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About ALM 
 
Adults Learning Mathematics—A Research Forum (ALM) was formally established in July 
1994 as an international research forum with the following aim: 
 

To promote the learning of mathematics by adults through an international forum, which 
brings together those engaged and interested in research and development in the field of 
adult mathematics learning and teaching. 

 
Charitable status 
 
ALM is a Registered Charity (1079462) and a Company Limited by Guarantee (Company 
Number 3901346). The company address is 26, Tennyson Road, London NW6 7SA. 
 
Objectives of ALM 
 
The Charity’s objectives are the advancement of education by the establishment of an 
international research forum in the lifelong 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. 

 
ALM Activities 
 
ALM members work in a variety of educational settings both as practitioners and research, 
improving the learning of mathematics at all levels. The ALM annual conference provides an 
international network which reflects on practice and research, fosters links between teachers and 
encourages good practice in curriculum design and delivery using teaching and learning 
strategies from all over the world. 
 
ALM does not foster one particular theoretical framework but encourages discussion on research 
methods and findings. 
 
Board of Trustees 
 
ALM is managed by a Board of Trustees elected by the members at the Annual General Meeting 
which is held at the annual international conference. 
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Preface 
 
The 15th Annual Conference of Adults Learning Mathematics—A Research Forum was held in 
Philadelphia, Pennsylvania, United States of America in 2008.  It had been eight years since the 
conference met in the United States and the meeting offered an opportunity for the American 
members of ALM to meet not only their international colleagues but geographically dispersed 
domestic associates who share their interest in adult mathematics education. 
 
It was in Philadelphia that the courageous band of colonial leaders wrote and signed the 
Declaration of Independence on July 4, 1776 and the conference committee chose to incorporate 
the aspiration of personal independence into the conference title A Declaration of Numeracy: 
Empowering Adults through Mathematics Education.  This year’s conference attracted 
participants from four continents.  International attendees traveled from Australia, New Zealand, 
Norway, the United Kingdom, Ireland, Nigeria and Gabon.  United States conferees hailed from 
both the adult education and tertiary (post-secondary) systems.  Plenaries, papers, workshops, 
and topic groups blended research and practice in an enriching dialogue that benefited 
participants from all the arenas where adult numeracy instruction takes place. 
 
The conference committee is grateful to the administration and staff of Chestnut Hill College for 
welcoming the conference to their beautiful and tranquil campus.  The gracious hospitality that 
was accorded to ALM as well as the delicious food served by the Chartwells employees 
promoted a collegial atmosphere for constructive dialogue by all participants.   
 
The objectives of ALM—15, as with all previous conferences, included a number of elements 
among these: 
 

• The sharing of good practice in adult mathematics teaching and learning 
• Taking stock of our area/discipline as an evolving area of study and research 
• Assessing the nature and value of the combined contribution for adult mathematics 

education/numeracy, and 
• Charting the future directions for development and research. 

 
All conference presentations that are submitted for publication and meet the editors’ 
requirements for style and presentation are published in the conference proceedings.  
Presentations for which no paper was submitted are represented by their program  abstract.  Two 
kinds of contributions to the proceedings of ALM—15 were possible: 
 

1. Refereed Papers 
Authors who submitted their papers for refereeing and have been peer reviewed 
are identified by an asterisk (*) alongside the title. 

2. Non-refereed Contributions 
Papers or workshop reports whose authors did not request their contribution to be 
refereed have no identification marking. 
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If You are Standing Still,  
You are Falling Behind! 

Embracing Change in Standards-Based Mathematics Instruction: 
It Come Straight from the Heart! 

 
Dr. Richelle Blair 

President 
American Mathematics Association of Two-Year Colleges 

Richelle.blair@sbcglobal.net 
 

 
In our global society, the one thing that is constant is that tomorrow will change.  Changes in our world, 
in technology, and in our classrooms are a way of life.  Becoming a teaching professional is more than a 
good teacher.  It means making a commitment to continuous growth and lifelong learning.  Strategies for 
embracing change and stepping our of your comfort zone are discussed.  Included is a discussion of the 
policies and standards in the AMATYC publication, Beyond Crossroads.  
 



 
3

Numeracy for Nursing: The Scope for International Collaboration 
 

Diana Coben 
King’s College London 

Diana.Coben@kcl.ac.uk  
 

There is widespread recognition that numeracy is a key skill for safe and effective 
professional practice in nursing. Yet despite research studies in various countries which 
reveal a lack of proficiency within both the student population and amongst registered 
nurses, there is no international consensus on the nature and scope of numeracy for nursing, 
or on ways of improving the situation. In this paper I present a brief overview of research 
and development on numeracy for nursing in several countries. I then outline work in 
progress on two inter-disciplinary research projects in the UK as a way to explore the scope 
for international collaboration on numeracy for nursing. I conclude that the time appears to 
be ripe for collaboration on an international comparative study drawing together and 
carrying forward research and development in numeracy for nursing: We have much to 
learn from each other. 

Introduction 

Numeracy for nursing has a “manifest disaster criterion” (Nokes, 1967). Poor numeracy can be life 
threatening for the patient. Numeracy is implicated in potential and actual disasters (ISMP, 2008) and in 
safe and effective practice in nursing. Nurses’ numeracy manifestly matters: to patients, to nurses 
themselves, to their employers, to the public and to nurse educators. However, studies in various countries 
reveal a lack of proficiency amongst both students and registered nurses (Bindler & Bayne, 1991; Brown, 
2006; Grandell-Niemi, Hupli, Puukka, & Leino-Kilpi, 2006; Jukes & Gilchrist, 2006), and efforts to 
remediate the situation (Johnson & Johnson, 2002; Sandwell & Carson, 2005; Weeks, Lyne, & Torrance, 
2000; Wright, 2005). Widespread concern about nurses’ numeracy finds periodic expression in alarming 
headlines such as “A third of new nurses fail simple English and maths test” (Daily Telegraph, 5th 
August, 2006), and there are examples of efforts to remediate the situation through education and training. 
However, as yet there is no explicit consensus on the nature and scope of numeracy for nursing, or on 
ways of improving the situation: Numeracy for nursing is still poorly-understood and under-developed. 

In this paper I begin by presenting a brief overview of research and development on numeracy for nursing 
in several countries. I then outline work in progress on two inter-disciplinary research projects in the UK 
as a way of exploring the scope for international collaboration on numeracy for nursing. 

So What do I Mean by Numeracy for Nursing? 

Numeracy may be considered as a specific competence for nursing, so before proceeding further it is 
necessary to define what is meant by ‘competence’ and ‘numeracy’ in this context. 

The holistic notion of competence set out in the Organisation for Economic Cooperation and 
Development’s (OECD) report on The Definition and Selection of Key Competencies (known as DeSeCo) 
is useful here. DeSeCo defines competence as: 

… the ability to successfully meet complex demands in a particular context. Competent 
performance or effective action implies the mobilization of knowledge, cognitive and 
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practical skills, as well as social and behavior components such as attitudes, emotions, and 
values and motivations. 

(OECD, 2005, p. 2) 

There are many competing definitions of numeracy (Coben et al., 2003), some of which, including the 
following definition, align with the OECD notion of competence: 

To be numerate means to be competent, confident, and comfortable with one’s judgements 
on whether to use mathematics in a particular situation and if so, what mathematics to use, 
how to do it, what degree of accuracy is appropriate, and what the answer means in relation 
to the context. 

(Coben, 2000b, p. 35, emphasis in the original) 

Many aspects of nursing call for competence in numeracy in these terms, including calculations and 
judgments involved in tasks such as: monitoring patients’ vital signs and fluid balance; measuring weight 
and height; nutrition, including infant feeding and monitoring the nutrition levels of elderly and frail 
patients; demographic profiling; the organization of healthcare work, including staffing and budget 
calculations; and the area that most people think of when considering numeracy or mathematics for 
nursing: medication dosage calculation (Johnson & Johnson, 2002; Pirie, 1987). A Venn diagram 
representing medication dosage calculation as an integral element of the intersecting areas of numeracy, 
healthcare numeracy and medicines management is shown in Figure 1, below; other areas of numeracy 
for nursing could be visualized in a similar way. 

As nursing practice incorporates the use of new technologies, the nature of numeracy for nursing is 
changing. In nursing, as in other areas of life, much mathematics is invisible (Coben, 2000a; Noss & 
Hoyles, 1996; Zevenbergen, 1996). New technology has arguably in some ways ‘demathematised’ some 
aspects of nursing practice, or at least removed the need for some calculations. For example, the use of 
personal digital assistants (PDAs) is expanding in nursing, particularly at the point of care (Greenfield, 
2007) and medicines may be dispensed in standard dosages; these have the potential to reduce calculation 
error. However, such new nursing practices also call for numeracy on the part of the nurse: Estimation 
and checking strategies, for example, are vitally important for judgements as to whether a machine is 
correctly calibrated, or whether the correct dose of a drug has been prescribed. 
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Figure 1. Drug calculation as an aspect of numeracy, healthcare numeracy and medicines manage-
ment (Sabin et al., 2008). 

Research on Numeracy for Nursing 

Research on numeracy for nursing is still a new area despite pioneering work by Susan Pirie and others in 
the 1980s (Dexter & Applegate, 1980; Pirie, 1987). There is growing interest and research activity, much 
of it small-scale, such as evaluations of local initiatives. A literature review by Sabin (2001) confirms that 
competence in mathematical calculation skills required for clinical nursing practice is widely regarded as 
a pre-requisite to nurse registration. However, many studies find a lack of proficiency amongst both 
students and registered practitioners. Sabin examines the strength of the evidence linking achievement in 
calculation tests with subsequent clinical practice, alongside the demographic and cultural variables that 
may influence learning, teaching and assessment. He reviews the nature and role of mathematics learning 
within pre-registration nurse education programmes and in clinical practice. He also reviews the value of 
context in mathematics learning in professional settings and critiques the rationale for outcomes-based 
approaches to assessment since these may fail to identify, and may potentially stifle, the development and 
application of knowledge. On the basis of the review, he advocates an integrated approach to facilitating 
mathematical knowledge and application in practice and makes recommendations for future practice in 
the UK, as follows: 

1. Early identification of individual numeracy skills should be made […]. 

2. University-based teaching and learning should employ a range of approaches including workbooks, 
CAI [computer-assisted instruction], study groups and lectures, identifying and focusing on the key 
components identified by Pirie (Pirie, 1987) and others. 

3. Experiential learning in clinical practice should be supported by linking specific clinical activities 
with calculation learning and practice. 

Numeracy 

Drug  
Calculation 

Healthcare 
Numeracy 

Medicines 
Management 
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4. Assessment of ‘competence’ in calculation […] needs to examine mathematical knowledge 
acquisition, and its application in practice, rather than a narrow assessment of clinical performance. 

5. Numeracy should have the same status as other equally important components of professional 
practice. 

6. The elements of mathematics understanding required to address the evaluation and analysis of clinical 
and statistical data in research should be integrated into pre-registration programmes; particularly 
those that result in a degree-level award. 

7. Remedial programmes should be supported by university-wide facilitation. 

8. Just as the mathematics in nursing practice is not disengaged from its context, neither are the students. 
Acknowledgement of the role of demographic issues such as age, gender, class and ethnicity in 
approaches to learning and teaching practice calculation is long overdue. 

9. Future studies should be focused towards the development of a standardised, structured framework 
for learning, teaching and assessment that can be employed across the UK nursing education field.  

10. The development of a framework, within which education and service can facilitate and assess 
practitioners’ calculation abilities, is needed. 

(Sabin, 2001, pp. 9–10) 

The International Picture 

Nurse Shortage and Drop-Out from Training 

Some examples of research and development published since Sabin’s review indicate that numeracy for 
nursing continues to be an issue of concern in many countries, often against the background of nurse 
shortages. For example, there is a national shortage of registered nurses (RNs) in the United States of 
America which is predicted to continue to grow over next twenty years, with a more severe shortage in 
some States than others. The US Department of Health and Human Resources Health Resources and 
Services Administration (HRSA) states that: 

to meet the projected growth in demand for RN services, the U.S. must graduate approx 90% 
more nurses from U.S. nursing programs. 

(HRSA, 2004, p. 10) 

There is also concern over drop-out rates in nurse training. For example, amongst Hispanic nursing 
students in the USA: 

National research shows a 30% drop-out rate for Hispanics in nursing programs. This has 
been directly tied to economic hardship issues that involve the need to support the family and 
an educational preparation that may not have emphasized the knowledge and skills needed to 
succeed in the selected program. 

(Hispanic Times Magazine, 2001) 

This situation is reflected in the UK, also: “More than a quarter of the UK’s student nurses dropped out of 
their courses in 2006” (BBC News 9th April, 2008, http://news.bbc.co.uk/1/hi/health/7337259.stm). It is 
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not known to what extent numeracy may be a factor in recruitment and retention problems in nurse 
training but it is likely that it has some bearing on this situation. 

Establishing the Extent and Nature of Nursing Students’ Numeracy 

Research studies aiming to establish the extent and nature of nursing students’ numeracy include 
explorations of the mathematical competencies of baccalaureate degree nursing students in the USA. For 
example, Allen and Papas (1999) assessed entering nursing students’ mathematics competencies and 
identified and arranged additional customized support for those who needed additional help. Drug dosage 
calculation is a particular concern and Brown found that a sample of nursing students in the North East 
region of the USA, even with the use of calculators, were unable to complete a medication examination 
with at least 85% accuracy within a predetermined time limit. She concluded that although medication 
dosage calculation errors are cited as one of the most frequently occurring types of error in medication 
administration, they are seen as one of the most preventable (Brown, 2006). 

Improving Nursing Students’ Numeracy 

Other studies evaluate attempts to improve nurses’ and nursing students’ competence in numeracy. 
Numeracy is often built into Nurse Education programmes. For example, in the USA, an evaluation of the 
efficacy of a teaching strategy in improving beginning nursing student learning outcomes was undertaken 
by Rainboth and DeMasi (2006). The students who received the intervention had statistically significantly 
higher scores on the major medication calculation examination than the students in the control group. The 
intervention group students were satisfied with the method and outcome, a finding that tends to be 
duplicated elsewhere in evaluations of other such interventions. In Australia an evaluation of an 
innovation by a teaching team who developed a Safe Administration of Medicines (SAM) website was 
undertaken by Behrend and colleagues (Behrend, Clark, Hall, & Hill, 2006). The site includes ‘Maths for 
Nurses’ learning resources which identify the key numerical concepts and provide an explanation of these 
concepts, together with examples and clinical quizzes to ensure skills are contextualised in workplace 
practice http://www.unisanet.unisa.edu.au/sam/. Behrend et al.’s evaluation of this site found that 
successful outcomes had been achieved through web-based on-line numeracy learning. At Christchurch 
Polytechnic Institute of Technology (CPIT) in New Zealand, Dodds has created another online 
programme of support for numeracy for nursing (Dodds, 2006) http://www.cpit.ac.nz/subjects/ 
mathematics_and_statistics/programmes__and__courses and there are other examples of such 
programmes from around the world, including the UK-based Authentic World® 

http://www.authenticworld.co.uk/. 

In Australia, Galligan and Pigozzo (2002) have researched the process of assisting nursing students to 
solve drug calculation problems using metacognition and error analysis. They found that “nursing 
students who have difficulties with drug calculations do demonstrate metacognitive and cognitive skills” 
however, they have identified gaps in these skills. On the basis of their analysis, they have developed 
strategies involving planning, predicting and identifying errors, in order to enhance students’ problem-
solving abilities.  

Also in Australia, Gillies (2004) has compared two methods for teaching drug calculation: on the one 
hand, traditional formula-based teaching methods and on the other hand building on students’ existing 
mathematical problem-solving skills. On the basis of analysis using quantitative measures, the formula-
based approach appeared more effective. However, she found that alternative teaching methods may be 
more effective in increasing students’ confidence and achieving better long-term recall and transfer of 
skills. 

There is concern about equity and inclusion of minority groups. For example, in Finland, the basic 
mathematical proficiency and the medication calculation skills of graduating nursing students in Finland 



 
8

were studied by Grandell-Niemi and her colleagues. They looked at how students experienced the 
teaching of medication calculation. They aimed to find out whether these experiences were associated 
with various background factors and the students’ medication calculation skills. They established that the 
students found it hard to learn mathematics and medication calculation skills. Overall their mathematical 
skills were inadequate, with one-fifth failing the medication calculation test. There was a positive 
correlation between students’ grades in mathematics before starting nurse training and their skills in 
medication calculation (Grandell-Niemi, Hupli, & Leino-Kilpi, 2001). 

In New Zealand, Gibson-van Marrewijk is conducting a project investigating factors impacting on student 
completion, retention, and achievement rates for science modules in applied health programmes, with 
particular attention to Maori students (http://www.tlri.org.nz/projects/2005/). 

In the UK, recent research includes: analysis of the concept of competence in numeracy for nursing 
(Hutton & Gardner, 2005); a study of techno-mathematical aspects of pediatric nursing practices (Hoyles, 
Noss, & Pozzi, 2001); development of local support initiatives and materials (Starkings, 2003); and 
evaluation of teaching and learning interventions (Hall, Jones, Hilton, Davies, & MacDiarmid, 2005; 
Wright, 2006). 

Approaches to Teaching, Learning and Assessment of Nurse Education 

As yet there has been no systematic national (nor yet international) survey of the ways in which nursing 
students are educated in numeracy. Anecdotally, it would appear that these approaches range along a 
continuum from the teaching of decontextualised arithmetic, through the teaching of formulae commonly 
used in nursing, to problem-solving approaches and task-based activities involving simulation of practice, 
through to fully contextualized approaches situated directly in practice, known colloquially in the UK as 
‘sitting by Nelly’. In the case of numeracy for nursing, ‘sitting by Nelly’ involves working alongside an 
experienced nurse while he or she undertakes tasks involving numeracy. Any given nurse education 
programme may offer combinations of these approaches, which may be delivered in the classroom, 
online, or on the ward or other healthcare setting. 

A full review of these approaches is outside the scope of this paper but we know that it cannot be assumed 
that students will readily transfer knowledge from the classroom to the practice situation (Eraut, 2003; 
Evans, 1999; Guile & Young, 2003). ‘Sitting by Nelly’ is not necessarily the answer either, since ‘Nelly’ 
may have become so habituated to the numeracy required in her role that it has become “common sense” 
(Coben, 2000a)—that is, self-evident to an experienced worker but not to a novice. An example of the 
sort of problem that may arise is shown in Figure 2. The experienced nurse (on the right) talks her 
colleague through a medication dosage calculation: “We need Aminophylline 200 milligrams… It comes 
as 250 milligrams in 10ml. Therefore we need to give 8ml … OK?”. She probably believes she is being 
clear and helpful but her inexperienced colleague has no idea what she is talking about and is too 
embarrassed to ask. An opportunity for learning has been lost and the experienced nurse may be unaware 
that there is any problem. 

Two current inter-disciplinary research projects in the UK are seeking to address some of the issues 
outlined above. These are: ‘Medication Dosage Calculation: a benchmark assessment for nursing’1 (NHS 

                                                 
1‘Medication Dosage Calculation: A benchmark assessment for nursing’ (2007–09). The team was brought together 
by Mike Sabin, NHS Education for Scotland and Scottish Government and comprises, in addition to Mike Sabin: Dr 
Keith Weeks and Norman Woolley of University of Glamorgan and Authentic World®; Dr Carol Hall, University of 
Nottingham; Professor Diana Coben, King’s College London; Dr Meriel Hutton, Consultant and Senior Visiting 
Research Fellow, King’s College London; and Dr David Rowe, University of Strathclyde. The project is funded by 
NHS Education for Scotland (NES) http://www.nes.scot.nhs.uk/. 
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Education Scotland); and ‘Numeracy for Nursing’2 (King’s College London). Both projects are based on 
the notions of numeracy as a competence for nursing outlined above. They are being conducted against 
the background of the new (from September 2008) requirement by the UK Nursing and Midwifery 
Council (NMC3) for nursing students to achieve 100% in a test of “numeracy in practice” before they will 
be allowed to register as nurses (NMC, 2004). However, there are currently no national standards for 
teaching or assessment of numeracy during pre-registration nurse training, so tests are likely to vary in 
validity and reliability. This means the tests may not be measuring what they are intended to measure 
(i.e., they may be invalid) in terms of content (domain- or subject-specific); construct (indicating an 
internal trait, attribute, or process); or criterion (factors that can be related to an observable outcome). 
Reliability implies freedom from measurement errors and consistency between measurements across time, 
situations and raters. Reliability is necessary, but not sufficient, for validity. In an area with a manifest 
disaster criterion such as numeracy for nursing, assessment must be both valid and reliable. 

Two Current Projects on Numeracy for Nursing 

Medication Dosage Calculation: A Benchmark Assessment for Nursing 

This ongoing interdisciplinary study aims to create a national benchmark for numeracy for nursing in 
Scotland against which numeracy for nursing may be assessed, initially at point of registration but 
potentially thereafter at other stages of nurse preparation and in practice. A robust competence benchmark 
will allow practitioners to demonstrate achievement, universities to demonstrate effective learning and 
teaching strategies and employers to support governance and patient safety. If we succeed in creating a 
benchmark for numeracy for nursing accepted by the profession and other stakeholders, we believe it will 
be the first of its kind anywhere in the world. 

The project is rooted in constructivist and socio-cultural approaches to numeracy for nursing and builds 
on work by members of the project team (Coben, 2000b; Hall et al., 2005; Hutton, 2000; Rowe & Mahar, 
2006; Sabin, 2006; Weeks, Lyne, Mosely, & Torrance, 2001). Initially we are focusing on drug dosage 
calculation, addressing issues of parity, scope and level in assessing numeracy skills for successful 
calculation of medication dosages by nurses when they qualify. In the first phase of the study we 
developed an evidence-based benchmark assessment tool utilising interactive computer simulations that 
approximate to real world practice, based on the following criteria—such a tool should be: 

Realistic: 

Evidence-based literature in the field of nursing numeracy (Hutton, 1997; Weeks et al., 2001) 
strongly supports a realistic approach to the teaching and learning of calculation skills, which in 
turn deserve to be tested in an authentic environment. Questions should be derived from 
authentic settings. A computer based programme of simulated practice in drug calculations, 
formative testing, with feedback on the nature of errors made, has been shown to develop 
competency in medication dosage calculation, which can be also demonstrated in the clinical 
areas (Weeks et al., 2000). Exposure of students to real-world situations is recommended 
(Weeks, 2001). 

                                                 
2‘Numeracy for Nursing at King’s College London’ (Jan-Sept., 2008). Principal Investigators: Professor Diana 
Coben, and Dr Jeremy Hodgen, with Sherri Ogston-Tuck and Dr Meriel Hutton; conducted in collaboration with the 
Florence Nightingale School of Nursing and Midwifery and funded by the Department of Education and 
Professional Studies Research Committee, King’s College London. 

3NMC is the UK regulatory body for nursing and midwifery http://www.nmc-uk.org/. 
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Figure 2. Numeracy in the workplace: nursing. 

  
  Well no, it’s not OK. 

I haven’t got a clue how she worked it out… 
but I don’t want to look stupid 

by asking how she did it. 

 We need Aminophylline 200 
milligrams…  

It comes as 250 milligrams in 10ml. 
Therefore we need to give 8ml… 

OK? 
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• Appropriate: 

• The assessment tool should determine competence in the key elements of the required 
competence (OECD, 2005; Sabin, 2001). 

Differentiated: 

• There should be an element of differentiation between the requirements for each of the 
branches of nursing (Hutton, 1997). 

Consistent with adult numeracy principles: 

• The assessment should be consistent with the principles of adult numeracy learning teaching 
and assessment, having an enablement focus (Coben, 2000b). 

Diagnostic: 

• The assessment tool should provide a diagnostic element, identifying which area of 
competence has been achieved, and which requires further intervention (Black & Wiliam, 
1998). Thus it should “provide information to be used by students and teachers that is used 
to modify the teaching and learning activities in which they are engaged in order better to 
meet student needs. In other words, assessment is used to ‘keep learning on track’” (Wiliam, 
2007). 

Transparent: 

• The assessment should be able to demonstrate a clear relationship between ‘test’ 
achievement and performance in the practice context (Weeks et al., 2001). 

Well-structured: 

• The tool should provide: 

o a unique set of questions with a consistent level of difficulty; 

o a structured range of complexity; and 

o the assessment should take place within a defined framework, at points by which students 
can be effectively prepared, while allowing time for supportive remediation. (Hodgen & 
Wiliam, 2006) 

Easy to administer: 

o the assessment should provide the opportunity for rapid collation of results, error 
determination, diagnosis and feedback (Black & Wiliam, 1998). 

(Coben, Hall, et al., 2008, pp. 96–97) 

The next phase (currently underway) seeks to evaluate this tool and compare it with assessment of the 
same competencies in a practical setting, using task-based activities. 
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Progress reports on the project have been presented at national and international conferences (Coben et 
al., 2008; HEA, 2006; Sabin et al., 2008) and published in articles (Coben, 2007). 

Numeracy for Nursing at King’s College London 

Meanwhile, an exploratory investigation of aspects of teaching, learning and assessment of numeracy for 
nursing is underway in the Florence Nightingale School of Nursing and Midwifery (FNSNM) King’s 
College London undergraduate/Diploma Nursing programme. Like other university Schools of Nursing in 
the UK, FNSNM has developed its own numeracy teaching, learning and assessment programme. This 
programme is being evaluated in this interdisciplinary project; in particular, we are: 

• analysing existing data from online numeracy assessment of FNSNM Nursing 
undergraduate/Diploma students; 

• critically evaluating numeracy assessment instruments and procedures used by FNSNM and 
recommending improvement as appropriate, in order to establish the validity and reliability of 
FNSNM assessment of numeracy for nursing; 

• characterising the approach to teaching, learning and assessment of numeracy for nursing in 
FNSNM with a view to developing future studies, including international comparative studies. 

We have conducted an initial analysis of the difficulty and coverage of assessment items and we are 
currently reviewing formative and summative assessment processes and materials and analysing the 
results of summative assessments of FNSNM nursing students’ mathematical knowledge. The project will 
be reported on at the 9th Annual Interdisciplinary Research Conference, Transforming Healthcare through 
Research Education and Technology, School of Nursing and Midwifery, Trinity College Dublin: 5th-7th 
November, 2008. 

We envisage that this project will complement the ‘benchmark’ project in Scotland since it entails an 
analysis of a different set of assessment items in terms of the scope and nature of numeracy for nursing 
implicit in them. We hope that these projects may contribute to the establishment of a sound basis for 
teaching learning and assessment of numeracy for nursing in the UK and elsewhere in the world. 

The Scope for International Collaboration in Research and Development on Numeracy for Nursing 

Following on from these projects, and building on Sabin’s (2001) review of research and the other studies 
outlined above, there appears to be considerable scope for international collaboration on research and 
development in numeracy for nursing. 

Debate on the nature and scope of numeracy for nursing should be facilitated through existing national 
and international networks such as ALM (Adults Learning Mathematics—A Research Forum, www.alm-
online.net/), FINE (European Federation of Nurse Educators, www.fine-europe.eu/Organisation.htm) and 
other international, national and regional healthcare and nursing and nurse education organizations and 
mathematics and numeracy education fora. This should raise awareness of issues in numeracy for nursing 
and alert practitioners and others to the current lack of agreement on what numeracy is required for 
nursing and the variation in standards and content likely to be found in assessments of numeracy for 
nursing. 

If a benchmark for numeracy for nursing can be successfully established in Scotland and is accepted by 
the profession and by nurse educators, employers and others, the standards expected of qualified nurses in 
other countries and at other stages in nurses’ education and subsequent careers (newly-qualified; 
experienced; etc.) could be compared with the benchmark. The validity and reliability of assessments of 
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numeracy for nursing used in various countries and institutions could also be compared with the 
benchmark. Teaching, learning and assessment programmes in numeracy for nursing could be compared 
in terms of their fitness for purpose, fitness for practice and fitness for award. The complexity and 
potential difficulty of both the mathematical and nursing content could be compared. 

As a first step, an international comparative study of numeracy for nursing is in preparation. This will 
investigate: relevant aspects of regulatory frameworks and employment contexts; the numeracy nurses 
need to be safe and effective; the nature and scope of numeracy education for nursing, including case 
studies of educational interventions in numeracy for nursing. The study will include an exploration of 
what adult numeracy educators, in collaboration with nurses and nurse educators, can do—and are 
doing—to help turn numeracy for nursing from a poorly-understood area of concern to a well-understood 
beacon of good practice. The time is surely ripe for collaboration on an international comparative study 
drawing together and carrying forward research and development in numeracy for nursing: we have much 
to learn from each other. 
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Math Forum: Its Utility for Teachers of Adults 
 

Steve Weimar 
The Math Forum, Drexel University 

steve@mathforum.org 
 

The Math Forum is a leading center for mathematics and mathematics education on the Internet. 
Operating under Drexel University's School of Education it provides resources, materials, 
activities, person-to-person interactions, and educational products and services that enrich and 
support teaching and learning in an increasingly technological world.  The online community of 
teachers, students, researchers, parents, educators, and citizens at all levels with an interest in 
mathematics work towards this end in the following ways:   

• Encouraging communication throughout the mathematical community through a growing 
collection of mailing lists, Web-based discussion areas, and ask-an-expert services.   

• Offering model interactive projects and providing creative non-routine challenges for 
students.   

• Making math-related web resources more accessible through the Forum's community 
digital library which supports the use and development of software for mathematics 
education.  

• Providing high-quality math and math education content.  Teachers are invited to use the 
Web interface to contribute their own lessons.   

Growing with the Web by notification about new sites of interest, feature the latest and 
best, and host focused and timely discussions of math education and associated source 
materials. 

 



 
17

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Paper Presentations



 
18

Promoting Active Learning in Essential Skills Numeracy Project 2007 
Post-16 Sector, Northern Ireland 

 
Jill Brown 

Learning and Skills Development Agency 
jbrown@lsda.org.uk 

 
 

Through presentation, discussion and hands-on numeracy activities, delegates will be 
encouraged to consider how active learning approaches are being disseminated throughout the 
post-16 sector in Northern Ireland and how to support tutors in changing their classroom 
practice.  This includes: 

• Sustained, research-based staff development 
• Demonstration lessons, team teaching and peer observation 
• Opportunities for critical reflection 
• Collaborative planning and review 

 
Other issues that will be addressed include: 

• Working with teacher trainers to incorporate the active learning  
       approaches in their provision 
• Encouraging student teachers to use the active learning approaches, at 
      an appropriate level, with their own learners 
• Developing quality active learning resources through collaboration 
 

       Research and evaluation of the impact of the action research project includes the    
       following: 

• Pre and post development questionnaires, including sections on  
o Beliefs on best practice in teaching and learning mathematics 
o Current practice in teaching and learning mathematics 
o Constraints, preventing best practice 

• Staff development feedback 
• Peer observation feedback 
• Learner feedback 
• Interviews 
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The Al-jabr of Numeracy: Restoring the Balance (Between Literacy and Numeracy) 

Noyona Chanda Graham Griffiths 

LLU+, London South Bank University LLU+, London South Bank University 
n.chanda@lsbu.ac.uk g.griffiths@lsbu.ac.uk  

The Skills for Life agenda, developing the language, literacy and numeracy skills of 
adults, has been in action in England since 2000. Our institution, the LLU+ in 
Southbank, London, were asked to undertake a small piece of research for the UK 
National Audit Office looking into possible reasons why numeracy take up has been 
less than literacy. The team used a range of data collection methods including 
questionnaires, semi structured interviews with learners and staff, email 
correspondence and desk research. The research revealed some interesting issues 
which will be discussed in this paper: perceptions of the comparative worth of 
literacy and numeracy, a variety of views concerning the imbalance, the 
management structures of providers, and the reporting structures of a variety of 
organisations. We finish the paper by suggesting future action which we feel will 
assist the increase in numeracy provision in order to meet UK national targets. 

Introduction 

There is compelling research evidence which suggests that millions of adults in the UK have 
numeracy skills below a desired level of performance (see Appendix for a description of the 
levels used in this paper): 

One in four (25%) respondents achieved Level 2 or above in the numeracy 
assessment, which means that around 23.8 million adults had numeracy skills at 
Level 1 or below. (DfES, 2003, p. 2) 

6.8 million adults have serious problems with numbers (DIUS, 2007, p. 7) 

There is also other research evidence that higher numeracy levels are associated with better 
paying jobs (see Bynner & Parsons, 1997a, 1997b, 2005): 

Poor numeracy had a particularly negative effect on men’s full-time employment in 
the 1980s recession, whether or not it was combined with poor literacy… 

Overall, poor numeracy rather than poor literacy was associated with low economic 
well-being at this age. [aged 30] (Bynner & Parsons, 2005, pp. 5–6) 

There have been national numeracy campaigns to raise awareness of these findings (e.g., DfEE, 
1999; DIUS, 2008). Yet it appears that the demand for adult numeracy provision remains 
relatively low-key, with little hint of the adult workforce clamouring for more.  

In this small-scale research, funded by the UK National Audit Office, we set out to explore what 
the contributory factors might be and to produce some recommendations for policy.  
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Rationale 

From our knowledge and experience of the field of adult numeracy, we have considerable 
anecdotal evidence to suggest that there is a mismatch between the scale of need as indicated by 
research, and the interest of the public—and of providers of numeracy classes—to react with a 
sense of urgency.  We set out to gather the views of a cross-section of those involved in this area 
of work—managers, teachers, workplace representatives, learners and those who could be 
learners.  

The recurring message at policy and strategy level is that : 

• Workforce numeracy levels need to be raised in the interest of competitiveness, the 
economy and individual advancement. See, for example, reports such as the Leitch report 
(DIUS, 2007) and the work of Bynner and Parsons (e.g., 2007a, 2007b); 

• Any campaign to drive up demand for numeracy skill development must take account of 
the lack of readiness of provision to respond quickly—not enough classes, not enough 
adequately trained or experienced staff—and yet the campaigns that have resulted have not 
included a strategy or implementation plan for addressing the lack of sufficient teachers in 
readiness for a surge in demand, merely advice that this should happen. 

At the consumer end of the spectrum, there is strong evidence to suggest that a majority of adults 
consider numeracy development needs to be non-essential (see DfEE, 1999), find the subject of 
mathematics boring, and often associated with negative memories of school mathematics learning 
(see Coben, 2003, pp. 100–104). In spite of recognising the link between mathematics and 
superiority in the job market, and whilst wanting their children to do well in mathematics, adults 
appear not to be very motivated to rush to numeracy or mathematics classes to improve their own 
skills. The national cultural trait of self-deprecating remarks about their own mathematics skills is 
alive, well and growing! 

