of meat and onions he buys changes depending on the 
number of guests that will come for dinner. Therefore we are directly confronted with an example of direct 
proportional relation. This demonstrates that he understands the concept, but he had difficulties with the language: 
he didn’t find the right word to describe it, because Spanish was not his first language. He knew the meaning of the 
concept. The difficulty was in the code (language), when he explains the word in the context of the “generalized 
recognition”. 

From concrete to abstract process 
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P1.- I think when you talk about the proportion it is to 
do the equivalent, or calculating prices that can be 
done when you go to the market… maybe… I, for 
example, prepared a iasa... a iasa is onion with 
meat. So then it is for going there and you check the 
prices of the meat…” (case study 2) 
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P1: Yes, but look at this, what do you think that 1, 6, 2 and 6 can 
mean? 
(...)
P2: Let’s see now, 1 kg... brings in Euros 3€, 2 kg, 6 €... so it 
would mean calculating the cost of the other kilos, what they 
cost, right?  
P1: Yes, 3 kg? 
P2: It would be 9 €, wouldn’t it? And all of them like this 
successively. 
All: Yes! 
P2: You continue now? <to a colleague>   
P3: Well I am an amateur.  
P1: How much would 4 kilos be, for example... 
P3: Let’s see. Wait. 3 times 4 equals 12. And 3 times 7... 21. 
And like this. And 6 times 3 equal 18 Euros. 3 times 5 equal 15 
Euros. 3 times 4 ... 12 Euros, and 7 times 3 equals 21, and 8 
times 4 <another colleague-P5- corrects 8 times 3> 8 times 3 
equals 24 <fills out the results in the corresponding space, but 
does it jumping, beginning at the end, and moving upwards> 
(case study 1) 

Legend 
PC – particular case p – provocation 
DP – diverse particular cases er – explicative response 
CI – comprehensive interpretation de – doubting enunciation 
GR – generalised recognition ae – assertive enunciation 
 cc – clarified correction 
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Figure 3: Cognitive learning trajectory from an in-depth interview (case study 2). 

This CLT (figure 3) belongs to a dialogue between two people who are solving a problem contextualized in a market 
(case study 2). Person 1 first turns to an academic strategy to solve the problem: “regla de tres” (three rule).10 In 
other words, he tries to use a general rule for a specific case that he encounters in this activity. He turns to his prior 
academic experience, and presents a concept that has nothing to do with directly explaining the proportion: the 
unknown quantity. On the contrary, person 2 explains the relation between the two numbers that are written in the 
table that appear in the book that they are using in the session. While proceeding this way, he realizes that in 
multiplying the number of kilos that appear in the table by 6, he figures out the price. Person 1 attempts to apply the 
“three rule” to the problem and has difficulties. At one point he switches to French, which is his native academic 
language.  
Now let us see what happens in a lineal trajectory (figure 4).  

When change occurs here, we observe that it is when P1, the teacher, uses dialogue with a perlocutionary aim, it 
means influencing the response of the participant. This type of action occurs fundamentally in the part of the task that 
implies a technique of calculation associated with the content, and in which the teacher understands that she must 
give a secondary role to student dialogue in this case in order to prioritize the reasoning that leads to a process of 
resolution. In these cases, provocations attain mechanical responses, because the teacher wants to break with the 
traditional contract that the importance lies in the result (given that she does not want to insist, in that moment, that to 
provide an answer there must be a conversion of measures), but it is not understood well by the adults who are still 
committed to this contract. 
These examples allow us to see the importance of egalitarian dialogue in learning. When this dialogue exists in a 
perlocutionary manner based on the position of power of the teacher, there is an exchange of questions and 
responses that does not leave room for re-thinking or comprehension of the mathematical concepts. On the other 
hand, when dialogue takes place from the illocutionary point of view, or in the case of perlocutionary, based on 
claims of knowledge (in terms of Habermas), it appears to be a source of “creation of meaning”, that is to say: the 
person is capable of using the concept on which he or she reflects, and endows it with meaning.

10 Regla de tres in Spanish is the concept used to describe the mathematical strategy that is applied to solve situations where there is one 
unknown element. For example, if one kilo of bread costs 2 euros, how much will 2 kilos of bread cost? It is called regla de tres, because 3 of 
the 4 elements of the equation are known, while the fourth is unknown.  

From concrete to abstract process 
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Interviewer.- If I ask you whether the relation between kilos of 
sausage and its price is proportional or non-proportional, how 
would you know? Remembering everything we have said up to 
now.
P1.- You can know it, mathematically speaking, if I do… it costs me 
6 euros, or any other price, whatever amount, it can be x, therefore, 
the price that I want is…  
<He wrote> 
18 ------> 6 
x -------->  
<And he realizes that something does not work…. Then he begins 
to reflect...> 
P1.- ...how am I going to do it? Well ha ha… one kilo, 6 euros.... X 
kilos, c’est... for example, I want to know how much will 7 kilos cost 
me <he says it in French, because he was a little nervous>, then 
you do, 1 costs 6 euros, then 7, how much it costs?  
Interviewer.- Aha, very good.  
<P2 calculates 6 * 1, and then 6 * 3, in order to know the relation. 
But he does not know what it is called; he turns to a specific 
explanation. > (Case study 2) Interviewer
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DP – diverse particular cases er – explicative response 
CI – comprehensive interpretation de – doubting enunciation 
GR – generalised recognition ae – assertive enunciation 
 cc – clarified correction 
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Figure 4. Cognitive learning trajectory from activity 3 (case study 1). 

When someone is able to use an abstract concept to make concrete examples (in order to explain their meaning, for 
example), it indicates that they really produce better proportional meanings (given that they are able to use it in 
diverse concrete situations). This is what occurs when a person tries to help someone understand (through 
arguments) the meaning of proportional issues by using their own previous experiences (for example in the case of 
the shopping in Figure 2 and 3), and in many cases accepting the “other’s” perspective. It also means that productive 
interactions are possible in such a framework.  

Conclusions 
Through the different examples that we have analyzed in this paper, we can observe how people solve different 
problematic situations by using dialogue. Each person tries to justify the solution they provide, seeking arguments 
that allow them to sustain their point of view. Through this dialogue, people’s different cultural traditions may be 
present in the classroom.   
We can observe that the fact that each person utilizes a different register to talk about the activity of mathematics 
does not constitute a difficulty in learning the mathematical concept of proportion. In an environment based on 
egalitarian learning there is room for every interpretation, as long as they are products of an argument oriented to 
finding a solution and not a point of view imposed by someone in the group. When a dialogic learning process takes 
place, everyone in the group can solve the activities “in their own way”, making use of methods that they have 
learned previously. On the other hand, in a learning environment that does not include all voices, where everything 
depends on teaching, which is considered to be the “normal” way (Gorgorió & Planas, 2004), difficulties arise given 
the existence of different codes (even languages) between people in the classroom.  This becomes clear when we 
analyze the discourse, bearing in mind its effects, be it illocutionary or perlocutionary (Searle, 1980).  
Regarding the dialogue established, we recognize that illocutionary approaches encourage dialogue, which is the 
fundamental path taken by adults for learning and jointly constructing the meaning of abstract mathematical 
concepts. We also found that perlocutionary speech acts can encourage learning, but can also create barriers when 
the speaker uses a position of power that breaks with egalitarian dialogue.   
From our experience, we raise some important differences for proportional reasoning:  
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P7: A person takes sixty minutes, two people: 30, 3 
people, 20 ... am I not doing it right? 
(...)
P7: Five people , half of 7.5 ... it would be ... 
P6: 3.75 
P1: 3.75 converted to minutes ... 3 hours... 
P7: What do you mean pass it to minutes? 
P1: Yes, pass it to minutes …it’s like 3.5 is three hours 
and 30 minutes, in this case ... 
P7: 3 hours and 45 minutes.  
P6: 3.75 ... 
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PC – particular case p – provocation 
DP – diverse particular cases er – explicative response 
CI – comprehensive interpretation de – doubting enunciation 
GR – generalised recognition ae – assertive enunciation 
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(i)  between ontological and symbolic objects,  
(ii)  between material properties (what is near and far) of proportional meanings and mathematical (ideal) 

properties of proportion (mathematical morphism properties);  
(iii)  between everyday objects (comparing distances, for instance) and mathematical objects (function with 

a linear equation formula);  
(iv)  between natural (size of shapes) and naturalized (increasing or decreasing observations) objects, and 

unfamiliar objects (linear equation).  
Egalitarian dialogue encourages participants’ learning, because they have to seek the correct arguments to justify the 
solutions that are proposed in the different problems. On the other hand, when the teacher directly provides the 
answer to the problem, without leaving room for dialogue in the classroom, adults are limited to agreeing without 
understanding the meaning of these reasonings. This is clear when linear cognitive trajectories appear. It was also 
observed that egalitarian dialogue elicited the differences in meaning production for mathematics objects, in our case 
proportion. Such possibilities were successful because of the intentional position of introducing productive 
interactions, avoiding the figure of meanings being somehow worked into people´s minds (Lins, in press). 
Therefore, all of this can help us to obtain a practical consequence for orienting the development of the curriculum in 
classrooms for adults: the inclusion of every voice from an egalitarian point of view contributes to breaking barriers 
that are encountered by adults from different cultures and educational backgrounds instead of making decisions 
based on normative, prescriptive, or based on “ended” knowledge.  

References
ArlØ, A., & Skovmose, O. (2003). Dialogue and mathematics education. Dordrecht: Kluwer.  
Bernstein, B. (1977). Class, codes and control, vol. 3 London: Routledge & Kegan Paul. 
Bernstein, B. (1996). Pedagogy, symbolic control and identity: theory, research, critique.  London: Taylor and Francis. 
Bourdieu, P. (1979). La distinction. Critique sociale du jugement. Paris. Éditions de Minuit.  
Civil, M. (2004). Lessons learned from research on the intersection of culture, social class, and mathematics education: implications for equity. 

Icme-10. Copenhagen. Denmark. 
Díez-Palomar, J., Giménez, J. & García, P. (2004). Cognitive trajectories in response to proportional situations in adult education. Icme-10.

Copenhagen. Denmark.  
Díez-Palomar, J. (2004). The teaching of maths in adult education. A dialogic model. Doctoral dissertation presented at the University of 

Barcelona, supervised by Dr. J. Giménez Rodríguez, & Dr. P. García Wehrle. 
Dreyfus, Hershkowitz & Schwarz (1998). Reflective processes of a mathematics classroom in a rich learning environment. Paper submitted to 

Cognition and Instruction.  
Dreyfus, Hershkowitz & Schwarz. (2002). Mathematics curriculum development for computarized environments: a designer-research-teacher-

learner activity. In English, L. D. (ed.), Handbook of international research in mathematics education, (pp. 657-694). Mahwah, New 
Jersey, London: Lawrence Erlbaum Associates Publishers. 

FitzSimons, G. (2004). An overview of adult and lifelong mathematics education. Icme-10. Copenhagen. Denmark. 
Flecha, R. (2000). Sharing Words. Theory and Practice of Dialogic Learning, Lanham: Rowman & Littlefield. 
Gorgorió & Planas (2004). Social representations as mediators of mathematics learing in multiethnic classrooms. European Journal of 

Psychology of Mathematics Education. Special Issue, edited by Guida de Abreu and Ed Elbers, on Mediation in Multicultural Classrooms.  
Kaput, J. J., & West, M. M. (1994). Missing-value proportional reasoning problems: Factors affecting informal reasoning patterns. In G. Harel & 

J. Confrey (Eds.), The development of multiplicative reasoning in the learning of mathematics. (pp. 235-287). Albany: State University of 
New York Press.

Lins, R. (in press). Characterising the mathematics of the mathematics teacher from the point of view of meaning production. Icme-10.
Copenhagen. Denmark. 

Noss, R., & Hoyles, C. (1996). Windows on Mathematical Meanings. Dordrecht: Kluwer. 
Searle, J. (1980). Speech Acts. London: Cambridge University Press.  
Skovsmose, O., & Valero, P. (2002). Democratic access to powerful mathematical ideas en English, L.D. (ed.) Handbook of international 

research in mathematics education. (pp. 383-407). Mahwah, New Jersey, London. Lawrence Erlbaum Associates Publishers.  
Wedege, T. (2002). Mathematics – That’s what I can’t do’: Peoples’s affective and social relationship with mathematics.  Literacy & Numeracy 

Studies. An international journal in the education and training of adults. Vol. 11, num. 2, 63-78. 
Zevenbergen, R. (2000). Cracking the code of mathematics classrooms: school success as a function of linguistic, social and cultural 

background.  In Boaler, J. Multiple perspectives on mathematics teaching and learning. Ablex Publishing. Westport, C.T. London. 



104

Numeracy down the drain: Adult Education explores House Water Expert* 

Helen Faine 
Department of Corrective Services 

Helen.Faine@dcs.gov.au 

House Water Expert is educational software developed by the Commonwealth Scientific and Industrial 
Organisation (CSIRO) to increase community awareness of domestic water use.  It engages the adult 
learner with a numeracy model and invites the user to experiment with changes to household water 
use.  This paper explores the theoretical basis of HWE and offers both a critical perspective for its 
implementation in Adult Basic Education as well as a framework for extension activities. 

Earlier this year I attended a conference on domestic water use where numeracy curricula and theories of pedagogy 
were never mentioned.  It was an Alternative Technology Association conference focussing on the need to educate 
consumers about environmental issues, new water saving technologies and, in particular, water use in and around 
the home.  I was there for the new products and technologies.  The new technology that intrigued me was House 
Water Expert, educational software developed by the CSIRO (Commonwealth Scientific and Industrial Research 
Organisation) that allowed Australian consumers to access a wealth of information about water saving strategies and 
experiment with their own water usage. 
The most intriguing aspect to the teacher in me was the way the program allowed the user to interact in a 
mathematical environment, achieve desired outcomes and yet not face a single calculation.  That started the process 
of reflection in which I pondered the efficacy, if any, of such a program in the Adult Basic Education environment. 

House Water Expert - HWE 
This software was developed for community education on the harvesting, use and disposal of water in the domestic 
arena.  It requires simple computer skills and comes with a tutorial.  Data within the program is for Australia and the 
user must choose the town or city nearest them.  The program models a household by allowing the user to choose a 
house or an apartment then populate the household by selecting and naming members (personal icons).  Users can 
elect to have members ‘join’ or if desired ‘evicted’. 
The exterior of the house is represented in plan so that users can drag the roof perimeter to expand or contract the 
size.  The program automatically gives a house area calculation.  The exterior icons are dragged up from the bottom 
of the screen, placed and size-adjusted as desired.  Icons represent garden, lawn, paved area, water tanks, sheds 
and pools etc.  The user must make choices about how often the garden is watered, and for how long during different 
seasons.  In addition, choices are made about the use and disposal of stormwater. 
The interior of the house is similarly represented in plan with icons for washing machines, taps etc dragged up from 
the bottom of the screen.  However this section requires choices representing each household member’s use of 
water e.g. how long they each spend in the shower and whether or not the tap leaks. 
After the household is entered the results screen gives readings for how much water is harvested/used externally, 
internally and by each household member.  The user can then go back and make changes, for example shorter 
showers, and see what water savings can be achieved.  Outside the house greywater diversions and rainwater tanks 
may be added, or paved areas reduced, to achieve water savings.  In addition, the program includes three games: 
Choose a Rose, Back to Nature and Save the Town.  The games are generally considered to have less integrity than 
the main focus of the program. 
House Water Expert engages learners with modelling on two levels.  Firstly the program itself models household 
water use, and secondly, embedded within that is a model of numeracy. 

Modelling in adult numeracy 
The significance of modelling permeates current debate on numeracy education.   
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Yasukawa (1998) argues that mathematics based models are increasingly complex in the way they explain and 
control our world.  Further she asserts that modelling bridges the gap between the ‘expert’ and ‘lay’ knowledge and 
as such should have its concepts and processes scrutinised.  The adult basic education practitioner can have an 
important role in building that bridge.   
This paper is a contribution to that process.  Using the four components of Baker’s (1998) ideological model and 
Drago-Severson’s (2004) work on constructive-developmental theory, I will attempt to situate HWE in current theory 
and present a way of thinking about our practice in enriching and extending the model for our students.  Baker 
focuses on the numeracy practice while Drago-Severson has researched the individual’s changing attitudes to 
making meaning. 
Baker’s (1998) ideological model views numeracy practice as having four components – content, context, culture and 
ideology.  The first ‘content’ he describes as ‘the activities, techniques and kinds of numeracy that individuals engage 
in’.  The context also includes the purpose for the activity and is therefore highly individualised.  The ‘culture’ 
component examines beliefs, values and ways of knowing that underpin practice.  The ideological component 
includes the relationships, status and roles of the people and the numeracy knowledge, concepts and practices they 
employ. 

Content 1: Numeracy model 
House Water Expert does not require the user to engage in any calculation.  This challenges the traditional notion of 
numeracy/mathematics where discrete skills are treated as independent of context or culture. Indeed for far too long 
the ability to work out the sum and achieve the right answer formed the basis of what many valued unquestionably as 
numeracy.  Instead the program embraces the notion of numeracy as social practice which allows a wider context 
where the user operates as part of a society.   
The program does require that the user engage with numeracy concepts.  The ‘house’ is represented in plan by a 
basic rectangular roof shape.  As the perimeter of this shape is dragged in or out so the area calculated increases or 
decreases.  Most people either know or have some rough idea about the size of their house.  Significantly the lack of 
exactly accurate (‘right’) information does not preclude use of the program.  In another section users must estimate 
how their water will be used.  This is achieved through three sliding scales (number lines expressed in percentages) 
representing different choices eg municipal drainage, greywater or rainwater tank.  On the same screen these scales 
are represented graphically in a pie chart showing the identical information as proportions of a whole.   
As the user decides and then refines their choice the program recalculates and the proportions change accordingly.  
Since this is fast and in bright colour students generally perceive it as a fun activity.  The concept of percentage is 
illustrated on screen and the student can then make changes as desired.  This was probably not the feedback that 
Kolb (1993) envisaged for his experiential learning theory but it does constitute testing for the validity of ideas, for 
example, the student who tried to put 20% of rain water onto the lawn and 40% into municipal drainage and 60% into 
the rainwater tank soon found that percentages had to add up to 100 to make the pie chart ‘work’.  The program 
automatically adjusts previous choices to formulate the pie chart. 
Estimation of the detailed water use practices of each household member is an integral part of ‘Inside’ the house.  In 
addition the selection of a rainwater tank and decisions on the extent and nature of paved areas involve 
measurement of time, capacity, area etc but do not require ‘specialist’ knowledge in any particular field.  For any 
required element a range of choices is always available on screen.  Working with the concept is preferenced over 
making a ‘right’ choice first time.  The program encourages the user to return and change the choices to achieve 
better outcomes for water use and water saving. 
The results button accesses information about water use inside and outside the house as well as data and graphs on 
items such as rainfall in your area and individual water use.  The display of this information conforms to dominant 
practices and illustrates the abstractions that characterise formal numeracy.  The results screen contains so much 
information that students could easily be overwhelmed unless specific strategies like those used in literacy, such as 
skimming, scanning, reading for detail, are employed to help students extract meaning from the data.  Students may 
confidently navigate the program’s representation of their multiple numeracy practices and yet still miss vital meaning 
if they are not competent in the formal numeracy curriculum. 

Content 2: Household water use model 
Any model is but a representation of the reality.  HWE simplifies and categorises our domestic dwellings and 
matches them with data from major capital and regional centres across Australia.  The available dwellings are a 
house and yard or an apartment or flat without a yard.  Adult educators who are engaging learners with the hidden 
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processes of constructing models need to contrast the model with the student’s reality.  Students may know the floor 
area of their house but be unable to model it accurately as the model makes no provision for two storeys.  Double 
storey houses generally harvest less rainfall than a single storey house of similar floor area.  The model forces a 
choice between accurate floor area or accurate rainfall harvest data.  These choices must always be related back to 
the purpose of the program and its intended audience.  When students understand these relationships and see the 
choices that have been made then the validity of the model is put in clearer perspective. 
It is worth noting here that in our limited experience in using HWE with inmates we have found that the graphics in 
the program can also frustrate students.  Once dragged onto the ‘Outside’ screen, icons are placed and size adjusted 
but the constraints of the design process mean elements are simplified and must not overlap.  Some students 
demand the level of control only found in sophisticated drawing programs.  This is another aspect of the modelling 
process that students must experience, comprehend and learn to manipulate in order to make their choices 
legitimate.

Context
HWE is a purposeful response to Australia’s experience of drought and resultant water shortages.  It could never be 
conceived as context free.  Habermas (Hyslop-Marginson, 2004) argued the ideological neutrality of technology but 
this ignores the social, economic and political context of its introduction. In particular his theory of neutrality detaches 
the technology from any political agenda driving its introduction.  
The program offers domestic water users a research tool for investigating water use and savings.  Water restrictions 
are widespread and prices are rising.  Interest in water saving strategies and devices has never been higher.  
Currently the public debate includes all States and has moved from primarily a rural concern to an urban priority as 
the existence of some cities is threatened. 
Media reports broadcast details of how much water is used, by whom and how much is paid for it.  This is opening 
new spaces and fuelling debate as previously hidden facts are exposed for public discussion.  Water use has never 
before in Australia been subject to such widespread scrutiny and investigation across government, commercial and 
domestic arenas. The campaign is pervasive and presented as a prerogative for which all residents must take 
responsibility.
HWE is therefore infused with values from the culture which teachers should appreciate if they are ‘to understand 
how a particular mathematical representation ‘models’ a context, and what the model ignores or assumes about the 
context’ (Lukin, 1998, p. 78).  It is also situated as relevant and timely and presents one way for students to enter the 
public debate. 

Culture
Australians have been accustomed to thinking of their country as one of abundant natural resources - especially 
clean air and water.  While these perceptions may be changing with greater public knowledge of pollution, its multiple 
forms and effects, the water use habits of generations are proving harder to redress.  Education is a first step.  
Experience also plays a part.  The gardeners of Australia are moving to drought resistant species but HWE is able to 
present alternative water use/saving strategies that can be tested in model form first.  Testing by using a model 
represents a cultural change in behaviour and contributes to wider societal cultural change. 
HWE fits within the culture of Australia in another important way.  Designers have capitalised on the popularity of ‘Big 
Brother’ – a reality television program – by using the work ‘evict’.  When using the program with inmates 
they recognised the similarity immediately and their ensuing enthusiasm was palpable.  The 
icons for household members are not quite androgenous but neither are they easily 
categorised, making them far more inclusive.  Even setting up a ‘house’ and a ‘household’ is 
more inclusive than ‘family’ and friendlier than ‘residents.’

The HWE model is substantially different from the dominant culture’s perceptions of school mathematics.  The 
program is in CD format, not paper-based and is interactive, involving colour and movement.  This sets it apart in a 
physical sense from the common experience of school mathematics.  The absence of a quest for the ‘right’ answer 
and preference for student-generated alternatives challenges expectations and common views that ‘numerate’ is 
synonymous with the ‘ability to calculate’.  Its timeliness and cultural context give HWE a legitimacy that would not be 
afforded such material in a traditional paper-based school curriculum.  Paradoxically the elements that set HWE 
apart from perceptions of school mathematics also are hallmarks of contemporary technology in learning and are 
therefore strong motivators. 
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Ideology
The power relationships evident within HWE are another significant departure from traditional views of the role of the 
learner in the learning environment and even the role of pedagogy. Democratic values in education can be realised 
in diverse ways.  In HWE the ‘authority’ is the program itself and the student always controls their own learning.  For 
some critics of educational technology, though, this view is problematical.  They argue that if the predetermined 
strategic objective is ‘x’, then instrumental rationality plans the various steps to realise ‘x’ (Hyslop-Marginson, 2004, 
p. 138).  In their view instrumental rationality is more likely to be tied to commercial interests but HWE welds 
individual benefit and common good. 
HWE could be assessed as of little value in the numeracy classroom because of the lack of direct calculation.  
However similar arguments were mounted when calculators were first introduced.  Forrester (2005) reports that 
research now supports the view that ‘calculators can be used to improve numeracy skills rather than replace them.’  
Further, the instant feedback and freedom from any fear of criticism, mean that motivation is improved.  Within HWE 
the program does the calculations and students become the evaluators of their choices. 
Students can engage with the program at many levels.  For some the only results they will use are those on the main 
screen – townwater used, wastewater and stormwater generated.  They may not even understand the term ‘kilolitre’.  
Other students will seek out and absorb any extra information available in the program, for instance water saving 
tips, and talk it over with friends in the effort to achieve greater independence.  Again some will be interested only in 
water saving strategies while still others will utilise the capacity of the program to give measured calculation to inform 
their decision making.  An insistence on pure, formal skills would withhold legitimate knowledge, marginalise many 
students and hinder participation in public debate.  ‘Contemporary educators concerned with the political implications 
of classroom technology should not repeat their [Luddites] mistakes by rejecting technology outrig … rather they 
should consider ways ... to achieve objectives that respect the principles of democratic learning’ (Hyslop-Marginson, 
2004, p. 146). 

Learning that transforms behaviour 
The diversity of such responses prompted Drago-Severson’s (2004) interest in the concept of a ‘new pluralism’ 
involving developmental diversity along with the gender, age, race, class religion and ethnicity.  Her research looked 
at developmental levels and the meaning-making systems or ‘ways of knowing’ that adult learners bring with them to 
the classroom.  The study identified three different categories of learner: instrumental, socialising and self-authoring.  
The focus of these learner categories moves from concrete needs and goals, with the ‘right’ steps to achieve them, to 
realising abstract goals and the best way to achieve them, through to identifying one’s own independently conceived 
goals.  Further the study’s core findings included the variety of importantly different ways of knowing that adults bring 
to the ABE/ESOL classroom, the importance of the ‘cohort’ or ‘community of connection’ and the possibility for and 
variety of significant change for adults in these settings. 
Drago-Severson’s (2004) research findings are pertinent in understanding how our students respond to new 
technology that is explicitly aimed at changing behaviour and gives a framework for identifying where a particular 
student’s understanding may be situated.  The study emphasises too the importance of peer learners and the 
legitimate learning that transpires through public debate.  Her constructive-developmental perspective attends to both 
the structure and process of learning.  Constructivism asserts that people are actively engaged in making meaning 
through experience while the developmental aspect assumes that constructions of reality will progress throughout 
life, gradually and constantly being discarded as greater complexity is accommodated.  Drago-Severson (2004, p. 
35) contends that ‘taking into account the way a person makes sense of the world creates an opportunity to offer 
support and challenge in a way that is developmentally appropriate.  Learning is enhanced and transformational 
learning is possible.’  
Chadwick (2004, p. 49) however takes issue with the view that sees constructivism as active and behaviourism as 
passive.  He argues that pedagogical strategies, for example problem solving, critical thinking and creativity are not 
‘owned by constructivism’ and that it tends toward the idea that there is no solid truth and no right answers…’  
Further he warns that if perceptions and personal constructions are the goals of learning then evaluation is 
complicated.  Lukin (1998, p. 77) reached similar conclusions in her study of a coal mining disaster. ‘The kind of 
numeracy required in this context is not one that can be developed by progressivist pedagogies in which the learner 
is seen as the source of derived meanings/abstractions…….The worker is not free in this context to draw their own 
models or interpretations.’   
In HWE these opposing views are accommodated.  The student is free to experiment with different water saving 
strategies but the manipulation of the abstract symbols of mathematics is isolated within the program.  Its everyday 
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context will always be vulnerable to scrutiny and, as students discuss its application in their experience, found to be 
inadequate to represent ‘real life’.  The abstractions inherent in HWE should be seen as Lukin suggests, as a point of 
departure.  It is to these further activities that we now turn our attention mindful of developmentally appropriate 
challenges. 

Extension activities 
As students discuss their water use practices many opportunities will develop for extending their numeracy 
experience and for testing the validity of the model.  In this paper I offer only four activities for lower and higher level 
students. 

Lower level 
1. Using a bucket under a shower or tap collect the cold water that runs out ahead of the hot water.  This can be 

measured either as a rough fraction (� or ½) or in litre jugs depending on student interest, development or 
need. 

2. Investigate different ways of watering the garden e.g. hose, bucket, drip bottles.  Measure how much water is 
used and evaluate which way is more effective. 

3. Research household appliances such as washing machines and dishwashers.  Find out how much water 
different styles of machine use and which cycles are most water efficient. 

4. Practice cleaning your teeth using 100ml of water.  Measure how much water you would usually use cleaning 
your teeth at the bathroom tap.  Do the calculations on the water saved over a year.  A similar activity could 
be designed for car washing using a bucket or a hose. 

Higher level 
1. Find the difference between the area of the roof in a plan and the actual surface area.  (Teacher provides 

dimensions.)  How does this affect rainfall harvest? 
2. If you double the roof area what happens to the perimeter (gutter) length? 
3. What’s the difference in stormwater runoff between the same size block and the same size house where (a) 

all the yard is lawn and (b) half the yard is concrete? 
4. Investigate the validity of rainfall data.  HWE uses one data set for a city.  Find out what the rainfall is for a 

‘dry’ and ‘wet’ part of that city. For example in Sydney, Turramurra has a higher rainfall than Richmond.  How 
would this affect the model’s results?

Language/computer skills 
HWE utilises language that is simple and clear and in places betrays its roots in the scientific community.  Most 
students will not be familiar with ‘harvest’ in relation to rainfall but the meaning is easily transferred and the word itself 
not difficult to read or spell.  The word ‘pervious’ is more of a challenge as it is unfamiliar to a much wider section of 
the community.  It is best viewed as ‘an opportunity for learning’!  I worked with a low level student who stumbled on 
‘municipal drainage’.  However she understood ‘council pipes’ and went on to complete the remainder of the house 
set-up mode independently.  I believe the unfamiliar aspects of HWE were so readily accommodated because she 
was so thoroughly familiar with the context and to her it was legitimate knowledge.   
The initial screens are extremely simple and easy to follow both in terms of labelling and instructional language used 
and in the pre-requisite computer skills.  Simple mouse clicking and dragging is sufficient to operate most of the 
program.  However changing the properties of elements requires a facility with the right-click function.  The most 
confusing aspect we have found with students is the Save function which operates automatically when moving from 
‘Tell Us About Your House’ mode to ‘Make Home Water Use Improvements’ mode but subsequently each 
‘improvement’ style must be named and saved manually. 

Conclusion
Australian society is obsessed with measurement.  Daily our news is crammed with sporting results, race times, 
financial markets, weather data, dam levels and especially the abundance or lack of rainfall.  Widespread water 
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restrictions are but one part of the cultural context surrounding the introduction of HWE – an interactive, modelling 
tool designed by government scientists to endeavour to change our water use habits. 
Adult educators have a responsibility to help scrutinise and situate such models.  The numeracy model inherent in 
HWE takes a constructivist approach by encouraging users to experiment with their own solutions but constrains the 
experience of calculation.  I have argued that this should be viewed as enhancing accessibility and part of the bridge 
building that models can achieve between specialists and generalists.  The pedagogical approach I have taken 
involves using the model as a point of departure where enrichment activities can address student needs at an 
appropriate developmental level and where elements of formal numeracy curriculum can be introduced in situated 
contexts.  This approach will facilitate a critical understanding of the representational nature of models and 
encourage students to move beyond the model in making meaning of their experience.  

Technology is always designed and applied within some historical context, but its potential application is never 
completely dictated either by this context or its intended application.  (Hyslop-Marginson, 2004, p. 142) 

And in the words of an inmate: 
‘I’m building a house!  It’s like Big Brother!!!’ 
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There was widespread interest in the mathematical education of students transferring from secondary 
education to university education throughout the 1990’s in the UK (Hunt and Lawson, 1996; IMA, 1996; 
LMS, 1995; The Engineering Council, 2000, Smith, 2004). This debate centred on the inadequacy of 
the school preparation in mathematics which left students deficient or under-prepared for their 
university mathematics courses. Similar concerns arose in the Irish context (Brennan, 1997; 
Department of Mathematics and Computing, Cork RTC, 1985; Hurley & Stynes, 1986; O’Donoghue, 
1999) and wider afield e.g. Australia (Barry & Davis, 1999), regarding the preparation of students 
entering university and their ability to successfully negotiate their mathematics courses, in particular, 
service mathematics courses. While the surface features of the so-called transition problem are 
consistent across many countries, nevertheless, there are significant country differences. 

Diagnostic testing was introduced as part of a pilot study carried out in the University of Limerick (U.L.) in the 
academic year 1997/98 in an attempt to better comprehend the problems faced by students embarking on service 
mathematics courses and to inspire different short and long term methods of dealing with these difficulties. A 
database, constructed on the results of the diagnostic tests, was initiated in U.L. in the academic year 1997/98 and 
has been maintained up to and including the present year. There are 2121 students recorded in the database over 
the six years from 1997/98 to 2002/03.  
The authors have carried out statistical analysis on the database to investigate if Higher/ Ordinary Leaving Certificate 
Mathematics sufficiently prepares students for the further study of mathematics in U.L. 

Service mathematics in U.L. 
The Department of Mathematics and Statistics in U.L. is responsible for all service mathematics teaching in the 
university. Service streams run over 1, 2 or 3 years. In 1993, the Department decided to reappraise their service 
teaching offerings. This reappraisal arose out of anecdotal concerns regarding the implementation of more effective 
teaching offerings, addressing the issue of poor attendance at tutorials and the perception that students were less 
prepared mathematically than they perhaps should have been. The idea was proposed that two equivalent 
mathematics groups be set up to cater for the varying levels of abilities within service mathematics programmes. 
Technological Mathematics 1 was set up to cater for those students who were really struggling with Science 
Mathematics 1 and students (within different programmes) were allocated as regards their mathematical abilities 
(their attainment at Leaving Certificate Level). Science Mathematics 1 is, therefore, of a higher standard 
mathematically than Technological Mathematics 1.  
Service mathematics is currently organised into cognate service streams by entry standard (mathematics) and 
degree programme as follows: 

Technological Mathematics 

Science Mathematics 

Engineering Mathematics 

Computer Mathematics 

Business Mathematics. 
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Students in these service mathematics courses are typical of students making the transition from secondary to higher 
education in Ireland. 

The Leaving Certificate - the transition from secondary to higher education in Ireland 
Students who attend second level education in Ireland spend 5 (or 6 if they take the Transition Year option) years at 
this level. Mathematics is one of three subjects that are obligatory in the second level (secondary school) curriculum. 
At the end of the third year, students sit the Junior Certificate examination. They then progress to senior cycle, at the 
end of which they sit the Leaving Certificate examination. Students take 6 or more subjects at this level. Points are 
allocated according to what grade they achieve in each subject (see Table 1).  

Table 1 The Points System 

Grade   Points Grade   Points 

HA1  =  100 OA1  =  60 

HA2  =  90 OA2  =  50 

HB1  =  85 OB1  =  45 

HB2  =  80 OB2  =  40 

HB3  =  75 OB3  =  35 

HC1  =  70 OC1  =  30 

HC2  =  65 OC2  =  25 

HC3  =  60 OC3  =  20 

HD1  =  55 OD1  = 15 

HD2  =  50 OD2  = 10 

HD3  =  45 OD3  =  5 

Key:   HA1 Grade A1 in Higher Level Mathematics 
 OB1 Grade B1 in Ordinary Level Mathematics 
The best 6 grades count towards their total ‘points’ score, therefore 600 is the maximum numbers of points a student 
could possibly attain. No points are awarded for grades E or F, which are regarded as ‘fails’. Mathematics may be 
taken at one of three levels: Foundation, Ordinary (O) or Higher (H) level, with Higher Level having the highest level 
of difficulty. Courses/programmes in third level (tertiary) institutions are offered to students who attain the requisite 
number of points in this School Leaving examination. 

The U. L. test 
The U.L. diagnostic test is a paper-based test consisting of 40 questions. This test was developed by the author 
(JO’D) in 1997. A panel of six lecturers in the Department of Mathematics and Statistics, who had extensive 
experience in service mathematics teaching and course design, was presented with a provisional panel of 70 
questions drawn up by O’Donoghue. This list was then reduced to the 40 questions considered most appropriate for 
the level of the targeted groups. An important design consideration was that the test could be completed in one class 
period without rushing. The questions were also selected in order to examine the fundamentals required for 
successful completion of the Technological Mathematics 1 and Science Mathematics 1 courses. The test is 
subdivided into nine sections: arithmetic, algebra, geometry, trigonometry, coordinate geometry, complex numbers, 
differentiation, integration and modelling. The level of difficulty of the questions is set at the Irish School Leaving 
Certificate (Ordinary Level) with the exception of the integration question, which is only covered in the Higher-Level 
syllabus. The test was checked against the SEFI Core Level Zero Syllabus for engineers (Barry & Steele, 1993), the 
Junior Certificate Mathematics Syllabus, the Leaving Certificate Ordinary Level Mathematics Syllabus and compared 
to other diagnostic tests to make sure it was fit for purpose (O’Donoghue, 1999). 
The questions themselves are open ended with a rough work column provided on each page. A ‘Don’t Know’ box is 
included after each question and students are encouraged to use this rather than guessing. In this way lecturers 
know that a topic has either been forgotten or not learned at all. The questions are marked on an all or nothing basis; 
1 mark for a correct answer and 0 for an incomplete or incorrect answer. The test was written so that the use of 
calculators and log tables are not required. The tests are corrected by hand with results posted within 2-3 days (for 
information on implementation of the U.L. test, see Murphy, 2002). Students who score less than 20 out of a total of 
40 are categorised as ‘at risk’. 
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The Database 
The database of diagnostic test results was initiated in the academic year 1997/98 and has been maintained up to 
and including the present year. It contains data for the Science Mathematics 1 and Technological Mathematics 1 
classes. The diagnostic test itself was designed with an engineering/ technology bias which is why these groups are 
tested and not other service mathematics courses such as the Business Studies group (O’Donoghue, 1999). In the 
first year of testing (1997/98) only the Technological Mathematics I were tested so for that year there is no data on 
the Science Mathematics I group. 
The database contains over 60 items of information for each student which includes student data, scores on each 
question and other comparative data e.g. results on next university examination. When the data was first collected, 
there were 2726 students in the database. For a number of reasons information was missing for quite a number of 
students. One of the authors (OG) cleaned out the database of those students for whom information was lacking. As 
a result, at present, there are 2121 students recorded in the database over the six years from 1997/98 to 2002/03. In 
Table 2, the number and percentage of students per group (i.e. Technological Mathematics 1 and Science 
Mathematic 1) are shown (e.g. in the academic year 1998/99, 58.1% of the students who were tested and recorded 
in the database were in the Technological Mathematics 1 group. In the previous year Science Mathematics 1 
students were not tested so all the students (100%) recorded that year were in the Technological Mathematics 1 
group). 

Table 2. Numbers/Percentages of students within each group, each year. 

 1997/98 1998/99 1999/200

0

2000/01 2001/02 2002/03 Total 

Tech Maths 
% within year entering U.L. 

236
100% 

270
58.1% 

245
58.9% 

274
60.9% 

116
48.3% 

184
58.6% 

1325
62.5% 

Science Maths 
% within year entering U.L. 

 195 
41.9% 

171
41.1% 

176
39.1% 

124
51.7% 

130
41.4% 

796
37.5% 

Total
% within year entering U.L. 

236
100% 

465
100% 

416
100% 

450
100% 

240
100% 

314
100% 

2121
100% 

Analysis of Leaving Certificate grades and levels 
The purpose of the research at this stage was to investigate if Higher or Ordinary Leaving Certificate Mathematics 
sufficiently prepare students for the further study of mathematics in U.L. Measures used include: 

School Leaving Certificate Mathematics Levels (Higher, Ordinary) 

Mean Diagnostic Score by Leaving Certificate Level 

Leaving Certificate Grade (Higher, Ordinary). 

Leaving Certificate mathematics levels 
Table 3 shows the breakdown of Leaving Certificate levels within the Technological Mathematics 1 and Science 
Mathematics 1 groups. It is clear from Table 3 that the Science Mathematics 1 students have a stronger background 
in Mathematics than those in the Technological Mathematics 1 group. 42.3% of the Technological Mathematics 1 
students take Higher Level Mathematics at Leaving Certificate while 57.2% of the Science Mathematics 1 students 
have passed Higher Level Leaving Certificate Mathematics. This is expected since Science Mathematics I was 
designed for the more mathematically able students. The percentages of students in the Technological Mathematics I 
groups with Higher Level mathematics in the Leaving Certificate are more or less consistent over the years analysed 
whereas the Science Mathematics I groups’ percentages appear to vary more. This may be explained by the 
percentage of students who took Higher Level mathematics in the Leaving Certificate within each of the programmes 
in the Science Mathematics groups. In 1998/99 56.4% of these students had Higher Level mathematics and this 
percentage grew to 68.4% the following year.

Within every programme of study in this group there was an increase in participation in Leaving Certificate Higher 
Level mathematics with the exception of the Environmental Science group who had a decrease of only 0.1%. This is 
strange as the points for some of the Science courses in U.L. dropped in that year (e.g. the CAO points for 
Environmental Science dropped from 385 to 370, Industrial Biochemistry points dropped from 430 to 420 etc 
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(www.ul.ie/~childsp/CinA/Issue59/TOC29_CAO.htm)) so entry standards were lowered but for that year there were 
more students with Higher Level Leaving Certificate mathematics. 

Table 3. Leaving Certificate Levels 

L.Cert

Level   

  1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 Total 

Tech

Maths 

Higher

 level 

Count 95 117 108 111 53 76 560 

  % within  

year entering U.L. 

40.3% 43.3% 44.1% 40.5% 45.7% 41.3% 42.3% 

Ordinary 

level 

Count 141 153 137 163 63 108 765 

  % within  

year entering U.L. 

59.7% 56.7% 55.9% 59.5% 54.3% 58.7% 57.7% 

Total   Count 236 270 245 274 116 184 1325 

  % within  

year entering U.L. 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Science

Maths 

Higher

level 

Count  110 117 88 73 67 455 

  % within  

year entering U.L. 

 56.4% 68.4% 50.0% 58.9% 51.5% 57.2% 

Ordinary 

level 

Count  85 54 88 51 63 341 

  % within  

year entering U.L. 

 43.6% 31.6% 50.0% 41.1% 48.5% 42.8% 

Total   Count  195 171 176 124 130 796 

  % within  

year entering U.L. 

 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Mean diagnostic scores by Leaving Certificate levels 
In Figure 1 we see that students with Higher Level Leaving Certificate Mathematics score much higher on average 
than those with Ordinary Level Mathematics, which is expected. Both trends appear to be declining. One worrying 
feature of the Ordinary Level trend is that for three years it is below the pass mark of 20 and for two years the bars 
are at roughly the pass mark. This suggests that perhaps the Leaving Certificate Ordinary Level Mathematics 
syllabus is not adequate preparation for service mathematics courses in U.L. 
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Figure 1. Combined mean diagnostic scores (Leaving Certificate mathematics level) 

Looking at Technological Mathematics 1 (Figure 2) the trends are the same as above. Added to this is the fact that 
the highest average for Higher Level Leaving Certificate Mathematics (1997/98) is around 29 marks out of 40. This is 
alarming when one considers that 39 out of 40 questions on the diagnostic test are pitched at Ordinary Level or 
lower. 
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The students in Science Mathematics 1 with Ordinary Level Leaving Certificate Mathematics do not fare any better 
than those in Technological Mathematics 1 (see figure 3). For four of the five years their average score is below 20. 
The Higher Level students score slightly higher than those in Technological Mathematics 1. 

 Figure 2. Technological mathematics 1  Figure 3. Science mathematics 1  
                  mean diagnostic scores                  mean diagnostic  scores  

For one year, Science Mathematics 1 students with Higher Level Leaving Certificate Mathematics score slightly lower 
than those in Technological Mathematics 1. There is quite a difference in 2000/01 between these two groups. The 
Science Mathematics 1 trend is quite jagged whereas the one for Technological Mathematics 1 is distinctly declining 
(see figure 4). This increase in the Science Mathematics group performance in 2000/01 may in part be attributable to 
a higher percentage of Higher Level students within the group in that year.  

year entering U.L.

2002/032001/022000/011999/001998/991997/98

M
e

a
n

 T
e

s
t 
s
c
o

re

30

29

28

27

26

Maths group

Tech Maths

Science Maths

Figure 4. Leaving Certificate higher level mathematics diagnostic scores 

The trends for students with Ordinary Leaving Certificate mathematics (see figure 5) are more worrying for two 
reasons. Firstly, both lines show a decline in mathematical standards (the Technological Mathematics 1 mean score 
was between 21 and 22 in 1997/98 and by 2002/03 it was below 20. The Science Mathematics 1 score was above 
20 in 1998/99 and below in 2002/03). Secondly, for the last four years both lines have remained below the pass mark 
of 20 (with the Technological Mathematics 1 mean score as low as 18 in 2001/02). This leads the authors to believe 
that, conceivably, Ordinary Leaving Certificate mathematics may not be sufficient preparation for these service 
mathematics courses in U.L. as measured by the diagnostic test. 
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year entering U.L.
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Figure 5. Leaving Certificate Ordinary Level mathematics diagnostic scores 

Leaving Certificate mathematics grades 
Having looked at the levels of Leaving Certificate Mathematics, one of the authors (OG) was curious to see if it was 
possible to define a specific grade (which students have attained in the Leaving Certificate Examination) which may 
indicate that they will experience difficulties in these courses. In other words, is the minimum entry requirement of a 
C3 in Ordinary Level Mathematics really sufficient for entry to Technological Mathematics (B3 for Science 
Mathematics) or should it be raised to avoid problems of mathematical under preparedness in U.L.?  
Higher A1 is the highest grade that students who do the Leaving Certificate Examination can get. As shown in Figure 
6, it is no surprise that the median score for this group has consistently remained above 30 between 1998/99 and 
2002/03 (only one student in 1997/98 had a HA1). Figure 7 demonstrates how students who achieve a Higher C3 in 
the Leaving Certificate examination should have sufficient knowledge to pass the diagnostic test in U.L. The median 
score remains close to 30 each year.
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 Figure 6. Higher A1 Mean Diagnostic Scores  Figure 7. Higher C3 mean diagnostic scores 

Students who score an A1 in Ordinary Level Leaving Certificate Mathematics appear to have sufficient knowledge for 
passing the diagnostic test, but just about! Each year the median score for these students has remained at just 
above the pass mark of 20.  
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In 1997/98 an Ordinary A2 was enough to pass the diagnostic test. In 1999/2000 and 2001/02, it was not! For 
1998/99 and 2002/03 the median score is borderline. 
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 Figure 8 Ordinary A1 mean diagnostic scores Figure 9 Ordinary A2 mean diagnostic scores 

Again, in 1997/98 students with an Ordinary B1 had a median score of around 20. For every year after that the 
median is below 20.  
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Figure 10 Ordinary B1 mean diagnostic scores 

Grade dilution 
The results above have various implications. They suggest that there has been some grade dilution in Leaving 
Certificate grades i.e. an Ordinary A2 nowadays is equivalent to an Ordinary C3 (the minimum entry requirement) ten 
years ago. If we examine the mean scores over the 6 years for OA1, OA2 and OB1 (shown in Figure 11), there is 
more concrete evidence to back up this suggestion of grade dilution 



117

24.24

22.72 22.76
22.38 22.39 22.38

23.56

19.98
19.38 19.35 19.64

20.23
19.83

18.07
18.94

17.11

18.37
18.87

0

5

10

15

20

25

30

1997/98 1998/99 1999/2000 2000/01 2001/02 2002/03

Year of Entry to U.L.

M
e
a
n
 D

ia
g
n
o
s
ti
c
 S

c
o
re

s

OA1

OA2

OB1

Figure 11. Mean diagnostic scores for OA1, OA2 and OB1 

For three years (1999/2000, 2000/01 and 2001/01) the mean diagnostic score for an OA2 was lower than that 
achieved by an OB1 in 1997/98. For the last three years in the study the mean diagnostic score for an OA1 was 
lower than that for an OA2 in 1997/98 also. A comparison between HC1, HC2 and HC3 in Figure 12 shows the same 
story.
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Figure 12. Mean diagnostic scores for HC1, HC2 and HC3 

The mean score for HC1 in 2002/03 is lower than that achieved by HC2 in 1997/98 and the mean score for HC2 in 
2002/03 lower than that for HC3 in 1997/98. This observation in turn has implications for other issues such as entry 
admission standards, university curriculum and support mechanisms. 
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Discussion and conclusion 
Almost 30% of students entering service mathematics courses in U.L. are defined as 'at risk' year on year. Hunt and 
Lawson (1996) carried out a study to investigate if the mathematical standards of first year students in Coventry 
University had declined between 1991 and 1995. They concluded that, not only had standards declined, but that 
there was evidence of grade dilution (Hunt and Lawson, 1996). The authors have discovered that the same issues 
are prevalent in U.L. also. The main difference here, though, is that Irish students take mathematics throughout their 
primary and second level education. Then why do we have the same problems in Ireland as elsewhere at the 
transition stage?  
Murphy (2002) carried out an investigation into the mathematical under-preparedness present among Irish third level 
entrants. She looked at the second level experience and issues of transition to see if they were contributing to the 
problem. She focused on the didactical contract present within typical Irish second level classrooms. She discovered 
that the teaching in Irish second level classrooms was completely dominated by the Leaving Certificate examination. 
Her findings are corroborated by Lyons et al (2003) in their study of mathematics classrooms in Ireland. 
Problems such as large syllabi, course dilution at Leaving Certificate Level and the 'points system' are, undoubtedly, 
contributing factors (Murphy, 2002).  The Points System has some adverse affects on second and third level 
education, creating more problems than are immediately apparent. Students endeavour to attain as many points as 
possible and select subjects that will help them realise this end. For some students this is more important than 
choosing subjects that would be deemed more apposite for their chosen university course or career. With such an 
emphasis on points rather than on understanding, students are forced to sacrifice the latter for the former. Teachers 
are affected too. They are required to help students achieve these goals. In this way they are forced to adopt a 
“teach- to-the- examination”(O’Donoghue, 1999:6) approach and find it necessary to leave out chunks of the 
mathematics curriculum in order to do so. Not enough time is spent on teaching–for-understanding so students must 
rely on rote learning and cramming to help get them through (O’Donoghue, 1999).  Students are encouraged to 
choose the questions they are going to attempt in their Leaving Certificate examination months before they sit it. As a 
result, students enter college perhaps never having heard of complex numbers through no fault of their own. If we 
examine the structure of the Higher Level Examination it is easy to see why: 
Paper I 

Q1, 2 Algebra 
Q3 Matrices, Complex Numbers 
Q4, 5 Sequences and Series, Induction, Logs and Inequalities 
Q6, 7 Differentiation 
Q8 Integration 

Students have 2½ hours to complete 6 questions from above.  
Paper II 

Q1 The Circle 

Q2 Vectors 

Q3 The Line and Transformation Geometry 

Q4, 5 Trigonometry 

Q6, 7 Permutations, Combinations, Probability, Statistics and Difference Equations 

Q8 Further Calculus and Series 

Q9 Further Probability and Statistics 

Q10 Groups 

Q11 Further Geometry 

Students must attempt 5 questions from the first 7 options and 1 out of questions 8 to 11. 
It is possible that students could arrive at college without having been introduced to, for example, Complex Numbers 
and Matrices and Trigonometry. As ridiculous as it seems, the reality is that students could quite possibly get an A1 
by avoiding them completely.
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Students who take Higher Level mathematics for the Leaving Certificate are especially conscious of how time 
consuming it is and many are prepared to transfer to Ordinary Level so as to spend time on other subjects which will 
give them the points they desire. So despite the fact that students may achieve very high marks in their Leaving 
Certificate examination and get accepted onto the course of their preference, it is no indication of how adept they are 
at mathematics. The emphasis is on managing their effort to achieve maximum points, not on improving their points 
through better performance.  
One of the aims of the Leaving Certificate mathematics syllabus is to prepare students for further study and 
professional preparation and, in particular, further study of mathematics in its own right (www.ncca.ie/math_sen.htm).
The Points System indirectly promotes rote learning making it increasingly difficult for teachers and students to 
achieve these aims. It results in a very narrowly focused examination pedagogy. This in turn leaves students, even 
good students, inadequately prepared for a more independent type learning environment in Higher Education. 
While this analysis is based on the U.L. sample, there are good grounds for arguing that the findings are indicative of 
the situation nationally. The mathematics experience of Leaving Certificate students is very similar throughout a 
highly centralised national secondary school curriculum. Several recent reports and studies have singled out the 
traditional nature of school pedagogy, the negative influence of ‘teaching-to-the-exam’ particularly in mathematics, 
and other influences of the points system (e.g. OECD, 1992; Lyons et al, 2003; Commission on Points, 2000). 
Another indicator is the growth of mathematics support services for students entering Higher Education. Currently all 
seven universities in the Republic offer some form of mathematics support. In these ways Ireland has acknowledged 
its ‘Mathematics Problem’ and is tackling it. 
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The authors have adapted the APOS Theory framework (Dubinsky et al 1996) in an effort to support 
the mathematical learning of mature students who are experiencing difficulty in mathematics when 
returning to third level (tertiary) education. APOS Theory seeks to exploit aspects of Piaget’s cognitive 
development theory, in this case reflective abstraction, to promote the learning of advanced 
mathematics. Interventions based on tailored instructional treatments are central to this approach. This 
paper describes an instructional treatment developed by the authors that follows a mentoring approach 
and uses topic maps as a tool for both confidence building and problem solving. The development of 
these topic maps is discussed and the different approaches taken by individual adults are highlighted. 
The aim of this paper is to demonstrate how this particular subset of adults learned an advanced 
mathematical topic.  

The changing economic climate in Ireland in recent years (Celtic Tiger etc) has seen a major increase in the number 
of adults returning to third level (tertiary) education. These adults are enrolling in courses across a wide spectrum of 
disciplines from the social sciences to engineering disciplines. Each of these courses has a mathematical content 
varying in difficulty depending on the nature of the main discipline. For many adults this mathematical content is 
intimidating and has a negative effect on their overall confidence and retards their progress. How important is their 
perceived image of mathematics? Do preconceived images based on their own negative experiences affect the 
learning abilities of adults?  
A widespread public image of mathematics is that it is difficult, cold, abstract, theoretical, ultra-rational, but important 
and largely masculine. It also has the image of being remote and inaccessible to all but a few super-intelligent beings 
with ‘mathematical minds’ (Ernest, 1995). Many mathematicians and mathematics teachers would see their discipline 
as an important means through which individuals can make sense of the world (Gates & Vistro-Yu, 2003). These two 
statements would appear to contradict each other. How can something, which is conceived to be so difficult and 
abstract, be used to make sense of the world? Most adults returning to third level education are faced with this 
dilemma.  
Benn (1994) emphasises that the approach taken by tutors is critical in how students perceive mathematics and how 
they accomplish what is for some a difficult subject, both emotionally and practically. These findings are strongly 
endorsed by (Bloomfield & Clews, 1994; Cann, 1999; Safford, 1994;). Cann (1999) speaks of the ‘politics of 
mathematics anxiety’ and highlights the misconception of the phrase ‘naturally talented’ within academic circles. 
Cann maintains that unless teachers are aware that the skills to which they owe their own mathematical 
achievements are not the result of ‘natural talent’ but can be identified analysed and passed on, students are placed 
in a position where information, which they require to successfully assimilate material in the style in which it is being 
presented is being withheld from them. The authors do not dismiss natural talent as Cann does but agree that the 
skills necessary to become competent at mathematics can be identified, analysed and passed on. 
Tall (1991) describes the move from elementary mathematics to advanced mathematics as a significant transition 
from describing to defining, from convincing to proving in a logical manner based on those definitions and this 
transition requires a cognitive reconstruction. To date research on advanced mathematical thinking has focused on 
normal age students. Issues of numeracy have driven much of the research on adults learning mathematics 
(O’Donoghue, 1995, 1996, 2000, 2002; Coben & Chanda, 2000; Kaye, 2002; Maguire, Johnson, & Yasukawa, 2002). 
This paper will focus on adults learning advanced mathematics. We define an adult as a student recognised by the 
third level institute as a mature student. We define advanced mathematics as any mathematical topic, which is 
considered too advanced to be included in the ordinary level secondary school mathematics curriculum. As a 
representation of an advanced mathematical topic we have chosen vectors. The adults in this study are first year 
undergraduate adults required to learn vectors in a service mathematics environment. 
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The authors are attempting to adapt the APOS Theory framework (Dubinsky et al, 1996) in an effort to support the 
mathematical learning of adults who are experiencing difficulty. APOS Theory seeks to exploit aspects of Piaget’s 
cognitive development theory, in this case reflective abstraction (Dubinsky, 1991), to promote the learning of 
advanced mathematics. Interventions based on tailored instructional treatments are central to this approach. This 
paper describes an instructional treatment developed by the authors that follows a mentoring approach and uses 
topic maps as a tool for both confidence building and problem solving. The development of these topic maps is 
discussed and the different approaches taken by individual adults are highlighted.  
This work, part of Golding’s doctoral research, is framed by APOS theory and employs interpretative approaches for 
data collection and analysis to understand how adults learn advanced mathematics (vectors), and includes 
mathematical life histories, reflective journals, attitudinal scales, and quantitative measures. The aim of this paper is 
to demonstrate how this particular subset of adults learned an advanced mathematical topic. 

The theoretical framework 
The theoretical framework for our research is an adaptation of APOS theory a constructivist theory developed by the 
Research in Undergraduate Mathematics Education Community (RUMEC) that deals with the way an individual
learns mathematics. The aim of RUMEC is to build on the cognitive development theories of Piaget and to apply 
them to more advanced mathematical concepts. The framework for the theory has three individual components: 1) 
Theoretical Analysis, 2) Instructional Treatment and 3) Observation and Assessment. 

Theoretical Analysis (APOS Theory) 
A theoretical analysis is an attempt to predict how a student mentally constructs the concept during the learning 
process. Dubinsky et al. (1996) call this a genetic decomposition of the concept into its actions, processes and 
objects. An action is described as something that a student does as a result of some external stimuli. A process can 
be described as a mindset where the student can actually visualise the whole procedure without having performed 
any of the action steps. If the student can reverse the process, can reflect on the process and can actually feel 
comfortable with expanding and refining the process, and can see how actions could be performed on the process as 
an object, then the student is said to have encapsulated the process into an object. An object can be an action at a 
higher level and a collection of these objects will combine to form a schema. Fig 1 shows the mental constructions as 
described in APOS theory (Dubinsky, 1991).

Figure 1. Mental Constructions 

Instructional treatment (APOS Theory) 
The instructional treatment is organised in what is called the ACE Teaching Cycle of Activities (Activities, Class 
discussion and Exercises). Among these activities, the most important are cooperative learning and having the 
students write computer code to implement mathematical concepts. Cooperative learning provides a social context in 
which the students can engage in reflection and Dubinsky et al maintain that computer activities can foster the 
mental constructions called for by the theoretical analysis. In addition there is an attempt to have the students 
engage in active learning, to figure things out on their own rather than rely on the instructor for explanations and 
information. 
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Observations and Assessments (APOS Theory) 
Observations and Assessments form the final part of the framework and Dubinsky et al (1996) use various methods 
of data collection in this part of the theory. The most important data however is the data that allows the researcher to 
analyse the student’s relationship with the material. Two sources of data are gathered for this purpose. Dubinsky et 
al feel that written assessments are necessary but also use audio-recorded interviews. A student may perform well in 
a written assessment without fully understanding the concept as it is described in the theoretical analysis. The 
reverse scenario is also possible in that a student may have developed the proper mental constructs but fail to relate 
this in a written format. A combination of different assessments in both written and interview format are deemed to be 
most suitable. Qualitative analysis is done on the interview data by a team of researchers to eliminate bias and this 
analysis is combined with the results of the written assessments before conclusions are made. 