At the level of management and curriculum leadership, the anecdotal evidence has consistently 
suggested that there is insufficient interest in—and push for—expansion of numeracy provision.  
There are a number of possible reasons for this: 

• A general fear of mathematics (many people recoil at the mention of the word, and thus 
close their minds, even when it is not to do with actually doing mathematics); 

• A relative lack of numeracy specialists amongst senior and middle managers, when 
compared with literacy; 

• A lack of dedicated numeracy co-ordination roles at curriculum management levels; 

• Within the Skills for Life programme, curriculum leaders are more likely to be from a 
literacy than a numeracy background. 

At the level of the teacher, mentor or supporter, there is evidence of the same fear of 
mathematics, lack of confidence and anxiety as in the population at large. The historical 
development of numeracy as an afterthought to literacy has left its mark—which suggests a 
vicious cycle of lack of numeracy specialists leading to fewer numeracy classes resulting in 
smaller numeracy numbers and therefore not enough demand for new numeracy teachers. 
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Numeracy teachers are more likely to be part-time than literacy teachers, and in many cases are 
likely to have started out as specialists in IT or literacy before taking on numeracy.  

The introduction of subject specialist teacher qualification requirements in 2001 and revised in 
2007, with its inclusion of mathematics at level 3 equivalence has resulted in some very 
experienced teachers turning away from numeracy, whilst others feel that it has brought 
professional rigour to the qualifications. The key question is whether or not the qualifications 
have had a beneficial impact and produced teachers with appropriate teaching and learning 
strategies.  

Research Methods 

The research process has sampled the views of a variety of relevant groups—policy and strategy 
agencies, managers and teachers in various settings for post-14 education and training, learners 
and potential learners, teacher trainers and their trainees. 

Research methods used have included: 

1. An on-line survey circulated to: 

1. a) all those who have been involved in the national consultation on the Skills for Life 
National Review of the Core-Curricula for literacy, numeracy and ESOL and the pre-entry 
curriculum framework, 

2. b) LLU+ National Numeracy, literacy and ESOL network mailing lists, 

3. c) LLU+ National Training the Teacher Trainer network mailing list. 

2. An open-ended discussion via the LLU+ JISCMAIL numeracy-specific membership list.  

3. Questionnaires completed by individual participants of regional focus groups: 

4. a) generic teacher educators (London and Hull), 

5. b) Dyslexia and Mathematics training group (Newcastle College). 

4. Semi-structured interviews with selected individuals and small groups: 

6. a) sector skills representatives, 

7. b) workplace numeracy trainer, 

8. c) offender learning staff—prison and probation, 

9. d) literacy learners not currently involved in numeracy. 

5. Group feedback to prompts in selected settings: 

10. a) classroom assistants, 

11. b) nurses’ numeracy refresher course, 
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12. c) national numeracy network meeting, 

13. d) prison work-related training group. 

Findings 

(1) Provision—Who is Championing Expansion and Innovation? 

The outcome of previous campaigns has generally been a short-lived increase in numbers wanting 
numeracy or mathematics and a small enhancement in provision that has lasted only as long as 
the dedicated funding.  

The responses to the on-line survey suggested that many organisations are actively promoting the 
development of numeracy provision (51% of 193 responses). However, the qualitative responses 
to the question about ways in which numeracy provision was being promoted are neither 
innovative nor inspiring:  

The organisation does promote numeracy as an add on to its ESOL package, but if a 
subject has to be dropped for various reasons then its numeracy, possibly because 
literacy is seen to be more useful to ESOL learners. 

ACL curriculum leader 

Numeracy provision is about one-third of literacy. Despite a new policy to 
encourage students who apply to do literacy to also consider numeracy, the take up 
is low. 

FE Skills for Life Manager 

Currently the provision is almost balanced—we have just started a waiting list for 
numeracy. We will set up another class after Easter and then the provision will be 
50:50. 

FE Numeracy Co-ordinator 

One factor that may be contributing to the slow progress in numeracy provision is the lack of 
numeracy specialist representation at middle and senior management within organisations. The 
response to the online survey suggests that there are fewer such managers from a 
numeracy/mathematics background (67 out of 173). Even where there was evidence of relevant 
background, the examples were of mathematics and engineering rather than numeracy education. 
Almost all the examples of positive response to numeracy included reference to a “champion” 
with vision at a senior management level who had made it happen (see also Appendix, Vignette 
No 1).  

We note that just under 53% of (142) respondents to the questionnaire considered that their 
institution had roughly the same amount of literacy and numeracy provision, some 42% felt that 
there was less numeracy than literacy with only 5% reporting more numeracy than literacy. 

In addition, the organisational grouping together of literacy and numeracy as in the Skills for Life 
programme has resulted in a lack of special attention to numeracy. For this research, we reviewed 
recent inspection reports by the government Office for Standards in Education (Ofsted) and 
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Quality Improvement Programme organisational development action plans. There is generally no 
separate mention of numeracy. We wonder whether this is an avoidance strategy. 

In the email discussion, a view was expressed that publicity about numeracy has not been as 
prominent as that for literacy, pointing out that there has been no “famous soaps with a character 
with numeracy issues.”  

In summary, we found the following: 

1. For about half the respondents, literacy and numeracy provision is of a similar size, 
almost all the remaining respondents noted that numeracy provision is smaller. 

2. The organisational grouping together of literacy and numeracy as Skills for Life may have 
resulted in a loss of identity for numeracy. 

3. Lack of specialist representation at middle and senior management level may impact on 
the nurturing of numeracy provision and capacity. 

4. Promotion and marketing of adult numeracy provision remains low-key and, in many 
cases, uninspiring. 

(2) The Profession—Why is it not Ready to Meet the Demand? 

The key perception is that there are not enough numeracy teachers to meet a surge in demand for 
numeracy should the current numeracy campaign be successful. Evidence from our research 
shows that the picture is different region by region—for example, in the East of England, the 
setting up of a specialist Mathematics Centre has raised the profile of adult numeracy and built up 
capacity. In London, LLU+ at Southbank University is currently the only provider of numeracy-
specific initial teacher education. Although many trainees do find jobs, it is not the case that there 
are enough full-time numeracy jobs to go round, hence a continuing lack of capacity to respond to 
the  perceived ‘demand’ that has been estimated in the surveys described above. 

A previous unpublished survey carried out in 2006 and 2007 as part of the review of the adult 
core curricula revealed that numeracy staff were more likely to be part-time rather than full-time, 
and that even when full-time, they were more likely to be teaching a combination of subjects 
(e.g., IT & numeracy). This impacts on the degree of engagement of numeracy staff in 
professional development. The relative lack of prioritising of numeracy often results in lack of 
attention to staff development needs of numeracy teachers (e.g., out of 60 staff development 
topics requested within the offender learning sector pan-London, not one related to numeracy).  

A significant point made by one tutor is that issues with language and literacy will cause 
problems for numeracy. For many learners to engage with numeracy they may need to develop 
their language and literacy skills in order to assist learning. Given the increasing number of ESOL 
learners in the system, this is a particularly important issue. One problem here may be that 
numeracy teachers may not have gained skills that assist the development of language alongside 
numeracy. This situation is however being addressed through the new Initial Teacher Education 
and Continuing Professional Development [CPD] frameworks, although a greater emphasis on 
this aspect of training would benefit learners. 

In summary, we found the following: 
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1. There are not as many numeracy specialist teachers and teacher educators as there are for 
literacy and ESOL. 

2. There are fewer full-time posts for numeracy than for literacy. 

3. An increased emphasis on developing language and literacy for mathematics learning would 
better prepare numeracy teachers to respond adequately to the needs of learners. 

(3) The Numeracy Curriculum Offer—Is it what Everyone Wants or Needs? 

We need a campaign that lets everyone know that it’s the system that has let them 
down. I tell my learners that if they are have difficulties understanding what I am 
trying to teach them that’s my problem—not theirs. You should see the look on their 
faces … 

Numeracy tutor 

One view raised during the consultation is that of the name of the subject and courses. At the 
moment we have the official titles of ‘Skills for Life’ and ‘adult numeracy’. A question is raised 
as to what learners think of the notion of ‘numeracy’. To some it may be seen as ‘basic maths’ 
which the use of the term was intended to replace. This may particularly be so for parents for 
whom numeracy is the subject studied by their children at primary school.  

 
Some propose titles such as ‘Managing money better’, ‘Organising your time’ and ‘Maths in your 
home’.  

We would stress the way the learning would be relevant to their [learners’] lives and 
work and make this clear in the marketing  

Numeracy tutors 

For some numeracy is seen as a ‘poor relation’ to mathematics and ‘therefore not worth trying 
for’. This presents a contradiction, as the overwhelming reaction to any consultation about 
numeracy is that the experience of school mathematics has put people off from revisiting the 
subject as adults. Indeed, the evolution of the adult numeracy curriculum and teaching 
methodology has had at its heart the need to make second chance learning in this subject as 
different as possible from the school mathematics experience, and the nomenclature pays a part. 

In our research, some respondents were concerned that the emphasis on targets and funding 
priorities has led to a particular type of provision. It is argued that provision is too focused on test 
techniques and outcomes and does not allow for the appropriate development of knowledge and 
understanding: 

Open learning and pre-entry classes were closed as they were regarded as ‘other 
provision’, yet there was a lot of learning taking place and real progress was being 
made; however it couldn’t be measured.  

Course Director, Numeracy 
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The development of mathematics in—and for—the workplace has had a positive impact on the 
numbers engaging with mathematics. However, the imposition of a test as a goal is not always 
received well. Many learners question the relevance of a set curriculum to their particular needs: 
 

I am a nurse—I only want to be able to learn the maths I need for my job, not a 
whole numeracy curriculum. I already have a GCSE. 

NHS Nurse 

Compounding this is the view that the various assessment regimes can be so different and that 
means that each course has to deal with different techniques. This was specifically mentioned as a 
problem between the level 1 and 2 tests. While the multiple choice system is the same, the skills 
and demands on the learners can be quite different: 

I also think the level 2 test is unfair and way too different from level 1. Its language 
is very difficult and even talented students struggle with it.  

Numeracy lecturer 

In this context we note the comment from the DfES Skills for Life Survey of 2003 comparing the 
highest grades of the school leaving qualifications GCSE/O Level (identified as existing at Level 
2) with the separate assessment of Skills for Life: 

It was rare for somebody with an A*-C GCSE/O level in English to be classified as 
having Entry 3 or lower level literacy (4%) but much more common for someone 
with A*-C GCSE/O level in mathematics to be classified as having Entry 3 or lower 
level numeracy (24%). This may demonstrate how numeracy and mathematics are 
not identical. (DfES, 2003, p. 21) 

Our research confirms the general attitudes towards numeracy and mathematics range from 
apathy to phobia. Interestingly, the reactions are likely to come from curriculum leaders, 
managers and non-numeracy teachers as they are from amongst learners. In the course of 
research, we experienced managers who reacted with “Don’t talk to me about numeracy!” and 
who assumed that any question ABOUT numeracy was going to be a maths problem.  

… learners’ motivations for joining, and continuing to attend, numeracy classes are 
actually many, intricate and often overlapping … most learners reported ‘getting a 
qualification’ as the main reason for doing a numeracy course, with ‘getting a better 
job’ being the second most popular response; clearly these two reasons are closely 
linked. When the reasons were broken down by age, we found that more than twice 
the number of adults over 20 said that they wanted to study numeracy to prove 
something to themselves; become more confident; or help with their lives outside the 
classroom, as against the 16–19 cohort. More obviously, more than three times the 
number of older adults cited helping their children over the younger group. (Coben 
et al., 2007, p. 19) 

Although students’ motives are varied and intricate we find that the three main 
motivations students have for attending and continuing to attend numeracy classes 
regularly in this study are as follows: 
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- to prove that they have the ability to succeed in a subject which they see as being 
a signifier of intelligence; 

- to help their children; and 

- for understanding, engagement and enjoyment. (Swain et al., 2007, p. 44)  

Evidence from the research activities confirms that adults are more likely to engage with 
mathematics when it is relevant to managing finances (financial literacy), work-related learning 
(embedded numeracy provision) and most popular of all, linked to helping children with 
mathematics (a range of Family Maths programmes)  

In summary, we found the following:  

1. Not every adult with lower level numeracy skills wants to develop their numeracy further 
—campaigns may help. 

2. Not every adult with lower level numeracy skills feels a need to gain a qualification—
provision and curriculum should reflect this. 

3. There are a number of other drivers for individuals to want to improve their numeracy—
provision and curriculum should respond to these. 

(4) The Potential Learner—Why Aren’t They Getting the Message?  

Two-thirds (67%) of those with Entry 1 or lower level numeracy felt they were very 
or fairly good at number work, and 88% of all respondents felt that their weak skills 
had not hindered their work prospects or resulted in mistakes at work… 

Nearly all parents of children aged 5–16 said they helped their children with … 
Maths (87%)… 

55% of those with Entry level 1 or lower numeracy helped their children with maths. 

(DfES, 2003, pp.22–23) 

The responses to the question “What do you think are the main barriers to adults joining a 
numeracy or mathematics class” were fairly consistent. The main barriers suggested were: 

• Lack of time/other priorities 
• Prior negative experience 
• Feelings of inadequacy/low self-worth 
• Lack of relevance of programmes and courses 
• Lack of information 
• Funding issues 
• Lack of accessible provision. 

 

Motivational factors included: 

• To be able to help children 
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• To gain a qualification  
• Relevance to job seeking or vocational training  
• Self-improvement for its own sake 
• Self-improvement for economic gain 
• Enjoyment of the subject. 

 

Learners consulted in this research, while not representing the full range of learners, do appear to 
mirror the views proposed by a number of managers and teachers. The learners have prioritised 
literacy over numeracy; they feel that the classes they are doing satisfy a more urgent need. It is 
interesting to note that some did not seem to be aware of numeracy provision which may suggest 
that a positive promotion of numeracy could well produce positive results. Nevertheless, carefully 
thought through learning and teaching strategies would need to be employed to continue to 
engage the learners. Finally, for these learners employability arguments are not particularly 
important. This would suggest that learning rather than qualifications are key.  

Public and popular perceptions of mathematics (and numeracy) formed the basis of many 
responses in the discussions and questionnaires. Respondents talked of people being ‘scared’ of 
numeracy; that mathematics is seen as a ‘difficult’ subject and only to be understood by the 
‘clever’ people. This perception may have been formed in people’s own experiences of learning 
mathematics.  

This view of mathematics and numeracy may run throughout society and include a number of 
managers and teachers within institutions. This raises an issue of concern in that it is possible that 
numeracy is not promoted as much as it could be in certain institutions and thus leading to lack of 
expansion. The research team heard from some literacy learners who reported that they were 
unaware numeracy classes were available (see Appendix, Vignette No 2). 

Ideally staff should be more aware of the dangers of mentioning their own negative 
perceptions. 

Learn Direct tutor  

Some respondents were able to see the positive side. 

When adults manage to achieve a maths qualification I have witnessed an enormous 
boost to their self confidence and an improvement in their academic work in other 
areas.  

Numeracy specialist Programme Area Leader. 

Survival isn’t an issue. They all have developed finely tuned avoidance techniques 
or coping strategies for anything they can’t do. Increased opportunities is the key 
factor as adults find they can’t move away from manual work without level 2 
literacy and numeracy. 

Learn Direct tutor.  

A number of views were expressed that, for most people, language and literacy was a priority 
subject and that numeracy could be avoided on a day-to-day basis. This can link with public 
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perceptions of mathematics as being difficult and therefore to be avoided. In addition, a literacy 
teacher proposed the notion that it is ‘easier to mask a lack of progress in literacy’ than in 
mathematics. In responding to the idea that numeracy being less important than literacy might be 
a perception rather than a reality, one response was particularly heartfelt. 

It may be that is just ‘a perception’ but if it is the perception of those who are 
defined as lacking skills, then it is a significant perception. Its accuracy can only be 
determined by those who lack skills—whatever research may tell us. After all, 
people know their own experience and know when things are not working for 
them—even if they do not know what to do about it. 

Tutor 

In summary, we found the following points: 

1. Adults are managing their lives and often do not consider that their “lower than level 2” 
numeracy is a problem. 

2. Improved marketing of more innovative and responsive numeracy programmes may 
attract potential learners. 

Summary and Discussion 

There is a need to tread carefully when promoting numeracy. Amongst many people there is a 
view that mathematics and numeracy are difficult, boring and not particularly important for their 
daily lives. This perception is held by many teachers and managers as it is by the general 
population. To overcome this will require considerable effort and time.  

Alongside promotional campaigns it will be important to increase the capacity to deliver an 
appropriate adult numeracy curriculum. This will require a growth in the number of teachers, 
teacher trainers, mentor teachers and support for training and development.   

We argue that the following actions will help to increase the numeracy provision in the lifelong 
learning sector: 

1. The reporting of numeracy should be decoupled from literacy in all national bodies/reports 
and development plans. In order to focus on adult numeracy all organisations should be required 
to report on numeracy issues separate from literacy. This should include Ofsted, the Centres of 
Excellence in Teacher Training (CETTS) set up by the government to promote effective practice, 
the Learning and Skills Council (LSC), the funding body for the majority of numeracy provision, 
and the various initiatives around the government Skills for Life strategy.  

2. The campaign for adult numeracy should require organisations to identify strategies that are 
being employed to increase numeracy with targets for increases in provision, staffing and 
professional development. This is a challenge to all lifelong learning providers to identify some of 
the steps that they will take in relation to adult numeracy. This ‘stick’ will be more effective if 
presented with a ‘carrot’ of funding to prepare for meeting the demand—better still through a 
parallel campaign for teachers of numeracy. A multi-sensory (or learning styles) approach to 
adult numeracy teaching and learning is likely to hook reluctant newcomer adult learners into 
attending, more than joining a class only to find that it is worksheet and chalk-and-talk driven.  
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3. A series of adult numeracy awareness raising events should be launched: 

- for managers with a focus on structural issues, 

- for teachers with a focus on appropriate learning and teaching strategies; and 

- for the general public with a focus on how things have changed in education.  

4. Positive action to value and engage numeracy staff at all levels to be undertaken—targeted at 
middle and senior management in particular. Under the umbrella of Skills for Life the nurturing 
of numeracy provision and capacity should be a priority for all organisations—with policy, 
strategy and resources allocated to this end. 

In the implementation of recommendations (1) and (2) above, a series of events explaining the 
purpose and outlining possible solutions would assist. For managers, the problems outlined in this 
report could form the basis of discussions with identified examples of good practice showing 
ways forward. For teachers, it would help for them to emphasise the issues that concern those 
who have not yet come forward and consider appropriate learning and teaching strategies. In 
relation to the general public, a positive campaign that explains how they may be helped and how 
the type of education that they can now expect has changed over the years should be fruitful. It 
would help if this could be written into plot lines for drama—for example, with mothers assisting 
their child’s mathematics through Family Learning groups. 

Conclusion 

In this paper we have identified a number of issues in relation to the imbalance of literacy and 
numeracy provision in England. We have noted some of the organisational issues involved and 
argued that a senior manager who ‘champions’ numeracy will help address the disparity. We have 
considered a number of staffing issues that could be addressed including the recruitment of more 
adult numeracy teachers and appropriate training and development. We have noted some of the 
aspects the curriculum which could be considered and maintain that the drive for qualification 
targets is not always helpful. Finally, we confirmed other research which suggests that adults do 
not always see their situations as a problem in the same way as do policy makers.    

We argue that if we are to significantly change the status of numeracy provision in England then 
structures will need to report separately on literacy and numeracy rather than in the current 
combined manner. In addition, we argue for a series of positive campaigns aimed at senior 
managers, teachers and learners.  

If these recommendations are implemented, partially or fully, then it would be helpful to research 
any changes that may occur. This is likely to involve some large scale quantitative study using 
national data from providers combined with more small scale qualitative research into the 
attitudes of learners and teachers. Then we can see if the balance between literacy and numeracy 
moves to a more equitable position.   
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Appendix 

UK Education Levels 

The levels described in the article refer to those of the UK National Qualification Framework 
(NQF). Level 3 (L3) is considered the level required for entrance to Higher Education/University, 
level 2 (L2) is the ‘intermediate’ level that is the intended target for those at 16 years of age 
(usually demonstrated by the grades A*-C in the school leaving qualifications General Certificate 
for School Education (GCSE)), level 1 (L1) is the ‘foundation’ level preceding L2 (equivalent to 
the lower grades at GCSE i.e. D-G). There are three ‘entry’ levels (E1/E2/E3) describing the 
preparatory work prior to level 1. In the Skills for Life strategy E1/E2/E3/L1/L2 are the levels 
used for adult literacy and numeracy.  

Vignette 1: An FE college promoting numeracy 

A former adult education institute merges into a large FE college and transforms its provision. A 
manager, with national influence, insists that part-time numeracy provision should be the same as 
that for literacy. This increases both the number of classes and the hours for each class. The 
institution is challenged by a number of issues including the staffing of the provision and the 
professional development of its staff. Some 5 years from this initial drive the college has its first 
curriculum manager for adult numeracy.  

Vignette 2: Interviewing three literacy learners in an adult education centre 

Three literacy learners were interviewed in an adult education centre in a large metropolitan area. 
The learners were not undertaking numeracy provision and the intention was to discover why this 
was the case. The interview was semi-structured with the researcher having a few prompt 
questions: Why are you not studying numeracy? Has anyone suggested you should? What might 
encourage you to do numeracy? These questions followed reassurances that they were not wrong 
in their choices. Nevertheless, at times the researcher wondered whether the learners were being 
more positive about numeracy than they might otherwise be due to his presence. The responses 
may need to be considered in relation to this. 

The three learners were all female and of, or about, retirement age. This might well influence the 
way they responded to a query about employability. The idea that numeracy might make them 
more employable was not of any particular interest to them (although they suggested that one of 
their class, a younger woman, may be interested). Their purpose in studying was more about their 
own feelings of confidence. 

It is interesting to note that one of the learners was eager to point out that she was unaware of 
numeracy provision being available and thought that the focus of support was for language.  

One of the learners was concerned about the teaching of numeracy. She felt that studying 
numeracy would be possible but only if the teacher really understood how to deliver 
appropriately.  

The learners all felt that they had limited time to fit classes into their lives and that numeracy was 
not their priority. 
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In the programme, Fun Maths for Parents, adults were engaged in mathematical 
activities with their daughters. As well as a social interaction, stimulation and self 
fulfilment, the participating parents gained new insights—even if apparently basic to 
professional educators—into their ability to motivate themselves in relation to 
mathematics and to reduce their anxiety about the subject as their confidence 
increased. Fun Maths for Parents encouraged these parents to take an interest in and 
help with their daughter’s mathematics learning.  

Introduction 

The Home School Community Liaison Scheme is a targeted, focused and purposeful resource 
serving the most marginalised families in designated areas of disadvantage in Ireland (Conaty, 
2007). It was established in the late 1990/91 school year at primary level and 1992 at post-
primary. The Home School Community Liaison Scheme is built on the theory and practice of 
partnership and promotes parents, teachers and community agents as partners in the education of 
young people. An aim of the Scheme is to awaken in parents their capacities to enhance their 
children’s educational progress, by developing relevant skills and confidences to support their 
children with their school work (Department of Education and Science [DES], 2006).  

The Home School Community Liaison Scheme was established in Ireland in 1990 with the 
appointment of 30 teachers as liaison coordinators in 55 primary schools in large designated areas 
of urban disadvantage. The following year the scheme was extended to 13 second level schools 
which serve the children who already had the liaison service at primary level.  

Some of the aims of the Home School Community Liaison scheme are: 

• to promote active co-operation between home, school and relevant community agencies in 
promoting the educational interests of the children  

• to raise awareness in parents of their own capacities to enhance their children’s educational 
progress and to assist them in developing relevant skills.  

(DES, 2006, p.126) 

The Home School Community Liaison Scheme is based on the principle of partnership between 
homes, schools and communities. This partnership is characterised as “a working relationship 
which is characterised by a sense of purpose, mutual respect and the willingness to negotiate. 
This implies a sharing of information, responsibility, skills, decision-making and accountability” 
(Pugh, 1989, p. 5). 



 
33

As a means of establishing such partnerships, home visitation by the Home School Community 
Liaison Coordinator is a crucial element in establishing trust with parents. The next stage in the 
advancement of parents’ awareness of their capacities and in fostering their self-confidence is to 
provide a comfortable milieu such as a Parents Room in the school and/or provision of childcare 
facilities to make it easier for parents to attend courses and classes that are of interest to them. 
Such courses and classes vary from: 

• curricular areas—allowing parents to help and support their children with school work  
• personal development  
• aspects of educational development which range from basic literacy to certificate 

examination subjects and diploma courses. 
(DES, 2006, p.10) 

A 1997 OECD study, Parents as Partners in Schooling, quoted by the Department of Education 
and Science, referred to the Home School Community Liaison Scheme as: 

It is clear from the Irish experience that educational initiatives based in schools can 
raise the educational level of the adults involved, and result in a general sense of 
empowerment in the local community. Parental involvement, especially in areas of 
socio-economic deprivation, does not just benefit the children and the school—it is a 
crucial aspect of lifelong learning.  

      (DES, 2005, p. 40) 

 

The paper briefly outlines the rationale behind Mathematics for Fun as per the Department of 
Education and Science [DES] (2006) guidelines. As the project was implemented in her school, 
the author changed the working title from Mathematics for Fun by the Department of Education 
and Science [DES] to Fun Mathematics for Parents, feeling it to be easier to say, more accessible 
and more readily understood. The author describes the Fun Maths for Parents Action Project 
developed in her school and concludes with some recommendations for consideration in terms of 
enhancing and further solidifying the programme within the school and beyond.  

Literature Review 

For the majority of adults, mathematics is perceived as difficult. It appears that their beliefs about 
mathematics are primarily related to their school experiences, and mathematics is experienced by 
many adults as something that others can do, but that they themselves cannot do—nor do they 
need it (Coben, 2000). Subsequently, their negative self-image affects their confidence as 
learners, since mathematical ability is widely considered an indicator of general intellectual 
ability (Wedege, 2002).  

The theoretical framework of this paper is, in the main, narrative. Miles and Huberman (1994) 
posit that a theoretical framework is an explanatory device which: “explains either graphically or 
in narrative form, the main things to be studied—the key factors, constructs or variables—and the 
presumed relationship among them,” (p. 18). 

Furthermore Polit and Hungier (1995) describe a theoretical framework as: 
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efficient mechanisms for drawing together and summarizing accumulated facts ... 
The linkage of findings into a coherent structure makes the body of accumulated 
knowledge more accessible and, thus, more useful both to practitioners who seek to 
implement findings and to researchers who seek to extend the knowledge base. 
(p.101) 

 

Rationale 

The rationale for the Mathematics for Fun initiative is supported by the findings and 
recommendations of all recent research on mathematics carried out by or on behalf of the 
Department of Education and Science (DES, 2006). Accordingly, activity-based teaching and 
learning with the use of concrete materials is now a significant aspect of the revised Primary 
School Curriculum since 1999 and also of the revised Junior Certificate Mathematics Syllabus 
since 2001 at second level. As the focus of mathematics teaching and learning is to make the 
subject a hands-on, practical, accessible and enjoyable subject, parental involvement when and 
where possible is to be encouraged.  

The aims of Mathematics for Fun are: 

• to meet the individual needs of the pupils through hands-on work and parental 
involvement 

• to enhance the parent-teacher partnership 
• to help parents understand more fully the challenging nature of mathematics for the pupil 

as learner and the teacher as tutor 
• to break down the fear barrier some pupils may have towards mathematics by bringing fun 

and variety into the learning process 
• to help parents experience at first hand the working school environment 
• to empower parents to engage meaningfully in the learning process of young people. 

(DES, 2005, p. 50) 

It is usual for parents to abstain from any kind of involvement with the school because of cultural 
norms that discourage interference with teachers’ autonomy (Yao, 1988). Parents are generally 
not invited to get involved in any activity as regards the teaching of subjects, not least 
mathematics. As stated in the Introduction by Maass and Schlöglmann to FitzSimons (2002): 

Research in many countries shows that people forget most of the algorithms they 
learned at school. They are left with the feeling that mathematics is useless. And 
they do not like mathematics because they remember a lot of bad situations at 
school. (p. xi) 

Ellerton and Clements (1989) maintain that the “main lesson learned by most school leavers after 
years of being forced to study mathematics is that they can’t do it,” (p. viii). Now the Home 
School Community Liaison Coordinator is encouraged to involve parents and to make it possible 
for them to connect with the school in a sensitive way. Maass and Schlöglmann continue: 

Mathematics education for adults is very important in this situation. Mathematics 
education should not repeat the past mistakes of school teaching. Adult learners have 
different knowledge and different abilities.  In most mathematics courses or open 
learning situations adults should primarily get the feeling that this is not a repeat of 
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the typical school situation that served them badly in many cases. New and better 
ways of teaching are necessary. (FitzSimons, 2002, p. xi) 

One aim of this paper is to illustrate how Fun Maths for Parents challenged the perceptions of the 
particular adults concerned. 

Fun Maths for Parents  

The author of the paper is a mathematics teacher in an all girls school located in the South East of 
Ireland. The school was designated disadvantaged status in the 1990s by the Department of 
Education and Science and came under the remit of the Home School Community Liaison 
Scheme. Within the school community not all families are identified as requiring the support of 
the Home School Community Liaison Coordinator. The following criteria are taken into 
consideration by the Home School Community Liaison Coordinator and if a family satisfies any 
three of the criteria, they are deemed priority in terms of support, starting with home visits, an 
integral part of the Coordinator’s work. Urban and rural schools have roughly similar criteria, 
which include the following: 

• Unemployed 
• Medical card 
• Local authority housing 
• Lone parent 
• Mother’s education 
• Father’s education 
• Receiving assistance because of limited means from farm income (rural schools only) 

 

In conjunction with the Home School Community Liaison Scheme, a number of innovative 
programmes and services have been implemented in recent years, with a view to increasing the 
involvement of parents and families in education. One of these programmes was Fun Maths for 
Parents, set in, this instance, in a school context, which included parents and students from both 
rural and urban locations. 

Fun Maths for Parents—Action Project 

The author, together with the Home School Community Liaison Coordinator in her school, 
initiated and implemented a mathematics programme entitled Fun Maths for Parents. The aim of 
the programme was to allow the parents an opportunity to engage in a variety of mathematical 
activities similar to those that their daughters would be participating in when in class. The hope of 
the author was to try to take the fear out of mathematics as a subject, to make it more accessible, 
practical, and enjoyable but most of all a positive experience for everyone concerned. Such an 
engagement would then confidently entice parents to look to other means or methodologies of 
helping their daughters in their approach and attitude to the subject at home.  

The Fun Maths for Parents programme was intended for parents of First Year students in Junior 
Cycle. Second level education in Ireland usually starts at age twelve and continues for six years. 
The Junior Cycle expands on the education received at primary level and ends with the Junior 
Certificate Examination. The Junior Certificate Examination is taken by students after three years 
of study and not before fourteen years of age.  
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The programme was influenced by the reality that the author’s school was a designated school of 
disadvantage status. The target parent-group was identified in cooperation with the Home School 
Liaison Coordinator. These parents, had for the most part, spent their young adult and adult life at 
a great distance from formal and informal education. They expressed reluctance, negativity and a 
total lack of confidence in their abilities with regard to mathematics. Their comments ranged 
from: 

“I hate maths—I always hated them” 

“I keep telling my young one she doesn’t need them—hasn’t she the calculator nowadays ” 

“My Linda is no good at mathematics, but that’s no surprise I was no good at them myself and 
he’s no good either—it runs in families” 

“I hated school and everything about it—they were all snobs—sure it never got me anywhere” 

“I was alright with adding and subtracting even multiplying but when we did fractions it did me 
head in from there” 

“I wouldn’t mind but me granny could mark 3 bingo books together—who needs the rest of it” 

Such negativity about themselves, school and mathematics is encapsulated in the following 
comment, made in the 1986 report from Action Group 7 of ICME 5, about adult education: 

[which] often has to cope with the fact that its learner has already failed in 
mathematics or has a feeling of being a failure. Fear and feeling of fear tend to 
hinder learning in adult education and render even more difficult adult learning of 
mathematics (p. 126) 

The programme was inspired by the vision that it would be a major advantage to both parents and 
students that the target parent-group would actually cross the school threshold to take part in a 
learning programme in a subject deemed by them to be terrifying and alienating. 

The Home School Liaison Coordinator discussed the idea of the Maths Programme with the 
parents on her home visits. She then invited them to come into the Parents Room to meet with 
the author, who would explain the rationale behind the programme to the parents. A group of 
six parents responded to the invitation. The author, briefly and clearly, outlined the changes to 
the mathematics syllabus at Junior Certificate level and the focus that the Department of 
Education and Science wished to place upon mathematics as a more practical and accessible 
subject than it had been heretofore, through the introduction of a variety of activities and cross 
curricular links. 

The author then demonstrated two straightforward activities to the parents who reacted so 
positively they could hardly believe they enjoyed themselves. The activities were: 

Monkeys and Bananas 

This is a counting game whereby any number containing 4 is replaced by the word monkey 
and any number with 7 is replaced with banana.  The game was intended to teach a 
familiarity with numbers and with counting and was chosen because it was mixing verbal 
and numerate skills which demanded an undue amount of concentration and focus. It is a 
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fun mathematical activity because there is a fear within the game itself of being perceived 
as stupid and childish. A very interesting outcome of the childlike activity is that fun itself 
is a by-product of an activity which challenges ones fears.   

 

Odd and Even Card Game 

Sets of cards with the numbers from 0–9 inclusive are shuffled and given out to each 
person. Everybody places their cards in a pile in front of them and turn over the top card. 
The numbers on the cards are totalled. If, for example, the total is an even number, 
everybody who turned up an even number scores a point.  This game was intended to 
teach, very basically, the difference between odd and even numbers.  It was chosen because 
it included addition, as a means of introducing mathematical operations, and because of the 
need to extrapolate information from the operational outcomes which would have a bearing 
on further actions. 

 

The parents could see immediately how such activities had them thinking in an entirely different 
way and the skills they had to bring to bear on the activities—listening, hearing, counting, 
concentrating, adding. They could also see that they could extend an activity such as Monkeys 
and Bananas to multiples while the Odd and Even card game could eventually include a mixture 
of operations. However, as a result of the conversation with the parents it was decided that any 
mathematical operations within the activities, would involve nothing more than addition and 
subtraction of natural numbers. Only one parent was at ease with multiplication and division of 
whole numbers, i.e. short multiplication/division that she could calculate mentally. It was crucial 
that the author worked within the comfort zone of the parents in order to maintain their goodwill 
and enhance their levels of confidence. 

A sensitive induction programme was planned and delivered to the parents over a period of eight 
weeks. It was sensitive to the fact that these parents had issues in being anywhere near the school 
building because they considered the school building and the necessity of their being in it as a 
negative and almost punitive situation. Any visit to the school was perceived by them as an 
indication that their daughters had either misbehaved or were under performing. Further a visit to 
the school invariably meant having to part with money for enrolment, uniforms, activities, etc. 
Money which they did not readily have, so not having to go to the school in any shape or form 
was considered a positive, as going to the school was associated with fear, risk of embarrassment 
and financial pressure. These very parents tended not to attend Parent-Teacher meetings as they 
had prejudged the situation in expecting only to hear bad news. The induction then was planned 
to persuade these parents that they could come to the school, have a cup of tea, run no risk of 
negative reflections due to their daughter’s behaviour or underperformance, no money was taken 
from them and there was the hope that they might in fact enjoy themselves. It was arranged that 
the group of parents would join the author one day a week in the Parents Room for a forty-five 
minute session for training in the methodologies/activities. A rota of three parents was set up to 
return later in the week at an agreed class period when the author had their daughters for class. 
The enthusiasm was palpable as they immersed themselves in the process.  

The mathematical activities outlined in Appendix 1 were organised to include a mix of board 
games, card/dice games, mental arithmetic games, pen/paper games and calculator activities. 
Some examples are as follows: 
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• Mathzo 

A mathematical form of Bingo. This activity has similarities to adult bingo which is so much 
a part of their lives at community level and at national/international lottery levels. The main 
difference is that instead of calling out a series of numbers, the parent had to call out a simple 
mathematical operation to the participants eg 4 + 3. The participants then marked off 7 if it 
was on their cards. The parent, as well as calling out the mathematical operation, also had to 
quickly do the calculation mentally to ensure that the correct number was marked off on the 
cards by the participants. The fun element was the role playing as number caller and the jokes 
derived from the millions in the mathematical funds! 

• Dice game   

Four dice were thrown by the parent. The instruction is to look at all four numbers which 
appear on the upturned side and to write down (a) the largest number possible from these four 
numbers and (b) the smallest number possible from these four numbers shown on the dice. 
Options can be varied by instructing the participants to choose only two or three numbers for 
the tasks. There is a familiarity and a fun element in rattling the dice in a cup. It renews 
positive childhood memories of games like Snakes & Ladders or Ludo and it allows for an 
entertainment factor while the dice is being rattled—how long the person takes, the faces they 
make, the blowing on the dice for luck which draws on superstition as does gambling in 
general, walking around the chair, calling on God. This is a performance in somewhat mock 
heroism, which frees the participants from both fear and self-consciousness.  

The parents were now ready for the next step. It was decided that the parents’ participation should 
not be a hermetically sealed activity. The author evaluated the activities in terms of how efficient 
and how well the participants had grasped the essence of the methodology. As soon as they had 
reached the stage of absolute comfort within the performance of the methodology the author 
knew they were ready to present these methodologies in class formats to the student body which 
included their own daughters. It was understood from the outset and would have been a motivator 
in the practice that an objective of acquiring these methodologies was that the parents would 
present once they had gained the efficiency. The student group was brought to the Parents 
Room—a huge treat for the students to get out of the classroom environment. The student group 
was divided randomly by the author into three groups. Each group, eight students approximately, 
sat at a large round table with a parent. The author explained to the group that each activity 
session would last for approximately ten minutes. Then each group would move to a different 
table to engage in a second activity for the next ten minutes, followed by one more movement of 
the groups for the final ten minutes, thereby giving each student an equal opportunity to 
experience all three of the activities.  

Understandably, the parents were a little apprehensive. However, once the proceedings started, it 
was as if they were doing this all their lives. Feedback from the parents and their daughters was 
hugely positive and their enthusiasm to continue with it was inspiring. They spoke of: 

“I never thought I could ever teach anybody anything about anything” 

“I can’t believe I’m teaching first years maths when I didn’t even finish Primary School” 

“The time flew” 

“God, teaching is such fun” 
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“You know, at this rate, I could come to school every day” 

“I was so terrified of them, I thought they’d be shouting and roaring but you know they were so 
interested and the smiles on their faces at the end is something I’ll never forget” 

“I was scared I’d make a right fool of myself in front of my daughter and all her friends but when 
Linda said to me, Mam the girls think you’re a great teacher, I nearly cried” 

The parents grew into their role so quickly and as a result their confidence began to develop. 
They were delighted to come to the school and took great pride in telling their own friends about 
the programme they were involved in. They reported going to the library to look at books and 
further games as well as asking the librarian to help them with websites for mathematical 
activities. The fact that they were in a milieu in which they were comfortable was very important. 
Over the eight weeks, in the debriefing sessions after the activities, there was such an air of 
excitement among the parents—they had smiles on their faces, they had put smiles on the 
students faces, they could see other ways that some of the games could be manipulated and 
changed to advance to another level, they could now see that they could encourage the students to 
engage in and suggest other ways the games could be played and to take this on board during the 
session. The approach to learning mathematics through a variety of methodologies gave the 
parents a whole new perspective on that part of mathematics in which they were comfortable. In 
addition to developing their skills and self-confidence, they were also subjected to an enjoyment 
of learning that was not available to them in their day.  

The response from the students to the whole experience and to having their parents take an active 
and public role in their pedagogic systems was phenomenal. They found it good fun to follow and 
engage in the activities with the parents: 

“Well Miss, I nearly died for Mammy when she told me she wanted to do this thing but she was 
savage—all the girls are mad about her” 

“Oh Miss, it was great fun for us to get out of the classroom and to have all the mammies 
teaching us, not just ye” 

“Well you know what we mean Miss—it’s like you learn kinda different” 

“Miss, are the mammies coming in everyday now?” 

Towards the end of the school year, the achievement of these parents for their participation in 
Fun Maths for Parents was celebrated by awarding them publicly with a certificate of 
participation at the Presentation of Certificates for Parents Day. For all of the parents involved 
this was a very proud occasion for them as they had never experienced any form of graduation for 
themselves. Indeed for their students it was also a very proud occasion.  

Conclusion and Recommendations 

The Fun Maths for Parents programme, in the author’s school, has provided an opportunity for 
progressive change in education, that is, equal participation and partnership between pupils, 
teachers and parents in the classroom. There was a sensitive induction planned and delivered for 
the parents. They were trained in various mathematics methodologies/activities by the author who 
pitched the modules to suit their life-experience. The enthusiasm was palpable as they immersed 
themselves in the process. Their confidence grew accordingly. They were then ready for the next 
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step: presenting these methodologies in class formats to the student body which included their 
own daughters. The response from the students to the subject and to having their parents take an 
active and public role in their pedagogic systems was phenomenal.  

Unfortunately Fun Maths for Parents had to be cancelled for the last two years due to building 
logistics within the school grounds. Now that the logistics have been resolved the following 
recommendations will be put forward by the Home School Community Liaison Coordinator and 
the author: 

• The establishment of a new Parents Room—a designated space where parents can come 
especially on the initial visits, have a cup of tea, avoid the whole school glare and 
simultaneously feel relaxed and special. 

• The target student groups in the initial programme were usually the two weakest class 
groups – deemed by their entrance examinations and assessments as weak at literacy and 
numeracy. The author would like to introduce the programme throughout the school year 
and include all of the First Year classes because the involvement of the parents and 
methodologies and their deliverance proved so successful that it can only be of benefit to 
all students in the year group whether they are considered highly numerate or not. Each 
student should be given an opportunity to experience the fun quotient. 

• The realisation that parents of disadvantaged status may be, in the main, financially 
disadvantaged, but there are also those parents who left school early for their own reasons 
and may possibly feel educationally disadvantaged. These parents are, for the most part, 
uneasy and uncomfortable with education even though they are very keen for their 
children to have an education that will help them to realise their full potential. So, it is 
recommended that the programme be extended to invite other parents who are not 
financially challenged or disadvantaged but who feel incompetent with regard to 
mathematics. 

• If possible and indeed reasonable, the author would like parents to continue with Fun 
Maths for Parents into Second Year. There is a very dynamic team of mathematics 
teachers within the Mathematics Department who are quite capable of training the parents 
comfortably into advancing their mathematical skills. 
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Appendix 1: Activities for Parents 

 

• Countdown (pen & paper activity) 

Based on the British TV programme. The parent presents a random selection of numbers to 
the students with a given total. Using addition, subtraction or a mixture of both operations 
students have to work out the given total using all the numbers. Eventually this activity can 
become a timed activity giving it more gusto 

• Fizz Buzz (mental/oral activity) 

Similar to the aforementioned Monkeys & Bananas—Fizz Buzz is based upon multiples of 
a given number. The parent decides the number. The students start to count. When a 
student lands on a multiple of that number, it must be replaced with the words Fizz or Buzz 
in alternative sequence 

• Art & Mathematics—a mathematical picture jigsaw to be finished at home  

• Silent Tangram 

An A4 sheet cut into shapes of various sizes, presented to the students in an envelope. 
Working in pairs and in silence, the students had to make up the A4 page. When completed 
the students had to put up their hands and the parent would check the tangram with a 
template 

• Board Games—Your Number’s Up  

• I have...Who has...? 

Game with cards. On the top half of the card is a statement, on the bottom half is a question 
e.g. I have 3. Who has this number plus 7? All the cards are linked and so the first student 
to clear all her cards is the winner 

• Eliminator (mental/oral activity) 

Students stand in a group. The parent selects two of the students and poses a calculation to 
them. First student to answer correctly can eliminate anybody in the group who must then 
sit down. The last student standing is the winner. 

• Calculator Activities 

Words on calculators—activities are presented to the students with calculator work 
involved. On turning the calculator upside down the students can read a word. As a follow 
up to the activity, words on calculators are presented to the students by the parent and the 
students must present a calculation to the parent (work in teams of two students) 
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A large percentage of students are entering in colleges and universities worldwide at an ever-
increasing rate.  Enrolled in what the higher education market considers to be developmental 
education, the math skills learned in high schools may not be at the level considered adequate to 
prepare for college credit courses.  This presentation draws attention to the causes, problems, 
and costs of remedial math in postsecondary schools; both to the student and the state.  The main 
component of the pilot study was a two volume mathematics book set which was developed from 
students’ and instructors’ inputs.  Accompanying the book set was individual student tutoring 
using the computer program ALEKS.  The evaluation of the pilot program will come from 
comparing students’ incoming ACT math subscores with COMPASS algebra domain scores. 
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Many parents return to study mathematicas, in part, because they want to help their 
children with schoolwork and to communicate to them the importance of education. 
As they study math themselves, the parents are engaging with their childdren on 
math that may or may not be familiar to them from earlier days or from current 
study. Data include interviews with parents, classroom observations by the adult 
educators, and videotapes of parents and children working together on homework-
like activities. Through three case studies of mothers in one adult math class, we 
explore the ways the women interact with peers during problem-solving activities in 
the classroom and the roles they take on as they interact with their chilren during 
collaborative mathematics problem-solving. 

Introduction 

Among the reasons given by adult learners when asked about the impetus that spurred their return 
to education is their desire to be better able to help their children with schoolwork. This seems to 
be particularly salient for helping with children’s mathematics homework (Jackson & Ginsburg, 
2008). Indeed, one mother and her daughter said to each other while working on a problem 
together, 

Mother: “I don’t know how to do this.” 

Daughter: “You don’t?” 

Mother: “No, I don’t. That’s why I’m in school.” 

The parents expect, and adult educators assume, that enhanced mathematics content knowledge 
and parents’ increased confidence in their own mathematical abilities will have a direct, positive 
impact on their work with their children. We can examine parents’ work with their children from 
a number of perspectives, including evidence of changes in parents’ familiarity with particular 
mathematical content, their willingness to engage with the mathematical content, their apparent 
comfort displayed during mathematics homework sessions, or the nature of the interactions 
between parents and children during collaborative work. This paper will look at examples of 
parent-child interactions and view them against observations of the parents’ experiences and 
interactions with teachers and other students within their adult mathematics classroom. We are 
seeking to know if parents engage in similar ways with their children as they do with their adult 
classmates when solving mathematical problems. 
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Conceptual Framework 

This work is informed by two bodies of work. The first is Cai’s (Cai, Moyer & Wang, 1999; Cai, 
2003) typology of the roles parents play in their children’s mathematics learning. These roles 
include: motivator, resource provider, monitor, mathematics content advisor, and mathematics 
learning counselor. For these studies, parents completed questionnaires describing their 
involvement in each of these types of activities, however, their self-reported activities were not 
confirmed through observation. 
 
Cobb and colleagues (Yackel & Cobb, 1996; Cobb, Stephan, McClain & Gravemeijer, 2001) 
looked at the interactions among the students and teacher within elementary school classrooms. 
They identified general classroom social norms exemplified within the communal practices of a 
mathematics classroom, and developed the notion of sociomathematical norms  to describe ways 
of knowing and ways of behaving that are specific to the study of mathematics in an inquiry-
oriented classroom. Cobb et al used the concept of sociomathematical norms to describe the 
development and use of communal understandings of mathematical solution processes or 
acceptable mathematical reasoning. We apply the notion of sociomathematical norms to the 
particular ways adults are encouraged to and actually do behave within their adult education 
mathematics classes.  

Data Sources 

For this paper, we are drawing on data from a pilot study in which parents with children in 
primary school were recruited from two adult basic education mathematics classes in different 
urban programs. Twelve adult learners/parents (all women, including one grandmother raising 
grandchildren) were interviewed using semi-structured interviews about their prior and current 
mathematics learning histories (audiotaped). At a time and place of the adults’ choosing, each 
parent and her target child participated in an hour-long, videotaped task-based interview, with 
adult learner/child dyads working together on a series of mathematics tasks. Tasks were drawn 
from the children’s school curriculum materials (all were using reform-based materials), from 
traditional school-like tasks that would have looked familiar to parents from their own school 
days, and included an open-ended problem solving task typical of work encountered in their adult 
education classroom. For this paper, we will focus on three parents who were all in the same adult 
class, co-taught by one of the authors. 

Adult mathematics class 

The adults were participating in an adult mathematics class that was part of a family literacy 
program meeting in a public school in a large city in northeastern United States. The adult 
learners were pre-GED and GED students, all hoping to obtain their high school equivalency 
diploma. They included students who had chosen to drop out of school or had been encouraged to 
leave school to improve the school’s test score profile, students who were studying English as a 
Second Language, and mothers of children at this local school. The adult learners reported that 
their previous schooling experiences with mathematics focused on memorization of rules and 
procedures with little concern for developing understanding of what was being done. 
 
In contrast, the pedagogical approach of the adult education class was, according to the teachers, 
to teach through problem solving and to create an engaging problem solving culture that 
emphasizes mathematical meaning. Learners were typically arranged in groups to work together 
on mathematical problems that were solved over multiple class sessions. There was a focus on 
providing ample opportunities for student problem solvers to present and explain their solution 
methods and argue for the reasonableness of the solutions. Teachers sought to orchestrate 
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discourse to highlight mathematical thinking, generalizing, and the most efficient solution 
methods. They reported that their model for adult mathematics was greatly influenced by and 
adapted from Lester’s Teaching Mathematics Through Problem Solving (2003). 

Research questions 

This paper examines parent-child interactions in light of the parents’ own experiences in their 
adult math class. We ask: How are the roles that parents enact with their children the same or 
different from the roles they enact in their adult mathematics class? Do learners’ classroom 
behaviors transfer to their home environment? 
 
We recognize that the questions we are exploring and the evidence we are examining are deeply 
complex and we have only begun to look at surface manifestations. Clearly, there may be many 
factors involved in parents’ interactions with their children around mathematics homework that 
may influence what we see before us. These include, most prominently, a history of established 
patterns of interaction between the parties that have nothing to do with homework or 
mathematics. In addition, parents and children were being videotaped in an artificial setting and 
were completing tasks that were provided by the researchers and not classroom teachers. 
However, parents and children all reported that “this was pretty much like what usually happens 
at home.”  

Findings 

The three mothers worked with their children, who all happened to be girls, on the mathematics 
tasks. For this analysis, we are focusing on one task that presented a problem for each of the 
mother/daughter dyads in that neither person was able to find a solution quickly. Each 
mother/daughter pair had to work together to come to a mutually satisfactory solution and we 
focus on the dynamics of their interactions. 

Denise 

Denise had been attending the adult education classes regularly for 4–5 months. Her recent Test 
of Adult Basic Education (TABE) score was 6.2 (putting her in the pre-GED range). She says of 
herself: 

“Years ago in school, I always was afraid, I think. I always shied away from it 
(math). I had test anxiety. Before I took a test my hands would start sweating. … I 
had a teacher explain to me that a test is just a test, and it’s really the way you feel 
about it, and as long as you don’t let it give you fear, then you can conquer it. And so 
I learned as I got older, helping my children do math that it wasn’t that bad, as long 
as you know the skills of math, the rules of math, math can be done, so it got a little 
easier for me. Now, today, I can sit in a classroom and I don’t have that fear. I don’t 
have a fear of math at all.  I’m looking forward to learning more about math than I 
was years ago.”  

Denise’s adult education teacher reports that Denise seems comfortable asking questions of 
teachers, but also asks group members how they got an answer and why they believe that is the 
answer. She is characterized as being interested in understanding concepts, not just procedures 
and is able to apply existing knowledge to new situations. She often plays a leadership role in her 
work group and sees herself as a role model for younger students and wants to inspire them. 

Denise and her 7th grade daughter sat together working on a problem in which they had to 
determine the perimeter of an irregularly shaped figure. The mathematics content was similar to 
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an activity Denise had recently completed in her adult math class, but she did not seem to see the 
relationship between the activities. Still, she is supportive of her daughter, takes on a monitoring 
role, and gives learning advice such as, 

“If you was taking a test, what would you do? You would eliminate this [a particular 
multiple choice answer].” 

Denise seems to display little confidence that they will be able to come to a solution. She suggests 
giving up when the solution is not found quickly, “So, what do you want to do, do you want to go 
on [to another problem]?”  

When her daughter refuses to give up, Denise continues working with her and they each explain 
and discuss their reasoning to the other while trying to determine the lengths of the individual 
segments. 

Daughter:  “Hold on. This side and this side is the same thing. I think this is 5 yards, 
no, yeah, 5 yards. And I think this is 4 yards, because this side and this side, no…”  

Denise: “But you’re missing a whole piece here. That I know.” 

Daughter: “This, Mom? You talking about that? That is 5 yards. This gives you the 
4, and this gives you the 2 and 2.” 

Denise: “OK.” 

Daughter: “So, if I do 5 and 4 is 9.” 

Denise: “This side here would have to be bigger than 4, wouldn’t it? Because, this is 
4, from here to here.” 

So, while Denise is very confident in class, she is more intimidated, tentative and self deprecating 
when working with her daughter. Still, from the conversation, it is apparent that Denise is 
approaching the problem using the socionorms of her adult mathematics classroom—she expects 
that the work will be done collaboratively, with each party explaining and justifying her thinking 
as the negotiations to the solution unfold. 

Elena 

Elena has dropped in and out of the adult education program for several years, with continued 
inconsistent attendance. Her recent TABE math score was 6.1, similar to Denise’s score. She 
reports that she is motivated to return to school because she wants to be a good role model for her 
children. She describes her own school experience with math as frustrating. 

“I had a hard time with percentages and the decimals and all that. I had such a hard 
time with it.  But I remember the multiplication and the division and doing the 
fractions. That was easy, I did it. I guess because I didn’t understand where the 
decimal exactly goes, so it was like… I asked, do I still have to move it two spaces 
forward or backwards and everybody’s like, come on, we’ve been here for five 
weeks already…” 

She sees similar frustration with math in her daughter, and links it to her own motivation to return 
to study. 
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“My eleven year old, my daughter, cannot.  I don’t know, she gets so frustrated, and 
I feel so sorry for her because I try to explain it to her, but she can’t, because she is 
so frustrated. She don’t want to do it.  I’m like, ‘You can’t get discouraged because 
I’m in school and by me seeing you guys, doing what you have to do, is motivating 
me to continue in school. You get discouraged, I get discouraged.’ So, I keep 
pushing her.  And she’s like, she’ll get frustrated but she tries, she tries.” 

Elena’s adult education math teacher describes her participation in class as a listener, willing to 
have others do the work and explain to her. She is inconsistent in applying previous knowledge to 
new problem situations, does not seem to transfer mathematics content or procedures accurately 
and effectively, and has a limited repertoire of problem solving strategies. In class, when she does 
not understand a problem, she readily admits she is ‘lost’ and gives up or shuts down. 

Elena and her daughter worked together on a patterning problem, in a format that is familiar from 
the children’s curriculum materials. The task required reasoning about the addition pattern printed 
on a worksheet:    ___, ___, ___, 61, ___, 75, ___ .  

The two struggle to grasp the problem situation and make a plan of what to do. They agree that 
there is a difference of 14 between 61 and 75, and Elena quickly grasps the idea that this 
difference has to be divided by 2 and then the 7 will be added to 61 to provide the number, 68, 
that should be entered on the line. But Elena is unsure of herself and continues to question and 
revisit her solution. Her daughter is confused about what should be done with the “14.”  

Daughter: “61 plus what equals 75?” [daughter is counting up from 61 on her fingers 
while Elena is quickly subtracting 61 from 75 on paper multiple times] … “Yeah, 
it’s 14.” [leans over to the paper and says and writes] “Look, 14. 61 plus 14 [adds] is 
75.” 

Elena: “No we can’t. Cause we got to find the next number. You’re jumping. You’re 
jumping to here [pointing to the 75]. We have to figure out what’s here [pointing at 
the space between the 61 and 75]” 

Daughter: “Yeah, that’s four…[trails off]” 

Elena: “See?” 

Daughter: “Then we do the 14 [writing 14 in the space between 61 and 75].” 

Elena: “How is it 14? Then what number goes here? [pause] 61 and 14 is 75, right? 
So, we got to figure out what’s the number that’s here in the middle. What’s here? 
What is it? 7? 

Daughter: “75 take away 61.” 

Elena: [mumbling] “7, 68 [writing on her scrap paper, counting on her fingers]  It’s 
tricky.” … [Elena and daughter continue to work separately, Elena writes on her 
scrap paper while her daughter mumbles, stares at the paper worksheet and counts on 
her fingers.] …  
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Elena: “When you subtract these two numbers. So, if we break down 14 divided into 
2 is what? Or 2 divided into 14 is 7. So, 7, right? Here we go again, 68. 68. 7. Yep. 
So, we gotta add 7.” 

Here Elena is a persistent and effective problem solver, unlike in class. Yet, she seems focused on 
arriving at the answer and is not actively interacting with her child to help her understand the 
process. While in class, she is passive and asks others to explain the reasoning to her. However, 
with her daughter, she is the active participant who works independently to solve the problem. 
She does not seem to recognize that her daughter needs to hear the explanation and to be involved 
in the reasoning process. When asked, Elena can and does explain her reasoning. She also tries to 
be supportive of her daughter and provides advice to her daughter: “There’s nothing wrong with 
using your fingers [to count], ‘cause I still use them. They help you out.”  

Lydia 

Lydia has been in class about 9 months. She has excellent attendance and always participates in 
mathematics activities. Her recent TABE math score is 7.7. English is not her first language. She 
compares learning in her adult math class with her earlier mathematics learning experience: 

“I never understood that one (algebra), how to get the answer. …There were a lot of 
students for one teacher, that could be. They didn’t have enough time to explain. 
Now, I can understand better than before, maybe the way the teachers explain it. He 
goes step by step. We review and work as a team, like if we don’t understand, then 
one of your partners at the table can explain to you, how you find out the answer.” 

Lydia’s teacher confirms that Lydia is supportive and helpful within a group situation, and values 
and contributes to collaborative work. She is willing to model a solution for the group and for the 
class. She is persistent and will keep working, even when struggling with a problem. She is able 
to apply existing knowledge to new situations and is interested in understanding concepts, not just 
in learning to perform procedures. 

Lydia and her 3rd grade daughter worked on the banquet problem, in which the goal is to develop 
a generalizable rule that describes the number of people who can sit around a growing banquet 
table of any size. As Lydia and her daughter begin to work together to represent the problem, the 
daughter misapplies work she had done in school on arrays, and arranges the banquet table in an 
array inappropriately. Lydia interestingly then misapplies a strategy that was developed in class 
for a problem about the number of tiles that comprise the border of a 10 × 10 grid. So, while her 
daughter recognizes that the number of people that could sit around a banquet table is related to 
the perimeter or edges of the tables, Lydia focuses on the tables themselves and the number of 
tables making up the “border.” Focusing on their interactions, 

Daughter: [making a 10 × 10 square of 100 tables] “100 tables.” 

Lydia: “You sure it’s 100 tables?” 

Daughter: “Wow! [counts down one side] 1,2,3,…10. There we go. And I check, 
[counting across the top] 1,2,3,…10. There we go. You can tell….10, 10, 10, 10. 40. 

Lydia: “You sure?” 

Daughter: “It’s perimeter, Mommy.” 
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Lydia: “Double check.” 

Daughter: “I can tell.” 

Lydia: “Ok, Double check.” 

Daughter: “Look, ‘cause 10 is here, and 10 is here, and 10 is here, and 10 is here.” 
Count them. And what’s 10 plus 10 plus 10 plus 10, also known as 20 plus 20, 
[writing] is 40. 

Lydia: “You sure, count again, let’s count together.” 

Daughter: “1,2,3,… 37. Hmm?” 

Lydia: “What happened? [laughing] Count again.” 

Daughter: “1,2, … 36. Thirty-six?” 

Lydia: “That’s a different answer now. Count again, double check. You should start 
putting numbers on the tables.” 

Daughter: “[starts putting numbers on top row of tables] 1,2,3 …10. [then begins to 
put numbers on second row of tables] 11,12,13,” 

Lydia: “You going to sit there in the middle?” 

Daughter: “True, true, true. [then continues to put numbers on all remaining 
perimeter tables]” … 

Lydia: “Why it’s not 40, and it’s 36?” 

Daughter: [quiet with a puzzled look] “I’ll just put 36.” 

Lydia: “That’s kind of tricky, right! Why you think it came out to 36 and not 40?” 

Daughter: “Hmm.” 

Lydia: “You know why you get 36 here?” 

Daughter: “Mmm, No.” 

Lydia: “OK, you see this thing. The corner. Can you sit two people in one corner?” 

Daughter: “Yes.” 

Lydia: “You can sit two people in one corner? Somebody sitting here in the chair. 
You can sit another person in that same chair?” 

Daughter: “No.” 

Lydia: “OK, that’s why it is. All four corners.” 
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So, while the actual solution to the problem was wrong, Lydia’s interactions with her daughter 
were very similar to those modeled by the teachers in her adult mathematics class. She asked 
questions and made comments such as “Are you sure?” “Double check,” “Why?” She was 
concerned that her daughter would develop and understand a solution process. Lydia was actively 
involved in encouraging her daughter to explain her thinking and seemed to value the problem 
solving process over just arriving at a solution in an efficient way. Lydia thought she knew how 
the problem could be solved, and could have just explained her solution early on, but instead 
spent the time encouraging her daughter to get to the solution herself. 

Implications for Instruction 

When working with their children, these three mothers seemed to implement and be comfortable 
with aspects of the sociomathematical norms promoted in their adult education mathematics 
classroom. Whether these patterns of interaction were influenced by their experiences in a 
particular math class that promoted and modeled such interactions is unknown, nor do we know if 
their patterns of interactions have changed over time. These questions remain for further research.  

Still, we believe that such parent/child interactions are well aligned with the goals of the 
children’s school mathematics curriculum and promote a home mathematics learning 
environment that supports the development of mathematical understanding and meaning, for 
children and for parents. Since parents come to adult education with a desire to better help their 
children with mathematics homework and learning, adult educators should be sensitive to helping 
parents consciously prepare for this work.  

Towards this end, adult education teachers might incorporate reflection, debriefing and discussion 
to develop learners’ awareness of metacognitive processes in their own mathematics learning and 
help them use this awareness to better understand and support their children’s learning. In 
addition, drawing attention to and making mathematics teaching strategies explicit, including 
questioning techniques, value of multiple representations and multiple solution methods, use of 
manipulatives, strategic reasoning and justification, problem solving strategies, collaborative 
learning, and persistence in the face of frustration and struggle.  
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This presentation concentrates on the aspects and experiences of undergraduate 
students’ personal empowerment. It considers the powerful role of mathematics in 
enhancing undergraduate students’ general thinking and learning skills, creativity, 
independence, self-confidence and personal agency. These features of empowerment 
will be outlined theoretically and also by using the data from interviews with 
undergraduate students gathered both in The United States and in Finland. 
Additionally, some elements of mathematics instruction needed in this kind of an 
empowerment will be discussed.  

Personal Empowerment and Learning 

Aspects Involved in Personal Empowerment 

There are many more notions of empowerment in the literature than clear definitions for the term. 
More often than among education researchers, this term is used by social scientists and in 
sociological theories and it is frequently applied also by educational sociologists. The roots of the 
word relate to the term power and power relations used especially within sociological literature. 
The goals of this kind of social empowerment through individuals are not only to increase 
people’s academic and social skills in order to enable them to take better use of their social and 
economical environment, or to learn to act along with the structures of a society, but also to 
actively impact on the development of these structures and their everyday social and cultural 
environment (Berry, 2005; Safford, 2000). This latter viewpoint is closely connected to the 
notions of inclusion against exclusion in education, and also to central ideas presented in critical 
learning theories (e.g., Giroux, 1983), feministic studies (Walkerdine, 1998), and trans-
formational learning (Mezirow, 1991).  

In an education context, these kinds of studies focus on capacity building through education 
among minorities or in undeveloped countries and, more recently, on the social interactions, 
variation of positioning and voices, negotiation of identities and meanings, or power 
constructions through discursive practice in classroom contexts (e.g., Evans, Morgan, & 
Tsatsaroni, 2006; Walkerdine, 1998; Yackel & Cobb, 1996). We will here concentrate on the 
more individual kind of a perspective and personal empowerment in the form of enhancing 
students’ personality or identity, skills, knowledge and experiences through mathematics thinking 
and learning. These two perspectives (personal vs. social empowerment) are clearly related but 
the focus in this paper is more to capture those aspects of learning mathematics that constitute 
students’ personally meaningful events or experiences that increase their personal satisfaction or 
well-being, identity, and the development of their personal thinking and skills—even though they 
may already have good mathematical skills and positive mathematical identity. 

One definition of empowerment that is also applied in mathematics education research relates to 
Cummins’s (2000) model of power relations and his distinction between coercive and 
collaborative relations of power. In contrast to coercive power relations that impose one particular 
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perspective over others in relation to language, culture, identity or what counts as knowledge or 
mathematics, collaborative power relations arise from a view of power as being ‘generated’ for 
all participants through interaction (Barwell, 2005). Cummins (2000) calls this process 
empowerment, in which the voices of all are listened to and respected. Collaborative relations of 
power, for example, enable minority students to engage meaningfully and to actively take part in 
the interactive processes of teaching and learning (Barwell, 2005). More traditionally, this 
definition is connected to notions and theories of collaborative and cooperative learning. These 
viewpoints stress collaborative knowledge construction in which both responsibility and 
knowledge are actively shared (e.g., Goodsell, 1992; Qin, Johnson, & Johnson, 1995). Behind 
them is the idea of the enhancing power of synergy achieved by true sharing, communication, and 
construction of ideas, knowledge, and skills with the emphasis on the active interaction between 
the students (e.g., Prince, 2004). This kind of social context and collaborative relations should 
make a significant contribution also for personal empowerment.  

Most commonly the notions of empowerment in mathematics education literature refer to the 
instructional efforts, curricular reforms, or classroom practices that are suggested or applied in 
order to increase the level of students’ mathematical knowledge and skills. These perspectives 
can be seen to support the idea of students’ mathematical empowerment. Often the main goal in 
these efforts or related classroom experiments has been to increase the level of students’ 
mathematics achievements and outcomes within a particular group or school context, within a 
state, or within a whole nation. Strong socio-cultural or economic needs and current educational 
policies have guided these suggestions and efforts, but also much of the vast research on 
mathematical cognitions and problem solving relates to this goal. Many mathematics education 
researchers focus on the improvement of students’ problem solving skills and various descriptions 
of these skills are presented (e.g., Schoenfeld, 1992). Mathematics education standards and 
education policy makers use such terms as exploration, conjecturing, reasoning logically and the 
ability to use a variety of mathematical methods effectively to solve non-routine problems for 
getting mathematical power (e.g., NCTM, 1989). Mathematicians may again use such terms as 
mathematical maturation, deep mathematical thinking or mathematical sophistication.  

Another important feature of personal empowerment relates to the term self-empowerment. One 
example of the use of this term is the Self-Empowerment Theory of Achievement offered by 
Tucker (1999) and applied, for example, by Berry (2005) in their respective studies of African-
American males’ experiences of mathematics learning. In order for students to be successful, 
various forms of self-empowerment were considered necessary. These included high levels of 
self-motivation, perceived self-control, adaptive skills, engagement in successful behaviors, and 
self-praise. Within a wider perspective, we may point to the so-called self-theorists’ views of 
achievement and motivation that consider self-concept, self-esteem, self-confidence or self-
determination as important determinants of learning outcomes and experiences (e.g., Deci & 
Ryan, 2002; Dweck, 2000). Numerous studies of mathematics education also indicate the 
importance of these self-referenced cognitions for studying mathematics, mathematical 
performances, and mathematical problem solving (see Malmivuori, 2001; McLeod, 1992; Seegers 
& Boekaerts, 1996). Empowerment of students in learning mathematics and solving mathematical 
problems thence significantly involves not only increasing their mathematical knowledge and 
skills but also enhancement of their positive self-judgments and strengthening their confidence 
and control experiences.  

Perspectives of this Study  

In this section we will introduce the applied theoretical constructs for studying undergraduate 
students’ personal empowerment. The recent process-oriented views of learning and education 
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research on self-systems, metacognition and self-regulated learning have brought to the centre the 
idea or emphasis on active, intentional, and independent learners (e.g., Boekaerts, 1995; 
Zimmerman & Schunk, 2001). Such perspectives stress students’ proactive rather than reactive 
roles in their learning processes. The personal processes that confirm an efficient state of 
functioning and learning, together with positive learning experiences and performances are then 
emphasized (e.g., Bandura, 1986; Manigault, 1997). Our theoretical perspective links these 
personal features and processes especially to the idea of personal agency and power with respect 
to doing and learning mathematics (Malmivuori, 2001, 2007). According to McCombs and 
Marzano (1990), when students are aware of the self as agent, a sense of efficacy, internalized 
goals for learning, self-regulated learning, and experience of competence are produced.  

The role of self-concept in mathematics achievement has long been studied both by mathematics 
education researchers and by educational psychologists. Self-confidence and self-efficacy 
represent more specific self-constructs which are also widely applied in mathematics education 
studies. Both of these constructs have to do with students’ experienced self-worth or self-esteem 
and self-control that appear to be the core experiences for any important personal life or learning 
event (Malmivuori, 2001). They can be considered to reflect core features of both personally 
meaningful learning and powerful affective experiences in difficult learning or achievement 
situations (Malmivuori, 2006). Positive self-perceptions intertwined with assurance, confidence, 
reflection, positive expectancies, and positive emotion help create a context for efficient cognitive 
processes and engagement in mathematics learning and problem solving situations. They are 
significant features of self-empowerment. Results from these are then measured in terms of 
students’ more efficient cognitive strategy use or deeper processing strategies, and in efficient use 
of self-regulatory strategies in performances (Bandura, 1986; 1997; Boekaerts, 1995; Taylor & 
Corrigan, 2005). These aspects again relate to empowerment of students’ thinking and problem 
solving skills, and further to their mathematical empowerment. 