The research methodology 
An exploratory cycle (year 1 of the project) was undertaken for two purposes, the first, was to learn about the course 
material and how best to design a theoretical analysis of vectors, which would be suitable to the adults taking this 
module, the second, was to observe a group of five adults as they studied vectors, to try out various methods of 
instructional treatment and observation so that a definite approach could be developed for the future research. In the 
exploratory cycle all five adult students were enrolled in the Science Maths 1 module. In the main study there are 
eight adult learners drawn from two different service mathematics modules, Science Maths 1 (four students) and 
Engineering Maths 1 (four students). 
The authors are following an ethnographic approach where Golding is a participant observer. The qualitative analysis 
is based on data collected using mathematical life histories (Coben, 1996, 1997; Coben & Thumpston, 1994, 1995), 
personal journals (Beveridge, 1995; Pescoff, 2000; Randall, 2002) and a research journal. Other data includes 
attitudinal scales, written assessments and written data in the form of topic maps. The particular focus of the data 
collection and analysis for this paper was the genetic decomposition of the topic and the subsequent instructional 
treatment involving topic maps. 

Theoretical analysis of vector topic (Genetic decomposition) 
The authors have adapted the theoretical analysis of the concept in the following way:  as well as attempting to 
predict how an adult might form the relevant cognitive structures in the mind, the genetic decomposition was also 
used to highlight potential gaps in the knowledge of the adult that may hinder the learning experience and in some 
cases may lead to anxiety. To briefly explain this we will consider a basic property of vectors that the adult is 
presented with very early in their first lecture. This concerns the magnitude and direction of a vector. The following 
formulae are presented to the adult as routine formulae.  

Given a vector a in 2V

2

2

2

1 aaa
1

21tan
a
a

The first of these formulae describes the magnitude of the vector and the second the direction angle. The genetic 
decomposition of these two formulae given in fig. 2 highlights the prerequisite knowledge required so that the adult 
might feel comfortable with that which they have just been presented. 
The granularity of the genetic decompositions is determined by the exigencies of the situation being more or less fine 
grained as required. The genetic decomposition used in this way highlights several areas which may cause confusion 
and in a classroom or support workshop environment the teacher can take a definite approach and ensure that each 
adult develops an understanding of the prerequisite material before moving on to the next stage. As the adult 
progresses there is less need for such acute granularity as the adult will just be assimilating and accommodating new 
information with the perquisite material already in place. A more in-depth analysis of this theoretical analysis features 
in the author’s (Golding) research. 

→

→
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Figure 2. Genetic Decomposition 

Instructional treatment of vector topic 
The genetic decomposition highlighted potential gaps in the knowledge of the adults that might cause anxiety so the 
approach taken for the instructional treatments was a series of support workshops that would initially focus on the 
prerequisite material and the use of individual mentoring within a cooperative learning environment. However during 
the initial few workshops a new development changed the focus to the use of topic maps. One of the authors 
(Golding) in the role of support teacher used a topic map for demonstration purposes in a workshop when some of 
the adults were feeling that they were struggling and not coping as well as the normal age students. The result of this 
action was that one of the adults started to develop her own topic map to see what she had learned. When the 
authors were presented with this topic map shown in fig 3 it was felt that others might benefit from using a similar 
strategy. Originally the use of a topic map was seen as a tool for observation and assessment where an adult’s 
concept image of vectors could be analysed. The authors now feel that topic maps can be used as part of a 
successful instructional treatment that can initially build confidence, and later be used as a problem-solving tool and 
finally as a revision tool for exams.   
To demonstrate how a topic map may be used to build confidence, the authors will now present some of the 
feedback from the adults involved in the research. The authors are aware that self-confidence is a personal emotion 
and that any generalization to the whole population of adult learners must be treated with caution.  
The author (Golding) is the person referred to as, “the tutor” in the following quotes. 
Mike’s journey 
Mike is a 34-year-old married man with two children.  He grew up in South Wales and moved to England when he 
was 12.  He left school with no exams when he was 15 to start work in a local factory in Bristol. His parents believed 
as long as he had a trade his school education was not important.  Since leaving school he has completed a number 
of courses including an IT Diploma, Business management course, National Certificate in Electrical and Electronic 
Engineering and he attended a Higher National Diploma in Electrical and Electronic Engineering, however he did not 
complete this final course due to family health problems. Mike returned to college in Ireland to do an undergraduate 
degree in manufacturing engineering because he wanted to get the qualification that would further his business and 
career and finally kill the gremlins that have bothered him for so long. Mike’s journey is interesting in several respects 
and his own account is presented verbatim in appendix 1. 

→
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Fig 3. Topic Map 

Figure 4. Mike’s Topic Map 
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Mike went on to recall his emotions during his end of semester exam. He had previously panicked in the midterm and 
as a result was very wary this time.  

Back to the exam and the paper arrived and I took a quick look over it.  OK I am nervous but not like the last 
time, I realise that I won’t be dead if I get it wrong.   I look at the question on vectors, oh god this is not like the 
ones I practiced, I CANT DO IT… everything going a bit hazy now, STOP we really spent a lot of time going over 
this stuff with the tutor. Take a few deep breaths and read the question again. What is it asking me to do?  I can 
see it, like a light bulb has just come on over my head.  How do I represent this on the script? Think of the topic 
map; just follow the links you learnt at the workshops. This is working. I am answering the question, I CAN DO 
IT… I have taken a long time to do the question but I actually know that it is correct and I am starting to feel 
invincible. I move on to the next question. I can do this one I can do the next too. [Mike, interview] 

Jenny’s Journey 
Jenny is a qualified primary school teacher who has decided to return to college to do an undergraduate degree in 
mechanical engineering. Unlike Mike, Jenny has had a relatively normal education with no interruptions and was 
encouraged to do well by her parents. She finished secondary school with higher-level mathematics. Jenny’s own 
account is presented verbatim in appendix 2. 

Figure 5. Jenny’s Topic Map 

Jenny went on to emphasise her difficulty with knowledge retention. 
I can’t believe it.  I’m so disappointed.  A fat lot of good it is to wake up at 5am knowing how to complete the 
blasted vectors question the night the exam is finished – especially when I’ve another exam today. [Jenny, 
interview]

Discussion 
The two adults quoted in the previous section come from completely different backgrounds. Mike worked as an 
engineer without the formal qualifications.  He has his own business yet lacked many of the basic mathematical skills 
that most undergraduate students would take for granted. As a result his confidence levels were at an all time low at 
the beginning of the course. He had a further setback in the midterm exam where he panicked and this almost 
resulted in him leaving the course. His quotes in the previous section and appendix 1 show how with the use of a 
topic map Mike’s confidence levels increased as he was able to view mathematics in a similar way to how he views 
an engineering problem. He was able to build a picture that made sense to him. Also when he was panicking in the 
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exam he was able to refer back to his topic map and follow the links. Mike has clearly shown evidence of having a 
more positive approach and now feels that he has a coping strategy that he can build on for the future. 
Jenny comes from the other end of the spectrum. She has the necessary mathematical background but finds it 
difficult to follow the lectures and has problems retaining information and making the appropriate cognitive 
connections. With the use of the topic map she was able to structure her understanding of the concept in a way that 
made recalling the information at a later stage more manageable. Her use of the topic map is quite different from that 
of Mike and is not as detailed as the gaps in her mathematical knowledge are not so obvious. Both feel that they 
have benefited greatly as a result of using them. The other adults involved in the research experienced similar 
feelings of enhanced confidence.  

Conclusions 
The authors are satisfied that APOS Theory has potential for framing studies in adult mathematics learning. In 
particular there is scope for improving our understanding of how adults learn mathematics using genetic 
decomposition and instructional treatments based on the genetic decomposition. In this paper the authors have 
demonstrated how topic maps may be used as an element of an instructional treatment for adults learning advanced 
mathematics.  The original idea of the genetic decomposition (Dubinsky et al, 1996) was an attempt to predict how 
the concept may be formed in the mind of the learner. We have taken this process further and used the genetic 
decomposition as a tool for highlighting potential gaps in the mathematical knowledge of the adults. On the other 
hand the adult learners have used the topic maps as study aids, as a problem-solving tool and as an exam revision 
tool.
While the authors do not suggest that this approach will work for every adult learner, there is enough evidence to say 
that for the adults involved in this study, confidence levels did improve, attitude to mathematics did improve and 
these factors impacted favourably on their mathematical ability. 
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Appendix 1 (Mike’s verbatim account) 
When we were learning vectors, the tutor showed us how to build a topic map. He felt it might be a useful way of 
connecting things. Topic maps helped me to understand that any given problem in maths is just a process or 
sequence of events that are logical, once the black arts and the idea that you needed a super brain were removed, 
the method of tackling a maths problem was just a case of memorising techniques.  The first step is to have 
someplace to start, for vectors; I had no idea what a vector was before UL. Once the initial instruction was given I 
knew that a vector was something that could represent a quantity that had magnitude and direction.  At this stage this 
was just words and meant little else.   
The topic maps turned the words into a picture. From this very simple picture I was able to understand exactly what 
was going on.  In my mind a picture really does say a thousand words and from here I was able to deepen my 
understanding of what a simple line with magnitude and direction could do.   
For the first time I am able to see the problem as having mechanical parts and components and the map helped me 
build a picture like constructing a machine or a building and I could see what I had, but more importantly I could see 
what was missing from the plan.  When the topic map was complete I was confident I had the components and the 
tools I required to tackle any problem that consisted of vectors.  For the first few problems, I needed to construct 
topic maps and reproduce from memory the same maps on paper to guide me through the problem. Now I just see 
the information and whilst it is still in the form of a picture I no longer need to copy it out on paper.  I have used this 
technique in other subjects too, for example chemistry and material sciences when a number of formulas are 
required. Even where the information is not numerable like note taking I use the mapping method as my aid and have 
found it to be a very useful tool to acquire, memorise and understand information whatever the form.  I found the 
topic maps particularly advantageous for exam preparation.

Appendix 2 (Jenny’s verbatim account) 
What a dog’s dinner the lecturer is making of vectors.  Thankfully we did them already in mechanics otherwise I 
wouldn’t have a clue.  She’s almost confusing me and I know how to do these.  No wonder I was so lost in 
September and October and November – come to think of it where am I? 
We went through vectors again in the mature students’ group, as some of them don’t do mechanics so consequently 
don’t know how to do them.  I have a slightly different approach to them than our tutor but both approaches work.  He 
used a cross between the K.W.L. (what you know, what you want to know, what you’ve learned) and the layout of the 
brainstorming method (spider’s web/chain of thought) of teaching them.  He calls it a topic map.  It’s not dissimilar to 
the ‘reminder’ posters I used stick on the wall after teaching certain topics or when the class had to summarise, for 
example, Romans on A3 sheets.   
He has asked us to do one for ourselves, as we all approach the same topic from completely different directions.  
You definitely learn more if you have to research, understand and then put into your own words in order to display 
something – especially if it is in front of peers. 
It’s amazing to actually see the links between the different aspects of vectors.  I knew they were there but some of 
the links were a tad tenuous.  I don’t retain information when it’s just given to me verbally and not repeated over and 
over.  The best way for me is either the good ol’ Montessori method (to figure it out for myself), or have someone tell 
me, go through the intricate ins and outs slowly and then watch over me while I do example after example.   
This is a faster method.  Now the links and, more importantly, the relevance of vectors are ingrained on my brain.  
This is going to be extremely handy when I’m revising vectors for the exam.  As soon as I move on and study a 
different module I completely forget about maths.  Consequently when I come back to maths I almost have to figure it 
out again from the very start – kind of like having to revise the start of a chapter again before being able to continue 
it.  It’s a personal consolidation tool that will be of huge benefit and a great time saver when I start to revise.
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What should be in a training course for adult numeracy teachers? 

Graham Griffiths
LLU+ London South Bank University UK 

Since 2001, adult numeracy teachers in England have been required to undertake courses satisfying 
two sets of specifications: 

a set of general teaching and learning standards that apply to all teachers in the post-
compulsory sector; and 

those specifically for adult numeracy specialists involving issues related to practice and some 
mathematics which includes ideas around calculus and hypothesis tests in statistics. 

Research is beginning to suggest that participants do not feel the current specifications are helpful to 
their practice.  The LLU+ took part in a small scale research project that investigated the initial and 
continuing motivations of adult numeracy teachers in attending training. The participants have made 
clear their concerns about the level of mathematics in the training and its relationship to their practice. 
In recent years, Maguire and others have looked at the professional development of numeracy 
teachers on an international stage. In addition, there has been a discussion of the mathematics that 
elementary school teachers should undertake following the argument that teachers should have a 
‘profound understanding of fundamental mathematics’ proposed by Ma (1999). A second project at the 
LLU+ suggests interventions that teachers have found useful and offers a way forward for research 
and training. 

The past few years have seen a transformation in the training requirements for teachers of adult numeracy. Not very 
long ago there were no requirements for teachers to have any particular training. Some institutions encouraged 
teachers to take a teaching qualification in the post-compulsory sector.  These courses attracted some government 
funding to enable individuals to undertake the course although institutions still had to free individuals from teaching to 
participate, usually on the basis of one day per week. This training had no particular set specifications but usually 
covered the post-compulsory context, general learning theories and some training in very general techniques that 
apply to all subjects. Alternatively (or maybe in some cases, additionally) some teachers were asked to undertake 
some training in adult basic skills. This usually took the form of a particular qualification, the 9281 Initial Certificate in 
Adult Basic Skills, run by the City and Guilds awarding body. This qualification gave some really useful information 
about the background of adult learners, barriers to learning and techniques for supporting individual learners. The 
courses were usually relatively short, consisting of approximately 30 hours of learning, and included an observation 
of the trainee supporting one learner. The specifications for the award included some numeracy specific elements 
although at a rather general level.  
Since September 2001 Adult numeracy teachers have been required to complete courses which satisfy two separate 
sets of criteria: 

1. a set of general teaching and learning standards that apply to all teachers in the post-compulsory sector; and 
2. those specifically for adult numeracy specialists involving issues related to practice and some mathematics 

which includes ideas around calculus and hypothesis tests in statistics. 
In Kaye and Griffiths (2005), there is an outline of these specifications and ways in which training has been 
interpreted at the LLU+/London South Bank University. In addition the authors also noted that in course evaluations 
many participants felt that the course did not contain the right level of mathematics or an adequate amount of 
teaching and learning strategies. 

Stage 1 Maths4Life 
Maths4Life is a three year, Department for Education and Skills (DfES) funded project which is looking at adult 
numeracy.  From October 2004 to March 2005 the LLU+ took part in a small scale project run under the auspices of 
Maths4Life. This project looked at the initial and continuing motivations of teachers attending two training courses at 
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LLU+. In addition, the project also investigated through a questionnaire why some other teachers have not 
undertaken courses so far, although this will not be discussed here. The intention of the project was to gain a better 
understanding of the reasons for teachers taking part which in turn may inform course design and specifications. The 
first part of the project consisted of semi-structured interviews (at the beginning of the course and half way through) 
with 12 participants. The main question that was used for analysis was the following (see Appendix 1 for the 
questions used by the interviewers in the first interview): 

Can you tell me what your main reasons are for enrolling on this course, or what were the main factors that made 
you decide to join? 

The following were offered as responses to be discussed 

Was it to improve your career prospects? 

Was it to enable you to get on another course in the future? 

Develop your numeracy skills? 

Give you a better understanding of some of the issues around teaching numeracy to adults? 
The interviews were transcribed and the team categorised the comments and came up with six main reasons that 
participants stated, in one form or another, for joining the course. These were (the brackets indicates the number of 
participants who were categorised under each reason): 

Does not have, and wants, this qualification. (9) 

The qualification will provide more options and opportunities and improve career prospects, including being 
able to teach at higher levels. (8) 

To gain more confidence and improve knowledge of maths, particularly at higher levels. (8) 

To improve and update their pedagogical knowledge and skills. (11) 

To gain more ideas and skills to teach particular areas. (6) 

The institution where they work encourages personal staff development. (7) 
It is worth noting that the numbers should not be taken at face value as it is possible, in some cases likely, that those 
who did not mention a particular reason may well still have this as a motivation. It is quite likely that all of the 
participants would sign up to Reason 1 it is just that some did not discuss this, maybe taking this as obvious and 
feeling that it does not require discussion. 
Aside from the external motivator of the qualification and linked job opportunities, the participants were interested in 
improving their knowledge of mathematics and updating their teaching skills and knowledge. 
At the half way stage, the trainees were asked whether they considered that the course was achieving what they 
wanted. The responses were very mixed with some stating that they gained a lot of useful knowledge about teaching, 
to those who thought that there was not enough material directly useful to their teaching. 
On the positive side  

…this has helped me to incorporate different activities and get students moving around doing different things, 
making it interactive. 

… it helps me reflect on my teaching practice, in how to enhance it and do better, and become a more effective 
teacher.

… I enjoyed learning about the reasons, many of the reasons, why people give up number work and numeracy. 

More negatively 
… there isn’t enough of how to teach it. 

… I suppose what is at the heart of it is that what I am doing here … is not going to make one hapeth of 
difference to my teaching. 

… I want to listen to my colleagues and learn, see the resources, listen to expert practitioners, showing me how 
better to deliver a class on percentages. 
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Views on the mathematics elements were also quite diverse in relation to their abilities and whether they found it 
interesting. Nevertheless the only comments on its appropriateness questioned the level of mathematics in the 
training. 

… I think you need to have a good, strong, maths base above level two, obviously, but the things we are doing 
are not relevant to what we will be teaching. 

… We don’t do enough maths that covers the maths we need – as a numeracy teacher. 

As in the evaluations from previous courses, mentioned in Griffiths and Kaye (forthcoming), the course appears to 
contain a mathematical element that is not considered useful to a adult numeracy teacher (even though some 
enjoyed the element). 

Training and mathematical content
The professional development of numeracy teachers has been of interest in a number of countries. Maguire, 
Lindeskov and Seabright (2005) outlined a number of developments at ALM-11. Maguire and O’Donoghue (2004) 
proposed a model for tutors of adult numeracy. Among the seven Core Elements that they identify are the following 
two:

Develop tutors mathematical eyes; and 

Incorporate pedagogy congruent with the pedagogy desired for their own teaching 
The first of these raises the issue of the mathematical content of training. The authors state that “(d)eveloping the 
tutors’ mathematical eyes … incorporates the development of a deeper understanding of mathematics” (Maguire & 
O’Donoghue, 2004, p5). As reported in Griffiths and Kaye (forthcoming), the specialist qualifications were intended to 
supply a mathematical content to the trainees that would enable them to be successful teachers although many 
participants have suggested this is not so. This has been reported in course evaluations, the feedback from the 
Stage 1 Maths4Life Pathfinder and from data collected for a forthcoming NRDC report. 
In addition to this raising of the mathematics knowledge that is considered necessary, there is also a connection 
between that knowledge and teaching raised by various authors. 
Maguire and O’Donoghue argue that  

With successful professional development, tutors will move from a view of mathematics as decontextualised, 
abstract skills and formulae, to a view of mathematics as an integral part of their own and their learners’ lives. 
(Maguire & O’Donoghue, 2004, p5)  

In a similar vein for the different sector, Ma (1999) has argued that we need to develop a ‘profound understanding of 
fundamental mathematics’ in elementary school teachers. In her research, Ma looked at the responses of teachers in 
China and the USA to a number of mathematics related questions (see Appendix 2). The questions were intended to 
reveal the mathematical understanding of the teachers. Ma showed that the profile of the teachers was different 
between the two countries and argued that the understandings in Chinese teachers were more useful for teaching 
mathematics.  
Ma argues that it is more important to investigate the mathematics that will be taught to a deep level. This would 
involve considering, in some detail, different models for various mathematical concepts, ideas for teaching and 
learning and connections between concepts.  

Profound understanding of fundamental mathematics (PUFM) is more than a sound conceptual understanding of 
elementary mathematics – it is the awareness of the conceptual structure and basic attitudes of mathematics 
inherent in elementary mathematics and the ability to provide a foundation for that conceptual structure and instill 
those basic attitudes in students. (Ma, 1999, p.124) 

There is a growing body of research that is looking at the mathematical knowledge of primary school teachers in the 
UK (for example, see Askew et al, 1997; Murphy, 2005; Thwaites et al, 2005). This work suggests parallel 
developments for the adult education sector, to change the content of the specifications to move away from higher 
level mathematics content to studying a more fundamental mathematics in a deeper way and connect more with 
pedagogy. 
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Stage 2 Maths4Life 
In response to the lack of specific subject pedagogy in the specifications, the LLU+ began a second project funded 
by Maths4Life. This involved looking at how teachers can use diagnostic / formative approaches to teaching adult 
numeracy. The purpose was to follow the change in practise of six teachers (in three different institutions). The 
project involved: the research team observation of classes; the participants undertaking peer observations; the 
running a number of training sessions; and the encouragement of discussion about the project between all involved 
(through meetings and emails). The project is due to complete in September 2005 and so data is partial at present. 
Nevertheless some interesting issues have already arisen.  
The initial discussions focused around the questions, the types of questions and the responses of the learners in the 
classrooms. The following is an example of a section from recorded discussions: 
Interviewer So we were talking about these questions and things … 

Teacher  Well, I think what … I threw out a few questions and you threw out a few questions at the end, but 
actually most of the questions this time came from students themselves talking to each other and looking at the 
data we gave them.  There was a range of data about life expectancy and poverty in various countries.  I think 
they were very interested in the data.  And giving them quite a lot of real data, they had to puzzle over it a bit.  
And I was surprised at how long they talked about it.  They actually looked at the numbers and they were trying to 
think about … one or two people at first didn’t know what the median age meant.  [One learner] couldn’t make 
sense of that.  But the other people explained that to her. 

Interviewer Yes, I suspect it was probably throughout the whole session they were trying to come to grips with that.  
Even at the end there… 

Another segment following the first involved a learner trying to make sense of one of the categories of data. 

Interviewer Victor, well, he was focusing on the total as opposed to the male and female, but he had forgotten what 
the total meant in relation to that, actually.  So when you asked him he was thrown for a bit.   

Teacher  It was the word total that threw him.  But previous to that I heard him discussing it, and he looked up his 
own country, which is Ghana, and he was quite surprised to see the median age was very low.  And he said – 
what … everyone is under twenty?  And they said – no, that’s half the people.  And he said – yeah, that’s 
everyone.  You don’t count the other ones.   

Such discussions were able to focus the participants on their use of questions and to consider what the responses 
actually meant. This is often lost in busy day-to-day practice. The use of questioning is a standard part of most 
(generic) teacher training courses although in this project it has been possible to focus on numeracy-specific aspects, 
for example, what is an open question in numeracy? 
In addition we asked the participants to keep their own diaries of events in their classes. The following is an example 
of an excerpt from a diary (in this the italics are direct statements from the participants): 
Continuing work on capacity. 

Started with a challenge – How can I make 50p using only 10p, 5p and 1p coins? How many ways can you find?
Students worked in small groups or on their own to come up with the answers. I had planned the questions and 
possible blocks – When learners did stop after 2 or 3 combinations I asked How will you know when you have 
found all the possible combinations?

No one could answer the question with a definitive answer but it encouraged several to go on looking. I asked 
Can you find an easy way to make sure that you have found all the combinations? Learners didn’t seem to have 
a definite strategy although some had the beginnings of one. 

We went through on board and tried to spot emerging patterns. Questions including Can you see where this is 
going? Is there a pattern there? Can you spot the pattern here? What do you think comes next? (after guesses 
for answers) – so what’s the pattern here? The activity generated a lot of questioning and a lot of interest. (One 
learner approached me in the corridor 2 days later to say he’d worked out another way of doing it – he’ll bring it to 
the next lesson). 

The participant in this case had felt that she had been deliberately focusing on producing more open-ended 
questions. Initially this proved difficult for the learners but eventually a discussion was generated and responses were 
generated which could be used formatively. 
The participants have all expressed positive feelings about the project and feel that this has had a real impact on 
teaching and learning. These feelings will need to be converted into some form of self reported data for analysis as 
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the project comes to a close. It should be noted that the observers also noted a change in practice of the classes 
observed although this has not yet been formalised. The team is looking forward to some interesting material and 
ideas for use in training. 

Pedagogy
The two Maths4Life projects mentioned here have been relatively small scale, but, along side other research (from 
the elementary school and adult learning sectors), point towards a need to change the content of training 
programmes from those specified in England. The team at LLU+ feel that it is time to examine various approaches to 
training in pedagogy. With this in mind the team are beginning to look at designing a research project that would 
investigate a number of specific interventions, across different courses, with the aim of looking at changed practice 
and discussing the value of such work with participants. Such interventions would build on the work of the Stage 2 
project which may in itself provide the model for such an investigation.  

Conclusion
The requirement that teachers of adult numeracy should be trained is a step forward in relation to professional 
standing. There would be few commentators who would suggest that professional development of teachers is not a 
positive move. Nevertheless, the content and type of provision has, and will continue, to be the focus for much 
argument and discussion. An increasing body of research suggests that learning mathematical content at a higher 
level is not a particularly fruitful path and that developing more ‘profound’ understandings of the mathematics taught 
is a step in the right direction. Indeed a more developed training that focuses on numeracy specific pedagogy would 
be enormously helpful. What is required is some research into specific training interventions to investigate and test 
possible routes. 
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Appendix 1 
TEACHER Interview schedule ONE (for Stage 1 project) 
This is……………………………………(researcher’s name) interviewing  
……………………………………………(teacher’s name) on………………(date). 

Teaching issues 
1. How did you become a numeracy teacher? 

2. Do you enjoy it? 

3. What are some of the best things about your job? 

4. What are some of the worst things about your job? 

5. What are some of the things that enable you to teach well? 

6. What are some of the barriers that make it more difficult to teach well? 

7. What areas of your numeracy teaching do you feel that you need to develop or improve? (Prompt: the mathematical 
knowledge; pedagogical issues?) 

The course 
8. Do you know anyone else who has taken the Adult Numeracy Subject Specialists? 

9. What do you hope to get out of the course? 

10. Where do you see yourself being in 5 years time? 

Reasons/motivations 
11. Can you tell me what your main reasons are for enrolling in this course, or what were the main factors that made you decide
to join?  (Allow time to answer)

Why this particular course and this particular year?

Use these points as a checklist: 

How many of the following factors played a part in your decision to join the course?: 

Was it to improve your career prospects? 

Was it to enable you to get on another course in the future? 

Develop your numeracy skills? 

Give you a better understanding of some of the issues around teaching numeracy to adults? 

12. Was it a fairly easy decision, or did you have to think about it quite hard and for some time? 

13. Did anyone else influence your decision? (for example, a colleague, family member or college manager?) 

14. What part did the college play in your decision? (Did it help, hinder you?) 
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Appendix 2 
Problems discussed with Elementary School Teachers in China and the United States by Liping Ma (1999) 
Try answering 3. 

(1.)  Let’s spend some time thinking about one particular topic that you may work with when you teach, subtraction with 
regrouping.

Look at these questions (
25
52

79
91  etc).

How would you approach these problems if you were teaching second grade? What would you say pupils would need to 
understand or be able to do before they could start learning subtraction with regrouping?  

(2.)  Some sixth-grade teachers noticed that several of their students were making the same mistake in multiplying large 
numbers. In trying to calculate the multiplication 123×456, the students seemed to be forgetting to “move the numbers” (ie the 
partial products) over on each line. 

They were doing this:   123 
×456

instead of this: 123 
×456

    615   615 
    492   492_  
  738   738__ 
  1845   79335 

While these teachers agreed that this was a problem, they did not agree on what to do about it. What would you do if you were 
teaching sixth grade and you noticed that several of your students were doing this? 

(3.)  People seem to have different approaches to solving problems involving division with fractions. How do you solve a problem
like this one? 

3 1 
1

4
÷

2
=

Imagine that you are teaching division with fractions. To make this meaningful for kids, something that many teachers try to do is 
relate mathematics to other things. Sometimes they try to come up with real-world situations or story problems to show the 
application of some particular piece of content. What would you say would be a good story or model for 2

1
4
31 ?

(4.)  Imagine that one of your students comes to class very excited. She tells you that she has figured out a theory that you never
told the class. She explains that she has discovered that as the perimeter of a closed figure increases, the area also increases.
She shows you this picture to prove what she is doing: 

 4 cm  8 cm 

4 cm                      4 cm  

Perimeter = 16 cm  Perimeter = 24 cm 
Area = 16 sq cm  Area = m32 sq cm 

How would you respond to this student? 
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Researching literacy and numeracy costs and benefits: what is possible?

Robyn Hartley Jackie Horne 

rhartley@infoxchange.net.au jackiehuk@yahoo.co.uk 

Assessing the benefits of investing in literacy and numeracy and the costs of poor literacy and 
numeracy in Australia is hardly an easy or straightforward undertaking. However, there is growing 
interest in moving forward this area of research. Overseas literature, especially around health literacy, 
family literacy, financial literacy and the impact of literacy on employees and employers, identifies 
some useful frameworks and methodologies. The paper discusses findings from a recent Australian 
Council for Adult Literacy report for the National Commission of Vocational Education Research and 
suggests ways of moving forward in Australia. 

Assessing the social and economic benefits of investing in adult literacy and numeracy and the costs of poor adult 
literacy and numeracy is largely uncharted territory in Australia. In contrast, there is a considerable body of relevant 
research from the United States, Canada, the United Kingdom and some European countries. The release of data 
from the International Adult Literacy Survey (IALS) in the 1990s contributed to some of this research. It should be 
noted however that studies examining the link between literacy and numeracy levels and economic and social 
outcomes are still relatively new, although there is an extensive body of research linking related measures, such as 
years of schooling or qualification levels, with a whole range of social and economic outcomes.  

Why research benefits and costs? 
Recent reports highlight the importance of pursuing a broad and integrated approach to language, literacy and 
numeracy policy (Beddie, 2004; Wickert, 2004). More reliable and useful information about individual, social and 
economic costs and benefits across various ‘domains’ of life and across the life span has the potential to provide 
valuable information for policy development. An increasingly diverse body of research shows that poor literacy and 
numeracy skills can have a pervasive impact for individuals – on their identity, health, family life and capacity to fully 
participate, socially and economically – and for communities and the maintenance and growth of social capital.   
Rapid changes in information and other technologies are likely to continue to extend the range of literacies we need 

being expected to self-manage areas of their lives which require relatively high levels of literacy and numeracy. 
Negotiating individual employment contracts, making decisions about retirement income and managing chronic 
health conditions are just a couple of examples in the Australian context.  
There is then a strong case for a much wider public understanding of the social and economic benefits of improving 
literacy and numeracy and the costs of poor literacy and numeracy across different areas of life. Ultimately, better 
community understanding could lead to more resources being made available for adult literacy and numeracy.   
In addition, more reliable information about a broad range of social and economic benefits and costs would help to 
ensure that data from the coming Adult Literacy and Lifeskills Survey (ALLS), to take place in Australia in 2006, is put 
to the best strategic use.  In relation to numeracy, a considerable amount of international effort, including input from 
Australia, has gone into developing an appropriate framework for directly measuring numeracy.  
Here we note that identifying and, where possible, measuring benefits and costs does not necessarily tell us how to 
go about reducing costs and enhancing benefits, except in the broadest terms. That is another issue. 
In the interests of brevity, in this paper we use ‘benefits and costs’ or ‘benefits and costs associated with literacy and 
numeracy’, rather than referring each time to the longer ‘benefits of investing in literacy and numeracy and costs of 
poor literacy and numeracy’.  

The ACAL project 
The paper is based on findings from a project carried out in 2004-5 by the Australian Council for Adult Literacy 
(ACAL) with funding from the Commonwealth government through the Adult Literacy National Project (Hartley & 

to function fully in society (e.g. see the review by Lonsdale & McCurry, 2004). In addition, individuals are increasingly 
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Horne, 2005). Frameworks and methodologies available for determining and measuring adult literacy and numeracy
benefits and costs across ‘life domains’ were identified through a literature review. The main focus is on literacy and 
social domains, such as health literacy and family literacy, rather than traditional economic areas, although the 
literature on employment and workplace literacy is briefly reviewed. The second part of the project involved a small 
number of consultations to explore in a preliminary way the level of interest and the capacity in Australia to move 
ahead with research into costs and benefits, and to identify the main issues that would need to be addressed to 
arrive at Australian estimates of benefits and costs.  
The ACAL report reflects on the content of the literature, but does not explore in any detail benefits and costs 
associated with adult numeracy. We acknowledge that while literacy and numeracy are frequently linked in the 
literature, poor numeracy has a different overall set of consequences to poor literacy, although some may be similar. 
Nevertheless, the general frameworks identified and some of the representative methodologies used to assess 
benefits and costs of literacy, together with some of the general issues which emerged from the literature, are likely 
to be relevant and useful for exploring numeracy costs and benefits.  

Measuring costs and benefits 
At the outset, it needs to be said that there are undeniable challenges in assessing and measuring benefits and costs 
associated with adult literacy and numeracy. The impacts (and therefore the costs and benefits) of multiple literacies 
are complex, cumulative, and interactive. Measurement of costs and benefits is rarely straightforward. Researchers 
from different backgrounds approach the issue from different perspectives. Economists typically have an ideal 
standard of measuring everything in monetary terms. This allows them to undertake cost benefit analysis, i.e. to 
compare the balance of costs and benefits over time, and to calculate a rate of return on an investment in a particular 
intervention, program or policy. Often, both the economic return (based on output or income) and the social return 
will be calculated. The social return has a wider base than the economic return and includes monetary valuation of 
the costs and benefits to individuals, taxpayers and society at large. 
It goes without saying that it is often not possible to value costs and benefits in monetary terms, especially in the 
fields of education and health. Units of measurement may be in monetary terms; however, this is dependent on a 
range of factors such as the data available, the cost of collecting new data and the techniques that can be used to 
estimate costs and benefits. More often, costs and benefits will be measured in a non-monetary unit, e.g. rates of 
hospitalisation or smoking rates.  
There are, of course, many issues to consider when it comes to reliably measuring costs and benefits and 
undertaking statistical analysis. A variety of approaches and estimation techniques have been used. In general, it is 
highly desirable to control for other variables that may affect accurate measurement of benefits and costs, as many 
socio-economic factors interact with literacy and outcomes such as health. 

General frameworks 
The most comprehensive available frameworks for investigating benefits and costs are concerned with adult learning, 
rather than with literacy per se.  They are nevertheless relevant and useful because of the concepts used, the types 
of research they have led to and the issues they raise. Not surprisingly, the frameworks reinforce the importance of 
multi-disciplinary approaches and underline the need to integrate concepts of ‘human capital’ and ‘social capital’. 
Literacy and social capital is a growing area of interest; however, currently, most work focuses on social capital 
outcomes of literacy learning, rather than on measuring the social capital benefits and costs associated with literacy. 
The frameworks point to a number of factors that need to be taken into account when estimating costs and benefits. 
While they may appear obvious to people in the literacy and numeracy fields, they often require sophisticated 
methodologies and measurement techniques. Such factors include the following: benefits of learning (and literacy) 
can be ‘sustaining’ as well as ‘transforming’ (allowing individuals and communities to continue and improve doing 
what they, as well as changing them); benefits can be individual and collective; they are cumulative and dynamic in 
nature (Schuller et al., 2001; 2004). Research also shows that benefits and costs may vary according to, for example, 
gender and stage of life, increasing the complexity of measurement.  

Methodologies
Some studies use large datasets, such as the IALS data and various longitudinal cohort studies, to measure 
economic and social benefits and costs of literacy to individuals and/or the economy and society.  
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The international adult literacy survey (IALS) 
IALS data has been used to examine the link between literacy and labour market outcomes, earnings and the returns 
to different levels of education, and immigrant earnings. Analysis of IALS data (Williams, 1999, cited in Hagston, 
2002) has also shown that receipt of welfare benefits, health, criminal activity, and community participation are linked 
with literacy skills and educational achievement. Health has been a particularly fruitful area of investigation. Although 
health outcomes were not directly measured in the IALS, analysis of IALS findings has shown that high levels of 
literacy are associated with better health outcomes, for example, higher life expectancy and healthier habits and 
lifestyles (OECD & Statistics Canada, 2000). Similarly, Roberts and Fawcett’s (1998) analysis of Canadian IALS data 
found that people with lower literacy levels were more likely to be at higher health risk, with an increased effect on 
senior citizens. 
In Australia, Chiswick, Lee and Miller (2003) used data from the IALS to examine the effects on labour market 
outcomes of literacy, numeracy and schooling. It was found that approximately half of the total effect of schooling on 
labour force participation and on unemployment can be attributed to literacy and numeracy skills.   
Findings from a recent study by Coulombe, Tremblay and Marchand (2004) using IALS data are quite compelling. 
Their conclusion, that a rise of 1% in a country’s literacy score relative to the international average is associated with 
an eventual 2.5% relative rise in labour productivity and a 1.5% increase in GDP per head, has attracted quite a lot of 
comment. The study is notable because it is the first to identify a clear and significant association between a 
country’s investment in human capital and its economic growth and because it uses a direct measure of skills, i.e. 
literacy levels as measured by the IALS, to identify this link. Previous studies which focused on educational 
qualifications had failed to prove a link between human capital and economic growth. 
Longitudinal cohort studies 
In the UK, two longitudinal cohort studies, the National Child Development Study which began in 1958 and the 1970 
British Cohort Study, have been popular data sources for measuring non-economic and economic costs of poor 
literacy, and benefits to individuals and society of improving literacy, no doubt because of the rich data they include 
on both economic and social outcomes.  
A representative study, which measured both the economic and non-economic impacts of improving adult literacy 
and numeracy skills, is that of Bynner, McIntosh, Vignoles, Dearden, Reed, and van Reenen (2001). They used data 
from the two British longitudinal studies and from the UK Family Expenditure Survey and Family Resources Surveys, 
and employed statistical modelling techniques. As far as non-economic outcomes are concerned, individuals who 
increase their literacy and numeracy levels were shown to: 

suffer less from poor physical and mental health; 

be less likely to have children experiencing difficulty at school; 

be more likely to be active citizens, as shown by voting behaviour and expressing interest in politics, and 

are more liberal and less discriminatory in their attitudes. 
In Australia, the Longitudinal Survey of Australian Youth (LSAY) dataset has been used to measure some economic 
outcomes. Marks and Fleming (1998) found that low school achievement in literacy and numeracy was consistently 
associated with youth unemployment, with effects continuing through to the age of 33. Similarly, Gleeson 
(forthcoming) has been using the LSAY dataset to examine the economic returns to training for adults with low levels 
of literacy and numeracy.  
The use of longitudinal cohort studies in the UK, which include a range of social and economic indicators, points to 
the possible use of similar longitudinal study data in Australia. This potential was explored in the consultations for the 
ACAL project. 

Health literacy 
A useful framework for investigating health literacy is Nutbeam’s (1999) schema. It describes functional, interactive 
and critical health literacy and places health literacy in the broader context of health promotion. Functional health 
literacy is broadly defined as the ability to read and comprehend medical information and instructions.  Interactive 
health literacy refers to the development of personal skills that improve capacity to act independently and improve 
motivation and self confidence to act on advice received; critical health literacy refers to personal and community 
empowerment to act on the social and economic determinants of health. 
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A considerable amount of work on health literacy benefits and costs has been carried out and some comprehensive 
summaries and discussions of research exist (e.g. Berkman et al., 2004; Rootman & Ronson, 2003; Shohet, 2004). 
Most studies to date have investigated either the benefits or the costs of different levels of functional literacy from a 
medical perspective, although there is growing recognition of the need to go beyond functional literacy.
Higher health literacy has been linked to, for example, knowledge and understanding of such things as 
mammography, cervical cancer screening, emergency department discharge instructions, smoking, contraception, 
HIV, asthma, and post-operative care. On the other hand, representative studies have found associations between 
lower literacy and, for example, higher risk of hospitalisation, not having had a Pap smear or mammogram in the past 
2 years, not having a flu injection, and higher rates of depression in various populations.    
Studies relevant to benefits and costs of health literacy are varied and indicate the wide range of potential costs and 
benefits of health literacy. Nevertheless, some of the impacts identified are based on the knowledge and behaviour of 
individuals in the research sample rather than on actual health outcomes. Most investigate aspects of physical health 
or specific health issues such as asthma or diabetes, although the literature does include studies of ‘mental health 
literacy’.  
We did not identify studies which have valued the benefits of improving health literacy or conducted a cost-benefit 
analysis of investing in health literacy.  Studies are generally not cheap, especially if they use face-to-face interviews 
to measure individuals’ literacy levels and to collect data on outcomes. The extent to which findings can be 
generalised across different populations and different environments needs further investigation 
The most well-known tools for assessing health literacy are the Rapid Estimate of Adult Literacy in Medicine 
(REALM), Test of Functional Health Literacy in Adults (TOHFLA) or S-TOHFLA (shortened version of TOHFLA), and 
the Wide Range Achievement Test (WRAT). Although quite widely used, they have some limitations and have not yet 
been validated in different cultural and social contexts.  
In Australia, health literacy has not received the same attention as in some other countries. Nevertheless, there is 
evidence of increasing interest from some medical researchers, e.g. Buchbinder, Hall, Grant, Mylvaganam and 
Patrick (2001) have investigated the readability of patient information used by Australian rheumatologists; Griffin, 
McKenna and Tooth (2003) have examined written health education material in the area of occupational therapy. 
Health literacy is being recognised as a factor which affects decisions to participate in screening programs. In 
common with the overseas research, most studies focus on functional health literacy, although there is some interest 
in broader issues such as communication between health professional and patients.  

Financial literacy 
Definitions of financial literacy generally include elements of skills, knowledge and understanding, for example: 

(Financial literacy is) personal financial knowledge and skills…Financial literacy involves the ability to understand 
financial terms and concepts and to translate that knowledge skillfully into behaviour…Literacy implies knowledge 
of the terms, practices, laws, rights, social norms, and attitudes needed to understand and perform…vital 
financial tasks. It also includes the fact that being able to read and apply basic math skills is essential to making 
wise financial choices. (Jacob, Hudson & Bush, 2000). 

Schagen (1997) defines it as ‘the ability to make informed judgements and to take effective decisions regarding the 
use and management of money’. 
However, definitional problems and lack of a well established framework for financial literacy remain. Some argue 
that it should be seen as an essential life skill.  The place of numeracy in relation to financial literacy is not well 
defined; however is it clear that most definitions incorporate elements of numeracy.  
Studies from the US have measured the benefits of improved levels of adult financial literacy gained through 
workbased financial education programs or through high-school based programs. A few studies have extended this 
to look at the return on investment to employers of investing in workbased financial literacy programs. 
Important measurement issues include: accounting for the interaction between financial literacy and low income, the 
influence of attitudinal, psychological and ‘lifestyle’ factors, and the effect of different life stages and associated 
priorities. The most robust approaches to measuring the benefits of investing in financial education include using pre 
and post-test designs, and using control groups of people who do not receive financial education.  
There is limited research investigating the relationship between the financial literacy levels of employees and general 
literacy and numeracy skills, and the impact of financial literacy levels on physical and mental health.  
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Research relating to costs and benefits focuses substantially on those who are employed; few studies explore in 
detail costs and benefits of financial literacy for unemployed people.  
In Australia, research for the ANZ Bank (Roy Morgan Research, 2003) and for the Commonwealth Bank
(Commonwealth Bank Foundation, 2005) surveyed literacy levels within the population. Two reports include estimates
of costs of poor financial literacy. The Consumer and Financial Literacy Taskforce (Commonwealth of Australia, 2004)
modelled the effects of ‘bad’ financial decision making over the course of a person’s life. The Commonwealth Bank 
Foundation’s (2005) study modeled the effects of improving financial literacy levels on individuals and the economy. 
The increase modeled in the latter was a relatively modest target, i.e. improving the scores of the 10% of the 
population with the lowest levels of financial literacy on the financial literacy questionnaire, over a period of ten years. 
It was estimated that this would increase the average annual income of people with the lowest 10% of scores by $3 
204, increase Australia’s GDP $6 billion and create 16 000 new jobs. It was also estimated that improving the 
financial literacy of this group would reduce the incidence of persistent sleeping difficulty amongst the Australian 
population by 2% and the incidence of regular smoking by 2%. 

Business, employers and employees 
There is a sizeable literature that demonstrates the returns to employers of investing in workforce training generally 
(i.e. improvements in firm productivity and in some cases higher levels of innovation and/or better financial 
performance); however studies that focus on costs and benefits of literacy and numeracy are far fewer.  
Literacy benefits and costs for small business owners and self-employed people (a growing group in Australia) is a 
largely unresearched area, although there is some evidence of growing interest. Overall the research indicates, 
perhaps not surprisingly, that larger rather than smaller companies are making the most investment in workbased 
training in the literacy area. UK studies suggest that most small business owners are largely unaware of poor literacy 
and numeracy skills. While there is an obvious link between financial literacy and small business, the importance of 
broad literacy and numeracy skills is equally important.  
Some of the methodologies used in exploring literacy and larger enterprises are likely to be useful, although our 
consultations suggested that the small business sector differs in significant ways from larger enterprises. These 
differences need to be taken into account in any research in the small business area. Flexible and multiple research 
approaches are likely to be most useful.   
Methodologies used to measure the benefits of improving literacy and numeracy amongst the workforce have 
typically focused on cost savings and/or productivity gains to the company, although some studies look more widely 
and include employee focused outcomes such as levels of promotion and rates of absenteeism. The issue of ideal 
methodologies based on large datasets (panel data is the most ideal) versus achievable methodologies based on 
availability of data and costs of new data collection is an important consideration. 
Relatively few studies include measures of factors that impact directly on employees and that also indirectly influence 
company profits, i.e. employees’ job satisfaction, internal promotion, absenteeism, access and take-up of further 
training and education. 
In Australia, while workplace education and the skills of workers have received considerable attention, the most 
directly relevant study is that by Pearson (1996). He found that language and literacy training was considered to have 
had a positive effect on five aspects of the workplace: direct cost savings; access to and acceptability of further 
training; participation in teams and meetings; promotion and job flexibility; and the value of training (which included 
issues such as worker morale, confidence to communicate etc.). The study included respondents’ quantitative 
estimate of savings to their companies based on the positive impacts identified.  

Family literacy 
We found no research studies that have measured the costs of poor family literacy, although there are a fairly large 
number which have measured the benefits to adults and/or children from participating in family learning programs. 
Many of the measures used have focused on outcomes such as changes in confidence and attitudes towards literacy 
and learning by adults and children, or on reading gains. 
The few studies that have managed to measure a wider range of benefits have tracked parents and/or children over 
time, as many of the benefits of family literacy, such as educational and employment gains for adults and educational 
and developmental gains for children, can only be adequately measured once time has passed. 
Longitudinal cohort studies are relatively expensive and require established family literacy programs to be in place so 
that a sufficient number of participants can be identified and followed-up. These types of programs do not generally 
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exist within Australia.  Ideally, a group of family literacy program participants would be compared with a control group 
who had not participated, further increasing research costs.  

Taking measurement of costs and benefits forward in Australia  
We concluded that there is sufficient interest and a small research base in Australia for obtaining better information 
about social and economic costs and benefits in relation to three areas – health literacy, financial literacy and literacy 
and numeracy and small business. There is quite strong interest in financial literacy from the Commonwealth 
government and from financial institutions. Health literacy does not at present have any obvious champions but there 
are interested researchers and a substantial body of overseas research on which to draw. There is a strong case to 
be made for the importance of literacy and numeracy in relation to small business, and some evidence of interest in 
the area.   
The consultations underlined the importance of a number of factors: convincing government and other research 
funding bodies that adult literacy and numeracy costs and benefits is an important individual, community and national 
issue; getting commitment from researchers and others working in various social domains; and discovering what 
meeting points are possible between the various stakeholders. The following options for the future were suggested:  

setting up small collaborative cross-discipline working groups to explore common ground and jointly seek 
funding for further research;  

further exploration of the possibilities of ‘buying in’ to existing Australian longitudinal studies in order to 
measure the range of social and economic costs associated with literacy and numeracy;  

further targeted consultations with a wider range of people interested in health literacy, financial literacy and 
literacy and small business;   

wide dissemination of the report so more people are aware of the substantial body of research in the area, as 
well as the research issues;  

promotion of the strategic use of information from the 2006 Adult Literacy and Lifeskills Survey (ALLS). 
Collaboration across sectors is crucial to take forward the assessment and measurement of social and economic 
costs and benefits associated with literacy and numeracy.   

References
Beddie, F. (2004). Community literacy: A discussion paper. www.dest.gov.au/literacynet/ 
Berkman, N. D., De Walt, D. A., Pignone, M. P., Sheridan, S., Lohr, K. N., Lux, L., Sutton, S. F., Swinson, T., & Bonito, A. J. (2004).  Literacy 

and health outcomes. evidence report/technology assessment No. 87 (Prepared by RTI International–University of North Carolina 
Evidence-based Practice Center under Contract No. 290-02-0016). AHRQ Publication No. 04-E007-2. Rockville, MD: Agency for 
Healthcare Research and Quality.

Buchbinder, R., Hall, S., Grant, G., Mylvaganam, A., & Patrick, M. R. (2001). Readability of content and supplementary written drug information 
for patients used by Australian rheumatologists, Medical Journal of Australia, 174 (11), 557-8. 

Bynner, J., McIntosh, S., Vignoles, A., Dearden, L., Reed, H., & van Reenen, J. (2001). Improving adult basic skills - Benefits to the individual 
and to society, DfEE Research Brief No. 251, London: DfEE. 

Chiswick, B. R., Lee, Y. L., & Miller, P. W. (2003). Schooling, literacy, numeracy and labour market success, The Economic Record, 79, (245), 
165-181. 

Commonwealth Bank Foundation (2005). Improving financial literacy in Australia: benefits for the individual and the nation. Melbourne: 
Commonwealth Bank Foundation, Eureka Strategic Research and Centre of Policy Studies, Monash University.  

Coulombe, S., Tremblay, J. F., & Marchand, S. (2004). Literacy scores, human capital and growth across fourteen OECD countries. Statistics 
Canada and Human Resources and Skills Development Canada, Catalogue no. 89-552-MIE. 

Griffin, J., McKenna, K., & Tooth, L. (2003). Written health education material: Making them more effective, Australian Occupational Therapy 
Journal, 50, (3), 170-177. 

Hagston, J. (2002). Exploring the International Adult Literacy Survey data: Implications for Australian research and policy. Melbourne: 
Language Australia Publications.  

Hartley, R., & Horne, J. (2005).  Moving forward – Identifying benefits, counting costs: literacy and numeracy across domains of social life,
Adelaide, South Australia: NCVER, . 

Jacob, K., Hudson, S., & Bush, M. (2000). Tools for survival: an analysis of financial literacy programs for lower-income families. Chicago, Il: 
Woodstock Institute. 

Lonsdale, M., & McCurry, D. (2004). Literacy in the new millennium, Adelaide: NCVER. 
Marks, G., & Fleming, N. (1998). Factors influencing youth unemployment in Australia: 1980-1994, Longitudinal Surveys of Australian Youth, 7.



142

Nutbeam, D. (1999). Literacies across the life span: Health literacy. Literacy and Numeracy Studies, 9, (2), 47-55. 
OECD & Statistics Canada (2000). Literacy in the information age: Final report of the International Adult Literacy Survey. Paris, and the 

Minister of Industry, Canada: OECD. 
Pearson, G. (1996). More than money can say: the impact of ESL and literacy training in the Australian workplace, Canberra: Department of 

Employment, Education, Training and Youth Affairs. 
Roberts, P., & Fawcett, G. (1998). At risk: A socio-economic analysis of health and literacy among seniors, International Adult Literacy Survey. 

Statistics Canada, Human Resources Development Canada & National Literacy Secretariat. Catalogue no. 89-552-MPE, no. 5. 
Rootman, I., & Ronson, B. (2003). Literacy and health research in Canada: Where have we been and where should we go? www.nlhp.ca

National Literacy and Health Research Project. 
Roy Morgan Research (2003), ANZ survey of adult financial literacy in Australia - Final report. 
Schagen, S. (1997). The evaluation of NatWest Face 2 Face With Finance. London: National Foundation for Education Research.   
Schuller, T., Bynner, J., Green, A., Blackwell, L., Hammond, C., Preston, J., & Gough, M. (2001). Modelling and measuring the wider benefits 

of learning: A synthesis. London: Institute of Education, University of London.  
Schuller, T., Preston, J., Hammond, C., Brassett-Grundy, A., & Bynner, J. (2004). The benefits of learning: the impact of education on health, 

family life and social capital. London: RoutledgeFalmer,. 
Shohet, L. (2004). Health and literacy: perspectives, Literacy and Numeracy Studies 13, (1). 
Wickert, R. (2004). Everyone’s responsibility: towards meeting the adult language, literacy and numeracy needs of a modern Australia.

www.dest.gov.au/literacynet/



143

Finding the fire: Numeracy and literacy for public safety volunteers* 

Christine Hayes Barry Golding Jack Harvey 
Swinburne University of 

Technology TAFE 
University of Ballarat University of Ballarat 

chayes@swin.edu.au b.golding@ballarat.edu.au j.harvey@ballarat.edu.au 

This paper is based on research conducted by Hayes, Golding and Harvey (2004) into the adult 
learning that takes place in volunteer fire and emergency service organisations in small and remote 
towns in Australia. This research investigated the literacy and numeracy skills valued by volunteers, 
their perceptions of their own skill levels and the impact these may be having in the context of the 
introduction of more formal systems of training and assessment. This paper also discusses the 
implications these findings may have for adult literacy and numeracy practitioners. 

Volunteer-based public safety organisations play a vital role in preventing and reacting to bushfires and other local 
emergencies throughout Australia, particularly in rural and remote communities. This response is generally provided 
by local fire brigades and state and territory emergency service (SES) units. These organisations put considerable 
effort into training unpaid volunteers to respond to incidents and emergencies that may occur infrequently, but which 
require rapid and competent responses when they do. In the past, this training has tended to be informal and by 
means of hands-on training and practice. In recent years, changes in community expectations regarding training, 
legal pressures and changing emergency response technologies have resulted in existing and new volunteers being 
required to undertake more formal training and assessment in the skills they need to safely respond to a range of 
emergencies.  
These new styles and expectations of training and assessment have raised issues relating to the literacy and 
numeracy levels required for both the necessary learning and the functional competencies of volunteers. Concerns 
have been expressed that literacy and numeracy issues are preventing some people from completing the necessary 
training, causing others to leave organisations because they are unwilling to expose their literacy issues to 
colleagues and discouraging new recruits from joining (Hayes & Ryan, 2001). Loss of volunteers as a consequence of 
training has implications for the volunteers themselves, their local fire brigades and SES units and the communities 
that rely on them for protection.
These issues are likely to be particularly pertinent in small and remote towns because the organisations themselves 
play an important community role that goes well beyond the critical voluntary fire and emergency service functions. In 
addition, voluntary organisations in small and remote communities draw deeply on the social capital (trust, 
reciprocity, networks) of community members in ways that makes the attractiveness of training and retention of 
volunteers particularly critical despite the likely difficulties caused by increasing geographic remoteness and small 
community size. 
This paper reports on national research Hayes, Golding and Harvey (2004) undertook to investigate the numeracy 
and literacy skills that public safety volunteers value in their role, how they perceive their skills in these areas, and 
what impact the changes in formality of training and assessment may be having because of literacy and numeracy 
issues. The research also investigated what might be the most effective ways of facilitating learning of these skills in 
small and remote communities. 

Methodology
A study was undertaken of 20 fire brigades and SES units in small and remote communities across five Australian 
states (New South Wales, South Australia, Tasmania, Victoria and Western Australia). In each state, four locations of 
varying geographic accessibility/remoteness (measured by ARIA—Accessibility and Remoteness Index of 
Australia—ARIA 1999) and population size were chosen and an appropriate fire brigade or SES unit selected.  
Details on the sites visited and how they were chosen are provided in Appendix A. 
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Each location was visited on two occasions. On the first visit, a discussion was held with the key informant in each 
brigade/unit (usually the officer in charge) and a small group of volunteers selected by the key informant. Network 
diagrams (Golding, 2002) were created during these discussions in order to identify the relationships within and
between public service organisations and other local learning and community organisations. A separate interview 
was conducted in each location with a person involved with adult learning in the local community to develop a 
network diagram from their perspective. These network diagrams provided insights into the social capital (‘the norms 
and networks facilitating collective action for mutual benefit’: Woolcock, 1998) that existed within and particularly
between organisations.  
Following the first visit, surveys were distributed through the key informants to the volunteers. Collated results from 
these surveys (N = 329; response rate 73%) were used as the basis for small group interviews undertaken with 
volunteers and representatives from adult learning organisations on the second visit. In all, 230 volunteers and other 
community members participated in these on site group interviews.  

Findings

Connections between organisations 
Although there was considerable goodwill between public safety and adult learning organisations in the locations 
visited, there were not strong learning links between them.  

Attitudes to learning 
Volunteers identify as keen learners (95%) and almost all are involved in other local community organisations. The 
skills they learn through their public safety organisations are transferable to and demonstrably useful in other aspects 
of their community, home and work life. In this respect, the training being undertaken at local fire brigades and SES 
units is helping to build the capacity of communities and enterprises in rural and remote Australia.  
With few exceptions, volunteers agree that some sort of training is required to learn how to perform their public safety 
role. Most volunteers would prefer this training to be hands-on and believe this is the best way for volunteers to be 
taught and to learn. In particular, many interviewees highlighted the value of the learning that takes place at real 
incidents such as fires and vehicle accidents and when undertaking roadside burning or similar 'real' activities.  

Many people viewed the changes toward more formal accreditation of skills positively. Reasons for this included:
The formal training and assessment further develops skills and increases confidence in performing the role. 

Volunteers can be more confident that others in the team have the skills required and can do the job asked of 
them, particularly at incidents outside the local area and in unfamiliar teams.  

The certificates and vocational competencies obtained are recognised and transferable. They can be used in 
other workplaces and, in some cases, to obtain paid work. 

The qualifications are recognised nationally and can be used as evidence of skills if moving from state to state 
or between public safety organisations. 

The introduction of more formalised training and assessment is presenting challenges as well as opportunities, 
however. A number of volunteers, particularly those in older age groups, have left or are reconsidering their 
participation because of the perceived increasing demands being placed on them. Negative views of the changes 
included: 

The more formal approach to training is unnecessary, as volunteers have effectively dealt with incidents in the 
past without this. 

Prior learning, skills and knowledge developed over years of experience are not being recognised 
appropriately.  

The community is so small everyone has to be part of the brigade/unit anyway, whether formally trained and 
assessed or not.  They are also unlikely to respond to emergencies outside their area.   

This is just an exercise in the 'powers that be covering their butts' for legal reasons. 
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There is not enough time. Pressures on the small number of people in these communities who are often 
involved in a number of community activities are increasing, and formal training and assessment and the 
associated paperwork are just adding to these. 

There is concern about people's ability to successfully complete formal assessments because of literacy or 
other communication skills issues.  