Thus, self-confidence and self-efficacy are involved in the most significant and powerful personal 
learning experiences and often determinethe level of students’ motivation, their possibility for 
success, and the quality of their affective experiences with mathematics. Development of 
mathematical identity is tightly connected to these experiences and perceptions of the self in 
mathematics performance situations. The positive aspects of self-motivation have then to do with 
the activation or maintenance of positive expectations, higher commitment, and higher personal 
goals for learning, performances, and self-regulation in studying mathematics (Malmivuori, 
2001). In turn, willingness to study mathematics leads to more frequent mathematical successes 
and higher persistence, better outcomes, and more frequent choices of advanced mathematics 
courses and careers. Mathematics learning is then accepted by students as a central domain for 
enhancing their personal identity and development.  

Our understanding of personal empowerment comes close to the characterizations of self-
regulated learners within socio-cognitive, constructivist or phenomenological theories of learning 
and motivation. For example, Zimmerman (1989) describes self-regulated students as those who 
are metacognitively, motivationally, and behaviorally active participants in their own learning. 
Such characteristics as independence, responsibility for one’s own learning and achievement 
outcomes, control over choices of strategies and volition, intrinsic interest in and goals for 
learning, extraordinary effort and persistence during learning and performance can all be attached 
to self-regulated learners. Furthermore, personal agency, active self-regulation, and 
empowerment involve not only students’ active and persistent learning but also their ability to 
select, structure and create environments that optimize their learning (De Corte, Verschaffel & 
Eynde, 2000; McCombs & Marzano, 1990). Self-regulated learners approach tasks with 
confidence, diligence, and resourcefulness. These kind of aspects enhance personal learning 
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experiences and achievements through personal enablement and empowerment (Paris & Byrnes, 
1989). Self-regulated learners report high self-efficacy, self-related attributions for outcomes, 
intrinsic task interest, and positive emotion (Borkowski, Carr, Rellinger, & Pressley, 1990; 
Schunk, 1990). 

Study of Undergraduate Students’ Personal Empowerment 

Applied Interview Data and the Subjects 

 The empirical results of this study are based on data from both interviews with Finnish and 
American undergraduate students. The Finnish data consists of individual interviews with 12 
beginning undergraduate mathematics students at the University of Helsinki. The data were 
gathered at the end of the students’ first university semester within a larger research framework 
dealing with these students’ first experiences with university mathematics, their personal histories 
and school experiences with mathematics, and their views and beliefs about mathematics. The 
interview data with American undergraduate mathematics students was gathered as part to the 
IBL (Inquiry-Based Learning) project, which focuses on undergraduate mathematics teaching and 
learning through discovery and active classroom interactions. The preliminary data was gathered 
through personal and group interviews from five participating university campuses. The students’ 
experiences with university mathematics varied from less than one year to two and three years. 
All the interviewed students at these campuses had taken one or more mathematics courses that 
applied IBL teaching and learning strategies. There were a total of 23 USA students involved in 
the interviews. 

Data Analysis and the Constructed Themes 

The idea of content analysis was applied in constructing the themes from student interview data. 
The coding scheme was mainly based on the theoretical constructs introduced above but the 
subcategories were driven also by the interview data. All the student interviews were first 
transcribed with a focus on the content of the discussions, without specifications for intonations, 
breaks or other silent signs. All the statements in episodes and sentences referring to students’ 
personal enhancing experiences with school or university mathematics were examined. In these 
episodes, students were describing the features, moments, and experiences of mathematics or of 
studying mathematics that made them feel positive about themselves or that were otherwise 
positive or enhancing aspects of mathematics. Afterwards, the selected expressions and sentences 
were categorized under several themes. In reporting the results and examples from students’ 
expressions, we use codes FF1, …, FF6 to denote Finnish female students and codes FM1, …, 
FM4 to indicate the Finnish male students. In turn, AF1, …, AF11 denote the American female 
students and the codes AM1, …, AM12 refer to the American male students.    

In accordance with the introduced theoretical perspectives, we distinguished between students’ 
self-empowerment and their mathematical empowerment. The latter aspect was included 
especially in the first category of the second broader theme of empowering thinking and learning 
skills. Statements tightly connected to the powerful moments or experiences of positive self-
esteem, enhanced self-confidence, and high satisfaction with their own performance or 
achievements were grouped under the theme of empowerment by experienced high personal 
ability and self-worth. This category seemed to represent powerful authentic experiences with a 
strong memory of positive feelings like joy, self-respect and experienced strong inner satisfaction 
or gratitude. Other kinds of positive feelings or powerful emotions (e.g., aha experiences, 
enjoyment, liking) were experienced with mathematics as a whole or after hard effort and 
struggle or at the moments of discovering a hint or an idea in mathematical problems. These were 
not connected (by students) directly to experiences of enhanced self-esteem or self-worth. 
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Another category of students’ experiences was named building mathematics identity. This theme 
represented student statements that dealt with their views about knowing and doing of 
mathematics as an important feature of identity development. The theme of personal agency and 
self-regulation gathered statements about the forms of activity and experiences that indicated the 
quality and development of students’ independence, self-reflection, and active control of their 
own thinking and learning while studying mathematics. These four themes are reported as forms 
of self-empowerment.  

The second main theme of empowering thinking and learning skills consisted of three categories. 
The category of enhancement of thinking and problem solving skills is used here to denote all 
those student statements referring to the cognitive, socio-cognitive or metacognitive skills and 
knowledge that they consider highly important and as gains after learning mathematics and 
solving mathematical problems in a social environment. Other categories of this theme have to do 
with such aspects as increased skills in learning and understanding, and empowerment through 
involved creativity and  flexibility. The first category gathers those expressions and ideas related 
directly to enhancement of their general thinking skills or ability to solve problems in various 
contexts. Creativity and flexibility refer to the creative aspects of learning to think 
mathematically, to the creative and intuitive moments of doing mathematics and to acquired 
flexible thinking skills. Increased skills in learning and understanding include students’ improved 
skills in learning and thinking about other subjects, their ability to apply mathematical knowledge 
and skills in other contexts, and their deeper understanding. 

Results 

Self-Empowerment  

Experiences of high personal ability, self-esteem and self-worth 

In this section, we will deal with undergraduate students’ experiences of studying and knowing 
mathematics intertwined with their positive self-perceptions, enhanced self-esteem or self-
confidence with pride, satisfaction or other accompanied positive feelings of the self. These 
aspects have to do with students’ empowerment by experiencing high self-worth and personal 
ability. As the interviews with Finnish students had a broader focus than those with American 
students, these expressions came more frequently from Finnish undergraduates. They told us 
about their personal mathematical history, and often their most powerful memories and 
experiences involved in positive experiences of the self when performing well in mathematics. 
These experiences were characterized by positive feelings of joy and self-respect, strong inner 
satisfaction or gratitude. This was more apparent in Finnish male students’ experiences. As an 
example, below is a Finnish male student’s responses in assessing the most positive features of 
studying mathematics and his personal relation to studying mathematics. His expressions reflect 
the high importance of mathematics for his self-perception.  

FM1: I have always been quite good in mathematics, and that’s what makes you feel 
good. I have never thought about why is it mathematics. I have always liked that, 
and in math classes I have liked that I know the things. … It has not been important 
at all whether I’m bad in other classes. In mathematics I have always wanted to be 
among the best. 

Another two Finnish male students’ related expressions told us again about how closely 
assessments of one’s own self-worth and personal ability with respect to others can be linked to 
students’ experiences in everyday mathematics classrooms throughout their school years. 
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FM2: I have never needed to look up to anyone in math classes. 

FM3: Always I had the chance to show others that, yes, now I could do this. 

This kind of self-empowerment with school mathematics was not only experienced by male 
students. Even though this was not so clearly linked to females’ assessment of their personal 
worth as compared to the males’, self-respect played an important role also among female 
students’ school experiences with mathematics. 

FF1: It is nice when you can write down something in mathematical symbols so that 
you can think that no outsider can understand any of it, and still you know that thing. 

FF2: The instructional situation, it has been the most positive, and that I have 
succeeded in solving the problems and I have recognized that I can succeed at those 
and that I can do mathematics. 

Mathematics examinations represent common situations where students experience powerful 
assessment of one’s own ability and worth. This is reflected in a Finnish female’s report of her 
significant experiences involved in mathematics examinations. 

FF2: I was always insecure. I had tension every time when I went to a math exam. I 
was very nervous whether I can solve the problems. … Then, it was so nice when I 
noticed that now I can do these all. I always liked to, I thought that fabulous, these 
are right, these have to be right. 

Also USA students’ responses referred to high self-respect or self-esteem and their experiences of 
satisfaction while engaged in succeeding in (university) mathematics. They were engaged in 
cooperative IBL mathematics instruction with increased group work. Their expressions thence 
reflected a kind of collaborative self-empowerment while experiencing positive esteem and pride 
in solving difficult problems.  

AF1: And it’s really tricky, but it’s kind of satisfying when you do. And it makes us 
feel smart. 

AF2: Yeah. In another class, kind of fun. Especially if most groups didn’t get the 
answer and your group did, you feel proud. 

Powerful positive emotions with mathematics 

The most powerful emotions have to do with students’ judgments of their personal ability, skills 
and worth with respect to mathematics achievement and performance situations (Malmivuori, 
2007, 2004). As noted above, deep experiences of self-worth are often expressed as various kinds 
of powerful emotions like pride or joy. But, there are also other kind of powerful affective 
experiences with mathematics that are not so apparently connected to assessment of one’s own 
mathematical ability or skills. These may include powerful feelings of enjoyment, short term 
responses such as so-called “aha”-experiences when succeeding after a difficult problem-solving 
episode, or just overall liking of mathematics. In this data, powerful emotions were experienced 
after understanding or completion of mathematical problems, after hard effort and struggle, or at 
the moments of discovering a hint or an idea in mathematical problems.  

Again, due to the interview situation and research context, the Finnish students in our study 
reported more of this kind of affective responses, and males more frequently than females. Most 
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of the Finnish students interviewed said that they had liked mathematics through all their school 
years, and this influenced their decision to study mathematics at the university. 

FF2: Yes, I have always liked mathematics. For example, in high school, I might just 
do math homework even for 6 hours. … It has always been so pleasant.  

FM1:  I have liked mathematics from the beginning of my school years. It’s fun. We 
used to solve problems with my friends, and I think that maybe the enthusiasm of 
some of them increased through me. 

Some students offered more specific contexts for powerful positive experiences  including 
problem solving situations, responses after a success or understanding the topics, or particular 
aspects or forms of doing mathematics. For example:  

AM1: I enjoy it because I enjoy mathematics, enjoy writing up the proofs, and 
learning new things. 

FF3: Yes, it gets you in a very good mood, so that yes, I succeeded. 

FM3: I enjoy of that when I notice that, aha, two hours went by. … No, it is not a 
waste of time. It is so incredibly good feeling if you can solve the problem.  

FF2: What I enjoyed was that when I went to math class, then the problems, they 
always felt just sort of that we’ll do something really exciting and interesting when 
we’ll puzzle out mathematical problems. That’s what I liked.  

Students reported also moments of discovery and a kind of “flow” experience while engaged in 
doing mathematics. These moments or situations of deep involvement and discovery were 
experienced as powerful positive states that made it possible to solve even hard mathematical 
problems. 

FF4: You get tremendously lot out of it, and in a way you probably get the most 
positive experiences and, in turn, the worst experiences out of it. In that way it is a 
really important thing. 

FM3: Yes, you in a way fall into a kind of a trance. You don’t notice that time goes 
… And then, suddenly, you notice that it was solved, and then you are sweaty all 
over.… Yes, you got just that, you can in a way concentrate. You don’t even notice 
what’s happening around you. 

Building mathematical identity 

This section deals with students’ understanding of mathematical thinking and learning as 
significantly involved in the development of their personal identity. Statements in this group 
relate to the opportunities, situations, and processes through which students may either check, 
verify or confirm their identity or worth, or gain confidence and self-esteem. The examples 
describe students’ ideas and experiences of mathematics as an important framework for their self-
reflection and development of their (academic) self-perceptions. Again, more references for these 
aspects appeared in Finnish students’ interview data. More often than USA students, Finnish 
students discussed the significance of school mathematics learning in testing or increasing their 
self-esteem, worth and confidence level.   
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FF1: Yes, success in mathematics is quite important. I consider it a kind of measure 
of intelligence, and I want to succeed in it. 

FF4: I have always had this thing that I have to succeed in things and especially in 
math. So that if things didn’t work, I had to do them again in a different way….  I 
have always had a little of this kind of a perfectionism.  

FM2: It has been important that I have always wanted to prove myself that I am 
good at least in this.  

Generally, both males and females discussed this kind of empowerment in their identity by 
learning and studying mathematics. But, Finnish male students more often referred to competition 
or social comparison in mathematics.  

FM3: I have usually this thing that I’ll succeed much better if I’ll have somebody 
against whom I can compete … For example, in our school, there were a few 
classmates against whom I had a big competition. Some of them got the full points 
and another got one point less. There was a terrible war going. The same thing 
happened in high school. 

But competition and comparison can have a significant role also in the development and testing 
of identity among female students. 

FF3: I was with one girl in the same class from the beginning of the first elementary 
grade until the last of high school years, for all those years. It began already in 
elementary school that we competed for whom of us is better (in mathematics). We 
have never been good friends. We can’t tolerate each other. 

USA students talked about the role of the social environment in an IBL class for gaining or 
verifying their self-esteem or self-confidence. These focused especially on the personal challenge 
of presenting and explaining solutions to other students in front of the class. 

AM2: Also confidence. Speaking in front of people—I was uncomfortable with this 
before, it was hard at first. 

AF4: Sometimes I’ll get up to explain my proof and be like,—Oh gosh, how do I 
justify this stuff?—and then you remember. Cause you kind have to defend yourself 
up there. 

Another male student said a bit more about the process of gaining more self-confidence by 
presenting mathematics to others. 

AM4: I think that one thing for me is going up in front of people and talking, ‘cause 
there are some people that like to do that, but I don’t think a lot of people do. I don’t. 
The first time he called me, I was really fidgety and looking around and stuff. But he 
makes you feel comfortable, and then the more you do it, you kind of see how it is 
for a teacher. And then you just become used to it after a while. It’s not a big deal. 

Going to the blackboard and presenting a solution also constitutes a big challenge and important 
context for the development of Finnish students’ self-perceptions and confidence. 
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FM2: I hope that I do not need to go to the blackboard if I am not completely sure 
that my solution is correct. … I necessarily do not want to go there if I don’t know 
that it is certainly true. 

FM2: With trivial problems I didn’t care if someone else could do that on the 
blackboard. I don’t need to prove it to the others if I myself know that I can do that 
problem. That is enough for me. 

Personal agency and self-regulation 

The students’ experiences reflected both motivational self-empowerment and empowerment in 
personal agency and self-regulatory skills accompanied by self-confidence. The number of such 
statements was higher among USA male students than among USA females, but the opposite was 
true for Finnish students. The USA students’ experiences in their IBL classes seemed in particular 
to give rise to their active reflection about own learning and problem solving activities. They 
described independence, self-knowledge, self-instruction, responsibility, and active regulation of 
their own learning. Aspects of the class had enhanced their need and ability to be reflective and 
active in studying mathematics, and they mostly found these to be highly positive features of 
studying mathematics. 

AM2: It made me want to be a math major. I know what I know, very well.  

AM3: And it really helps to re-establish what you learned. 

AM1: Writing out homework, you had to be sure you understood exactly what they 
said. If you saw it in class, you had to know how to do it yourself. You’re 
responsible for everything. 

Some of the students offer direct hints about the processes of empowerment by confidence, 
independence and efficacy. 

AF3: I think it helps with your self-confidence, in math and in general, because 
when you do figure out something by yourself, it makes you feel really proud of 
yourself, and it shows you that you really are capable of all of this different math. It 
definitely helps you feel comfortable, if you’re going into another, harder class. 

AM6: …because you realize that when you try to teach something to yourself, 
you’re learning it in a different way, and it stays with you longer than when you just 
study it for a test and then you don’t look at it again. 

Finnish students talked more about the beneficial or motivational aspects involved in own effort, 
self-knowledge, and regulation of own learning. 

FF4: It has been the most important in math that I have understood the things and in 
a way known that I know the things in it. 

FF2: I probably see it that it is quite independent work. It is a sort of development of 
yourself. It is a kind of brain work. 

Students described how the active regulation of their thought works for them and what are the 
results of their own effort and persistence. 
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FM3: Yes, quite actively it can take few hours. I may try different forms of solving 
the problem. So that, aha, this didn’t work. Just all over again, from the beginning, 
for as long as it is solved. So it comes then. 

Several students asserted that doing mathematics on your own and believing in your own efforts 
and persistence is what is needed in mathematics. 

FF2: You need to be quite independent. And, studying it, you need to believe in what 
you are doing. Yes, it takes hard work before you can know the things. 

FF4: It is a sort of subject that you can not feed in, as it is particularly a sort of 
understanding and just a kind of insight.… You need to figure it out by yourself. 

Empowering thinking and learning skills 

In this section, we concentrate on the personal empowerment that is involved in enhanced 
thinking and problem solving skills, creativity and usefulness of mathematical knowledge and 
skills for other subjects, skills or areas of everyday life. The examples illustrate what kind of 
experiences and ideas students have about the quality and development of their knowledge and 
thinking in doing mathematics. 

Enhancement of thinking and problem solving skills 

Data from the interviews indicate that thinking and reasoning are strong features of doing and 
studying mathematics. But mathematical problem solving or construction of proofs not only 
requires careful reasoning skills but also serves to enhances students’ general thinking skills such 
as remembering or logical reasoning and broadening their perspectives. This intellectual endeavor 
seems to appeal to and to fascinate undergraduate students in their study of mathematics. First, 
we present an example of students’ ideas about the types of thinking needed to succeed in 
mathematics. 

FM2: You just need to understand the way to read it.… It may demand that you have 
to change your way of thinking completely. … It needs then hard work and 
motivation. 

FM2: In mathematics it is important to learn a kind of a model for problem solving, 
a model that is based on logic.… You should not let anything to bluff you. 

The enhanced general thinking skills through studying and doing mathematics were most often 
described by terms related to logical thinking, both by Finnish and USA students.  

FF4:  I think that mathematics has developed a sort of logical thinking. 

AM10: I just like the way that it’s making me think and it’s making me look at 
things, which is improving my logical thinking abilities. 

AF4: You’re like,—I know I had a reason for this!—But usually it comes to you and 
makes you stronger with your logic. 

Mathematical problem solving and making proofs were considered as powerful exercise for 
brains and for the development of thinking. 
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FF4: Even simple problems develop something in you, and even in those you may 
make mistakes. Then you learn in a way to pay attention to the right things so that 
you’ll have fewer mistakes in the future.   

AF6: It trains you to look at things from all possible angles.  Not necessarily from a 
political sense, but more from a problem solving sense, just seeing every approach.  
A lot of it is in math, but it extends a bit outside math as well. 

AM9: And when you start to prove things, you get a glimpse at the underlying 
structure of all mathematics, and see how things relate, and start thinking about 
things in a different way. 

The USA students talked how presenting and explaining mathematics in the IBL classroom 
enhanced their thinking. 

AF3: I think it really facilitates problem solving skills. … And I’ve become so much 
better of a thinker. 

AM6: Before, it used to be (id) think of something linearly. And this way, you break 
something down and find the cause to everything and find many solutions. I think 
that really made a big difference. You don’t see it now. You see it later. But it does 
do that type of thing to you. 

AF8: You learn to understand other people’s thought processes, how to explain to 
them. You are learning how classmates think. Alternate ways to consider an idea—
you see different proof styles. 

Increased skills in learning and understanding 

Both USA and Finnish students found various other contexts for applying their knowledge and 
skills acquired from studying mathematics. In addition to the general usefulness of mathematics, 
students reported an increased ability to do better in other subjects, to understand new or difficult 
ideas, and increased social learning skills. The perceived general high value of studying 
mathematics in order to act in everyday life was described especially by Finnish students. In turn, 
USA students spoke about their enhanced social learning skills, due to their IBL experience. 

FM1: Well, mathematics is actually everything. It’s everywhere and with everyone. 

FF4: In mathematics you really need to think a lot. So, it develops you. I really 
believe that in a way it develops thinking, and not only mathematical thinking but in 
relation to everything. 

Both USA and Finnish students reported their increased ability to do and succeed in other 
subjects or other areas of everyday life.  

FF4:  When you are able to apply what you have learned also to other subjects. In a 
way, when you notice that you can use those also in more difficult things. 

FF4: Math has been useful (in a humanistic subject) in thinking so that I can 
combine things.  

AF6: That really helps writing Philosophy papers. 
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AM6: I think in general what it does is, I saw that when I go home and I was taking 
care of the family business, whenever you have a problem—and I didn’t realize it 
until I was talking to my mother and she told me—now when there’s a problem, I sit 
there and I look at, you try to find every possible way to find a solution to a problem. 
And this is a more practical, real life way it affected me. 

A smaller number of comments relate to a kind of deeper understanding through abstraction, 
gained by studying university mathematics. 

AM9: Then you can start abstracting it. And you’ll understand the reasons why you 
completely understood it, and why it’s necessary to have abstraction.  

AM9: Because it is hard to start abstracting things, and you need to know-. Like, 
looking at a number one, I know immediately what that is. And you have that 
concept and some others down, then you can put them together and completely 
understand something. 

AM4: …and you really internalize it once you do find your own proof. 

Development of understanding and social skills in learning and dealing mathematics in an active 
IBL classroom context was clearly noted by USA students. They reported increases in their 
ability to take and to offer critique to other students, their ability to understand and support 
others’ efforts and thinking, and the positive aspects involved in learning to help each other.  

AM11: Seeing people in class present and having to think. What they’re thinking is 
really interesting, because it helps you get math from other peoples’ perspectives. 

AM1: Finding [the flaws] in everybody else’s argument—I became a lot more 
critical of myself that semester. 

AF11: Everyone goes up, everyone has to do it. You’re all in the same shoes, so you 
learn how to support it each other. 

AF6: So that’s just a good feeling about, someone helps you, and maybe you help 
everyone, and maybe it could be you wrote something on the board that someone 
else didn’t have.  Maybe you wrote something that no one else had.  You don’t 
know.  It’s just a good feeling to know you’re helping the class. 

Empowerment through involved creativity and flexibility 

Mathematical thinking offers opportunities for creativity and flexible or multifold use of one’s 
own mental resources. Creativity may be accompanied by independent thinking and the ability to 
find one’s own ways of understanding and solving problems. All these features are further closely 
intertwined with increased personal agency, efficacy and inner satisfaction. Both USA and 
Finnish students spoke of these issues. Finnish students discussed flexibility and creative aspects 
of studying university mathematics.  

FF2: Math differs from other subjects so that in it you can develop in a way, it is so 
multilayered. So that, you can explain one thing in many ways and in some way, it is 
not at all restricted to anything but in it you always get to different things. 
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FF2: You need to absorb those terms that may be a bit difficult at some times and 
then just in a way create by yourself… 

FF4: School mathematics was not so concerned with applications but particular 
solution and things. It was not as free activity (as university mathematics).… There 
are no strict rules how to apply (mathematical knowledge). In principle you may do 
anything as long as you can prove that to be valid. 

A Finnish male student viewed mathematics as a powerful and essentially creative activity in 
nature. He described people who need mathematics as: 

FM3: Those who develop this world ahead. Or, not necessarily forward but to some 
direction at least. Just those who probably will make some new inventions or the 
like. Somehow, these utopians. 

Some students described the highly positive experiences of being able to see and use their own 
ideas in doing mathematics. Creative and intuitive features of doing mathematics were important 
for students’ enjoyment of mathematics. 

FF1: It is fun when you immediately get an insight, a small intuitive thought that it 
should go like this and this, when you further notice that it goes like this. 

AM4: (It’s) my favorite math class I’ve had, because there’s a lot of emphasis on 
trying to solve things on your own, and it sounds cheesy, but there is kind of a joy in 
discovering something on your own, vs. reading some answer. 

FM2: I do not want to study mathematics by learning to use particular rules and 
formulas. I do not get anything out of that. I would rather start from the creative 
aspect of doing mathematics. For example, some problems in which you’ll face a 
new situation and for which you need to develop the logic in that situation or the 
main point in the problem. 

AM3: … You take the time to do the proof without previous examples, without any 
help, so it makes you think through the problem as you go through it. It’s kind of 
like a process of learning how to walk again. 

Some USA students discussed the positive effects following a creative style of studying in an 
active mathematics class with discovery and inquiry.  

AM11: … Since you have to create your own way of doing things, and see other 
people create their own way of doing things, it can help with creativity in an area 
where there really isn’t as much. 

AF10: Math books are more accessible now. You can have more intuition, about 
what’s in them, because you have had to do it yourself. You have to find the 
intuition yourself. 

Discussion 

The idea in this paper was to focus on students’ enhancing experiences and development while 
studying and doing mathematics. This personal empowerment relates to those features of 
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mathematics learning and problem solving that have a powerful impact on the development of 
students’ thinking and learning skills, their self-perceptions or identity and, further, their 
willingness to study mathematics. Undergraduate students’ experiences of self-empowerment as 
well as enhanced thinking and learning skills were described from interview data with both USA 
and Finnish undergraduate students. The results reveal the important role of mathematics learning 
and thinking in the development of students’ personal skills and identities. Studying mathematics 
in a social classroom context constitutes a significant frame of reference for the quality and 
development of students’ perceptions of their own ability and skills. Uniquely powerful 
experiences of success enhanced students’ self-confidence, satisfaction and positive emotions. 
This was even more obvious after exerting hard effort or facing difficulty in doing mathematics. 
This kind of self-empowerment was experienced also as a result of group effort and success. In 
turn, increases in mathematical knowledge and thinking skills seemed to strongly impact 
students’ general thinking skills, creativity, deeper understanding, and also their learning skills. 
Increase in creative thinking and flexibility were reported especially by the USA students who 
had taken courses applying active teaching and learning strategies with discovery and group 
discussions. In addition to enhanced thinking skills, these students told about their increased skills 
in communicating and learning other subjects. But both the Finnish and the USA students 
described studying and doing mathematics as significantly related to independence and ability to 
think on one’s own. These characteristics enhanced their perceptions of capability but also 
awareness of their own knowledge and learning. Studying mathematics constituted a real 
empowering element for these undergraduate students’ development of identity. 

Conclusions 

The USA students had all taken college mathematics courses that applied active and discovery 
learning methods called IBL (inquiry-based learning). Their experiences indicated the very 
powerful effects of this kind of learning context with its emphasis on inquiry, independence, and 
active cooperation with other students. These students learned to face the challenge of doing 
mathematics and their own thinking and understanding. Explaining and writing mathematics to 
others enhanced students’ thinking, self-confidence and deeper understanding. Responsibility and 
meaningful learning activities represent important aspects of active learning (e.g., Prince, 2004). 
On the other hand, the interaction among the students was related to collaborative power 
relations, in which the voices of all are listened to and respected. These seemed to enhance 
students’ social learning skills and the development of critical thinking. Such aspects as 
creativity, responsibility and highly powerful positive emotions and states while doing 
mathematics are not directly related to increases in mathematical content knowledge but rather 
extend to broader situations of learning and everyday life. For example, such aspects as 
dispositions toward wondering, problem finding and investigating, and ability to be 
metacognitive and intellectually careful are seen by Perkins and Tishman (2001) to provide the 
best leverage on the kinds of thinking and learning challenges that young people in our society 
face.  

What features of mathematics instruction and learning may foster this kind of personal 
development?  The experiences of the students that we interviewed pointed to features such as 
social support, positive encouragement, challenging but meaningful learning and problem 
solving, and freedom to think on their own but also opportunities to reflect on their own ideas and 
discuss them with other students. Case studies of effective undergraduate mathematics programs 
again point to the climate established by the faculty and attitudes such as respecting students, 
caring about the students’ academic and general welfare, and enjoying one’s career as a collegiate 
educator (Tucker, 1995). Enhancing elements of active or cooperative learning environments 
include features such as encouraging students to dialogue together, successful cooperative groups 
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with positive interdependence, challenging students’ thinking or promoting higher-order thinking, 
and encouraging students to accept responsibility for their own learning (Gillies, 2007). 
Pedagogical practices and teachers applying these elements seem to achieve high educational 
gains as well as enhance students’ social skills (Gillies, 2007; Jordan & Le Métais, 1997; King, 
2002). In turn, problem-based instruction is seen to address many desirable outcomes of an 
undergraduate education including critical thinking and ability to analyze and solve complex 
problems, efficient use of learning resources, cooperative work, and demonstration of versatile 
and effective communication skills (Duch, Groh, & Allen, 2001). In other studies, inquiry appears 
to be more effective than traditional instruction at improving academic achievement and the 
development of thinking and problem solving (Prince & Felder, 2007). The results of this study 
also indicate that these features of classroom practices are highly efficient for undergraduate 
students who study mathematics. Research on the active forms of teaching and instruction often 
deals with the role and activities of the teacher. More research is needed to show which of the 
mathematics classroom practices and forms of interaction or inquiry are the most effective for 
students and in which classroom contexts and for which student groups. 
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In this paper we will first outline the general possibilities and institutions for adults 
in Finland to improve their basic skills in mathematics. The framing deals with the 
history, institutions and current situation for this kind of adult education. After this, 
we will focus on two related educational settings for adults. The first setting relates 
to the instruction available for prisoners with poor basic skills and education in the 
capital area of Finland. The second instructional context has to do with an 
educational program called APOP (Adult’s basic studies—the second possibility) 
which aims at improving basic skills among those 18–59 year-old adults in Finland 
who have weak educational background. Interviews with few of the involved 
teachers and students are used to illustrate personal learning and teaching 
experiences and also for further information of the two educational settings.  

Introduction 

This paper focuses on the adult education system in Finland and on Finnish adults’ opportunities 
to improve their basic skills in particular. Our aim is to offer first a general picture of the Finnish 
adult education system and institutions. Secondly, we will concentrate on the education contexts 
in which adults today have possibilities to improve their basic skills in mathematics. Here we 
consider two main settings comprising the instruction available for prisoners with poor basic 
skills and an educational program called APOP (Adults’ Basic Studies). Data from teacher and 
student interviews are applied to further illustrate these educational settings and to reflect adults’ 
personal experiences of education for basic skills in mathematics. We also briefly discuss the 
current situation of education in adults’ basic skills as well as the need for related education 
research in Finland. 

The history of adult education in Finland is connected to the term “public enlightenment” 
(Pellinen, 2001). The original goal of this public enlightenment was to improve people’s mental 
growth and their civic facilities. This goal then turned into the idea and concept of liberal adult 
education. Later such factors as the need for occupational proficiency, employment and economic 
growth have strongly influenced Finnish adult education, especially since the beginning of the 
1990s (Niemelä, 1999; Pellinen, 2001). The current Finnish adult education is generally seen to 
represent the so-called Nordic tradition of liberal education (Nurmi, Kontiainen, & Tissari, 1996). 
Beside the development of personality and support for the life of communities, also such 
principles as the development of and support given to democratic society, lead to an increase in 
social cohesion and the creation of opportunities for citizens’ welfare as have been expressed as 
current principles of Finnish adult education (Ministry of Education, 1999a). The governmental 
adult education policy is based on the principle of lifelong learning. Such things as the 
international economic competition, globalization and people’s competence in the changing 
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working life, the aging of the population, multiculturalism and the learning skills of people with 
poor educational background are challenges in the present adult education (Ministry of 
Education, 2008a). In all, adult education has become a significant aspect of Finnish education 
and developmental policy, of Finnish labour policy as well as of Finnish social policy (Ministry 
of Education, 1999a). Various factors have influenced the nature of current Finnish adult 
education, of which the most apparent feature relates to the increase in professionalism. This 
refers to the expansion and polymorphism of vocational adult education and also to the current 
penetration of professionalism into the area of more traditional all-round adult education 
(Pellinen, 2001). The education settings that offer adults opportunities to improve their basic 
skills in mathematics are tightly connected to the overall Finnish education system and education 
tradition. Below we will first offer a general picture of the adult education system in Finland. 
After this we will describe the secondary school contexts for adults to study basic skills in 
mathematics. 

The Adult Education System in Finland 

All forms of education and training offered for young people, ranging from comprehensive school 
and vocational school to university studies, are also provided for adults. An adult can take a 
degree in basic education (the compulsory comprehensive school of nine year syllabus), in 
general upper secondary schools (high schools), or in vocational schools. The degree-oriented 
adult education is arranged in adults’ schools or in adult education centres. The labour market 
training is procured by the Ministry of Labour for unemployed people (Kyrö, 2006). It is part of 
active labour politics and involved in vocational adult education (Kumpulainen, 2007). Degree 
oriented, self-directed studies for personal development and different kinds of complementary 
training are organized in about 800 schools or universities (Finnish National Board of Education, 
n.d.). In 2006 about 1.7 million people—that is, half of the18-64 year-old population—
participated in adult education of all types: formal, non-formal, vocational, and education 
organized by employers (Pohjanpää, Niemi, & Ruuskanen, 2008). 

The organization of adult education is not as consistent as the rest of the Finnish education 
system. As in other Nordic countries, adult education in Finland is divided into adult instruction 
and liberal adult education. Accordingly, adults’ instruction or training is considered as formal 
education that is aimed at certification, whereas liberal adult education refers to informal studies 
without specific educational objectives (Pellinen, 2001). The latter has been characterized by such 
concepts as informal learning and occasional learning (Ministry of Education, 1999a). Again, 
from historical and administrative viewpoints, a general distinction in Finnish adult education is 
made between liberal education, all-round education and higher education, occupational 
education, and cultural and physical education (Nurmi et al., 1996).  

The opportunities for adults in Finland to systematically improve their basic skills fall into the 
area called liberal adult education, especially until the 1980s. Traditionally, liberal education has 
been considered as a leisure-time activity or as an activity that is intended to overcome to the 
flaws in the official schooling system. In addition, it has offered an opportunity called “the 
second chance” for adults. Today, the general international principle of life-long learning has 
been emphasized in liberal adult education. Finnish adults’ increased effort and willingness to 
invest in themselves and their future has created new needs for liberal education (Niemelä, 1999). 
Liberal education consolidated its position in Finland after 1998 with a new, single law (No. 
632/1998) for all organizations offering liberal adult education (Tuomisto, 2003). This law stated 
that “on the basis of the principle of life-long learning, the task of liberal education is to support 
the diversified development of individuals’ personality and their capability to act in a community 
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as well as to promote the realization of democracy, equality and pluralism in Finnish society.” 
(Tuomisto, 2003, pp. 73–74). 

However, the connection between formal and informal adult education has been strengthened and 
liberal education has become a part of the general Finnish adult education system (Niemelä, 
1999). The previous distinction between formal or occupational adult education and liberal adult 
education is today much less clear, as the same institutions may offer both occupational studies 
and courses of liberal adult education (Nurmi et al., 1996; Pellinen, 2001). For example, 
immigrants are often in need of both occupational and all-round education (Ministry of 
Education, 1999a). Also, adult education involved in updating training has increased and has 
much occupied the traditional vocational colleges (Pellinen, 2001). Furthermore, adult education 
has been strongly developed in such contexts as open university, open polytechnics and labour 
political education after the 1980s (Ministry of Education, 1999b). In particular, the use of self-
directed networks and virtual learning environments have strongly increased during the current 
decade (Ministry of Education, n.d.). Liberal adult education is still at the core of the Finnish 
adults’ basic education. Studies are offered in folk high schools, civic and workers’ institutions 
(Municipal Adult Education Centres), different kinds of ideological study centres, study centres 
of physical education, and also in summer universities (Kumpulainen, 2007). Liberal adult 
education is completely or partially funded by the educational administration (Kyrö, 2006). 
Geographically, it covers the whole country, and about 1 million adults, 70% of whom are 
women, participate yearly in the courses. Municipal Adult Education Centres are the most 
popular, with 57% of all students in the area. The subjects in these institutions emphasize cultural 
and humanistic education. Natural sciences including mathematics comprise only 5% of the 
courses, according to Kumpulainen. In 2004, Finnish adults took 1.6 million courses that were 
organized by the liberal adult education institutes (Statistics Finland, 2006). 

An important feature in Finnish liberal adult education is that every adult student has a personal 
curriculum. Many of the schools have a boarding school system, whereas others offer distance 
education for adults. In addition to distance education, common ways of teaching in liberal adult 
schools consist of lectures, study clubs or circles, short courses, projects, workshops, study trips 
and networks. For example, the Finnish State Broadcasting Corporation continuously offers 
voluntary educational courses for adults through television lectures and courses. Thus, there is a 
lot of variation and a multitude of instructional methods used, but limitations appear in the 
material of the courses for improving adult learners’ basic skills. Although some vocational 
studies for adults include courses in mathematics, the most practical way to study basic 
mathematics systematically is to participate in comprehensive school courses for adults in special 
APOP programs or in upper secondary schools for adults (i.e., Adults’ High Schools). These two 
educational contexts for adults’ improvement of their basic skills in mathematics will be 
discussed in more detail in the next section. Examples of personal experiences in these learning 
contexts will be described in the following section. 

Adults in Finland and Their Lack of Basic Skills: Background to the Current Situation 

General discussion about adults’ poor basic skills in literacy or in mathematics in Finland has 
been mostly lacking and these have not been considered as a significant obstacle to adults’ 
learning (e.g., Kakkuri, 1993). Adults’ difficulties in basic mathematics skills have been 
frequently observed in vocational studies, but only during recent years have these perceptions 
received some attention and resources in our adult education system. Vocational or occupational 
education makes up the largest part of the Finnish adult education but only a small proportion (2–
3%) of adult education is focused on basic secondary school courses. Both cultural and practical 
factors can be discerned behind the lack of discussion and studies of adults’ basic skills in 



 
73

Finland. For instance, in their study Nurmi et al. (1996) dealt with adult education experts’ 
assessment of the state of Finnish adult education. These experts considered mathematics as a 
rather important subject, but not as important as skills in communication, personality, or skills in 
learning. Mathematics and computer science were regarded as a little more significant by the 
experts than the resources actually invested within their main activities. Yet, for achieving future 
goals of Finnish adult education, only skills for learning were considered slightly more significant 
than mathematics and computer science (Nurmi et al., 1996). 

The Finnish schooling system in basic education has been internationally recognized to be highly 
efficient. Further, there are good possibilities offered by the official Finnish schooling system for 
special education. Different kinds and numbers of special classes, special teachers and school 
assistance are nowadays offered within most of the elementary and lower secondary schools for 
students who have difficulties in learning basic skills in ordinary classroom settings. However, 
the situation is different, especially for older adults who were at school at the time when their 
special learning difficulties were not yet well known nor recognized and when opportunities for 
special education were not organized in Finnish schools (Turkka, 1991). For example, most adults 
having problems in reading seem to have had traumatic experiences during their schooling 
(Kakkuri, 1993). Another even larger group of adult students in Finland is currently represented 
by the continuously increasing number of immigrant adults with poor basic skills and inability to 
study in regular Finnish classrooms. These difficulties come to the fore in increased life-long 
occupational adult education and the so-called labour education sustained by employment offices 
throughout the country. Large differences in adults’ basic skills in Finland have been perceived, 
especially between younger and older age groups.  

Although the adult population participates rather actively in education, there are still regional, 
socio-economical and educational variations in participation. In the comparison between the 
different parts of Finland, the southern and more populated area leads in number of students in 
adult education: about 55% of the 18–64 year old adults living in the south, and 45–50% of adults 
living in northern Finland study during their leisure time or as a part of their work. In addition, 
70% of employed but only 30% unemployed people, and 71% of well educated people but only 
35–36% of people with basic or secondary education participate in adult schooling. Women are 
more eager students than men, with 60% of women and 45% of men participating in organized 
adult education. Nevertheless, in informal and self-directed studies men are almost as active as 
women. A typical active adult student is a 24–44 year old female with a university or college 
degree. By contrast, over 60 year-old lowly-paid males from the northern countryside with weak 
educational backgrounds are typically left outside the adult schooling system.  In 2006 about 54% 
of adults’ studies were self-directed. The most popular subjects were languages and computer 
technology (Pohjanpää et al., 2008).  

No large studies can be found clarifying the situation of adults’ poor basic skills in mathematics. 
Instead, one large study considered 1196 adults’ difficulties in reading and writing (Kakkuri, 
1993). These adults were mainly 20–39 old students who were involved in professional adult 
education or labour education, or were studying at that time in folk high schools. Research results 
indicated that, in all, 23% of the adults had various difficulties in writing, 1.9% of them had 
difficulties in reading comprehension based on repetition, 27.7% of them had difficulties in 
reading comprehension based on drawing conclusions, and 24.4% of them had difficulties in 
evaluative and creative reading comprehension. The difficulties found were the same for males 
and females, but males performed more poorly in the writing tasks that measured functional 
writing and in the reading tasks measuring comprehension based on drawing conclusions as well 
as in the evaluative and creative reading comprehension tasks (Kakkuri, 1993). A related case 
study further indicated that 25% of vocational school students, 17% of high school students, 3%–
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4% of the candidates for matriculation examination, and 28% of prisoners had difficulties in 
reading. According to Simons (1984) over 70,000 (2%) adults in Finland suffered at that time 
from difficulties in reading. 

Recent Efforts at Improving Adults’ Basic Skills 

During the last few years adult education has been developed in order to increase educational 
opportunities for those in the Finnish population who do not participate in education at all or to a 
smaller extent. This is also one of the official objectives of current adult education policy 
(Kumpulainen, 2007; Ministry of Education, 2002). Two established governmental programs, 
NOSTE (the name refers to upgrading adult skills) and APOP (Adult basic studies), aim 
especially at improving the level of education and training among the adults with weak 
educational backgrounds. The NOSTE Programme (2003–2009) is targeted to improve poorly 
trained adults’ career prospects and satisfaction at work, and also to increase the employment rate 
and to decrease the labour shortages due to the large number in age groups expected to leave the 
labour market in the near future. The focus is on 30–59 year old working adults who have no 
post-compulsory qualifications or who could complete their basic education (Ministry of 
Education, 2008b). As a co-operational program NOSTE acts with different partners: vocational 
adult education centres and vocational institutes, adult education centres, folk high schools, upper 
secondary schools, apprenticeship training centres, business centres, associations, job centres and 
with social partners. Because NOSTE acts mainly in vocational education, mathematics is not 
emphasized in it. But, NOSTE has actually facilitated students’ mathematics learning in APOP 
studies, providing individual tutoring and counselling for students with learning difficulties or 
with poor learning skills. Also, teachers’ knowledge of learning difficulties has increased and the 
programme has created collaboration between teachers, psychologists, social workers, employers, 
and workers in labour offices (Ministry of Education, 2007; Thitz et al., 2006). 

APOP, adults’ basic studies, offers the possibility of learning mathematics systematically, 
starting from the elementary courses for 18–59 year-old adults. This “second chance” is suited to 
people who lack some parts of basic education, to immigrants who need basic courses, and to 
some young people who are willing to improve their grades for upper secondary schools. The 
participating adults are also encouraged to continue their studies from the basics to upper 
secondary school courses. Adults can take basic studies and general upper secondary studies in 
Adult High Schools (previously night schools), in adults’ classes in upper secondary schools, or 
in some of the folk high schools. Some courses are also arranged by Adult Education Centres and 
by Summer Universities. From 2005 both basic studies and general upper secondary studies have 
had their own curriculum for adults (Ministry of Education, 2006) that determines the core 
objectives for teaching and also describes the content of subjects and evaluation. But, unlike the 
curriculum for regular students, adults’ curriculum recommends taking into account local 
circumstances, local history, culture and students’ living conditions. In addition, every student 
prepares his/her individual study programme (Finnish National Board of Education, 2004). 

Secondary Schools for Improving Adults’ Basic Skills in Mathematics 

Finland has about twenty secondary schools and thirty other kinds of official schools for adults, 
two of which are for Swedish speaking students. Nearly all of them are public schools maintained 
by local counties and located around the country. In 2006 there were 103 general upper secondary 
schools for adults and in all 23,233 adults participated in basic or upper secondary studies. Only 
8493 of the students planned to take a degree (lower or higher secondary), whereas others took 
courses in single subjects, for instance information technology or languages (Ministry of 
Education, 2006). The same qualifications required for secondary day school teachers also apply 
to adult schools’ teachers, and they usually have a higher university degree in their main subject. 
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The ages of the students vary between 16 and 80 years and also students’ educational and 
occupational backgrounds vary a lot. The average age of the adult students is slightly over 26 
years and most are female, with only about 25% males. The number of students studying courses 
in basic education has been continually decreasing, but after 1990 the adult schools have had 
more and more foreign students who are taking courses in basic education. In some of the adult 
schools the number of immigrants may be even between 15% and 25%.   

The curricula of the adult secondary schools consist of general educational objectives and of the 
objectives and syllabi of the Finnish school subjects, including both compulsory and optional 
courses. But, every adult school has its own curriculum that identifies a list of subjects that can be 
studied and the number of courses for each subject. Each new student will work out his/her own 
plan for the studies based on the curriculum of the school and his/her previous studies. For 
example, as in compulsory secondary schools, a student may choose a brief or an advanced 
syllabus in high school mathematics. In addition to compulsory school subjects and courses, some 
adult schools also offer optional courses in such subjects as music, exercise, drawing or data 
processing. The courses aim to use textbooks and course material designed especially for adults 
but this is often not possible, as there is a lack of textbooks and material designed for adults 
studying basic or lower secondary school courses.  

Adult schools may have different teaching arrangements associated with such factors as the 
number of study periods in teaching, continuous subject studies in the form of courses, non-
graded studies, subject studies, optional courses, and contact or distance education. The school 
year in each of the schools is divided into study periods consisting of five to six normal periods 
and one to two summer periods, with the number of courses ranging from one to more than ten 
for a subject. Each of the normal study periods takes about five and a half or six weeks. Study 
during summer periods is optional and these periods take about three weeks. The average number 
of the subjects studied during a period is three and examinations are normally taken at the end of 
each study period. There is a possibility to study only one or two subjects in most of the adult 
schools. For example, lower secondary school courses can be taken in order to improve skills for 
the admittance to upper secondary school or to some other comparable school. Also, students who 
earlier have taken only basic courses in a subject may choose to study more advanced courses in 
the same subject in adult schools. Those who wish to study for vocational education may take the 
courses they lack in a subject needed for entry. Additionally, students with an upper secondary 
school (high school) degree may improve their knowledge in some of the subjects and courses.   

Folk High Schools as a Learning Context 

Folk high schools are a part of the liberal adult education in Finland. They are usually supported 
by ideological organizations but the education programs are very flexible and student-centred. 
Also, personalized study programs and individual counselling are common. Of Finland’s ninety 
folk high schools, thirty institutions have the right to arrange APOP studies (adults’ basic 
education). Usually the same institutions organize extra classes (so-called 10th class after the 9-
year comprehensive school) for young students, and six institutions have the right to arrange 
general upper secondary (high school) education. In 2004, there were 512 students in folk high 
schools who aimed at graduation from high school (Ministry of Education, 2006) and, in all, 
2,617 adults took the Matriculation Examination in 2004 (Statistics Finland 2006). Folk high 
schools are boarding schools and they are suitable for adults who want to concentrate intensively 
on their studies. But, they are also an option for youngsters, such as immigrants and people with 
uncertain living conditions, who leave the ordinary school. Folk high school students’ education 
background varies. Some of them are very talented, but many of them are in the danger of 



 
76

marginalisation (Ministry of Education, 2006). Geographically, folk high schools cover the whole 
country rather completely, confirming the realization of equity in this kind of adult education.  

Mathematics Studies in Raudaskylä Christian Folk High School 

Raudaskylä Christian folk high school has permission to grant a degree in general education. This 
rather large school is located in the northern Finnish countryside. In addition to APOP and Adult 
High School, it offers general upper secondary education, the 10th class of the comprehensive 
school, and folk high school for youngsters with special needs. Also, the school organizes 
vocational schooling in co-operation with other institutions and programs (e.g., Open University). 
Mathematics is taught in APOP education, in Adult High School, and as a part of youth 
education. As part of our research, the mathematics teacher of the folk high school, Jaana, said 
that her mathematics classes include high school courses (both short syllabus and advanced 
mathematics), courses for10th class students, and courses for the APOP group. The students 
consist of both youngsters and adults, but the APOP group is only for adults. The present APOP 
group started two years ago with only four students in the group, with ages varying between 21 
and 54 years. Jaana also said that she adjusted the curriculum especially for adults within the 
APOP group studies, whereas the youngsters had their own curriculum.  

Experiences of Mathematics Learning in Folk High School Context 

We interviewed an adult student, Aune, and her mathematics teacher, Jaana, in order to make 
visible how the learning process works in the folk high school context. At the time of the 
interview Aune had already finished her studies, taking the high school degree in 2006. The 
interview took place at her home, in a friendly atmosphere. Jaana was interviewed by email, but 
we had a chance also for informal discussion with her and an opportunity to visit her APOP class. 
Aune is a 65-year old female pensioner. She had studied the basic comprehensive school 
curriculum at a time when it was not yet compulsory for all Finnish citizens. Later she took 
courses in a vocational school of business. She was 57 years old when she started her studies in 
the APOP program, aiming to also have the high school degree. 

I waited and waited … and promised to my children that I would continue my 
studies. … I had high enthusiasm for studies. 

In order to be able to pass high school, she took basic secondary courses in mathematics and 
Swedish in the APOP program over six months, along with her high school studies. Some of the 
APOP students attended the basic school classes due to their lack of education, but some studied 
only due to their intrinsic interest in studying; yet others planned to take later high school courses. 
The last applied to Aune’s intentions. She found mathematics challenging and not at all easy. 
During her elementary courses she had a job in other city and utilized the travel time to study 
mathematics.  

When I travelled in the train I immediately opened the book and began to do 
exercises; as well I studied every evening in Helsinki. I worked hard. I had ahaa-
experiences and ‘that can’t be true, I got it’!  

Aune had also an opportunity to get nearly private teaching as she was not able to participate in 
regular classes. She found this chance marvellous. Her teacher prepared her extra examinations 
and extra exercises.  
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Jaana worked very hard for me; she explained and advised me. She demanded of me 
to do the exercises and told me that they help me to understand them. And I learnt. I 
was terribly enthusiastic.  

Aune found the encouragement she had from her teacher highly important, especially in studying 
mathematics where “it is important to learn well the basics.” The textbook was again the same as 
in the ordinary comprehensive school, but Aune saw no contradictions in using a children’s book. 
Her teacher prepared some material by herself in order for it to be more suitable for adults. Even 
though she did not have any particular fears or negative attitudes towards mathematics, Jaana said 
that the adults often had either negative or positive views of mathematics or about themselves as 
mathematics learners. Their personal relation to mathematics was rarely neutral. She had taught 
mathematics for two APOP groups and both had needed a lot of encouragement in the beginning. 
On the other hand, some adults found themselves to be good learners and they had previous good 
experiences in mathematics. Adults usually tended to emphasise skills in counting without paper 
and pencil, and rarely did the adult students say that they were good at making conclusions or 
solving problems on paper. Some of the APOP students had experienced mathematics as a boring 
subject but as adults they had found how interesting it was. 

Aune also trusted in her ability to count in her head, which had been important when she worked 
in business. And, that helped in her studies. In high school mathematics courses she had some 
difficulties as she couldn’t ask or get any help due to the big size of the groups (15–20 students) 
and fewer classes. She had to study more on her own. For Aune, studying mathematics had 
benefited her both economically and by producing joy for her. She hoped that by studying 
mathematics she could help her grandchildren with their homework. At that time Aune was not 
studying but planned to do so the following year, with more advanced mathematics high school 
courses. Also, she had an idea for gathering together a group of adults with help from the local 
Adult Education Centre, in order to arrange a mathematics course or two. Aune believed that  

Such a subject as mathematics, there is something in it …  

Prisoners Studying Secondary School Mathematics 

In this section, we will focus on a specific context for Finnish adults to improve their basic skills 
in mathematics, namely, adult education in prisons. The social learning context in prisons differs 
in many ways from the other educational settings in liberal adult education. Although the 
secondary school curricula are very much the same for prisoners as for other adult students, there 
are aspects that create a very different context for the adult learners in a prison (Byrne, 
McElligott, & O’Hara, 2008; Frezzotti, Lastaria, & Mortola, 2000). The opportunities for 
prisoners’ studies derive from the Finnish tradition and the principles of captivity consistent with 
the so-called neoclassical ideology of imprisonment (Autio & Hautamäki, 1991). One of these 
principles involves the idea that disadvantage caused by imprisonment should be diminished as 
much as possible. Prisoners should be offered chances to encounter the society outside the prison 
after their release (Ministry of Justice, 1983). Another major regulative principle is that a prisoner 
is under an obligation to work unless she/he is exempted because of studies, illness or some other 
reason. According to the current Finnish legislation, captivity consists of labour and vocational 
education or voluntary studies. Those prisoners who study can be fully or partly exempted from 
labour if “the studies are considered useful for prisoners in liberty” (Law: RTA 3:8 §, 1 mom.).  

Learning Contexts in Finnish Prisons 

The education offered in prisons is part of the general Finnish education system. It is governed by 
the general Finnish policy on adult education and the same objectives, decisions and 
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developmental schemes determine the objectives and organization of the studies in prisons. The 
general goals of this education are to give prisoners the kind of facilities, skills and attitudes that 
will create and increase their possibilities to participate equally in the industrial and cultural life 
of the Finnish society and in democratic decisions, and that will promote the development of a 
balanced personality as well as positive social relations. Furthermore, all instruction should aim 
to increase students’ interest in their possibilities of development and education (Ministry of 
Justice, 1977, pp. 15–17). Since prison labour is often considered by prisoners as unpleasant, 
studies of various subjects may help them ease their frustration (Byrne et al., 2008; Cohen & 
Taylor, 1986; Frezzotti et al., 2000).  

Prisoners may be given permission to undertake either part-time or full-time studies and studying 
is one the few prisoners’ privileges. Students in Finnish prisons receive a small amount of money 
for general purposes, less than what is paid for prison labour. They also receive some money for 
the materials needed or else the prison provides the materials. Many of the Finnish prisons co-
operate with other educational institutions and their teachers usually also work in regular adult 
schools. Normally, the lessons take 40–45 minutes and there are between one and twelve students 
in the study groups (Autio & Hautamäki, 1991). There is also a rule (Enactment for Correctional 
Treatment, 431/75, p. 45) according to which prisoners should have support and guidance in their 
studies as much as possible and their achievements should also be overseen. This implies that 
various kinds of advice and supervision are offered in Finnish prisons.  

The results of a study by Autio and Hautamäki (1991) dealing with Finnish prisoner students 
indicated that most of the prisoners had a kind of a neutral or anxious attitude towards studying in 
a prison. This reflected the main general problem of low motivation for studying in prisons. Many 
of the prisoners studied also had negative school experiences. The study showed that 71% of the 
prisoners lacked full basic education, 73% lacked vocational education, and 25% were 
unemployed before coming into the prison. In all, 56.7% of the students took courses in basic 
education, 36.7% took upper secondary school courses, and 6.7% took both. Most of the 
prisoners had studied for more than six months and 36.7% had been in prison already more than 
once. The prisoners who studied were also slightly younger than the mean age of all prisoners, 
according to Autio and Hautamäki. In most cases the instruction was offered in one place and one 
room, and there were few chances to apply the subjects studied. The atmosphere played also a 
significant role in the prisoners’ experiences of studying. 

Our example of improvement of prisoners’ basic skills involves one of the largest adult secondary 
schools in the Helsinki area that also offers basic school subjects and courses for prisoners. The 
school (Mäkelänrinne Upper Secondary School for Adults) offers a secondary school education 
for adults, leading to the certificate of lower secondary degree or upper secondary education with 
the final examination. The curriculum and lower secondary school courses in mathematics for 
prisoners are very similar to the regular curriculum for other adults, but only six mathematics 
courses are compulsory for them in order to take the degree in basic (lower secondary school) 
mathematics. These include calculation, equations and percentages, geometry and real numbers, 
trigonometry, statistics, and functions. It is also possible to take a short syllabus in mathematics 
with two compulsory courses of algebra and geometry. In addition, prisoners may take the brief 
upper secondary school syllabus with five mathematics courses dealing with mathematical 
problem solving and statistics, mathematical analysis, probability and geometry, mathematical 
models, and mathematical research methods. The brief mathematics syllabus for prisoners begins 
with a clinical mathematics course (articulating course) including the main subjects of basic 
school mathematics. All the mathematics textbooks used are the same as for all other secondary 
school students. Finally, all the mathematics courses (except the clinical course) are assessed by a 
final examination.  
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Experiences of Mathematics Education in a Finnish Prison 

Here we will report some findings of a few case studies and data from individual interviews 
dealing with experiences of mathematics education in the large prison mentioned above. A 
mathematics teacher and a student counselor working with the prisoners were interviewed to gain 
further information and their perspectives on the current situation of mathematics instruction in 
prisons. The interviews took place in this prison and they were tape recorded and then 
transcribed. A little later we administered a short questionnaire to a prisoner. Due to the restricted 
access to the prisoners under the prison regime, our questions were in the form of a written, open-
ended questionnaire and the prisoner was asked to write down his answers in as much detail as 
possible. The main issue was to get his personal experiences and feedback on the quality and 
features of studying mathematics in a prison. The student was a 30 year-old male, called here 
Pekka. He had been already in prison for five years and had few more to serve.  

Pekka had been an excellent student in all the courses he attended and he graduated from the 
upper secondary school of the prison with the best possible qualifications. He would also have 
liked to have done the advanced syllabus and mathematics courses administered in upper 
secondary school. As they were not offered for prisoners, he was a little disappointed that he 
could take only the shorter upper secondary mathematics program. He would have wished to have 
more challenging problems to solve and the possibility of spending time in solving and thinking 
out these problems. After studying the upper secondary school courses and the short mathematics 
syllabus, Pekka further applied for permission to study courses in the open university and he was 
successful. He has been consistent in his studies and has also worked very hard in these courses. 
When talking about the reasons for studying in prison, his answer was clear and direct:  

When you are in prison you have a lot of time to spend doing nothing and thinking. 
You waste it and often you end up crazy. I like to put my head into something, and 
since I have been given the opportunity to study, I do my best. 
 

For him it seemed fundamental to keep his mind occupied in order to survive, an important factor 
to avoid falling into the degradation of self-esteem or depression. In all, mathematics was easy for 
Pekka and he remembered the topics and issues from his early school years. He considered 
himself to be lucky because he only had few problems where he needed the teacher’s help. But 
there were also some problems or inconveniences that he faced while studying mathematics. The 
first was that the instruction was addressed to all studying prisoners, regardless of their level of 
mathematical knowledge. He wished that his class could have been divided into two separate 
groups according to the students’ levels since the instruction proceeded too slowly for him and 
the more advanced students. The qualification needed for the courses were also rather low and he 
told us about how even the least advanced students passed the tests. Another issue related to the 
quality of the applied instructional material. There was a lack of learning materials and 
challenging problems to be solved. Pekka would have liked “extra material to consult” in 
mathematics. On the other hand, he considered that the textbooks used were not adequate for the 
kind of adults who had not studied for years.  

A teacher’s perspective on mathematics education in prison was gained by an individual 
interview with a female qualified teacher, called here Anna. The interview took place after a 
class, in the prison facility reserved for teaching. Anna had 15 years experience as a teacher and 
she had been mathematics teacher to Pekka. She considered her job as a mathematics teacher in 
prison as a much easier job than teaching children. In working with adults there was no need for 
discipline and duties such as contacting parents and pushing the students to be responsible. 
However, she indicated that her own university education was of no use in adult education and 
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everything she had learned was by experience. During all the years she had been a teacher in 
prison, she had realized that one of the main problems is the poor reading and writing skills of the 
prisoners. This is not the case for all the prisoners but it is a quite common, though. According to 
Anna, this interferes with the mathematics lessons.  

During the mathematics courses in the prison, she did not give any homework since it is most 
likely that the prisoners would not complete them. Her approach to teaching mathematics was 
more abstract than applied to real life situations. Her major was in philosophy and, therefore, 
numbers had to be abstracted to certain extent. She did not like relating things to real life, since 
“sometimes it was made too easy and therefore confusing.” This was a little contradictory as, 
according to Anna, students in the prison liked it when she used more concrete materials for 
learning, in addition to the textbook. Also, Pekka considered the instructional methods of his 
teacher quite successful. Anna agreed with Pekka on the lack of extra materials and the need for 
more adequate mathematics books for adults. The only extra materials they had available was a 
pack for learning fractions and probability, and sometimes she used the Excel statistical program 
to create diagrams and graphs in her teaching.  

The student counselor for prisoners, called here Belinda, was interviewed in her office at the 
prison. She had 10 years experience as a social worker and 5 years experience as a student 
counselor. Part of Belinda’s role was to interview the prisoners who were interested in attending 
classes and to learn of their educational backgrounds. According to her experience, most of the 
prisoners had been problematic young people during their basic education. Belinda was also in 
charge of providing the students with the materials they needed and she gave them all that they 
asked for: books, calculators, pencils, etc., but no additional materials were mentioned. Belinda 
offered some figures on the current state of education in Finnish prisons. Between five and ten 
percent of the inmates lack basic education. Almost half of them were gypsies. Sometimes the 
prison had prisoners who could not read. Generally, “there was nothing to offer for them” but 
occasionally some private lessons were arranged for this kind of prisoner students. The 
educational system seemed to have a gap in this sense. However, even though prisoner students 
often had difficulties in reading and writing, they tended to manage when they studied 
mathematics. According to Belinda, only 20% of the students who received education in prison 
finished their studies and graduated from the basic school. The reasons for quitting their studies 
related mainly to the movement of prisoners from one prison to another, or to their withdrawal 
from the classes due to being caught doing something not allowed (such as using drugs or other 
improper conduct).  

Discussion 

Education and adult education is promoted as one of the core features of the 21st century. Life-
long learning and development of new skills are considered as important factors for individuals’ 
employment and their level of income, as well as for sustaining the competitiveness of companies 
in the global marketplace and for the success of the nations in global competition (Field & 
Leicester, 2000; Niemelä, 1999). According to the committees of the Ministry of Education 
(2002), adult education in Finland currently (2003–2012) focuses on continuing vocational 
training, on opportunities for the self-development of adults, on improving adult education in 
universities and polytechnics, and on the co-operation between different organisations. Virtual 
learning and teaching environments are developed as well as people’s skills of acting in an 
information-based society (Ministry of Education, 2002). The knowledge and skills required in 
modern jobs have changed and people have more difficulties in anticipating their personal lives 
and careers in the labour market. This also means that individuals are to take more responsibility 
for their personal and occupational futures (Niemelä, 1999). Also, the increase in work-based 
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learning and adult e-learning will imply more independent and self-directed adult learning and 
education. 

The future is most difficult for those adults who have the weakest basic skills and the lowest basic 
educational background. According to the committees of the Ministry of Education (Ministry of 
Education, 2002), specific attention will be paid to poorly trained adults’ opportunities for 
education in Finland and also to their opportunities to complete a secondary school degree. Since 
the beginning of the 21st century many changes have occurred in Finnish adult education, 
particularly in the area of liberal adult education. The emphasis is on occupational adult education 
but also on improving the level of all citizens’ post-secondary education. This tendency is also 
reflected in current adult education as adults’ level of education is weaker than among the 
youngsters in Finland. In addition, special attention is given to those adults who have the weakest 
education and who attend educational programs the least often (Ministry of Education, 2002). 
This has given rise to various programs for adults who want to improve their basic (secondary 
level) education and skills including mathematics. The situation for these adults in Finland is 
better now than a few years earlier and there has also been some recent discussion about adults’ 
difficulties in basic skills.  

Conclusion 

In relation to these kinds of recent efforts, we have offered some examples of the programs and 
experiences in improving adults’ basic skills in Finland. In both education contexts introduced, 
we pointed to difficulties such as the lack of instructional materials for adults’ studies of basic 
skills, both generally and in mathematics. On the other hand, we could see that Finnish adults 
who have failed in their previous school education, or who did not have or take the chance to do 
the secondary school studies earlier, may still have both good opportunities and the high interest 
and capacity to do so later in life. The important question is how we will also get the least 
educated (and often older) adults to attend these kind of offerings and to overcome the 
disadvantages of exclusion (OECD, 1999). Improved basic skills in mathematics and literacy 
offer significant tools for these adults’ empowerment. Their better skills in mathematics and 
literacy not only help them more efficiently understand and act in the modern society but will also 
increase their self-confidence and quality of life in general. These features are reported largely in 
previous ALM conference proceedings and they also appeared in the experiences of those Finnish 
adult students interviewed here. 

The fact is also that more information should be collected on the gaps in adults’ basic skills and in 
their skills for learning that decidedly prevent them from fully participating in the training needed 
for meeting future work and job requirements; and also from their active citizenship in this 
modern and highly technology based environment. This is an area of education research that 
needs much more attention and resources than what has been received up to the present. Despite 
of the previous official reports of the committees of the Ministry of Education, interest in adults’ 
poor basic skills in Finland is just about to begin. And, this is the issue that we aimed to stress in 
this paper. On the other hand, the current lack of research on adults’ poor basic skills as well as 
on their poor learning skills will offer an unexplored field of Finnish adult education research. 
Accordingly, our hopes and aims are that more research and information on these issues in 
connection with Finnish adults will be available in the future. 
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One way to “empower adults through mathematics education” is to focus attention in 
appropriate mathematical courses on the mathematics an adult is most likely to draw upon in 
order to become an informed citizen in a democratic society.  Historically, newspapers have been 
a primary source of information for the dissemination of information about governance and the 
workings of society.  However, there has been little research on the actual mathematical 
knowledge a reader of a newspaper needs, or might draw upon, in order to fully understand the 
content embedded in typical newspaper articles.  This presentation discusses some preliminary 
results of a coding scheme for mathematical knowledge embedded in the best selling newspaper 
in the United States, USA Today.  Specifically, I will share the coding scheme with the audience, 
demonstrate its application to a sample from a “typical” news article, and seek feedback from the 
audience on how the scheme might be improved for future research. 
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The purpose of this study was to explore the ways instructors’ subject matter beliefs 
regarding mathematics shape their courses in a community college environment. 
Data were collected and analysed from instructors’ philosophical definitions of 
mathematics and observations of teaching episodes using a constructivist grounded 
theory research design. Findings show instructor beliefs separate mathematics 
discourses into subcultures of workplace, applied and academic mathematics 
communities with a perceived need for future mathematics assigned to each 
partition. In partitioning mathematics courses, instructors need to become aware of 
the possible shifting of content which can be inclusive and exclusive of needed 
academic mathematics. The knowledge learned can be incommensurable between 
these disjoint subcultures and can become a barrier to the future mathematics 
learning needs of  workers in a knowledge-based society.  

Introduction 

Globalization and rapid changes in technology have created a need for adults to update their skill 
sets for career advancement and to be prepared to make broad decisions about complex problems 
using a myriad of information (Brown, Green, & Lauder, 2001). Adults are enrolling in 
postsecondary institutions, and specifically mathematics courses, in response to the changing 
demands of the workplace and to concerns coming with the emerging knowledge economy. In the 
United States of America, community colleges are charged with creating the access and success 
to these academic pathways needed by adults (Bragg, Kim, & Barnett, 2006). Access to academic 
pathways combines a number of complex and often conflicting components, including 
preparation for college-level work, for acquiring necessary career skills, and for future learning 
needs. Community college faculty must provide instructional practices which support all of these 
components. Though this access requires mathematics knowledge, many of the instructional 
practices in mathematics courses limit the knowledge learned. An incomplete understanding of 
mathematics can prevent individuals’ successful transitions between the needs of college work, 
workplace applications, and lifelong learning demands (Artigue, 2001; Seldon & Seldon, 2001).  

Understanding community college instruction requires an understanding of the faculty’s beliefs 
(Fennema, Carpenter, & Peterson, 1987; Schoenfeld, 1989; Thompson, 1992; Wilson & Cooney, 
2003). Beliefs about teaching and learning involve a subtle interaction among various elements, 
including views about students, learning, and subject matter. While this is generally recognized, 
there is little understanding of the nature of this interaction in community colleges and how 
teachers’ views about subject matter content are connected to the shaping of their practice. The 
multiple missions assigned to the community college system create a complex teaching 
environment for its faculty. This issue is particularly important within community college 
mathematics education. Instructors are expected to shape courses to service educational programs 
with different and often conflicting mathematics needs. 
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This study explored the ways instructors’ beliefs about their discipline shape the educational 
practice in a sub-baccalaureate college environment. The primary research question explored was 
“How are instructors’ philosophies of mathematics shaping mathematics instruction in 
community colleges?” Towards this understanding the following secondary questions were asked: 

• What are community college instructors’ self-identified beliefs about the nature of 
mathematics? 

• How do community college instructors view the intentions of their instruction?  
• In what ways do instructors see their view of mathematics as shaping their 

teaching? 
• In what ways do instructors see their mathematics philosophies shaping their 

course decisions? 
 