People are leaving or not volunteering because of these perceived difficulties, and this has implications for the 
safety of the community. 

Valued literacies 
In the survey, participants were given a list of literacy and numeracy skills that might be required in their public safety 
role and asked to rate the importance of each to the brigade/unit on a scale of ‘low’, ‘medium’ or ‘high’. They were 
also asked to rate their own skills in these areas on the same scale. The findings in relation to this question are 
summarised in table 1. 

Table 1: Importance of skill to the brigade/unit and rating of own skills (% of respondents) 

Importance to brigade/unit   Skill Rating of own skills 

Low 

%

Med.

%

High

%

 Low 

%

Med.

%

High

%
<1 10 90 Understanding spoken messages   2 45 53 
  1 12 88 Passing on spoken messages   2 44 54 
<1 18 82 Reading maps of familiar areas 10 41 50 
  2 19 79 Reading and understanding dials on equipment   5 44 51 
  2 22 76 Reading maps of unfamiliar areas 16 49 35 
  6 25 69 Logging (recording) spoken messages 11 59 30 
  2 30 66 Reading and understanding training materials   5 51 45 
  4 31 65 Understanding messages on noticeboards    4 40 57 
  8 35 57 Conducting briefings 36 47 18 
10 38 52 Writing reports 25 53 23 
  5 43 52 Taking part in meetings 10 50 40 
11 46 43 Writing brief notes 15 55 31 
10 46 43 Doing basic calculations   9 46 44 
14 47 39 Leading meetings 35 44 21 
18 46 36 Speaking in public 31 47 22 
22 46 33 Writing letters 27 53 20 
32 39 29 Using computers to find information 38 39 23 
32 39 29 Using computers to prepare documents 45 34 22 

Note: Sorted by importance to brigade/unit; N values ranged from 314 to 326. 

The skills rated by most volunteers as being of high importance to the brigade/unit were understanding and passing 
on spoken messages. The ability to read maps of both familiar and unfamiliar areas was also rated highly, as was the 
ability to read and understand dials on equipment, both of which rely on numeracy as well as literacy skills.  
Given the perceived importance of reading maps, both to find the incident and to safely exit from a potentially unsafe 
area, it is pertinent to note that 10 and 16 per cent of survey respondents respectively rated their own skills as 'low' 
for reading maps of familiar and unfamiliar areas. Only 35 per cent considered their skills were 'high' in reading maps 
of unfamiliar areas. Perhaps not surprisingly, respondents in leadership roles rated their ability to read maps of 
familiar and unfamiliar areas more highly than others (see appendix B, table B1). Even so, a small proportion (4–
10%) rated their skills in these areas as 'low'.  There were also significant differences in rating of map reading skills 
by gender: women were significantly more likely than men to rate their skills in this area as low (see appendix B, 
table B2).  
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'Doing basic calculations' was rated of high importance by only 43 per cent of respondents, although nearly half 
(46%) considered it of medium importance. Interestingly, most respondents rated their own skills in this area as 
medium or high; only 9 per cent rated their skills as low. Nevertheless, this would still translate into approximately 2 
people in every group of 20 possibly requiring skill development in this critical area.  
An area with some of the lowest ratings of skills was in the ability to use computers to find information or prepare 
documents (38% and 45% ranking their skills as ‘low’ in these areas respectively). Self-rating by leaders of their 
computer skills did not differ significantly from other respondents, with around one in three (32%) ranking their ability 
to use computers to find information as 'low'. Not surprisingly, older respondents were significantly more likely to rate 
their ability to use computers to find information as ‘low’ than younger participants (70% of those aged 55+ compared 
with 20% of  those aged younger than 35 years – see appendix B, table B3).  Gender differences were again found: 
women were significantly more likely to rate their skills as ‘high’ in these areas than men (see appendix B, table B2). 

Interest in further training 
Seventy-nine per cent of those surveyed 'were' or 'might be' interested in additional training in the areas listed.  The 
areas of most interest were learning to read maps of unfamiliar and familiar areas (57% and 45% respectively), using 
computers to find information and prepare documents (52% and 51% respectively), conducting briefings (45%), 
writing reports (44%), logging radio messages (43%) and speaking in public (42%). Thirty-one per cent were 
interested in training in how to read the dials on equipment, and twenty-two per cent were interested in learning how 
to do basic calculations (see appendix B, table B4).  As can be noted from this list, some of the areas of most interest 
(e.g. using computers, writing reports and speaking in public) were not necessarily rated as being of high importance 
to the brigade/unit (table 2). 
Most of those surveyed (72%) would prefer any training in these areas to be provided through their public safety 
organisation, by either a trainer from within their brigade/unit or by someone from outside who is an emergency 
service trainer. A substantial minority (23%) would prefer the training to be provided by another local trainer who is 
not necessarily involved with their public safety organisation. The majority (82%) would like the training to be 
provided locally. 

Impact of low literacy on participation 
Fifteen per cent of those surveyed indicated that literacy was an issue for them and a similar proportion indicated that 
difficulties with their communication skills affected their ability to undertake some of their brigade/unit training. Given 
that these figures come from responses to a written survey, and that people are more likely to over-rate their literacy 
skills than under-rate them (ABS 1997), the actual proportion of volunteers likely to be having difficulty meeting the 
changing training and assessment requirements is likely to be higher.  
In practical terms, this means at least three members in 20 (the average number of members for the brigades/units 
sampled) can be expected to require additional support to complete the necessary training due to underlying literacy 
issues. This is a substantial minority of brigade/unit volunteers.  
How many members may have already left brigades/units recently because of difficulties with their communication 
and/or literacy skills in volunteer training contexts is unknown, though there were a number of examples provided 
anecdotally through the interviews. This finding supports research from the UK pointing out informal learning is of 
considerable value for skills acquisition and that 'accreditation may not be appropriate for all adult learners' 
(McGivney, 1999, p. 55). The prospect of accreditation may even act as a barrier to returning to study (WEA, 1998).  
Literacy is also an issue for leaders of local organisations. The results from this study show that at least two to three 
leaders in every twenty are likely to currently experience difficulties with literacy skills and/or difficulties successfully 
completing training because of issues with their communication skills. This number is likely to increase as demands 
on leaders and their organisations increase. A number of interviewees pointed out that increasing demands on 
volunteers are already a major issue. 
An important finding in the data was that a large proportion (40%) of the volunteers surveyed had completed 'Year 10 
or below' as their highest level of formal education. This was particularly so away from the regional centres (33% for 
those in the locations closest compared with 46% of those in the locations furthest away) and particularly elevated by 
age (23% of those younger than 35 years compared with 67% of those aged 55 years or older). These volunteers 
were significantly more likely to agree or strongly agree that literacy and/or communication skills were issues for 
them and to find the written training materials and assessments difficult. They were also significantly more likely to 
rate their ability to use computers to find information as low (60% compared with 23% of those with higher 
educational levels).  
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It was frequently argued in the interviews that the perceived ‘literacy problems' of volunteers might alternatively be 
explained by the inappropriate formality of some of the training.  

We have a local young fellow ... and he has very poor skills; writing and reading skills, yet he worked for a local 
fertiliser contractor, and probably travelled into every local property and knew every creek crossing, knew 
everybody's laneways. He knew what gate led to what paddock because he knew them like the back of his hand. 
Now those skills, he could get you into a firefight the safest way or, more importantly, get you out of a fire area, 
and yet, if he were to be involved in a map reading exercise, he would fail miserably. I'm not saying he mightn't 
be able to learn those map reading skills, but he would instinctively say no, I couldn't do that, and yet the very 
skills we are looking for are there.  

While changes in information and computer technology have increased the range of skills required to undertake 
tasks in most workplaces and to competently undertake some tasks in many voluntary organisations, it was pointed 
out in the interviews that not all members of the organisation need the same set of high-level skills. Some of the least 
formally literate volunteers may be the most effective team members, particularly if other members recognise and 
accommodate for them in situations where reading, writing or communicating through new technology are important 
or are critical for basic safety.  
The idea that fire and emergency service organisations require older, experienced volunteers with hands-on skills 
operating in teams rather than formally trained individuals working on their own was often mentioned. As one 
interviewee noted: 

Most of the farmers are a bit long in the tooth … hands-on they're good. When it comes to throwing around 
figures … they're not as quick as others. But to do the job, they can go out and do it. No problem. They can do it 
as good as the blokes that read out of books. 

Implications for numeracy and literacy practitioners 
The research found that local fire brigades and SES units are important sources and sites of adult learning in rural 
and remote communities in Australia. Apart from the important role of facilitating social capital (trust, reciprocity, 
networks) and encouraging informal learning through regular training, they offer opportunities for volunteers, 
particularly men, to engage in formally accredited learning. In some small and remote communities these 
organisations are the only local source of accredited learning.  
It is clear that the literacy and numeracy and ‘learning to learn’ demands on individual volunteers are going to 
increase over time in response to community expectations and legal pressures. This will in turn put pressure on 
trainers and assessors within public safety organisations to develop their skills further to ensure all volunteers can 
continue to access the training required. This will be best done by embedding the development of numeracy and 
literacy skills into training that is of direct use or interest to volunteers in their public safety role.  
Given the overwhelming preference for practical, hands-on learning and training to be provided by someone from 
within (and usually at) the public safety organisation, as well as the dearth of literacy, numeracy and/or 
communication skills training available in a number of the communities visited, a strategy for developing the skills of 
volunteers would be to further develop the abilities of local trainers and other key people within the public safety 
organisations. In particular, to develop their abilities to deal with the wide range of learners in their training groups 
and to act as 'mentors' or support people for those currently experiencing difficulty with literacy, numeracy, 
communication or study skills. Training strategies, and training materials, need to be developed keeping in mind the 
likelihood of low formal reading and writing levels among volunteers, especially given the high proportion (40%) 
found in this study not to have completed formal schooling beyond Year 10. 
Although there is considerable goodwill and positive feeling between local public safety and local adult learning 
organisations where they exist in the communities visited, the current links between them relating to education and 
training are quite weak or non-existent. Indeed, in some locations the local brigade/unit key informants were unaware 
of the other sources of adult learning that were available locally. There is considerable potential to develop these 
links further and to share resources and skills to benefit local public safety volunteers.  
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Appendix A – Site details 
The selected sites contained locations with a wide range of ARIA values available within a single region. These sites 
also had widely differing economic bases and growth prospects (Adams 2002, figure 2).  

Table A1: Sites, locations and accessibility/remoteness (ARIA) 
State / Region Locations (ARIA*) 

NSW / Murray Gol Gol (near Mildura, 2.7), Balranald (4.3), Hillston (5.9), Clare (8.4) 
SA / Eyre Whyalla (2.5), Kimba (5.1), Wudinna (7.5), Streaky Bay (10.0) 
TAS / Mersey-Lyell Ridgley (near Burnie, 2.4), Waratah (3.5), Rosebery (4.4), Strahan (6.2) 
VIC / Western District Bochara (near Hamilton, 2.5), Coleraine (2.7), Goroke (3.8), Netherby (4.9) 
WA / Great Southern  Torbay (near Albany, 3.2), Jerramungup (6.0), Hopetoun (7.6), Lake King (7.9)  

*ARIA = Accessibility and Remoteness Index of Australia (see ARIA 1999): 0 indicates high accessibility, 12 indicates high remoteness. Region names are from Adams 
(2002).

All sites except South Australia11 included one locality relatively accessible to (5 to 25 km from) a large regional city 
that was rural but 'accessible' as defined by ARIA and with a population of least 10 000. Each of the regional cities 
(Mildura, Whyalla, Burnie, Hamilton and Albany) provided geographical accessibility to a wide range of possible adult 
learning opportunities (e.g. a university campus, TAFE campus, ACE providers, private providers). Other locations in 
each site were selected because they were small, of increasing remoteness and with fewer or no local or nearby 
opportunities for adult learning. 

                                                
11 Since no fire or emergency service organisation existed 5 to 25 km from Whyalla, an SES organisation in the township of 
Whyalla was included in the study. 
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Appendix B 

Table B1: Self-rating of selected skills by respondents in leadership roles (%) 

Self-
rating

Logging messages Reading maps of 
familiar areas 

Reading maps of 
unfamiliar areas 

Using computers to 
find information 

Low     7     4   10   32 

Medium   51   32   44   42 

High   42   64   46   27 

Totals 100 100 100 100 

N values ranged from 302 to 326 

TableB2: Self-rating of selected skills by gender (%) 

Logging messages Reading maps of 
familiar areas 

Reading maps of 
unfamiliar areas 

Using computers to 
find information 

Self-
rating

Men Women Men Women Men Women Men Women 

Low   12     2     7   26   13    35   40   23 

Medium    59   60   40   47   49   48   39   39 

High   29   38   54   28   38   17   21   39 

Totals 100 100 100 100 100 100 100 100 

N values ranged from 302 to 326 

Table B3: Self-rating of ability to use computers to find information by age group (%) 

Self-Rating Younger than 35 Age 35–54 Age 55 and older All ages 

Low   20   33   70   38 

Medium   48   42   23   39 

High   32   26     7   23 

Totals 100 100 100 100 

N=315

Table B4: Interest in communication skills training (% of those who were or might be interested in additional training) 

Type of training % 

Reading maps of unfamiliar areas 57 

Using computers to prepare docs 52 

Using computers to find information 51 

Reading maps of familiar areas 45 

Conducting briefings 45 

Writing reports 44

Logging spoken messages 43 

Speaking in public 42

Reading/understanding training material 37 

Writing letters 36

Leading meetings 36

Writing brief notes 32

Understanding spoken messages 31 

Reading/understanding dials on equip. 31 

Passing on spoken messages 31 

Taking part in meetings 28 

Doing basic calculations 22 

N (Yes or Maybe) 260
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Mind and gesture: the numeracy of a vocational student* 
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In The Netherlands (pre-) vocational education for a majority of the students starts at the age of 15. 
Students in the basic stream of pre-vocational education are considered weak learners with very little 
success on pen-and-paper assignments in mathematics. In an increasing number of schools these 
students are prepared for later vocational education by conducting projects and real-life assignments. 
They are treated as almost-adults. I my research I try to find an answer to the question which 
numerical competences these students actually show in working on real-life assignments and in which 
way they talk about it. In my research I show that these students’ situated cognition of numeracy 
concepts and practices are quite elaborate, if they are allowed to use their own words and make their 
own gestures. This way of looking at these students can serve as a starting point to develop numeracy 
education for these students within a setting of project-based learning with considerably more transfer 
than is the case in the traditional setting of separated vocational and mathematics courses.  

In The Netherlands 55% of the students in secondary education are in Pre-Vocational Secondary Education. Pre-
Vocational Secondary Education consists of a theoretical stream, a mixed stream and a basic stream. The mixed and 
basic stream consists from the 3rd year on of general courses such as Dutch, English, mathematics, science, history, 
economics, combined with vocational courses from the sectors: Technology; Personal and Social Services/Health 
Care; Economics and Agriculture. 
Some 16% of all the 15 and 16 years old students are in the basic pre-vocational training (In Dutch: 
basisberoepsgerichte leerweg). They proceed to the labor market, or to adult and vocational education. In the 
vocational courses the goal is preparation for future jobs. In the general courses the goal is to work on general 
education and to support the vocational preparation. Which educational design suits these goals the best is a topic of 
many recent discussions. Schools in The Netherlands are in an transition to more autonomy for the schools to design 
and organize education in a way they see fit. An increasing number of schools are making a choice for a quite 
fundamental redesign. 

Competency based teaching in education  
Recently in The Netherlands there has been an on-going discussion on with regard to the necessary competencies 
of young people entering the labor market or further vocational education. A growing number of schools share the 
view that competency based teaching and learning gives the students the most meaningful preparation for the 
demands from the modern labor market. Competency based teaching and learning is organized around meaningful 
integrated tasks and problems, where students to certain extent formulate their own learning needs and the attitudes 
they want to develop further. In the Netherlands this view on learning is most of the time referred to as Authentic 
Learning, Competency Based Learning or “Natuurlijk leren”. In the next section there is a short summary of the key 
elements of “Natuurlijk leren” 

“Natuurlijk leren” in Vocational Education 
APS-National Centre for School Improvement has developed in The Netherlands a design format for a form of 
authentic learning in Vocational Education. In Dutch it is called “Natuurlijk leren”, because of the very natural way the 
learning takes place. 
Meaningful learning tasks are the heart of “Natuurlijk leren”. Meaningful learning tasks in ‘Natuurlijk leren”, nearly 
always involve realistic practical situations and are often developed in conjunction with the business community. For 
students this leads to a learning process that is meaningful, with the likelihood of transfer and broad development.  
To optimize the learning process of students as they work on an a task, two specific teacher roles have been 
developed to support students: the teacher/coach and the vocational tutor. The teacher/coach guides the students in 
their personal growth. This involves the development of the personal qualities that are relevant for life such as 
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cognitive skills, social and communication skills, metacognitive skills such as planning and reflection, and general 
attitude. This support takes place both within and outside the task. The vocational tutor guides students in their 
professional development: the instrumental and vocational skills within the professional tasks. The portfolio that a 
student builds up plays a major role in the guidance offered to the student. 
The relevance of this concept for classroom practice is great. The concept of “Natuurlijk leren” is a way of learning in 
school in which the social-constructivist vision on learning is put into practice in a consistent manner. It requires the 
school to adopt a way of thinking about teaching and learning that is different from what is generally the case. It 
requires teachers to consult with each other on a regular basis. It requires the formulation of proper tasks, often in 
conjunction with business entities. It requires a good balance between guiding students and letting them go on their 
own. It requires coaching on the job. From students it requires a considerably higher awareness of what they are 
doing than when working on non-meaningful learning tasks. After all, they must choose, collaborate, reflect on what 
they are doing, prepare a task, leave the school to fulfill the tasks, and so on. All this leads to broad personal 
development.  
The “Natuurlijk leren” approach differs by school. Each school must find its own modus that matches with its 
objectives and characteristics. Authentic learning (APS-style) was developed in the adult and vocational training 
sector. Other educational sectors are currently showing great interest. (Van Emst , 2000) 

Mathematics in the basic stream
Most of the students in the basic stream of Pre-Vocational Secondary Education have to participate in a final 
examination in Mathematics. The exam consists of mathematics questions in context, so called Realistic 
Mathematics Education (De Lange, 1996). The test is a written test. The students score low on these written tests. In 
other cases there are questions that are made so easy that they only have to write down yes to gain the points for 
that question. These are called “nodding–questions”. In some schools it was noticed that in the basic stream of pre-
vocational education the scores of the students on this kind of written tests at the end of the second year are roughly 
the same as their scores at the end of the fourth year. The mathematics courses do not seem to yield much added 
value. I find in schools the same situation as Gillespie found in schools in England and Wales:  

One response was to provide “stand-alone” maths techniques courses often outside specific vocational contexts. 
But many students saw such courses as not relevant to their main courses, and there was little evidence of their 
being able to transfer skills from them to their vocational work. (Gillespie, 2000, p.55) 

I observe that in the mathematics classroom motivation problems outweigh any development of numerical 
competences (for my work definition of numerical competency, see further on).   
To remedy this problem there are two contesting views in The Netherlands. One view states that training the 
students rigorously in basic literacy and arithmetic in combination with practical vocational education is the most 
sensible way to proceed.
The other view claims that a paradigm shift to project based authentic learning will end the problems. 
A fruitful discussion about the fundamentals of numeracy (or mathematics or arithmetic) within the education for 
these students is overshadowed by the conflict between the ideologies behind the points of view. The discussions 
between the supporters of the different views are quite fierce and emotional. This kind of discussions are reported 
from other countries as well, for instances Australia (FitzSimons, 2002; Zevenbergen, 2004) and the USA (Wilson, 
2003). 

Mathematics in competency based education 
In the authentic learning view there is until now very limited attention for (possible growth in) numerical competences. 
The growth in attitude, dispositions and practical skills seems to be more in focus. Sometimes there is a kind of 
noticeable aversion to numeracy or mathematics, because it is seen as a “subject matter approach” which was just 
abolished. Many sources report that little is known about the numeracy demands of contemporary workplaces and 
the way in which young people are working in these environments, and that the issues have been under-theorized. 
(Zevenbergen, 2004) 
My personal stance is to investigate and theorize further on the fundamental role of “coping with the quantitative 
aspects of the world around us”, or  “coping quantitatively with aspects of the world around us”.  My research is 
conducted in schools who have decided to work in pre-vocational education according to the principals of authentic 
learning or “Natuurlijk leren”. 
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My interest is in the mathematics or the numeracy that is embodied in the students and embedded in the tasks they 
are performing. Comparable lines of approach are followed by Forman and Steen (Forman & Steen 2000) and 
Packer (Packer, 1997). This approach is also advocated by Zevenbergen. She argues for the use of ethnography for 
studying the workplace practices from the perspectives of the participants rather than as the mathematics educator 
attempting to uncover the hidden mathematics of the context. (Zevenbergen, 2000) 

Definition of numerical competency 
The word competence can lead to misunderstandings. In my vision a competence is a personally constructed or 
developed ability. I do not use the word competence to describe the qualifications you need in all kind of vocations. 
For numerical competency I have used the following definition:  
Numerical competency is the intertwined knowledge, skills and dispositions (attitudes) necessary to adequately and 
autonomously cope with the quantitative aspects of the world around us or to cope quantitatively with aspects of the 
world around us.  
The definition seems to leave out all kind of spatial competences and reasoning competences. Calling it 
mathematical competences could solve that. That however gives connotations to the scientific, paradigmatic and 
rigorous approach of mathematics, which is not fruitful for my goals. 
I think my definition is close in spirit to the definition of Evans in Adults’ Mathematical Thinking and Emotions:

Numeracy is the ability to process, interpret and communicate numerical, quantitative, spatial, statistical and 
even mathematical information in ways that are appropriate for a variety of contexts, and that will enable a typical 
member of the culture or subculture to participate effectively in activities that they value. (Evans, 2000, p. 257). 

My definition is not close to the now popular definition from the OECD:  
Mathematical literacy is the capacity to identify, to understand, and to engage in mathematics and make well-
founded judgments about the role that mathematics plays, as needed for individuals’ current and future private 
life, occupational life, social life with peers and relatives and as a constructive, concerned and reflective citizen. 
(OECD, 1999, p.24). 

Evans’ definition appeals to me the most. It is very broad and covers more than merely the quantitative side. This 
definition fits well with what I am interested in, namely how people interpret and deal with the quantitative and 
mathematical side of the world in their own activities.  
The OECD definition is used in many places. Part of the reason is that this definition is at the foundation of the global 
PISA study. This definition assumes that mathematics is something beyond us, something that is independent of 
culture and free of values. The definition argues that we can make a judgment about the role that mathematics plays, 
as if mathematics were a real existing phenomenon of its own. This approach is not helpful for my research and 
certainly not helpful for the students in my research. 
In the Second International Handbook of Mathematics Education there is a chapter on Mathematical Literacy written 
by Jablonka (Hoogland & Jablonka, 2003; Jablonka, 2000). There she states that mathematical literacy has been 
defined in a wide variety of ways over the past few years and one thing everyone more or less has come to agree on 
is that mathematical literacy cannot be defined in terms of mathematical knowledge. Mathematical literacy is in fact 
mainly about the functional aspect of mathematical knowledge. It is about individual competencies to use 
mathematical knowledge in a practical, functional way; mathematical literacy in order to … or mathematical literacy 
for … . Furthermore Jablonka argues very convincingly that the differences in approach to mathematical literacy are 
directly linked with the (political) goals that are pursued in mathematics education in individual countries. 
My definition connects closely to these ideas. 

Research set up and methodology 

Target group and key question 
My target group is students in basic pre-vocational secondary education. 
The key question is to identify the numerical competences the students show in conducting tasks in practical 
vocational situations. In particular I am seeking to identify the embedded mathematics of the task and the embodied 
mathematics of the students. To do this I observed the students and conducted interviews with them, most of the 
time directly after completing a task. In all situations the tasks were complex, long-lasting (a few weeks, 20 – 100 
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hours). The tasks were meaningful for the student. The educational settings were all a variant of Authentic Learning 
settings.

Three major pitfalls 
In the exploratory stages of the research, it became clear that three things were to be considered. I call them pitfalls 
in discussing the numerical competencies of students that are considered weak learners. The three major pitfalls are: 

1. Oversimplified ideas on numeracy. The common sense image many adults have of numerical competency is 
“Being proficient in formal operations with numbers.” Those images are constructed in adult’s early childhood 
school experience. General educationalists, politicians, and even many mathematicians, seem to hold these 
images predominantly. 

2. The formatting power of school mathematics. Most common under math teachers and teachers in vocational 
courses is to translate the things they see in terms of school mathematics. When asked which mathematics or 
which numeracy is necessary for the good performance of the students in metal, electro, shop keeping, and 
animal care for example, the teachers predominantly say: operations, percentages and fractions – a typical 
example of the formatting power of school-mathematics (Skovsmose, 1997).  

3. Deficit thinking. Activities of students are often described in a deficit manner. For example, highlighting all the 
things they cannot do, or pointing out that they have learning retardation, learning disabilities or even learning 
disorders. A typical example of research outcome from this way of thinking is: “Only 21% of the …  knew how 
to calculate …” 

In trying to avoid these pitfalls, I moved to an ethnographical type of approach. It is a challenging thought to use the 
ideas behind ethnomathematics (D’Ambrosio, 1985; Gerdes, 1986) to study the embedded and embodied 
mathematics in the activities of young vocational students in the “jungle” of early 21st century urban and vocational 
life.
I quote Zevenbergen from her chapter Ethnography and the Situatedness of Workplace Numeracy in Education for 
Mathematics in the Workplace:  

This growing body of research suggests that a much broader conceptualisation of mathematics may be called for 
due to the various forms of mathematics which develop in situ and are not part of the formal school curriculum. 
For many of the students for whom school mathematics has been a disempowering experience, a broader 
conceptualisation of mathematics may offer different experiences than the current regimes of school 
mathematics that are on offer in contemporary institutions. This may be particularly the case for those students 
undertaking vocational oriented courses where it is common for students to have low levels of numeracy and 
have been alienated from the formal schooling process. (Zevenbergen, 2000, p.222) 

The ultimate goal is to design educational settings where numerical competencies can be developed further by 
reflections, guidance and new experiences. As a basis for that, I really want to understand what the students do, 
think and how they talk about it when quantitative situations are at hand. 

The research set up. 
The research is conducted as follows. The students are at work on meaningful tasks in a authentic learning situation. 
For example they are making: a bicycle trailer for a surfboard; garden lights for an external client; spotlights for the 
school; garbage bins for the school shop; tomato soup for the school lunch; a flower bed.  
After finishing or almost finishing their products, they are asked to come and tell something about the way they 
manufactured the product. The product is always at hand. This session is videotaped and analyzed. 
The methodology is a variant of Stimulated Recall. Stimulated recall is used by different researchers in the field of 
mathematics education (Lyle, 2003; Zevenbergen, 2004), and was used extensively in learning second language 
research (Gass, 2000). This kind of retrospective reporting is used to explore learners’ thought processes (or 
strategies) at the time of an activity or task.  
The research is still quite exploratory and descriptive. In the forthcoming months I hope to triangulate the findings 
through studying the students workbooks and portfolio, another source of demonstrated numeracy competencies. In 
the workbooks the students collect the preparation activities necessary for performing the tasks.  
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Results of the trial study 
Things we learned in the trial study were:  

Do not mention that the interview is about mathematics or numeracy. We just stated that we are interested in 
the way that they manufactured their products. On some occasions, the teacher mentioned that the interview 
was about mathematics. The students in both cases reacted defensively. This is a well-known phenomenon 
(Gillespie, 2000), usually referred to as math anxiety (Tobias, 1994) 

Talking without the product at hand is much more difficult for the students, then when the product is at hand. 
The more concrete the situation is, the better the students are able to express their numerical competences. 

Every question to these students, which can be answered with a yes or no, is answered like that. These 
questions do not invite them to keep talking.  

In many occasions when the students interpreted a question as a school question, they blanked out. With a 
school question I mean a question where the questioner knows the answer and is testing if the student knows 
the answer. In a daily life question the questioner does not know the answer and the respondent is supposed 
to know the answer. 

Questions that avoid these obstacles are: 

Please, can you tell me something about how manufactured this product? 

I cannot understand how you how this part is made, can you give me more details? 

How long does it take to make such a product? 
In most cases the students are proud of their products and very willing to talk about it.  

Impressions from the research 
Up to now 15 students in 6 different schools were observed and interviewed. Each school visit took one day. The 
interviews were held by three different people and later analysed. This constituted the trial phase of the research., 
The examples given here are not comprehensive. They are merely illustrative and provide an indication of what was 
noticeable in brief conversations with students on numerical competences. 

Example 1 
Reinder made a window frame from a drawing. He is in the final completion phase. He talks openly and with 
understanding. He can easily switch back and forth between the drawing and the product. He also has insight into 
the construction. Reinder explains: ‘These are fixed like so in the wood and then this separates and these are secure 
and can never be separated again.’ 
Reinder clearly gesticulates to show the perpendicular directions and the angle of the force to that. He knows that 
strength comes from such constructions, where the forces are perpendicular to that. His accompanying gestures are 
used very precisely to support and visualize. 



155

Example 2 
Reinder: ‘First you have to write down everything neatly with your set square. This must be 45 degrees. You do this 
with your set square. You place it like this, which puts it at exactly 45 degrees.’ 45 degrees is shown on the table with 
a flat hand. 

The interviewer inquisitively asks: ‘Exactly 45 degrees right away?’ 
Reinder answers self-confidently: ‘Yes. It (the set square) has something like that. It goes like this and then there is 
such a corner in there and you can convert it somewhat, which then makes it exactly 45 degrees’. The workings of 
the flexible set square are shown with two hands. There is an understanding of angles, how they can be shown and 
how a device can be adjusted in using it. 

Example 3 
Cooking is also performed in the Technology and Welfare department. 

After the filled speculaas, it is time to make tomato soup. The recipe calls for 2½ decilitres of water.  
Lisanne: “Then the teacher said we should look at that piece of paper. Then I looked at that piece of paper and that’s 
where I saw ¼ of a litre.’ 
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‘And then you have to look at those arrows and add water to the middle of this arrow.’ 
This student can translate from recipe to list to measuring jug. What is striking here is that is assumed she cannot do 
it independently. The school solved the problem by hanging up a kind of crib sheet. Apparently, in this lesson, 
learning that 2½ dl is the same as ¼ of a liter or 250 ml is not an objective, while the measuring jug can be a rich 
source of discussion with this student.  

Example 4 
In the Commercial Technology (ComTech) department Zjosque and a group were assigned to make four garden 
lamps. They prepared a design after a discussion with the customer. They have seven weeks to design and 
manufacture. The design phase has just been completed. 
Zjosque explains: “You bend the top of the garden lamp from a sheet. This (the triangle) can be sharp but also wide, 
it always fits in, like this. Because it (the cap) folds along with it.’ 

Zjosque can explain and visualize this well. The interviewer asks about the size of the sheets that are used to make 
such a lamp. They set the sizes experimentally so they can be made from a 50 x 50 cm sheet. They work a lot with 
sketches and they draw, cut and paste in advance. 

Analyses of the videos 
Analyses of these (and other) examples yielded two sorts of insights: insight in the used numeracy competences of 
the students and insight in the way the students express themselves about these numerical competences. These 
findings were from the exploratory stages of the research. This will be done more methodically in the later stages of 
my research. 
The competences the students showed in the observed situations were both numerical and spatial. In both cases 
interpretation of the quantitative or spatial facts was the key activity. Examples of that are: 

Matching numbers with the sizes of the product of parts of the products. 

Interpreting numbers as a clue for the kind of screw, drill or other things. 

Interpreting numbers as a measure instruction 

Using numbers to make a list of needed parts, counting 

Interpreting construction plans. 
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Other findings were: 

Hardly any operations with numbers showed up. In cases where additions had to be made, the students used 
a calculator or Excel in a very natural way.  

Matching complex plans and schemes with the real product was almost never a problem, as long as they 
were both there. 

The students hardly use any mathematical language to express their numerical or spatial competences. 

All the students use gestures to support their expressions of numerical competences. Those gestures seem to 
be an integral part of their thinking, they do it in the numerical situations, in the matching situations and of 
course in the spatial situations. 

Conclusions 
To summarise it:  

Students have competences in a large number of areas that we can categorize as numerical or spatial 
competences and if-then reasoning. In each conversation of several minutes about a concrete task, a number 
of these competences can be observed and identified 

Students can reason well if they are working in the situation or if they literally have the product in hand 
(window frame, spotlight, drawing, measuring jug). When it comes to hypothetical situations or if a concrete 
situation must be constructed mentally, most of them have a lot more difficulty showing their competences.  

For students, gestures and physical visualizations are important components in their numeracy repertoire. 
Give the students the opportunity to literally use their hands in expressing themselves about the numeracy 
activities they performed, then they are able to express themselves much better then in other situations. 

Recommendations for the education of these students 
If I look at this specific target group, 15 and 16 years old students in the basic vocational stream of the VMBO, 
working on larger integrated vocational tasks, my recommendations are: 

Stop exercising with operations, they are hardly used and hardly necessary in performing the vocational tasks. 
Stop doing sums from the book, except when necessary for written tests or exams. Maybe designing all kind 
of (more playful or competitive) activities where they use the numbers 1 – 20  are a better approach. 

Work on numerical competences with students in direct and practical situations. How? By taking a good look 
at what they do in those situations, discussing it with them, having the students explain exactly what they are 
doing, and having students look at it together and learn from one other.   

Try to link mathematical words and skills directly and in situ to the things they do and show.  

Have students collect all sorts of materials and their own productions in numeracy. Collect them in a work 
folder, file or portfolio and make that the topic of the lessons. 

This means that in my opinion it is almost impossible to integrate the mathematics courses and the vocational 
courses if they are separated in place and time. It is hard to integrate that what is not there. 
Mathematics teachers must look very close at the activities of the students in doing practical vocational tasks. 
Vocational tutors must learn to look for the embedded mathematics in the activities. Dialogue between them and with 
the students is necessary to reveal the embodied mathematics of the students and to enhance the numerical 
competencies of the students. 
Education to enhance the student’s numerical competences in pre-vocational education must be redesigned with this 
as a starting point. That may be the greatest challenge for teachers, developers and textbook writers. 
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Generic programs such as Excel can be used in many ways to support student learning and to provide 
a classroom tool for mathematical exploration.  The formulae in Excel provide a model for algebra 
where a cell (or a column) acts as a variable and the students can see that the cell may contain a 
range of numbers.  Other cells and numbers can then operate with this cell of columns of cells.  The 
use of a spreadsheet in this way does not require a high level of computer skills but provides a context 
for students where the unknown or variable has meaning. 

Algebra is one area of Mathematics in which many students experience difficulty and which adults often claim as the 
cause or beginning of their lack of success in mathematics.  Students learning algebra have difficulties with seeing its 
relevance, using the language and understanding the basic concepts.  Many different approaches have been and are 
still being tried in an attempt to enhance understanding.  The concepts and context need to be presented in a 
manner enabling the students to attach meaning to the symbolic language of algebra. 
Problems learners encounter in their early algebraic learning fall into three main categories:  Those associated with 
attaching meaning to letters used in algebra, those related to the structure and conventions of algebra and 
corresponding arithmetical structure and those associated with translation between different forms of representation 
(Horne, 1996).  Henry (2001) categorised the obstacles also as three but differently.  Her first category, algebra sign 
systems, encompasses the meaning attached to the letters but also to the other symbols which Horne associated 
partly with arithmetical structure.  The second category, “transitioning from means-end strategies to continuous 
translation strategies” is “the move students must make from working just in steps to setting up the entire problem 
first” (Henry, 2001, p.301).  The third category is the transition from focussing just on the process to having an object 
based conception of algebra. 
Difficulties in the algebraic sign system (Chalouh & Herscovics, 1988; Küchemann 1981, Kieran 1989; 1997; Wood, 
1998) include: 

difficulty attaching meaning to letters which in different circumstances can have different meanings.  

perceived differences between arithmetic and algebra such as the meaning attached to 3a by reading 3a
when a = 2 as 32 showing a place value understanding of the 3a.  Horne (1994) found that inability to 
complete a substitution correctly was due to the lack of understanding of arithmetic rather than the algebra 
involved.   

the understanding of the ‘=’ sign in arithmetic as an operation meaning action is now required (MacGregor 
1991) which leads to conjoining or over-generalisation such as students simplifying the expression 6y – 4 to 
2y.  This need to reduce to a single entity has been discussed widely and also called the process/product 
dilemma; the idea of suspended operations; and the acceptance of lack of closure (Collis 1975).  

The use of brackets and the order of operations.  For example, when the context was not clearly defined 
students worked from left to right regardless of the operations (Kieran, 1989; Booth, 1984). 

Many people have suggested the computer as being of assistance in teaching algebra and currently the use of 
dedicated Computer Algebra Systems (CAS) are being explored to support the teaching of algebra both on 
calculators and on the computer.  Thomas and Tall (1988) approached using the computer in developing algebraic 
understanding initially through the use of BASIC programming.  Sutherland (1987) looked at Logo and children's 
understanding of variables.  Many have thought of or have used spreadsheets particularly at years 9 and 10 (Asp et 
al, 1992; Friedlander & Tabach, 2001; Kaput, 1992; Peasey, 1985).  Sutherland (1991) developed a program to work 
with year 10 students who had dropped out of traditional mathematics and found that the environment of the 
spreadsheet enabled them to develop algebraic concepts.  Following this, Sutherland and Rojano (1992) used similar 
material with year 6 pre-algebra students.  Care needs to be taken however, for, as Thomas and Tall warned back in 
1988, if the ideas of variable that are presented are simplistic, problems will occur later. 
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Rationale for the Use of Spreadsheets 
The spreadsheet is available on nearly all computers without the purchase of extra software. It is an environment 
which encourages, and in fact requires, the use of a symbolic language.  Inherent in this language is the concept of 
the unknown (letter) as a variable.  Now with refinements in the programming, spreadsheets such as Excel allow 
dynamic investigations where tables of figures, formulae and graphs interact.  It is also possible to set up the 
spreadsheet using symbols such as x and y instead of the normal cell references.  The development of different 
representations in algebra, including visual, alongside one another is seen as important in the translation between 
forms (Janvier, 1989).  This is a strength of the spreadsheet approach which allows the spreadsheet to become an 
algebraic micro-world in which students can construct meaning.  Within this world the concept of the unknown is as a 
variable.  This should overcome some of the cognitive conflict which arises between ways of viewing the unknown in 
generalised arithmetic. 
Spreadsheets can be quickly accessed by students without a great deal of time being spent teaching the use of the 
program.  Material for using the spreadsheet to develop algebra, based on the work of Sutherland and Rojano, has 
been used with year 7 students (Horne, 1994) and with teachers and teacher trainees.  Two teachers, who were 
involved with early use of the material, felt that the use of the computer environment enabled a change of teacher 
role within the classroom and that the process also encouraged greater student control of learning (Horne & 
Jeppesen, 1993).  There were motivational aspects of the spreadsheet as an environment for learning algebra as 
well.  The students saw the use of the computer as being very relevant.  In writing about the methods they used 
some students who had been classified as weak in mathematics demonstrated sound comprehension of the 
algebraic ideas of substitution and equivalence but were unable to correctly perform the arithmetic calculation 
required to answer a question correctly and needed more practice to be confident with their algebraic skills.   

The teaching approach 
Students are introduced to the spreadsheet environment initially with the writing of a formula in cell C1 which uses A1 
as the variable.  They are then required to predict the effect on C1 of altering the number in cell A1.  For example, 
the number 5 in A1 and the formula ‘= A1 + 5’ will show the number 10 in C1.  If the number in A1 is changed to 31, 
what number will show in C1?  Students become good at predicting that it would show 36 as they see the 
relationship between the two numbers.  From this they build a table of values and describe in common language the 
effect of the formula in C1.  This activity requires very little instruction on the use of the spreadsheet.  The aim of the 
series of lessons is to explore some aspects of algebra and so the instruction on spreadsheet use is minimal, 
although students do learn a great deal about the spreadsheet as the need arises and as their interest dictates.  In 
using this, I always include a range of numbers in the cell A1 so that students become used to the idea that the 
variable (A1) in the formula might be a decimal, a large number, a very small number, or even a negative number.  In 
using the fraction form of a number such as ¾ it is necessary to type it in as ‘=3/4’.  This approach also provides the 
opportunity for much mental arithmetic, as students are encouraged to predict before they allow the spreadsheet to 
do the calculation. 
The second lesson follows with the students being required to translate from a verbal description of a formula, such 
as ‘double one more than the number in A1’ or ‘three less than half of A1’, into an algebraic expression, then create a 
table of values in order to check their work.
The approach used in these lessons focuses on the language used for a formula.  For example rather than read the 
formula C1 = 2 × A1 + 5 as ‘C one equals two multiplied by A one plus five’ it is better to use relational language 
which reinforces the meaning of the symbols.  One way to do this would be ‘the number in C one will be five more 
than twice the number in A one’. 
One important aspect of the teaching approach is that the students are asked to reflect on what they have learned 
and to explain it verbally (either orally or in written form) to someone else.  Class discussion led by the teacher, 
where students share their understandings, contributes to the overall group learning within the classroom.  Language 
and communication are an important part of all learning so as well as this the students always work in pairs (although 
they might have their own computer) to share their ideas as they develop.  The aim of the lesson is for the students 
to construct their own understandings of the concepts involved, but this is enhanced by the sharing of ideas within 
the class. 
Equivalent expressions are introduced in a way which allows students to develop their own rules for simplification of 
algebraic expression.  A series of expressions, such as those listed in figure 1 below, are written in a number of cells 
by the students so they are aware of the formulae.  Initially the number 5 is written in the cell A1.  All of the formula 
listed here will give the same number with A1 = 5.   



161

 B C 
1 = A1 + A1 + 5 = 3 * A1 
2 = 3 + 2 * (A1 + 1) = 4 * A1 – 2 + 7 – A1 * 2 
3 = A1 + 2 * A1 – 5 + A1 = (4 * A1 + 10) / 2 
4 = 8 + 2 * A1 – 3  = A1 + 4 + 2 * A1 + 1 – A1 

Figure 1. Examples of exploration of equivalent expressions task 

Students are then asked to change the number in the cell A1 and observe what happens.  Some of the formula give 
the same answers but some are different.  Figure 2 shows the effect of making A1 = 2.  The ‘odd ones out’ are the 
formula in B3 and C1. 
The students are asked to test the formulae with a range of numbers including very large numbers, decimal numbers, 
very small numbers and negative numbers and to try to explain what they observe.  They are then asked to write two 
more equivalent expressions belonging in the group in B1, B2, B4 etc.  Finally after doing this with some different 
groups of expressions, and looking for what is the same about the formulae that belong in the group of equivalent 
expressions each time they are asked to explain how it is possible to tell from the written formulae whether they will 
be equivalent. 

Figure 2. Equivalent expressions in Excel 

A discussion on the meaning of the simplification follows.  This is also followed up away from the computers by 
asking the students just to write down three expressions equivalent to one such as 5x + 2 or 3x – 6.  
Once the idea of equivalent expressions is understood, translating from a table of values to common language and 
an algebraic rule through a game for the discovery of a formula are possible.  One group sets a formula up in the cell 
C1 using A1 as the independent variable.  I have always instructed the students at first that they are not to use A1 * 
A1, to raise A1 to a power or to divide by A1. The other group then tries to discover the formula by changing the 
values in A1 until they think they know the rule.  It is a good idea to have the students record their findings in a table.  
When they think they know the rule they write it into cell B1.  If they are correct, changing the value in A1 will always 
return the same numbers in B1 and C1.  Students again should be encouraged to test their rule with a range of 
numbers including decimals and negative numbers.  The rule they find may look very different to the original but it will 
be equivalent (Contact the author for further information). 
One feature of Excel, the fill down, can be taught here and used to keep the tabular record on the computer.  Once 
the rule is set the students who set the problem can copy the cells A1 and C1 down 10 rows or so.  All 10 rows 
should read the same.  The pair trying to find the rule can then change the values in column A, thus keeping a 
record.  When the rule is written in cell B1 it can also be copied down the column and the decimals and negative 
numbers added to the bottom. 
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The final stages of the introductory program include the idea of inverse operations undoing the process and the 
solution of worded problems by designing a spreadsheet with appropriate labelling and structure.  This latter word 
problem type of activity introduces an equation as a special case or specific value of a function. 
The spreadsheet skills students develop alongside the algebra include the copying of cells through the fill down 
command; the idea of cells containing a label, a number or a formula; and layout and design. 
The representations of formula or function used in this approach are the symbolic formula, a table of values and 
language. The other representation, the graph of a function, can also be easily introduced through the use of the 
graph capabilities of a spreadsheet.  Spreadsheet programs differ but the more recent ones all allow a graph to be 
shown on the same screen as the cells, allowing the graph to develop as the table of values is extended.  This is a 
dynamic way to see a straight line or a curved graph develop as students can enter any value of the variable they 
wish.  The early lessons encouraged them to include decimal values and negative numbers as well.  This is 
important as too often students working from very traditional approaches are restricted in the early stages to whole 
number operations and thus their views of the variable are limited. 

Comments from research using this program with early algebra learners 
The use of this program to introduce algebra was studied in three schools.  Classes were observed, teachers were 
interviewed, and an interview assessment consisting of a series of questions which were administered verbally and 
on cards in a one-on-one situation, was done with the students at least six weeks after the unit had been taught. 
Some of the findings are described here. 
It is not only the nature of the program but also the commitment teachers have to it that influences the outcomes.  
This was evident at all schools but showed very clearly at one.  One teacher entered into the program but was not 
really committed to the approach and this showed in the outcomes from his class in comparison to the other class 
from that school.  It is also clear from the interviews that one teacher taught the students algorithms rather than 
allowing the students to develop their own approaches. 
No gender differences showed overall but there were significant differences between the schools with the boys’ 
school showing up more poorly, due in part to the large number of students who did not attempt some questions 
asked in the interview.   The only section that the boys’ school students showed greater achievement (though not 
significantly) was in some of the tasks finding the rule in the table. This was due largely to one class who had been 
taught an algorithmic approach to it, which was useful for two of the three questions.  
In comparison to the British studies in the early 1980s, 56% of these 12 and 13 year old students correctly 
substituted a value for c in the formula d = 20 – 2c, while in the British study only 44% of 13 year olds could complete 
correctly the simpler substitution in m = 3n + 1.  Similarly on a simplification task, while there was one class whose 
results were very poor, generally more than 30% of the students could simplify linear type expressions with a number 
of terms in one or more variables and, when there was only one variable, 55% completed the simplification.  This 
compares to 27% in the UK study. 
The students spoke positively about the experience of using the computer approach and, with the exception of the 
one teacher, the teachers are continuing to use the approach. 
The interviews clearly illustrated the development of student understanding and the need for experiences over a 
longer period of time to allow students sufficient interaction with the concepts and associated language.  A number of 
students during the interview, when asked to give explanations, altered their solutions as they found their errors while 
they were explaining.  Some were also unsure and only attempted the problems when they were encouraged to have 
a go, although their attempts were often reasonable. 
Most of the students were limited in solving equations by their perception that the answer had to be a whole number 
and there were only a few who realised that decimals could be used.  This reflects the observation in many classes 
that in spite of the encouragement to use decimals and negative numbers the teachers tended to just use whole 
numbers.  Analysis of the interviews shows that there are some students still with a perception of the letter as a 
particular whole number, a small number who still need the multiplication sign included to make sense of the 
algebraic notation and a small group who link the value of the letters in some way to the position in the alphabet.  
Many of these errors tend to show in the harder problems. Even though the student may have been operating 
efficiently and effectively on simpler problems of the same type showing partial understanding, when faced with a 
more difficult task they often revert to making the same errors they made earlier.  
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Some other considerations 
From the studies which have been done it seems that the spreadsheet use enhances algebra learning but there are 
some warnings.  One difficulty raised in the initial discussion was the reading of 3a when a = 2 as the number 32.  
The spreadsheet will not eliminate this problem as it requires the operation sign to always be included.  It does mean 
that while the students are learning they do not have the shorthand 3x to cause confusion but must always write it as 
3*x.  Other researchers, not using a computer environment, have suggested that the operation sign should be 
included for all students in the early stages of algebra and only dropped when students have developed sound initial 
concepts.  Our studies so far would support this.  Interestingly the students have little difficulty changing the A1 to the 
more general a or x but unless care is taken still sometimes read 3a  with a = 2 as 32. 
The discussion with the students sharing their learning is a critical aspect of the approach.  It has also been useful for 
the classes to have some lessons without the computer where they discuss how they would tackle the same type of 
problems and imagine they are the computer spreadsheet.  The teacher’s role becomes one of supporter, questioner 
and discussion leader trying to enable the students from the discussion to link ideas together, thus developing their 
understanding. 
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This study examines the attitudes, self-efficacy beliefs, and math-anxiety of a diverse group of pre-
tertiary adult learners. The aim is to identify changes in learners’ perceptions of mathematics, including 
their own capabilities, in the context of their participation in a 9-week mathematics foundations course. 
Analysis of pre/post testing by questionnaire revealed that at the outset participants shared the 
pervasive negative views attributed to the broader population in many previous studies, whereas these 
views had changed significantly by the conclusion of the topic, suggesting that adults’ perceptions of, 
and capacity to engage with, mathematical content are strongly influenced by early learning 
experiences and that negative perceptions may be successfully challenged.  

The learning of mathematics is affected by the confidence of learners in their mathematical abilities and the attitudes, 
beliefs, and feelings they harbour towards mathematics (Coben, 2003). Their conceptions of the subject and their 
perceptions of themselves and of their relationship to mathematics lie at the heart of their mathematics learning 
behaviour (Philippou & Christou, 1998). For fear of embarrassment, many adults go to great lengths to avoid 
admitting that they experience reading difficulties, yet it appears to be normal, even acceptable, in modern life to 
readily admit to a dislike and misunderstanding of mathematics. Sewell (1981) suggested that at least half the 
population, including many with high mathematical qualifications, had negative attitudes to mathematics, ranging 
from lack of confidence to anxiety and even fear. In the USA, math-anxiety workshops are proliferating in response to 
the prevalence of similar attitudes, with many adults who are capable of learning mathematics being inhibited by their 
fear from doing so (Biller, 1996). According to FitzSimons, Jungwirth, Maa , and Schlöglmann (1996), the 
relationship of adults to mathematics in school, particularly beyond elementary school, has long suffered emotional 
strain, dominated by anxiety.  
In the positive, however, an Australian large-scale survey of public attitudes towards mathematics found a uniform 
regard for its importance, with mathematical ability generally taken to be an indicator of intelligence (Galbraith & 
Chant, 1990). Almost universally, pupils, parents, and teachers regard mathematics as both important and useful 
(Coben, 2003). Mathematics is valued highly in the academic curriculum and frequently figures prominently in 
measures of achievement for level placement and tertiary admissions relevant to science and technology (Pajares, 
2005). According to Maa  and Schlöglmann, “mathematics has long been established as the scientific core of the 
natural sciences and, increasingly, of the social sciences” (FitzSimons, 2002, p.295). 
These dual perceptions of mathematics figure prominently in the context of the pre-tertiary adult learners in this 
study, who are participants in a special entry programme that provides an alternative gateway to tertiary education 
for adults who have been educationally disadvantaged. In 1996 a compulsory mathematics component was 
introduced and, although many students were openly concerned and anxious at first, each year the topic achieves a 
well-distributed set of grades and some of the most anxious participants report dramatic reversals in their previously 
negative views. Yet, the original design of the programme flowed mostly from intuitive assumptions that had never 
been verified empirically. The aim of this study is to seek redress by establishing: 

a profile of attitudes, anxiety, and self-efficacy beliefs, together with relevant demographic data 

whether that profile is consistent with corresponding attributes in the wider population, as reported in the 
literature 

whether the perceived qualitative changes in students’ views of things mathematical are quantifiable and 
statistically significant 

what (if anything) do the changes indicate about the nature and origin of such views? Which aspects of the 
learning experience might be most instrumental in effecting the changes? What are the implications for 
teaching and providing mathematics support to students in, or wishing to access, tertiary studies? 
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There are two principal hypotheses. First, that negative attitudes to mathematics, low mathematics self-efficacy 
beliefs, and anxiety of mathematics are pervasive and endemic to the broader population and that the subject cohort 
is representative of that population. Second, that such views and emotions are not immutable – that they arise 
particularly from prior mathematics learning experiences and may be challenged successfully and that the study will 
provide supporting evidence for positive change. To test these hypotheses, aspects of attitudes to mathematics, 
math-anxiety, and mathematics self-efficacy will be discussed in the following section to demonstrate the first part of 
hypothesis one. The remainder will be established through the use of a survey instrument in a pre-test/post-test 
methodology reported in a subsequent section. Finally, the implications of the findings will be discussed in the 
concluding section. 

Mathematics attitudes, math-anxiety, and mathematics self-efficacy beliefs 
Research on attitudes to mathematics dates from the 1960s (Nicolaidou & Philippou, 2003) but, as Coben (2003) 
pointed out, while much has been written in a general context, literature that relates this specifically to adults is less 
prolific by far and “the knowledge-base is as yet insecure” (Coben, 2003, p54). Even so, several observations are 
now well established, including those of Singh (1993): 

Students commonly identify mathematical abstraction and lack of relevance as causative factors for their 
dislike of and failure in mathematics 

Fear of failure induced by the nature of some mathematics teaching and assessment practices as a cause of 
anxiety in adults 

The significant influence of teachers to motivate or estrange mathematics students 

Through socialization processes and mathematics pedagogy and content, negative attitudes towards 
mathematics may be more pervasive in the female population.  

Mathematical self-concepts can be strongly influenced by primary school experiences and the attitudes of parents, 
with traumatic early mathematics learning experiences being capable of exerting a long term effect (Relich, 1996) so 
that many people cast themselves as ‘non-math’ types at an early age (Mitchell & Gilson, 1997), leading to a lack of 
motivation. The IEA’s Third International Mathematics and Science Study (TIMSS) found widespread positive 
correlation between liking mathematics and mathematics achievement. In several countries more than 40% of eight-
grade students reported a dislike of mathematics yet, overall, the majority of students expressed positive attitudes, a 
dichotomy perhaps indicating that students respect the utility of mathematics more than they actually like doing it. 
The same study found that gender differences favoured boys rather than girls. Other studies have found a decline in 
children’s attitudes towards mathematics between primary and secondary education (McLeod, 1992). Pupils’ 
conceptions suffer from the destructive effects of “unimaginative instruction and non-positive teacher attitudes” in a 
recursive phenomenon: many candidate teachers enter university with negative mathematics feelings, often taking 
these attitudes into their teaching careers, influencing students and yet another generation of prospective teachers to 
perpetuate the same (Philippou & Christou, 1998). 
Anxiety 
Extensive literature demonstrates that anxiety, stress, lack of confidence, and phobic reactions in the face of 
mathematical problems are exhibited in most modern cultures (Macrae, 2003), and math-anxiety is commonly 
characterized by feelings of tension, apprehension, or fear that impacts on mathematical performance (Ashcraft, 
2002). It is associated with loss of self-esteem in confronting a mathematical situation (Acelajado, 2004), negative 
reactions to mathematical concepts and evaluation procedures, and with many constructs including working memory, 
age, gender, self-efficacy, and mathematics attitudes (Cates & Rhymer, 2003). The “feeling, often in the background, 
that one does not comprehend the meanings, purposes, sources or legitimacy of the mathematical objects one is 
manipulating and using” (Wilensky, 1997, p172) has been identified with statistics anxiety and one might argue 
similarly for mathematics anxiety since comparable sentiments are frequently involved. Anxiety is also indicated as a 
factor in attrition rates, regardless of actual ability (Jones, 1996), and literature on mathematics anxiety has typically 
given support to the existence of a small relationship between mathematics anxiety and performance (Cates & 
Rhymer, 2003), with Reyes (1984) reporting a consistent negative relationship between mathematics anxiety and 
achievement. Mathematics anxiety is more closely associated with females than with males (Macrae, 2003), a finding 
shared by Ashcraft (2002), but the difference tends to be small and perhaps due in part to a more open disclosure of 
feelings by women, although Ashcraft and Faust (1994) also found the opposite tendency at low anxiety levels. There 
are differences, too, in teachers’ expectations of females and this can result in differential treatment in the classroom 
(Osborne, Black, Boaler, Brown, Driver, Murray, et al., 1997). 
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Self-efficacy 
Students faced with the dual burdens of intractable content and math-anxiety a posteriori tend to have weak or 
negative mathematics self-efficacy beliefs. Bandura (1986) defined self-efficacy beliefs as “people’s judgements of 
their capabilities to organize and execute courses of action required to attain designated types of performances” 
(Bandura 1986, p391). Self-efficacy beliefs are a better predictor of success than an inventory of skills or prior 
achievements, and relationships have been found between self-efficacy for solving mathematics problems and math-
anxiety, mathematics attitudes, general mental ability, mathematics self-concept, and mathematics experience 
(Finney & Schraw, 2003). For the mathematically challenged and mathematics anxious, there is often a history of a 
complex interplay of influences – poor or uncertain prior performance contrasted with observations of more 
successful peers while disapproving and disparaging feedback from teachers and other significant individuals fuels 
anxiety and stress, provoking strong emotional reactions to impending tasks of a similar nature. Even in the absence 
of mathematics anxiety, a less intense cycle influences many young minds to avoid mathematics instruction and 
practice, leaving perceptions that mathematics is uninspiring, uninteresting, and irrelevant (Klinger, 2004). Philippou 
& Christou (1998) cite numerous researchers typically reporting that male students express higher mathematics self-
efficacy than do female students, and it seems that the divergence begins during middle school and increases with 
age. At all levels of schooling, gender differences favour boys, even when girls’ mathematics achievement indexes 
match or exceed those of boys. Negative views of mathematics clearly prevail during school years and, in the 
absence of contrary evidence, there can be little doubt that children carry their views into adulthood and into the 
broader population. While there are few studies that report on the mathematics self-efficacy of adults in a general 
context, Lussier (1996) investigated gender and mathematics background and found that men report lower anxiety 
scores and higher self-efficacy scores than women. 