Today close to half of all postsecondary enrollments are in community college institutions with 
the average age of students being 29 years (NCES, 2002). The increased role of technology and 
science in everyday life requires a deeper understanding of mathematics to interpret data for 
active participation in civic life and for the changes new technology brings to the workplace. A 
need exists to understand how instructors’ philosophies of mathematics shape the instruction in 
these community college mathematics courses. Educational programming can be designed to 
better support the long-term mathematics needs of adults when all stakeholders have a better 
understanding regarding the shaping of instruction in workplace, application, and transfer 
community college courses. 

Theoretical Framework 

The theoretical foundation used to study the process of subject matter beliefs shaping instruction 
in community colleges was synthesized under a constructivist conceptual framework. The 
literature separates constructivism into two strands, one situated within the cognitive psychology 
field explaining the construction of reality based on the cognitive processes in an individual 
(Abreu, Bishop, & Pompeu, 1997; Pehkonen & Furinghetti, 2001; Piaget, 1963) and the second 
situated within the sociology field of reality based on the meaning within a social group (von 
Glaserfeld, 1985, 1995; Vygotsky, 1978). While the distinction between individual and group 
contexts is important, it fails to address the influence of the negotiated knowledge of a group on 
the individual’s constructed knowledge (Steele, 2001). As part of a social group, an individual 
participates in a group negotiation of radical construction and this created knowledge is 
negotiated by the individual to assimilate and accommodate the knowledge into their own schema 
(von Glaserfeld, 2006). 

Literature on (a) beliefs systems from cognitive psychology, (b) Ernest’s (1991) model of 
mathematics philosophy from mathematics education, and (c) intercultural learning from 
sociology structures this research. For the purposes of this study instructor beliefs are personal 
constructs from experience, usually created unconsciously, unique for each individual and 
because they are personally constructed, do not need a universal agreement to establish validity 
(Pehkonen & Furinghetti, 2001). Beliefs are not developed using logical thought but through 
experience which makes beliefs distinct from knowledge (Ponte, 1994). Knowledge is the 
network of beliefs, concepts, images, and intelligent abilities built through a cognitive process of 
experimentation, reasoning, and debate (DaPonte & Chapman, 2006). Knowledge must meet 
certain criteria of evidence and publicly recognized or rejected claims, whereas beliefs exist 
without logical consistency. Beliefs can even be held within conflicting evidence. Knowledge is 
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context dependent. Mathematical knowledge comes from the mathematical meaning constructed 
from the objective mathematics definitions and from the subjective concept images and beliefs of 
the individual (Sfard, 2001). Mathematics understanding is constructed uniquely by each 
individual. Mathematics is not an absolute body of transferable procedures and concepts and is 
not independent of context.  

Ernest’s (1991) model was used as a framework to discuss the relationships between beliefs and 
instruction. To understand belief systems regarding the nature of mathematics, an awareness of 
mathematics as a philosophy is required. All philosophical systems begin through examining 
questions of epistemology, ontology and axiology. In this study these questions are examined 
within the context of mathematics. Community college instructors’ epistemological (What is 
knowledge? How is truth of knowledge determined?), ontological (What is the relationship 
between knowledge and knower?), and axiological (What is the value of the knowledge?) 
perspectives about mathematics could be the most important beliefs underlying the teaching of 
mathematics (Ernest, 1991). Epistemology is the branch of philosophy that studies knowledge. 
An epistemology comes from a worldview (Husserl, 1931) which situates knowledge within the 
relationship between knowledge and the knower and the truth value of knowledge. Ontology 
answers questions of existence and is embedded into epistemological questions of knowing. 
Axiology answers the questions of value of an object and also the relationship of values to the 
object. Together the three branches of a mathematical philosophy reflect on a theory of 
mathematical being, a theory of mathematical value, and a theory of mathematical knowledge 
verification. The model recognizes two epistemic views of knowledge: absolutism and fallibilism. 
In an absolutist worldview mathematical knowledge is an objective, absolute, timeless, isolated, 
factual body of knowledge waiting for discovery. Implications of absolutism are mathematics as 
value-free, inhuman, cold, pure, abstract, remote, and rational-deductive. In contrast, a fallibilist 
perspective views mathematics as constructed by social process. Mathematical knowledge is 
dynamic, subjective, open to revision, and humanly created. Within these two epistemologies, 
Ernest describes three philosophies of mathematics: instrumentalist, Platonist, and problem-
solving. Table 1 summarizes Ernest’s translation of each philosophical foundation into a specific 
classroom culture. 

 

Table 1. Mathematics Philosophy and Classroom Culture (Ernest, 1991). 

View of the 
nature of 
mathematics 

Teacher’s role Intended 
outcome of 
instruction 

Use of curricular 
materials 

Learning model 

Instrumentalist Instructor  Skills mastery 
with correct 
performance of 
skills  

Strict following 
of text of scheme 

Compliant 
behavior and 
mastery of skills 

Platonist Explainer Conceptual 
understanding 
with unified 
knowledge 

Modification of 
the textbook 
approach 
enriched with 
additional 
problems and 
activities 

Reception of 
knowledge 
model 
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Problem-solving Facilitator Confident 
problem posing 
and solving 

Teacher or 
school 
construction of 
the mathematics 
curriculum 

Active 
construction of 
understanding of 
model 

 

The concept of mathematics as a cultural milieu expands into a framework with its own 
knowledge, beliefs, values, customs and discourse. Mathematics is comprised of many separate 
domains (such as algebra, geometry and analysis), each its own subculture. If education is an 
intentional societal process, then the learning in each mathematic domain is the intentional 
learning of another culture. Conceptualized as intercultural learning, mathematics learning 
becomes an acculturation into a new culture, that of formal mathematics (Bishop, 1989, 2004). As 
a subculture of a larger society, mathematics has its own discourses and the instructor becomes an 
interpreter between the culture the learner brings into the classroom and the destination culture of 
formal mathematics (Kalathil, 2006; Prediger, 2001; Sfard, 2001). As acculturators, teachers need 
to know the culture of formal mathematics at a local level (course content, technology 
requirements, transfer requirements, and vocational certification requirements) and also globally 
(the relationships between topics, the structure of mathematics, and the contexts for its 
application).  

Methodology 

This research used a constructivist grounded theory methodology (Charmaz, 2006) to study the 
ways beliefs about the nature of mathematics shape instruction within the ecology of community 
college mathematics classrooms. Evidence of this phenomenon was provided by researcher field 
notes; transcripts of 14 video-taped classroom observations; 2 two-hour interviews with each 
instructor; and instructor written statements concerning mathematics beliefs over a 16-week fall 
semester. Triangulation was established from instructor-generated concept maps outlining 
mathematics contents and course artifacts including syllabi, board drawings, handouts, and formal 
assessments. These extant documents provided examples of instructional problems which 
identified the concept representations, mathematics content, and assessment priorities of the 
instructors.   

Participants 

The research site was an open-access, rural Midwest community college serving a district 
population of 100,000.  Working within a state higher education articulation policy, the 
community college offered career programming (vocational certificates & associate degrees in 
applied sciences), transfer course programming (degrees in associate of arts, associate of science, 
associate of fine arts, & associate of engineering science), and remedial programming 
(coursework in adult basic education, adult secondary education, English as a second language, & 
developmental education). One female and three male, full-time tenured mathematics instructors 
were purposefully selected demonstrating contrasting instructional styles and an example of 
mathematics from vocational, developmental, general studies-transfer, and application-transfer 
courses. Table 2 provides a chart organizing the demographics of the study’s participants using 
pseudonyms for anonymity. Limiting the participants to full-time faculty members, without 
including adjunct instructors, guaranteed the participants had full understanding of the 
institutional policies structuring their professional practices. 
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Table 2. Demographics of participants. 

Instructor 
pseudonym 

Undergraduate 
degree 

Graduate degree Prior teaching 
experience  

Professional 
self-identity 

Morris Associates  
B.S. 
Mathematics 

M.S. 
Mathematics 
Doctoral path 

University 
teaching 
assistant 

Mathematician 
 

Frank Associates  
B.S. 
Mathematics + 
Secondary 
Certificate 

M.S.Ed. 
Mathematics 

Secondary Mathematics 
educator 
 

Jamie B.S. 
Mathematics 

M.S. 
Mathematics 
Doctoral path 

University 
teaching 
instructor 

Algebraist 

J. P. B.S. 
Mathematics + 
Secondary 
Certificate 

M.A.T.-
Mathematics 

Secondary Mathematician 
 

 

Data Collection 

Pre-observation interviews (Appendix A) with the chosen instructors were audio-taped to collect 
demographic information and allow the participant-educators to self-identify a philosophy of 
mathematics. The open ended questions of the first interview were based on the three 
philosophical components of epistemology (What is mathematics? How do you know 
mathematics is true?), ontology (How is mathematics created? How is mathematical knowledge 
created?), and axiology (What is the value of mathematics? What is the value of mathematics 
knowledge?). Instructors were given the option to reflect on their beliefs by creating a concept 
map of mathematics within the context of the research course (see Appendix B). Video-taped 
observation of teaching episodes occurred within the same month in each classroom. Instructors 
verified the accuracy of the transcripts from the first observation. Theoretical sampling for 
possible differences in questioning patterns required an extra observation in the two transfer 
classes and the addition of several questions to a second interview protocol addressing 
instructors’ professional affiliation and instructional changes based on course track or level. 
Second interviews (Appendix C) provided transcript verification, instructor’s description of their 
experiences as graduate students, professional affiliations, educational intent behind classroom 
behaviors, and instructors’ intentions of instructional decisions. Besides elicited text from 
transcriptions of interviews and teaching episodes, a variety of data were collected from viewing 
artifacts such as: (a) field drawings of white board visuals during instruction, (b) field journal 
tracking research decisions, (c) class syllabi, (d) handouts, (e) quizzes and exams, (f) state policy 
documents governing community colleges and (g) administrative policy documents of the 
community college in this research. These extant texts detailed the voices of authority under 
which the faculty practices were structured. In addition, the data provided triangulation both for 
consistency and authenticity.    
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Data Analysis 

The transcripts of each instructor were sorted chronologically and coded for data which appeared 
to address the research questions. Data were separated into events, compared, and coded by 
similar events. Codes evolved from comparing dissimilar events using incident-to-incident coding 
and produced one hundred separate codes describing behaviors and actions. When possible in 
vivo codes from participants’ special terms were used as symbolic markers of meaning. For 
example the category self-identification came from the in vivo code “self-identify” and the code 
“guiding question” came from an instructor when modeling problem-solving in class. These, and 
other key words used by the participants, became significant indicators of their philosophical 
mathematics beliefs. Memos were written throughout the research process and abstracted the 
codes to theoretical categories. One illustration of abstraction from researcher memos occurred 
after memoing identified different questioning styles. The transcripts were then coded to reflect 
the different questioning uses by the instructor and also between instructors. Out of these codes 
came categories of factual, guiding and probing which were eventually collapsed into the 
theoretical category Bridging Discourses.  

Four schemata representing metaphorical images of each instructor’s philosophy of mathematics 
(Chapman, 2002) were created (see Figure 1). The primary beliefs [PB] referred to the primary 
attributes [PA] which came directly from participants’ responses to the interview question “What 
is mathematics?” The derivative attributes [DA] came from the supporting statements [DB] 
expanding the explanation of the primary belief. In one case J.P., the instructor of the general 
education mathematics course, provided the following answer: 

 
What I can say is mathematics is what mathematicians do. It is anything you want it 
to be. More seriously ... I am not always sure. Just as I am not always sure what 
geometry is compared to algebra. To me there is a flavor to geometry and a flavor to 
algebra. … Almost it is by problem. When I see a problem, I know where it fits … it 
is solving problems. It is not proving things-unless you think of that as a problem.   
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Order       Memorization   Algebra        Problems       

Mathematics is a study of  Patterns Repetition Mathematics is what Mathematicians do Problem-solving

Computation Geometry         Real Analysis

PB:  Mathematics is a study of patterns   PB:  Mathematics is what mathematicians do
PA:  Patterns PA:  Problems
DB:  Mathematics is order, memorized, computation, and repetition             DB:  Mathematics is solving problems in algebra, 
DA:  order, memorized, computation, repetition geometry and real analysis

DA:  Problem-solving, domains, problems

Jamie J. P.

Logic     Theorems   Explorations      Cause-effect  

Mathematics is axiomatic system Abstract structure                           Mathematics is a study of relationships Predictions

Generalizations      Patterns Modeling          Problem

PB:  Mathematics is an axiomatic system                         PB:  Mathematics is the study of relationships
PA:  Axiomatic system PA:  Relationships
DB:  Mathematics is rules of logic, patterns, theorems,         DB:  Mathematics is explorations, cause-effect, 

generalizations, abstract modeling, problems, predictions
DA:  Logic, theorems, generalizations, abstract DA:  Predictions

Morris Frank

 

Figure 1. Philosophies of mathematics schemata. 

These schematic philosophies were used as personal theoretical frameworks to compare, contrast, 
analyze, synthesize, and connect the emerging categories.  

The most significant codes were focused to make analytic sense and to categorize the data. 
Instructor responses provided the dimensional ranges for each category and relationships between 
categories. The fractured data were compared, related and linked to subsume the codes into three 
subcategories. Two of the emerging theory’s main categories, Valorizations and Voicing of 
Authority originated from open coding labels. The third category, Bridging Discourses, was an 
axial coded label. The connections of focused codes to each theoretical category influenced by 
the instructor’s mathematics philosophy produced a core category of Partitioning. Grounded in 
the data from community college instructors and the literatures on socio-constructivism, 
acculturation and belief theories, a conception of partitioning was created. 

Results 

Instructors’ beliefs about the nature of mathematics were filters for assigning more worth to some 
instructional practices over other practices. Instructors “privileged” (Wertsch, 1998) those 
classroom practices which aligned with their beliefs over other practices in conflict with these 
beliefs.  By these valorizations, instructor’s beliefs influenced the shaping of classroom 
discourses. Using questioning, listen-responding, and problem-framing patterns, instructors built 
a bridging discourse where the learner’s prior mathematical knowledge and experiences 
converged with the academic community of the mathematician; as represented and filtered by 
instructors’ philosophies of mathematics. During interviews and classroom observations, faculty 
specifically referenced the voices of authority as an intervening condition on their pedagogical 
decisions. There existed complex and often conflicting policies governing degree, program, 
course pre-requirements, funding structures, and credentialing which structured faculty’s 
instructional decisions.  
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The central phenomenon of Partitioning became the core category explaining a process of 
mathematics instructor’s beliefs shaping instruction in mathematics courses. The mathematics 
definition of partitioning is “the decomposition of a set into a family of non-empty, disjoint sets 
where the union of the sets equals the original set” (OED, 1994). Instructors partitioned the 
mathematics field into incommensurable mathematical worlds. The instructors’ philosophies 
regarding the nature of mathematics partitioned the discipline of mathematics into subcultures 
each with its own interpretation of the value of mathematics and way of knowing. For each 
subculture, instructors’ beliefs assigned different worth to mathematics and created different 
classroom discourses. The instructors spoke of different communities inside and others outside 
the instructors’ conception of the culture of mathematics. Members in these communities were 
identified as being included or excluded from the mathematics community Some participant 
comments referring to the existence of disjointed worlds are “I’m an algebraist … Stats … I don’t 
think is really math. I leave that to the statisticians” and “I haven’t taught Nursing 107 math-for-
nurses ... is arithmetic. But the only true math course I haven’t taught is the Diffi-Q.” Students in 
career technology mathematics were partitioned outside the field of mathematics as referenced by 
the instructor comment: “A lot of this doesn’t apply to the Tech Math students. They are just a 
different bunch.” The result of these differences is a partitioning of learners into subcultures of 
workplace, applied, and theoretical mathematics. In the profession of the community college 
mathematics educator, the content viewed as essential, the subject discipline’s norms, and the 
discourses instructors created in the classrooms were valorizations of the instructors’ philosophy 
of mathematics. The partitions within the instructors’ perceptions of the community college 
course classifications, the future mathematics needs of the learners, and the professional self-
identities separated mathematics learners into cultures of workplace, applied, and academic 
mathematics perceived as disjoint.  The instructors created a partitioning process through the 
necessary, but alone insufficient, actions and interactions of Valorizations, Voices of Authority, 
and Bridging Discourses (see Figure 2). 
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Figure 2. Model of Partitioning. 
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Discussion 

The findings of this research suggest that community college instructors’ partitionings lead to the 
directed acculturation of students into separate mathematics subcultures. In the author’s 
substantive theory of partitioning, teachers become the acculturators of students into subcultures, 
each with its own variations on notation, vocabulary, assumptions, abstractions, applications and 
ways of knowing. These variations are like dialects within the language of general mathematics, 
and bridging discourses reformat the content for student access to the instructor-defined 
knowledge. Teachers minimize the differences between the mathematics and the learner by 
blending the learners’ values, norms, and knowledge with the teacher’s valorization of what are 
the values, outcomes, and knowledge relevant to the destination subculture. Each teacher 
produces a bridging discourse unique to the valorizations of their individual mathematics 
philosophy. Separate discourses ensue from different mathematics philosophies. Implications of a 
theory of partitioning to adult learning, community colleges and professional development of 
faculty are the difficulty in integrating the content between the partitioned subcultures of 
vocational and academic mathematics, the involvement of the partition between professional 
identities of scholar and pedagogue in the recruitment of community college personnel, and the 
applications of the partitioning process on the scholarly fields of higher education, adult 
education and mathematics education for situating research on adults’ mathematics education.  

In mathematics courses servicing career-technology education (CTE) programs the presumption 
was that students would not have a need for mathematics learning in the future and did not have a 
need to communicate mathematically. It could be argued these students were not learning 
mathematics at all but were learning to use tools provided by mathematics. The course content 
was an atomized variety of computational tools provided by mathematics but excluded the 
symbolism, notations, syntax, and connected structure of the mathematics discourse. Although 
the CTE mathematics course has a college-level course and the developmental mathematics was a 
lower numbered pre-college level sequence, the destination discourse created in the CTE 
mathematics course was a workplace discourse which found utility in the computational tools of 
mathematics. In this scenario the intent was not to build a bridging discourse to acculturate 
students into mathematics but into a culture which mechanically used the tools of mathematics. 
This philosophy was reflected in instructional practices which used lower levels of student 
participation, questioning-listening-responding, and problem-framing. The surface knowledge 
learned in CTE mathematics was incommensurable with the foundation knowledge needed for 
future mathematics understanding and could make mobility between mathematics sub-cultures 
problematic, preventing workers from acquiring needed skill updates in the future.  

Policies challenge sub-baccalaureate colleges with providing workplace and occupational 
education. In the United States, the federal Perkins IV legislation prioritizes integrating academic 
discipline content into vocational courses to prepare for the undeterminable training needs 
occurring in workplaces. From instructors’ personal mathematics philosophies are derived beliefs 
of who will and will not need future mathematics learning. A view of mathematics as an ideology 
for understanding the world can form a peripheral belief that the need for mathematical learning 
continues throughout the lifespan of all workers. In direct contrast, impressions of mathematics as 
a collection of connected particulars partitions future mathematics needs by degree tracks. Such 
instructors articulated the CTE students’ lack of need for future mathematics learning as 
justification for the weak emphasis on formal mathematics content in CTE courses. Compared to 
CTE students, it is believed developmental students are stronger academically and need 
preparation for future mathematics to complete a baccalaureate degree. These assumptions 
contradict the actual completion behaviors of students enrolled in developmental and CTE 
education programs. The national longitudinal survey, Beginning Postsecondary Students (BPS) 
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found 36% of transfer degree students enrolled in two developmental courses drop out without 
attaining any college credential. The percentage increases to a dropout rate of 46% when the 
number of remedial courses is three or more (NCES, 1996, 2000). However, NCES found 
students declaring a vocational program were more likely than general education community 
college students to complete a degree or certificate within two years (NCES, 2000). This 
privileging of academic knowledge away from CTE programs, while including it in 
developmental and transfer programs, directs students to long-term educational commitments in 
programs which show an increased risk of student-dropout without any degree and few college 
credits (Elder & McDonald, 2006). 

Problematic is the partition of career technology mathematics outside the traditional discipline of 
academic mathematics. When instructors partition mathematics learning, they also partition the 
subject’s value between worth to the individual and worth to the society. This subject irrelevance 
paradox (Niss, 1994) promotes mathematics as publicly important while being personally 
irrelevant to individual learners. All associate degree programs include a mathematics 
requirement, many taught by mathematics department faculty. Many community college 
vocational faculty do not have a deep understanding of mathematics or its teaching. Yet few 
community college mathematics faculty understand the extent of mathematics in occupational 
and vocational areas (Elder & McDonald, 2006). Therefore, instruction in vocational courses 
teaches mathematics at a surface level. Discourse bridges founded in career technology 
mathematics have students training in discrete and isolated content which is disconnected from 
the structure of formal mathematics. Instead of learning about mathematical perspectives or 
inquiry methods, students are restricted to job training in the tools provided by mathematics. The 
assumption is that a context-rich quantitative literacy is substitutable for formal mathematics in 
career technology programs (Ewell, 2001).  

But knowledge needed in the workplace is complex, takes time to develop and constantly changes 
as innovations are introduced into organizations. It would be reasonable to expect vocational 
students to have as great a need in the future, if not a greater need, to build upon a mathematics 
foundation as do students pursuing transfer degrees. Technological advances transform fields in 
vocational education more often and with a greater magnitude than the modifications which occur 
to fields in liberal education. Students pursuing transfer degrees in non-scientific-based business 
management are offered application-specific statistics and calculus courses. By contrast, diesel 
power technologists are responsible for applying complex principles from physics to expensive 
machinery, yet their mathematics preparation is trivialized to learning computations easily 
performed by common calculators. There are few routine tasks in the vocational workplace, and 
rapid advancements in technologies ensure more mathematics learning will be part of these 
workers’ futures. Providing instruction in computations made obsolete by inexpensive calculators 
does not prepare workers for the future shifts of skills in the workplace. Computational 
knowledge without conceptual understanding will not provide the formal and operational 
competencies for mastering new advances created by technology. 

State and federal higher education policies have placed a multitude of missions and roles onto 
United States community colleges. Instructors are given the responsibility of balancing a 
multitude of diverse educational services within their subject teaching. Many of these educational 
services conflict with the teachers’ perceptions of their subject, its knowledge and its worth. One 
way community college faculty negotiates these demands is by partitioning the subject they are 
teaching into subculture domains. In this study instructors expressed a negotiation between the 
emphasis placed on vocational and that placed on academic education. Students were partitioned 
by teachers’ perceptions of a need for future building upon the subject; by the nature of the class 
as a vocational, applied, or theoretical representation of the subject; and by the teacher’s 
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placement of the course content as inside or outside the subject area. But it is possible to argue 
that workplace preparation occurs in all educational programming and that every course provides 
some preparation for future work. If this is so, and the general value of education in a knowledge-
based society is seen as a preparation for work, what are the implications for those unable to 
work? Are they partitioned from education? Mathematics educators need to be aware of the 
partitions they create so learning outcomes can move beyond acquiring technical skills and 
competencies toward outcomes which change the ways people engage with work. 

Conclusion and Implications for Further Research 

In this paper, instructors’ epistemological, ontological, and axiological beliefs about the discipline 
of mathematics were studied and found to filter what content is considered mathematics, the 
program context where this content is valuable, the value of this content, and most importantly, 
who is given access to what content knowledge. The philosophical construction of mathematics 
determines the mathematical needs of the different vocational, developmental and transfer 
learners. Philosophical beliefs concerning the nature of mathematics establish the course contents 
as inside or outside the discipline of mathematics. Students within these courses are perceived as 
either learning the discipline of mathematics or learning to use the procedures provided by 
mathematics. Under the constraints of political and administrative authority, the faculty beliefs 
concerning the nature of their academic discipline valorize certain instructional practices when 
creating the classroom discourses to bridge learners to the academic content. In this research, the 
instructors’ philosophies of mathematics result in partitioning academic mathematics by course 
categorization into vocational, developmental, and transferable; by instructors’ perceptions of the 
future mathematics needs of learners; and by instructors’ professional self-identities using 
classroom discourses of essential content, pedagogical orientation, and problem-framing.  

While the focus of this research is the influence of mathematics faculty’s subject matter 
philosophies on shaping instruction in community colleges, it suggests threads for future research 
in the areas of higher education, adult education and mathematics education with regards to 
teaching and teacher belief systems. Within the field of higher education the discipline of 
mathematics was the focus of this study. Given the similar values and epistemic frameworks in 
the biological and physical sciences, does a theory of partitioning provide explanations for the 
shaping of mathematics instruction occurring outside mathematics classrooms? Community 
colleges recruit instructors from several environments, each with specific socializations. How 
does the partitioning theory differ when applied to instructors recruited from secondary 
education, four-year institutions, and outside the field of education? Finally, mathematics has 
conflicting roles in adult education. On an individual level, mathematical illiteracy can be a 
source of disempowerment, instead of a source of empowerment. On a societal level, a lack of 
mathematics can marginalize subgroups within societies. In what ways does partitioning 
mathematics prevent subgroups’ entry into occupations, denying them full social and political 
participation? Issues of equity within a theory of partitioning must be identified. How can a 
theory of partitioning contribute to the distinction between the commodity of lifelong learning 
and the humanist self-evident good of lifelong education? In other words, will the learners be in 
need of constant skill-based retraining or will they be enabled to continue with the study of 
academic mathematics as and when they perceive the need? 
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Appendix A. Interview Protocol One 

Interview Protocol One 

Instructor Name:       Date:  

Course used in Study:   

 

I. DEMOGRAPHICS 

A. Undergraduate institution and degree/major 

 

B. Graduate institutions and degrees/majors 

 

C. Number of years teaching mathematics at [Community College] (please label    
   between adjunct and full-time work) 

 

D. Courses taught at [Community College] (please label between adjunct and  

   Full time work) 

 

E.  List all courses being taught this term 

 

II. QUESTIONS 

1. What is mathematics?  

 

2. Where does mathematical knowledge come from? 

 

3. How is mathematical knowledge formed? 

 

4. How do you know mathematics is true? 

 

5. What is the value of mathematics? 
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Appendix B. Concept Map Directions 

Concept mapping is a method for attempting to analyze how one has a body of knowledge 
arranged in one’s mind. I would like you to draw a concept map of the discipline of mathematics 
as it pertains to the course you are currently teaching. From this map I hope to get some idea of 
your mental structure for the subject and how the various topics, concepts, and procedures are 
linked.  

Below is an example of a concept map employed by Novak and Gowin (1984) regarding an 
individual’s understanding of the subject of ART.  

 

From: Novak, J. D., & Gowin, D. B. (1984). Learning How to Learn. Cambridge: Cambridge 
University Press, p. 182. 

 
Please construct a personal concept map for Mathematics within the context of your participating 
course. Begin by placing the title, Mathematics, in the middle of the large chart paper and then 
just let the ideas associated with this title flow. Place the words associated with related ideas in 
clusters on the page and add lines to show connections.  
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Appendix C. Interview Protocol Two 

Interview Protocol Two 
 
Instructor:        Date:  
 
Course Used in Study:  
 
What attracted you to mathematics teaching? 
 
What attracted you to the community college environment? 
 
What does it mean for a student to understand mathematics? (general and observed class) 
 
What do you want your students, in (observed class) to understand about mathematics? 
 
How do students display their mathematical understanding? 
 
Describe the way you present mathematics in your (observed) class 
 
How does your instruction differ based on the level of the mathematics course? 
 
How do you see your beliefs about the nature of mathematics influencing your course design? 
 
How do you see your beliefs about the nature of mathematics influencing you instruction? 
 
How have you been influenced by the recent reform movement in mathematics education? 
 
How do you see the recent reform movement influencing your instruction? 
 
In what professional organizations or conferences do you participate? 
 
You participate in what professional development activities? 
 
How do other courses you teach influence you in COURSE NAME? 
 
What influences your selection, formation, or posing of problems in your mathematics courses? 
 
What do you listen for in students’ responses? 
 
What do you look for in students’ problem answers? 
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Developments in Adult numeracy practice and professional development in the UK 
during 2007 and 2008 

 
 

Introduction 

This paper reports on attitudes towards numeracy and mathematics from three sources 
professional development events, review of the provision for adult numeracy in England and 
research into the role of emotion in adult mathematics education. Arising out of the attitudes 
identified, from all three sources, conclusions are drawn that suggests a cycle of events evolves 
that continues to place adult numeracy teaching and learning at a social and political 
disadvantage. 

Two of the sources arise out of the current work of the numeracy team at LLU+ based at London 
South Bank University (UK) and these are compared to some recent examples of adult numeracy 
research. The numeracy division at LLU+ plays a unique role in the current development of adult 
numeracy in the UK. Amongst its current work LLU+ is developing specialist courses for 
numeracy tutors, revising the Adult Numeracy Core Curriculum, evolving innovative professional 
development and not least defending the very existence of the term ‘adult numeracy’. 
 
The political context in the UK for these activities can be indicated by the following quotation 
from an e-Newsletter published by the recently created Department for Industry, Universities and 
Skills (DIUS), a ministry in the UK government: 

Numeracy is one of our biggest challenges if we are to achieve our aim that by 2020, 95% 
of adults will have functional literacy and numeracy skills as a minimum. An estimated 6.8 
million adults are currently below entry level three numeracy compared with 5.2 million 
adults below level one literacy. This is not acceptable for today's economy let alone the 
economy of the future and has implications for society as a whole. (DIUS, 2008) 

 

Evidence from Personal Maths Histories 
 
The first evidence presented has arisen out of teacher training and professional development work 
in numeracy at LLU+. This data was not collected as part of a research project, it was the product 
of a series of professional development events.  

An approach that is a particularly rich source of data about the views of, and attitudes towards, 
mathematics and numeracy is the recording of ‘personal maths histories’. A personal maths 
history is some form of account or story of a person’s memory of their interaction with 
mathematics, numeracy or using numbers in some context. That could be in school, in later 
education, in work or any aspect of their life. The use of personal maths histories have been 
discussed by Gillian Thumpston and Diana Coben (1995 ) and by Alison Tomlin (1999) as part of 
encouraging discussions amongst numeracy learners about maths and how they learn. 
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The context in which these maths histories have been collected is different from those described 
by Gillian Thumpston and Diana Coben and Alison Tomlin. The data reported here was collected 
within a series of professional development events for non-numeracy teaching professionals in 
the post-16 sector. The purpose of this activity at the time was to elicit the many social and 
personal factors that influence, positively or negatively, the acquisition of number skills.  

 

The participants were given time to prepare their personal maths history in a wide range of visual 
formats. (A copy of the ‘style sheet’ used to encourage imaginative forms of presentation is 
appended.) These were then displayed around the walls of the room. All the participants had an 
opportunity to look at each other’s visual account and formal and informal group discussions 
were encouraged about both the personal and general issues arising.  

The personal maths histories were largely visual representations: some made life cycles like a 
flow chart, some drew graphs and many used little cartoon figures. Though very often some 
serious and on occasion painful events in people’s lives were presented, an element of humour 
also crept in. In the ALM15 workshop at which this work was first presented, examples of some 
personal maths histories were available for observation and consideration.)  

 

After an analysis of about sixty personal maths histories, supported by the observation of many 
more, the ten key issues identified were as follows: 

1. The impact (positive or negative) of key adults in early development of number skills, this is 
usually a teacher, but may be a parent or other significant adult; 

2. The contrast between early learning in primary education and secondary education in ‘maths 
classes’ 

3. The very powerful emotions expressed about certain periods of mathematics development. 

4. The language of success and failure, particularly with respect to key events, which were 
turning points in participants’ lives 

5. The contrast in language or images used to describe school mathematics and the use of 
numeracy and mathematical skills in other aspects of participants’ lives such as work or 
personal money management; 

6. The impact of age, gender, social class, ethnic group or country of early schooling; 

7. The unexpected opportunity of having space to talk about mathematics as a life experience 
and genuine interest shown in each others accounts; 

8. The association of negative attitudes with school mathematics and positive attitudes with 
work and home (numeracy/mathematics) activities; 

9. Similar accounts of failure and lack of confidence are presented irrespective of the age or 
level of mathematics at which they occurred 

10. Very personal aspects of people’s lives are identified as having a direct impact on number 
skills development such as a relationship with a father, or a major life decision (eg marriage, 
house purchase) 

It cannot be understated that the significance of these findings is that they are from non-
numeracy/mathematics education professionals. Therefore, most of these participants have had 
success in other areas of learning and professional careers, and have awareness of learning 
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theories, approaches to learning and skills development. Yet the reporting of anxiety and fear of 
failure, the disconnection between school mathematics and work and home numeracy are similar 
to those reported in other studies such as those recorded with adult numeracy learners and 
undergraduate students (see below). 

Evidence from Practice and Provision in England 

During 2008, whilst these staff development activities were being carried out LLU+ was also 
collecting a very wide range of information on the provision of numeracy classes and a range of 
views and attitudes on this provision. The impetus for this information gathering has come from 
various national agencies, all responding to the the prioritising of numeracy by the Government. 
The findings from recent reports have built up compelling evidence that the numeracy levels of 
the adult British workforce are in need of some considerable improvement; such as  the Skills for 
Life Survey ( DfES 2003), the Smith report (Smith 2004) the Leitch Report (2007) and the 
Governments response to the Leitch report (DIUS, 2007).  

A study was conducted for the National Audit Office (whose role it is to evaluate the 
effectiveness of public expenditure on education and skills) into the challenges and issues related 
to adult numeracy provision and practice. (National Audit Office 2008) 

The investigation centered around the following questions: 

• Why was it that, in spite of compelling evidence of the nation’s numeracy improvement 
need, there had been no rush of learner demand for provision?  

• Why was it that while providers continued to report shortage of qualified numeracy 
teachers, there were relatively few numeracy teacher vacancies?  

• What were the barriers to personal numeracy improvement at different levels of 
engagement within the lifelong learning sector (potential learners, teachers, teacher 
trainers, senior managers)?  

• What impact did commitment/non-commitment of senior management have on 
organisational development of numeracy provision and practice? 

• What were the reasons for the apparent shortage of numeracy teachers? 

Another project (undertaken for the Quality Improvement Agency) was gathering numeracy-rich 
information across the strands of the national Skills for Life Improvement Programme. (This 
programme aims to support regional capacity building and workforce development across the 
lifelong learning sector in England.) LLU+ had a particular role to provide an overview of 
numeracy across a number of national professional development projects, as well as a direct 
involvement in the provision of numeracy professional development, particularly aimed at teacher 
educators. The questions being asked were: 

• What are the funding drivers/barriers to increasing numeracy provision? 

• What works in terms of promoting numeracy to potential learners? 

• What are the challenges of trying to “embed” numeracy in vocational /work contexts? 

• What are some effective models of provision? 