About the ‘mathematics foundations’ learning experience 
The mathematics foundations core topic undertaken by the subject group is described as an ‘introduction to 
quantitative methods’. It consists of a series of nine weekly lectures and tutorials constructed from a deliberate ethos 
that anticipates negative attitudes, low self-efficacy beliefs, and some level of mathematics anxiety. It is assumed, 
also, that many participants will have endured negative experiences, including humiliation and corporal punishment, 
during their prior encounters with mathematics learning (the assumption has been justified each year by responses 
from students when asked to recount their best and worst experiences of mathematics). Tutorials are conducted 
exclusively by volunteer post-graduate students selected on the basis of their enthusiasm and empathy and the 
emphasis, throughout, is on mathematics learning as process rather than mathematics as a set of ‘universal truths’ 
communicated by rules. Learning experiences are constructed in a supportive atmosphere where students are 
encouraged to take reasonable risks, feel free to make mistakes without fear of shame or ridicule, and construct their 
own learning (with guidance).  
Of the nine lectures, the first is a general discussion of the value of mathematical concepts in a broad social context. 
Here, the issues of mathematics literacy and math-anxiety are addressed explicitly and stereotypical attitudes and 
behaviours are contrasted with corresponding attitudes and behaviours found in other areas of human endeavour. 
Students are told that the aim of the topic is not to teach them how to ‘do’ mathematics but rather to present them 
with a fresh perspective of what mathematics is about, and that this will include brief investigations of the ‘rules’ of 
the language. In this first lecture, several ‘mathematics myths’, such as the need to have a ‘mathematical brain’, are 
debunked. Two lectures deal with arithmetic, beginning with an historical context. The idea of ‘basic maths’ as a 
derogatory term is dispelled by explaining that, while some concepts are certainly fundamental, it has taken 
thousands of years of human thought to arrive at their formal expression and reduction to rules, some of which were 
carefully guarded secrets in many earlier societies, and it is absurd to suppose that these should be ‘obvious’ to the 
uninitiated. Next, two lectures introduce algebra as generalized arithmetic. The concepts are motivated by illustrating 
the utility of algebra to answer, “What if…?” and to recognize patterns in the world. A further two lectures are 
dedicated to problem solving as a separate skill – distinct from the formalities of mathematical language, just as 
essay writing is distinct from the grammar of conjugating verbs. One lecture investigates graphs as another means of 
describing and communicating mathematical information and the integration of arithmetical, algebraic, and graphical 
methods is demonstrated in a problem solving context, drawing together and reinforcing the notions presented 
previously. Finally, students are given a taste of descriptive statistics as (arguably) the most commonly encountered 
application of mathematics beyond everyday arithmetic. 
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Methodology
A 95-point survey instrument was developed by adapting the Mathematics Attitude Scale (MAS) – a 50-item 
questionnaire used by Acelajado (2004), the Mathematics Anxiety Rating Scale – a 10-item questionnaire, also used 
by Acelajado (2004), the Mathematics Anxiety Questionnaire – an 18-item questionnaire from Stuart (2000), and a 
Mathematics Self-Efficacy Scale (MSES) – a 10-item subset of the self-efficacy instrument used by Nicolaidou and 
Philippou (2003). In all, the adaptations yielded a set of 86 items for responses on a 5-point Likert scale: 49 attitude 
statements in the affective, cognitive, and behavioural domains, 27 anxiety statements, and 10 self-efficacy 
statements. The adaptations primarily involved transforming school-context statements from the present tense into 
reflective statements. To these 86 items were added a further nine statements, used by students to describe their 
previous mathematics learning experiences at primary or high school. For these, a simple “yes/no” response was 
provided for participants to indicate whether any of the statements were true for them, too. Information is also sought 
about gender, age group, last year of completed schooling, and last year of completed mathematics education.  
The survey form was offered to the entire cohort of some 160 students before the commencement of the topic. 
Students were advised that participation was entirely voluntary and independent from any topic, course, or 
assessment activity. 90 completed surveys were collected before the first lecture began. Late responses were set 
aside and not used in the study. 
Factor analysis confirmed that the items were validly partitioned into their respective domains and then the data were 
further segregated into sets of positive and negative statements, since they are not necessarily mutually exclusive. 
The reliability of each subset construct was tested by computing the internal consistency coefficients (Cronbach’s 
alphas) for each. For the purposes of a psychometric instrument, alpha coefficients of at least 0.70 are desired 
(Nunally, 1978); the obtained values ranged from 0.75 to 0.94, indicating that the coefficients were more than 
satisfactory. To then obtain aggregate scores for each primary construct except ‘Experiences’, each item was first 
means-weighted according to its relative severity, with each weight computed as the quotient of the subset mean and 
the item mean. Aggregate measures were then obtained by summing the weighted scores and re-scaling the results 
to range from 0–10. 
For the post-test, a second survey was prepared, identical to the first modulo the statements concerning prior 
learning experiences. Reflective statements (i.e. situated in an historical context) were retained as a control with the 
expectation that no significant changes would be observed for these items. The survey was administered at the 
penultimate lecture and 52 completed surveys collected during the summary lecture. Matching these with pre-test 
responses yielded a set of 36 matched pairs from which to measure changes in students’ views about mathematics. 
Here, rather than aggregating data, each survey item was subject to a pre-test/post-test comparison by paired two 
sample t-test for means with the null hypothesis being H0: 012 . The pre- and post-test means and 
standard deviations were computed, as were the mean differences and their standard deviations, together with 
corresponding p-values. 

Results
Pre-test 
Summary data revealed the trends evident in the literature, such as gender differences in each domain, in favour of 
males. Small age-related differences were also found: increased positive indicators for attitude and anxiety, 
decreased negative indicators for attitude and self-efficacy, as well as slight non-linear age-related tendencies in 
negative anxiety indicators and positive self-efficacy indicators. An inverse dependence on the last year of completed 
schooling was clearly evident for negative attitude and self-efficacy indicators and, arguably, for the anxiety scale too. 
The positive scales also appear to indicate a weak inverse relationship for this category in the attitude and anxiety 
domains and it is clear that the mathematics self-efficacy beliefs of some students decline with further school 
experience. There were clear tendencies that further mathematics instruction tends to reduce the negative factors 
and raise the positive values in every domain. 
Spearman Rank Correlations for negative and positive factors, respectively, showed highly significant relationships 
(p<0.01) that include the expected strong cross-correlations (from 0.639 to 0.715) between attitude, anxiety, and self-
efficacy in the negative scales, as well as between attitude and ‘bad’ early learning experiences (0.339), though the 
latter does not correlate significantly with either mathematics anxiety or self-efficacy beliefs in the negative scales. In 
addition, there were significant modest negative correlations (-0.287 and -0.253 respectively) between attitude and 
both mathematics education and age group. Very similar highly significant relationships were evident among the 
positive scales. The correlation between attitude and mathematics education was stronger here (0.443) and, unlike 
the negative scale, mathematics education also correlated positively with lower anxiety and stronger self-efficacy 
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beliefs (0.312 and 0.336 respectively). The relationships between positive early learning experiences and attitude, 
anxiety, and self-efficacy were particularly evident (respective correlations of 0.347, 0.394, and 0.453), in contrast 
with the picture from the negative scales. Notable, also, were significant negative correlations (-0.386, -0.241, and -
0.227) for gender in the attitude, anxiety, and self-efficacy domains, indicating evidence that gender differences 
favour males.
The relationships between prior learning experiences and attitude, anxiety, and self-efficacy on both the positive and 
negative scales are explored more fully in Table 1. Particularly notable here are the highly significant cross-
correlations between positive (‘good’) experiences and all other factors whereas negative (‘bad’) experiences only 
have such a relationship with the negative attitude domain.  

Table 1. Correlation matrix for early learning v attitude, anxiety, and self-efficacy. 

Spearman Rank Correlations (a)

Attitude 
(-ve)  

Anxiety 
(-ve) 

Self-efficacy 
(-ve) 

Attitude 
(+ve) 

Anxiety 
(+ve) 

Self-efficacy 
(+ve) 

Early learning (+ve) Corr.  -.311(**) -.428(**) -.379(**) .337(**) .405(**) .438(**)

Sig. .003 .000 .000 .001 .000 .000

Early learning (-ve) Corr.  .349(**) .182 .204 -.035 -.206 -.114

Sig. .001 .086 .054 .745 .051 .284

**  Correlation is significant at the 0.01 level (2-tailed). 

Post-test
The results of this analysis are presented in three table extracts in the Appendix. In each, if 1.0p  the difference 
is regarded as significant since it is generally accepted that a coefficient greater than 0.1 provides little or no 
statistically significant evidence to reject the null hypothesis. Table 3 reports for the mathematics attitude scales, 
grouped by affective, behavioural, and cognitive domains and with the items sorted within each domain by ascending 
p-value. Likewise, Table  gives the results for mathematics anxiety and Table 2 similarly for mathematics self-efficacy 
beliefs. 
Table 2. Pre-test/post-test comparison: mathematics self-efficacy belief scales. 

n= 36

μ 1 s 1 μ 2 s 2 μ D s D p
86. I have difficulties in solving one-step problems. 2.28 1.14 1.72 0.91 -0.56 0.91 0.000

84. When I start solving a mathematical problem, I usually feel that I 

won't manage to find a solution.

2.83 1.28 2.39 0.99 -0.44 1.16 0.014

78. I believe that I have a lot of weaknesses in maths. 3.28 1.32 2.89 1.30 -0.39 1.05 0.016

82. I can usually solve any mathematical problem. 2.44 1.08 2.75 1.18 0.31 0.86 0.020

80. Mathematics is not one of my strengths. 3.17 1.40 2.89 1.19 -0.28 0.85 0.029

83. I do not feel sure about myself in problem-solving. 3.06 1.33 2.64 0.93 -0.42 1.36 0.037

85. I can easily solve two-step problems. 3.67 1.20 3.89 0.92 0.22 0.93 0.080

t-Test: Paired Two Sample for Means
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Discussion
Even though little appears to have been published about adults in relation to the issues raised here, it is suggested 
that overall the reported data from the pre-test phase are consistent with the available literature and it may be 
inferred that, within the limitations of the study, the subject group is representative of the broader population and that 
sound evidence has been found to support the first hypothesis. There are several aspects in these data that suggest 
further investigation may be fruitful. In particular, it appears that positive experiences in early education years can be 
more beneficial than negative experiences in those same years are harmful.  
As the tables in the Appendix show, the post-test results are quite definite in finding support for the second 
hypothesis: adults’ views of mathematics and of their ability to engage with mathematics learning are amenable to 
positive change. The first observation is that all significant changes occur in the ‘right’ direction – that is, respondents’ 
agreement with negative statements shows a decline, while their agreement with positive statements increases – 
except for one. It is the only reflective statement for which there is a significant change and it is significant at the 0.05 
level: in the post-test respondents were more emphatic in their agreement with Item 9., ‘I did not enjoy my math 
classes at school’. That is, their retrospective value judgement of school mathematics classes is harsher after the 
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course than it had been at the outset. One explanation for this may derive from considering the other changes: whilst 
individually they are only modest (of the order of less than half a point on the Likert scale), they are consistent and 
reflect a strong overall improvement in participants’ attitudes, decreased anxiety, and more optimistic self-efficacy 
beliefs. This change suggests that their retrospective value judgement of school mathematics classes has been 
affected by their more recent positive experiences. 
In the affective attitudinal domain (Table 3) the most significant change, at the highly significant 0.01 level, is the 
increased interest in mathematics as an exciting subject. At the 0.05 significance level, respondents feel less afraid 
of mathematics, less inclined to consider mathematics boring, and more confident about solving mathematics 
problems. In the behavioural attitudinal domain, they are more stimulated, more willing to engage with mathematics 
learning, and more inclined to seek assistance. At the 0.01 level, they will more readily discuss mathematics and 
have a greater respect for the rigour of the subject. In the cognitive domain, students indicate that they regard 
mathematics rather more highly than before their experience in the course. The most significant change resides in 
the decline in the view that mathematics understanding is only for the gifted, suggesting that, in principle, 
mathematics has become more accessible. Table  shows that self-deprecatory statements, nervousness, 
embarrassment and fear have all been significantly affected for the better. These changes may be taken to indicate 
an increase in students’ self-esteem and empowerment to take responsibility for their mathematics learning. Finally, 
Table 2 shows significantly improved self-efficacy beliefs, particularly in relation to problem solving. However, the 
changes are not so large as to suggest that self-efficacy beliefs have been over-inflated, rather that students feel 
more able to make a genuine attempt. 
Table 3. Pre-test/post-test: mathematics attitude scales. 

n= 36

μ 1 s 1 μ 2 s 2 μ D s D p
11. I find maths a very interesting and exciting subject. 3.00 1.29 3.39 1.02 0.39 0.96 0.010

13. I think maths is boring and dull. 2.14 1.02 1.78 0.90 -0.36 0.96 0.015

2. I hate maths. 2.22 1.24 1.89 0.92 -0.33 0.89 0.016

6. I feel confident in solving problems in maths. 3.06 1.15 3.39 0.73 0.33 0.96 0.022

4. I am afraid to take a maths course. 2.69 1.33 2.39 1.25 -0.31 1.04 0.043

9. I did not enjoy my maths classes at school. 2.39 1.29 2.67 1.43 0.28 0.94 0.043

14. I feel helpless whenever I solve a maths problem. 2.31 1.21 2.08 1.05 -0.22 0.83 0.059

5. I am uncomfortable with the thought of taking a math subject. 2.56 1.25 2.28 1.26 -0.28 1.06 0.062

8. How I wish maths would be completely deleted from my course. 2.06 1.22 1.86 0.90 -0.19 0.75 0.064

3. I am always anxious in a maths class. 2.67 1.12 2.50 1.08 -0.17 0.74 0.092

12. I dread maths as if it is a contagious disease. 1.97 1.03 1.72 0.91 -0.25 1.11 0.092

19. Doing maths trains you to be disciplined. 3.03 1.21 3.56 1.13 0.53 1.03 0.002

33. I am ashamed to join in any discussion that involves maths. 2.25 1.36 1.89 1.06 -0.36 0.90 0.010

18. Learning maths trains you to be systematic. 3.75 1.08 4.11 0.95 0.36 0.93 0.013

25. I am hesitant about attending maths classes. 2.39 1.13 2.06 0.79 -0.33 0.86 0.013

22. Maths stimulates me. 3.00 1.12 3.36 1.10 0.36 0.99 0.018

32. I seek help whenever I find difficulties in maths. 3.67 1.17 4.00 0.68 0.33 1.07 0.035

23. I hesitate to enroll in a course with maths requirements. 2.75 1.23 2.44 1.08 -0.31 1.01 0.039

16. I am patient when I do maths and I usually persevere until I get the 

answer.

3.25 1.16 3.53 0.94 0.28 1.00 0.053

26. I am willing to share my insights about solving mathematical 

problems.

3.61 1.18 3.86 0.93 0.25 0.91 0.053

17. Doing maths makes you think logically. 3.86 1.17 4.14 0.96 0.28 1.09 0.067

24. I try to understand the solutions of my peers/classmates in maths. 3.50 1.00 3.81 0.82 0.31 1.21 0.070

37. Maths is so difficult that only those who are gifted can understand. 2.06 1.22 1.64 0.93 -0.42 0.97 0.007

47. I believe life can go on without maths. 2.14 1.38 1.81 1.06 -0.33 0.86 0.013

39. I think maths is irrelevant. 1.81 1.26 1.44 0.77 -0.36 1.02 0.020

46. A good maths training is a big advantage in entering any line of 

work. 

3.67 1.07 4.00 1.04 0.33 0.99 0.025

35. I would like to work in a maths related field. 2.86 1.20 3.08 1.11 0.22 0.76 0.044

44. I feel responsible for finding and checking errors in my solutions in 

maths.

3.47 1.23 3.72 1.19 0.25 1.00 0.071

40. I think maths is challenging. 4.00 1.07 3.78 1.05 -0.22 0.93 0.080
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Table 4. Pre-test/post-test: mathematics anxiety scales. 
n= 36

μ 1 s 1 μ 2 s 2 μ D s D p
57. I don't know how to study for a maths test. 3.03 1.28 2.42 1.27 -0.61 1.18 0.002

70. I tell myself that am dumb in maths. 2.25 1.20 1.89 1.06 -0.36 0.72 0.003

72. I know how to study for a maths test. 2.61 1.02 3.08 1.08 0.47 1.13 0.009

56. I fear maths more than any other subject. 2.69 1.43 2.28 1.23 -0.42 1.08 0.013

61. I worry about being called on in maths class. 2.86 1.31 2.56 1.21 -0.31 0.95 0.031

59. I'm afraid I won't be able to keep up with the rest of the class in 

maths. 

2.89 1.33 2.53 1.32 -0.36 1.13 0.031

65. I think everyone else is smarter than I am in maths. 2.75 1.23 2.42 1.18 -0.33 1.12 0.042

67. I get very nervous when taking maths tests. 3.19 1.31 2.89 1.45 -0.31 1.04 0.043

73. I worry that I will embarrass myself in a maths class. 2.72 1.37 2.33 1.07 -0.39 1.38 0.050

62. Working in a cooperative group would help me relax in maths class. 3.44 1.16 3.64 1.13 0.19 0.82 0.082

t-Test: Paired Two Sample for Means
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Conclusion
There are many shortcomings to this study. To identify a few: there was no prior experience with the instrument 
used; psychometric testing is not an exact science; the findings derive from a single sample – perhaps this cohort 
was ‘special’ in some sense; and the sample size for the pre/post test was quite small and, in certain respects may 
be regarded as a self-selecting sample and therefore to be viewed with a degree of caution. Nonetheless, if one is 
prepared to accept these limitations, it is clear that a profile of attitudes, anxiety, and self-efficacy beliefs was 
established and found to be consistent with corresponding attributes in the wider population, giving support to the 
initial research hypothesis. Qualitative changes to that profile, established by a pre-test/post-test methodology, were 
found to be quantifiable and statistically significant, thereby establishing support for the second hypothesis. 
It remains to speculate on what these findings indicate. From the pre-test data, negative early learning experiences 
manifest by causing or exacerbating negative attitudes. A plausible scenario may be that attitudinal negativity could 
fuel avoidance behaviour, leading to diminished self-efficacy beliefs, heightened anxiety and, ultimately, perhaps 
choices to withdraw from mathematics learning. On the other hand, the pre-test data also indicate that, in every 
measure, greater good derives from positive early learning experiences. In the nine-week foundational mathematics 
course undertaken by the subjects of this study, considerable effort is expended to provide a positive learning 
experience in every respect: emphasis is given to values over issues by teaching mathematics as a process rather 
than a set of ‘universal truths’, demystifying the doing of mathematics by emphasising that mathematics is language, 
and conducting mathematics teaching in a supportive atmosphere where students are prepared to take reasonable 
risks, making mistakes – and learning from them – without blame, shame, or judgement. The result is a measurable 
and significant improvement in the views and beliefs of students towards mathematics itself and towards their 
capacity and willingness to engage with mathematics learning. The implications for teaching and providing 
mathematics support to students in, or wishing to access, tertiary studies are clear: if students’ goals are blocked or 
their progress impeded because of their perceptions of mathematics, first challenge their negative attitudes, 
challenge their self-efficacy beliefs, and challenge their anxiety. These are plastic, not steel. Seek to change their 
relationship with mathematics. 
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Cartoons in numeracy: A laughable idea 

Brian Kogler  
TAFE Sydney Institute, Ultimo Campus 

briankogler@optusnet.com.au 

Numeracy classes are well-subscribed within adult basic education, but mathematics may not be the 
best-loved part of the course.  Learners often approach the subject with tight-lipped anxiety.  Cartoons 
can enhance the mood of the numeracy classroom by fostering “off-task” exchanges on mathematical 
themes. Laughter dispels student anxiety and improves interpersonal relationships.  Cartoon images 
can also be used as icebreakers for new or difficult concepts, triggering a kind of dialogue that is more 
relaxed than “on task” discussion. But more importantly, cartoons can assist in the teaching of critical 
numeracy by presenting absurd or “dislocated” situations that show how interest groups may use 
numbers to persuade or deceive. When selecting material for any of these purposes, it is important to 
remember that cartoons, like numeracy, are culturally based and socially constructed. 

Background 
I was a staff cartoonist with The Sydney Morning Herald for ten years before joining an Institute of Technical And 
Further Education (TAFE) as an ABE numeracy teacher.  My mathematical skills at that time were undeveloped, 
having loathed the subject at school, but during a graduate diploma course I was inspired by Betty Johnston to renew 
my acquaintance with the beast.  I now teach numeracy at Ultimo TAFE and Gosford TAFE, where many students 
have low literacy or are of non-English-speaking background. 
My “paper” at this conference consisted of one hundred and seven slides of cartoons with a numeracy theme. I 
began with an assumption that cartoons—or, for that matter, any stimulating pictures—can be used in the numeracy 
classroom to aid the learning process.  Here are some of the ways I imagine they can be used: 

as pure entertainment 

as metaphors for good and bad maths experiences 

as icebreakers for new or difficult concepts 

as an aid in the teaching of critical numeracy 

How do students see cartoons? 
My opening cartoon was not mathematical (unless it was 
topological). It showed a gentleman dining alfresco and 
attempting to serve himself pasta from a bowl, clearly 
unaware of an interposing umbrella. I presented it in order to 
point up some of the problems in using cartoons with adult 
learners, especially those who are culturally disadvantaged 
and have not been exposed to the cartoon as a text. 
I showed this cartoon to a RAWFA class many years ago, 
asking “Why is this funny?”  Not everyone thought it was.  
Those who did thought it funny because the man was eating 
beneath an umbrella.  Some thought the joke was that he was 
eating outside on the street. One student laughed, because 
the man had clearly ordered too much pasta. Nobody made 
the connection between the spaghetti and the umbrella pole.  
I never again asked a student why a cartoon was funny.  Most 
cartoons do not work as well as we would expect in the adult 
classroom, especially those with captions or embedded 
language.   
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Cartoons as entertainment 
The social purpose of cartoons is to entertain.  They do this by 
distorting reality, and by overturning our expectations of familiar 
situations.  The best cartoons entertain visually and intellectually, 
bending reality in order to reveal a hidden truth.  
Cartoons can enhance the “solemn” mood of the numeracy classroom 
by encouraging students to speak “off the task”. Mike Baynham 
(1996) in his discussion of the dynamics of the numeracy classroom 
draws attention to the complex interpersonal relations of the 
participants (student/student, teacher/student). Above all, he reminds 
teachers that while students are busy managing the power/knowledge 
inequality that exists between learner and teacher, they are also 
managing a conflict of identity between themselves as returning 
numeracy students and themselves as adults/parents/workers. 
Baynham goes on to assert that humorous exchanges in the 
classroom help to acknowledge these interpersonal conflicts and 
contribute to important identity work. Cartoons can assist this process 
by introducing a little disruption into the social order of the classroom. 

Cartoons and mathematics anxiety 
Our students are usually adults who were never confident with calculation. Mathematics “scares” them. In particular, 
many fear being made to look stupid in front of their peers. Students typically recall that mathematics was a “serious” 
subject delivered by cool, detached teachers of whom questions could not be asked. 

Cartoons can help dispel mathematics anxiety by providing visual metaphors for frustration, fear, mental blankness 
and uncertainty.  When students become aware that others feel as they do, interpersonal relationships in the 
classroom can only improve. 

Cartoons as icebreakers 
A cartoon can introduce a new or bridging topic.  For the 
student a cartoon can open discussion and build the field; for 
the teacher it can indicate gaps in basic understanding or 
mathematical vocabulary. 
It is quite a good idea to collect cartoons on a theme, such as 
finance or health. Present the cartoons at different stages of 
a topic to elicit increasingly independent responses from 
learners. Sometimes these responses can indicate 
surprisingly new directions in which to take a stock topic. 
Cartoons are a great way to get some written expression out 
of students in the numeracy classroom. All teachers know 
that a good picture helps students to concentrate their minds 
on the task of writing. Follow the “prewriting” discussion with 
an extraction of vocabulary, and then an attempt at 
explanation. Students may be asked to write about: 
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How safe is my PIN number? 

What are the chances that I will win Lotto? 

Is there a law of averages? 

What expenses in my life can I do without? 

Are calculators good for me? 

Cartoons and critical numeracy 
All images are a kind of problem solving. They 
need to be decoded and their elements 
reassembled in some meaningful way. The task 
becomes more complicated when the subject of 
the image is mathematical; another level of 
decoding is introduced. Some cartoons can take 
the challenge even further by asking “in whose 
interest” this mathematics is employed.  
Critical numeracy concerns itself with 
heightening students’ awareness of maths 
abuse in all forms of social discourse. Learners 
need skills that will enable them to decode 
everyday maths in ways with reveal underlying 
agendas and power patterns. The end point of 
any investigation into the abuse of mathematics 
is a raised sense of social justice and greater 
confidence in dealing with the forces of social 
control. 

Using the Cartoon 
Each teacher will know how best to introduce cartoons into the numeracy lesson. Here are some guidelines that 
hardly bear repeating: 

1. Choose cartoons with familiar content. 
2. Explain any language or cultural references before presenting the cartoon. 
3. Present the cartoon (handout or OHT). 
4. Mind-map all responses. 
5. Have students write a sentence that captures the meaning (or one of the meanings) of the cartoon. 
6. With a little effort, teachers may create a wall board display of the stimulus cartoon and the written responses 

of the students. 
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Asking Good Questions in the Numeracy Classroom 
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How do we know when a student really understands something? Many learners answer questions 
routinely without fully understanding the mathematical concepts.  Open-ended questions, or “good 
questions”, require students to communicate their mathematical thinking, thereby providing teachers 
with valuable information that can inform their teaching. “Good” questions require more than mere 
recall and allow for a variety of creative responses, permitting the student to answer correctly at any 
level while stimulating higher-order thinking about the mathematical content.  Even closed questions, 
calling for a single answer, have diverse forms and can be framed in a “good” way that demands a 
different level of thinking. When students confront these better questions they apply the skills of 
problem-solving and become more aware of what they need to know. 

If 42 is the answer, what is the question? 
(With apologies to Douglas Adams and The Hitchhiker’s Guide to the Galaxy)

Ask a room full of adult educators why we ask questions of our students, and the answers are likely to cover a logical 
range: to check their understanding, to see if they’ve learnt what we wanted them to, or to build the field for a new 
concept.  Ask the same group whether there are different types of questions and you will be told that there are open 
questions and closed questions. Your audience will readily tell you that open questions are valuable for numerous 
reasons. Open questions give students an opportunity to “be right” —an important confidence builder. Open 
questions give an insight into our students’ thought processes, helping us to clarify their misunderstandings. Open 
questions encourage students to explore multiple possibilities rather than thinking in limited ways. Teachers will also 
tell you that open questions are a wonderful aid to inclusive teaching practice, allowing students to answer according 
to their own realities and experiences, rather than being silenced by a dominant paradigm.  And open questions are 
fundamental in fostering critical numeracy, looking at the ‘why’ and the ‘who’ in numeracy, not just the “what”. 
Yet research suggests that in classrooms—numeracy classrooms especially— 93% of questions are lower-order 
“closed” questions (Dains 1986).  Why is this? As classroom teachers working with adult numeracy students in 
metropolitan Sydney, we have been experimenting with open-ended questions in our maths classes.  We thought 
that by redressing the balance of question types we might learn something about our students’ mathematical 
processes.   

Closed Questions 
It is important first to pay our respects up front to the usefulness of traditional questions in adult numeracy. Our 
students often come to us with an expectation that learning will consist of top-down “received” knowledge from the 
teacher-as-expert.  These students, particularly in numeracy, expect questions to have fixed and specific answers 
and are therefore quite at home with the limiting nature of closed questioning. There are times, too, when the 
teacher, for practical reasons, may wish to limit the response of the student: when building the field or propelling the 
lesson towards a neighbouring concept.  Closed questions are quick and easy to invent and for many concepts they 
are a reliable indicator of understanding. 
The major drawback with closed questions is that they discourage disclosure. When a student “just gives the 
answer”, a teacher may wrongly assume that learning has taken place. Hall and Wright (1994) suggest that 
mathematics teachers’ primary focus during classroom discussion is “keeping control of the discourse”, while at the 
same time appearing to give students the chance to discover mathematics for themselves: 

We found few instances where teachers asked questions whose principal purpose appeared to be to encourage 
problem solving or to help students form and articulate arguments. That is, there were few questions where 
students were encouraged to reflect, and where their responses were relatively unanticipated, creative and 
divergent.
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Students can develop their own methods for getting right answers and can mislead us into thinking they understand 
something.  Sometimes their methods are mathematically sound, other times they are not. Students, for instance, 
can come to believe that “average” means “middle” in all cases, especially if all the examples to which they have 
been exposed do not vary.  Similarly, students can react to questions on perimeter by “knowing” that they must total 
the numbers on each side of an object, often unaware of the meaning of “length” or of “distance around”.  Open 
questions on both these concepts will reveal much about learners’ real thinking. 

What are “Good Questions”? 
For this reason Sullivan & Clarke (1991) refer to open questions as “good questions”.  Open-ended questions require 
students to communicate their mathematical thinking, thereby providing teachers with valuable information that can 
inform their teaching.  They have the potential to promote critical thinking and encourage creativity; they stimulate 
student interaction and are inclusive of all learning styles; and they help students to think independently and critically. 
Once students become accustomed to the unfettered form of open-ended questions, they tend to give increasingly 
unrestrained or free responses.  But a word of caution: these questions can be time-consuming for the teacher to 
create and deliver; they may produce torrents of unnecessary information, and may require more effort on the part of 
the student. 
Let’s have a look at what exactly we mean by “good” adult numeracy questions.  The cards in figure 1 each have a 
typical closed question first, followed by an open version 

Figure 1. Cards with both closed and open questions 

Designing good questions 
In discussing this type of question with teachers, we have found that most practitioners find it quite tricky initially to 
learn how to formulate an open question in numeracy.   This is surprising given that many also teach literacy and 
frequently pose open questions to their literacy students without thinking twice about it.  For some, it may be that we 
don’t feel as confident in our methodology teaching maths, and so we shelter behind the more traditional approaches 
that we ourselves experienced as students. 
Our experience is that once we had turned a couple of questions on their heads and let them loose upon our 
students, with a little practice we were readily able to come up with Good Questions to challenge them across a 
range of topics. Sullivan and Clarke describe two main approaches to formulating a Good Question:  

Take a traditional closed question and adapt it. 

Start with an answer and think back to what questions might have generated it.   
We have found that both methods work well.  The most significant term in the creation of good questions, we found, 
was the term “might”.  Might (or could) implies maybe, possibly, who knows exactly, uncertainty, multiplicity—terms 
not commonly heard in traditional numeracy classrooms. The appendix shows some examples relevant to adult 
numeracy learners, using each of the methods. 

Using Bloom 
In creating the above examples, we also found it very helpful to look back at Bloom’s taxonomy of questions, familiar 
to most of us from teacher education studies. Bloom’s work generates a range of terms—from lower order to higher 
order—which teachers can use in creating numeracy questions that avoid the familiar “list, find, give, rank” 
imperatives and point us towards the more relaxed “tell me all you know;why does … ? in your own words; how 
would you use … ? 

Tell me all you know about …   (a rectangle, a pie chart) 

Construct a graph from the given data. 
or

What could this be a graph of? 

What is 5% of $3.50? 
or

My bus fare went up by 5%.  How much might I 
have paid before the increase?  

 What is my new fare? 
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Why does …?  (a leap year have 366 days, a straight line = 1800)

In your own words, how would you describe … ?   (average, perimeter) 

How would you use … ?  (division in a restaurant, fractions in cooking) 

Using open questions in adult numeracy lessons 
Many experienced adult numeracy teachers will protest that our less confident numeracy learners NEED the 
predictability, precision, and clarity of traditional questions – and we would agree entirely.  We also use a lot of 
closed questions in our classes, and we have found that open questions have to be used at the right time, and for the 
right reasons.  When is the right time?   

After you are satisfied that your students have a grasp of the concept and have some autonomy in their 
approach to a topic or a type of question.   

After they have practiced a good number of traditional questions and have experienced reasonable success.   

After there has been lots of discussion and explanation. 
It is also important that Good Questions are premeditated and thought through, rather than thrown into a lesson ad 
hoc.  This is so that we, as teachers, can take time to think laterally and prepare ourselves for the many possible 
directions in which students may take an open question: it is so easy to paint yourself into a corner!   Having said 
that, it is fascinating to “hang on and go for the ride”, seeing what paths your students take and how they end up 
dealing with questions as individuals or in groups. 
Introducing good questions to a class for the first time can lead to uproar in the short term.  Be prepared for this: the 
questions can generate a LOT of classroom talk as students try to figure out what is being asked and whether their 
responses are going to be okay.  For this reason we’ve found that open questions in numeracy are really great for 
classes with non-English speaking background students.  As well as generating a lot more discussion and requiring 
active use of the language of maths, open questions give wonderful opportunities for peer teaching.  Differing levels 
of numerical ability are often levelled by differing levels of language ability, changing familiar classroom dynamics in 
a productive way. 

Evaluating some examples
Nina’s Chocolate Problems  
Nina received two different boxes of chocolates for her birthday. 
How many might be in each box?     
How many chocolates did she have in total? 
She decided she wanted to make them last for two weeks.  How many could she eat each day? 
Were there any left over for her flatmate to eat? 
Then she changed her mind.  She thought she would bring one box to TAFE to share with her Maths class. 
How many chocolates would each of us get? 
How many would she have left at home to last the two weeks? 
How many could she eat at home each day? 
Estimate the total cost of a toothbrush and a tube of toothpaste. 

Example 1 - Jill’s comments 
I made this worksheet for my beginner level Maths Workshop group at the end of a couple of lessons work on basic 
operations, focussing on division.   The class is a group of 8 very unconfident students working on everyday maths.  
Half the group is NESB and a couple of the other students have a physical or intellectual disability.   One of the 
students, Nina, was having a birthday, and after we celebrated with lollies and other treats, I suggested they work in 
pairs on this sheet.   This was the first time the group had encountered open questions of this type; and the first time 
they had an exercise in maths containing the word “might’. 
Surprisingly, they were relatively matter of fact about the unusual questions.  Several of the students tried counting 
the sweets in the actual bags we were eating in class – counting rather than guessing.  A couple of the students put 
the same number of lollies into each box, missing the word “different”.  Working in pairs rather than individually 
seemed to be a good way to take the pressure off.  
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Unusual Questions

1   During a nation-wide sale, Woolworths sold $350,000 worth of Tiffany toasters.  How much 
might each toaster have cost, and how many customers bought them? 

2   Find two fractions which total to 11/4
3   A garden has a perimeter of 18 metres.  What shape might it be? 
4   A woman wishes to plant a garden with 45% corn, 25% tomatoes, 15% beans, 10% peas and 5% herbs.  Show 
how she might divide her garden bed. 

Example 2 - Brian’s comments 
I presented these questions to a numeracy class as a form of assessment.  I had hoped that the open nature of the 
questions would lead to “infinite” answers and was dismayed to find that nearly all students gave the same 
responses.  The problem, I discovered, lay in my framing of the questions: although the questions were reversals of 
standard numeracy questions, they did not compel students to use higher-level thinking.  The final question about the 
vegetable garden was quite unrealistic, and students were unable to see it as a “real life” situation.  I was able to 
rewrite the questions to boost the problem-solving aspects, thereby learning how difficult it can be to make “good 
questions”. 

Example 3 – Brian’s comments 
This teaching resource was extremely well received.  The students dived into it and really enjoyed working together.  
Providing a choice of “situation” made it much easier for them come to terms with the question. 

References
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Do-It-Yourself Maths 
1.  Write a Subtraction Problem 

19      70      83     3,795      12,000 
Choose any two of these numbers and use them to write a subtraction problem about: 

a wedding 

a home loan 

a low-fat diet 
2.  Write a Multiplication Problem 

8      42      80     255      30,000 
Choose any two of these numbers and use them to write a multiplication problem about: 

a barbecue 

a rock concert 

a journey by car 
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Appendix: Creating Open-Ended Questions 1 

Think of a topic Think of a standard question Adapt it to make a “good” question 

Rounding Round 97 to the nearest ten. 
Answer: 100 

Give a number that might round to 100? 
Answers:  95, 96, 97, 98, 99, 101, 102, 103, 104 

Division Nine people “split the bill” at a 
coffee shop.
If the bill came to $36, what did 
each person pay? 
Answer:  $4 each 

Some friends “split the bill” at a coffee shop.
The bill came to $36. 
How many people could have shared the bill  
and what did each person pay? 
Answers: 
2 people—$18 each;  3 people—$12 each 
4 people—$9 each;  5 people—$7.20 each 
6 people—$6 each; . . . and on to 18 people—$2 each 

Temperature The maximum and minimum 
temperatures
for the day were 90C and 250C.
What was the range? 
Answer:  160C.

If the temperature range for the day was 160C,
what might the maximum and minimum temperatures have been? 
Answer: All reasonable pairs of temperature readings  
with a difference of 160C.

Discount What is $15 less 20%? 
Answer:  $12 

During a sale I bought a pair of shoes discounted by 20%. 
How much might they have cost me before the sale? 
How much did I save? 
Answers:  many, based on shoe price 

Creating Open-Ended Questions 2  

Think of a topic Think of an answer Make up a question which includes the answer 
Multiplication 72 What numbers will multiply to give an answer of 72? 

Distance 100 kilometres If I travelled 100 km from Newcastle “as the crow flies”, where might I end up? 
(Use a pair of compasses and a scaled map) 

Percentage 26% I spend 26% of my weekly income on rent. 
What is my income and how much rent do I pay? 

Time 1450 hours If you leave home at 1450 hrs, when might you arrive home? 
If your plane departs at 1450 hrs, when might you need to leave home? 

Money $1.15 I spent money in a gift shop and received $1.15 change. 
What did I buy and how much money did I hand the cashier? 

Fractions 2½  A cake recipe calls for 2½ cups of dry ingredients.   
How much sugar, flour and coconut might be needed? 

Shape Obtuse angle The angle made by the two hands of a clock is obtuse. 
What time could it be? 

Volume 200 cubic metres My swimming pool holds 200 cubic metres of water. 
How long, wide and deep might it be? 
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Real life aspects in number stories of an adult math-avoider – A case 
study*

Jens Langpaap 
Universität Hamburg Germany 

One central aspect of my practical work with math avoiders is to encourage them to make sense of 
abstract mathematical terms, for example by translating them into a context. One method to make it 
easier to get the sense is to weave number stories around an arithmetical problem. This paper 
presents two number stories of a 41 year old woman which deal with problems of division. It is shown 
that what she does goes far beyond just transferring the arithmetical problem into a story. Three 
central aspects seem to be crucial for her process of producing and using the story: her identification 
with the stories’ characters, objects and actions and their legitimation, as well as the dealing with 
discrepancies. Furthermore, these aspects seem to be comparable to aspects that play a central role 
when analysing childrens’ work on and with number stories. 

Mathematical everyday life experiences are suitable starting points for reducing learning obstacles and for 
developing mathematical comprehension (Schlöglmann 2002). Even low-numerate adults do not enter settings of 
mathematical education without mathematical experiences. Their knowledge, especially experiences of everyday life, 
can be used as starting point for mathematical instruction. They deal with money, they hang up pairs of socks on the 
clothesline, they are involved in explicit or implicit mathematical actions and questions. It is necessary to give 
flexibility to their mathematical knowledge to make it transferable for using it in everyday life situations. This 
argumentation leads to the question of when and how everyday life experience connects to specific situations of 
mathematical thinking and acting.  
My research focuses on adults who have acquired only rudimentary mathematical knowledge which is not always 
suitable for managing simple everyday life problems. Everyday life behaviour of those people is often characterized 
by the avoidance of mathematical thinking and acting so that the term "maths-avoiders” is used (see also the 
expression “Nichtrechner” in Nolte 2002). The practical outcome of my work shall be a teaching concept for this 
specific group of learners. The aim is to enable individuals access to mathematics and to develop mathematical 
literacy by incorporating the learners’ mathematical experiences into everyday life situations (see an overview of my 
concept in Langpaap, 2005). Although the use of everyday life experiences in mathematical instruction of adult 
maths-avoiders is often suggested, little research has been done on the question how these experiences connect in 
specific situations to their mathematical thinking, acting and learning. 
A crucial aim of my teaching concept is to encourage learners to make sense to abstract mathematical terms. For 
this, one method is the use of number stories that are constructed and discussed by the students. Thus, in this paper 
I would like to present a case study of a 41 years old lady who constructs number stories for dealing with problems of 
division. The kind of everyday life experiences that occur in her number stories and their functions can be observed. 
Furthermore, I will show that there are similarities to childrens’ work on number stories.  

Number Stories 
The formal multiplication 30*8 (30×8) can be solved by a procedure like “multiply 3 and 8 and afterwards add zero”. 
This procedure leads to a result but reduces the aspects of numbers to operations with digits. Following this 
procedure, an inner understanding of the numbers and the operation is not necessary (Radatz & Schipper, 1983). 
One method to make sense of a formal mathematical problem is to weave a story around it. For example the problem 
30*8 can be translated into a story that deals with quantities instead of formal numbers:  

At first 3 children take 8 lollipops, together 24 lollipops. Afterwards the group expands by the factor 10 to be ten 
times as large, so the quantity of 24 lollipops is needed 10 times.  

This story gives sense to the effect of factor 10. Radatz and Schipper see the advantage that such number stories 
make aspects and relationships between numbers clearer and meaningful (Radatz & Schipper, 1983). Selter (1993) 
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regards number stories as a method that fits with the conception of productive learning. This conception implies that 
students often should be given the opportunities to use the functional aspects of their individual cognitive structures 
and to participate in organizing their own learning process in productive ways (Selter, 1993). Self productions may be 
suitable to enable learners to develop their own solution strategies and their own ways of documenting them. The 
students decide, on their own, how to go forward and how to present results. 
A current principle of teaching mathematics in primary schools is to deal with mathematical ideas in different forms of 
representation. The students should have experiences with mathematical ideas, operations and relationships in 
connection with different forms of representation (Radatz, 1993). In a first phase the mathematical subject will be 
made accessible by counting stories and real life experiences (experience based learning). These experiences 
become consolidated through the dealing with didactical and illustrative materials (enactive representation) then the 
interpretation of illustrating pictures (visual representation) and finally dealing with numbers and signs (symbolic 
representations) (Radatz, 1993). Illustrative mathematical materials are used to build up mental comprehension 
networks. Students deal with such materials, find out their inner mathematical structure and then come to 
mathematical concepts by a process of internalization and abstraction. But dealing with illustrative materials is not 
self explanatory and nor does comprehension develop from these materials directly. Dealing with illustrative 
materials has to be learned and comprehension has to be built up through action in a constructive process (Lorenz, 
1992).  
Therefore, it is not surprising that number stories as one technique of making sense to arithmetical statements do not 
necessarily lead to improved comprehension. Radatz (1993) examined number stories of students in primary 
schools. These students of different third grade classes wrote number stories to the equation 38 + 7 = 45. Radatz 
found that higher performing students often write texts similar to schoolbooks or that their stories fit with the equation 
but are not very realistic (38 elephants walk through the city, they meet 7 elephants, together 45 elephants.).  Low 
performing students often write unsolvable stories (Two boys play together. One is 5 years the other one 7 years old. 
One asks: Can you count up to 100?). Some of them write imaginative and longer stories but without relationship to 
the equation (Radatz, 1993).  
One reason for low performance of low numerate students is that they view an equation with numbers and 
mathematical symbols more like a secret code with context free signs and operations that have to be manipulated by 
certain rules. For most themes in mathematic lessons these students rarely develop mental representations or 
connections to real life (Lorenz & Radatz, 1992).  
In my sessions with adult math-avoiders I found these problems too. Often students have no idea how to begin. What 
is the meaning of an arithmetical problem? How can it be translated into a story? What must students put into a 
story? Fictional aspects, realistic aspects, aspects of own real life experience? How can I use the setting of a story to 
solve the arithmetical problem? In the following I’d like to present three cases where numbers stories support the 
solving of an arithmetical problem in fruitful ways. Two case studies are with an adult maths-avoider, one with 
primary school children. The focus is on the way the stories are built up and how they are discussed.  

Scene “distribution of money” 
The data of the following scenes have been interpreted by sequential text analysis following concepts of 
interpretative instruction research (Krummheuer & Naujok, 1999; Voigt 1984, 1991). In the first scene Mary (maths-
avoider, 45 years old) tries to solve the arithmetical problem, 40315÷3, by creation of a number story: 

Mary: My father gives this amount of money [40315 €] as a present to me and my sisters and we shall share it 
fairly among the three sisters. … He had found this [money] and doesn’t need it [because] as he never had it 
before. 12

Mary introduces characters who are part of her own real life. She even made herself part of the story. This allows her 
a special identification with the characters and the scenery. Mary translates the problem of division into a context of 
distribution. She stresses that the distribution should be fair. The characteristic of equally sized distribution 
legitimates the story’s setting for it fits with the special demands of division. Mary also implicitly legitimates the money 
as part of the scenery. She introduces the money as found by the father. Although it is not necessary to mention the 
money’s origin, as it has nothing to do with the arithmetical aspect of the problem, she mentions this in order to 

                                                
12 Original text: Mary: [...] mein vater schenkt meinen schwestern und mir diesen betrag (zeigt auf "40315") und wir sollen den jetzt gerecht 
aufteilen unter den 3 schwestern. #ja/ prima\# ok? (.) hat er gefunden braucht er nicht. hat er vorher auch nicht gehabt. sagt sich könnt ihr euch 
gut\ duellieren. jetzt duellieren wir uns also. (..) also ich würde sagen also erstmal kriegt jeder 105 euro und dann haben wir noch 40000 übrig. 



182

legitimate the moneys’ existence. Moreover she describes why her father doesn’t need the money. By this she 
legitimates that the money is used and given away.   
After initializing the story Mary first writes down the solution of 315:3. Then she tries to solve 40000÷3 by formal 
calculation.   

Because of her problems, the teacher asked her to imagine the 40000€ lying on the table.   
Mary: OK. So we three sisters are sitting their together and first everyone gets …  10,000. … Then we have only 
… 10,000. OK, now we distribute it to the four, no, three sisters.13

In the next step, Mary distributes the remaining 10,000 € by dividing it up it into ten amounts of 1,000 €. Now each 
person gets 3,000 €, and 1,000 € is left. Analogous to this procedure, Mary distributes the whole money step by step. 

Because she herself receives an amount of money, Mary is part of the scene. The distribution of money is introduced 
by a first step (distribution of 30,000 €) which is followed by further acts of distribution. These acts form a natural part 
of the story and support sequential thinking and action. This shows how the step-by-step-procedure of division is 
legitimated by the setting. 
Mary makes a comment on this large-scale procedure: 

Mary: … (laughs) oh how terrible. I hope my father never would be so generous. But anyway he isn’t. So no 
matter.14

The father is described as not generous. Although this fact is not necessary for the solving process or the ongoing of 
the story, Mary uses this statement to express implicitly her wish that the mathematical problem she has to cope with 
within the scope of the story should never become part of her real life. To express this, she uses a discrepancy of the 
stories’ setting and her real life. 
The procedure of step-by-step distribution leads Mary finally to the remainder 1€.  

Mary: There is one left, yes (laughs). This we donate to amnesty international.15

Mary tries to find a finishing step for the remainder. Her solution legitimates the remainder as a consistent part of the 
story.
Summarizing the results, three central aspects are found. 
There are aspects of identification: 

Mary introduces characters who are part of her real life.  

                                                
13 Original text: Mary: ja/ also wir drei schwestern sitzen da jetzt zusammen/ also dann kriegt jeder schon mal 1000. dann haben wir schon mal 
#sie meinen 10000# 10000 #einverstanden# jede kriegt schon mal ähm 10000 das heißt (schreibt unter A2.6 einen Strich) wir haben jetzt nur 
noch 1000 äh 10000 einmal 10000 übrig (schreibt in A1.8 "10000") (9) gut jetzt teilen wir das durch die 4 schwestern quatsch 3 schwestern. (.) 
14 Original text: Mary: ja (..) oder ich mach das so (setzt neben A1.8 zum schreiben oder zeichnen an) das ist ja n bisschen viel das jetzt das 
alles da hin zu schreiben. ich kann 10 (5) 5000 ne das nützt mir nichts. (schreibt in A1.9-18 zehnmal "1000" untereinander) gut jetzt kriegt jede 
drei davon (malt 3 waagerechte Linien in A1.9-18) plus 3000 (schreibt in A1.3 "+3000") dann haben wir noch diesen übrig (zeigt auf A1.18) 
1000 (schreibt in A1.19 "1000") (lacht) oh wie schrecklich. hoffentlich (lacht) ist mein Vater nicht mal irgendwann so großzügig. ist er sowieso 
nicht. also keine bange. #(schmunzelt)# (lacht) 
15 Original text: Mary: ich habe noch einen übrig ja (lacht) (.) den spenden wir doch amnesty. 
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She makes herself part of story 
There are aspects of legitimation: 

Mary legitimates the moneys’ existence. 

She legitimates the moneys’ use (its giving away). 

Mary legitimates the stories’ setting being conformal with the special demands of division by calling the 
distribution fair. 

She legetimates the remainder of division the as conformal with the story by integrating it. 

Her calculating strategy (step-by-step-procedure) is natural part of the story and so legitimated by the setting. 
There is an aspect of dealing with discrepancies: 

Mary uses the discrepancy of the stories’ setting and her real life to express implicitly her emotional problems 
with the mathematical task. 

Scene “ingots of gold” 
In another lesson Mary also gives an example for division as distribution. At the beginning of the session she 
remembers an extensive questionnaire she got some days before. Based on this, she generates a mathematical 
problem: “Distribute 604 questions to 6 days evenly”. Her first solution was ”100 questions per day and a remainder 
of  4 days”. The teacher (me) asks her to calculate 604:6 again but this time to resolve the remainder. To do so, Mary 
constructs a story: 

Mary: ... One could say there are ingots of gold. ... and these are six people. They have to distribute it evenly. So 
if there are some unpleasant questions one would say: Oh no, I don’t care, you could take the other four, the 
remained ones. But if there are 604 ingots of gold, then every one of the six people want to settle it very fairly.16

Mary changes the object of distribution. For distribution ingots of gold seem to be more attractive to her than 
unpleasant questions. Mary argues from the characters’ point of view, so she identifies herself with their needs. The 
ingots of gold guarantee the aspect of even distribution because they fit the characters’ needs and motivations. Mary 
regards the action of even distribution legitimated only by attractive objects. The introduction of “unpleasant 
questions” as object of distribution would produce a discrepancy between the object and the intention of fair 
distribution. 
Mary distributes 100 ingots to each person. Four ingots are left. She draws these four ingots and tries to distribute 
them into 6 sections each.  

Mary: Ok, now I have 4 ingots of gold and 6 persons. […] Everyone wants to get a fair sized number of pieces. 
What does everyone get? I don’t know. […] So first everyone can get one. That would be the easiest way now. 
And so on. But then I don’t know how much everyone has got (laughts). Everyone has 4. Isn’t it terrible if you are 
absolutely so…17

She develops the picture:  

                                                
16 Original text: Mary: also ich habe jetzt gedacht man könnte jetzt zum beispiel auch sagen das sind goldbarren. #ja/# und das sind 6 leute. die 
sollen das gerecht aufteilen. also wenn das irgendwelche unangenehmen fragen sind/ dann sagt einer ach nö ist mir egal nimm du ruhig die 
anderen 4 die überflüssigen. wenn es aber 604 goldbarren sind dann wollen die 6 leute das ganz gerecht(!) haben.  
17 Original text: Mary: ok jetzt habe ich also 4 goldbarren/ (zeigt auf A1.6) und 6 personen. 1 2 (malt über die Kästchen in A1.6 sechs kleine 
Kreise) 3 4 5 6. jeder will gerecht viel haben. #hmhm/# was kriegen die denn jetzt (..) ja. (7) das weiß ich auch nicht. (7) hm. (3) 1 2 3 4 5 6 
(zählt in A1.6 im ersten Kästchen die Abteilungen ab). Habe ich ja schon (..) jetzt bin ich echt überfragt (lacht) #hm/# oh gott. (..) also jeder 
kann ja erstmal ein kriegen. das wäre jetzt das am einfachsten (verbindet in A1.6 jede Abteilung des ersten Kästchens mit einem der 6 Kreise). 
so. ein bisschen umständlich/ aber geht. #L schmunzelt# gut. und das gleiche so weiter. #ja/# aber dann wüsste ich beim besten willen nicht 
wie viel jeder hat (lacht). 4 hat dann ja hm. (..) ist das nicht schrecklich wenn man so völlig 
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Again Mary mentions the characters’ motivation to distribute fairly. She prefers a step by step distribution. Also she 
feels unsure about the result of this procedure she doesn’t criticize the procedure itself. For her the step-by-step 
procedure seems to be logical. In other words the procedure is legitimated by the setting. 
After finding the result 4/6 Mary remains unsure about its meaning. The teacher (me) asks her to visualize 4/6.  

Mary: so if this is my ingot of gold now [… Mary finishes the picture …] everyone has this  piece [on the left 
side].18

Mary speaks of “my [!] ingot of gold”. So she does not work on an anonymous object but on an object she could 
identify herself with. The importance of identification is also indicated when Mary finally reflected her doings again:  

Mary: Yes. That’s why I thought if you take something more attractive than silly questions you can put yourself in 
the six peoples’ position. Why what why do I want to get it. If I don’t want it I’m happy if I don’t have to distribute it 
fairly.19

Here the attractiveness of the ingots is ambiguous. On the one hand, the object is attractive to the stories 
characters’. On the other hand, it is attractive for the one who deals with the mathematical problem. The user of the 
number story can put himself in the characters’ position and can identify himself with their needs. 
Summarizing the results, we also find the three aspects identification, legitimation and dealing with discrepancies. 
There are aspects of identification: 

Mary identifies herself with the characters’ needs and motivations.  

She identifies herself with the object as her ingot of gold. 

Mary describes the function of the setting: The user of the number story can put himself into the characters’ 
position and can identify himself with their needs 

There are aspects of legitimation: 

Mary views the action of even distribution legitimated only by attractive objects

The step-by-step procedure of division is legitimated by the setting. 
There is an aspect of dealing with discrepancies: 

Mary tries to avoid discrepancy between the object of distribution and the intention of fair distribution 

Scene “Mr. Dröge buys a present” 
Dröge (1991) suggests that real life situations which deal with context referred mathematical problems should be put 
into the centre of primary school lessons. She supposes lessons that are orientated to the focus on real life 
situations, motivate students to use their individual real life experiences. An analysis of one of her lessons shows that 
her students also deal with aspects of identification, legitimation discrepancies when they deal with text based 

                                                
18 Original text: Mary: also wenn das jetzt mein goldbarren ist (zeichnet in A1.14 ein Kästchen) ähm (halbiert das Kästchen, dann drittelt sie 
durch zwei Striche die linke Hälfte, in der rechten Hälfte zeichnet sie nur einen Strich) dann ist das hier weg (streicht die 5. Abteilung aus). also 
dieses stück (verstärkt zwei Striche, indem sie sie über den Kästchenrand hinweg verlängert, zeigt auf den dadurch markierten Bereich) hat 
jeder. 
19 Original text: Mary: ja. deshalb habe ich mir ja gedacht wenn man jetzt was attraktiveres nimmt als so blöde psychofragen/ hat man ja 
überhaupt ein also da kann man sich in diese 6 people da überhaupt reinversetzen warum was warum will ich das überhaupt haben. Wenn ich 
das gar nicht haben will bin ich ja froh, wenn ichs nicht gerecht aufteilen muss. 
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mathematical problems. This leads to the hypothesis that there are similarities between adults and children in dealing 
with number stories. 
Dröge (1991) describes how third grade students of her primary school dealt with number stories they had produced 
on a brochure: 

“It’s Mrs. Dröges birthday. She’d like to have a TV set that costs 899,- DM and a clock radio that costs 148,- DM. 
How much has Mr. Dröge to pay?”

The text looks like a simple schoolbook text. Many researchers found that students often deal with such schoolbook 
problems by focusing on numbers without including the context. For instance, the appearance of two similar sized 
numbers leads those students to addition or subtraction whether the appearance of different sized numbers lead to 
multiplication or division (Lorenz/Radatz 1993). What makes the text shown above different? The difference to 
schoolbook problems is that the text is related to aspects of the students’ real life. Mrs. Dröge is their teacher and 
becomes the main character of the story. The students discussed the text 

Yvonne: If we would add this up… perhaps what his wife like to have would be too expensive for Mr. Dröge and 
he wouldn’t buy it. 

Melanie: What television set this must be for that price. 

Kathrin: If I‘m Mr. Dröge I would wait and see whether I could get the set  cheaper. 

Ulrike: But Mr. Dröge has to order the set soon to get it early enough for the birthday. 

The students talk about the general conditions and implications of the scenery. This seems to be more important for 
the students than solving the arithmetical problem quickly. Yvonne, Melanie and Ulrike put themselves in Mr. Dröges 
place (Is the TV set to expensive? Could it be cheaper? When is the right moment to order it?) Kathrin identifies 
herself with Mr. Dröge (“If I’m Mr. Dröge”). So, dealing with the solution of the problem is done by identification with 
the stories’ characters and situation. 
The next discussion contains aspects of dealing with discrepancies: 

Bettina: This is strange. First the text says Mrs. Dröge and then comes the question: How much has Mr. Dröge to 
pay?

Frauke: Sure! Because she should not know about it and Mr. Dröge has to do it secretly. 

Also here the students do not discuss the arithmetical problem. Bettina and Frauke discuss the discrepancy of two 
competing characters. Also resolving the discrepancy of the scenery seems to be more important for the students 
than to deal with the arithmetical problem. 
After discussing number stories during the lesson, the students painted price tags, wrote invoices and played buying. 
Although in schoolbooks dealing with big notes like 500 € or 1000 € is usual, none of the students has ever paid with 
such a big note. Sabrina gave an explanation: 

Sabrina: With such a big note I wouldn’t go out. I would have too much fear to loose it. 

Sabrina pays attention to realistic behaviour in real life settings. The setting of an usual buying situation doesn’t 
legitimate the use of 500€ or 1000€ notes. The other way round, this statement shows that students legitimate 
objects and actions for the scenery. 
The students discussions about general conditions and implications of the context are also characterized by the three 
aspects identification, legitimation and dealing with discrepancies: 
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The students identify themselves with the setting’s characters, objects and conditions. 

The students discuss discrepancies of the scenery and try to resolve them. 

The students legitimate characters, action and object of the setting and prefer objects that correspond to their 
everyday life experiences. 

Summary and Hypothesis 
Comparing the three cases we find three central aspects of dealing with number stories:  

The students identify themselves with characters, object and actions of the story. 

The students discuss discrepancies of the setting and try to resolve them. 

The students reflect the implications of characters, objects and actions for the stories’ credibility and try to 
legitimate elements of the story. 

Table 1. Summary of aspects of number stories 

 distribution of money ingots of gold birthday present 

identification with 
characters, objects 
and actions 

“me and my sisters” (characters, 
be part of the story)

“wanting ingots” (identification with 
the characters’ needs) 
“my ingot of gold” (object) 
“put yourself in the six peoples’ 
position” (characters)

“if I’m Mr. Dröge” (character) 
“what a TV set” (object) 
“get it early enough” 
(condition)

discussion/resolving 
of discrepancies 

“father never would be so 
generous” (discrepancy between 
story and real life)  

“unpleasant questions” don’t fit the 
intention of fair distribution (object)

“Mrs. Dröge demands, Mr. 
Dröge buys” (discrepancy) 
“buy secretly” (resolving)

legitimation of 
characters, objects 
and actions 

“he found the money” (object) 
“doesn’t need it” (legitimates 
giving away, action) step-by-step 
procedure (action) 
“donate to amnesty international” 
(action)

“the six people want to settle it 
very fairly” (action) 
step-by-step procedure (action)

“using common notes” 
(object, action) 

The students’ work and discussion on the texts contain aspects that seem to be unnecessary to solve the 
arithmetical problem. The question is why the students behave that way. Is it a warming up to become closer to the 
arithmetical problem? Are “additional” aspects of the story essential to get along with the story itself? Are the 
additional aspects necessary for the transfer between the mathematical area of experience and the real life 
experiences? I suppose that a successful identification with the different aspects of the story like characters, actions 
and objects supports the process of sense making. Identification with the story depends on its consistency. Resolving 
discrepancies by the students is a necessary reaction to inconsistency. Also the legitimation of the story’s elements 
is an expression of their needs for consistent settings. 
The students succeed in dealing with number stories and text based problems because the contents touch their 
personal experiences. Mary’ approach to dealing with number stories is similar to that of the children. This leads to 
the hypothesis, that the approach of adult maths-avoiders in general is similar to the approach of children. Further I 
suppose that the development of comprehension should be linked to aspects of problem solving competencies in 
similar ways. Dröges’ approach to put situations that deal with aspects close to the students’ experiences and 
imagination into the lessons’ centre seems to be transferrable to adults.  
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The Hairdressing and Beauty therapy courses at Manukau Institute of Technology attract many 
students from diverse backgrounds, especially school leavers. Today’s classes are made up of 
international students, degree holders, and students whose previous educational experiences have left 
them with a somewhat negative approach towards anything associated with mathematics. 