• How should curriculum be modified to suit learner needs and interests? 

• What are some of the numeracy staff development and capacity issues? 
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• What are the pedagogical challenges for particular areas of the curriculum offer—e.g. 
numeracy provision for bilingual learners? 

It is worth noting that the Moser enquiry (DfES, 1999) into basic skills, conducted nearly ten 
years ago, highlighted the fact that there were more learners at level 1 or below in numeracy than 
there were in literacy. This lead to various attempts to address the numeracy issue. These 
activities were many and varied; including national numeracy campaigns, the publication of an 
adult numeracy curriculum (BSA. (2001), national numeracy test targets, new materials and 
resources and the development of a specialist qualification for adult numeracy teachers. 

The following summary is based on a number of unpublished reports and working documents 
arising out of the research projects described above; see for example (Chanda 2008). 

The findings suggest that the volume of numeracy provision still lags behind that for literacy, and 
that demand from learners is also less than that for literacy. Potential learners who have engaged 
in other learning appear to be less concerned about their level of numeracy than literacy, and a 
fear of maths holds them back from engaging in second chance learning in numeracy. Providers 
are less inclined to increase numeracy provision because of the apparent lack of demand, and so 
do not prioritise the building up of numeracy staff capacity. Hence, a general lack of supply of 
numeracy specialist teachers for when there is some incentive to increase provision. This vicious 
circle of non-interest and non-action is what keeps numeracy in the shadow of literacy. This 
hidden existence is further compounded by the way numeracy is submerged within the current 
nomenclature such as “basic skills”, “Skills for Life” “Key Skills” and “LLN (Language, Literacy 
and Numeracy)” in the United Kingdom.  

There is also a great deal of concern about the quality and competence of those who are in a 
position to support the numeracy development of the workforce, whether in education, training or 
the workplace. The received wisdom is that numeracy teachers need to have maths skills at a 
higher level than originally required for working in this field, and the recently introduced subject 
specialist qualification for numeracy teachers is evidence of this. Many experienced and 
dedicated teachers working with elementary level numeracy learners feel that the emphasis is 
misplaced—they see pedagogy to support diagnostic teaching at this level to be far more 
important. There is evidence of a resulting lack of demand for numeracy teacher qualifications in 
some regions in spite of funding incentives.  Our research finding is that those non-specialist 
teachers and support staff now involved in embedding/integrating numeracy are ill-prepared to 
meet the needs of learners’ habitual errors or misconceptions, and that many are hampered also 
by the fact that they may themselves be operating on the margins of their own competence in 
numeracy. A common response to consultation with vocational teachers about the challenges of 
embedding numeracy in a vocational context was that they could do the maths required but did 
not necessarily know how to teach someone else the same maths skills in more than one way. 

There is also evidence of tension between the perceived needs/interest of learners, the current 
curriculum offer and the national test targets. This is another vicious circle. Institutional and 
financial quality control structures need hard evidence of achievement, and the national test has 
proved popular with learners keen to “achieve” in a subject area that has previously eluded them. 
However, the push for successful outcomes often leads to learners being tested within their 
comfort zones of knowledge and skills. More importantly, the comments from industry suggest 
that neither the national adult numeracy test nor GCSE mathematics are delivering the numeracy 
skills required in the workplace. The research findings clearly show that in today’s workplace, the 
usage of maths is more likely to be a sophisticated application of basic maths calculations 
supported by technology and decision-making supported by sophisticated data analysis tools. The 
current adult numeracy core curriculum is more traditionally focused on topics and skills rather 
than process and functionality. Research supports the view that adult learners are motivated by 
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needs and interests (e.g. helping their children with maths) not all of which can be squeezed into 
the “one size fits all” preparation for a national test programme of study. 

Most importantly however, the findings point to a national culture of disinterest in mathematics 
which has a knock-on effect on adult numeracy. The poor experience of school maths is still a 
demon in many people’s psyche It has been observed that people often regard the maths they do 
use as adults as common-sense, not numeracy see for example (Wedege, 2002). This negative 
attitude pervades all levels, and results in a range of barriers to numeracy development—from 
individuals’ inertia “to do something about one’s numeracy” to organizational apathy about 
increasing numeracy provision and actively promoting numeracy to potential learners. 

Evidence from Research 

There have been many research projects that have looked at attitudes to mathematics including 
the emotional reactions to the subject. The work of Gillian Thumpston, Diana Coben and Alison 
Tomlin has been referred to above in introducing personal maths histories. Wedege’s (2002) 
paper Mathematics—That what I can’t do: People’s affective and social relationship with 
mathematics makes the case for this being a very complex area of study and requiring multi-
disciplinary approaches. In this paper she concludes 

We know that the affective and social relationships with mathematics is an important 
component in an adult’s numeracy. As we have seen, why and how this relationship is 
incorporated and changed through life and education is a very complex issue. Finally, this 
article has been conceived once more with the dialectic between cognitive, social and 
affective dimensions in the learning process, showing that inter-disciplinary studies are a 
must in the research and practice of adults knowing and learning mathematics. 

 

In the work of Jeff Evans there is considerable support for the importance of considering the 
emotional aspects of learning mathematics and numeracy, but in his case based on substantial 
evidence from a series of studies using discourse analysis. In introducing his approach he 
summarises ‘conceptualising emotion’ as follows. 

I take a unified approach to cognition and affect, to thinking and emotion, in the sense that 
affect and emotion are seen as in principle distinct from ideas (the cognitive), but as 
nevertheless attached to them, though not in a fixed or permanent way. 
    .  .  . 
Emotion should be seen as socially organized, not as a simple expression of an individual 
characteristic or essence. .  .  . The perspective I argue for, here and elsewhere, is that the 
context of emotional experience is part of that experience: it is formed or constituted 
within pedagogic or other practices and the related discourses.  
.  .  .   
There are further bases for arguing that emotional states and experience can be seen as 
socially and culturally specific. For one thing, emotional states are not just in the ‘here and 
now’: they must be understood as based on a person’s history of involvement in practices. 
This history itself is structured, for example by the social class of the learner’s family, and 
in the case of learning mathematics . . .  by the form of pedagogic practices they have been 
subjected to. (Evans, 2002) 

 

This places the evidence presented in this report firmly in a research tradition that recognises the 
fundamental importance of emotional states and social contexts with reference to the experience 
of adults learning mathematics and the development of adult numeracy education. 
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Christopher Klinger’s paper (Klinger, 2008) describes a study comparing the attitudes towards 
mathematics between Science and Arts/Humanities students’. In his summary Klinger establishes 
that 

Data analysis revealed that participants who were beginning arts and humanities 
programmes tended to share the pervasive negative attitudes, low mathematics self-
efficacy beliefs, and anxiety of mathematics attributed to the broader population by many 
previous studies whereas their counter-parts enrolled in science-based programmes had 
attitudes and beliefs that were significantly more positive. 

At the end of his paper Klinger concludes that 

This study also flags implications for the much broader issue of fostering improvements in 
quantitative literacy in society. As indicated in the introduction, this must be guided by the 
community’s best-informed and most influential members, which must include those with 
the greatest education. Yet this study indicates that a very substantial proportion of entrants 
to higher education are afflicted with predominantly negative views of mathematics. 
Unless the university experience challenges and radically improves their perceptions, it 
appears unlikely that, as future graduates, they will go on to promote the need for change 
in math teaching and learning at any level, let alone the sort of profound changes that will 
be necessary to make a real difference.  

This quite clearly shows evidence from a completely different source, a different methodology 
and different country (Chris Klinger’s studies were conducted in Australia) which identifies the 
very same cycle of negative attitudes towards mathematics reproducing itself in generation after 
generation. 

Klinger also reminds us that these issues have been under debate for some time and quotes 
Europe Singh from 1993 on negative attitudes to mathematics. 

• Students commonly identify mathematical abstractions 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 influences of teachers  to motivate  or estrange math students 
• Negative attitudes towards mathematics may be more pervasive in the female population 
• (quoted in Klinger, 2008) 

 

Conclusion—The Connection 

What has been established here, in building a picture of the need to improve adult numeracy 
provision, is the relevance of the attitudes towards, and views of, mathematics and numeracy of 
all the relevant professionals and managers  

The approach taken here has been to combine an analysis of evidence taken from three diverse 
sources. These have been one exploring the provision of adult numeracy classes in England, a 
second recording the views and attitudes of post-16 teachers and a third reviewing some recent 
research reports on emotional responses to mathematics education. This has exposed a significant 
confluence of ideas, concerns and conclusions. 

A direct link between negative attitudes towards numeracy and mathematics has been identified 
with the lack of development of numeracy provision (in the UK at least). The outcome of this can 
be summarised as follows. 
 

• Need to connect better between provision, practice and learner motivation 
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• Numeracy still in the shadow of literacy and maths—submerged in “Skills for Life” and 
“LLN” 

• Fears and anxiety re maths exist at all levels—from potential learners to senior managers 
and teacher trainers 

• Lack of commitment to numeracy at management level has negative impact on growth of 
numeracy provision and capacity 

• Shortage of specialist teachers, but not many jobs either 
• National concern re maths levels of workforce, but apparent lack of concern at individual 

level 
• The need for numeracy support—for teachers and learners—is evident in all settings 

(education, training, workplace, society) 
 

The presentation of this data in a workshop at ALM 15 (see introduction to this volume) produced 
immediate recognition and deep concern, though many of those present had no direct experience 
of the UK context. There was particular concern that the long-standing and deep seated fear of 
learning mathematics, and the ignorance of adult numeracy, amongst managers and policy-
makers has for years led to ill-informed decisions about the funding, curriculum structure and 
availability of courses of adult numeracy. 

To complete the circle the report of this workshop, and its supporting evidenced will now itself 
add to the body of knowledge which it is hoped in time will lead to actions being taken to reverse 
the cycle of negativity. 
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For a number of years, there has been an interest in how teachers’ views of 
mathematics may affect the teaching and learning of the subject. As part of the 
assessment of the new numeracy training courses at London South Bank University, 
we have asked teachers to give a presentation on the following: a problem in 
mathematics; a solution; the development of the problem in history; how the 
problem may be situated in society; and implications for teaching and learning. This 
study involves the investigation of examples of presentation topics, what these might 
say about the views of trainees and some thoughts on issues for the professional 
development of adult numeracy teachers. In particular, we feel that the presentations 
described are a useful method of formative assessment for teachers’ views of 
mathematics and will inform their further development. 

Introduction 

The LLU+ unit at the London South Bank University is one of the UK’s leading groups working 
in the field of adult basic skills education. The numeracy group delivers initial teacher training 
and professional development to adult numeracy teachers as well as taking part in the 
development of the field through consultancy work with the educational standardisation bodies 
and other organisations. 

For the first time in the history of adult education in England, in the early part of the 2000s, 
standards and qualifications for teachers of numeracy in adult education were developed. In the 
light of experience these standards have recently been revised, giving rise to a new modular 
approach to teacher training and a new qualification, the Diploma in Teaching Mathematics 
(Numeracy) in the Lifelong Learning Sector. This approach includes an ‘Additional Diploma’ 
whereby in-service teachers with a generic (or non-numeracy) teaching qualification can study to 
become numeracy specialists (replacing the earlier Certificate for Adult Numeracy Subject 
Specialists qualification) (LLUK, 2007a). Courses for the new Diploma qualifications began in 
September 2007. 

In contrast to the previous qualification, the Additional Diploma does not assess teachers’ 
personal mathematics skills (which have now become entry requirements (LLUK, 2007b)), but 
places more emphasis on pedagogy, mathematical thinking, and the application of mathematical 
knowledge As an example, criteria include 

Summarise the nature of argument and proof in mathematics, including the 
language of proof, its origins in geometry, and the role of algebra in 
generalising. (LLUK, 2007a, p. 22) 
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Analyse the activities, processes and stages within a mathematical 
problem/investigation. (LLUK, 2007a, p. 21) 

The LLU+ has designed a new course offering the Additional Diploma qualification  described 
above, called the Certificate in Lifelong Learning for Adult Numeracy Specialists (CertLL), for 
practicing adult numeracy teachers, which we delivered for the first time during the 2007/8 
academic year. The course is delivered over a 30 week period with one 3 hour session a week, in 
addition participants are expected to do 75 hours adult numeracy teaching during the year. There 
are three modules, corresponding to the three LLUK units of assessment: Numeracy and the 
Learner; Developing Numeracy Knowledge and Understanding; Numeracy Learning and 
Teaching. Assessment is by a mixture of reports, observed teaching practice, reflective 
professional development journal, and presentations. There are 50 separate criteria specified by 
LLUK, and we took the decision to limit the number of assessed activities we would ask 
participants to carry out by including several criteria in each task (up to 10 in one case). Tasks 
included two presentations, three reports, a professional development journal or mini research 
project and observed teaching.  

We ran two CertLL courses, one at LLU+ (in London) and one off-site at a London Further 
Education (FE) College. Participants on the courses—which were open to all practicing adult 
numeracy teachers who have the equivalent of a Level 3 mathematics qualification—had different 
amounts of experience of teaching numeracy (in some cases this was their first year, in others 
they had been teaching numeracy for several years). Participants were also teaching in different 
environments. The cohort at the FE college were mainly teaching in colleges or for local 
community provision. Several of this cohort were experienced teachers of English to Speakers of 
Other Languages (ESOL) who were now also teaching numeracy to ESOL students. The cohort at 
LLU+ also included teachers working in the prison service and for private education providers. 

The new course has given us an opportunity to explore the possible links between teachers’ views 
on mathematics and their teaching of the subject. In this paper we briefly review previous writing 
on the subject and then describe how we have used questionnaire techniques to position our 
participants’ views on mathematics with respect to a group with whom Malcolm Swan worked. 
We then present an analysis of a presentation on a mathematical problem and its solution, which 
participants were asked to give as one of their assessed tasks, in order for us to reflect on their 
teaching practice. We conclude with some questions for the future and consider how we might 
repeat the exercise in future years. 

Teachers’ Views on Teaching and Learning 

There has been some interest in the effect of views of mathematics on the teaching and learning 
of the subject (e.g., Ernest, 1989; Lerman, 1990; Sanders, 1994). Much of this research has 
related to teachers of school mathematics although more recently Swan (2006) has looked at 
some teachers in the post-school sector.  

Sanders (1994) discussed the difficulties in identifying views of teachers, and used three main 
ways of attempting to identify beliefs. These involved a survey with various questionnaires, in-
depth interviews, and the observation of teaching practice. Other studies, such as that reported by 
Swan (2006), have tended to use some form of self-reporting via a questionnaire. However, this 
method of identification has a number of problems, such as whether self-reporting can produce 
reliable results. Nevertheless, the difficulties and practical issues involved in the use of other 
methods mean that questionnaires are likely to be used.  



 
112

The study by Lerman (1990) involved teachers commenting on video recordings of mathematics 
lessons and comparing their remarks with their views of mathematics as identified through the 
use of a questionnaire. He noted that teachers with ‘absolutist’ views felt that others had tasks that 
were too open-ended while those with more ‘fallibilist’ views focused more on whether the 
learners were developing the meaning that was intended. Ernest (1989) proposed more complex 
models of views that include an understanding of the nature of mathematics, the nature of 
mathematics teaching and how mathematics is learned. Ernest noted that teachers’ ‘enacted 
models’ of teaching and learning may not follow their espoused views. He argued that this was 
due to two effects: (a) social constraints such as the influence of peers, parents, and learners, and 
(b) the ‘level of consciousness’ of the teachers.  

Similar categories of views have been used by the project looking at ‘effective practice’ of 
primary school teachers in the work of a team at Kings College, London (Askew, Brown, Rhodes, 
Johnson & Wiliam (1997a; 1997b). Three idealized types of teachers were identified in this 
survey: these being: transmission, discovery, and connectionist. The three categories have been 
discussed and elaborated on in a number of articles by the team. In the main report they describe 
the following : 

For example, teachers adopting a mainly transmission approach valued methods that 
were based on the use of standard procedures and routines. Teachers who adopted 
mainly discovery methods, advocated a practical approach to problem solving Those 
with a connectionist orientation encouraged methods that placed the highest priority 
on mental methods. They also regarded it as important that pupils were aware of 
different methods of calculation and were able to choose methods in relation to their 
effectiveness and efficiency in solving the problem. Those with a transmission 
approach emphasised paper and pencil methods. (Askew et al., 1997a, p. 3) 

In a paper for the British Educational Research Association conference, the authors describe the 
three orientations as follows: 

connectionist—beliefs based around both valuing pupils’ methods and teaching strategies 
with an emphasis on establishing connections within mathematics;  

transmission—beliefs based around the primacy of teaching and a view of mathematics as a 
collection of separate routines and procedures;  

discovery—beliefs clustered around the primacy of learning and a view of mathematics as 
being discovered by pupils. (Askew et al., 1997b, p. 2) 

One might see a connectionist teacher as employing ‘constructivist’ approaches, as described in 
many mathematics education articles in the United States of America (e.g., Glasersfeld, 1991). 

These categories have been taken up in the post-compulsory sector, albeit in a slightly different 
way, by Swan (2006) in a variety of research and developmental projects. While the authors have 
some concerns about this categorisation, following the use of such existing tools allows for 
comparability. Therefore, for this study we have drawn on Swan’s questionnaires and categories. 

Methodology 

This study used a questionnaire for two purposes: (a) to position our trainees in terms of their 
views of mathematics, teaching, and learning; and (b) to consider how typical they were of 
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numeracy teachers working with adults. We adapted part of a questionnaire used previously with 
a larger group of mathematics teachers by Swan (2006). In particular, we used the section about 
teachers’ beliefs which asked “What are your views on Mathematics, Learning and Teaching?” 
(See Appendix 1). There are three statements in each category, matching the three categories of 
beliefs discussed above: Transmission (T), Connectionist (C) and Discovery (D). We then 
compared the two sets of results. 

We then used an inductive approach to categorise the presentations that the trainees had given 
when asked to discuss a mathematical problem and its solution (see, e.g., Strauss & Corbin, 1998, 
for the rationale of such ‘grounded’ approaches to data collection). We hoped that this analysis 
might reveal something about the trainees’ approach to mathematics and we were also interested 
to consider how this might (or might not) be associated with their teaching practice. 

Our sample had 27 members (from two teaching cohorts), of whom 15 answered the 
questionnaire and all 27 gave presentations. 

Findings and Analysis 

Questionnaire Results 

We compared the numerical results for our trainees to the results that Swan obtained with his 
teachers to ascertain that our group were not an atypical group of mathematics/numeracy teachers 
(see Table 1 for summary results). The results show that there is in fact a similarity between our 
group and those in the Swan research. 

Table 1. Numerical comparison of questionnaire results. 

 Mathematics is:  Learning is:  Teaching is:  

 T D C T D C T D C  

Mean 36.786 30.7143 32.5 26.929 32 41.07 40.357 26.4286 32.5 

 (45.2) (29.3) (25.5) (34.8) (33.4) (31.9) (41.3) (29.9) (28.8) 
Note: Figures in brackets are the equivalent values from Swan’s (2006) population of 63 teachers. 

The respective means for Transmission (T), Connectionist (C) and Discovery (D) were as 
follows: Mean (T) = 34.6905 (40.4); Mean (D) = 29.71 (30.8); Mean (C) = 35.357 (28.8).  

We note that, if anything, our teachers appeared to be more connectionist in their beliefs, 
although we recognise that this might be the effect of the timing of the questionnaire. The trainees 
completed the questions during a session about the collaborative approaches to teaching and 
learning as suggested by Swan (2006) and intended to be connectionist. In addition, this was also 
part-way through the course, by which time trainees might have been influenced by our own 
approaches to teaching. It might have been more instructive to have given this questionnaire 
earlier in the course and then again at the end to see how much, if at all, trainees’ views had 
shifted as a result of the course itself. 

We also categorised our trainees’ answers approximately into: (a) one of the three belief types, 
(b) a mixture of two, or (c) a composite of all three (see Appendix 2). We found that most held a 
mixture of beliefs, and this is congruent with the findings in the study by Askew et al. (1997a). 
We would expect teachers to use a mixture of approaches to their work rather than use purely one 
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single approach. Analysing our sample of 15 questionnaires we found that, of the three pure 
categories, the greatest number of teachers held Transmission beliefs. Again, this matches the 
results of other studies such as Askew et al. (1997a) and Swan (2006). 

The Presentations and Categorisations 

As part of the assessment process, trainees were asked to give a presentation on their “own 
understanding of mathematics and its position in society”. The guidelines suggested the trainees 
start by analysing a mathematical problem and its solution, choosing a problem from any area of 
mathematics, one just out of their ‘comfort zones’. There were a number of criteria to be fulfilled, 
although they did not mention the problem directly. These included: 

(i) Analyse the role of mathematics and numeracy in the world at large. 

(ii) Discuss public/popular perceptions of mathematics and numeracy and the impact on the 
learner. 

(iii) Discuss the historic and cultural development of mathematics. 

(iv) Analyse the links, connections and generalisations that can be made between a range of 
areas in numeracy/mathematics. 

(v) Analyse the activities, processes and stages within a mathematical problem/ investigation. 

(vi) Prepare and use appropriate notes and resources to support a presentation. 

In categorising the presentations we looked to see to what extent the work was centred on a 
problem, as had been suggested. We found that although some teachers had done this, many had 
taken a different approach with a number of presentations being centred on a teaching topic (such 
as fractions) and others taking a more conceptual approach (for example, the measurement of 
time) or using an application of a topic (such as the uses of π). We decided on four categories: 
Problem, Topic, Application, or Conceptual, to reflect these findings. 

Table 2 briefly outlines four of the presentations which reflect the different categories. In 
Appendix 2 we have listed all of the presentations and a contingency table displaying the 
category of presentation against views as identified in the questionnaire.  

From the group of 27 trainees, many found the idea of starting with a problem challenging (67%), 
and did not put a problem as such at the heart of their work. In our categorisation, 30% appeared 
to focus on a numeracy topic (such as fractions), some 22% chose to look at applications of a 
topic, with 15% exploring more conceptual ideas. We conjecture that the trainees were focusing 
on particular aspects of the criteria to explore their chosen area of interest. For example, one 
trainee teacher gave a history of the use of fractions (criterion 3), another wrote about the social 
importance of the use of probability calculations (criterion 1), and another applied area and 
perimeter calculations to the agricultural sector.  
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Table 2. Examples of presentations and their categorisations. 

Trainee Problem Posed Main Emphasis Other areas 
addressed 

Description of 
presentation 

Categorisation  

C Length of 
wood needed 
for an A-frame 
that is part of 
the roof of a 
house 

History and 
learner 
perceptions of 
Pythagoras’s 
theorem.  

Simple problem 
in context of 
construction. 
Stages of problem 
solving. Links to 
other areas of 
mathematics. 
 

Powerpoint 
presentation. 13 
slides including 
1 containing 
references. 

Application 

D How to 
measure time 

How is time 
measured. 

History. Problems 
of calculations 
with time. Links 
to everyday 
mathematics. 
 

Powerpoint 
presentation and 
use of clock. 

Conceptual 

G What fractions 
of weekly 
earnings are 
spent and 
saved. 

What fractions 
are and their 
history.  

Connections to 
other areas of 
mathematics. 
Application in 
every day life. 
 

Powerpoint 
presentation. 14 
slides including 
1 of references. 

Topic 

We note that, where a problem was not used as the starting point of the work then people 
struggled to satisfy the 5th criterion, analysing the process of mathematical problem solving. 

Our view is that where there is a difficulty in focusing the presentation around a ‘problem’ this 
indicates a teacher struggling with the notion of mathematics as a ‘problem solving’ tool,—that 
is, they do not see mathematics in terms of problems that connect together different topics in their 
solution. What is less clear is whether there is a link between this and the notion of 
‘connectionist’ teaching and learning.  

Many of the presentations were very interesting, although not necessarily problem-oriented; 
trainees made statements about the nature of mathematics or considered some of the conceptual 
issues about a topic. For example, one of the presentations (by L) considered mathematics as a 
language, using algebra to discuss the syntax of the language, while another (M) took the topic of 
the number zero and explored its use in the place value system, also looking at conceptual 
problems such as dividing by zero and what this might mean. 

As researchers, we are interested to see whether this assignment and the discussions that 
surrounded it will change the outlook on mathematics of trainees in some way. As an example, 
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trainees are currently working on another problem-based assignment in which finding and 
exploring a mathematical problem is generally proving more successful. We would be interested 
to learn of changes in the trainees’ future approaches to teaching, although this might be a slower, 
longer-term shift on which there will be other external influences such as mandated curricula, 
college culture, and so forth.  

Based on the outcomes of the study, there is the need to give consideration to ways of making the 
task easier to approach in subsequent courses. Perhaps guidance for the task could emphasise the 
problem solving aspect more clearly, or lecturers could offer some scaffolding in order to lessen 
the anxiety of trainees when undertaking the assignment.  

Comparison of Beliefs with Presentation Categorisation 

One obvious question was whether there was any link between the beliefs of trainee teachers, as 
indicated in the questionnaire responses, and the categorisation of their presentations. Table B in 
Appendix 2 shows that there is little association between these variables, although we note that 
only a small number of trainees completed the questionnaire compared to the total and therefore 
the data is somewhat partial.  

Indeed, the purpose of using the questionnaire was to gauge whether the group was a relatively 
‘typical’ group of adult numeracy teachers. As noted earlier, comparison with Swan’s (2006) 
results (Table 1) suggests that this may be so.  

We conjecture that the presentations are probably a better indicator of a teacher’s approach to 
teaching than the questionnaire. 

The Impact of Curriculum Development in the UK 

It is about 7 years since the Adult Numeracy Core Curriculum (ANCC) was published in 
England, and the Skills for Life numeracy teacher training standards were published. The ANCC 
is currently under review and, as described above, new teacher training standards were published 
in 2007 (LLUK, 2007c). 

In reviewing the ANCC, concern has been expressed that the document layout militates against a 
connectionist approach to teaching, especially in the hands of the less experienced tutor, and that 
it does not contain elements about strategies for problem solving (LLU+, 2008). We contend that 
teachers using the ANCC are less likely to be encouraged, therefore, to develop a connectionist or 
discovery approach to teaching without other teacher training experience.  

The new UK standards for numeracy teacher training (LLUK 2007a, LLUK 2007c) concentrate 
on pedagogy rather than personal mathematics knowledge (Johnston, 2007). They encourage 
teachers to explore wider approaches to mathematics such as those expressed in the criteria of 
assignment used in this study, which took place during the first year of working with the new 
standards and curriculum. It will be interesting to watch the progress and effects on the 
professional development of teachers. Although change in teachers’ beliefs about mathematics 
happens slowly (Ernest, 1989), we anticipate that through working on and discussing assignments 
such as the one described here changes will start to happen. 



 
117

Conclusions 

As indicated by the results of the questionnaire, the group of 27 trainee numeracy teachers in this 
study were identified as broadly similar in views to mathematics teachers in the study by Swan 
(2006). If anything, these trainees were slightly more connectionist. However the beliefs that they 
held, as measured by the questionnaire, did not correlate in any significant way with their views 
of mathematics as indicated by their presentations. Generally, trainees struggled to put a 
mathematical problem at the heart of their presentations. We conjecture that this is because they 
find it difficult to have a problem-oriented approach to mathematics. In addition, we conjecture 
that such presentations are a better indicator of their teaching styles. We intend to continue using 
the presentations as a formative/diagnostic tool, to gather evidence of their links to the actual 
teaching practices of the trainees and test these conjectures.  

The study has been interesting and encourages us to repeat the exercise in future years, with a 
better controlled application of the questionnaire. It has revealed the extent to which trainees 
struggle with a problem-based approach to mathematics, and we hope this information will enable 
us to support future trainees more effectively when they are developing their presentations and, 
more importantly, their ideas.  
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Appendices 

Appendix 1 

Questions from the Beliefs section of the Teachers’ workbook questionnaire used by Malcolm 
Swan (2006)  

 
Trainees were asked about their views on Mathematics, Learning and Teaching. They were asked 
to give each statement below a percentage value, so that each section totalled 100%. 

Mathematics is … 

(i) a given body of knowledge and standard procedures. A set of universal truths and rules 

(ii) which need to be conveyed to students. 

(iii) a creative subject in which the teacher should take a facilitating role, allowing students to 

(iv) create their own concepts and methods. 

(v) an interconnected body of ideas which the teacher and the student create together through 

(vi) discussion. 

Learning is … 

• an individual activity based on watching, listening and imitating until fluency is attained. 

• an individual activity based on practical exploration and reflection. 

• an interpersonal activity in which students are challenged and arrive at understanding 

• through discussion. 

Teaching is …  

(a) structuring a linear curriculum for the students; giving verbal explanations and checking that 

(b) these have been understood through practice questions; correcting misunderstandings when 

(c) students fail to 'grasp' what is taught. 

(d) assessing when a student is ready to learn; providing a stimulating environment to facilitate 

(e) exploration; and avoiding misunderstandings by the careful sequencing of experiences. 

(f) a non-linear dialogue between teacher and students in which meanings and connections are 

(g) explored verbally. Misunderstandings are made explicit and worked on. 
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Appendix 2 

Table A. Categorisation of trainees’ presentations and beliefs. 

Group Trainee Content Categorisation of 
Presentation  

 
Categorisation of 
Beliefs from 
Questionnaire 

 

1 A 

 
Agricultural based problem about land 
using Pythagoras’ theorem 
 

Application TC 

  

1 B 
Using algebra to solve quadratic 
equations 
 

Application - 
  

1 C 

History and learner perceptions of 
Pythagoras’ theorem. Simple problem 
in context of construction. 
 

Application - 

  

1 D 
How do we measure time   
 

Conceptual - 
  

1 E 
Understanding mortgages 
 

Application T 
  

1 F 
Units of measure 
 

Topic - 
  

1 G 
History and meaning of fractions 
  

Topic - 
  

1  H 
How to teach fractions 
 

Topic - 
  

1 I 
History and uses of π 
 

 Topic  - 
  

1 J 
History and uses of Φ 
 

Topic  - 
  

1 K 
Likely hood of winning the lottery and 
how to maximize jackpot winnings.  
 

Problem TD 
  

1 L 

Language of algebra & BIDMAS rules 
—problem of farmer needing to cross a 
river 
 

Conceptual - 
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Group Trainee Content Categorisation of 
Presentation  

 
Categorisation of 
Beliefs from 
Questionnaire 

 

1 M 

History of numbers and Zero. Problem 
of dividing by 0,  0 as number and 
place holder. 
 

Conceptual T 

  

2 N 
Use of  trigonometry 
 

Application - 
  

2 O 
Four colour map theorem 
 

Problem   T 
  

2 P 
Greek problem used as a starting point 
 

Problem   TDC 
  

2 Q 
Predicting number of victims in an 
outbreak of Ebola fever 
 

Problem   TDC 
  

2 R 
Finding ways of expressing fractions 
as sum of unit fractions 
 

Topic TDC 
  

2 S 
History of  π 
 

Topic TC 
  

2  T 
Why does multiplication of two 
negative numbers produce a positive 
number 

Problem T 
  

2 U 
How to multiply decimals. Example of 
finding the area of a wall. 
 

Conceptual C 
  

2 V 

Proving that in a right angled triangle 
the ratio of sides a:b is the same as the 
ratio sina:sinb where anles a and b are 
opposite sides a and b, 
 

Problem C 

  

2 W 
Modelling the financial situation of a 
couple taking a mortgage   
 

Problem TDC 
  

2 X 
Proof of Pythagoras’ theorem  and its 
application 
 

Application  - 
  

2 Y 
History of numbers 
 

Topic CD 
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Group Trainee Content Categorisation of 
Presentation  

 
Categorisation of 
Beliefs from 
Questionnaire 

 

2 Z 

Problem of how to generate tessellated 
patterns for Kente weaving—not 
attempted! 
 

Problem D 

  

2 a 
Problem proving Pythagoras 
 

Problem   - 
  

 

Key to Catagorisation of Beliefs from Questionaire : 

T  Transmission 

C  Connectionist 

D  Discovery 

-   no response 

 
 
 
 

Table B. Summary of Categorisations. 

Presentation 
 
Beliefs

Problem Conceptual Application Topic 

T 2 1 1  

TD 1    

TC   1 1 

D 1    

CD    1 

C 1 1   

TDC 3   1 

No response 1 2 4 5 
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Passing it on: Linking Adult Innumeracy to Mathematics Attitudes, Low 
Self-Efficacy Beliefs, and Math-Anxiety in Student Primary Teachers 

 
Christopher M. Klinger 
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The connection between adult innumeracy and mathematics-anxiety is examined, 
and a particular focus is identified for the role of primary teachers. The results of an 
Inventory of Mathematics Attitude, Experience, and Self-awareness (IMAES)  
survey of students undertaking Bachelor of Education (Junior Primary and Primary) 
degree studies reveal that they tend to have pervasive negative attitudes, low 
mathematics self-efficacy beliefs, and anxiety of mathematics that are more extreme 
than those found in other undergraduates. The findings affirm the strong influence of 
early mathematics learning experiences. Since student teachers will ultimately carry 
their mathematics-attitudes and perceptions into primary school classrooms, it is 
argued that there are profound implications for the perpetuation of poor early 
mathematics learning experiences and hence, ultimately, for adult numeracy 
concerns. 

Introduction 

In 2006, a Confederation of British Industry (CBI) report implied that some 15 million people 
aged 16 to 65 years in England had numeracy levels that were at or below the standard expected 
of children finishing primary (elementary) school (CBI, 2006). A 2001 UK-commissioned brief 
reviewed research on adult basic skills and reported that ‘about 20 percent [of the British adult 
population], or some 7 million adults, have poor numeracy’ (Brooks et al., 2001). While the latter 
is a substantially more conservative assessment than that of the CBI, one has to carefully regard 
how numeracy is defined and measured: “… ‘numeracy’ does not have a universally accepted 
definition, nor agreement about how it differs from ‘mathematics’.” (Gal, van Groenestijn, 
Manly, Schmitt, & Tout, 2005, p. 7). Innumeracy rates amongst adults in Australia are similar, 
though thought to be less severe (Gal et al., 2007). Indeed, there are commonalities among many 
Western countries. The question is not so much whether adults lack adequate numeracy skills but 
why so many adults are thus affected. Some may have experienced educational disadvantage as 
children, denying them the opportunity to acquire skills. While unfortunate, in modern societies 
with compulsory schooling this could only account for a fraction of innumerate adults. Typically, 
the mathematics procedures that most adults learned at school find little use in ‘real world’ 
contexts (Hogan, 2000; Wedege, 1999). Instead, the majority have either forgotten childhood 
lessons, dismissed their mathematics schooling as largely irrelevant, or failed to gain significant 
and lasting benefit from early mathematics education, which must, then, be regarded as sub-
optimal. Moreover, as Rooney (1998, p. 12) noted, “So many people, both pupils and adults, 
appear frightened of mathematics or maintain that they hate it.” 