From 2001 to 2004, the Learning Centre worked in collaboration with the Hair & Beauty department to 
provide customised interactive maths workshops (non-assessed) for students enrolled in their 
programmes. These interactive workshops were designed; to assist students to meet the course 
requirements of the department, to apply theory in practice, to overcome negative attitude towards 
maths and to be able to develop a confident approach to vocational numeracy. 

However at the end of 2003, the Hair and Beauty department removed the Maths content (Unit 
Standard – assessed) from the programme in order to include more Hair and Beauty curriculum. 
Nevertheless customised interactive maths workshops continued to be requested as the staff 
recognised the importance of continuing to develop student’s maths skills. One outcome in 2004 was 
that workshops became more visual and interactive.  

Manukau Institute of Technology (MIT) established in 1970, is one of New Zealand’s leading education and 
training institutions, and is a degree-granting institute of technology. MIT is located in the city of Manukau (Maori 
name is He Taonga Hiranga Whakanui Whanau -"a gift to portray the importance of family"), population 300,000 and 
with over 160 different ethnic groups. The diversity of our students and often their lack of any formal academic 
experience mean that these students benefit from additional academic support such as Learning Centre, Language 
Support Centre, and Library.   
The Learning Centre (Te Pokapu Ako Tauira) is one of the student academic support services within MIT. The 
centre is in the unique position of interfacing directly with students from across the institute and the team works 
collaboratively with other departments. This means that members of the team have the role of liaison advisor to each 
department at MIT to provide suitable learning advice for their students. The team collaborates with students and 
academic staff within MIT to customise one on one, small group and workshop sessions. 
The School of Hair and Beauty is accredited to teach the City and Guilds international hairdressing and beauty 
therapy qualification, as well as New Zealand nationally recognised certificates. The courses offered are shown in 
Table 1. 

Table 1. Range of Programmes Offered 

Hairdressing Programmes Beauty Therapy Programmes 
Certificate for Salon Assistants Certificate for Beauty Assistants 
Certificate in Barbering Certificate in Beauty Therapy 
Certificate in Hairdressing Certificate in Spa and Body Therapy 

These programmes come under the New Zealand Qualification Authority (NZQA) umbrella. NZQA provides quality 
assured leadership in international qualifications and coordinates national qualifications within New Zealand. The 
National Qualification Framework (NQF) is designed to provide nationally recognised standards and qualifications, as 
well as recognition and credit for a wide range of knowledge and skills. Unit standards are registered on the NQF.   
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There are different entry requirements for the Hair and Beauty qualifications. Most qualifications require minimum of 
3 years of secondary educations if the student is under 20 years of age.  Table 2 shows the age range of students 
entering the various courses in 2004. 

Table 2. Age Distribution by Programme in 2004 

AgeProgramme
Less 20 20-30 30-40 40-50 50 & over Total 

Cert in Barbering 7   (36.8%) 3 
(15.8%) 

2
(10.5%) 

6
(31.6%) 

1        (5.3%) 19 

Cert in Beauty Assistants 18 (52.9%) 10 
(29.5%) 

5
(14.7%) 

1  (2.9%) 0           (0%) 34 

Cert in Beauty Therapy 5   (22.7%) 10 
(45.5%) 

5
(22.7%) 

1  (4.5%) 1        (4.5%) 22 

Cert in Hairdressing 47  (58.8%) 20 (25%) 12 (15%) 1  (1.2%) 0           (0%) 80 
Cert in Spa and Body therapy 2      (25%) 0      

(0%) 
1

(12.5%) 
5

(62.5%) 
0           (0%) 8 

Total 79    (49%) 43 (26%) 25 (15%) 14   (9%) 2            (1%) 163 

(JASPER PRODUCTION20, Manukau Institute of Technology) 

The hairdressing and beauty assistance courses attract more school leavers than the beauty therapy and spa & body 
therapy courses. Additional statistics show that the over 90% of the students were female. 
These programmes attract many students from diverse backgrounds such as school leavers, degree holders and 
international students. Some of the students are people well beyond schooldays, full of a mixture of regret, 
determination, but dogged by lack of confidence and self-belief, facing problems of time and space to study (Rogers, 
2002).These programmes attract a higher percentage of European students as opposed to other ethnic groups. The 
range of ethnicity is shown in Table 3. 

Table 3. Ethnicity of School Leavers by Programme in 2004 

Programme Ethnicity 

  Maori Fiji Samoa India China 
Other
Asia Other Euro Total 

Hairdressing Technical & Further 
Education 1 0 0 0 0 0 0 11 12 
Cert in Hairdressing 7 1 2 1 1 1 1 14 28 
Cert for Beauty Assistants 2 1 2 0 0 0 0 5 10 
Cert in Beauty Therapy 1 0 0 0 0 0 0 3 4 
Cert in Barbering 1 0 1 0 0 0 1 1 4 
Cert in Spa and Body Therapy 0 0 0 0 0 0 0 1 1 

Total
12

(20%) 
2

(3%) 
5

(9%) 
1

(2%) 
1

(2%) 
1

(2%) 
2

(3%) 
35

(59%) 59 

(JASPER PRODUCTION, Manukau Institute of Technology)

The purpose of this paper is to discuss these main aspects: 

Students’ negative attitude towards maths 

Collaboration between departments 

Interactive Approach: How does this create better learning outcomes?  
                                                
20 JASPER Production – Jade student management system used at the Manukau Institute of Technology 
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Melding theory into practice 

Overview
The Learning Centre worked in collaboration with the Hair and Beauty department to provide customised interactive 
maths workshops for students enrolled in the Hair and Beauty programmes. These interactive workshops were 
designed to support students in the application of theory into practice; to overcome negative attitude towards maths 
and be able develop a confident approach towards vocational numeracy. 
In 2003, a review of the content and delivery of the Learning Centre maths workshops was conducted by myself and 
two lecturers on the Hair and Beauty programme. This was largely due to student feedback received. One student in 
particular commented that they thought the interactive workshop was valuable; however the resources and delivery 
could be more contextualised and visually based. From this reviewing process, we identified the underpinning 
numeracy skills required and discussed the possibilities of developing more visually based resources to assist 
students within the Hair & Beauty programmes. We discussed how the integrated workshop could be made to work 
more effectively and the possible value of this approach in improving learning and practical outcomes. The results of 
our review led to re-establishing the approach for numeracy training and continuing interactive maths workshops run 
by the Learning Centre that began in 2001. 
I thought that re-establishing the approach of numeracy training would be beneficial to students of Hair and Beauty, 
as they seem to more readily engage in interactive workshops rather than to traditional lecture style (chalk and talk). 
My perspective was reinforced by Sanguinetti & Hartley (2000) who reviewed ‘A synthesis of recent research into the 
effects of integrating literacy and numeracy into training packages’ in which they found numerous recommendations 
from practitioners and researchers in Adult Literacy and Numeracy Australian Research Consortium (ALNARC). 
Some examples of recommendations are:  

… making numeracy more visible and more explicit [increase visibility]…; more exemplars of good practice in 
specific industry settings to be developed and discriminated; … [research] need to be conducted regarding the 
strengths and weakness of two main approaches; the implicit (built-in) and the explicit (bolted-on) approaches 
could be more effectively integrated with each other. … Re-naming training packages to more accurately reflect 
their purpose. (Sanguinetti & Hartley, 2000, p. 6-11) 

Using these ideas and working in collaboration with Hair & Beauty staff, we decided to re-develop the existing 
package and re-name the workshop to ‘Staying in Business’ (SIB). 

Issues

Programme Issues 
The Hair and Beauty unit standard 64: Perform calculations for the workplace (2 credits at level 1 on the NQF) was 
reviewed, and reissued by NZQA Hairdressing Industry Training Organisation (HITO) in August 2003. At this time, 
HITO removed this unit standard, as it was no longer considered relevant. However, due to the success of the 
interactive maths workshops for the Hair and Beauty programmes, the department requested the Learning Centre to 
continue.  

Student Issues 
From my observation being a mathematics learning specialist, students see mathematics as a subject and as 
something different from practical daily mathematics. When mathematics/numeracy is used in a workplace, student 
review it as ‘just part of the job’ and it is also perceived as ‘just common sense’.  
Hairdressers, beauty assistants, beauty therapists, and barbers all have different entry requirements. Some students 
have only completed three years of secondary education involving mathematics while other students may have 
completed mathematics in a degree programme. Many students have also had previous educational experiences 
which have left them with a somewhat negative attitude towards anything associated with mathematics. Mathematics 
workshops therefore need to be well thought-out to cater for mathematics related needs within such diverse groups. 
Workshops need to be designed and contextualised to meet specific learning situations.  
Recording observations made by the students over the last 3 years, I have noted the most common mathematics 
phobia statements; ‘I hate maths’, ‘I was never good at maths’, ‘I never used the maths that I learnt at school’, ‘I 
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never understood maths’ and ‘I chose this course because I thought that there wouldn’t be any maths in It’. Many of 
the students with negative attitude towards mathematics may have developed a phobia.  
Hodgson (2004) lists reactions to mathematics stating that ‘maths phobics’ will often: 

lose confidence in themselves and in their academic abilities 

trust blindly any bills they receive, because they daren’t question the figures 

shy away from helping their kids with their homework 

avoid courses in case they contain maths 

leave courses when they encounter the maths element 

run up credit card bills as they can’t keep track of how much they’ve spent 

All with which I concur. She goes on to say; 
Many people have subconscious fear of Maths. They appear to be okay with the real life situation such as money 
handling. However when the numbers are written down on the paper then they seem to be doubtful as to if they 
can solve the problem. There is not a ‘type’ of student that has a problem with maths; it could be anyone. … The 
main problem seems to be understanding that, for the most part, it is fear that stops people, and not a lack of 
mathematical skills (Hodgson, 2004, p.2). 

The reactions of students to mathematics as identified by Hodgson (2004) have been evident within Hair and Beauty 
students during the course of the programme. These observations counted towards the development of the SIB 
workshop series.
Every student is different in terms of how they learn and perceive mathematics. The general feeling from the students 
at the start of the workshop series is high uncertainty. They are often afraid to ask questions. My own observation of 
this is that there are varieties of reasons why they lack confidence in mathematics. As shown in the previous table of 
age distribution by programme that many students have not studied for a number of years; others have had negative 
learning experiences.  
According to the Visual Aural Read/write Kinaesthetic (VARK) learning styles inventory (Fleming, 2001) conducted by 
the Learning Centre on these students, most of the Hair and Beauty students are visual or kinaesthetic (hands-on) 
learners. An environment where students are involved with practical hands-on experiences therefore becomes 
critical.  

Methods/approaches

Interactive approach / Melding theory into practice 
By the end of the 2003, the Learning Centre working in collaboration with the Hair and Beauty staff had enhanced the 
customised interactive workshop effectiveness. The title of ‘maths workshop’ has changed to ‘Staying in Business’ 
(SIB), which runs two hours per week for 4 weeks. This workshop is to support the students with numeracy training 
and is not part of the credit on its own but its content is contributed towards the assessment.  
Interactive methods include: 

Domino card games 
These cards, when played with by students, assist in the development and extension of the four operations. This 
task is done in groups of three to four requiring students to perform a mathematical process in order to complete. 

Discount vouchers 
Vouchers are a visual resource available for student to use during the invoice segment of the workshop to solve 
problems involving discounts. I encourage students to work in pairs whereby the voucher is to be used to 
reinforce calculating discounts and create a role-play situation. 

Hair and Beauty invoices 
These invoices are completed in the third session using the a commercial haircare product price list. By using an 
actual price list, students get to experience a real life situation. 
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Contextualised examples - salon situations  
A number of context related examples are presented to students throughout the workshop, such as real salon 
scenarios with actual prices and products descriptions, for students to use to problem solve.  

The new formatting and layout for the worksheets include; 

integrating note-taking strategy  
The Learning Centre developed a note-taking strategy which I felt would integrate nicely with the SIB worksheets. 
Students can then add their own notes to the worksheets.  

formulas and facts in ‘simple truth’ boxes 
Students have to learn several formulas and facts during numeracy training. Incorporating the ‘simple truth box’ 
to emphasise the formulas and facts encourages the retention of important information. Working examples of 
each formula or fact follow directly after each ‘simple truth’.    

providing visual tools for workshop use 
These tools assist visual and kinaesthetic learners to engage with the topic. One 
such example is the discount vouchers which can be used by students during the 
invoicing and discount session. It is also common for actual products to be displayed 
and utilised during various sessions to provide these learners with real life 
examples.
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In the SIB workshop, the Leaning Centre specialist focuses on the worksheets in the first hour to develop students’ 
confidence in vocational numeracy. Directly after this session, Hair and Beauty lecturers follow up with hands-on 
practice incorporating strategies and skills learned with paper money, register tills, price guns, invoices, and with 
mixing and measuring the chemicals and products.  
The intention with this collaborative approach was to make the mathematics practical, applicable, achievable, and fun 
for the students.  

Results
The Hair and Beauty school incorporated the ‘Staying in Business’ content into their course assessment to 
measure the students’ knowledge. 

The continuance of ‘Staying in Business’ workshops has brought positive feedback regarding the 
improvement in students’ attitude towards mathematics. 

Student Feedback 
This feedback was from student evaluations of my teaching for effective learning and my overall performance. I have 
included some positive feedback of the workshop content and resources from these evaluations. 

Good examples and I can relate to it now. 

Love the handouts/worksheets makes it easier to follow and understand the calculations 

Everything we learnt was helpful 

Understanding things better, e.g. GST etc. 

Card games – was fun and that really helped us. 

There has been an increase in self-confidence of the students through interactive learning methods and 
appropriate worksheets.  

Visible improvement in student practice in the salon – confidence in vocational numeracy, e.g. use of pricing 
guns, tills, diluting solutions. 

Increased interactive learning methods resulted in increased student self-confidence in Mathematics. This was 
brought about by the high interaction between the students in class because they needed to communicate with each 
other to process and answer questions. Students themselves reported a positive change in attitude toward 
mathematics.  

Conclusion
In collaboration with Hair and Beauty staff, the Learning Centre has facilitated interactive mathematics workshops to 
assist students to meet the course requirements of the department. In particular, the application of theory into 
practice, overcoming of negative attitude towards mathematics and the development of confident approaches 
towards vocational numeracy. Student assessment and feedback have shown that these new approaches have 
suited their needs and goals of the Learning Centre and Hair & Beauty staff have been achieved. Increase in student 
confidence towards numeracy training exceeded expectation. Melding theory into practice and contextualising the 
content of the course into practical components has also resulted in positive outcomes for both students and staff. 

Implications for Further Practice in Other Courses/Programmes 
Make the content and methods more relevant, as contextualised as possible. 

Try new approaches in formatting and layout to reflect the nature of the course/programme. 

Encourage collaboration with students, support services and content. 

Practice with feedback makes perfect. 
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The struggling apprentice: Defining the context and exploring 
possibilities.

Cathy Leung  Tricia O’Donnell 
Tropical North Queensland Institute of TAFE 

The particular focus is on innovations and practices in assessing, assisting and developing individual 
programs for Trade Apprentices who struggle with numeracy concepts. 

While this research had, as its starting point, a focus on technical numeracy, the researchers have also 
attempted to explore and chart in a broader context, the ripple effect of change that accompanied each 
case study, each providing opportunities to reveal the consistent change in the culture of relationships 
between apprentice, employer, vocational teacher and the Learning Support Unit. This exploration 
engaged the researchers in exposing the many discourses that discipline the various contexts of 
learning support, the workplace and the vocational sector, revealing each discourse having an 
ideological filter on the notion of skill. By exposing these filters and examining ideologies the 
researchers are able to leverage change; sometimes these changes are small, sometimes large, but 
never insignificant. 

This paper is an attempt to record the work of the Learning Support Unit at Tropical North Queensland Institute of 
TAFE (Technical and Further Education) (TNQT). This is a journey of exploration that grew out of a need for 
meaningful data to demonstrate the efficiency of the Unit. Historically the Unit struggled to present more than 
anecdotal evidence to support and recognize its value as an effective intervention technique for improving the 
completion rates of apprentices. While there was data that could prove the number of students who accessed 
learning support, and anecdotal evidence of success, there was no hard data showing how and where the Unit 
actually made a difference?  
The work of the Unit is featured in two papers in this publication of which this is the first. The first paper attempts to 
capture and explain the importance of relationships in developing a support program for an individual, in particular 
apprentices and trainees (as the process is the same for both, this paper chooses to use the term apprentice). In 
exploring the nature of relationships the research embraced a multidisciplinary approach to theoretical 
understandings. What developed was an exploration of ideas to try and understand what makes a difference to an 
individual who is struggling and what systems can be devised to track the points of change. This paper outlines the 
theoretical understandings the research team members are using, discarding, revisiting and questioning as they 
construct new pathways and new understandings.  The second paper partnering the first examines the processes 
that evolved from the discussions, examines the development of generic benchmarking tools and how they can be 
used to develop individual learning pathways, and reports on the trialing of the process at pilot sites and provides 
case studies of how the theory and development of process and program can be put to practical use. 
The nature of teaching and supporting individuals is eclectic and flexible by nature. However, there always seems to 
be a tension between the ‘one size fits all’ of training packages and the notion of learner centered training. Trying to 
capture the real work of teachers in a meaningful and systematic way provides insights for others to explore and trial. 
There is, in this research, no attempt to provide a ‘one size fits all’ approach to learning support. There is only the 
hope that by revealing one practioner’s journey something useful will be added to another’s toolbox. 

The importance of context and the research. 
The notion of critical trade shortages globally and in Australia is recognized by the Australian Government, and 
considerable funding has been allocated to ‘reinvigorate’ the sector in a more controlled collaborative approach. At 
State and Territorial level reviews of the sector are underway or as in the case of Queensland are now completed. In 
Queensland the changes to the way TAFEs will do business has yet to be realized, the Queensland model promises  
significant reform, and while the TAFE system is a relatively stable edifice it is affected by these changes in Federal 
and State government policy. The national training agenda, with competency based training, training packages, 
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workplace trainers and assessor models of delivery, and a compliance methodology serviced by layers of auditing 
and the State reforms to training and education, has created an environment that is pressurised and in a constant 
state of challenge.  
Queensland Skills Plan (Queensland Department of Employment and Training, 2005) recognizes the fundamental 
changes to the labour market and the nature of work in rapidly changing economies and deliberately seeks to 
engage in the globalised Knowledge Economy. Social change is directed through Smart State and Smart Vocational 
Employment and Training (SmartVET) policies that purposely set out to engage industry and community in creating 
and sustaining an economy that is flexible, creative and innovative. Set within the Smart VET policy are skills 
formation strategies which map knowledge ecosystems, identifying and seeking solutions in the growing problem of 
skills shortages through training and upskilling the workforce, human resource management, industrial relations and 
the acknowledgement of the role of industry in finding solutions through change in organizational cultures. Implicit in 
this direction is the understanding that engagement in the knowledge economy, by the very nature of knowledge, is 
to become involved in a process of continuous adaptation, continuous change.  

The contextualised apprentice. 
The apprentice is situated within a very unstable environment. Globalization and downturns in local economies can 
directly effect the term of an apprenticeship. Also, behavioral or learning problems, ESL and cultural differences 
which vary from individual to individual can affect completion. The apprenticeship model is a model of variables, of 
social, economic, language and cultural impacts that may or may not have an effect that may or may not change 
suddenly (Figure 1).  The issues are exacerbated at TNQT because of the diversification of the region 
geographically, socially and culturally.  
The research noted early the distinction between the meaning of apprenticeships, as the vocational choice, and the 
apprentice, the acquirer of skill. Apprenticeships are part of the knowledge economy, they are part of the economic 
wellbeing of the state, and the apprentice is the person who sets out to gain mastery of a specific set of often 
transient skill sets. How effectively the apprentice masters the skills and embraces the notion of life wide learning will 
determine his/her place within the knowledge economy. 
Due to the nature of the apprenticeship model in Australia, trainees and apprentices are ‘signed up’ through a third 
party, the New Apprenticeship Centers (NAC’s).  NAC staff do not need specific industry knowledge or educational 
credentials to qualify for the role of determiner of an apprenticeship.  The decision to sign up an apprentice may be 
based on an agenda that does not necessarily prioritize literacy or numeracy skills. This is not a criticism of NAC 
staff, it is a recognition of a systemic flaw in the signing up of apprentices. 

     World Economy    
Australian/Queensland socio-economic scene 
Globalisation, aging workforce, skills shortages, industrial reforms, workplace 
management. 

Training Organisation               The Apprenticeship
                                Quality Assurance AQTF Regulations (Training Act 
2000) Learning Plans 

Work environment
Regulations; Industrial Relations; Workplace 
Management; Employers values and esperiences
              NAC’s 
SRTO                                                        TAFE 

GTO’s

Skill shortages                  local economy 

Staffing issues.   Funding 

SRTO = Supervising 
Registered Training 
Organisation – the 
training organisation 
chosen by the 
apprentice.

Group Training 
Organisation –  
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employs an 
apprentice and 
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apprenticeship
through host 
employers.  An 
apprentice can work 
with one or many host 
employers depending 
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Figure 1. The apprentice in context. 
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The training component comprising of “on the job” and “off the job” component is the responsibility of a Supervising 
Registered Training Organization (SRTO). The Employer may be the initiator of the apprenticeship or may be a host 
employer working with a Group Training Organization which provides opportunities for apprentices to be moved to 
other worksites to gain wider experiences or to avoid unemployment should a firm be experiencing a down turn. 
Apprentices who, attend their ‘off the job’ component or “Block Training” at the TAFE, and, are experiencing 
difficulties completing aspects of their “on the job” training are referred to the Learning Support Unit for assistance. 
The apprentice can, at times, be in the second year of their apprenticeship before they arrive at the Learning Support 
room.

Learning Support Unit 
The Learning Support Unit of Tropical North Queensland TAFE (TNQT) is situated in Far North Queensland. 
Geographically (TNQT) is the most Northern Institute of TAFE in Queensland and delivers vocational education and 
training programs across a 268,000 square kilometre area of north-eastern Australia, covering an area 15.5 per cent 
of Queensland. TNQT services some 13,000 clients annually from eight campuses with approximately 2% of the 
student population accessing Learning Support. 
At TNQTAFE there is a culture of continual exploration, seeking out innovative methodologies to reduce the barriers 
of distance and isolation, using flexible delivery and technology to bridge geographic and social isolation. Similarly 
within individuals the distance between introduction to a mathematical concept and its eventual acquisition can often 
be described as a journey, overcoming barriers, of being alone in a strange land with few familiar signposts. Trainers 
and students alike face the challenges of new learnings, social gaps and distances in culture and language. As new 
learnings, new technologies are acquired; changes take place within organizations and individuals. 
The Learning Support Unit is an intervention technique, seeking to change a viewed outcome. By assisting an 
individual grasp a concept a change in that person occurs. As the individual changes there is often a ripple effect with 
change occurring in other individuals and within organizations. The Unit has begun to explore new ways of tracking 
change and has identified the principles of Appreciative Inquiry as a methodology that allows the isolation of 
successful strategies, the identification of possible changes and extrapolating that change from the particular to the 
universal. 
The Unit consists of one teacher, several part time tutors and some content area specialists. Some tutors are 
permanent and some, particularly the content specialists, are hired on an “as needs” basis. As a response to the 
requirements of the Australian Quality Training Framework (AQTF) the Unit has developed a process to identify the 
literacy and numeracy skills of incoming apprentices and trainees.  A range of pre-course literacy and numeracy 
indicators have been developed targeting concepts for specific training packages.  
When each apprentice begins a course at TAFE these indicators are completed and forwarded to the Unit where, if 
identified as struggling with literacy or numeracy concepts, he/she is contacted by the Unit. If the apprentice agrees 
to the assessment and intervention by the LSU an individual learning plan is developed. The learning plan requires 
input from the student, employer, trainer and specialist literacy teacher.  It could include a combination of strategies: 

Self paced remedial materials 

Alternative assessments 

In class support 

Out of class support 

Referral to diagnostic specialists 
The assessment tools created and used by the Unit were developed to align with the National Reporting System 
(DEST, 1999) and had to be accepted as relevant and authentic by the apprentice and trade teachers. The 
assessment also needed to include numeracy and literacy tasks that were as contextualized as possible, for example 
using the language and activities apprentices from the various trades could expect to be used in their training 
package. The numeracy assessment for a hairdresser and a boiler maker may require an understanding of ratios; 
however, the context of the task would be entirely different. The assessment tasks try to emulate a situational math 
activity at the same time providing the space for the learning support teacher to apply some diagnostic analysis for 
the individual. 
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Developing a broader perspective. 
As the work of the Unit was being examined the role of relationships was exposed as support processes and tools for 
assessment were being implemented. This was an unexpected consequence as the researchers began to recognize 
the significant role played by personal relationships within the social, cultural and personal lives of apprentices who 
were struggling to complete their apprenticeships. The team began to map the connections, between those who seek 
and those who to provide, learning and technical support and the relationships all have with the workplaces that 
employs them.  
As the research team began to discuss stories of success and failure the patterns were often found in those training 
plans that included the intervention of the learning support teacher in the training room, the learning support room 
and at the workplace. It was also evident that the facilitation role of the learning support teacher was not adequately 
captured in the collection of data that constituted the reporting framework. The research team also recognized that 
there was insufficient data available to use as a planning tool to assist with the allocation of the Unit’s finite 
resources.  
Initially it was thought that the development of a database, to collect information on each apprentice, how they scored 
in the assessment tasks and progressed through their first year of contact with the Unit, was a way of measuring 
success. The database would provide information that would target the language literacy and numeracy (LLN) 
concepts that presented the most challenge to apprentices. The relationship with stakeholders and the collection of 
data began as separate observations and tasks, with the collection of data initially seen as the prime leader of the 
project’s aims. However, as the project progressed the research team began to recognize that to succeed there 
needed to take a broader perspective to include the provision of support, the use of data, and the development of 
support tools and mechanisms. 
A multi-disciplinary approach evolved, sustaining the view that a support plan that has, as its focus, an individual, is 
not sufficient in itself; and a broader view of organizational change has to be enlisted in any attempt to maximize the 
assistance given to the struggling apprentice. There is no shortage of data concerned with the failure of apprentices 
to complete their apprenticeships. Inherent in this data lies an implicit ‘deficit model’ of the apprentice. The support 
role can easily fall into the simplistic view of providing interventions which ‘fix up’ the apprentice without the need to 
further explore some of the systemic barriers that hinder an individual’s success.  
The research team began with the apprentice and mapping the discourses of the individual (Gee, 1996). Discourses 
were identified as the embodied practices of contexts which individuals inhabited. Apprentices who negotiated the 
discourses of school, workplace, and social clubs were more confident in accessing learning support. Apprentices 
who were limited in their range of discourses because of social isolation, learning difficulties, or because they were 
unfamiliar with English and came from a different culture struggled more, and were less likely to  initiate requests for 
learning support. It was recognized early that apprentices did not arrive at learning support as individuals with a 
problem to solve; they brought with them the hope of self, family, peers, and the weightier expectations of 
employer/s, Group Training Organizations, New Apprenticeship Centers, vocational teachers, and the regulatory 
requirements of their apprenticeships. They bring with them a socially constructed notion of work and of skills, and a 
virtual milieu of discourses, each wrestling to dominate competing contexts.  
The examination of the Unit and its progress towards revealing, influencing and navigating these relationships 
continues to provide room to discuss new and innovative approaches to the development of learning programs for an 
individual and a complimentary change in the broader community. These innovative approaches are outlined in the 
second paper The Struggling Apprentice: Reflections on practice in supporting trade apprentices who struggle with 
numeracy concepts (this publication).

Aim and Purpose of Study. 
The initial aim of the study was to document the processes practitioners undertook to develop a precourse literacy 
and numeracy indicator and learning plan for each apprentice and to record the success or otherwise of the plan.  
This process involved negotiating with vocational teachers, industry and literacy specialists. The purpose of the study 
was to provide a performance measure of the learning support offered to a client, answering the question ‘Does this 
intervention make a difference?’ and to substantiate this claim with quantitative and qualitative data. A database that 
would track students from the initial pre-course literacy/numeracy tool, include the results of first year block, provided 
the quantitative, the qualitative data included the individual’s activity within a training plan and recorded changes in 
attitudes towards the support structures from both apprentice and vocational teacher.  
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However, the initial aim and purpose really failed to capture the whole picture. While it was simple, neat and focused, 
it failed to adequately chart what was happening as data was being collected. The case studies themselves had 
begun the process of change. As case studies were examined, intended and unintended consequences followed the 
initial assessments and the instigation of training plans, a chain of events that could not be captured neatly onto a 
database. Change had begun with the introduction of a notion of researching the processes of the Learning Support 
Unit, raising the questions ‘how do we know we have the right assessment tools?’ ‘How do we track how many 
students complete assessment tasks and which concepts are the most difficult?’ The reflective process kept 
changing the picture, what had begun as a description of a workplace had become a kaleidoscope. Managing the 
changing patterns insinuated itself into the research. 
While the development of a database seemed a logical first step to providing a powerful tool for analysis of progress 
and the targeting of resources, it was not the change agent. It was the qualitative data, the stories and their effect on 
the systems they encountered that opened the research team to new possibilities. The team decided to enlarge the 
project to include the larger picture and in doing so looked for a ‘better’ methodology than the original action research 
approach.  

Methodology
The research is framed by action research principles, in particular appreciative inquiry, (Cooperrider & Srivastva, 
2001), in an attempt to chart the influence of change on the present system of support. Initially the research team 
had decided on using the familiar action research methodology. However, the team soon discovered that this was 
directing the research into a problem solving approach which frustrated the desire to capture what was happening in 
the broader community. As case studies were collected and the observations, conversations examined, it soon 
became obvious that new ideas and opportunities were being identified and acted upon and these needed to be 
included in the study to make it an authentic snapshot. The notion of Appreciative Inquiry presented a challenge to 
the team but also an opportunity to ‘see things differently’.  
Appreciative Inquiry originated in the field of organizational dynamics and began to appeal as a more appropriate tool 
as it allowed the team to describe the complex and sensitive competing social issues that presented in the 
multidisciplinary approach. Appreciative inquiry, as a method of changing social systems, is an attempt to generate a 
collective image of a new and better future by exploring the best of what is and has been. The basic process of 
appreciative inquiry is to begin with a grounded observation of the “best of what is”, then through vision and logic 
collaboratively articulate “what might be”, ensuring the consent of those in the system to “what should be” and 
collectively experimenting with “what can be” (Bushe, 1995).  
The researchers used small reflective forums to examine a range of theories from different disciplines and used case 
studies as a method of examining the ripple effect of change. Guest speakers from different disciplines were invited 
to discuss different theories and models. Case studies provided platforms from which to view new insights within the 
multi level approach taken in developing individual learning plans. From these conversations and observations came 
an understanding that a multi level approach drew in different theories which acted as filters, sometimes enhancing 
understanding, sometimes revealing with clarity, barriers that exist within organizations, within belief systems and 
within the Unit itself. The researchers kept reflective journals which were also used as basis for discussions, and as a 
method of tracking the internal conversations as well as the external. 

Underpinning theories and models. 
The multi disciplinary approach in the design of the research project lead to four main topics of conversation, once an 
apprentice identifies a problem with a concept, 

What are the best assessment tools to use? 

What is the nature of work for the apprentice?  

What skills does the apprentice need in order to be deemed competent and in the larger scheme of things? 

How can this activity become a catalyst for change beyond the learning environment?  
The literature review began to reflect the complexity of the task and was sectioned into four parts. The first examined 
the constructivist theory underpinning the numeracy assessments and the value of using Marr, Helme & Tout’s 
(2003) holistic assessment model; the second examined some of the research and theory surrounding the nature of 
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work and skills. Then the theories of organizational change and leadership were explored, including theories of 
reflective practice, and finally the rationale for choosing appreciative inquiry as a methodology. 

Constructivist theory 
The definition of numeracy as a social practice is framed by constructivist theory. The pedagogical implications for 
the Unit meant there were often uneasy compromises made between the desire to provide authentic cognitive 
experiential tasks and the limited time available. While the apprentice/student may need concrete operational 
activities in order to gain a concept the Unit was not geared up sufficiently to provide the situational math that reflects 
the problem solving nature of workplace mathematics (FitzSimons, 2001). The challenge for learning support and
“vocational practitioners is to move away from the modular system of delivery to build a mathematical literacy 
organized around big mathematical ideas instead of traditional content strands” (van der Kooij, 2002, p. 236).

Holistic Assessment 
Understanding that there were different paradigms in the frame complicated the issue but certainly added weight to 
Cooperrider and Srivastva’s (2001) assertion that no model or schema was ever stable.  It was noted by the 
researchers that teachers only employ the cognitive theories they know of, and that are proven to work for them. For 
example, while numeracy is embedded in constructivist theory, in the action of doing, restricted time may lead to a 
teacher reverting to traditional methods of explaining concepts in a variety of ways, using a method of hit and miss to 
find the one explanation that ‘turns’ on the light for the student.  
The assessment of the apprentice and the development of appropriate tools for assessment used as starting points 
the National Reporting System (DEST, 1999) and Marr, Helme & Tout’s Rethinking Assessment (2003). As 
educators, the project team began collecting and discussing the training packages and the underpinning concepts 
(the language, literacy and numeracy concepts) essentially from a cognitive standpoint. As the questions were 
fleshed out, it soon became apparent that there were paradigm conflicts that frustrated the initial Appreciative Inquiry 
question of “best of what is”. Was the cognitive standpoint the best place to start?  
The jigsaw model of Marr, Helme and Tout (2003) provided a valuable framework that worked for the assessment of 
the individual; however, the model also laid bare the systemic barriers that frustrated the incorporation of holistic 
assessment principles into the initial assessment. The workplace or Block is a time poor environment, time is limited 
and prevailing workplace and vocational attitudes preferred a simple test. Was it possible to maintain a constructivist 
numeracy ideology, to provide a supportive learning environment in a limited timeframe? How does the learning 
support teacher provide space for the student to attain agency in a concept? 
However, as the study progressed, through reflective forums, it became apparent that a jigsaw metaphor has 
limitations. The notion of ecosystems as a metaphor brought with it a broader platform, as part of a strategy for 
organizational change.     

Theories of Skills and Work. 
The conversations began to reveal a growing awareness that there was no clear definition of what was meant by the 
term skill. There were different assumptions about the meaning of the word. Certainly there was a clear 
understanding from the view point of the Unit. However, as other voices were brought to the conversations, 
employers, trade teachers etc, it seemed that there were different paradigms at work. Mournier’s (2001) theoretical 
understanding is perhaps one of the most powerful learning’s in the research so far. The Three Logics of Skills in 
French Literature revealed the nature of these paradigms. Mournier’s (2001) analysis of skills, underpins research by 
Buchanan & Schofield on the nature of work and industrial relations. Buchanan’s report Beyond Flexibility a study of 
the linkages between work and skills offered a powerful model to explain the existence of ‘gapland’, that space 
between what is and what should be (Busche 1998). Investigating the existence of gaps brought to the conversations 
the theories associated with change management and leadership. 

Theories of Organizational Change 
The culture of any organization is revealed in structured and deliberate diagnosis (Schein 1997) and the researchers 
begun to map the assumptions and behaviors of the Learning Support Unit and then sought out the collective 
viewpoints of the internal and external participants of the unit. The Unit began the process of charting subcultures in 
an attempt to build new and more ‘heroic myths’ moving the Unit away from the collective perception of being 
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problem solvers to resourcers and facilitators of change. The team began the process by engaging external 
observers to assist in revealing team dynamics.  
The researchers also acknowledged that involving colleagues in professional development was not always a catalyst 
for change in culture; it was part of the solution but not the whole solution.  
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An approach to get to know the mathematical background of the students 

Lisbeth Lindberg,
Göteborg University, Faculty of Education, Adult learning Unit, Sweden. 

Most people have opinions about mathematics. Some people just love mathematics. Some people say 
that they hate mathematics. Other people do not understand why there has to be a school subject 
called mathematics. There are people who argue that they never in their adult life use mathematics in 
work or in hobbies. Anyhow, disregarding these opinions, most people seem to have a relation to 
mathematics. 

As a mathematics teacher I want to know what my students´ feelings for and attitudes to mathematics are. In this 
session I will talk about and demonstrate the approach, which I have used for many years, the first time I meet my 
students to get this information. My students have to produce a graph where time is on the x-axis. On the y-axis they 
indicate positive and negative experiences from mathematics. More positive y-value means more positive experience 
and so forth. We can then talk about and analyze the graph of each student from different perspective in small 
groups. In Lusten att lära – Med fokus på matematik (2003) (Desire (lust) to learn, my translation) a report from the 
Swedish National Board of Education (Skolverket) I have found some of the criteria that we use. This paper gives 
some examples from authentic graphs and discusses the interpretations and analyses. 

Introduction
By just asking your pupils or students to draw a graphic representation of their mathematics´ journey so far, you as a 
teacher can get a picture of how they perceive the subject of mathematics and the teaching/learning of mathematics. 
Most people have opinions about mathematics. Some say they hate the subject or have a fear for it. Others do not 
understand why there has to be a school subject called mathematics. Some people state that they never in their adult 
life use mathematics, neither in their profession nor in their daily life. Others on the other hand are saying that they 
use mathematics on a daily basis in their profession or in their hobby. There are people who just love mathematics! 
Despite the range or use of mathematics they do all relate personally to the subject. 

Background 
I have for many years taught mathematics in all grades from year 1 to year 12 and in adult education. I have met 
pupils that have met and seen mathematics in different ways before they met me as their mathematics teacher. 
Nowadays I am working with students who are in the teachers’ college to become teachers in mathematics and 
another subject. It is possible that the other subject is the students’ main interest, but you would like to think that 
someone who has chosen to become a mathematics teacher has a positive view of the subject from previous 
studies. It might come as a surprise for us as their teachers that this is not always the case. 
It is of great interest to see where our students are when we first meet and how the journey to this point has 
occurred. 
Our students’ experiences give us the chance to discuss the kinds of difficulties and the possibilities we give our 
pupils. I myself am finding it very important to have this discussion with my students because as teachers we are 
signalling indirectly or directly to our pupils our own view of the subject. My starting point as a mathematics teacher is 
not only to teach the subject but to give my pupils and students a positive experience of the subject. 

Graphic Representation 
The first time I meet my mathematics classes I wish to know how the students relate to the subject. For me an easy 
way to get to know their mathematics journey so far is to ask them to just draw a graph that describes their 
mathematics story. 
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The information that I first want is obtained by asking the students to use a white A4 sheet and to draw a horizontal 
time axis. The area above is for positive experiences and the area below for negative experiences. They can mark 
biological years or school years at the axis. If they want to, they can give an explanatory text to their graphs as they 
proceed. 

One example
One graph is started at the age of three where the student could remember his/her first positive experience of being 
able to count and the feeling of happiness to be able to name numbers. The graph then ascended slightly during the 
school years going almost parallel to the axis to about eleven years of age. Then it moved downwards reaching a 
minimum at fourteen years old. Slowly it then moved into the positive area and reached a maximum at the age of 
seventeen. After that it went down drastically after the beginning of the teacher training program. 

Another example
Another student’s story is shown in figure 1. 
I have translated the explanations the student gave to her graph. After year 1 in the Upper Secondary School she 
studied at a Folk High School before she took the preparatory course (Basår). 

I had many interests, only nerds liked math 

The first course in the Upper Secondary School very easy, nice

The next course difficult, boring did not care

I studied the course again, everything came out right very good teacher!!!!

The preparatory course was stressful

Figure 1.An authentic graph 

Stories
After the students have graphed their story they show the graph to the person sitting next to them and share their 
work in pairs. They then continue the discussions in small groups. After a while we reflect together in the whole class, 
taking notes of what we think as important facts to discuss further in order to go into more general aspects. 
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The drawing of the graphs gives the pupils or students possibilities to share their experiences and to reflect about 
their own story among all the other stories. Later on they might want to revalue their own story/history. This activity is 
also good to have in the beginning of a course or semester as the students or pupils get a chance to know each 
other. This was a bonus for the students when I was getting my information. In the group they will find different 
stories and some students will find graphs that are very similar to their own, but the story behind the graph can differ. 
It is interesting to listen to the memories and explanations the students give to their graphs.  

Interpretations
What information can I as their mathematics teacher get from their graphs? What stories are they telling? Above all 
the stories are personal stories. The stories are told as they today remember and look back upon what has 
happened. They contain both affective and cognitive dimensions. I can only be there and look at the graph and listen 
to the interpretations given by the one who drew the graph. After that the students and I might find explanations 
together and obtaining support from theories research and maybe then we can look back to analyse the graph 
further.
In my discussion with them I have focused especially at the points where the graph is changing direction. With some 
of the explanations and stories following the graph activity I have tried to group using a phenomenographic approach. 
Someone else might have used other approaches to analyse the graphs to come up with different and interesting 
issues.
Some of the factors which I have found affect their graphs at these points of change are listed here. 
External to school factors 

Changing text book, group, class, teacher, school 

Moving to new country, city 

Changed family situation 

Inheritance, sex, gender 
Internal school factors 

New school subjects 

Change of interest 

Motivation, power of endurance, effort 

Ways of working, modes of working 

Affects
External to subject factors 

The organisation of the subjects, positions in the schedule, lack of time 

Teaching material 

System of assessment 

System of grading 

The contents of the subject compared to other subjects 
Internal subject factors 

Different content within the subjects 

Pre knowledge 

Expectations 

Teacher 
When the students or pupils give explanations of why the subject mathematics is experienced as positive or negative 
they are using different factors. The same subject can have been experienced as fantastic and awful over time, by 
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the same person. Some of the explanations are affective, others cognitive. Many of our students dropped the subject 
because they felt blocked and frustrated when they were about to solve a problem with mathematical content. One 
thing that I have really noticed is the fact that the student do not so often relate to specific content in mathematics. In 
the reflection part the content might come up though. When the desire to learn mathematics and when the interest in 
mathematics has been good or excellent the students often have given the credit to the teacher.  

Desire (Lust) to Learn 
This is the title of one of the national reports with focus of mathematics but it is suitable for what often has been 
critical from what the students graphs are telling. It is a lot about having or not having the desire to learn and to get 
motivated to work with the subject. 
Through presentations of the graphs and the following discussions different aspects from the report and relevant 
research has been able to relate to the experiences from the graphs. The students do appreciate that their stories of 
earlier experiences are taken seriously. By linking their stories to research they can also get a new perspective of 
their own mathematics background. The students are able to take a small step in the direction of becoming a teacher 
with good personal experiences of being a student of mathematics. 
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The KAM project: Mathematics in vocational subjects* 

Leif Maerker 

The KAM project is a project which used interdisciplinary teams in an integrated approach which 
attempted to connect the mathematical learning to the vocational subjects that the students were 
taking in a vocational program. The program was a practical one with ordinary teachers working in 
situations where the day to day problems of schools impacted on the planned implementation. This 
paper is a summary of and complement to the third and concluding report by Grevholm, Lindberg, & 
Maerker (2003).   

The project took place at Bräcke upper secondary school, a vocational school with a vehicle engineering programme. 
One purpose of the project was to investigate whether the students could achieve a deeper understanding of both 
mathematics and the vocational subject if teachers in both subjects collaborated. Another purpose was to analyze, 
plan and build models for collaboration between vocational subjects and the core subject mathematics in upper 
secondary school. 
This type of collaboration is stipulated in national educational policies but is not as yet a reality in most schools. 
Teachers in core subjects and vocational subjects generally have completely different educational backgrounds, 
cultures and views on learning and teaching. As this report shows, there were gains for both students and teachers if 
interdisciplinary integration was realized to a greater extent than is customary today. The project was funded by The 
Swedish Board of Education.  

Background 
The basic ‘mathematics A’ course was introduced in the 1994 syllabus as compulsory for all upper secondary school 
students. The aim was to raise the educational level in mathematics among the Swedish population. The course 
content was designed to strengthen the individual’s competence to function as a good citizen in a democratic society 
as well as reinforcing the student’s understanding of the educational components that aim towards the future 
profession. National policy requires teachers to undertake interdisciplinary collaboration; furthermore, that the 
teaching of mathematics should ensure that the students can benefit from their mathematical knowledge when 
studying for their future professions.  
Many students in vocational education, especially in the vehicle engineering programme, fail in their mathematics 
studies. Since up to one third of all mathematics teaching in upper secondary school takes place in the vocational 
programmes, one of the ambitions of the project was to demonstrate teaching alternatives that might be instrumental 
in creating an upper secondary school for everyone, using the intended curriculum as a point of departure.  
The purpose of the third and final part of the study, the subject of this paper, was to carry out the project’s ideas in an 
entire group of students and with significantly more teachers involved.  

The KAM Project Part 1 
The first part of the project was a pilot study focusing on the student. Based on the concepts of gear ratio and 
changes in revolutions in the basic vehicular mechanics course in the vehicle engineering programme and on the 
elements of fractions/proportionality in Mathematics A, the effects of this integration on students’ mathematics results 
were investigated in two classes. The results indicated that when students understood the mathematical tool that 
helped explain the gear ratio element, their motivation to study mathematics increased and their performance in the 
subject improved. The vocational teachers said in their evaluation that understanding and performance in the 
vocational subject also increased. In addition to the project management, the group consisted of two vocational 
teachers and two mathematics teachers. You can read more about the project in Kilborn, & Maerker, (1999a) and 
Kilborn & Maerker (1999b).   
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The KAM Project Part 2 
Part 2 of the KAM project was a continuation of part 1, mainly aimed at teachers developing competence through 
teamwork in planning the programme. The desired competence development was analyzed and planned. The 
students’ knowledge levels in different areas were studied. Moreover, the group tried out different tests and ideas for 
education in collaboration with the students. The aim of the project was to build a foundation enabling teachers in all 
vocational subjects and mathematics, as well as some first-year Swedish language teachers, to collaborate across 
subject boundaries, applying a process-oriented approach. The group consisted of over ten teachers of first-year 
students in the vehicle engineering programme.  
The results show:  

Students must understand clearly the connection between the vocational subject and mathematics in order to 
be able to improve their results in both subjects.  

Insufficient collaboration across subject boundaries is experienced as an obstacle to achieving the integration 
of mathematics education and the vocational subject.  

Teachers at the school value the project highly and are committed to helping the students learn. The project 
has influenced them to think in terms of collaboration between subjects, but insufficient time and the lack of 
good, integrated textbooks and teaching aids is an obstacle.  

One of the teachers said that his own teaching had been put under the magnifying glass which had helped his 
development as a teacher. It had been very rewarding to work with the construction of work and test exercises. The 
systematic examination of the planned exercises was especially good. 
The analysis, planning and trials aimed at finding models for collaboration between mathematics and the vocational 
subject during the first two parts of the KAM project indicated that the work was proceeding in the right direction. The 
students’ motivation and results improved and the teachers were pleased with the development and competence 
enhancement in which they were involved.  
You can read more about the project in Grevholm, Lindberg, & Maerker, (2001) 

The KAM Project Part 3 

Purpose
The purpose of part 3 was to test, i.e. use, the results of the work done earlier, on a smaller scale, in all the first-year 
classes at the school. This means coordination of the core subject courses – basic vehicular mechanics course; 
electricity A; electricity B and driving licence theory – with mathematics and partly with Swedish language. The 
strengths and weaknesses of the project idea for day-to-day work at the school were comprehensively studied.  
Furthermore, the intent was to coordinate the core subject courses with the content in mathematics, and partly with 
Swedish, at the second-year level. An inventory of teaching material, teaching methods and teacher competencies 
was to be taken, leading to partial restructure. The teachers’ competence was to be expanded.  

The study group
The vehicular mechanics programme is divided into transport, lorry mechanics and car mechanics programmes. The 
car mechanics and lorry mechanics options were in the process of being terminated. The school had about 600 
students.  
The transport programme has seven first-year classes, six second-year classes and five third-year classes. Over 40 
teachers were working in the programme. About 98% of the students were boys and about 30% had immigrant 
background.  

Project team
The project team involved teachers at the school as well as external researchers. 

Project leader: Leif Maerker, lecturer at Bräckegymnasiet, Göteborg  

Assistant project leader: Lisbeth Lindberg, Assistant Professor at the University of Göteborg 
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Scientific leader: Barbro Grevholm, Professor of mathematics and learning, at the Engineering College in 
Luleå  

Teachers: Two in vehicular mechanics, one in transport, two in mathematics and one in Swedish 
The plan was that five teachers from outside the project would teach the courses we wanted to study. They took part 
in the competence development prior to the start of the project but, unfortunately, four of them were unavailable 
when we started so we had to improvise. 

Test Results 
The courses we studied were vehicular electronics, the basic transport vehicles course and the basic vehicular 
mechanics course. Mathematics was a tool for understanding in these courses when it came to pressure, 
transmission, torque, electricity, velocity and the meaning of average speed. The focus of this paper is on 
transmission and pressure.  
The test results presented here from the transmission and pressure courses are from pre-tests and post-tests that 
have been analyzed during the project. The control group consisted of over 30 students who took the same course 
the previous year when the project functioned on a smaller scale and thus did not work with the KAM project model.  

Transmission Mathematics 
When the subject of drive shaft is covered, concepts such as transmission arise, i.e. the change of torque that occurs 
between the engine and the driving wheels. Proportionality and inverse proportionality are the mathematical concepts 
used to describe the change in the number of revolutions occurring in the transmission.  
The change of torque occurring between the engine and the driving wheels is inversely proportional to the change in 
the number of revolutions occurring in the drive shaft. Mathematics is a very important instrument for the students to 
understand this concept and proportionality is an important item of mathematics for students in the vehicular 
mechanics programme. Proportionality is the foundation for the calculations in many courses in the programme and it 
is important in other areas of practical mathematics as well.  
In the transmission course, the two mathematics teachers worked somewhat differently. In two classes, the 
mathematics teacher taught both transmission and mathematics. The vocational teacher was present in class during 
the teaching of transmission. The teaching of mathematics was organized similarly to the other courses.  
In the other classes the teaching was divided; some mathematics teaching took place in the workshop together with 
the teacher of the subject specific to the programme. The same vocational teacher who took part in teaching the 
torque course also took part in this subject.
This course also included an interdisciplinary final task that was marked by both involved teachers in order to give 
the students a clear signal that the subjects formed a unity. In one of the classes, Swedish language was also 
included in the interdisciplinary task. By focusing attention on the subject specific to the programme and coordinating 
teaching in Swedish language and mathematics with the vocational subject, we wanted to increase motivation for the 
core subjects and demonstrate that the combined subjects form a unity in the educational programme. The 
interdisciplinary task was theoretical; students were required to put an engine of their own choice on a wheelbarrow 
and arrange the force transmission to the wheel so that the wheelbarrow moved at walking speed. For Swedish, they 
were required to write a patent application for their “invention”.  
The written test on transmission had a maximum score of nine points. Table 1 shows the average score. 

Table 1. Results of the transmission test 

 58 students  
(experimental group) 

34 transport students (control 
group)

Pre-test 2.2 
Post-test 5.4 2.1 

As in all courses, we observed that the experimental group’s results on the pre-test are at the same level as the 
reference group’s results on the post-test. The experimental group’s post-test results improved a great deal, 
compared to pre-test results. This indicates that mathematics is an important tool for the students to absorb this 
subject as well.
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The written test of mathematics had a maximum score of 17 points. The average score is shown in table 2. 

Table 2. Results of the mathematics test 

 38 students 
Pre-test 6.0 
Post-test 13.2 

The students’ knowledge of mathematics as well as their knowledge in the vocational subject improved significantly. 
Only 38 students participated in both the pre-test and post-test in mathematics, but over 58 students participated in 
the subjects specific to the programme. The different number of students participating in the different tests presented 
here is due to the above-mentioned organizational problems, among other causes. Our interpretation of the results is 
that they clearly show that the vocational subject helps the students to understand these items in mathematics. They 
also show that mathematics helps the students understand the vocational subject if both subjects are studied in 
conjunction. 
The large improvements in post-test results in this transmission course, compared to pre-test results, are probably 
due to the KAM project’s pilot studies in the course. The material and educational methods are well established and 
had been developed over some time and the teachers felt confident with the course. During this school year, we had 
also introduced the interdisciplinary task at the end of the course in order to give the students a signal that the 
different courses form an entity in their education. A comparison between course results throughout the years is 
shown below in Table 3. (Due to different group sizes, we have chosen to present the results as percentages.) 
The tests in parts 1 and 2 of the project were a part of a pilot study with fewer students. The test in part 1 was 
targeted to mathematics and hence there are no results from the vocational subject.  

Table 3. Improvement (percent) from pre-test to post-test: transmission in mathematics and the vocational subject 

 Vocational Subject Mathematics 
KAM project: part 1 - 33 % 
KAM project: part 2 43% 14 % 
KAM project: part 3 145 % 120 % 

The tests carried out during the three parts of the project were changed somewhat since the educational contents 
and methods evolved during the course of the study.  
We observed a clear improvement in mathematics during the period beginning with the school year 1998/99 and 
ending 2001/2002. The poorer results during part 2 were due to an extremely problematic student group with great 
restlessness in the classroom and poor attendance.  
We observed even greater improvement in the vocational subject. In their evaluations of part 1, the vocational 
teachers stated that the students’ understanding of gearing had improved through the project. We interpret this to 
mean that a long-term plan regarding the teachers’ responsibility in each course is essential, enabling 
interdisciplinary collaboration which in turn develops the educational programme over a long period of time (Fullan, 
1991). 
In one of the groups (13 students), integration with Swedish was carried out with a starting point in the 
interdisciplinary task. All of the students passed the assignment. The following evaluation showed that 9 students 
thought they had learned what was intended. They appreciated that more than one subject was included in the 
exercise. That the task took time from other things they needed to learn was one negative aspect, in their opinion. 
Three students were generally negative to the task.  

Pressure – Mathematics
Pressure is included in the introduction to the basic vehicular mechanics course. As with transmission, the subject is 
important in explaining how a car works. This course is also important in facilitating the students’ learning in many 
other courses.  

Pressure is calculated using the formula 
area
powerpressure .



210

Students should be capable of division in order to calculate the pressure or to study the relationship between force 
and area. The students should also be able to calculate force if the pressure and area are known. This requires 
knowledge in handling the formula to create an equation that should subsequently be solved.  
During the course, the students make measurements in which different units are used for pressure and force. The 
connection between these units of measurement is not always obvious to these students; nor is deciding if the result 
is plausible or not.  
The teacher in charge of the vocational subjects had not taken part in the competence development that we ran the 
term prior to the start of the project.  
The pressure course content is difficult to explain to the student from a didactical point of view. In the students’ 
minds, there are two kinds of pressure; pressure exerted on a constant area, for example the ground, and pressure 
that exists in the brake system of a car. These are regarded as two different entities. The notion that pressure acting 
on the ground is decreased when the force is distributed over a larger area is simple to show in experiments and 
relatively simple to acquire intuitively, but understanding a brake system’s function is more complicated.  
Before teaching began, the students took a test that had been tried out during part 2 of the project (pre-test). When 
the groups had finished their classes in the vocational subjects, they took the same test again (post-test 1). When the 
vocational material had been taught, the mathematics teacher explained the same subject in the mathematics 
classroom but, in contrast to the teaching in the vocational subject, mathematics was used as a tool to explain the 
material. The subject was also linked to parts that rely on the same kind of thinking. The same pressure test that was 
given earlier was given again (post-test 2). A test of the areas in mathematics that were included in the course was 
given at the start of the school year and again after the subject had been studied during mathematics class. Table 4 
shows the average score on the test which had a maximum score of ten points. 

Table 4. Results of written test in pressure 

 Experimental group 
17 transport students 

Control group 
34 transport students 

Pre-test 5.0  
Post-test 1 4.9  

Post-test 2 8.0 5.1 

As can be seen in Table 4, the students’ knowledge of the material included in the test did not improve after the 
teaching in the vocational subject. The group is at the same level of knowledge as the control group. In order to draw 
a more definitive conclusion, a qualitative evaluation would be required so that the processes the students used 
could be documented After the explanations during the mathematics class, the students’ knowledge improved 
considerably. One interpretation is the importance of coordinating the two subjects, ensuring that all teachers have 
knowledge across the subjects’ boundaries and that the student is given clear signals from both teachers that the two 
subjects are important to facilitate learning.  
The mathematics test also had a maximum score of 10 points and the average score is shown in table 5. 
In Table 5 we can see an improvement between the pre-test and post-test results in mathematics. Since we are 
dealing with items we know are difficult for the students to master, these results imply that the collaboration between 
the different courses has helped facilitate the students’ learning in the subject of mathematics as well. The results of 
the pre-test are high, compared to what we know that students usually accomplish when they reach upper secondary 
school. This is probably due to the fact that we had covered the different aspects of fractions in the regular 
mathematics courses before this area was taught in this part of the basic vehicular mechanics course. 

Table 5. Results of the mathematics test 

 17 transport students 
Pre-test 4.1 
Post-test 6.8 

We acknowledge that the groups are small and that there could be some memory carryover between the three tests.  
However, the results of the pre-test and first post-test are practically the same, making it unlikely that this led to the 
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improvement in the second post-test. Thus, these results show a major interaction between the learning in the two 
subject areas.   

Students’ Attitudes
Providing the students with a positive attitude towards the subject of mathematics is an important component of this 
project. The students were therefore given the chance to answer a number of questions regarding their experiences 
and attitudes towards mathematics both at the beginning and the end of the first school year. Seventy-eight students 
took part in this survey.  
The results indicated that the students understood the use of mathematics to a greater extent than before and that 
their motivation to study the subject had increased. Their attitude towards the subject had become more positive and 
their self-confidence had improved.  

The Teachers’ Evaluation  
In connection with the completion of the project, the participants were asked to evaluate the programme.  
The positive responses concern the work in the project group, described as interesting and instructive; also, the 
respondents believe in the idea on which the project is based.  
Otherwise, there is a negative tendency in the evaluations. The teachers described how they had been looking 
forward for a full school year to finally trying the ideas they had been developing for so long. They expressed how 
they later felt great disappointment when they were denied the opportunity to carry out the task for which they had 
been preparing. All teachers described how the schedule design and group divisions made the work difficult. One 
teacher described the chaos that made working in the project a great burden without any rewards. They described 
how the school management neither showed any appreciation nor supported the participants in their work  

Problems and Challenges 
One of the purposes of the project was to find a way to develop the education in course A in mathematics in the 
upper secondary schools’ vocational programme. This was to be accomplished in collaboration with the courses in 
the vehicular mechanics programme in which mathematics is a tool to create understanding of the subjects specific 
to the programme. The project’s point of departure was the schools’ curriculum policy. The project philosophy was 
that its benefits should affect all students at the school and that the development work should emanate from activities 
taking place in the classroom at the time.  

Major change in school management 
Since the start of the KAM project, the school management group underwent major changes. These changes at the 
management level also brought about many organizational changes at the school. This, in turn, influenced the project 
greatly.
Many researchers claim that improvement attempts in schools often fail because of the present school structure, 
burdened by tradition, such as weekly schedules and class divisions that render the introduction of promising 
innovations impossible. It is also emphasized that the cultural and structural changes must be intertwined for the 
developmental work to be supported (The Board of Education, 2001). These were obstacles faced by this project as 
well.  

Discussion of the KAM Project: Part 3  
It is evident that collaboration between mathematics, Swedish and subjects specific to the programme helps the 
students in vocational education. They become more motivated for their studies and attain better results in the core 
subjects as well as the vocational subjects if the subjects are didactically formed together in a way that are clear from 
the students point of view.  For the teachers, this collaboration requires expanding their competence and insight into 
their colleagues’ work.. However, this competence improvement does result in greater contentment with work and 
greater ability to support student progress. The teachers become aware of students’ problems and are more 
prepared to help the students in their learning. The competence of the teacher group and their desire for change is 
crucial to the outcome of the project.  
Partly new evaluation methods are required to make it possible to follow the students’ development, since a change 
in teaching methods has taken place. The teachers must be open-minded regarding the variety and variation in 
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methods, instruments and models of explanation. Collaboration between the subjects is important for the students to 
have an opportunity to deepen their understanding of basic concepts. It has become clear that mathematics is an 
important tool for the students to reach a deeper understanding of the vocational subjects. Similarly, in the context of 
interdisciplinary collaboration, it becomes evident that the connection to vocational subjects assists in the learning of 
mathematics.  
One condition for carrying out interdisciplinary collaboration is that the school management supports the idea and 
creates the necessary physical conditions.  
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Creative conversations: Connecting voices of teachers and researchers to 
rethink assessment* 

Beth Marr 
Post-Compulsory Education and Training Research Centre, RMIT University, Melbourne 

Experienced adult numeracy teachers know a lot about learner appropriate teaching and assessment 
strategies, but seldom have the confidence or opportunity to share their local knowledge with the wider 
‘community of practice’ of adult numeracy teachers. This paper describes a process of creative 
collaboration between researchers and experienced teachers that resulted in an holistic adult 
numeracy assessment resource. It is a resource which connects the voices of experienced adult 
numeracy practitioners, who used the process to share and expand their practical holistic assessment 
strategies, with researchers, who drew on teachers’ practical knowledge to develop a structural, 
conceptual framework. By telling the story of this one publication, the paper demonstrates how the 
collaborative action research process evolved from the lessons of an earlier online project, and how it 
might be adapted in other contexts to build on and expand the existing practical knowledge of 
teachers. 

Background  
Looking back I detect two intertwining themes in my own personal work journey: attempts to change the status quo 
and collaboration (or ‘collectivity’ as we called it in the70s). Having learned the strength of combining voices with 
others to establish women’s refuges and feminist publishing cooperatives, it seemed only natural to use that strategy 
to develop innovative teaching resources. The ‘Teaching Maths to Women’ project, a collaboration to create the 
resource ‘Mathematics: A New Beginning’ (Marr & Helme, 1986) marked the beginning of a series of projects which 
enabled me to work with other teachers to expand our knowledge and understanding of adult numeracy teaching 
(and learning) whilst creating resources that shared our ideas with other teachers.  
Two theoretical perspectives influence my thinking in relation to teaching and learning. First, constructivist learning 
theories, focussing on learning as personal meaning making through group activity, discussion and reflection (see for 
example, Cobb 1995; Cohen, 1994; Kolb, 1984) which influence my teaching resources and professional 
development and teacher education practices. Secondly, socio-cultural views of learning which see knowledge and 
skills existing in specific ‘communities of practice’ and learning taking place through interaction of novices with more 
experienced members of the community, (for example Rogoff & Gardiner, 1984; Wenger, 2002; Wertsch, 1995). 
Since these theories contain contradictory elements, I am led to agree with adult education writers such as Fenwick 
and Tennant (2004) who encourage us to maintain multiple educational perspectives, because each ‘may illuminate 
the learning processes and suggest educative responses in particular pedagogical situations’ (p. 56). To them, a 
theory is only useful if it ‘helps to illuminate practice’ (p. 69). Both theories have been influential in this paper.  

Co-constructing knowledge - The collaborative action enquiry model 
Since, as teacher educator and researcher, I am now removed from the everyday practice of adult numeracy 
teaching, I have had to consider what contribution, if any, I can make to the field. Reflection on the projects described 
in this paper has shown me the value that researchers can add when, rather than reporting on the status quo, they 
combine their voices with teachers to focus on creative growth in teaching and assessment practices. This paper 
describes a model of cooperative collaboration between myself, one of two facilitator/researchers, and a group of 
practicing adult numeracy teachers used during the ‘Holistic Adult Numeracy Assessment Project’ which resulted in 
the resource ‘Rethinking Assessment’ (Marr, Helme & Tout, 2003).  
Broadly described, the method engages a group of interested practitioners for a predetermined number of 6 – 8 
meetings. It strives towards Habermas’ ‘communicative action’, a group learning process described by Collins (1991) 
as ‘rational and democratic … on-going, thoughtful conversation’ (p. 12), in which groups of people listen carefully, 
openly and respectfully to one another’s arguments as they explore a problem at hand, expecting all contributions to 
be seriously considered. Collins asserts that although the ideal is unobtainable, attempts towards it nevertheless 
contribute to development and ‘inter-subjective understanding’. Similar methods have been used by Smith (1998) to 
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develop ‘collective knowledge’ with self-study groups of pre-service teachers, and Waterhouse, Sanguinetti and 
Maunders (2004) to conceptualise the work of teachers in adult community education. 

Some lessons from an earlier online project  
The collaborative model described in this paper combined a collection of strategies to encourage discussion, 
exploration of issues, sharing aspects of good practice and making links between practice and educational theories. 
They have evolved, through a process of reflective practitioner research (Zeichner & Noffke, 2001), from an earlier 
project: ‘Adult Numeracy and Maths On Line: An action research project’ which trialled the use of ICT to enable 
discussion amongst a group of geographically isolated adult numeracy teachers (described in Marr & Johnson, 
1999). This extended communication through real-time, online ‘chat’ sessions, supplemented with email and regular 
post, allowed us to create a popularly accessed web-site with task descriptions and excerpts of our discussion 
available to teachers world-wide.  
Sharing favourite tasks 
Although our conversation during the online discussions ranged over many issues, the strategy of sharing each 
others’ favourite tasks, and building on them through discussion proved to be the project’s greatest strength. During 
the project the seven participating teachers managed to describe 28 activities for the benefit of other teachers; trial 
these in the classes of other participants and modify them from the feedback received. In addition, through the 
ongoing interaction, participants generated some exciting new teaching ideas, for example, the concept of ‘tendering’ 
or ‘doing quotes’ was developed as an open-ended task to encourage number and measurement skill development 
of a diverse range of students. 
Learning through reflection 
The online project succeeded in many ways beyond merely producing the final product. For me, it re-awakened the 
pleasure of collaborative creation and re-affirmed the power of bringing teachers together in this way. Participants’ 
evaluative comments indicated their enthusiasm. For example, A: ‘First time I’ve ever used Chat  - I’m converted … 
inspired to be more creative and relieved that my concerns are common’; B: ‘isolation doesn’t have to be accepted, 
professional development can occur in ‘real time’ via the internet, construction of resources can also occur via the 
internet’. They asserted that the project broke their sense of isolation from peers and that participation was a 
confirming experience, validating and extending their current good practice, whilst at the same time raising questions 
for future consideration. It definitely left them wanting more, C: ‘I can’t wait to show others and get them involved’. 
Of course the project was not without problems. Many difficulties relating to ICT access and continuity were solved 
through ‘reflection in action’ (Schon, 1983) during the project. However, other ongoing difficulties were brought 
further into consciousness and analysed whilst writing the project report (Marr & Johnston, 1999). This process, 
which Schon refers to as ‘reflection on action’ illustrated the notion that reflection turns experience into learning. It led 
to development of positive strategies which were trialled in the holistic assessment project. I hope the following 
descriptions of the methods and their evolution through analysis of previous dilemmas will be useful to others in 
similar situations. 
Building continuity - capturing the discussion by recording conversations 
During the online project, teething difficulties with early ICT meant that we needed a way to ‘replay’ the conversation 
for participants with access problems. Fortunately, because this form of communication allowed me to save the 
conversation ‘script’ as a word document, we were able to distribute it to all participants, even to those who were 
unable to participate at the time.  
The unexpected advantage of this recording process was that, as facilitator, I was able to read the session scripts 
afterwards. This meant that the dangling conversational threads, normal in any lively conversation, but exacerbated 
by the idiosyncrasies of on-line chat, could be re-visited. None of the conversational ‘gems’ were lost and good ideas 
and suggestions were able to be picked up and further developed in later sessions. This aspect of the method was 
so richly productive that I adapted it in the second project by audio-taping the sessions and transcribing excerpts of 
the conversation between sessions. It is a technique that captures so much more that written meeting notes could 
ever do.  
As suggested by Miles & Hubermann (1984) for ‘naturalistic in-situ research’, transcripts were initially analysed for 
topic related insights, emerging themes, contradictions and/or problematic issues. From these, possible focus 
questions or discussion starters for subsequent sessions were developed. Interesting excerpts of discussion and 
descriptions of useful practical examples were also saved for potential use in the resource. The results of these 
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preliminary analyses shaped subsequent sessions, keeping the process responsive to emerging findings, or 
‘grounded’. It was also very useful for continuity to email the transcribed excerpts, accompanied by an agenda and 
reflective questions, to other participants between meetings. From the perspective of research methodology, such 
reference back to participants provides a form of situational validation (Bolster, 1983) to mitigate subjective 
interpretations of the researcher. As facilitator, I felt that this strategy changed the power balance with participants. It 
gave them opportunity to review and reflect prior to the next session, and so enabled them to take a greater role in 
discussion, lessening potential for domination by the facilitator who had continual access to the tapes. 

The new collaborative assessment project 
The holistic assessment project brought together five experienced Melbourne-based adult numeracy practitioners 
and two facilitator researchers for six evening meetings, spaced two to three weeks apart. It aimed to use a variety of 
stimuli to collaboratively explore perceptions of adult numeracy competence and how it could best be assessed, thus 
to create a resource for other teachers. The following section will discuss the strategies used to facilitate the group, 
how they developed from the initial on-line project and the results of their implementation. 
Strategies for ‘theorising’: developing general principles 
Not all types of discussions had proved effective in the on-line conversations of the first project, particularly those that 
sought general principles or exploration of complex issues. At the time, the difficulty was attributed to the on-line 
communication ‘tool’ (Wertsch, 1995), the medium in which the conversations took place, shaped the conversations 
significantly.  
As one participant put it, ‘talking’ in a chat session was like being in the middle of a party, often frustrating because of 
the difficulty of following the threads of different simultaneous conversations. Such fragmentation often worked 
against the development of deeper meaning or more complex ideas (Marr & Johnston, 1999, p. 29).  
However, closer scrutiny of the scripts, in retrospect, indicates that our different frames of reference, motivation and 
varying familiarities with educational and research discourses may also have been contributing factors. 
Since the second project aimed to explore the complexity of holistic assessment, we chose to use face-to-face 
conversations with a group of local experienced practitioners. In addition, throughout the project we planned 
strategies aimed at generating discussion of general principles or ‘deeper meaning’ (Marton & Booth, 1997) from the 
descriptions of personal experience and practice. As Rogoff and Gardiner (1984) explain, practically acquired 
knowledge is often ‘situated’, or seen as intrinsic to the particular context: generalisation and transfer to other 
situations are not necessarily automatic but require active exploration for similarities to be noticed and generalisation 
to occur. The strategies we used were developed responsively, session by session, but essentially they fall into two 
main categories: short discussion papers distributed prior to the meetings and participatory activities to focus our 
ideas during the meetings.  
Discussion papers to stimulate the collaborative process 
A suitable starting point on which to focus discussion is needed for this kind of action enquiry project. For the online 
project a collection of previously published articles about teaching activities was used. However, a dearth of relevant 
published material on holistic adult numeracy assessment led us to undertake preliminary research (a national 
conference focus group and interviews) to explore teachers’ views on the meaning of competence and how it 
informed their judgements and assessment procedures. This led to an initial discussion paper describing a draft 
‘model of holistic numeracy competence’ It was distributed to participants prior to the first session along with a 
request to bring ideas for argument, comment, modification and thoughts on focus questions such as ‘How can our 
knowledge of these features guide the assessment practices of less experienced teachers?’  and ‘How do the 
affective (emotional) features influence the reporting of outcomes?’

The initial discussion led to several changes of the draft ‘model’ and laid the groundwork for exploration of particular 
aspects in subsequent sessions. These aimed at formulating generalisations and illustrative examples of assessment 
strategies that would follow from such a model. 
Summary papers  
In some cases short summary papers were written by the facilitators from themes emerging in prior meetings. For 
example, a paper on ‘Open-ended assessment’ summarised early discussions. It suggested two key characteristics 
that seemed from the teacher discussions to be essential for a task to be potentially open-ended: possible 
divergence of method and possible divergence of outcome. The paper also asserted that:  
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the degree to which any task is open-ended depends on how it is used in the classroom and how students 
respond to it. It is the product of the interaction between the task itself, the teacher, and the students. 
“Unexpected things can happen a lot, even within what seem to be fairly closed activities because people make 
unexpected jumps and leaps” (Marr, Helme & Tout, 2003, p. 72).  

As mentioned above, this distribution of a summary paper allowed for participant validation of the ideas which we had 
taken from their input, providing further opportunities for clarification or elaboration. They were also able to supply 
further illustrative examples of the general principles. Other papers distributed to the group included ‘Negotiating 
assessment’; ‘Self-awareness’ ‘Autonomy’ and ‘To test or not to test?’. These drafts became the foundation of 
several chapters in the resulting publication. 
Participatory activities 
Several short participatory activities were designed and used in the sessions to assist in developing general 
principles from specific examples. For example, the notion of open-ended tasks had come up repeatedly in our 
assessment discussions. In order to tease out the descriptors or criteria for ‘open-endedness’ we devised a short 
activity which asked participants to write on a piece of paper any task that they had given to students in the last day 
or so. They then briefly explained the task to the group, and together we discussed how we would arrange them on a 
continuum from ‘closed’ to ‘open-ended’. The act of comparison and verbalising the thinking process brought out 
varying ideas and disagreements. Activities like this use Rowntree’s (1992) instructional design principle, ‘egrul’: 
using specific examples drawn from participants’ own teaching circumstances to develop general principles or make 
links with existing theory. The record of the discussion allowed the facilitator/researchers to create the summary 
paper described above.  

Overcoming the writing hurdle 
Although participants of the earlier online project enthusiastically shared their teaching activities in the informal 
medium of the ‘chat’, they did not initially respond to the requests to ‘write up’ the tasks so that they could be shared 
with other teachers. After some delays it became obvious that they were quite inhibited about writing, and needed 
some form of assistance.  Finally we decided to develop a template of prompts to assist with the writing process.  
Using a template for writing in the online project 
Since the participants’ narrative style was usually informal and in the first person (teacher to teacher) we tried to 
capture this ‘personal’ voice in a format of headings and prompts with plenty of blank space between:  Purpose - This
is an activity I use to … ; Procedure - I start with this focus question: .. and then I …    Student action - The students 
(do) …. .  One of the Victorian teachers then helped us fill in several of her activities as examples and these were 
distributed as models. These templates proved to be a highly successful enabling strategy. From total reticence 
when first asked for written activities, participants were able to use the templates to describe 28 practical examples of 
learning tasks which were then edited and formatted in publishable form on a website, which, judging by the number 
of ‘hits’, is frequently accessed by other teachers (http://sunsite.anu.edu.au/language-australia/numeracy/anamol). 
Some participants also said that they began using the templates to develop materials beyond the project. 
Using a template for assessment tasks 
The success of the template method inspired me to develop a similar device for the assessment project. In this case, 
after listening to one of the teachers describe her process for using open-ended tasks with mixed student groups, I 
formulated a series of ‘generalised’ steps and shaped them into a template (Marr, Helme & Tout, 2003, p. 257 – 
260). The participants were able to use this template to share eighteen open-ended tasks for publication in the 
Rethinking Assessment resource.  

Action research journals for personal meaning making and story telling 
Following action research principles (Zeichner & Noffke, 2001), all members of the experienced practitioner group 
(including the facilitators) were encouraged to select their own related action research topic to contribute to the 
overall product and discussions. For example, one participant tracked the developing confidence and competence of 
two students in her class and another experimented with recording observations for her class after each session. 
One teacher decided to reflect on the indicators which influenced her own judgements about students’ competence. 
This concern, stimulated by the original discussion paper, had caused perturbation for her during the first discussion. 
Her decision to examine the question further through the journal process illustrates the potential for learning 
presented by reflection on disorienting dilemmas or moments of perturbation, as described by the constructivist 
advocates of group learning processes such as Cobb (1995). 
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As suggested for reflective practice methods, we used journals to record our observations and the thoughts arising 
from our particular questions. Snippets of these reflections were shared at the beginning of each meeting, often 
influencing the practices of others and shaping future group conversation and direction. The resulting narratives or 
‘story-telling’, a device advocated by Bass, Anderson-Patton and Allender (2000) as powerful for teaching and 
learning, also played an important role in our discussions. For instance, one teacher described the day when, just as 
she had distributed a collection of number cards for a planned activity, she was called from the room. Without 
knowing what her instructions were going to be, the students went ahead and arranged the cards into their own 
personally meaningful groupings. ‘They got amazing combinations I had never considered – they looked at the 
person next to them and had a long discussion because different people did it so differently. It told me a lot about 
their understanding’ (Marr, Helme & Tout, 2003, p. 72).  
This ‘story’ captured the imagination of the group, reminding us of the value of open ended tasks in providing our 
students with a chance to tell us what they understand, and particularly the importance of listening to them. Together 
we decided on a sufficiently ‘open’ task instruction and other participants created new number sets, appropriate to 
their students’ levels to see what they would make of them. We also added a second stage, in which students are 
given some blank cards to create extra numbers that fit their own categories. Thus the collaborative conversation 
created a new formative assessment activity which has now been greeted enthusiastically by teachers in PD 
sessions in three Australian states.  

The outcome of the collaborative holistic assessment project 
Together, the group of five participants and two facilitators worked through the processes described above to finalise 
the model of holistic competence shown in Figure 1 and to explore the implications for formative and summative 
assessment tasks that would flow from it.  

Fig 1: Model of Holistic Numeracy Competence 

The model consists of seven interlocking or interdependent components, interacting in a two way relationship with a 
central component of confidence. All components, both cognitive and affective, were seen as integral to a shift 
towards an identity as a more numerate individual: a change from an ‘I can’t ..’ to an ‘I can ..’ type of person. Holistic 
assessment then, take into account all of these aspects of the person’s development. 
The contents of the teaching resource Rethinking Assessment: Holistic adult numeracy assessment  derive directly 
from the discussions, the drafting and modification of the summary papers, the journal entries and stories contributed 
by participants during the meetings and the example tasks written using the templates described above. It also 
includes samples of student responses of practitioner trials of the tasks. The resource has received favourable 
reviews from Australia and overseas as ‘a new and exciting book … (which) breaks ground in assessing learning in 
adult basic education’ (Ciancone, Hood & Lehman, 2004). 
Participants’ comments regarding the individual action research within the project indicate the benefits derived from 
formulating their own questions and power if the reflective journal. For example: 

I’m so aware that assessments you make, not in terms of what someone is doing, but in terms of stuff that isn’t 
available on paper, and all the cues that I use.  
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Just by making notes, it’s amazing how much I would have forgotten if I hadn’t been keeping a diary. Even just 
writing it down has locked it in my memory.  

I am so much more aware of each student in the class’s progress and development than in the other class.  

Concluding remarks 
As Wenger (2002) describes, most ‘communities of practice’, have a long and powerful history, but they are not 
static. They both shape, and are shaped by their members, in an ongoing evolutionary process. New members are 
shaped by their acquisition of the language, skills, knowledge and cultures of the ‘field’ (Bourdieu, 1990). However, 
according to Wenger, they can also contribute to expansion of the knowledge or to changes of practice within it. 
Unfortunately, owing to the practical nature of their working knowledge, teachers are often unused to drawing general 
principles from their activity, and lack time and to write about their ideas in order to make them accessible to the 
wider profession or field. In the current culture of rapid change, centralised curriculum frameworks and ‘quality’ 
auditing systems, it is important that individual teachers feel their experience and expertise is still valued.    
Collaborative effort by a facilitator and a small group of practitioners, as described in this paper, allows for variety of 
input and expertise drawn from many perspectives within the common ‘field’ of interest – adult numeracy teaching. 
As Rogoff and Gardiner (1984) suggest, drawing generalisations from particular, situated, knowledge and experience 
often requires active exploration. Using this model, the facilitator provides input from a research-based perspective 
and facilitates meaningful connection for participants through guided reading, structured activity and discussion. 
Participant input comes from a practice-based perspective allowing for the sharing of multiple experiences, journal 
reflections and findings from participants’ workplaces. Together the whole group attempts to expand their collective 
understanding or create generalisations from their varied experiences. Any frameworks or models resulting from the 
process are grounded in practice, illustrated by realistic exemplars and described using the teacher ‘voice’. Hopefully 
this combination of voices means that resulting products have the potential to ‘speak’ to several audiences, and so 
expand the knowledge of all interested members of the wider field of practice. 
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The Struggling Apprentice: Reflections on practice in supporting trade 
apprentices who struggle with numeracy concepts.* 

Patricia O’Donnell             Cathy Leung 
Tropical North Queensland Institute of TAFE 

The Queensland Government has instituted a number of strategies to address an acknowledged skill 
shortage in traditional trade areas.  An apprenticeship, where an inexperienced employee is indentured 
to a qualified tradesman is a key feature of these strategies. The majority of trade apprentices in 
Queensland received their training through the publicly funded Technical and Further Education 
(TAFE) system.   

This is the second paper of a pair looking at the work of the Learning Support Unit (LSU) at a large 
regional TAFE and discusses the challenges it faces in tying together the disparate networks that 
contribute to a successful apprenticeship.  The paper reveals that a multi-disciplinary approach is not 
sufficient in itself to provide solutions to the problems facing the struggling apprentice. 

While this research has a focus on technical numeracy, the researchers have also attempted to 
explore aspects and possibilities of changing the culture of relationships between apprentice, 
employer, vocational teacher and the learning support team. 

Vocational interests are solutions to problems that people have experienced.  Work becomes an opportunity to 
actively master what has been passively suffered.   (Savakas, 2004) 

Aim and Purpose of Study 
The initial aim of the study was to document the process LSU practitioners undertook to implement a pre-course 
literacy and numeracy indicator, to develop an Individual Learning Plan (ILP) for each apprentice and to record the 
outcome of the plan in an attempt to measure the question ‘Does this intervention make a difference?’ 
An unexpected consequence was the recognition of the significance of personal relationships within the social, 
cultural and personal lives of apprentices who are struggling to complete their apprenticeships; the connections with 
those who seek to provide learning and technical support and the relationships they all have with the workplaces 
which employ them.   

Methodology
The project is framed by action research principles, in particular appreciative inquiry, (Cooperrider & Srivastva, 
1987). Originally applied in the field of organizational dynamics, Appreciative Inquiry is an appropriate tool for this 
research as teachers are ‘educational managers’ who juggle complex, sensitive and competing social issues.   
The researchers used reflective forums to examine a range of theories from different disciplines and case studies 
examining the processes used to determine valid and accurate diagnosis of learning and conceptual difficulties.  

The Context 
Staff of Tropical North Queensland TAFE continually explore methodologies to reduce the barriers of distance and 
isolation. Trainers and students negotiate the challenges of social gap and distance in culture and language. The 
Learning Support Unit (LSU) is based on an intervention technique which uses the principles of Appreciative Inquiry 
to isolate successful strategies and then implement institutional change extrapolating from the particular to the 
universal. 
As the project team began to discuss the stories of success and failure the patterns of success were often found in 
those training plans that included intervention strategies that encompassed the training room, the learning support 
unit and the workplace.  It was also evident that the case management role of the learning support teacher was not 
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adequately captured in the collection of data that constituted the reporting framework and, as such, was 
unrecognized as an integral component of the strategy.   
The TAFE 
Tropical North Queensland (TNQT) is uniquely situated as the most Northern Institute of TAFE in Queensland and 
services 13,000 clients across a 268,000 square kilometre area of north-eastern Australia, covering an area 15.5 per 
cent of Queensland (See figure 1).   
It is the largest provider of training to indigenous Queenslanders, many from remote communities with a range of 
complex social challenges including poor educational outcomes and English as a second or third language (ESL).  
The Apprentice 
Apprentices bring with them the expectations of self, family, peers, of employer/s, Group Training Organizations, 
New Apprenticeship Centers, vocational teachers, and the regulatory requirements of their apprenticeship.  
Examining the Learning Support Unit management of these competing discourses provides room to discuss 
innovative approaches to the development of learning programs for an individual (Gee, 1996). 
Apprentices are ‘signed up’ through New Apprenticeship Centers (NACs), who do not need experience in either 
industry or education to determine an apprenticeship.  Training comprises a practical and a theoretical component. 
Apprentices attending the theoretical component called “Block Training” at TAFE and experiencing learning 
difficulties are referred to the Learning Support Team for assistance. Apprentices can sometimes be in the second 
year of their apprenticeship before they arrive at the Learning Support Room.  

Figure 1: Map of Queensland showing TNQT’s delivery area 

The Employer 
Traditionally, within this region, small businesses fuel the recruitment of apprentices. In indigenous communities, the 
apprentice is employed by the community council and often works within a family network in a supportive and familiar 
context.  In urban areas small business employers often form a familial relationship becoming involved in many 
aspects of the apprentice’s life.  Small businesses also rely on the work rate of apprentices, needing them to show 
the self organization and work ethic of a mature employee.  Failure of an apprentice to thrive within a small 
organization can reduce the slim margins many small businesses operate on. 

The Learning Support Unit – a three phase approach 
Apprentices access learning support by self identification, trainer referral or as a result of a pre course indicator.  
When identified, an individual learning plan (ILP) is developed which requires input from the student, employer, 
trainer and specialist literacy teacher, and is case managed by the Learning Support Teacher.  It could include a 
combination of approaches, encompassing self paced remedial materials, alternative assessments, in class support, 
out of class support, or referral to diagnostic specialists. 
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The Learning Support Unit has developed a three phase approach to supporting the apprentice which fosters 
organizational change. The first phase concentrates on the apprentice as student. The second phase investigates 
relationships between employer, apprentice, vocational teachers, workplace assessors and trainers, TAFE 
Bureaucracy, and occasionally, the Department of Employment and Training who have a regulatory function within 
the apprenticeship. The final phase is the professional development of Vocational Teachers. 
All stages try and capitalize on the rich and positive images usually associated with new beginnings and through 
‘inquiring with the heart’ move the ‘inner dialogue’ of hope and confidence to the conscious and official forum of 
‘organizational business’ (Bushe, 1998 p. 4).  

Identifying the Struggling Apprentice 
The aim of the ILP is to develop an overview of the student as learner, to identify vocational goals, work experiences, 
educational history and to detect gaps in basic skills.  The findings are not used to exclude participation, but as an 
opportunity to effectively respond to student need and develop an appropriate management plan.  
The tasks in the pre course literacy and numeracy indicators were developed in consultation with the delivery teams, 
who had input into the initial product, undertook trialing in the workplace and then gave feedback to the Learning 
Support Teacher on its effectiveness and how the assessment was received by the employer and the apprentice. To 
provide early intervention delivery teachers implement the assessment on sign-up of the apprentice, rather than 
commencement at formal TAFE classes.   Although initial feedback was that long sign up procedures interrupt the 
workplace, the one-to-one nature of the interview led to apprentices disclosing more information about themselves 
and self identifying areas of need.   

Building a database 
Anecdotal evidence seemed to support the intervention strategies put in place by the Learning Support Unit.  To 
determine if this feedback was supported by improved student results during off the job training, a database was 
created to statistically track the student.  Initial data is gathered from a pre-course indicator which examines the 
ability of students to read for information, interpret a diagram, work with fractions and decimals, calculate and apply a 
formula.  It is based on the National Reporting Scale, Level 4 of Technical Communication (DEST, 1999).  
Analysis of database reports showed that significant numbers of apprentices lack the skills essential to their training.  
In the first six months of 2005, about 980 apprentices were enrolled at TNQTAFE.  Eighty six apprentices from 
technical and outdoor industries submitted pre course assessments. Of these results, three students achieved 100%. 
Fifty five apprentices scored less than 70% in the math section and of those 27 scored less than 50% and 16 scored 
less than 20%. So far 78 of these students have enrolled in the support module to provide underpinning skills.   
Support is given in a number of contexts, integrated, out of class and in the community.  The question, “Does this 
intervention make a difference?” needs more time to be answered in a definitive way.  Many students have improved 
off the job competencies, but follow up interviews will need to be conducted to see if this improvement translates to 
better on the job performance as well. 

Professional Development of Vocational Teachers 
There is some concern that the minimum qualification of trainers, Certificate IV in Workplace Assessment and 
Training does not develop the skills associated with the profession of teaching.  The Australian Council of Adult 
Literacy raised concerns that “trainers……. would not have acquired sufficient knowledge of the underpinning skills in 
how people learn….. ACAL believes that LLN students often have special needs which require a specialist 
understanding”  (Thompson, 2005). 
To raise awareness of literacy issues in training packages the Learning Support Unit organised “Literacy Matters” 
workshops to help identify the associated language, literacy and numeracy practices inherent in the vocational skills 
assessed within the training package (Darveniza, 2005). 
In order to “generate a collective image of a new and better future” (Bushe, 1995, p. 2) federal funds were accessed 
through the Reframing The Future program to undertake a project involving Learning Support Representatives from 
each TAFE Qld Institute to develop the technical skills of literacy teachers and create a web page that is particular to 
each institute but similar in content to ensure quality of product and information across the State. 
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Some vocational trainers have accessed the TROPIC program (Teachers Reflecting on Practice in Class) to add a 
further dimension to the reflective process (Davidson & Goldman, 2004).  A trained observer provides constructive 
feedback on teacher student interactions to develop principles of management and communication.  
Seeking opportunities for change. 
Opportunities for change are embedded in a social perspective. “Fresh images and insights come from exploring the 
real stories people have about themselves and others at their best” (Bushe, 1995).  The two case studies below 
show the opportunities of using a consultative and collaborative model that focuses on a continuous evolution of 
strategies.  As well as the apprentice, training plans may contain input from the vocational trainer, workplace, family, 
community, student, professional consultants, schools and the learning support team. They must be regularly 
updated and all participants kept informed.  Traditionally, teacher activity is focused on the classroom and measured 
by student participation in assessable outcomes. It is hard to measure and report against the pastoral care aspect of 
the teaching role that is embedded within the framework outlined above.   

Case Studies 

Case history one:  A lesson learnt, an apprenticeship lost 
Many learners view mathematics as a subject only of significance in the attainment of a qualification.  They fail to 
value that maths as ‘a product of human wisdom must also be a kind of civilization (Hirano & Kawamura, 2001). 

Background 
The apprentice is a 17year old male, undertaking a four year Certificate III in Diesel Fitting.  He has a history of 
academic failure and prior to the apprenticeship undertook a ten month pre-vocational trade course, which developed 
practical skills but did not address educational deficits.  Initially, the apprentice was a willing worker, who was liked 
for his happy and keen attitude.  Although he undertook practical activities with seeming confidence, he failed to ask 
questions to clarify instructions and began secreting mistakes around the workshop. He failed to understand the 
relationship of theoretical tasks to practical application.  He seemed so confident in the strategies of avoidance used 
in the past that our concerns were not relevant to his understanding of reality. The employer is a small, family owned 
manufacturing business that operates in a regional town with slim profit margins.  
Identification
Early warnings included failure to complete training log book and activity diary, non completion of timesheets and 
workplace forms. An inability to apply the basic concepts of measurement and calculation resulted in failed 
assessment tasks at TAFE. The young man denied the scope of the problem and failed to attend organized tutorial 
support sessions and the offer of an educational assessment to identify learning needs.  
Intervention Strategies
The Learning Support Teacher becomes the common thread within the communication network, and organizes an 
appropriate support system. The delivery trainer slowed the rate of instruction and spent extra time with the student 
in class and clear timeframes were developed. A tutor was assigned for the development of underpinning skills. 
Although the employer offered time off for tutorials, the apprentice attended one of six sessions. 
Outcome
The outcome of an appreciative inquiry resulted in professional development of content trainers to identify literacy 
and numeracy skills embedded in assessment tasks. Training plans of pre-vocational students were checked to 
ensure literacy/numeracy pre-course indicators had been completed and acted upon. On return to the workplace a 
serious measurement mistake cost the employer a significant amount of money and the young man’s apprenticeship 
was cancelled. 

Case History 2:  An Indigenous automotive apprentice  
The National Report to Parliament on Indigenous Education and Training (2001 p77) recommends that a training 
plan that attempts to strengthen literacy and numeracy skills for an indigenous learner must reflect respect and 
understanding of the learner as a culturally sited individual.  
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The Apprentice 
The apprentice is from an island community in the Torres Strait, sited between Australia and Papua New Guinea.  He 
is aged in the mid 20’s.  English is his third language. Attendance at school, though encouraged by family, was 
guided by community life of traditional hunting and fishing routines.  The student identified he had a learning need to 
his Indigenous Employment and Training Support Officer (IETSO), who contacts T AFE. A precourse indicator shows 
lack of competency in fractions, ratios/volumes and poor reading skills, all needed at beginning of TAFE attendance. 
The Workplace 
The workshop has minimal equipment, much of it outdated and the workday consists of repetitive, predictable tasks 
on a small number of community vehicles. There is little scope for the apprentice to visit other workplaces or 
participate in industry trade days. The workshop supervisor is a mainlander on a yearly contract, and there are some 
issues with a seamless transition between contracts.  
Organizational Response 
As an organizational response a cohort of automotive apprentices from the Torres Strait is formed and a strategy 
developed that addresses educational and cultural needs. Previously students would attend based on stage of 
learning rather than community. 
Intervention Strategies 
An integrated VLLN program was put in place to meet the needs of this group. It included team teaching between a 
vocational trainer and literacy tutor. More experienced students were used as mentors. The pace of instruction was 
slowed down. Key concepts were repeated and industry specific language was reinforced. Students were offered out 
of class support, oral assessments and/or a scribe. 
The apprentice met other students from his extended community who were involved in the same vocational package. 
He benefited cooperative learning where older members of the community upskilled younger men. Although 
instruction was in English, explanation from classmates was often given in Creole. The student also organized a 
short term work placement with a large employer who provided experiences not available in his home community. 
Outcome
The strategy adopted here is now being applied to other trade areas. 

Research findings – the story so far 
The use of Appreciative Inquiry to investigate the needs of the struggling apprentice was an effective tool in gathering 
stories, bringing together networks and building bridges between the many players in the training plan to focus on the 
‘best of what is’ with a view to guiding institutional change. The two case histories illustrate the need for appropriate 
student selection with due attention being paid to literacy and numeracy skills adequate to beginning competencies 
of the training package.  Early intervention is the key to any strategy, and this is most effectively done if diagnosis of 
students’ learning is done at commencement of training. 
The adequate development of an ILP allows for flexibility in approach based on the student’s need, encompasses the 
many players in the scenario as shown in the case studies above, and follows best practice principles of inclusion 
and professional teaching practice.  For indigenous students, the research highlighted the need to integrate a 
culturally relevant approach that allowed some dominion over the learning experience. 
Marr, Helme and Tout (2003) provide a model for building holistic competence looking at the complementary parts of 
the person allowing learning support to address the cognitive and affective elements at the coalface.  The notion of 
providing an environment for the student to reframe themselves, from failure to competent, the building of a new 
identity with agency in numerical tasks is the challenge of the vocational trainers and learning support teams.  In this 
instance, the model was expanded to an ecosystem incorporating and revealing the interrelatedness of the 
apprentice, the workplace, vocational training and learning support professional. 
The Learning Support team does not operate in isolation.  There is precious individual space in the lives of teacher, 
apprentice, employer and vocational teacher to provide room for the student to reframe self. The study reveals that 
space can be made when there is a shift in thinking.  When relationships are formed with the external agents in an 
apprentice’s life room can be found, sometimes it is as simple as rearranging the furniture, and sometimes it fails 
because a system cannot be budged, or the apprentice is not yet ready to undergo the personal journey involved in 
facing his/her learning demons.  
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Statistics for Marine Studies: The issues in teaching statistics to students 
of mixed ages and backgrounds 

Shirley Porter 
Bay of Plenty Polytechnic, Tauranga, New Zealand

shirley.porter@boppoly.ac.nz 

The Diploma in Marine Studies offered at the Bay of Plenty Polytechnic is a two year course unique in 
New Zealand. The course has considerable emphasis on the practical, students obtaining their dive 
instructor’s certificate and optionally a boat skipper’s licence as well as covering marine biology and 
aquaculture. Sampling and Surveying is one module in the second year which enables students to 
prepare scientific reports incorporating adequate statistical analysis. The statistics taught has been 
extensively adapted from a purely mathematical content. The statistical software used is MS Excel as 
this is the software available to our graduates in the workplace. The students start with a wide range of 
mathematical skills from virtually nil to year 13 statistics. The challenge is to get them to the same level 
by the end of the 150 hour module, when only 70 of the 150 are actual teaching. In this workshop I 
outlined the module I teach, covered the blends of statistics and science and discussed some of the 
difficulties encountered. Descriptions of some classroom activities were provided . 

I live in Tauranga in the Bay of Plenty on the East coast of the North Island of New Zealand, about 3 hours drive from 
Auckland.  We have about 30 kilometres of uninterrupted surf beach.  The main beach where many surf life-saving 
competitions are held is Mt. Maunganui. With an extensive harbour and such a lot of surf beach, the water sports are 
very popular and the region is an ideal place in which to base a marine studies programme. I taught maths at 
secondary school level for 17 years but it was in my years outside the classroom that I learnt that people who had not 
achieved academically had merely not succeeded in that system. This is my 6th year teaching statistics and 
mathematics at Bay of Plenty Polytechnic. 

The programme 
Bay of Plenty Polytechnic is a small to medium institution, has over 6000 students and has approximately 28% Maori 
students. The Marine Studies programme has been offered for 10 years, undergoing several changes but 
maintaining a focus on practical plus academic excellence. It is a two-year full-time course that leads to a Bachelor of 
Applied Science (Auckland University of Technology) and also links directly into a Masters Degree in Aquaculture 
(Deakin University, Melbourne). 
Students graduating can develop careers with the Department of Conservation as a scientific observer and 
researcher, as a technician, as a teacher, or in any of the occupations allied to diving and tourism. 
Year 1 
Students study Coastal botany,  Marine invertebrates, Marine surveying, Marine mammals, birds and fish, Fisheries 
Aotearoa New Zealand, Marine Science and Ecology Conservation issues and perspective. They also complete their 
NZ Coastguard Boatmasters, Certificate Project Jonah Marine Mammal Medic Certificate, PADI diving training to 
Divemaster level, First Aid and Restricted Radio Telephone Operators Licence. Introductory Computing completes 
the course for the year.  
Year 2 
Students study: Marine ecology and monitoring; Freshwater ecology and monitoring; Marine reporting; my module of 
Surveying and Sampling (Statistics); and three options from the list below:  

PADI Open Water Instructor Course  

Aquaculture 1 — system design and maintenance  

Aquaculture 2 — production, growth and health  
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Marine tourism  

Flexi option 

Environmental legislation  

Entry Requirements 
There are entry requirements which are waived if the student is 25 years or older, however relevant work or life 
experience is required. For younger students they must:   

be at least 17 years of age at the date of application  

have Year 13 (Australian year 12) passes in Mathematics, Biology and English 

supply a Curriculum Vitae  

supply a Doctor’s certificate stating they are fit to dive.  

Content
The Sampling and Surveying module is designed to equip students with skills in design of questionnaires, sampling 
and experiments and to introduce survey techniques, emphasising computer-assisted presentation and analysis of 
data. There are 70 hours class contact and 80 hours self directed study, giving a total of 150 hours for the module. 
Within the module, the following are studied: 

 The Survey Process 

 Sampling issues 

 Sampling design 

 Types of data and responses 

 Presenting data in tables 

 Charts 

 Measuring correlation 

 t tests 

 Non-parametric tests  

Assessments
Assessment takes a variety of forms.  

Assignment 1 – Rotary Park Sampling – is a group assignment where the students study the traditional mud 
snails in the mudflats of the harbour and the report is written up by the group with a division of labour.  

Assignment 2 – a fish counting exercise – is completed in the Polytechnic dive pool with plastic fish in 
preparation for 10 day field trips to local islands to gather data for the Department of Conservation. Individual 
reports analyse the errors in the estimations of size and distance underwater as well as the identity of the fish. 

Assignment 3 – report on a Research Article – asks the students to analyse the construction and statistical 
analysis contained within a published scientific report. 

Assignment 4 – sampling at Slipper / Tuhua Islands – involves reporting on the data gathered on their field 
trips and comparing to the previous year’s data.  

A computer check list ensures that students have actually completed the statistical exercises on the 
computer. Although no grade is given for this, it is required for course completion. 

The final assessment is a two and a half hour examination based largely on the mathematics of the statistics but 
always set in context. 
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Teaching Issues 
Balance 
Every year the challenge has been to encourage the students who are lacking in confidence and support them gently 
until they have sufficient faith in themselves to confidently tackle new concepts yet still maintain the interest of the 
school leavers who may have just completed year 13 statistics.  It is vital to make each student feel they are 
personally important to me. 
Student type 
The content of the Diploma programme is such that it tends to attract students who enjoy the physical experiences 
offered.  Consequently in the first lesson I present them with an activity  - measuring arm-spans - that allows them to 
succeed.  The situation presented to them is not as mundane as “measuring arm-spans” implies.  Rather they 
imagine that they are groups of kina  (sea urchins) and they are measuring their diameters.  This simple adaptation 
helps them relate the activity to their diving and swimming experiences.  They quickly realise that as they are pooling 
results they have to have a consensus regarding the measurements: are they in cm or m; are they finger-tip to finger-
tip; are they across the back or front of a person?  These are issues that do not require any background in maths and 
there is no one “correct” answer.  The tape measures supplied are too short to do the job of measuring in one step, 
so they have to devise an accurate method of reaching from finger-tip to finger-tip.  It is surprising how many different 
methods they invent. 
History 
I try to avoid using maths in which they have possibly failed until later sections of the module.  The word Algebra is 
rarely used – the mere mention of the word sends shudders through many students – and very often I use words 
instead of symbols.  I explain to them that my aim is to give them sufficient skills to be able to process data that they 
might gather in a survey / project and to be able to understand the concepts to make correct inferences.  I am not 
trying to make them into statisticians.  
Jargon
When I began teaching statistics to the second year students on this course I was still in the “pure maths” mode from 
secondary school.  There is a jargon used in the mathematics world that has no place in the science world.  I was not 
familiar with this form of reporting in which the mathematics result is reduced to a very brief phrase.  Instead of 
stating, “Because p = 0.645, there is insufficient evidence to reject the Null Hypothesis that the mean of the 
population is 55cm at a 5% level of significance”, the science world requires, “The change in the mean was not 
statistically significant (p > 0.05)”.  I had to adapt very quickly to the differences. 
Context
Attempts are made in schools to link to reality, but this is often contrived, as the “real” examples are outside the 
students’ experiences.  The students in this applied course have real situations where they have real needs.  The 
first assignment in the first few days of the course is a report on a field trip to assess different strategies of monitoring 
the numbers of mud snails.  The students have data they have gathered and can see a purpose for.  They have to 
style their report on the accepted standards for scientific publications and they have to produce appropriate graphs in 
the correct format.  They can apply knowledge they have gained in other sections of their programme, such as 
environmental awareness, to their assignment. 
The students often do not have the maths “hooks” in place to relate new concepts to but they almost always have 
practical experience.  I often encourage students to nominate situations that mean something to them and we create 
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problems on the spot relating to the subject content.  This helps give them ownership of the learning process and 
there is no “wrong” (although sometimes censored) answer.  Some years it becomes an unspoken challenge to 
suggest the most original situation.  By having to fill in the details of the problem with “real” numbers for the mean 
and standard deviation, the students develop an awareness of what is in balance, for example if they suggest a 
mean of 15 cm and a standard deviation of 10, they realise the problem will not “work” as they will not have a normal 
distribution. 
Learning Styles 
With such a range of ages and life experiences, there is a wide range of learning styles and learning paces.  
Teaching at the tertiary level allows the freedom to be more adaptable than is permissible at secondary.  It is also 
essential for this course. I have ensured there is plenty of physical activity to appeal to the kinaesthetic learners.  
This year the students, as a class group, had to select an activity they could do using their dive pool which would 
producing bivariate activity.  They chose to do “bombs” into the pool, with two students estimating the width and 
height of their splashes after each student had weighed in.  The discussion that followed required them to agree on 
how to use the data (there were several options). They then input the data, processed scatter graphs and worked to 
produce the highest possible r-squared value. Not only did the students enjoy the activity immensely (the 25+ year 
olds were delighted to have an excuse to be kids again) but they learnt the concepts in a very easy manner.  They 
also learnt how data could be distorted or misused to present a very different picture. 
There was much repetition available for those who needed to write problems out over and over. “Jack” could sustain 
his attention for a short span of time only, so he negotiated to remove himself to the library where he would work on 
the first step of a process until he had mastered it.  If he remained in class for the whole session the information 
would scramble and he would finish the day more muddled than when he started. “Susan” had identified earlier that 
she learnt best by teaching herself.  She negotiated to come to class only when she was having difficulty and, once 
her issue was resolved, she would quietly leave.   
Visual, auditory, kinaesthetic and linguistic styles of learning were all catered for at various times.  When listening to 
students explain why they were struggling, I carefully noted their use of words and responded accordingly. “I don’t 
see it” required a visual response; “I don’t get it” required the student to do the writing; “It doesn’t make sense” 
required more explanation of the rationale; “I don’t know what to do next” required the steps in the process to be spelt 
out more clearly.  Some needed to write the key points in their own words, so I encouraged them to tell me about the 
concept and I would repeat their words back to them. 
Enjoyment and Empowerment 
It is important that the students have some fun while they are learning.  This does not mean I have to be an 
entertainer but rather the climate in the class is good-humoured and everyone experiences success to some degree.  
The students have more marine knowledge than I do, so we share information in a two-way process which helps us 
all to feel part of a learning team. The students see me as someone who knows more about maths than they do but 
they, in return, can stand tall in their own domain. 
The students are encouraged to use their own judgement when reading statistics – not on a biased, emotional level, 
but on a reasoned and questioning level.  They learn that they have the right, and often the duty, to question the 
statistics methods, the interpretation and the discussion.  One assignment they find very difficult is to analyse and 
critique an existing report that has already been published.  One year a student was very anxious about handing in 
her response as she had “demolished” a report, but her criticism was justified and backed up by solid comments.  In 
comparison another student, who had assessed the same report, was very critical in colloquial language with no 
justification at all.  Both students learnt that valid criticism is acceptable. 
Many of the students feel confident enough to continue on and complete a degree the following year.  Often these 
are students who have performed poorly at secondary school but as they confront the challenges of tertiary learning, 
they see pathways and possibilities opening up.  Parents of these students are overwhelmed at graduation to see 
their hitherto non-achieving sons and daughters receiving their degrees.  Most commonly the parents have not been 
to University themselves so they see the achievement as a break-through the educational barriers.   

Student Issues 1 
The range of the students’ ages for 2005 was from 19 to 36 years.  In other years the range has been from 19 to 50 
years.  The distribution for 2005 is shown in Figure 1. This broad range brings many issues that need to be 
addressed. 
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Fig. 1. Distribution of age and gender of students in 2005. 

Attitudes
Confidence
Many students have a lack of confidence in their own mathematics ability and have a high level of anxiety when 
beginning the course.  Some of them have never succeeded in maths; others have last been successful in primary 
school; still others might have been successful at year 11 but between 20 and 30 years previously.  Often they recall 
their maths teachers with negativity and this has reflected on to their attitude towards maths in general. On the other 
end of the spectrum, some students have completed year 13 statistics relatively well in the previous year.   

Fig. 2. Year level at which students felt they were last successful in mathematics before studying Sampling and 
Surveying.

I discuss in general that students in the past have all managed to pass the course despite having, in some cases, no 
maths background whatsoever, providing they do all the assignments and put the effort in.  In other words, the 
course content is not beyond the reach of any of them.  Once they absorb this concept and have some positive and 
non-threatening experiences they are willing to put in the effort required. 
Over-confidence 
I also warn the students about being over-confident.  This usually relates to school leavers. They need to become 
aware that styles required in the scientific world are different from the school mathematics world and adapt 
accordingly.  Because I have taught in the abstract world of secondary school statistics (where problems, although 
couched in “real” context, are usually far removed from the experience of the student’s world) I am able to link across 
and explain that the jargon they learnt is no longer required in their scientific reports.  I place much emphasis on 
understanding the concepts and very little on the actual arithmetic calculations.  This is often a very different focus 
from that of the students’ experience in secondary school statistics. 
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Students are invited to make reasoned decisions about their attendance for the whole of the class time.  There is a 
90% daily attendance requirement before they are allowed any resits, so if they decide against attending, they have 
to be very confident that they will be able to pass all elements.  The last half-hour of a three hour lecture is often 
spent reinforcing the concepts and skills learnt and students who feel confident might choose to leave early. 

Student Issues 2 

Lack of Skills 
Calculators 
Some students, especially the older ones, have never used a calculator and are too nervous or embarrassed to ask.  
I have seen them actually shaking from fright and uncertainty as they punch the keys.  I have an OHP of the 
calculator and go through the very basic steps starting at turning the calculator on.  The numbers are not too large 
(40 maximum) for me to be able to check on each student as we work through examples in class.   
Computers
Although students are expected to have completed a computer course the previous year, not all of them are skilled 
enough to be called “computer literate”.  During the first session on computers they are given computer data and 
required to process it with whatever skills they possess.  I collect their printouts and check them overnight. There is 
no mark allocated to this activity so it is non-threatening and it enables both me and them to recognise their individual 
computer skills. 
Data Processing 
One of the most difficult areas for students seems to be taking field data and knowing how to process it.  The initial 
exercise on the computers gives them some practice at this. They have three assignments which relate directly to 
this.  The instructions are very specific, except in the last assignment which has one section with no direction. They 
do several activities during which they gather data and process it with some direction. 
Relating to Context 
Unless I relate the maths to a context that is familiar to the students they often cannot link into the concepts.  I do not 
always understand why they cannot, but experience has taught me that some are unable to connect. Teaching the 
concept of the mean or average seemed very straightforward to me without a context but a mature student was very 
confused until I related it to an activity she was familiar with, in this case measuring the length of fish caught by 
recreational fishers. 
Report Writing 
Scientific report writing has pedantic rules which must be adhered to.  Even the description of the hypothesis tests 
must be written in a certain manner.  The penalty for ignoring these rules is reduced marks at degree level as well as 
diploma level.  In this course I try to give the students sufficient knowledge so they are not penalised at the next level.  
Some students have a major issue with this, especially if they are of the more creative mould and do not like being 
directed in their “style”. 
Mathematics 
The students quickly learn that failure in maths in the past does not affect their performance in statistics.  If tables 
were a problem, this is now irrelevant.  If algebra was a problem, this is now irrelevant.  Manual methods of 
calculating statistics, like mean and median and including the standard deviation, are taught so they develop some 
understanding of the concepts. They then use Microsoft Excel to draw graphs and to calculate basic statistics.  
Normal distribution is taught manually to give them a good foundation on which to build understanding of the various 
tests they will use or encounter. 
Time
Flexibility of programme is very important with these students.  Many of them have child commitments which 
sometimes encroach on their lecture time.  I am fortunate in that I work half of my time in the Education Development 
Centre.  If a student misses class for a valid reason, they can book a one-to-one session with me and catch up. 
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Reflective practice in adult numeracy professional development 

Valerie Seabright 
Institute of Lifelong Learning, Queen’s University,Belfast 

v.seabright@qub.ac.uk  

Queen’s University, Belfast, Essential Skills Project team, sponsored by the Department of 
Employment & Learning(DEL), Northern Ireland, has developed a suite of professional development 
programmes in Adult Numeracy and  Adult Literacy . These are all accredited by the University in line 
with the national standards laid down by the U.K.  

The courses designed at Queen’s are predicated on a view that reflective practice is essential to 
improving teaching and learning. Tutors are encouraged to reflect on their own individual learning and 
practice in the numeracy classroom. A reflective journal is produced to focus critical analysis of 
experiences both in their learning situation on the programme and the impact on their learners in the 
adult numeracy classroom. 

This paper will reflect on reflective practice models, and will report on some of the experiences of this 
year’s cohort. 

This paper describes and reflects on the reflective practice on which the Essential Skills tutor professional 
development programmes at Queen’s University are predicated. More specifically the role of reflective journal writing 
in the process will be explored although this forms only part of the whole process of guided reflective practice. 
In order to contextualise the practice some background is necessary. It was revealed in Northern Ireland in the IALS 
survey in 1994-6 that more than 20% of the adult population had the lowest skills in literacy and numeracy. Following 
the lead of the Skills For Life Strategy in England the Northern Ireland Department of Employment and Learning, 
responsible for the training and education in post compulsory education, developed the Essential Skills for Living 
Strategy in 2002. This adopted the standards and core curriculum  developed in England as well as the development 
of a professional tutor base. Queen’s University was commissioned to set up professional certificate qualifications 
based on Adult Numeracy and Adult Literacy level 4 Subject Specifications endorsed by FENTO (Further Education 
National Training Organisation, now LLUK (Lifelong learning UK). Diploma programmes were then developed to 
incorporate teaching and learning standards endorsed by FENTO. This then provided a subject specific teaching 
qualification within the Essential Skills field, qualifications now compulsory for new and existing unqualified 
practitioners in Northern Ireland in Adult  Literacy and Adult Numeracy. 
The underpinning theoretical framework adopted at Queen’s was based on the development of reflective practice to 
develop critical practitioners, enhance classroom practice and the adult learner experience. 
Critical thinking was seen as an element needing development but raised some questions. What is critical thinking? 
What are the characteristics of a critical thinker? 

Critical thinking 
Critical thinking is a positive and productive activity defined by Brookfield who  portrays critical thinkers as self 
confident  about their potential for changing aspects of their practice both individually and collectively. It goes beyond 
the narrow subject oriented learning. As Brookfield claims ‘When we think critically we become aware of the diversity 
of values, behaviours, social structures and artistic forms in the world’ (1987). 
Critcal thinking is a process not an outcome, involving a conceptual questioning of assumptions and is manifested in 
different contexts triggered by either negative or positive events. It can be emotive and/or rational but the emphasis is 
on critical. Concepts of critical thinking imply critical analysis, awareness, consciousness and reflection. It can, in 
some circumstances, be exhortatory and vague where any interaction with a learner can be said to assist critical 
thinking. 
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Discussion in the literature on critical thinking can be divided into at least three distinct categories involving either 
characteristics of critical thinking, assessment of critical thinking or attributes required for critical thinking. In the first
category critical thinking is discussed in terms of the characteristics of logical reasoning ability, application of 
reflective judgement and assumption hunting (Hallett, 1984; Kitchener, 1986; Scriven, 1976). Hullfish and Smith 
(1961) go further and discuss the creation, use and testing of meaning as being critical thinking. Ennis (1962), also in 
this category of assessment, has developed tests on at least twelve aspects of critical thinking including analytical 
and argumentative capabilities, recognition of ambiguity in reasoning. D’Angelo (1971) has developed a list of
attributes required for critical thinking including flexibility, scepticism and honesty. 
Critical thinking can be seen as a not wholly rational mechanical activity. There are emotive aspects, feelings, 
emotional responses, intuition and sensing. There is a view that critical thinking is inherent in emancipatory learning 
(Apps, 1985), evident in learners becoming aware of the forces bringing them to the current situation and taking 
action to change some aspect. Apps describes emancipatory learning as freeing people from forces that prevent  
them from seeing  new directions and from taking control of their lives, and society. 
Dialectical thinking is seen as a form of critical thinking, focusing on understanding and resolution of contradictions 
(Morgan, 1986). Dialectical thinkers are continually making judgements about aspects of their lives, identifying rules 
implicit in judgements, modifying those judgements in the light of the appropriateness of the rules. 
Being a critical thinker means more than the use of cognitive activities such as logical reasoning and scrutiny of 
arguments for assertions which are unsupported by empirical evidence. Thinking critically involves recognising 
underlying beliefs and behaviour. Boyd & Fales (1983) include a reflective dimension which is evidenced by internal 
exploration of an issue or concern, triggered by an experience which clarifies meaning in terms of self, and which 
results in a changed conceptual perspective. 
Boud, Keogh and Walker (1985) discuss reflection as a generic term for intellectual and affective activities where 
individuals explore their experiences in order to lead to new understandings. 
Identifying and challenging assumptions results in a major shift in the way of thinking where a contextual awareness 
is developed involving the consideration of alternatives leading to a development of a particularly critical mind and 
reflective scepticism, which applies a cautious intelligence to ideas but is not wholly cynical. 
So, critical thinking can be seen as analysis and action, a process of active inquiry combining reflective analysis and 
informed action. 
Dewey (1933) interpreted critical reflection as arising out of ‘perplexity and doubt’ but also emphasised the place of 
negative triggers (not just trauma). Moments of self awareness can be triggered by fulfilling as well as distressing 
events.

Developing critical thinking 
Developing critical thinking in the context of professional development at Queen’s means a development of a 
supportive methodology. According to Meyers:  

Teaching students new thinking processes involves gauging very sensitively the amount of disequilibrium that will 
do the most good. Too much can overload the students and be dysfunctional, while too little can result in warm, 
wonderful classes where no learning takes place (1986).  

Students need to be able to challenge old ways of thinking and structure and develop new ones, which might mean 
taking risks. Freire (1970) contributes to this debate in his description of liberating classrooms where learners break 
free from habitual patterns of thought to view the world in new ways. Freire also includes characteristics of critical 
teaching involving competence, courage, risk taking, humility and political clarity which imply good communication, 
the ability to withstand resistance and the challenging of assumptions where teachers ‘nudge learners from 
uncritically accepting ways of looking at the world.’ Risk taking involves taking risks in experimentation in one’s own 
teaching and political clarity requires an ability to break free from perspectives imposed by oppressive groups so one 
can see the inequitable, hierarchical relationships in society. 
Meyers (1986) suggested building on learner’s experiences and existing mental structures to move from the more 
concrete operations to abstract and reflective ways of thinking. 
To develop critical thinking requires a model (or models) in teaching which is reflected in lectures: clarity, 
consistency, openness, and an ability to question, as the teacher, one’s own communicativeness. The teacher would 
explain reasons for actions and would reflect publicly on reactions to other people’s ideas and suggestions. The 
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teacher therefore needs to reflect an interpretative behaviour not a replicatory response. Accessibility to ideas should 
be evident, open to inquiry not intimidatory or threatening when assumptions are questioned. 
Critical questioning elicits assumptions underlying thoughts and actions. It enables framing of insightful questions 
and explores issues in a more meaningful way. Language needs to be clear, concentrating on the specific and 
moving from the particular to the more general. General themes can then be addressed in the context of specific 
descriptions which encourage discussion. Initially it may be conversational but moves from the critical event to the 
critical analysis over time. 
In reflective teaching, one needs to confront one’s own practices and beliefs in order  to take a more critical and 
analytical role. This is a difficult challenge – the encouragement of experimentation and investigation in the 
classroom in a situation where mathematics is seen by new tutors (as a result of previous experience) as a fixed 
body of knowledge, correct and teacher led! There is potential conflict. One view of learning suggests we only 
change when confronted with, and recognise, problems, conflicts and failure. Being able to learn from experience 
requires time to identify and describe the experience and to explore possible alternatives. 
Kolb (1984), in his learning cycle, describes the importance of gaining experience, observing and reflecting on the 
experience and then developing and experimenting with the ideas. New tutors are encouraged to move from the 
experience in the classroom to develop new ways of thinking to change behaviour. One way is to return reflectively to 
the experience where particular incidents occurred. They then attend to the feelings about the incident, look for 
alternatives and re-examine the experience. 
Reflective practice sharpens attention to what is happening in the classroom, notes and records singular events and 
works on them to learn as much as possible regarding the learners. Critical incident analysis gives an insight into the 
role and learning of the teacher. 
Schon (1983) developed a notion of the reflective practitioner, rejecting the distinction between practitioners who 
could be trained and theoreticians who did research, innovated and carried out training. He talked about questioning 
and criticising leading to decision making. Reflection can be seen as strategies of action, understanding of 
phenomena in everyday life. When surprises occur leading to uncertainty and values conflict the practitioner, 
according to Schon, this calls on reflection in action – a questioning and criticising function. He claims reflective 
practitioners need a consciousness regarding reflection but exhortation to become reflective could miss the point.  
Schon contributes ideas for stimulation of the consciousness. Observation tasks offered by peers and experienced 
colleagues, small studies or interviews, comments and thoughts from observers and    participants on incidents, 
discussion, evaluation and critical analysis are all part of his model. These are all included in the Queen’s model. 
Dewey (1933) particularly relates reflective thinking to ‘a state of doubt, hesitation, mental difficulty in which thinking 
originates, an act of searching, hunting, enquiry to find material that will resolve the doubt, settle and dispose of the 
complexity’. 

The approach at Queen’s 
In the context of professional development at Queen’s, there is an attempt to develop dialogue between the teacher 
and the individual trainee tutors and as a group. Through discussion and dialogue the barriers of dependency are 
broken and the move from isolated learning is offered. A sense of ownership and encouragement of critical 
development is engendered. Use of groups to solve problems, to question and respond is  frequently visible. Tutors 
are encouraged to articulate points of view, listen to others, ask appropriate questions and respond. The dilemna for 
the teacher is that while building confidence in the use of mathematics and learning theories, one is also challenging 
ideas which can be problematic. 
Writing is one process included in the programmes at Queen’s. Tutors are encouraged to write a journal which 
examines not just the mathematics but is a critical reflection of their experiences of their learning on the programme 
both in the classroom as learners but also in the classroom of their learners. They reflect on their own learning, 
understand mathematics anxiety, concepts and techniques and help solve problems. It can become a discourse on 
mathematics and pedagogy as well as a concrete record of mathematics. The journal is introduced in the first few 
weeks of the programme following exploration of learning theories including Kolb ‘concrete experience, reflecting 
(stepping back), reviewing and reflecting on the experience critically, conceptualising, interpreting and understanding 
events and using new understanding to refine the approach.’ The process involves individuals attempting to 
understand their own experiences and to modify behaviour but fundamental to the process is a commitment to the 
learning and exploring process, a valuing of one’s own experience and some guidance in structure to avoid total 
randomness. 
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The journal requires tutors to consider the process of learning, metacognition and the ability to monitor one’s own 
current state of learning. Flavell (1987) describes three elements in metacognition:  

Person variables; 

Task variables  

Strategy variables. 
In the context of the Queen’s tutors, this involves the individual and his/her awareness of individual cognitive 
capacities and others’ cognitive capacities; the nature of the task and how the tutor’s understanding of how this 
should influence a learning strategy; and finally a strategy to reach the goal. 
Moon (1999) suggests that learning at this stage involves developing control over the cognitive structure and clarity 
in the process of learning and representing of that learning. She suggests that a learning journal represents what has 
been learnt but develops more learning through the actual writing. Salisbury (1994) and Hayes (2005) regarded 
reflective journals in teacher training as self flagellatory. This is not the case at Queen’s, the purposes are explicit: 

To record and reflect on experience on the course 

Record and reflect on theories introduced on the course 

Provide evidence of engaging in the learning cycle 

Record and reflect on insights on teaching and learning process 

Record and reflect on awareness of numeracy and mathematics 

Reflect on application of theories in context of management of  learners 
Recording of the learning enables a tutor to reflect, analyse and test assumptions in the classroom, reflecting on the 
experience, drawing conclusions and thereby engendering a deeper understanding of theoretical knowledge. It 
provides a means of consolidating learning, moving from initial acquisition to deeper and more meaningful 
understanding. 
Swedish research discussed surface and deep learning. Deep learning intends to understand meaning conveyed by 
the lecturer, intends relating meaning to current knowledge and meaning may be added to understanding and may 
require modification of the cognitive structure(what they know). It is probably automatic, according to the research, if 
learners are interested and motivated, further knowledge is sought and learners learn lessons from experience. 
Surface learning on the other hand is where there is no intention to understand and own  knowledge , it is more for 
learning by necessity, the easiest way, memorising facts and ideas, the individual is not interested in how new 
learning relates to what is already known. Surface learning can be unconnected learning where the intention is to 
hold onto ideas only sufficiently long enough to reproduce material. Surface learners tend to be isolated and not 
coherent in their approach. Deep learners appreciate the structure of ideas and may work with meaning to create 
new learning. 
Reflective writing involves reorganising ideas in deep learning, it occurs when one rethinks, and reflects on what is 
meant. Lectures do not often give the opportunity for deep process of learning at the time – insight deepens later 
when ideas are rethought in reflective writing.  Initially journal entries may be colloquial, with limited use of academic 
language and in the form of diary or log rather than as entries which are tools for more reflection and comprehension. 
Since journals are constructed as a record to connect understanding and learning they can be very personal and 
each tutor’s journal is different. The assessment of an individual journal is on the evidence of the reflective thought 
and quality not the quantity of entries.  However one dilemna is that assessing of the journal at all might skew the 
contents to suit the assessor rather than the author. This relates back to the openness required in the programme in 
order to engender an honest approach both by the teacher and trainee tutors. This is where risk is seen. Teachers 
have to be aware that the critical analytical approach they are encouraging might raise sensitivities to their own 
delivery of theory and practice which comes under scrutiny of the trainee tutor. 
Trainee tutors are advised to make notes as soon after the experience as possible, to capture the event and add 
their own affective and emotional responses before deeper reflection takes place. Moon (1999) suggests the journal 
‘enables the focusing and ordering of thought, ownership of the writing, and the expression of the learner’s emotions’. 
A benefit of regular reflective writing is that it enables experiences, thought, questions, ideas and conclusions to be 
documented. If we want students to develop a scholarly approach to teaching it requires a critical approach to 
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teaching and learning. The journal can be a vehicle to assist in the appreciation of the process, we learn when we 
absorb information, when we think about it, when we make sense of it and when we fit it into what we already know 
and this might mean changing or confirming what we knew but the learning reflects how and where we apply the new 
knowledge. 
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Theoretical framework for adults learning mathematics 

David Kaye 
LLU+, London South Bank University 

This is a report on the work of Topic Group A, who met twice during the conference to continue 
discussion of a Theoretical Framework.  It includes a summary of past discussions. 

I identified three aims for the two Topic Group workshops on “Developing a Theoretical Framework for Adults 
Learning Mathematics” ) at ALM 12: 

To initiate newcomers into the debate about a specific theoretical framework with reference to adults learning 
mathematics 

To continue the debate with others to confirm, broaden and deepen the concepts we are defining. 

To identify any research directions or research questions that ALM collectively and its members individually 
can take forward. 

The story so far 
This topic is at the heart of the teaching and research practice of ALM members and conference participants.  How 
do we define ourselves? At ALM 12 I felt I felt that my task was in some ways that of an ‘elder’ passing on the 
traditional culture of ALM. At every conference there are new members joining this debate. It is through the annual 
repetition of this group that the core cultural identity of ALM as a distinct activity is perpetuated and passed on. 
To welcome those meeting this topic for the first time, and to remind others of what has gone before, I present here 
some key quotations from previous papers on this topic.  
ALM4 (Wedege, 1998)  

I regard ‘adults education and mathematics’ as a complex subject for didactics of mathematics, whether the focus 
is on teaching, learning or knowledge. Thus delimiting the field of study (subject area and problem filed) is a 
central part of the research. In my view the complexity is based on at least three vital, inter-connected conditions 
which have to do with knowing, learning and teaching of adults: 
Mathematics teaching . . .  
Learning mathematics   . . .
Mathematical knowledge and attitudes to mathematics   

ALM 5 (Wedege, 1999) 
If we look at three classical subject fields in the didactics of mathematics (mathematics teaching, learning 
mathematics and mathematical knowledge) we have to note that, in ALM, ‘teaching’ includes ‘math-containing 
teaching’, ‘learning’ includes ‘learning in everyday life’ and ‘knowing’ includes ‘adults mathematical capacities and 
competencies developed in everyday life and their attitudes to mathematics’. 

ALM 5 (Benn, 1999) 
If we are looking at Adults Learning Mathematics as a community of practice and research, we might ask what 
are the aims of research and practice in adults learning mathematics. Research might be the creation of ‘adults 
learning mathematics’ knowledge: practice of the induction of curriculum knowledge in others. But the distinction 
is not clear cut. One of the aims of research might also be to improve teachers’ practice and students’ 
understanding and learning. Is there a clear distinction between theoretical research knowledge and pragmatic 
empirical ‘really useful’ knowledge? It seems to me that in the moorland of questions concerning adults learning 
mathematics, research and practice are fundamentally linked. 
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ALM 5 (Maasz, 1999) 
Both practice and research is very interesting for me. I like to hear what other people do in their courses. I like to 
exchange experiences and to construct and discuss theories about learning and teaching. Lots of prejudice 
sometimes blocks the formation of a community of practice and research: theory is too abstract and not useful, 
practice is boring and experiences from practice are singular and not important for all members. ALM is on the 
way to remove such prejudices by offering lots of positive examples.  . . .  ALM should be a community of 
practice and research, and not only research. 

ALM 6 (Benn, Maasz, & Wedege, 2000) 
But is it dangerous to live with heterogeneity? Sometimes people become lost in moorland and do not find the 
way back to their home. Other (older) pedagogical disciplines are in a similar situation. Psychology, sociology 
and philosophy, for example, have different schools or ‘invisible colleges’ – groups of researchers with one theory 
or methodology The most important question is not how to change this situation (to find one theory for all 
researchers) but how to ensure co-operation between ‘schools’. 

At present it seems that ALM has a negating philosophy where the emphasis is on what we do not want, rather 
than on what we do. Among ALM members, there is a fundamental criticism of the conventional wisdom of what 
it means to learn mathematics, about what mathematics is, and about what it means to teach mathematics. This 
critique is political as well as educational. 

The question for each of us is not whether we each have a theory. It is more, which is your theory, and can you 
name it? Learners also each have their own theories concerning the nature of mathematics and learning 
mathematics. What are their theories and how do we as researchers and teachers respect and acknowledge 
these?

ALM 7 (Benn & Wedege, 2001) 
It was stated that different theories offer a larger perspective in practice and research and that interdisciplinarity 
is a must. Thus we began to make explicit some of the possible theoretical and methodological choices (e.g. 
What do we mean by mathematics education?) and how these choices do affect our practice. 

ALM 8 (Benn & Wedege, 2002) 
Several studies examine numeracy in society. They represent, however, different approaches to the subject area, 
for example: an an objective perspective (society’s requirements of numeracy) versus a subjective perspective
(adults’ individual need for numeracy; or a numerical skills approach (numeracy as basic skills) versus a
numerate competence approach (numeracy as an everyday competence). 

ALM 8 (Schwartz, 2002) 
I don’t believe I am alone in asserting that there are direct linkages between numeracy, empowerment and 
democracy. In essence, the hypothesis seems to be: if students demonstrate an increase in numeracy skills then 
there will be an associated increase in empowerment and democracy. 

ALM 9 (Wedege, 2003)  
By ‘problematique’ I mean a systematically linked problem field in which questions and answers about the subject 
field are formulated on the basis of a certain theoretical and /or methodological approach. It was a meta-
discussion about the nature of the new research domain and the debate at the conference showed that this is a 
very complex issue. 

ALM 9 (Maasz, 2003) 
One aspect of many statements concerned the relation of theory and practice. I had a feeling that it was not 
always clear what the meaning of “theory” and “practice” was. There were different meanings and some 
misunderstandings. This is the reason for me to invite you to concentrate on some possible meanings of “theory” 
and “practice” in the area of ALM. 

One of his [Sir Karl Popper’s] theses is that practice and theory are always connected – it is impossible to do 
something like teaching without thinking about it. If this is correct – and I think so – it is not useful to talk about 
“theory” and “practice” as if there are contradictions or as if it would be possible to do one of them without the 
other part. They belong together. 
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ALM 10 (Maasz, 2003) 
What are the realistic aims for research in our area of adults learning mathematics? Let us look at the research 
situation. We have some established academic disciplines from where we import theories and research methods: 
pedagogics, psychology, sociology, mathematics education, didactics of mathematics, philosophy, information 
sciences, medicine, biology.  A discipline like pedagogics is differentiated in a lot of subdisciplines concentrated 
on research subjects, such as very young children, teacher training, or adults learning. If the subdiscipline that is 
working with adults learning wants to start a research project to find out something about the learning process or 
the chances to improve the quality of teaching some basic decisions have to be made. What background or basic 
theory should be used? What method(s) of research could be used? Basic theories for pedagogics are in many 
cases imported from psychology or sociology. At this conference we talk about attitudes and emotions and their 
role in the process of learning. These are psychological categories. If we listen to presentations about 
mathematics at the workplace or in everyday life we will hear something about the sociological background, for 
example a definition “What is a workplace?” 

ALM 10 (Safford-Ramus, 2003) 
At ALM-7 in Boston, I shared an analysis of doctoral research about mathematics education from the years 1980 
to 2000 . . . In the intervening years since ALM-7, I have examined more than sixty of the dissertations cataloged 
in the database, reading several in their entirety. It has been an intriguing, time-consuming, and rewarding 
experience . . .. For this paper, I report on five of the dissertations that I read in their entirety. The first, by a long-
standing member of ALM, is a study in critical education conducted in Friere’s native country, Brazil. This is 
followed by summaries of two dissertations about mathematics anxiety, an ongoing concern for adult tutors, and 
two about computer usage in adult mathematics instruction, a much-touted tool that is sometimes difficult to 
implement.

ALM 10 (Coben, 2003) 
The research domain of adult numeracy is fast-developing but still under-researched and under-theorised. It may 
be understood in relation to mathematics education, as well as to adult literacy and language, and lifelong 
learning generally. Most research on adult numeracy is interpretative and uses qualitative methods, although 
quantitative studies do exist, most notably in the form of large-scale surveys. Research designs vary widely, 
including mixed methods, experimental studies, ethnographic studies and practitioner research. Heterogeneity in 
research design in studies of adult numeracy is healthy and should be encouraged, giving the diversity and 
under-researched nature of the field –or moorland – of adult numeracy and the myriad issues worthy of 
investigation, provided that the methods used are ethical and fit for purpose. Practitioners and researchers need 
opportunities to learn from each other  - practitioner/researcher fora and networks such as ALM, ANN [Adult 
Numeracy Network – USA] and ALNARC [Adult Literacy and Numeracy Australian Research Consortium] have a 
key role to play; international perspectives are important here. 

ALM 11 (Coben, Maasz, Nolte, & Safford-Ramus, 2005) 
This session was opened with a presentation by Kathy Safford that summarized the work of two theorists in the 
United States who are actively examining adult learning although not specifically the learning of mathematics.  

Dr Howard Gardener has developed his theory of multiple intelligecies (MI) over more than two decades.  … The 
eight intelligencies that have been recognized in Gardener’s theory are linguistic, logical/mathematical, spatial, 
bodily/kinaesthetic, musical, naturalist, interpersonal and intrapersonal. 

Dr Robert Kegan has crafted a theory of adult development that describes three perspectives from which 
teachers and learners view their educational experiences. Kegan and his associates at NCSALL [National Centre 
for the Study of Adult Learning and Literacy – USA] distinguish three “ways of knowing” that may appear within 
the adult life span: instrumental, socializing, and self-authoring. 

Participants in Topic Group A suggested other theorists who are influencing current research. 

Professor Brian Butterworth … In his book The Mathematical Brain … describes several findings concerning the 
learning of and dealing with mathematics. The book evokes the question of the mathematical capabilities of 
babies, the differences between street mathematics and school mathematics, and other topics pertinent to adults 
learning mathematics. … His resultant theory proposes that the capability to do mathematical operations is 
localized within the brain. 

Dr Stanislas Dehaene is a mathematician … who studies cognitive neuropsychology of language and number 
processing in the human brain. . . .His 1997 book The Number Sense: How The Mind Creates Mathematics … is 
a study of numeration … He argues that many of the difficulties that people face when learning mathematics 
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stem  from our primate brain … He also argues that the human brain does not work like a computer and that the 
physical world is not based on mathematics, rather mathematics evolved to explain the  physical world. 

The second session of topic group A concentrated on the future of ALM research. Leading the brainstorming 
session, Juergen Maasz asked participants to collect their ideas and wishes in response to questions like: 
What should be research areas that are helpful for ALM? 
What do I want to know about adults learning mathematics?  
What could be areas for joint ALM research projects? 

[Note – the list of projects was published in the proceedings of ALM-10 and in the ALM newsletter No. 22 March 
2005 available on the ALM website] 

The ALM 12 event 
The ALM 12 session began with a kinaesthetic activity, both to break the ice and to find out how many people had 
had previous experiences of ALM conferences. The participants in the Topic Group discussion were asked to form 
themselves into a human bar chart according to the number of times they had attended ALM – 1, 2, 3, or more than 
3. This immediately produced a picture of the pattern of attendance at ALM conferences with approximately twelve 
attending for the first time, five attending two, one attending three and eight attending more than 3. 
As anticipated there was a need to provide a background to this on-going discussion. The introduction summarised 
the main points given above in ‘The Story So Far’. The emphasis was put on the fact that this topic group was still 
defining the boundaries of this field or moorland of study, and was continually encouraging more people to become 
interested and participate. 
I brought in my own interpretation by looking at the name of our organisation as a means of defining our activities. I 
like to think of this as a focus on our locus. 
Adults Learning Mathematics can be looked at in three ways: Adults Learning, Adults Mathematics and 
Learning Mathematics. The significance of this is summarised in Table 1. 
This summary and introduction provided a background against which the participants in the Topic Group were asked: 

Can we build up a field of study of our own? 

If we can promote more research – where should it go? 
The participants were divided into four groups, and as far as possible these groups were mixed in terms of 
experience of attending ALM conferences. 

Table 1. Three ways of looking at Adults Learning Mathematics. 

Title Field of Study Significant Topics 
Adults Learning Adult education 

The practice and study of teaching and 
learning in the post-16 sector, including 
vocational, technical and work-based 
learning

Theories of adult education, “androgogy”, 
‘Bildning’ 
Social justice 
Empowerment
Entitlement

Adults Mathematics Mathematics curricula 
Attitudes to mathematics 
Philosophy of mathematics 

Numeracy 
Ethnomathematics
Maths phobia/anxiety 

Learning Mathematics Theories of teaching and learning 
Models of mathematics education 

Mathematics in context 
‘Everyday maths’ 
Algorithms
Learning preferences 
Dyscalculia 
‘Maths anxiety’ 

The summaries of the discussions, as noted at the time, are shown here. 
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Group 1 
Is there a need for a framework and what should it be? 

Acknowledge 'complexity' - need not to exclude ideas as areas of study 

What are the differences between children and adult learning? To what extent are they important? 
Group 2 

Can we keep focus inclusive (of) adults mathematics 

Trickle up what we know from ABE/ASE (adult basic/special education) 

Special needs students (eg blind and deaf) - language / cultural  
Group 3 

Extremes eg Sudanese immigrants - no school education - no formal education 

Cultural difference - no experience of western structure 

How do you stop formal education destroying knowledge? 

Not recognising actual knowledge - mathematical cultures  

Will official culture kill valid mathematical cultures? 

Language - adaptive expertise 

Providing magic formulae "algorithms" eg nurses/electricians formulae not understanding 

Adult numeracy  moving to prepare for further study   moving to traditional  

How (to) bridge divide of maths/numeracy? 
Group 4 

How do adults learn math on line? 
- can technology increase access and equality 
- what costs and benefits? 
- does it affect the nature of the math? 

How do we look at development - research it 
- How is adult math development different/same  from kids? 

experience? 

ageing? 
- What do adults bring that facilitates learning? 

How learning math changes a self-identity 
- look at identity shifts 

Do we need a curriculum? 
- if we have a starting point on everyday experience/concrete experience and go from there 
- how do teachers trust this process? 

What skills do teachers need? 
The second workshop was held on the following day. The aim of the second day was to identify the next steps with 
the opportunity for participants to add the experiences gained at ALM 12 to the debate.  The ideas emerging from 
this workshop would inform future discussions of the ALM Trustees and next year’s conference, particularly the Topic 
Group A discussion. 
The summary of the comments and discussions of the first session is presented under the following headings. 
A. Community of Practice ~ Professional Development 
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B. Curriculum ~ Knowledge – Formal & Informal 
C. Language ~ Speakers of ‘other’ languages – Sign – Mathematics 
D. Learning Theory ~ Children – Adults 
E. Personal Development ~ Identity ~ Understanding 
These categories were used as a basis for further discussions, but there was some concern expressed that useful as 
categorisation may be, it should not form a limit to what can be discussed. 
We found the time of the second session very limiting – given the scope of the issue under consideration. I noted the 
following as the main new themes or proposals to emerge from this discussion. 

Adult numeracy and social justice 
This was the main theme of the 2005 conference itself. It was given as an example of the meta themes to be 
considered in the future. 
Framework of previous ALM Proceedings 
A suggestion to look at the past proceedings of ALM conferences and seek to categorise the contents. This 
could be linked to an analysis aiming to summarise “who we are”. 
Data base of research activity 
This would be an active record of what is being investigated, which would aim to make links between people 
working in various specialist areas, who could support each other. An example was given of working in the 
Maori language, working in sign language and working on ESOL courses; though apparently diverse, these 
adult numeracy contexts are all linked through the issue of the use of language in mathematics. 

Conclusion
I re-call going to ALM conferences to find some theoretical answers to questions about teaching numeracy. At Topic 
Group A sessions the discussion on theoretical frameworks has become the place to raise new questions, and within 
the annual meetings to bring more people into this fundamental discussion. The answers are continually given by the 
strength, variety and depth of the contributions that are made to each ALM conference as it criss-crosses around the 
world. 
I presented three aims at the beginning of this paper that the workshop was to meet: the initiation of newcomers; the 
continuation of the tradition; and the possibilities for future developments.  I feel these were achieved, and that 
defining the theoretical frameworks for adults learning mathematics had been enriched that little bit more. 
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New ways into geometry: Ideas + readily available computer tools = 
powerful learning 

Peter Enge Noeline Little 
Canberra Institute of Technology Canberra Institute of Technology 

peter.enge@cit.act.edu.au noeline.little@cit.act.edu.au 

Our workshop demonstrates some ideas for using readily available computer software and the 
resources of the Internet to introduce geometry to adult learners. We present some ideas for using 
Wingeom (Peanut Software freeware, with dynamic geometry features) and Microsoft Word, to teach 
introductory aspects of geometry. We also indicate some Internet sites we have found valuable in 
motivating and teaching geometry. The computer tools we use require the students to create their 
geometry learning as they go, while simultaneously engaging the students in many aspects of the 
language, logic and history of geometry. Our experience is that this approach enables learners to tailor 
their geometry learning to their needs and interests, and makes them aware at first hand of the ever-
expanding resource which computers and the Internet provide for all learning, mathematics included. 

Using Word in geometry 
The Drawing tool in MicroSoft Word enables many mathematical symbols and materials to be prepared.  For 
example simple fraction diagrams are easily created. A grid with superimposed shapes can be used for assisting in 
the development of the concept of area and area formula.  
There is a program called amath96 which enables mathematical typing and provides a wide range of mathematical 
symbols. It is easy to use. Do a Google search if you require more info. 

Wingeom
Wingeom is a freely available program available from the Internet. It is known as a dynamic geometry program as it 
allows shapes that are created to be easily dragged into new forms of the shape. 
In order to use it follow these instructions.  Open the Wingeom folder and double-click on the Wingeom icon to run 
the program. Click on Window and then 2-dim since we are dabbling in plane geometry. 
Wingeom allows the introduction and exploration of a host of geometrical concepts, such as: 

Plotting and dragging points. 

Drawing lines and segments. 

Creating angles. 

Creating triangles, polygons, etc. 

Measuring and calculating with lengths and angles in Wingeom figures. 
Figures 1, 2 and 3 below are sample screen shots from files developed by us (the workshop presenters) which relate 
to similar triangles, proportion and right angled triangles, respectively. In each figure a portion of the Wingeom 
notebook has been pulled down from the menu to indicate the type of assistance it is possible to create for a pre-
designed workshop for students.
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Figure 1.  Wingeom “similar triangles” screen shot. 

Figure 2. Wingeom “similar triangles – sides in proportion” screen shot. 
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The power of Wingeom resides in its dynamic qualities. As the notebook in Figure 2 says, various points can be 
clicked and dragged, thus changing triangle side lengths and sizes. While this is happening, the measured quantities 
shown on the top left hand portion of the screen, change continuously subject to the constraints built in to the 
construction, and convey in dynamic fashion the nature of similarity.
The exploration pictured in Figure 3 is quite demanding in terms of its information content but I think well worthwhile 
as far as deepening the user’s understanding of the logic of right triangle trigonometry. 

Figure 3. Wingeom “right triangle trigonometry” screen shot. 

Web resources for geometry 
Geometry Step by Step from the Land of the Incas http://agutie.homestead.com/ is an amazing and eclectic 
ethnomathematical website full of serious geometry, fascinating cultural and historical snippets, quirky music, 
and breathtaking images. A true wonder of the web! 

The Geometry Junkyard http://www.ics.uci.edu/~eppstein/junkyard/ is like any rubbish tip a treasure trove for 
the enthusiast, and in this case a geometry junkie’s nirvana. 

The folder GeoGebra contains the installation file geogebra_setup and pdf help manual for the up-to-the-
minute alternative dynamic geometry freeware program GeoGebra. To install GeoGebra on your computer,
double-click on geogebra_setup. GeoGebra actually combines algebra and some calculus with geometry. 
Once again, a Google search will provide further information. 

Recapitulation, Summary and Taking it Further 
Dynamic Geometry software is worth bothering with.  We have demonstrated a few of the many ways in which 
readily available computer packages and tools can enrich every learner’s mathematical experience. 
Programs, files and further information about any aspect of this workshop can be obtained by emailing either author. 
Noeline has set up a GeometryPlus blog which all are welcome to join, so that any of us who are interested can stay 
in touch, and share ideas, knowledge and resources into the future. 
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Preparing an article for a journal 

Gail FitzSimons 
Monash University 

gail.fitzsimons@education.monash.edu.au 

In 2005 the first edition of ‘Adults Learning Mathematics — An International Journal’ was published 
online. This paper will discuss the technical and conceptual requirements for the preparation of articles 
for refereed journals, based on this journal’s refereeing procedures. 

Introduction
An enormous contribution has been made through the annual ALM conference proceedings and the work of 
individual members to making available theoretical and practical research in a field which remains under-researched 
and under-theorised. A refereed electronic journal has now been established to further develop the high quality work 
in this field. The Call for Papers on the ALM website [http://www.alm-online.org/] states that: 

Adults Learning Mathematics — An International Journal is an refereed journal that provides a forum for the 
online publication of high quality research on the teaching and learning, knowledge and uses of 
numeracy/mathematics to adults at all levels in a variety of educational sectors. Submitted papers should 
normally be of interest to an international readership. 

The Author Guidelines make the following eight points intended to help in the preparation of a manuscript suitable for 
publication: 

1. The paper should make a significant contribution to the furtherance of knowledge. For example, the ideas in 
the manuscript should not be readily available elsewhere. 

2. Manuscripts should not have appeared in other journals and should not be similar to ones which have 
appeared recently in the Adults Learning Mathematics: An International Journal. 

3. Articles must be relevant to adult mathematics/numeracy education in that they deal with: 

Research and theoretical perspectives in the area of adults learning mathematics/numeracy;  

Debate on special issues in the area of adults learning mathematics/numeracy 

Practice: critical analysis of course materials and tasks, policy developments in curriculum and 
assessment, or data from large-scale tests, nationally and internationally. 

4. The Journal is willing to publish papers relating to all aspects of adult mathematics/numeracy education and 
following any research paradigm. However, the author(s) must make a case for the significance of the topic 
and the appropriateness of the methodology used.  

5. Papers may be of any length, up to about 9000 words. However, long papers should not be long-winded and 
short papers should deal with a particularly important question. 

6. The paper should read well, with a beginning, a middle and an end, a good “flow” and a clear and logical 
organisation. Arguments should be clearly and cogently expressed. 

7. The paper should be clearly written, with a good paragraph structure and free of colloquialisms and unwieldy 
sentences. The difference between the author’s opinions or experiences and assertions or inferences based 
on the literature should be particularly clear, and the paper should not contain any mathematical or other 
technical errors.  

8. The Publication Manual of the American Psychological Association (Fourth Edition) is the general guide to 
style.

Once the manuscript has been received a ‘blind copy’ is sent to three reviewers; normally two from the Editorial 
Board and one ALM member. Reviewers are requested to return two forms — a summary sheet and a more detailed 
report — within six weeks. Their responses are coded, then collated and summarised by the Editor, and sent via 
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email to the first author. Anonymous copies are also sent to each reviewer as part of the ongoing professional 
development process. Figure 1 below is a reproduction of the summary sheet sent to reviewers.  

Important points to consider in manuscript preparation 
In this section I will elaborate on 10 of the 14 points listed in Figure 1. 
Is this article clearly a study in mathematics of adults? 
This should present no problem for ALM members or those attending ALM conferences. However, it is important to 
make the links to adults learning mathematics explicit. One of the problems faced by adult educators, internationally, 
is the definition of ‘adult’. Accordingly, it may be useful for the author/s to define the kinds of learners for whom the 
article is intended to be of relevance (e.g., early school leavers, older workers needing retraining, parents wishing to 
help their children, or new immigrants and others wishing to return to study/employment). Another ongoing debate is 
over the definition of terms such as ‘mathematics’ versus ‘numeracy’ or ‘mathematical literacy’, and so forth. Authors 
could briefly clarify their choice of terminology, explaining why they have chosen the particular term/s and what might 
be included as content or learning outcomes. As noted above, the manuscript should make clear its relevance to: (a) 
research and theoretical perspectives in the area of adults learning mathematics/numeracy; (b) debate on special 
issues in the area of adults learning mathematics/numeracy; and/or (c) practice, in the form of critical analysis of 
course materials and tasks, policy developments in curriculum and assessment, or data from large-scale tests, 
nationally and internationally. 
Referee Summary Sheet  
Manuscript no. …………. Reviewer:     date …………………. 

Scientific Quality Yes No Not 

relevant 

See

comments 

1 Is this article clearly a study in mathematics of adults?     

2 Does it make an original contribution to mathematics 

education for adults? 

    

3 Is it accessible and interesting to an international readership?     

4 Does it provide a well founded and cogently argued analysis?     

5  Does it take appropriate account of previous work?     

Quality of Presentations     

6 Does the title give a clear indication of the focus of the article?     

7 Does the abstract summarize the article clearly and concisely?     

8 Is the language of the article sufficiently fluent and clear?     

9 Are the illustrations and tables necessary and acceptable?     

10 Are the references adequate and are they all necessary?     

11 Could the essential content be presented more concisely? 

(particularly if the article is more than 20 pages in length) 

    

Advice to editors     

12 I enclose further comments about the article as attached pages.     

13 I have annotated the manuscript     

The article is  

a) acceptable for publication in its present form     

b) acceptable for publication with minor revisions     

c) worthy consideration after major revision, or     

14

d) not acceptable for publication     

Figure 1. ALMIJ referee summary sheet. 
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Does it make an original contribution to mathematics education for adults? 
Within the parameters discussed above, it is expected that the article will offer new perspectives on existing research 
and theory through, for example, the reporting of original research by the author/s, the formulation of alternative 
theories, or a meta-analysis of existing research. Debates and analyses are expected to produce ideas not 
previously published. 
Is it accessible and interesting to an international readership? 
The content of the article should take into account the diversity of readership, explaining basic terms and acronyms 
commonly used in the author’s local situation but which may not be known universally. Analyses and conclusions 
should also be of relevance to researchers and practitioners in other countries. 
Does it provide a well founded and cogently argued analysis? 
As with all academic writing at this level, assertions need to be supported by evidence from the literature and/or the 
investigation under discussion. There needs to be a logical progression from the introduction, the justification for the 
importance of the problem and the methodology used for its investigation, the analysis and discussion, to the 
conclusions/implications. 
Does it take appropriate account of previous work? 
Although the field of adult learning mathematics has been described as under-theorised and under-researched, it is 
indeed developing quickly and in diverse ways, internationally. Prospective authors are recommended to search the 
literature from previous ALM conferences, International Congress on Mathematics Education [ICME], and other 
major international conferences where ALM members are likely to be represented. The ALM website [http://www.alm-
online.org] also provides a link to relevant publications by members. 
Does the title give a clear indication of the focus of the article? 
The title may need to be revised after the completion of the article to align more closely with what has actually been 
written.
Does the abstract summarize the article clearly and concisely? 
As for #6, the abstract may also need to be revised after the body of the article has been completed. 
Is the language of the article sufficiently fluent and clear? 
The language should be easy to read, free of jargon, with unusual terms elaborated, and all acronyms written in full 
the first time they are used (e.g., vocational education and training [VET]). Authors whose first language is not 
English are advised to seek proof-reading support from a first-language English speaker who understands the 
mathematical and educational concepts involved. In fact all authors, especially novices, are recommended to have 
the text read by a critical friend. Although the choice of the English language version rests with the author/s, it must 
be consistent throughout, and a ‘spell check’ should always be used. A ‘grammar check’ will help with the correct use 
of apostrophes for the possessive case (and not simple plurals, including decades such as 1980s). 
Are the illustrations and tables necessary and acceptable? 
The importance of these is to enhance the reader’s understanding. Accordingly, they should be as simple and 
uncluttered as possible. Check with the style guide for formatting. 
Are the references adequate and are they all necessary? 
References are intended to assist readers to follow up on those aspects of the article with which they may desire to 
become more familiar. It is also important that authors do not present other people’s ideas as their own where they 
are able to cite the original source. If there are several possibilities, choose the ones you consider most important. It 
is particularly important to follow the formatting guidelines in order to ensure consistency of style in the journal 
(American Psychological Association [APA] in this case). References should be generally accessible to international 
readers, and Universal Resource Locations [URLs] given where possible.  

Conclusion
In the field of adults learning mathematics there is clearly a need for further development of the literature. People 
such as researchers, graduate or postgraduate students, and practitioners reflecting on their own teaching have 
much to offer ALM members and the broader education community who share our interests (to some extent at least). 
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It is important to make connections with relevant and up-to-date literature (although some older references may still 
be pertinent and therefore acceptable) in order to challenge or extend previous assumptions and findings. 
All experienced authors have had to take the first step themselves, and appreciate the need to encourage 
newcomers. Accordingly, reviews from this journal are intended to provide constructive criticism. If you believe that 
you could further develop an existing conference paper or study assignment of your own, or even start afresh 
reflecting on an issue of significance for you and which might interest others internationally, please consider 
submitting an article. New reviewers are also welcome!  
See http://www.alm-online.org/ for more details. 
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Financial numeracy: in whose interest? 

Sue Gunningham 
ANZ Community Relations 

This workshop dealt with some of the issues associated with financial numeracy and the impact of lack 
of it on groups within society.. 

In May 2003 ANZ conducted Australia’s first national survey of adult financial literacy. The research identified a 
strong connection between socio-economic status and financial capability in Australia. Those groups most at risk 
were: 

Those with lower education levels 

People outside of employment or with lower incomes 

People with low savings 

People aged between 18-24 years and those over 70 years. 
In response to these findings, ANZ has developed a range of financial literacy programs targeted primarily at 
improving the financial literacy of those people identified as most at risk. ANZ believes that improved financial literacy 
within the community, particularly for the target audience, will have long-term benefits for the community overall.  In 
addition, an informed, empowered clientele promotes competition between financial institutions and leads to 
improved services for all customers. 

Saver Plus 
Saver Plus is a financial literacy and matched savings program that was trialed with 262 families during 2003-2004. 
The program was developed in partnership with community educators in non-government charity organizations. 
Participants undertook to save consistently for a specified period toward an identified goal.  They also completed five 
2-hour financial literacy workshops during the saving period.  257 families successfully completed the program and 
their savings were then matched on a 2:1 basis by ANZ. Over 92% of families achieved their saving goal. More than 
72% showed a consistent savings pattern during the program compared to 39% prior to being accepted into the 
program (24% of the successful families had never saved prior to being involved in Saver Plus). 

MoneyMinded (www.moneyminded.com.au)
This adult financial education program again relies on community educators and financial counsellors to deliver the 
program to low-income earners.  It was developed by ANZ and the NSW Dept of Education & Training and an 
advisory committee featuring nominees from the Australian Financial Counselling & Credit Reform Association 
(AFCCRA) and the Aust.  Securities & Investments Commission (ASIC). 
The flexible program allows educators to use any or all of the 17 workshops in whatever way they see as 
appropriate. The workshops aim to help adults improve their financial knowledge and build their confidence in how to 
manage their finances. MoneyMinded is not ANZ branded and does not promote any financial services or products.  
The trial of MoneyMinded commenced in 2004 and ANZ has the aspiration that 100,000 people will participate in 
training by the end of 2010. 
ANZ is also currently sponsoring the development of a MoneyMinded for Youth package aimed at students in their 
final years of secondary education. 
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Fractal Activities for the Classroom 

Paula Herlihy
Morrison House Community House

pherlihy@alphalink.com.au

Motivation and activities for Y3-Y12 to develop the mathematics needed to be able to detect fractal 
structures and get an idea about what might and what might not be a fractal. These include definitions 
of dimension and scale, using measurement (the metric system) to the limits of our knowledge 
zooming in and out of a structure, thinking about infinities, transformations, probability and exponents 
(logarithms and matrices for Y12). Different students were attracted to different sub-sections of this 
work, and all emerged more mathematically literate in some way. The pattern detection in the Koch 
snowflake and Sierpinski Gasket work was excellent. 

I guess the first thing I want to say about a topic like this, is that I did not think – Oh Goody, let’s do fractals in my 
adult Numeracy classes! 
A friend who is both an environmentalist and an artist found out I was a mathematician, and cajoled me into 
organizing an exhibition using his artwork and my text around the theme of fractals. 
As a teacher, I felt that the chance to take my adult maths students on a local excursion was too good to pass up, 
and I created some activities that fitted their Certificate in General Education for Adults numeracy learning outcomes 
to use before, during, and after the visit.  And since I’d been teaching numeracy to adults with intellectual disability for 
several years before that, I couldn’t help thinking of things I’d do with those classes which would be suitable for 
primary levels. 
In the end I had a set of activities to use from Certificate 1 Introduction through to beyond Certificate 3 – 
approximately Year 3 through to beyond Year 11.  I emailed local schools and maths people I knew and suggested 
I’d write materials for their classes if they wanted to come to the exhibition, and one teacher at a small private school 
took me up. 
As usual I had to convince my students that this was real maths that I could use in their assessment, and this 
convincing process was also useful to me so that I learnt how to create materials that fitted the course outline.  
Topics I identified as being part of the CGEA structure were dimension, scale, translations (slides), reflections (flips), 
rotations (turns), dilations (enlarging and shrinking the scale), algebra, probability, fractions and logarithms (indices, 
powers, exponents).  Topics I identified as beyond us were matrices, solving equations with the unknown as the 
logarithm and complex numbers.  
But quite unusually, I had to make it clear that I was not sure what a fractal was, and that we were part of the really 
exciting thing called creating maths, that what was and wasn’t a fractal was being argued about on the internet 
RIGHT NOW.
There did not seem to be an obvious stepwise way to teach or define a fractal – we needed dimension and scale and 
measurement, plus some facility with exponents, all at the same time, so I just jumped in and cycled over and over 
the same material with different examples, and followed questioning.  I stopped when we all had some idea of what 
we were talking about.

A Practical Example (text is for the teacher, activity for the student) 

Make a Gum tree (Eucalypt) 
1. Collect a sheet of pictures of little gum trees.  You can cut out the squares, but it is good if 

you can cut around the leaves and the trunk so it looks like a “lollypop” shape.  Cut out 
about 5 or 6 of them. 

2. On a sheet of A4 paper, glue the little trees so they look like they are branches of a bigger 
tree, a bit like this: 
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3. Draw a long new trunk of this new “tree” down like the rectangle here 
4. Cut out around the envelope of this new big gum tree.  Maybe write your name 

on your tree. 
5. Find some other people who have finished their tree, and a big sheet of paper.  

(How big?  Is A3 big enough?  Maybe stick some sheets together?) 
6. Use your named trees like lollypops to make a bigger tree.  Repeating the 

method like this is called an iteration.
7. Someone draw a nice trunk on the new big tree. 
8. Keep going. 

Some students called this “the cauliflower tree”.  The branching cauliflower structure is 
another example of a fractal structure. 

Dimension
I made a series of small posters:   

a point (0 dimensions) 

part of a line (1 dimension) 

a coloured in hexagon (2D) 

a cube of pretty foiled paper (3D) stuck on with double sided tape 

a dodecahedron stuck on plus a temperature in degrees Celsius (4D) 
The main thing here was discussion.  What do we mean by “dimension”?  My students are adults.  They have ideas 
and concepts. They tended to be pretty happy with 3D for the cube, so I asked them why and eventually we got 
happy with 2D and 1D maybe, but we had lots of discussion about 0D and 4D and 5D, 6D and 128D.   
I said I’d heard there were different ways to define dimension.  My background was physics and so I tended to use 
“dimension” for “parameter” or how many numbers I needed to specify a state.  I’m summarising here for an educator 
audience. I said for me the origin was a given, and then I counted how many numbers or parameters I needed to 
specify another point not at the origin. With students with higher skills we considered polar co-ordinates vs Cartesian 
(still 2 in 2D and 3 in 3D), and even with my students we talked about Cartesian co-ordinates versus axes at an angle 
(and Melways vs latitude and longititude on the (2D) surface of a sphere).  This got very confusing.  I sympathised.  I 
suggested they ask around and look on the internet for any clues! 
I justified my definition, and mentioned that another definition was written down by Hausdorff, and had been taken up 
by someone called Mandelbrot to define fractals (whatever THEY are!).  I wrote these names down in case they want 
to put them in Google – Google is lovely and rich and confusing when you do.  I had posters about using this 
definition, and I pointed to them, but said I thought we needed some more language first. 

The Red Volkswagon 
This is someone else’s great example of something which is NOT a fractal, but it also links in with the dimension 
discussion above, and leads into A Question of Scale below 
I made a set of laminated small posters 

a picture of a race track with people looking into the distance but the car was too small to see (1 or 0 
dimensions or ?) 

a photo of a red VW (looking flat, like 2D) 

a toy car, wired onto the poster (3D) 

a close-up of a red fender (2D) 

red lumps, like atoms lined up in rows (actually a closeup of carpet from the internet) 

a diagram suggesting an atom, with a nucleus and ‘orbits’ around it 
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When viewed at different scales, or amounts of zoom, the red Volkswagon appeared to be different dimensions.  
Also, as you zoom in and out, what you see changes radically. 

A Fractal 
We then looked back at the gum tree, and noted that as we zoomed in and out, the same basic shape kept 
appearing again (the lollypop tree). 
The same occurs for a fern frond.  The photograph here on the left in figure 2 is of a fern frond which has been 
digitally produced.  The second photograph in figure 2 shows what it is like to zoom in on the fern frond and smaller 
fern fronds appear which are like the main frond. 

Figure 2. Photographs of a fern21.

A toru – an uncurling fern frond from New Zealand (see pictures on www.maorihealth.co.nz/images/fern_frond)
shows the same characteristic where a small part of it has the same structure as the whole.  
A fractal is a shape like this that repeats at a smaller scale.  Figure 2 shows Broccoli Romano, another fractal from 
nature.

Figure 3. Photographs of a broccoli romano22

When this repetition at a smaller scale happens, we say we have a fractal structure, and if this continues to infinity 
we can define a fractal dimension. 

21  These photographs replace the ones that were used in the workshop for copyright reasons. 
22 This photograph is of a real piece of broccoli and replaces the photographs used in the workshop for copyright reasons. 
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We looked at the Sierpinski Gasket or Triangle shown in figure 4, created by a group of primary students, and 
discussed why this was a fractal.  

Figure 4. The Sierpinski Gasket 

At this point I repeat a lot of the above and take a lot of questions, as the eyes start to glaze. 

Scale
Just when we get frustrated, I move to looking at a website, called A Question of Scale: Quarks to Quasars 
(http://www.wordwizz.com/pwrsof10.htm).

This is a visual journey consisting of 42 images -- 42 powers of ten. At one end of the journey is the immensity of 
the known universe, 13.7 billion years old with a radius of at least 12 billion light years (and probably much 
larger). At the other end of the journey is a depiction of the three quarks within a proton. (Copyright © 2005 by 
Bruce Bryson. Send comments to eebrysonba@wordwizz.com.)

This is a free site based on the wonderful Philip and Phyllis Morrison book and video put out by the Scientific 
American, but so hard to get hold of. 
This is a good time to talk about the metric system, scientific notation, powers/exponents/logarithms, squares of side 
1 metre, how many cm in a m and how many cm2 in a m2.  It is especially valuable to clarify that ‘scale’ means ‘linear 
scale’ by default – and what this means for area and volume.  We need all of this to even try to attack the Hausdorff 
definition of dimension.  We revised all of this in class before we went to view the exhibition. 
We compare what we see as we scale up and down with the red VW and the fern frond.  We don’t get similarity of 
shape as we zoom up and down here either. 
So when DO we get similarity of shape when we zoom up and down?  When we scale up and down? 
A line is a perfect example.  When we scale up a line, we get a line.  Ditto when we scale down.  If we scale up a 
square (same scale factor both dimensions taken as given), we get a square.  If we scale up a cube we get a cube. 

Hausdorff (Mandelbrot’s) Definition of dimension 
If students are sufficiently skilled, I introduce the Hausdorff  definition (I did this with a few skilled adults at the 
exhibition).  I had laminated posters showing how the definition worked for a line, a square, a cube, and a Koch 
curve.   
The definition is also supposed to be for the limit as you go to infinity. 
However none of my students could even work with the logarithm structures, so I gave them the following cut down 
‘powers’ version for non-fractal dimension: 

Fractals: Dimension.
We have a gut feeling that a flat object like a square has 2 dimensions, a cube has 3 dimensions, a line has one 
dimension and a point has 0 dimensions. 
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1. Look at the displays and give me an example of a situation with 4 dimensions (there are two examples given 
there).  (The displays included pictures of linear, 2-D and 3-D objects including a cube, a pyramid, an arc of a 
circle and a sphere. 

2. Using Mandelbrot’s definition of dimension, a line has one dimension because if a line is scaled up by a factor 
of 3, it takes 3 copies of the original line to “cover” the new line. 

(scale factor) D = Number needed to cover 
3 D = 3,      so D = 1 

3. Using Mandelbrot’s definition of dimension, a square has dimension 2 because if it is scaled up by a factor of, 
say, 3 times, it takes 9 of the original square to cover the new square, ie 

(scale factor) D = Number needed to cover 
3 D = 9,        so D = 2 

4. Using Mandelbrot’s definition of dimension, a square has dimension 2 because if it is scaled up by a factor of, 
say, 5 times, it takes ______ of the original square to cover the new square, ie 

(scale factor) D = Number needed to cover 
5 D = _________     so D =  

5. Using Mandelbrot’s definition of dimension, a cube has dimension ______   because if it is scaled up by a 
factor of, say, 2 times, it takes _______ of the original cube to cover the new cube, ie 
(scale factor) D = Number needed to cover 

2 D = ________      so D =

Koch snowflake area & perimeter (Pattern detection) 
I adapted creating a snowflake (http://math.rice.edu/~lanius/frac/koch.html), and looking at its finite area 
(http://math.rice.edu/~lanius/frac/koch3.html) and its infinite perimeter (http://math.rice.edu/~lanius/frac/koch2.html)
from Cynthia Lanius’ excellent pages on the Internet. 
My Certificate 2-3 students did this brilliantly.  They do perimeter, area and problem solving by filling in tables and 
detecting patterns a lot, and this was an exciting application for them.  I doubt if any fully comprehended the finite 
area versus the infinite perimeter aspect, but they all got the formulas and the scale factors!   
I had a poster on the fractal nature of coastlines, giving Richardson’s original graph. 

Transformations
We did this because it is easy and the students all loved doing it.  I related it to fractals through the iterated function 
system (IFS) fractals that I had on display, but only made a hand waving attempt to link to fractals. 
Basically I use interesting rubber stamps to get students to do translations (slides), rotations (turns) and finally 
reflections, using a MIRA.  As students attempt to do what I have asked, they start to figure out what needs to be 
given to specify the transformation.  For example, a rotation requires angle size, direction and centre of turn – a turn 
of a quarter of a circle clockwise about top left corner of the wooden part of the stamp. 
A MIRA is a commercial product (see, eg, http://www.cochranes.co.uk/edu4.html) which is basically a piece of 
coloured translucent plastic which transmits part of the light and reflects the other half.  This allows you to draw the 
reflected object by looking through the plastic in a way one cannot do with a full mirror. 

Pascal’s Triangle, Binary Pop up card, Tower of Hanoi and other things 
Students at all levels loved making the binary pop-up card (figure 5).  I had to help some.  I printed out a beautiful 
Fractal pic in colour from the Internet to be on the front of the card.  I then asked, why do I say this is a fractal? 
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Figure 5. A binary pop-up card 

Next I showed the Tower of Hanoi puzzle, and also modelled it with tableware – large plate, small plate, bowl, cup 
and spoon moving between three place mats.  Look on the Internet if you don’t know this puzzle.  I showed how the 
binary pop-up card was the solution to the tower of Hanoi, and I talked about recursive functions and iterations in the 
context of the Tower of Hanoi. 
I showed Pascal’s triangle, and how colouring in multiples of two produces a Sierpinski Gasket (and how colouring in 
multiples of other numbers makes some other great patterns).  This idea came from a Dale Seymour publication and 
has a web reference: (http://plgcatalog.pearson.com/program_single.cfm?site_id=2&program_id=584&searchType
=Keyword&searchTerm=pascal), Visual Patterns in Pascal’s Triangle. 
I hope it is clear that I spread all this out over weeks with my students, interspersed with other work, but it was 
crammed into a session at the Conference!   
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Discourse in the classroom and its place in learning 

Marj Horne 
Australian Catholic University 

marj.horne@acu.edu.au 

This workshop presents a number of activities to encourage the use of language and discussion as an 
aid to learning. 

What do I mean by discourse? By discourse I mean the communication in the classroom between learners where 
they are using their own language to explain their ideas and discuss their knowledge. This paper explores a number 
of activities which encouraged discussion between students in their own words, allowing them to ask each other 
questions and requiring their participation, while at the same time encouraging them to take control of their own 
learning. 

Truth debates 
The purpose of this task is for students to question and discuss mathematical ideas, explaining their reasoning.  The 
task can be used for any idea.  It starts with a mathematical statement about which students must make a decision 
on veracity and be able to explain their reasoning.  It involves group discussion. 
The idea of this activity is to have the students discussing and arguing in groups to clarify their ideas about whatever 
aspect of mathematics is put forward.  It encourages them to ask questions of their own knowledge but also to try to 
justify their beliefs about certain aspects of mathematical knowledge. 
Begin by displaying the instructions as shown in figure 1.  Explain the process where for each statement the student 
must decide on its truth.  Allow about five minutes for the individual students to clarify their own ideas.  The groups 
are then formed and the students share their ideas in the groups being aware that they are trying to reach agreement 
and that by the end every member of the group needs to be able to justify the group’s position.  This 
explanation/justification is a really important part of the activity, and while the groups try to reach consensus within 
they also must try to find ways of explaining their viewpoints which would convince others.  Depending on the 
particular statements it may take the groups 15 minutes, or more, to reach consensus.  

Figure 1. Instructions for truth debates. 

There are a number of statements given here which could be used but in a class it is better to focus on one or two 
statements at a time and to create new statements to meet the mathematical purpose at hand. 
Once the groups seem to have reached consensus within call the attention of the whole class and ask each student 
to commit themselves on the truth of the first statement by using the following:  

If you think Statement … is always true fold your arms (I model this to illustrate).

If you think it is only true sometimes clasp your hands in front of you (again I model this).

If you think it is never true place your hands flat on the table.   
Sometimes someone asks what to do if you do not think.  The answer is to place your hands on your head and 
massage your brain to help it along.  This is usually a joke between us. 

For each of the statements below decide whether it is 
Always true 
Sometimes true – and specify conditions when it is true 
Never true 
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Now chair the debate asking someone to justify their position, preferably choosing that person by name, noting their 
opinion on the statement’s truth from the position of their hands and asking them to explain their position.  I explain to 
the class that at any stage of this debate any people may change the position of their hands, but that they may be 
asked to explain why they changed their mind.  I explain to the students that the important thing here is not whether 
one was right or wrong at the start but whether everyone understands and can explain why at the end of the debate.  
Making mistakes is part of the learning process and it is the learning that is important. The debate continues until the 
group is happy with the answer to the statement.   
The statements that are used can come from a variety of sources.  I often hear students say things in class that are 
only partly correct, or are incorrect, and I note those statements and give them back to the class on another day to 
debate.  The statements should highlight an aspect of mathematics that is often misunderstood, link directly to the 
development of the concepts that the class is currently studying, or be used as revision of previously studied topics. 
Some of the statements I have used are shown in Figure 2.  
Statements 1, 3, and 4 are sometimes true, but there are also questions of interpretation of the statements.  
Statement 2, for example, is taken by some to be true for multiplying whole numbers by ten, but others who are 
stricter with the meaning of words would say that adding a zero to 23 means 23 + 0 which is 23.  This difference in 
interpretation is pa rt of the discussion that needs to be held in a classroom.  
Considering the geometry statements leads to some interesting geometric ideas. Statements 5 and 6 deal with 
tessellations.  In order for a shape to tessellate a number of the shapes need to be able to be arranged around a 
point so the angles around the point will need to add to 360o.  As well as this the sides that are touching will need to 
be the same length.  Usually groups need to decide on a shape and cut a number of them out, physically trying to 
tessellate them.  Since the three angles of a triangle add to 180o, it will always be possible to arrange a group of 
congruent triangles so that they tessellate.  Rotating one triangle through 180o and placing two together so that they 
form a parallelogram will enable this to be easily seen. 

1. Multiplying numbers makes them bigger 
2. To multiply by ten add a zero 
3. Multiplying a number by 2 makes it bigger than if you add 2 to it. 
4. Two negatives makes a positive 
5. Triangles will tessellate 
6. Quadrilaterals will tessellate 
7. A quadrilateral with two diagonals equal in length is a rectangle 
8. The main diagonals of a cube intersect at right angles 

Figure 2. Statements for truth debates. 

The four angles of a quadrilateral add to 360o so it should also be possible.  If the quadrilateral is a square, a 
rectangle, a rhombus or a parallelogram it is easy to see how they can tessellate.  The difficulty comes with 
quadrilaterals like the two shown in figure 3.   
Students need to cut out a group of such shapes and experiment to see how they can tile with them.  They need to 
find a systematic way to do it and then try to explain it.  This means that, for this activity, materials such as scissors, 
scrap paper, rulers, etc. need to be available. 

Figure 3.  Quadrilaterals for tessellations. 

Considering the angles for the shapes, any arrangement has to have all four different angles around a point.  If a 
shape is rotated through 180o and aligned with another shape, this combination can then be translated, and the 
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whole row then also translated making a tessellation as in the diagram in figure 4 below.  The same system will work 
for both shapes but only one is shown here.  This means both statements A and B are always true. 

Figure 4.  Demonstration of a tessellation of a quadrilateral. 

While I have explained the tessellation here I have not explained it to a class.  Usually at least one group in the class 
finds a way of tessellating with these quadrilaterals and explains it quite clearly to the rest of the class, who are all 
quite happy to question what they do not understand. 
For statement 7, a 2D quadrilateral with diagonals equal in length, intersecting at right angles, might be a square.  
However if we start with two lines of equal length intersecting at right angles, other shapes can be made.  If one line 
bisects the other a kite will be made, but if neither bisect then an isosceles trapezium or an irregular quadrilateral can 
be created as shown in figure 5.  This makes statement 7 sometimes true. 

Figure 5.  Quadrilaterals with two diagonals equal in length and intersecting at right angles. 

Statement 8 is false.  The immediate image most people have of the diagonals of a cube is that they must intersect 
at right angles.  It is true that the diagonals on the faces of the cube intersect at right angles but the main diagonals 
which pass through the centre of the cube do not.  Imagine a diagonal cut across the top of the cube as shown in the 
diagram on the left of figure 6.  The shape of the cut face will be a rectangle that is not a square as the top of it is the 
diagonal of a face of the cube and the side of it is the edge of a cube.  The diagonals of this rectangle are the 
diagonals of the cube so this statement is false.   

Figure 6.  The major diagonals of a cube. 

Learners need to take some control of learning 
When a teacher structures a lesson to introduce a concept or skill the students will all leave the class with different 
memories and different ideas of what the lesson was about.   
Learning is very much the province of the learner.  The teacher tries to facilitate that learning but the actions of the 
learner are crucial to the outcomes.  Two critical components of learning that I see are action and reflection. 

A

B
BCA

D D

Equal angles are marked with 
letters in the tessellation.
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The action may be physical and/or mental action.  Taking action though requires some level of commitment and 
engagement with the concepts and ideas in the lesson.  There are many ways of actively involving students.  Some 
of these require physical action such as interacting with manipulatives.  Others just require mental action.  Just the 
act of making a decision as in the truth debates task actively involves students – they want to know if their ideas are 
right and they become involved in the discussion.   
As well as decision making being one way of active involvement, students also need to consciously be making 
decisions about their learning.  They need to see that they are learning - in fact be aware of their learning.  These 
metacognitive aspects are enhanced by consciously and openly encouraging reflection. 

Reflection and metacognition. 
One critical aspect of our teaching is that we are not only trying to assist the students to learn about mathematics but 
we should be trying also to help them learn how to learn mathematics.  Students need to take more control of their 
own learning and that means as teachers we need to be willing to give them more control.   
One way of building in this reflection on learning is to ask students to step back from trying to work on a problem and 
to reflect on what mathematics they are doing, what they have tried, what else they could try, what they have 
learned, what else they need to may need to learn, etc. 
Another example of this in mathematics is when they are to practice skills from textbook exercises or other exercise 
sources, instead of giving them the specific questions to do, discuss the types of questions and let them choose. 
Another idea is to have them write questions for each other or for a test.   
All of these ideas are aiming to transfer some of the control of learning deliberately to the students. 
Journals are another approach that has been shown to be useful in encouraging students to reflect on their learning.  
At first it is really useful in journal writing to give students specific reflection questions. 

Black Box 
This is another task which encourages the use of language and discussion in the classroom. The purpose of this task 
is for the participants to identify a 2-D shape or 3-D object by asking questions about it. This will require them to use 
language to ask about its properties. At the same time other participants are identifying shapes by touch and 
answering questions about their properties, but without being able to see the shape or object.  
Using a copy-paper box (a smallish cardboard box with a lid) holes are cut in each of two opposite sides large 
enough to allow hands to be comfortably put in.  A sheet of paper is taped as a flap over each hole so that it is not 
possible to see inside.  Objects such as 2D shapes cut from strong thin cardboard or 3D shapes such as prisms and 
cones are placed inside the box.  There are then many activities which can follow.   
Students work in pairs or small groups.  One student reaches into the box, one hand on each side, and picks up a 
shape, holding it inside the box.  The student describes the shape to the rest of the group.  The other students name 
the shape and draw it.  The shape is then removed from the box and students compare it to their drawing.  The box 
then passes to the next student. 
Discussion during and following this activity can focus on language.  What types of descriptions were most helpful in 
enabling the students to see the shape in their minds?  Were there any problems with interpretation where the 
listener had a different understanding of the words used?  What specific geometric language was used in comparison 
to the common language used? 
The task can easily be altered for different purposes by restricting the types of language used.  Banning the use of 
the word like or similar to or such equivalents can overcome the use of van Hiele’s level 1 ideas of “it is like the door” 
(Clements, 1992).  Sometimes the focus may be on common language and specific geometric names are banned, 
for example the use of it is a right angled triangle is banned but descriptions of properties are allowed such as it has 
three straight sides and one right angle.  On other occasions it may be that the use of geometric terms and language 
are encouraged to show the value of specific well defined terminology. 
The student with hands in box is translating from the actual object to language and the other students are translating 
from the language to a representation of the object. 
Another form of the above activity is to restrict the student with hands in box to answering only yes or no to questions 
from the group who are trying to draw the object.  This forces the students to think more about properties that enable 
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identification, thus move more towards van Hiele level two.  Sometimes in this situation the person answering may 
not understand the question so it is necessary to allow them to answer I don’t understand your question. Please ask 
the question again in another way if they not understand the question.  Sometimes they might understand the 
question but not know how to find the answer in which case the response would be please tell me how to find that 
out.  This then puts it back to the questioners to think about both their language use and their visualization of the 
shape.  It is useful to have these responses to questions on display and they are reproduced on a sheet at the end of 
this activity.
Working with groups, I allow each group to ask one question then we stop and the groups discuss what they know 
and what else they would like to know in order to be able to identify the object and draw it.  
Questions will generally focus on properties and may be about sides, angles, diagonals, and symmetry.  Sometimes 
the please tell me how to find that out can lead to interesting discussions of properties – for example how do you 
know if two sides are parallel when you cannot see them?  This reflects back on the real meaning of parallel.  
Another difficulty many students have is to identify a right angle without vision, and class discussion about how to do 
this can be very informative as students often make excellent suggestions.  This discussion is partly about estimating 
angles.  

Open questions 
Another activity which I find encourages a lot of discussion within groups and allows the students to learn from each 
other and to make their knowledge connected is to use open questions. An open question, such as the one in figure 
7, is presented to the group.  The question is one given to me by Peter Sullivan, who has written more extensively in 
Sullivan and Lillburn (1999), a book aimed at grades 0-6 but with a rich source of ideas for all levels.  The first stage 
is for everyone to read the question for understanding.  If there are any words they do not know they may ask others 
in their group, but at this stage the discussion is only about understanding the question and not about how to find 
answers.  The group may call on the teacher’s assistance if the whole group has a problem or to arbitrate a 
disagreement. 

A player in a junior basketball team looked at his individual scores for the 11 matches he had played.  

The mean score was 6, the median score was 7, and the mode was 8. 

The three games with the lowest scores had scores of 1, 2 and 4. 

What might the 11 scores have been? 

Figure 7.  Open question 

A quiet work time follows, when individuals try the problem and no discussion is allowed.  This does not have to be 
very long but it allows each participant to come to the group discussion with some ideas. 
Each group then works together to find as many solutions as possible.  The teachers role is to monitor and ask 
questions such as ‘What is the largest score he could have in any one game?’  ‘How many solutions are there?’ and 
‘How do you know if you have found them all?’  These provide further challenges if necessary. 
The task ends with the groups sharing of the solutions they found with the rest of the class, paying attention to how 
members of the group approached the problem and their solution strategies. 

Concluding remarks 
The activities above all encourage the class discussion.  The use of language can assist students to connect their 
knowledge and build on their past experiences and current knowledge structure.  There are many other types of 
tasks that can support this aspect of learning such as problem solving and investigations, particularly seated in real 
contexts.  The ideas suggested here are just a few that I have found to be very effective. 
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Finance First Project  

Rosanne Hunt,  
Finance First Manager, YWCA NSW 

This paper describes the Finance First Project, a project developed to produce and deliver a financial 
education to primary school children and their parents. 

The Finance First project was originally established in early 2003 to develop and deliver a financial education 
program to primary school students and their parents from low socio-economic backgrounds. 
YWCA, NSW which is a leading community agency in NSW, and Citigroup Australia, formed a partnership to obtain 
funding from the Citigroup Foundation to initially develop these materials and pilot the program in 3 NSW Schools. 
The project took a “whole of family” approach to learning. This had not been done before using financial education as 
a topic, nor in a way that attempted to get families to connect to the topic and introduce change to attitudes and 
habits.  
The first major success for the program team was to involve NSW Department of Education (NSWDET) at the very 
formative stages of the project. The primary program was found to suit the Social Sciences area more than 
Mathematics even though it does cover both in its content design.  We commissioned NSWDET to develop primary 
school materials based on extensive research of programs both here and overseas. 
The resulting materials (Making Cents) were designed to meet existing curriculum outcomes so that teachers could 
easily use them in the classroom by substituting Making Cents for other lessons they currently used. 

Even Start…the parent program 
The Centre for Popular Education, UTS, was commissioned by the partnership to develop the parent materials. They 
undertook focus group research with parents at the pilot schools and also desk research internationally.  
The parent materials were developed separately from the School materials.  They incorporated practical areas where 
parents were encouraged to discuss issues around family and household financial management with their children. 
Some areas included pocket money, ways to encourage children to save, ways at home to encourage children to 
learn about money – handling coins, looking at bills or statements. 
The course allowed for the fact that the participants bring their own life experiences, knowledge and interests to the 
program and involved them in active learning. We particularly built on the strength of this approach as the course 
progressed and participants actively contributed more and more throughout. 

Outcomes
Early last year the Federal Government created a National Taskforce on Consumer and Financial Literacy to 
determine a way forward in providing financial education to schools and communities. This also raised awareness in 
the community. Now the National Foundation for Consumer Financial Literacy has been established and will be 
working to foster increased awareness in the community at all levels, but especially through schools. 
The model we established of a NGO, Corporate and ultimately government partner has worked extremely well in not 
only delivering the original outcomes but exceeding and expanding the outcomes through the national initiatives 
outlined.  
Finally, in just 2 years, a curriculum based school program which matches curriculums in every state and territory is 
being made available to schools and delivered through professional development and there is further development 
and delivery of an adult education program that will become a sustainable model. 
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Hands, feet and other body parts 

Helen McKenzie                        Sheena Parnell        Moira Statham 
University of Auckland University of Auckland University of Auckland 

h.mckenzie@math.auckland.ac.nz sheena@math.auckland.ac.nz statham@math.auckland.ac.nz 

This workshop will discuss the development of collaborative mathematical activities, suitable for small 
class tutorials, and based on current affairs. It will briefly describe The Big Foot Problem, originating 
from a case study overseen by Professor Richard Lesh of Purdue University, as an example of such 
an activity.  Participants will then experience the New Zealand version of a similar task. 

Introduction
The University of Auckland offers the Tertiary Foundation Certificate Programme at a pre-degree level for students 
who need preparation for university study. The students fall into two groups: mature students who are lacking in 
confidence in their ability to succeed in first year degree courses, and those under twenty who have no recognised 
entry qualification. To be awarded the certificate, all students must enrol in, and pass, a Mathematics course. As part 
of the assessment for the Mathematics course, students undertake fortnightly tasks in a collaborative tutorial. One of 
the challenges facing tutors is the development of a bank of suitable tasks.  

Task development 

Theoretical background 
During 2003, the Mathematics Education Unit at the University of Auckland was visited by Professor Richard Lesh 
from Purdue University, West Lafayette, Indiana, USA. He gave a series of lectures that provided the Tertiary 
Foundation Certificate (TFC) mathematics tutors with a new perspective on the writing of collaborative tasks. He 
described these tasks as Model-Eliciting Activities (MEA), which have an underlying purpose of revealing the ‘Big 
Ideas’ in mathematic. The tasks involve mathematising, not decoding (Figure 1).  
When creating a ‘Model-Eliciting Activity’ the development of a ‘Model Development Sequence’ may be a more 
appropriate learning experience for both the teacher and the students. 

There are three steps to a sequence: 

The Model-Eliciting Activity is the first activity of the sequence, and is designed to encourage students to think 
about how to find a possible solution to a real life problem. In this process they will need to discuss, describe, 
predict, design, construct and model the situation. Often students who previously have not achieved highly, 
standout as having the skills required for this type of activity. 

Figure 1. Mathematising versus decoding. 

(Lesh et al., 2003, p.2)
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The Model-Exploration Activity is the second activity in the sequence, the goal of which is to develop a 
representational system for making sense of the targeted conceptual system (Lesh et al, 2003). This is often 
of great assistance to students when they continue on to the Model-Adaptation Activity. 

This Model-Adaptation Activity is similar to the Model-Eliciting Activity in that it again requires the student to 
relate to a real life situation. The students need to use the conceptual tool they refined in the Model-
Exploration Activity, to deal with a problem that would be difficult to handle otherwise. 

An Example of a  Model-Eliciting Activity:  The Big Foot Problem 
The example in Figure 2 was used in a case study overseen by Lesh: 

Figure 2. The Big Foot Problem 

The students who were observed in the case study progressed through the three steps of the model-development 
sequence. Their final results were summarized in Figure 3. 

(Lesh et al., 2003, p.21) 

Figure 3. Children’s Representation of Results 

The children’s final conclusion was that a person’s height can be estimated at about six times the length of their foot 
print. This gave rise to the comment ‘everybody’s a six-footer!’ 

Early this morning, the police discovered that, sometime 
late last night, some nice people rebuilt the old brick 
drinking fountain in the park where lots of neighborhood 
children like to play. The parents in the neighborhood 
would like to thank the people who did it. But, nobody 
saw who it was. All the police could find were lots of 
footprints. One of the footprints is shown here. The 
person who made this footprint seems to be very big. But, 
to find this person and his friends, it would help if we 
could figure out how big he is?…. Your job is to make a 
“HOW TO” TOOL KIT that police can use to make good 
guesses about how big people are just by looking at their 
footprints. Your tool kit should work for footprints like the 
one shown here. But, it should also work for other 
footprints.
              (Lesh et al., 2003, p.6) 
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The New Zealand experience: Big Foot to Giant Hand (see Appendix) 

On Saturday 20th September 2003 the New Zealand Herald published an article promoting that night’s Rugby League 
semifinal clash between the New Zealand Warriors and an Australian team, the Canberra Raiders.  One quarter of 
the page was taken up with an actual-size photograph of one of the Warrior’s hands: 

‘The biggest mitt in the team belongs to Awen Guttenbeil, and stretches 23cm from 

wrist to tip of the middle finger.’                  (NZ Herald, 2003). 

The Tertiary Foundation Certificate tutors saw an opportunity to adapt Lesh’s ‘Big Foot’ problem to a New Zealand 
context, with proportional reasoning the ‘Big Idea’ to be promoted. In the Tertiary Foundation Certificate mathematics 
course, the second topic covered is Rate, Ratio and Proportion, so the adapted problem fitted well into this section. 
The level of mathematics required was not high, but the content was appropriate. Furthermore the context was 
topical as the students were in the fourth week of their course, in late March/early April, just as pre-season publicity 
for the 2004 Rugby League season was getting underway. In addition, the students gathered data about themselves, 
so the task became personalised.  
The activity that was developed required students to investigate Awen Guttenbeil’s size, in particular his height and 
the size of his feet. It was successfully used as a collaborative tutorial task in 2004. Unfortunately, however, it should 
be noted that time constraints meant the activity was presented to students in a more structured form than is 
suggested by Lesh. The ideal three step sequence of development was compressed into a thirty minute session in 
such a way that the students really only experienced the application of the model. It was hoped that the process of 
developing the model was a transparent outcome against the background of previous teaching in the topic area.  

The experience the Australians could have had : Flipper Foot 

The Tertiary Foundation Certificate tutors have another adaptation of the same problem. A newspaper report from 
the NZ Herald during the previous Olympics provided a topical context for the exploration of Ian Thorpe’s (The 
Thorpedo) size, given his foot length. His shoe size was given as 39.8cm, and from this it was possible to produce a 
drawing of his foot. Students then investigated his size in an activity similar to the one above. 

Summary

There are rich sources of material available in newspapers and other print material once awareness is raised of the 
possibilities. The activities should maintain a focus on appropriate content, topical context and the potential to 
personalize data. Ideally, time should not be a constraint in allowing students the freedom to experience the three full 
steps of the process advocated by Lesh. 
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Appendix: The Workshop Task 

Giant Hand 
Awen Guttenbeil who plays in the second row of the Warriors has a hand length of 23 centimetres (see over for an 
actual sized picture of his right hand).  
Your task today is to estimate Awen’s height and the length of his feet.  
One possible method we could use is: 

Part A 
1. Measure the hand length of each person in your group from the wrist to the tip of the middle finger.  Record 

your measurements in the table: 

Name Hand length 
(L)

Height
(H)

First ratio 
(L:H)

Second ratio 
(1: …) 

     
     
     

2. Measure the height of each person in your group. Record. 
3. Write down the ratio of hand length: height for each person. 
4. Change the ratio into the form 1:  …. for each person. 
5. Work out the average ratio for your group. 
6. Based on your group average, estimate how tall you think Awen is. 

Part B 
Repeat Part A, but this time, measure the foot length of each person in your group. 
By considering the hand to foot length ratio, estimate the length of Awen’s feet. 

Name Hand length 
(L)

Height
(H)

First ratio 
(L:H)

Second ratio 
(1: …) 
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Designing an excursion to integrate  
literacy, numeracy and computing skills 

Dianne Parslow 
Holmesglen Institute of TAFE 
diannep@holmesglen.vic.edu.au 

Adult literacy students (Certificate I and II CGEA – Certificate in General Education for Adults) were 
taken on an excursion into the city where they were able to study aspects of numeracy related to 
location, measurement and shape.  The students’ preparation for the excursion involved visiting web 
sites, map reading and studying shapes.  After the trip, students wrote a group report, drew graphs of 
building heights and gave and followed directions.  These activities allowed the integration of literacy, 
numeracy, oracy and computing skills. 

Literacy, numeracy and computing are traditionally taught as separate skills by different teachers.  This paper gives 
an insight into how these skills can be integrated, based on an excursion to the Rialto Tower and Federation Square 
in central Melbourne.  This activity is linked to the CGEA, but the approach is relevant to any adult education.   
The activity was developed from my varied experience which began as a maths teacher in 1985 when I started out 
teaching bridging and foundation courses to local and overseas students in the TAFE (Technical and Further 
Education) system. After moving interstate I began teaching ESL (English as a second language).  In 1994 I 
participated in the first ANT (Adult numeracy teaching) course run by Beth Marr and Dave Tout, and shortly after that 
I began work at Holmesglen TAFE where I was responsible for a new course in English for Office Work.  This was 
basically an ESL course, but students studied a variety of subjects relate to working in an office, including maths and 
computing.  This was an introduction into integrating subject matter and language learning.  More recently I have 
been teaching literacy, numeracy and computing skills with the aim of integrating these skills.  One of the benefits is 
to engage students who deliberately stay away from numeracy classes and who say they hate or can’t do maths. 

Context
For several years we ran two full time classes at Certificate I and II CGEA and had problems in both classes with the 
wide range of numeracy skills in the classes.  This is a common problem as students are usually streamed on the 
basis of their literacy skills and these do not necessarily correspond with their numeracy skills, especially with NESB 
(Non English speaking background) learners. 
To help with this problem, we timetabled four hours of numeracy at the same time for each class.  The classes were 
put in adjoining rooms with a concertina door which could be opened or closed as appropriate.  This allowed us to 
move students up or down based on their numeracy skills, but also allowed us to combine the classes for some 
activities.
There were approximately 18 students in each class, but we are fortunate in having volunteer tutors who work with 
these students every week and they also came on the excursion.  Approximately half of the students were native 
speakers of English; the others came from a wide range of ethnic backgrounds.  Their ages ranged from late teens to 
60s.  The class also included some students with mild physical and mental disabilities.  
We wanted to provide an excursion in which both classes could participate as a way of bringing them together.  The 
City of Melbourne has recently published a series of books called Investigating Melbourne and one of these covers 
maths and science activities.  There is a wide range of activities at various levels, including: 

Geometry of the floral clock 

Brick paving in Fitzroy Gardens 

Dimensions, capacity and goal kicking angles in Telstra Dome 

Shapes in Federation Square 
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Rialto Tower Observation Deck 
We selected the last two places as they allowed us to cover a variety of topics at both levels of maths and the two 
places were reasonable close together.  Much of the classroom work was done in separate groups as they were 
working at different levels, but the excursion was done in one large group. 

Preparation for excursion 
The lower level class did the following activities in preparation for the excursion. 

Location
Using the Melways (Melbourne Street directory) students read keys to maps, used the index, the grid reference, 
compass points and found places on the city map.  Free maps of the city were also obtained from tourist outlets 
(Federation Square and booth in Burke Street Mall) as these were more up to date and contained a lot of information.   
Students were required to find the Rialto Tower and Federation Square on the map and work out which station we 
would get off and then, where we would catch the train for the return trip.  They also practised following and giving 
oral and written directions.  This later formed one of their assessment tasks. 

Measurement 
Using rulers and tape measures students were introduced to units of measure. 

Shape
Students drew and named a variety of different two-dimensional shapes, including right angle triangles, isosceles 
triangle, square, rectangle, kite, diamond, parallelogram and trapezium.  In computing class, students used the 
drawing tool bar in word and learnt how to draw shapes using autoshapes and labelled their diagrams using text 
boxes.  Their ability to do this varied widely, but everyone was able to create something using autoshapes. 
They were also given a sheet of paper as shown in Figure 1 and asked to cut up the triangles and make a variety of 
different shapes with different numbers of triangles.  

Figure 1. Triangles to 
be cut up. 

Figure 2. Making different shapes from triangles. 

Reading and Computing skills 
Transport
Students logged on to the web site of the Melbourne train system and found out how much it would cost them for a 
ticket on the day.  This involved knowing the zone system of the Metropolitan trains, selecting the correct ticket type 
(daily or 2 hourly etc) and selecting concession or full fare (http://www.connexmelbourne.com.au/).  They also found 
out what time we would catch the train and what time we reach our destination.  They found it much more difficult to 
work out which train we should catch to get back to the institute by a certain time.  This involved going back to the 
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main screen and selecting the option to travel in the opposite direction and also reading the table form the bottom 
upwards. 
Weather 
The day before the excursion, students logged onto the Bureau of Meteorology web site, http://www.bom.gov.au/, to 
find out the weather forecast for the next day.  They had previously looked at this site to research thunderstorms after 
a freak thunderstorm in Melbourne earlier in the year. 
Federation Square 
The Federation Square site provides some interesting pictures, information about the architecture and a general 
description of the tessellations on the fractal-like facade http://www.federationsquare.com.au/.  For higher-level 
students http://astronomy.swin.edu.au/~pbourke/texture/pinwheel/ provides some interesting information on Pinwheel 
Aperiodic Tiling. (Bourke, 2002) 
Rialto Tower 
Rialto Tower is currently the tallest reinforced concrete structure in the Southern Hemisphere, but will shortly be 
surpassed by the Eureka tower.  The observation deck has 360 degree windows and is on the 55th floor of this 
building in central Melbourne.  The students logged onto the website of the observation deck, 
http://www.melbournedeck.com.au/, and found out how to get to the building, how tall it was, how fast the lift went 
and how long it took to build. 
Following links on this site they also researched the heights of almost 20 other tall buildings around the world.  This 
presented a few interesting problems as the tower in Barcelona had the information in Spanish and the Empire State 
Building information is in feet and inches.  Some students found out how to go to Google and enter “1,454 feet in 
metres” and find out the height in metres.  Students were asked to complete the table shown below, which involved 
some basic calculations. 

Table 1. Comparative Heights of Buildings 

Name Height Taller or shorter than Rialto? Difference in height. 

    

    

    

    

    

    

On the day of the excursion 
Buying a train ticket was a new experience for some students; this required the use of a machine to make three 
different choices about the type of ticket, inserting enough money and collecting the ticket and the change.  The 
ticket must then be validated before travelling. 
After arriving at Spencer Street Station students were asked to look at their maps to work out where they were and 
which direction they needed to walk to get to Rialto Tower.  In the foyer of the tower there is a graphical 
representation of the heights of a number of towers around the world.  This information is also available in a 
pamphlet.
Students then watched a video of tourist attractions around Victoria.  This formed the basis of a later exercise in 
which each student selected one attraction to research and present information both orally and in a written report. 
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Once on the observation deck the 360o windows allowed identification of well-known landmarks and orientation with 
their map.  The observation deck also has a weather station with air temperature, cloud cover, precipitation and wind 
strength and direction.  Students were fascinated to find these figures changing as they watched; the displays are 
connected directly to recording equipment on the building.  Another activity is to work out the compass direction and 
estimate the straight-line distance to various landmarks around the city.  This information could be checked later in 
class. 
After catching a tram along Collins Street and walking down Swanson Street we arrived at Federation Square.  There 
were two main activities: one was to measure a number of the triangles to show that they were all exactly the same 
size right angle triangles.  The other was to find as many shapes as possible and sketch them, showing how the 
triangles made the shapes.  Students found this easier than they had in the classroom with pieces of cardboard.  
One satisfying aspect of the activity was that students who were generally poor at number skills were quite good at 
finding and sketching the shapes.  

Figure 3: Part of the façade of Federation Square (Bourke, 2002) 

After the excursion 
Graphs
Using the information gathered from the web site or from the excursion, students drew graphs showing the heights of 
the buildings.  Some did it with pen and paper and others did it on Excel, depending on their computing skills. 
Understanding 
Students had little concept of the 253 metre height of the Rialto so we related it to things that they could understand.  
First their height:  each student measure their height and worked out how many people the same height as themself 
would have to stand on each others head to reach the same height as the Rialto:   

Using their own height as a guide, students estimated the height of the classroom and then the height of the two-
storey building we were in.  Then they worked out how many buildings of this height would be need to make the 
same height as the Rialto:

Finally students measure the length of the building to work out if the building was stood on end, how many times 
would be needed to make the same height as the Rialto: 

This final calculation seemed to make it easier for them to comprehend the height; that the Rialto is two and a half 
times as high as their building is long.   With some help, students created a diagram showing these results.  This is 
seen in figure 4.

253 / 1.6 = 158 people 

253 / 6 = 42 buildings 

253 / 102 = 2.5 buildings 
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Written report 
Back in class students brainstormed all the different parts of the excursion, organised the information into order and 
then divided it into five sections.  The class was divided into 5 groups and each group was responsible for writing one 
paragraph of the excursion report.   Students were also asked to complete an individual report which included their 
graph and sketches of shapes. 

Assessment
As these tasks were carried out early in the semester most of them were not assessed.  However the report, 
including the graph and diagrams, could have been used to assess aspects of writing and numeracy.  The map of 
Melbourne was used again, later in the semester, for giving and following instructions, this covered aspects of oracy, 
writing and numeracy.  As mentioned earlier, the video of Victorian tourist attractions was also used as an 
introduction to students’ research and subsequent report writing and oral presentation, assessing reading, writing, 
oracy and research skills. 

Conclusion
Creating tasks which combine skills helps students to relate what they are learning to their everyday life.  It makes 
the learning more meaningful and hopefully, easier to understand and remember.  Look around your environment to 
see how you could use buildings and other features in your maths class.   

            
 253 metres 158 42 2 ½ 

(World Federation of  Great Towers, 2005) people building building 

  height length 

Figure 4. Understanding the height of the Rialto Tower 
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This workshop gave participants an opportunity to explore issues in using new technologies in adult 
numeracy teaching. It included games-based work, WebQuests and teaching, learning and 
professional development online using WebCT. The workshop drew on work in a recent action 
research and staff development project in Scotland: ‘The Use of ICT in Adult Numeracy Teaching in 
Scotland’.

This paper reviews the work of a recent action research and staff development project: ‘The Use of ICT in Adult 
Numeracy Teaching in Scotland’, funded by Communities Scotland, and discusses issues in using new technologies 
in adult numeracy teaching. We shall start with a brief sketch of the background to the project, outlining the state of 
play with respect to adult numeracy education in Scotland, before going on to describe the project and review some 
of the material produced and ideas and issues raised. 

Background: Numeracy as part of adult literacies in Scotland 
‘Adult literacies’ in Scotland have developed apace in recent years, especially since the Adult Literacy and Numeracy 
in Scotland (ALNIS) Report. The report defines adult literacies as: ‘the ability to read, write and use numeracy, to 
handle information, to express ideas and opinions, to make decisions and solve problems, as family members, 
workers, citizens and lifelong learners’ (Scottish Executive 2001). 
The ALNIS Report led to a strategy aiming to raise adult literacy and numeracy levels and more than double capacity 
for teaching and learning, including a national tutor training framework and a new curricula framework. The 
‘development engine’ for this activity is based in Communities Scotland, under the aegis of the Minister of 
Communities in the Scottish Executive, the devolved government of Scotland. By 2008, £65 million will have been 
invested in adult literacies in Scotland through Community Learning Partnerships. The strategy is built on a social 
practice model of literacies rooted in social contexts, valuing and building on people’s own literacies and developing 
knowledge, skills and understanding of literacies which relate to their lives. The aim of the strategy is to: attract new 
learners; motivate learners; encourage self direction in learners; offer new ways of teaching and learning; increase 
access and extend learning hours; offer a range of learning styles. The new Scottish curriculum framework is 
process-based and offers a guide to good practice in adult literacies. 
The ALNIS Report emphasised the need to maximise the potential of ICT in adult literacies provision in Scotland. 
The Learning Connections website identifies a number of issues that need to be addressed for this to happen: 

1. Access to ICT facilities is not uniform throughout the country.
2. Staff skills in using computers and other technological devices vary.  
3. The quality of ICT software and resources vary.  
4. Cost and organisational factors can sometimes restrict the use of ICT. 

(http://www.communitiesscotland.gov.uk/Web/Site/cl/al_ict.asp accessed 28 Jan 2005) 
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Meanwhile, a recent report for Learning Connections, Communities Scotland, ‘Adult Numeracy: Shifting the focus’ 
(Coben, 2005), noted that despite the growing need and demand for numeracy skills, often involving ICT, in the 
workplace and elsewhere, numeracy was in danger of slipping ‘out of focus’ in agendas dominated by adult literacy 
concerns.  

‘The Use of ICT in Adult Numeracy Teaching in Scotland’ project 
In response to these concerns, an action research and staff development project entitled The use of ICT in Adult 
Numeracy Teaching in Scotland was commissioned by Learning Connections, Communities Scotland and ran from 
January to March 2005 (Coben et al 2005). The project was a collaboration between experts in the Universities of 
London and Edinburgh working with adult literacies tutors with an interest and/or experience in using information and 
communication technology (ICT) for numeracy teaching. The project team comprised: Diana Coben and Ian 
Stevenson of King’s College London; Harvey Mellar and Maria Kambouri of the Institute of Education, University of 
London; and Nora Mogey of the Media and Learning Technology Service (MALTS), University of Edinburgh. The 
project was directed by Diana Coben and run under the auspices of Prue Pullen of Learning Connections, 
Communities Scotland. 
It was thought that the use of ICT in adult numeracy teaching is in its early stages in Scotland and accordingly the 
project aimed: 

To gain some idea about the interest and activity in the use of ICT in adult numeracy in Scotland; 

To open up discussion and stimulate action research in the use of ICT in adult numeracy; 

To begin to identify staff development needs in the use of ICT in adult numeracy; 

To begin to identify locally-based resources and solutions to issues raised in the project. 
The project was interactive and practical and involved reflection on participants’ present and/or future use of ICT in 
numeracy work in an adult literacies context in relation to various research-based models of engagement with ICT 
and approaches to teaching, drawing on participants’ own experience and existing examples of ICT use in adult 
numeracy as well as in schools or elsewhere, where these appear to be relevant. 
The eleven participants were all adult literacies tutors with an interest and/or experience in using ICT for numeracy 
teaching. They had a wide range of experience in community settings and Further Education (FE). At the start of the 
project they completed a short questionnaire detailing their use of ICT in adult numeracy teaching (Appendix 1). 
Three one-day meetings were then held at the University of Edinburgh, led by members of the research team. In the 
periods between these face-to-face meetings, participants designed and undertook action research projects with 
adult numeracy learners. 
These action research projects included: 

A survey of tutors, guidance and learning staff; 

Preparation of materials for teaching numeracy; 

A project aiming to identify issues related to using ICT in a community organisation working with homeless 
people, on the topic of money; 

A review of the process of integrating ICT in numeracy sessions for adults in receipt of benefits; 

An exploration of the use of: commercially made programs; learning resources and other information on the 
internet; spreadsheets (Excel); 

An introduction to EMERGE, a staff development project that aims to further develop the skills and expertise 
of curriculum staff in Scotland’s Colleges, and raise levels of confidence in using ICT to support student 
learning; 

A review and trial of commercially available numeracy programs for students wanting to improve their time 
skills.

Throughout the project, the project team and participants presented examples of ICT/Numeracy in use for discussion 
and critique; these were available online on WebCT between the sessions, together with research and practical 
resources, including guidance on doing action research. The research team also analysed data produced in the 
project together with participants. 
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Results
Using software with learners with learning difficulties 
One experienced community tutor was new to ICT and explored a range of commercial software with individual 
learners with learning difficulties to find out its potential. She recorded her findings with four students: 

Student A, working at our most basic level, lacked confidence and required constant repetition. But he found it 
‘interesting to use’, liked the moving pictures – but wanted a tutor near him and some ‘real things’ to work with as 
well.

Student B wanted to know about digital time, was quiet in the group, and kept within his ‘comfort zone’, but found 
it helpful because the programme gave a choice of answers, was more interesting than paper and pen and easier 
to do on a screen. 

Student C wanted to regain understanding of time intervals and the 24 hour clock, was ‘very short tempered’, but 
liked the clear teaching section and lack of writing and could ‘easily manage without a tutor’. 

Student D was working at a higher level, wanting additional practice and valued its speed and interest, but 
needed a tutor for explanations and would only use [ICT] for practice. 

The tutor concluded that over the three months of the project, Student A became willing to work longer without 
assistance, Student B communicated better in the group – and there was no obvious change in Students C and D. 
This project demonstrated that different learners with different needs were able to use ICT to fit their different 
learning styles when the tutor has the time and interest to explore its potential. 
Exploring software to support learning 
Several college-based tutors explored with their learners a range of software available either commercially or on 
college VLEs. One tutor summarised the benefits as follows: 

Some students enjoy working with computers and numeracy seems less tedious and boring using the different 
applications. 

Understanding numerical information given on websites makes numeracy more meaningful and relevant. 

Graph drawing is easy and very satisfying. 

Very useful for practising an idea with a student who has difficulties, where instant feedback is given. 

Perhaps a more motivating method for a student who has missed a class and needs to review what has been 
covered. 

Gives more practice in computer usage – an essential skill nowadays.  
She summarised the negatives as follows: 

Some students would rather study from paper-based packages which they can pick up easily when time 
allows. 

Computer resources not always available. 

Commercial programmes can be very expensive and are usually not available outside the learning centre. 

It is all too easy for some students to divert to “more interesting websites”. 

The use of websites as an aid can be very time consuming for both tutor and student. 

It is much easier and less effort for a tutor to pick up a pre-prepared booklet which has clear directions. 
Another tutor explored computer-based learning for less easily motivated learners - including car mechanics. Here 
most learners enjoyed a range of web-based activities including working within budgets to identify spare parts to kit 
out a car. However, one learner insisted on taking home and working on a printed copy and the tutor concluded that 
many but not all students are motivated by ICT and ‘the interest has to be there for learning to progress’. 
ICT with Nursing students 
One tutor offered her group of nursing students the opportunity to use ICT to carry out an investigation required for 
their final numeracy outcome. They used: file management; word processing and tables; the Internet for research; 
Excel for graphs; and email for communication. After finding both the investigation and the ICT initially challenging, 
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students came to see the activity as a chance to acquire a range of incidental skills, valued the links between the 
different Core Skills (in Scotland the Core Skills are: Numeracy; Working with Others; Communication; and Problem 
Solving) and took pride in the final results. There were a few students who showed signs of frustration at the 
complexity of the task and the ICT element may have exacerbated this. 
Using WebQuests 
Another college tutor, working with less easily motivated learners, developed two WebQuests to offer practical, 
relevant and interesting projects. A WebQuest is a task oriented project based on information on selected web sites 
and learners were offered two – one based on planning and costing a holiday, the other on working out the expenses 
for a day out at the zoo. The holiday WebQuest gave learners the following task: 

Imagine you have just won £2,000 to spend on a holiday. However, there is a catch!   
You are required to investigate, research, and document exactly how you will spend the £2,000.  
Also, during your holiday, you must  

visit a tourist attraction which is not free  
find a graph showing the average temperatures of the country 
answer the given questions on the Excel spreadsheet 
state the currency and exchange rate. 

Students were asked to: 

Complete totals and itemised accounting sheets, splitting costs into at least three categories and entering 
expenditure on separate Excel sheets 
insert a temperature graph for their country and draw a pie chart to show expenditure, based on their Excel 
sheets
and create a table to show the various costs of their chosen tourist attraction. 

Learners enjoyed tackling these tasks, researching information and using their numeracy on relevant tasks. 
Motivation and persistence at the task were good – and other members of the project were keen to try a similar 
approach with their learners. 
Overall
Tutors on the project benefited from the opportunity to share experiences, learn from each other and have the 
support to experiment with the potential for ICT. Their conclusions were generally positive and they were less 
sceptical about the potential of ICT. Yet, there was an awareness that tutors had much to learn, that mastering the 
ICT sufficiently to produce these results had taken time, and that ICT would not suit all learners. Most tutors were 
keen to develop more knowledge and felt that they and their learners had enjoyed and benefited from these projects. 

The research team’s recommendations 
At the end of the project, the research team recommended to Learning Connections Communities Scotland that: 

tutors should be encouraged and facilitated to use ICT in their numeracy teaching; 

ICT-use should be integrated into tutor training and staff development programmes in Scotland. In particular, 
this should include the use of ICT as a delivery mechanism, ICT as a complement to instruction and ICT as an 
instructional tool in numeracy teaching (Ginsburg, 1998); 

tutors should be supported in their teaching contexts over an extended period of time, and have release time, 
if they are to develop new approaches effectively; 

it would be beneficial for development officers or mentors to visit tutors in their teaching contexts to share 
good practice and support changes; 

at an institutional level colleges need to accept ICT as an integral part of teaching and learning, and set aside 
time for staff development (Scrimshaw, 2004); 

further research could include the role of peer mentoring in developing tutors’ confidence and competence 
with ICT, and the impact of college leadership on ICT policy and changing tutors’ practices; 
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a further action research and staff development project should be undertaken extending the use of WebCT, 
combined with regular face-to-face meetings. This should include a wide range of ICT (including, for example, 
m-learning, electronic portfolios, simulations and games). Outcomes from such a follow-up project could 
include online and electronic media-based teaching and learning materials and guidance for tutors on using 
ICT in adult numeracy teaching; 

more research work is needed on the specific ICT/numeracy demands of the contexts the learners are 
living/working in, and tailoring of teaching to those needs (though this can be done outside the action-
research/tutor context - the tutors working with learners are likely to have particular insights); 

assessment procedures in numeracy and ways in which using ICT necessitates changes in the structure of 
assessment, especially in colleges, should be an important part of any further research, as also should the 
issue of learning outcomes: are ICT skills separate from numeracy skills? 

work is needed on the development of appropriate pedagogies using ICT to teach numeracy - particularly 
collaborative approaches. 

tutors should be encouraged and enabled to use a wider range of technologies in their teaching. 

Conclusion
Although the research team found that a relatively narrow range of technologies is being used at present, there is 
clearly a great deal of interest in using ICT in adult numeracy teaching, a commitment to developing resources and 
approaches and the skill and imagination to produce worthwhile and exciting materials and approaches. However, 
there is also anxiety about the resource implications of doing so. At the outset of the project, most participants 
reported using ICT in teaching numeracy as a delivery mechanism and as a complement to instruction. There was 
some evidence of movement towards tutors using technology as an instructional tool. 
Feedback from participants in the project was very positive. One of the most exciting benefits lay in its providing 
tutors with the opportunity to exchange ideas with each other, both face to face at the three meetings, but also 
through ongoing activity in WebCT. Tutors valued having the time and support to investigate the use of ICT in their 
teaching, meeting other numeracy tutors, sharing ideas, learning from each other, questioning and extending 
learning and teaching methodologies and finding new ways of engaging sometimes reluctant students. Feedback 
from learners was also positive about the use of ICT in their adult numeracy education. 

Postscript 
As this paper goes to press, we are pleased to be able to announce that a new Phase 2 of the project will start in 
November 2005. We look forward to reporting on this at a future ALM conference. 
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Appendix 1: Questionnaire to participants 

1. Are you currently using ICT in your numeracy teaching? 
a. If so: 

i. what ICT are you using? 
ii. how are you using ICT in your teaching? 

to support you in achieving numeracy goals? 
to teach numeracy (e.g., using an intelligent tutoring system to teach numeracy)? 
is ICT the main focus of your teaching, with numeracy a subsidiary element? 

iii. how do you know if you’re succeeding in your use of ICT in numeracy teaching? 

b. If not, why not? 
i) Would you use ICT if it were available? 
ii) What ICT, if any, do you think would be most useful for adult numeracy teaching? 

2. What are you trying to achieve in terms of numeracy learning? 
3. What are you trying to achieve in terms of ICT learning? 
4. What do you think teaching is and how do you conceive of yourself as a tutor of adult numeracy? 
5. What experience do you have of ICT in your life beyond teaching? How do you see the ICT demands of 

the workplace and the ICT demands of everyday life? 
6. What do you consider is, or should be, the relationship between ICT and adult numeracy teaching? 
7. How do you consider that ICT skills in a numeracy context and/or numeracy skills in an ICT context 

should be assessed? 
8. What training and support would enable you to make use, or make better use, of ICT in your adult 

numeracy teaching? 
9. What resources are you aware of that would help you to make use, or make better use, of ICT in your 

adult numeracy teaching? 
10. How is ICT being used in adult literacy teaching in your area? 

Thank you. We look forward to working with you. 

Diana Coben, for the project team 
Project: ‘The Use of ICT in Adult Numeracy Teaching in Scotland’ 
January 2005 
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Teaching Functional Concepts in an Algebra

Katherine Safford-Ramus 
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The concept of function is central to mathematics yet many adults study algebra without becoming 
aware of the real-world applications that are functions and whose equations can be represented using 
algebraic symbols.  The material in this presentation was used in a series of workshops offered to adult 
basic educators in the north-eastern United States concerning the central role of functions in algebra. 

Algebra
One definition of algebra is that it is generalized arithmetic.  Or, as one of my professors said, “Algebra is the way we 
talk about how numbers behave when we don’t know what the numbers are.” Much of the material in this workshop 
begins with that conceptualization of algebra.  Based on the belief that students learn better when they start with 
material familiar to them, we will lay the foundations for some of the algebraic ideas in the soil of arithmetic 
knowledge. 
Another view of algebra holds that it is the study of procedures for solving certain kinds of problems.  My adult 
students appreciated a course in which we developed procedures first and then refined them for specific problem 
situations.  Much cognitive research in recent years has verified the fact that people remember longer that which has 
meaning or "belongs" to them.  That research has guided the structure of this workshop.   
A third way of regarding algebra is as the study of relationships among quantities.  A great deal of the work in this 
workshop will be based on this vision of algebra and will require you to observe, reflect, and generalize your 
conclusions concerning variables and the relationships between them.  The above definitions are not mutually 
exclusive and each affected the composition of the workshop in different degrees at different times.   

Variables, functions, graphs of linear equations 

Dependencies and relationships 
Scientists, both in the natural and social sciences, gather data in the hope of recognizing relationships between what 
is counted and the count.  The controlling component, that which is being counted, is said to be independent and is 
traditionally recorded in the left hand column of a table of values or along the horizontal axis if we graph the 
relationship.  The count of the independent component is termed dependent and is reported in the right hand column 
of a table of values or along the vertical axis if we graph the relationship.  The researchers seek to describe the 
dependency of the count upon the independent component by using a mathematical sentence.  This process is 
called mathematical modeling. 

In everyday life, everyone encounters situations where a numerical value depends on something we count.  If I buy 
apples, the final cost depends on the number of pounds (or kg.) I put in the plastic bag.  If a plumber comes to my 
house to fix the outside shower (which cracks after every winter) the amount he charges for labor depends on the 
hours it takes to do the job.  If I use the copier at the library, the number of dimes I need depends on the number of 
pages I have to copy.  Algebra lets us write mathematical sentences that reflect these everyday relationships and to 
ask “What if…?” questions for any value of the independent component.  When the relationship reliably yields the 
same count for the independent quantity no matter how many times I perform the task, mathematicians say that the 
relationship is a function.
Assignment 1 
A sign in my local auto repair shop states that its rate for labor is $72 per hour measured to the quarter hour.   
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Complete the following table based on that information. 

Hours Worked Bill for Labor 
1
3

4.5
5.25

n hours
Variables 
One definition of variable states that it is a letter or symbol that represents a number that is not presently known.  In 
the table in Assignment 1, n was used to represent the varying hours worked. 
Functions
A function is a rule that assigns to every independent variable one, and only one, value for the dependent variable.  A 
function is reliable.  In Assignment 1, everyone who uses the services of the mechanic for 3 hours pays $216.  The 
labor charge is a function.  A function can be represented in several ways, most commonly in elementary algebra as 
a table of values, graph, or an equation.

Assignment 2 
The last time that our washing machine broke down, the repairman warned me ahead of time, “You’ll have to pay 
$40 for the service call and $50 an hour for labour.”  Complete the following table for this situation. How does it differ 
from Assignment 1?  How is it similar? 

Hours Worked Bill for Labor 
5 minutes 

1
2

3.5
n hours

Important questions about functions
When functions represent real life situations, there are several questions that tell us important information about the 
function:

Are there limits to the values that the independent variable can assume? 

What is happening when the independent variable is 0? 

Is the dependent variable ever 0?  For what value of the independent variable is that true?   

Do you think this function will go on like this forever? 

Assignment 3 
Look back at Assignments 1 and 2.  Answer the four questions for those functions. The graph of a function gives us a 
snapshot of the behaviour of the function as the independent variable (x) changes.  Often we can use the graph to 
determine the value of the function for a particular x.  A few weeks ago, a local quilting group held a quilt show.  The 
admission charge was $3.00 and raffle tickets were $2.00 each.  The graph below shows the quilt show function.  We 
can see from the graph that I would spend $13.00 if I bought 5 raffle tickets. 
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Fig. 1. Quilt Show Function 

Functions for decision making 
Equations of functions are often used to help scientists and business-people make decisions.  For instance, the 
weather forecaster on my local channel frequently states that he “Looked at two different weather models” before 
making his prediction.  While the equation cannot make the decision, it provides a numerical basis to aid in the 
process.  

Assignment 4 
Two local day-care providers have different pricing structures.  The first charges $100 a week for up to 25 hours of 
care.  The second charges strictly by the hours used, $5.00 per hour.  Use your knowledge of functions to determine 
when one plan is cheaper than the other.  What other factors could influence your choice of provider? 

Other types of functions 
The functions we have used all form straight lines when graphed.  As a result, they are called linear functions.  There 
are many other types of functions that occur in real life situations.  Covering a square or circular surface, the growth 
of money in a savings account, the rate at which bio-degradable trash decays are just a few examples.  Creating the 
equation for these functions is sometimes difficult and requires the skill of an experienced mathematician.  Often a 
formula exists that will help a person to use those functions.  For instance, the area of a square surface is found by 
multiplying the length of the side by itself, A = s2.

Assignment 5 
Think of a function from a situation in your life or that of your students.  Express it as a table of values, a graph, and 
an equation. 
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Rate of change 
Another important question that can be asked about a function is “How does the value of the dependent variable 
change as the independent variable increases?”  The question is fairly simple to answer for linear equations.  The 
answer is more complex for non-linear functions and forms the core of the mathematical discipline called calculus.

Assignment 6 
Express the following two functions as a table of values.  Answer the question, “How does y change when x
increases by 1?” 
Function A 
The connect fee for our land line phone is $7.95 a month.  We have a calling plan that costs 7 cents a minute.   
minutes Monthly Bill 

m

Function B 
The value of a car decreases with every year that it ages.  Suppose that your car cost $15,000 when it was new and 
the “blue book” value assumes it drops $1,750 in value each year.  Complete the function table that records this 
depreciating value. 
Age Value of Car 
New (0) 
1

a

15,000 

For linear functions, the rate at which the function changes is called the slope.  If we know one entry in the table and 
the slope of the function, we can figure out the equation of the linear function.  If the point that we know is the y-
intercept, we can write the equation of the function immediately.  The general format of a linear equation is usually 
written:

y = m*x + b, where m is the slope. 
Let’s think about the simpler case first.  The y-intercept is the point on the graph of the function where the line 
crosses the y-axis.  In earlier assignments, we saw that the coordinates of that point are: x = 0 and y = the constant 
in the function.  In the equation above, that leaves y equal to b.  So the constant in the function must be b.  If we 
know the y-intercept (b) and the slope (m) then we can fill that information into the equation and find the general 
equation.  In Function A of assignment 6, the constant is $7.95 and the slope is $0.07.  So the equation of the 
function is
y = $0.07m + $7.95. 
Next we will tackle the declining case.  For the car value example that means  
   Value = $15,000 – $7,500 * age 
So the general equation for Function B is 

y = ( – $1,750) * a + $15,000 
The slope in Function B is a negative value because the car is worth less money with the passing of each year. 
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Assignment 7 
Assume that the table below represents data for a linear function.  Can you figure out the general equation for that 
function?  How will you determine b?

x y 
5 8 
6 7.5 
8 6.5 

Questions to ask when problem solving 
Have we solved a problem like this one before? 

How is this problem similar to that one? 

Is it different?  In what way? 

Questions to ask when examining a function 
Are there limitations to the values that the independent variable can assume? 

What is happening when the independent variable is 0? 

Is the dependent variable ever 0?  For what value of the independent variable is that true?  

Do you think this function will go on like this forever? 
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Some games for supporting learning 

Marj Horne 
Australian Catholic University 

m.horne@patrick.acu.edu.au

A smorgasbord session at the conference allowed practical ‘hands on’ activities to be shared. The 
games presented here use cards, dice and a game board to provide basic number and algebraic skill 
practice in a fun way. 

Target
This is a game which uses a set of 50 number cards.  Its purpose is to provide students with opportunities and 
encouragement to combine numbers in a variety of ways so that they both practice skills and explore possibilities in a 
problem solving environment where they may be supported by fellow students. 
As with most games I would recommend students work cooperatively so that this becomes not a competitive game 
between individual players but rather a series of problem solving tasks. 

The cards 
The game uses a set of cards which can be made from cardboard.  It is possible to buy blank playing cards and write 
on then with permanent overhead projector pens or other such non-erasable ink.  The set has three each of the 
cards 1 to 8, 2 each of the cards 9 to 17 and one each of the cards 18 to 25. 

The basic game 
Players, or pairs or teams of players, are dealt out five cards each. 
One card is turned face up in the centre.  This card becomes the target. 
Players rearrange their cards trying different combinations and using any of the operations +, –, × or ÷ to join the 
cards.  The aim is to use as many of the five cards as possible to make an expression equal to the target. 
Each card can be used once and once only. 

Example
The deal gives a ‘team’  4     7    2    18   and  23  with a target of  15. 
One member of the group sees that 18 – 3 is 15 and 7 – 4 is 3 so with a little thought they find 18 + 4 – 7 gives the 
target 15. 

Another then notices that 5 × 3 is 15 and 23 – 18 is 5 while 7 – 4 is 3.  They arrange the cards on the table as   23  
15        7   4  and explain the operations and their thinking.   
It is usually, though not always, possible to use all five cards.  In this case one way is to use 14 + 1 by making the 14 
as 7 × 2 and the 1 as 23 – 18 – 4. 

Variations and comments 
It has been suggested to me that I should make a collection of operation cards and brackets.  I did try that once and 
found the players generally did not use them.  Not using them also means that the players must group the cards and 
give an explanation verbally, which assists in the retention of the number facts.  I also think it is good for some things 
to be imagined and for people to have to try to visualise.  
There are many ways to use the task and the set of cards.  I have sometimes used it as a quick task dealing out 5 
cards for the whole group and putting a target up.  They are then all working with the same set of cards and the task 
is to find many possible ways of reaching the target using any or all of the numbers. 
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Operation Switch 
This is also a card game but this is more focussed on practicing the number facts for numbers below 10. 

The cards 
This set of 45 cards is based on a nines domino set without zeros.  Each card has two numbers written on top with a 
space between.  The larger number is always first so the cards are: 
 9   9, 9   8, 9   7, 9   6, 9   5, 9   4, 9   3, 9   2, 9   1 
  8   8, 8   7, 8   6, 8   5, 8   4, 8   3, 8   2, 8   1 
   7   7, 7   6, 7   5, 7   4, 7   3, 7   2, 7   1 
    6   6, 6   5, 6   4, 6   3, 6   2, 6   1 
     5   5, 5   4, 5   3, 5   2, 5   1 
      4   4, 4   3, 4   2, 4   1 
       3   3, 3   2, 3   1 
        2   2, 2   1 
         1   1 

The game 
This one really is a game between individuals.  Three or four players is a good number but more is possible – it just 
means waiting longer for a turn. 
The game starts with a player dealing out 5 cards to each person and one card being turned up in the middle with the 
rest of the pack face down also in the centre. 
The aim is to be the first person to play all of their cards. 

Each card can assume a range of values according to which operation is used.  The players imagine +, –,  or 
between the two numbers.  The card can have the value of any of those operations so, for example, the card  8   4  
could have the value 12, 4, 32 or 2. 
Players take turns to play a card on top of the face up card in the centre.  A card may be played only if one of its 
values is the same as one of the values of the top face up card.  Each player must justify aloud their play.  If a player 
cannot play a card for that turn they pick up a card from the face down pile instead. 

Figure 1.  Two players’ hands at the start of play 

Example
If the card  8   4  was the card on top and a player had the cards shown in the hand on the left in Figure 1, then the 
player could play either  9   7  or   4   3  justifying the play as 8  4 = 2 and 9 – 7 = 2  or 8 + 4 = 12 and 4  3 = 12.   If 
the first option was chosen then the new top card on the table would be  9   7  and the next player (the hand on the 

4   1

9   9

6   5

8   3

3   1

9   7

3   2

8   1

9   6

4   3

8   4
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right of figure 1) needs to find a card to play.  The possibilities are the values 16, 2, 63 and 1
7
2 .  The player on the 

right cannot find a matching value so must pick up a card.     

Comments
It is a lot easier holding the cards vertically as in figure 1 than fanning out the cards as normal.  
The name of the game is because the operation changes or switches and the value may also change each time so if 
a player played a card justifying it as 3 + 2 = 5 the next player may change the value and use 3 – 2 = 1.  It is 
acceptable though for there to be a series of additions or a series of subtractions where the operation does not 
change for a few turns. 

3 for 30 
This is a dice game which again is focusing on manipulating numbers and using the basic operations.  There are 
many easy variations to this game. 

The basic game 
Players or teams of players each have a board (see figure 2) and a set of counters for covering squares on the 
board.  Three dice are used.  Players take turns to roll the three dice then cover squares on the board justifying the 
play. 
A square may be covered if the player can use all three numbers rolled and two operations (they may both be the 
same) to make that number.  On each turn a player may cover up to three squares on the board. The aim is to cover 
all 30 numbers. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

Figure 2. Board for 3 for 30 
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2 + 5 – 6 = 1;  2  (6 – 5) = 2;  2 + 6 – 5 = 3;  2  5 – 6 = 4; 

2  6 – 5 = 7; 6  2 + 5 = 8; 6 + 5 – 2 = 9; 6 + 5 + 2 = 13; 

5  6  2 = 15; 6  (5 – 2) = 18; 5  (6 – 2) = 20 6  5 – 2 = 28 
I may have missed some.  The player, though, must make a choice as only three of these can be used on any one 
turn.

Variations and comments 
There are many different variations to this, some of which are indicated here:   

Changing the dice:  use ten sided dice instead of six sided dice; use four dice. 

Change the board:  use different boards; give the players a blank 6  6 grid and allow them to choose the 
numbers to write in (they must all be different).

Change the operations:  allow indices to be used as well. 

Change the criteria for a win:  allow any block of 4  4 to be a win. 

Algebra Camel Race 
This is a board game which focuses on the use of formulae and, in particular, substitution.  It also provides practice 
at mental arithmetic and can be extended to include negative numbers. 

The game 
This game works well with the players being pairs of players and three (or four) pairs playing on each board.  Each 
team needs a set of four counters of one colour (to represent the camels with their jockey silks).  A game board and 
two dice of different colours are also needed. 
The teams take turns to throw the two dice.  On each turn they may move ONE camel according to the formula next 
to the row they are on.  The object is to be the first team to get all four camels home.   
Depending on the colours of the dice each colour needs to be assigned to one of the two letters on the board.  For 
example if a yellow and a green dice are used the assignment may be let g be the number on the green die and r be 
the number on the yellow die.  It is important that the students say the number on the green die and not just g is the 
green die. 
The first move to bring a camel on to the board is r + g.  After the first camel is on the board then for their next turn, 
after they have rolled the dice, the team has to decide which camel to move. 
As in any race they camels just have to cross the finish line (going forward!) after completing a circuit of the board. 
The camels do not need to keep in any one track and two or more camels can be on the same row at any one time.   
The board is shown in figure 3. 

Variations and comments 
There are three ‘squares’ on the board which were deliberately set up to cause difficulty.  They are the three with the 
denominators of 60.  The substitutions here will all give very small numbers which would round to zero. Once on 
those rows it is not possible to move forward.  Effectively the camel has sprained its ankle and needs to rest a turn 
before coming back on at the start.  I usually wait until the players realise that they have a problem then give them 
the solution also warning them that if the camel is hurt too often we may have to shoot it to put it out of its misery.  
This becomes a joke but the purpose is to force the players to plan ahead to try to avoid the ‘bad’ rows. 
The first time this game is played players make the moves without thinking ahead but as they become used to the 
game they begin to see where the camel will be after the move and consider how well it will be set up for later 
moves. 
Other rows that cause comment are the formulas such as ‘r + 2’ and the one that is just ‘3’.  These are important as 
even though both dice are rolled they may not affect the outcome. 
There are many different variations possible, some of which are indicated here:   
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Figure 3. Algebra Camel Race board 
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Use only three camels in order to speed up the game.  It is important though to have more than one camel so 
that the players have t make a conscious choice each time. 

Change of board.  I have a number of different boards – all A3 in size.  The simplest board uses just one die 
and has only one variable.  More complex formulae could also be used.  This one works well though and has 
been well tested over at least 25 years. 

Change the dice.  It is possible to use ten sided dice but it does make the game faster.  The game becomes 
more complex if new dice with both positive and negative numbers are created.  I use one colour with 0, +1, –

2, +3, –4, +5 and the other with –1, +2, –3, +4, –5 and +6.
One final comment – the game has changed its name.  I used to call it Algebra Horse Race but I then encountered 
the problem that in some places horses run clockwise around the track and in other places, anti-clockwise. It is 
even different between the States within Australia. There is also the difficulty that horses usually do not run 
backwards.  I once attended the camel races in Alice Springs in Central Australia.  One of the camels, which was in 
a winning position, turned around and ran in the other direction leaving the poor powerless jockey embarrassed. I 
decided if we changed the name to Algebra Camel Races the differences to reality would not be such a problem. 
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Origami Boxes and Jelly Beans: 
Activities to suit all levels of numeracy.

Beth Marr
RMIT University

beth.marr@rmit.edu.au 

These activities are a sample of the activities from the Smorgasbord at the conference.  

Make the origami box – students create the 3 D shape by following the instructions on the 2 D handout (with a little 
help from an initial demonstration by the teacher) (see next page for instruction sheet). 
Note the potential for fractions and shape language development as you go through a demonstration with the class. 
Follow up – get pairs of students to teach each other to make something else through paper folding.  
Together they can then create a set of written instructions for their favourite paper folded object. 

Small group estimation exercise 
Give out five or six jelly beans per small group, ask students to discuss together an estimate of how many jelly beans 
would be needed to fill the box (level across the top – with the sides kept straight).
Check the estimations by getting students to fill one of their boxes with beans and count them. 

Developing volume formulae
Discuss the common sense strategies used by class members for their estimation and relate them to the traditional 
approaches to calculating volume such as: 

Volume = area of base × height,  
Volume = length × width × height 
And any other they are aware of from vocational fields 

Make sense of these in terms of rows of beans, numbers of rows and numbers of layers. Or base layer and numbers 
of layers. 

Origami Boxes and Jelly Beans: Activities to suit all levels of numeracy, part 2. 

Challenge Activity 1 
If the square paper was half the length how many jelly beans do you think would fill it? 

Write the guess down on a piece of paper. 
Cut some paper so that it is exactly half the length (but still square) and try out your guess by making the box. 

Challenge Activity 2 

Can you make a new origami box that has exactly half the volume of the first box?  
(using the same method as before what length of square would it take?) 
Students can have lots of fun with scissors and paper. 
Leave them with this challenge for at least a week. 
Afterwards you have the potential to review a range of problem solving strategies. 

These activities follow from the estimation and volume activity above 
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(Origami box instructions courtesy of ‘Equals’ – University of California are shown here.  The reference is Downie, D., Slesnick,
T., & Kerr Stenmark, J. (1981). Math for girls and other problem solvers.  p 93.  Berkeley, Ca: Lawrence Hall of Science.) 
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