It is postulated here that endemic adult innumeracy is deeply embedded in modern Western 
societies, inextricably linked with various levels of mathematics-anxiety, negative mathematics 
attitudes, and an often profound aversion to the learning of mathematics. This has many of the 
hallmarks of a ‘bootstrap’ problem, lacking a clear starting point from which to seek a solution. 
However, by examining the connection between adult innumeracy and mathematics-anxiety, the 
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origin of both will be shown to be located in the area of primary education, with a particular focus 
identified for the role of primary teachers, particularly in the middle to late years of primary 
education as pupils struggle with the transition from the concrete to increasingly sophisticated 
abstractions. 

In addition, the attitudes, self-efficacy beliefs, and mathematics-anxiety of students undertaking 
Bachelor of Education (Junior Primary and Primary) degree studies were surveyed to identify 
their perceptions of mathematics, including their own capabilities. It will be shown from the 
results that student primary teachers tend to have pervasive negative attitudes, low mathematics 
self-efficacy beliefs, and anxiety about mathematics that are more extreme than those found in 
other undergraduates. Consistent with earlier reports, this affirms the notion that perceptions of 
mathematics and the capacity to engage with mathematical content are strongly influenced by 
early mathematics learning experiences. Since these disproportionately mathematics-averse and 
possibly covertly innumerate (in an integrative sense) student teachers will ultimately carry their 
attitudes and perceptions into primary school classrooms, it will be argued that there are profound 
implications in these findings for the perpetuation of poor early mathematics learning experiences 
and hence, ultimately, for adult numeracy concerns. 

Innumeracy 

Innumeracy, in itself, is a passive state, representing an absence of knowledge, practiced skills, or 
patterns of cognition. It can be covert—far more so than illiteracy, where those unable to read 
must face a barrage of demands; rather, beyond an inability to do arithmetic, the innumerate may 
have lack awareness of their deficit cognitive skills. That is, in terms of Maguire and 
O’Donoghue’s (2002) organizing framework, while adults may be aware of their limitations in 
the formative phase of numeracy, the increasing sophistication of the mathematical and 
integrative phases can render such attributes invisible to those who do not possess them. Most 
studies of adult numeracy predominantly focus on the ‘functional’ numeracy associated with 
Maguire and O’Donoghue’s formative phase, perhaps broaching the mathematical phase for 
everyday contexts. This is also true of most mainstream practice, despite the dominance in 
contemporary theorizing of the integrative conceptions of adult numeracy (Condelli, 2006). 
Independent of level, any knowledge or ability deficit, once identified, ought in principle to be 
amenable to correction through education so that, ordinarily, adults might thus choose to 
undertake remedial study. In practice, though, there are obstacles. 

Concerning adult mathematics learning, practitioners and researchers alike have observed that 
possibly a majority of adults lack confidence in their own mathematical abilities. They experience 
anxiety when confronted with overtly mathematical tasks and fail to appreciate the extent to 
which many of their ‘common sense’ daily practices are essentially mathematical in nature. Their 
mathematics learning is affected by the attitudes, beliefs, and feelings they harbour towards the 
subject (Coben, 2003), as is their inclination to engage in the study of mathematics, with many 
adults who are capable of learning being inhibited by their fear from doing so (Biller, 1996). 
Extensive literature demonstrates that in most modern cultures people exhibit signs of anxiety, 
stress, lack of confidence, and phobic reactions when faced with mathematical problems (Macrae, 
2003). Such mathematics-aversion must surely be linked inextricably with adult innumeracy and 
it is here that innumeracy can manifest as an active state, with adults choosing to remain 
innumerate. This is not to say that they come to an informed and rational decision in this regard: 
where the choice is conscious, it likely derives primarily from emotional states rather than reason 
(though perhaps rationalized, nonetheless); where the choice is unconscious—as in avoidance 
behaviour—it is likely a reaction to anxiety, akin to a phobic response. 
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The mathematics-anxious are a diverse group scattered throughout the community, including 
many with high mathematics qualifications (Sewell, 1981), and the sources of their negative 
beliefs and mathematics-anxiety are just as varied (Uusimaki & Nason, 2004). This is not innate 
human behaviour but a learned response from prior life experiences. Stuart (2000) notes that poor 
teaching, humiliation, and belittlement are factors for some people or that the anxiety is acquired 
through association with influential mathematics-anxious individuals such as teachers and 
parents. Early learning experiences as contributing factors to mathematics-anxiety, negative 
mathematics-attitudes, and poor mathematics self-efficacy beliefs have featured strongly in 
previous companion studies (Klinger, 2006, 2008a, 2008b) and numerous others, such as 
Raymond (1997) and Cornell (1999) have similarly reported that such negative positions 
originate in the classroom through bad experiences, the influence of unsympathetic teachers, or as 
a consequence of poor teacher preparation programs.  

Uusimaki and Nason (2004, p. 374), citing both Brown, McNamara, Hanley, and Jones (1999) 
and Nicol, Gooya and Martin (2002) as examples, observe that some researchers suggest that 
poor attitudes towards mathematics originate mostly in secondary school. However, that is a very 
weak inference as neither of those works explicitly expresses such a view. Rather, the contrary 
position put by Uusimaki and Nason and endorsed with conviction by this author, based on 
empirical evidence from more than a decade of professional practice with mathematics-anxious 
university students (Klinger, 2004a), is that there is strong evidence that mathematics-anxiety in 
fact has its roots firmly in the elementary years. 

While later mathematics learning experiences in secondary, and to a lesser extent post-secondary, 
school can certainly cause or exacerbate negative perceptions, overwhelmingly (as Uusimaki & 
Nason, 2004, also identified) the reasons are first attributed to primary school teachers and, to a 
lesser extent, parents. It is a scenario with intuitive appeal, particularly for parents, or any keen 
observer of small children. These young individuals do not typically exhibit aversion to early 
mathematics learning experiences—a pre-schooler eagerly taught the counting words delights its 
parents by parroting numbers well before connections are made between the words and the 
abstract notion of quantity. The child mimics parental behaviour and simulates the counting of 
anything and everything in its environment, frequently with almost obsessive zeal. Early primary 
school mathematics lessons are met with as much enthusiasm as any other activity. As the child 
progresses through school, hands-on, concrete mathematics learning activities are gradually 
overtaken by increasingly abstract representations and formalized procedures. The arithmetic of 
counting by manipulating blocks, for instance, is replaced by ‘doing sums’ on paper, the 
introduction of multiplication and division algorithms, and rote memory drills. While most other 
learning activities continue to connect closely with things the child can touch, taste, and feel, the 
mathematics lessons tend to become increasingly separated from experiential reality. In the latter 
years of primary education, most pupils are yet to enter Piaget’s formal operational stage of 
cognitive development where they increase their ability to think abstractly. Rather, it is more 
likely that most are still in Piaget’s third developmental stage of concrete operations. While 
cognitive psychologists such as Willingham argue that Piaget’s theory is not right and that 
development does not, in fact, proceed in stages, it is at least acknowledged that many of his 
observations are nonetheless sound—for instance, “9-year-olds do have some trouble with highly 
abstract concepts” (Willingham, 2008, p. 36). Such children are cognitively immature and ill-
prepared to deal successfully in abstract manipulation. This is not to say that abstraction should 
be eliminated from elementary classrooms but, rather, that abstract concepts should be introduced 
with discretion by proceeding gradually from the concrete to the abstract whilst monitoring how 
pupils respond. 
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Children enjoy success and are discomforted when it is not forthcoming; those who struggle with 
the abstractions or who miss steps for whatever reason are immediately at risk and the chance of 
developing mathematics-anxiety increases exponentially. The middle to late primary school years 
are a critical developmental period in mathematics education; if educators get it wrong, there will 
be few opportunities for redemption. 

There is evidence to support this common-sense scenario. Aside from the myriad accounts 
throughout the literature of poor school mathematics learning experiences, the 2003 IEA’s Trends 
in International Mathematics and Science Study (TIMMS) report compared qualitative responses 
from fourth-grade pupils, in the middle of their primary education, and eighth-graders recently 
transitioned to secondary school. As Mullis, Martin, Gonzalez, and Chrostowski (2003) report 
(international statistics), in 1995 an average of 46% of fourth-grade pupils agreed a lot that they 
‘enjoy learning mathematics’; by 1999 this had dropped to 25% of the (now) eighth-grade pupils. 
The report continues that in the 2003 data (sampling different cohorts), the proportions were 50% 
and 29%, respectively. At the other end of the scale, 16% of 1995 fourth-graders disagreed with 
the statement, compared to 31% of eighth-graders in 1999 (for the different cohorts in the 2003 
data, the proportions were 22% and 35% respectively). Similarly, on the Index of Students’ Self-
Confidence in Learning Mathematics (SCM) for 2003 (different cohorts), 55% of fourth-grade 
pupils were assessed with High SCM compared to 40% of eighth-grade pupils. At the other end, 
11% of fourth-grade pupils were assessed with Low SCM compared to 22% of eighth-graders.  

To summarize, over a critical four year period prior to moving into secondary education, many 
primary pupils experience a substantial decline in their mathematics enjoyment and confidence 
levels such that, upon entering secondary education, a high proportion may be well on the way to 
joining the ranks of innumerate adults. There is a caveat, though—‘enjoyment’ and ‘confidence’ 
levels are not indicators of ability or skills, although there are numerous indications that the 
measures are not independent. Contributing or causal factors to explain this phenomenon must 
include attributes of teachers, those seeking to enter the profession (pre-service teachers) and their 
training, and the framework of educational systems, schools, and curriculum practices at the 
primary level.  

Schools and Teachers (In-Service & Pre-Service) 

The South Australian Department of Education and Children’s Services (DECS, 2004) 
investigated factors that contribute to numeracy performance, finding that many schools were 
challenged by practices that could lead to improved numeracy and that many teachers experience 
mathematics-anxiety, have had little relevant professional development, and lack confidence with 
numeracy teaching. It was particularly noted that there is a need for schools and teachers to 
commit to improving numeracy, better understanding the relationship between mathematics and 
numeracy, and allocating adequate teaching time. The latter has figured in several studies. In 
Australian primary schools, mathematics learning activities, including numeracy, receive less 
than half the attention given to language: 38% of the teaching time is spent on teaching English 
while only 18% is devoted to mathematics (Angus, Olney, & Ainley, 2007), consistent with the 
international average of 16% for fourth-grade pupils (Mullis et al., 2007). The disparate focus is 
attributed to a lack of resources, a congested curriculum, and that just one in nine primary schools 
has a specialist numeracy teacher. In contrast, 51% of primary schools have a literacy specialist, 
47% have a music specialist, and 46% a physical education specialist (Angus et al., 2007). There 
is no small irony in a newspaper account of the Angus et al. report, where, under the headline 
“Time allocated for subjects just doesn’t add up,” the journalist stated that “MATHS is allocated 
20 per cent less class time in primary schools than reading and writing, raising concerns over a 
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drop in numeracy standards” (Hood, 2008, emphasis added). One wonders how many readers 
recognized the writer’s faux pas. 

Internationally, on average about a quarter of those teaching mathematics at fourth-grade level 
have a post-secondary specialization in the subject—but the statistic is strongly skewed by very 
high proportions (ranging from 48–62%) in Latvia, Russia, Moldova, Iran, and Singapore; in the 
UK and the USA only 8% have a mathematics major and in Australia the proportion is reported 
as 17% (Mullis et al., 2007). Of course, one should not suppose that such figures reflect the 
number of primary teachers who could properly be regarded as numeracy specialists; as Angus et 
al. (2007) point out, most often primary teachers are trained as general educators who are 
expected to teach competently across all subject areas. Of these, typically 80% are female, with 
the majority aged between 30 and 50 years; they have an average of 16 years teaching experience 
and more than 90% of fourth-graders participating in the TIMMS study were taught by teachers 
“who felt ready to teach the topics in number, algebra, measurement, and data” (Mullis et al., 
2007, p. 255). One cannot escape the observation that, given the mathematics-anxiety noted 
above and the substantial decline in their pupils’ confidence and enjoyment of mathematics 
learning, the teachers’ perceptions of their readiness are incongruent with actual practice and the 
classroom experience. Perhaps they really mean that they feel prepared to deliver the curriculum. 
Perhaps their uncertainties and anxieties cloud an appreciation of the distinction between teaching 
procedures and promoting an understanding of the language and process of mathematics. In that 
sense, many of them could be regarded as being covertly innumerate at the level of Maguire and 
O’Donoghue’s (2002) integrative phases. 

To further understand practicing (in-service) primary teachers, it is useful to consider the 
characteristics of those drawn to the profession. Some twenty years ago (that is, in the era when 
the average primary teacher (above) was in training), the report known as the Speedy Report 
(Speedy, Annice, Fensham, & West, 1989) produced for Australia’s Department of Education, 
Employment and Training, stressed the importance of high-order mathematical knowledge and 
competency, while noting serious concerns that many student primary teachers were entering 
their teaching courses with a very poor knowledge of mathematics. Similar concerns for the 
mathematical competency of their American counterparts were reported by Rech, Hartzell, and 
Stephens (1993), who found that the teaching students rated significantly below the established 
norms for the general population.  

Several studies since have educed consistent findings, reporting not only concerns over 
competency and a lack of conceptual understanding of the mathematics content that primary 
education students will be expected to teach (Perry, Way, Southwell, White, & Pattison, 2005) 
but also the common occurrence among them of negative attitudes  towards mathematics and 
science, including many who are overtly mathematics-anxious and even mathematics-phobic as a 
result of their past mathematics learning experiences (see, for instance, Hawera, 2004; Schuck, 
1999; Taplin, 1998; Trujillo & Hadfield, 1999). In one study of pre-service teachers, 72% of the 
subjects perceived their own negativity to be particularly attributable to the primary teachers who 
taught them (Uusimaki & Nason, 2004). Much more has been written about the consequences that 
this can have in the primary classroom and it is clear that those new to teaching are particularly 
swayed by their past learning experiences (Stables, Martin, & Arnhold, 2004). Schuck and 
Grootenboer (cited in Perry et al., 2005, p. 626) put it succinctly, stating that the negative beliefs 
about mathematics generally held by student primary teachers “prevent them from teaching 
mathematics that empower children.” While this has long been acknowledged, much of the 
literature uses qualitative and descriptive methodologies to report the attributes of pre-service 
teachers (particularly those training for primary education) and there is a shortage of consistent 
quantitative research. To seek a better understanding of the nature of the mathematics-anxiety, 
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negative attitudes, and mathematics self-efficacy beliefs of student teachers, and to establish a 
profile that permits comparison with other groups, the Inventory of Mathematics Attitude, 
Experience, and Self-awareness (IMAES) instrument developed by the author and introduced in 
Klinger (2006) was again employed. 

Student Primary Teachers and the IMAES Instrument 

Details of the IMAES instrument are well documented (in particular, Klinger, 2006). It is a multi-
part questionnaire that uses (mostly) 5-point Likert scales for responses to 95 statements about 
mathematics-attitude, mathematics-anxiety, mathematics self-efficacy beliefs, and past/early 
mathematics learning experiences, with attitudinal statements involving the affective, 
behavioural, and cognitive domains. The questionnaire also provides for the collection of 
demographic information, including the last year of completed mathematics education. The 
survey data are partitioned into domains, which are further segregated into sets of positive and 
negative statements. Aggregate scores for the primary constructs are calculated and further 
aggregation joins negative and positive subsets on single scales, providing primary construct 
measures for mathematics attitude, mathematics anxiety, and mathematics self-efficacy. Sub-
aggregate results also provide partitioning of attitude into affective, cognitive, and behavioural 
domains, yielding separate positive and negative scales for each construct. For the present study, 
there were 26 participants, all undergraduate students commencing four-year double degree 
teaching programs comprising a Bachelor of Education (Junior Primary and Primary) typically 
coupled with a Bachelor of Arts or Bachelor of Science. Major sequences within the second 
degree were not recorded.  

Of the 26 participants: 21 (or 81%) were female; just over half had not undertaken mathematics 
classes beyond secondary Year 11; 19.4% had only studied secondary mathematics to Year 10; 
and eight (31%) had chosen a science as their second degree. In all of the aggregated and sub-
aggregated scales, compared to their male peers, females were shown to have greater 
mathematics-anxiety, more negative and fewer positive mathematics-attitudes, and lower 
mathematics self-efficacy beliefs. This was consistent with previous findings using IMAES and 
with the literature—despite the trend over recent years towards a levelling of the historical gender 
differences in mathematics performance, females continue to suffer psychological disadvantage. 
Rather than present a more detailed analysis of differences within this study, the results for this 
group were compared with previous results obtained for commencing undergraduate students as a 
whole (Klinger, 2008b) to determine whether the IMAES profile of pre-service teachers differs 
significantly from that of other tertiary students. 

While the pre-service teachers reported, on average, more negative early mathematics learning 
experiences and fewer positives than their non-teaching peers, neither of the differences were 
statistically significant. On the other hand, Figure 1 demonstrates very clearly that the student 
teachers scored lower than other students in the three primary constructs of mathematics-anxiety, 
mathematics-attitude, and mathematics self-efficacy beliefs. Zero on each scale indicates 
neutrality. 
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Figure 1. Comparison of aggregate scales in three primary domains by student type. 

In the sub-aggregated measures for each of these domains, the student teachers scored higher on 
the negative scales and lower on the positive scales—that is, compared to all other students, they 
had stronger responses to negative statements on the questionnaire and weaker responses to the 
positive statements. Figure 1 merely reveals differences, giving no indication as to their statistical 
significance, and so two-tailed t-tests were conducted to reveal very low p-values (0.026, 0.018, 
& 0.020, respectively for the attitude, anxiety, and self-efficacy scales) that provide strong (α = 
5%) evidence to infer that the observed differences are indeed real effects with some systematic 
cause. 

Further t-tests on the sub-aggregated scales showed that differences observed in the positive 
measures also are significant, with p-values of 0.044 (attitude), 0.007 (anxiety), and 0.034 (self-
efficacy). The corresponding measures on the negative scales were similar for attitude (p = 0.034) 
and self-efficacy (p = 0.025) but the difference on the negative anxiety scale is significant only at 
the 10% confidence level, having a p-value of 0.078. Disaggregated scores for affective, 
cognitive and behavioural domains within the attitude scales reveal that the significant differences 
for attitude on both the positive and negative scales are attributed overwhelmingly (but not 
entirely) to the influence of the affective domain, with p-values below the 1% confidence level. 
‘Drilling down’ to the level of individual questionnaire statements shows where the differences 
originate: out of the 95 items, just twelve differ with overwhelming (α = 1%) statistical 
significance and a further eleven are significant at the 5% confidence level. These responses are 
internally consistent and identify strong apprehension of the mathematics classroom experience 
(whether reflective or anticipatory), fearful perceptions of mathematics itself and the challenges it 
presents, disinterest in mathematics as an occupation or intrinsically enjoyable activity, and lack 
of problem solving confidence. The sole exception to these negative constructs was unexpected: 
on average, student teachers agreed more strongly with the statement, ‘A person who is good in 
maths has a great chance to succeed in many fields of endeavour’, indicating that their overall 
negative views of mathematics in terms of personal engagement serve to elevate its status in a 
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more abstract sense. This, together with the pattern of negative responses, also suggests that on 
the whole their disaffection with mathematics is more a reaction to mathematics learning than to 
mathematics itself. 

Discussion and Conclusion 

In seeking to better understand the innumeracy problem, four principal dimensions have been 
identified. There is the matter of curriculum content and the question of whether the aim of 
attempting to school young pupils in abstract concepts is an appropriate and productive 
endeavour. There is the matter of the time allocated to mathematics teaching and learning 
activities compared to that allocated to other curriculum areas—not only in the sense of 
classroom and curriculum priorities but also what this says about the value that society affords 
numeracy. There is the matter of teachers’ expertise and preparedness to teach mathematics 
effectively—not merely drilling pupils in procedures but fostering an understanding of process so 
as to give meaning to the mathematics. More than subject expertise, this requires a vastly greater 
understanding, which many generalist teachers lack, and, in Australia at least, the proportion of 
specialist primary mathematics teachers is abysmal compared to the availability of other specialist 
teachers; again, this speaks to the value that society affords numeracy. Finally, there is the matter 
of the attitudes and anxieties of teachers and prospective teachers. This received particular 
attention here and the empirical IMAES results add new, quantitative evidence to reinforce the 
existing literature. The attitudes, anxieties, and self-efficacy beliefs that pre-service primary 
teachers typically hold towards mathematics have been shown to be profoundly unfavourable and 
surely must be detrimental to many of their future responsibilities. Just as those who suffer abuse 
often become abusers in turn, in a cycle that is inordinately intractable, so too might mathematics 
anxiety and innumeracy be ‘passed on’ by many of the next generation of primary teachers. 

The implications for teacher education should be clear and, while it is laudable that many training 
institutions are responding to the literature, care is needed to ensure that sufficient and 
appropriate resources are allocated. There are strong implications for education authorities in 
their management and direction of schools and curricula: every primary school should have at 
least one specialist mathematics teacher if all children are have an opportunity to break the cycle; 
curriculum content needs review to ensure that appropriate learning objectives are set and 
attained; and substantially more teaching time needs to be allocated to mathematics learning 
activities. This could be approached by mandating a cross-curriculum approach to mathematics 
teaching—thus providing more opportunities for learning concrete mathematics and numeracy 
operations, promoting relevance and a problem-solving/inquiry-based approach that could deliver 
greater opportunities to foster by example conceptual thinking and abstraction.  
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On behalf of the Norwegian Ministry of Education and Research ,Vox runs the 
Programme for Basic Competence in Working Life directed towards developing 
basic competence for employees and would-be employees. The idea is to fund and 
monitor basic learning projects in enterprises.  
 
The programme concentrates on literacy, numeracy, and information, computer and 
technology (ICT) skills. Any enterprise in Norway, private or public, can apply for 
funding from the programme. The programme started in 2006. For the second 
programme year, 20 million Norwegian krone (NOK) was allocated to 70 
enterprises, and in 2008, 25 million NOK was granted to 78 different enterprises.  
 
The Norwegian Ministry of Education and Research has approved the new 
framework for basic skills for adults, comprising literacy, numeracy, ICT skills and 
oral communication. Vox was responsible for developing the framework. 
 
The funding of projects within the Programme for Basic Competence in Working 
Life presupposes that the learning activity is based on this framework.  Of the 78 
courses that received funding in 2008, only three were numeracy courses, and two 
were numeracy courses in combination with literacy.  Vox is responsible for 
following up and supervising some of the projects we support financially. The 
purpose is to create pedagogical and motivational models.   In my paper I focus on 
three of these projects, supported in the 2007 funding. 
 
The first one is a numeracy-literacy-ICT-skills project. This project focused on 
recruiting “drop-outs” to attend basic skills training and simultaneously providing 
job training opportunities for the participants within processing industries. The aim 
of this project was for the project participants to sign apprentices’ contracts. In 
order to attain the final certificate of completed apprenticeship the learners have to 
solve problems involving mathematics. This implies that numeracy had an important 
place in this particular project. 
 
The second project is to create a pedagogical model suitable for adult immigrants 
who work as cleaning personnel in Bergen Municipality. These learners have little 
school experience and have quite poor language skills in Norwegian. 
 
The third project is to create a pedagogical model for workers employed in a 
builders’ supplies/DIY centre in Bergen. 
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The Framework for Basic Skills 

Background 

The results from the ALL-survey (Adult Literacy and Life Skills Survey) prompted 
Norwegian politicians to take initiatives to enhance the level of basic skills in adults. 
According to the ALL-survey as many as 10 % of the Norwegian adults score at what 
ALL defines as level 1 in numeracy skills. Around 30 % are defined as level 2. The 
proportion of adults scoring at the desired 3, 4 and 5 levels is quite low (60 %) 
(Gabrielsen, Haslund et al. 2005), pp. 21–22). Even though one can argue that the 
Organisation for Economic Co-operation and Development (OECD) exaggerates when 
defining the numeracy level needed in order to manage tasks in today’s labour market 
and everyday life, the results from the ALL survey indicate that there is a need for 
numeracy training for adults. The task for Vox was to establish a framework of 
competence levels, recognizable as a part of the curricula for Basic Skills established in 
Norwegian Primary and Secondary School, but adapted to the needs of adults. 

The framework for basic skills is divided into three groups of competence targets at three 
levels for literacy, numeracy, ICT skills and oral communication.  The three groups of 
competence targets in numeracy correspond to three main topics: numbers, measuring 
and statistics (probability is also included in addition to statistics at level 3. To show 
where the framework can be applied, each level is exemplified according to three arenas: 
private life, working life and education and training. There is an English translation of the 
numeracy competence targets.4 

The Programme for Basic Competence in Working Life  
The programme is directed towards developing basic competence for employees and 
would-be employees. The idea is to fund and monitor basic learning projects in 
enterprises and for people not presently employed. The programme has been up and 
running since 20065, and it concentrates on literacy, numeracy, and ICT skills.  Any 
enterprise in Norway, private or public, can apply for funding from the programme. For 
the second programme year, 20 million NOK (approximately 4 million USD) was 
allocated to 70 enterprises, and in 2008, 25 million NOK (approximately 5 million USD) 
was granted to 78 different enterprises. The funding of projects within the Programme for 
Basic Competence in Working Life presupposes that the learning activity is based on the 
frameworks for basic skills. 

Although the initiative has raised considerable interest, it is a fact that the Norwegian 
effort in supporting basic skills training at the workplace is not as substantial as the 
funding in many other countries.  New Zealand, for instance, has approximately the same 
size and population as Norway and they will support basic skills training at the workplace 
by $NZ160 million (approximately 110 million USD) over the next four years. Their aim 
is to raise workforce literacy and numeracy levels by progressively increasing awareness 
of employers and employees about the importance of literacy and numeracy, increasing 

                                                 
4 www.vox.no/english. 
5 http://www.vox.no/templates/CommonPage.aspx?id=2601 
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the number of learning opportunities that include literacy and numeracy and ensuring that 
these learning opportunities are high quality6.  

1. What kind of financial obligations do the enterprises have when they get 
money from Vox? 

An enterprise will normally get from Vox only part of the funding they need to run basic 
skills courses  The money can be used to outsource the teaching activity, buy teaching 
materials, support travel cost for the learners to attend gatherings and hire premises to run 
the courses.  

It is a prerequisite that the enterprise supports the courses by activities such as promoting 
the courses, setting aside time to test their employees’ basic skills, take care of all 
administrative obligations connected to running the courses and making the necessary 
rooms available in their own premises. It is also quite common that the enterprises run 
parts of the courses within working hours.  These activities are recognized as the 
enterprise’s own contribution to the budget, which can amount to 20 to 40% of the total.   

2. Why is numeracy always lagging behind literacy and ICT skills as for 
participation rates?  

Adults don’t put mathematics into practical use today compared to what they did a few 
years ago. Maths has become a hidden world: we receive our salaries directly into our 
bank accounts, we pay our bills via the Internet, when we shop we pay with our credit 
cards. We do not even have to count the money we have to pay, or the money we receive 
in return if we pay with cash. The income tax return form is already filled in when we 
receive it. We can just check it and return it via the Internet. We can buy soft drinks, 
chocolate etc. from machines that pay back the change automatically. When we are 
shopping, we don‘t have to do the measurements we used to do. As a result of this 
technological development adults seem to lose their calculation skills. “If you don’t use it 
you’ll lose it”. (Berg, 2006, p. 78).  

The above mentioned factors may explain why many adults don’t understand the importance of 
learning numeracy.  During the years The Programme for Basic Competence in Working Life has 
been up and running it has been more difficult to promote numeracy courses as successfully as 
literacy and ICT skills courses. This seems to be the case in other countries as well. For example, 
in Denmark only one fifth of all basic skills training courses deal with numeracy7.  
 

Adults with little formal education do not see the need to improve their numeracy skills. 
They regard their numeracy skills as good enough to manage demands they face on a 
daily basis (Lundetræ, Babrielsen et at., 2006, pp. 45–49.) Such results have also been 

                                                 
6TEC. (2008). "TEC launches literacy and numeracy action plan ", from 

http://www.tec.govt.nz/templates/NewsItem.aspx?id=3624. 
   
7EVA (2005). Evalueringsrapport Forberedende voksenundervisning. Forberedende voksenundervisning. 

D. Evalueringsinstitut. Copenhagen, Danmarks Evalueringsinstitut: 18. 
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confirmed by the second Vox Barometer8 2007 “Befolkningens holdninger til opplæring 
og egen kompetanse” (Attitudes to training and own competence in the population). The 
survey showed that the respondents with the lowest education were the least likely to 
participate in any kind of training. The main challenge to get them to come to basic skills 
classes is their lack of interest. Another interesting result from the same survey was what 
the respondents within this group regarded as the main obstacles to participating in 
further training and education: lack of financial support, lack of adequate training, and 
the management not providing sufficient opportunities for the employees. It is also within 
this educational group that most adults respond that their unwillingness to participate in 
further training is caused by a general lack of ease in learning situations and by having 
had negative school experiences. (Bekkevold, 2007, pp. 66–67). 

 
In the opinion of the Vox staff, the above-mentioned factors are circumstances worth paying 
attention to when approaching the learners who will attend numeracy courses for adults. And this 
is especially the case for learners who start a course at the lower levels. 

3. What motivates adults to come to numeracy classes? 

NRDC’s research report ‘Beyond the daily application’:making numeracy teaching 
meaningful to adult learners has interesting findings on which factors motivate adult 
learners to come to numeracy classes.  According to this research report, the main 
triggers are: succeeding in a subject where learners have previously experienced failure, 
helping their own children, understanding, involvement and enjoyment, and getting a 
qualification for further education (Swain, 2005, p. 86).  

Teaching becomes meaningful when it is linked to an individual’s purpose. Very few 
learners understand that enhancing their numeracy skills will help them to better cope 
with the demands of everyday life. This underlines how important it is to find relevant 
teaching materials for learners.  In some cases this might be the maths they need to 
prepare for an apprenticeship program which may include some school like mathematics 
and sometimes it will be motivating to work with numeracy tasks connected to workplace 
like or everyday life situations.  

Monitoring projects 
 
The teachers who teach courses supported by the Programme for Basic Competence in 
Working Life often have limited experience in teaching at the workplace. We therefore 
wish to have an impact on how teachers teach basic skills to employees at the workplace. 
Vox has developed a framework for further education for teachers. Since Vox is 
responsible for following up and supervising some of the projects we support financially, 
we want to try out some of our pedagogical ideas.  Learning from the projects, we aim to 
design innovative pedagogical models. We also want look at what is being done to recruit 
adults who have dropped out of school, to get them to attend and stay in basic skills 

                                                 
8The Vox Barometer is a nationwide biannual, quantitative survey monitoring the basic skills situation in 

the adult population in Norway 
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training.  Documentation about these models will be published on the Vox website in late 
2008 or early 2009.  

 

In this article I present three case projects. The first project focused on recruiting “drop-
outs” to attend basic skills training and simultaneously providing job training 
opportunities for the participants within processing industries. The second project’s aim 
was to create a pedagogical model suitable for adult immigrants who work as cleaning 
personnel in Bergen Municipality. Some of these learners have little school experience 
and have quite poor language skills in the Norwegian language. The third project tested a 
pedagogical numeracy model for workers employed in a builders’ supplies / DIY centre 
in Bergen.  

The Xtrata Project: Motivating Dropouts 

Project Stakeholders 
Involved in this project were Xtrata Nickel, the Norwegian unit of a multi national 
enterprise producing nickel(2008), the Vocational Training Office for Technology in the 
Vest-Agder region, and the local office of the Norwegian Labour and Welfare 
Administration and a teacher for special needs.     

Challenges and Provision 

It was important to find relevant locations for job training and suitable premises for basic 
skills training. It was also important to give the project participants some financial 
support. Nine were recruited. They were picked by the Educational Office for 
Technology subjects in Vest-Agder in cooperation with the local office of the Norwegian 
Labour and Welfare Administration who also supported the participants financially. Each 
apprentice received 5500 NOK (approximately $1100) per month to cover personal costs 
during his training, and was refunded for transportation costs.  

The Vocational Training Office for Technology played an important part in the recruiting 
process. Each potential project participant was thoroughly examined in order to find out 
if they were suitable. Their willingness and motivation to change their lifestyle was 
crucial. We have to keep in mind that they had dropped out of vocational education. 
When the project participants were picked, they were carefully interviewed in order to 
find relevant job training within the processing industry. The office is in close contact 
with all the relevant companies in the area. This is crucial in order to place the project 
participants in relevant job training. The project participants’ school reports showed that 
they had often been absent from school and their grades were poor and they had even 
failed to pass some of the subject exams. Thus the selection process played an important 
part. The Educational Office for Technology subjects in Vest-Agder vouched for the 
project participants’ character and motivation when they were placed in companies.  

Total Training Period: 12 weeks 

Basic skills training in literacy, numeracy and social science met for one day a week.  Job 
training in the processing industry met four days a week. 
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Issuing Partial Certificates, a Viable Strategy for Drop Outs?  
A recent research study of statistics gathered in seven counties in the south-east region of 
Norway provides interesting information about the target group of the Xtrata project. 
This survey examined how well approximately 10 000 learners who graduated from 
secondary school in 2002 did.  In 2007 only 2/3 of these learners had achieved a 
university admission certification or a certificate of completed apprenticeship, which are 
both the results of a completed secondary school education. This implies that 1/3 dropped 
out of Upper secondary school.  

Why did they fail to achieve the desired certification? The reasons vary, because drop 
outs constitute a complex group of learners. For some of them the problem was the 
theoretical subjects such as Maths, Norwegian and English. Some may have failed at only 
one subject, others may lack many. Some simply quit school (Sandberg, Lødding et al. 
2008).  

 
Youngsters that failed to pass all their exams at secondary school level may lose motivation and 
self-confidence. Given a second chance, some of them will manage to pass all their exams. For 
others, however, the challenge may prove daunting. The possibility of achieving at least a valid 
document that shows partial competence can be of great importance as a motivation for further 
learning and development. That is the reason why we need to focus on basic skills, including 
numeracy, for this particular target group, and it is also the reason why “competence cards” were 
integrated as elements in the project. 
 
A full certificate of apprenticeship for adults is handed out when the candidate has 
fulfilled all competence targets for a specific profession/trade. A competence card can be 
achieved if a candidate has attained some of the competence targets or parts of the 
competence targets for a specific trade.  

 
The main aim of the project 
People who drop out of school often adapt to a certain life style. E.g. they sometimes keep strange 
hours and they may have lost confidence in their own abilities to be part of the workforce. Thus 
an important issue for this project was rebuilding their confidence and preparing them for the 
demands of working life and further education. These are the demands that the participants meet 
on a daily basis in work training and schooling. The measurable outcomes for the participants of 
the project were: sign apprentices’ contracts or limited apprentices’ contracts. In order to attain 
the final certificate of completed apprenticeship the learners have to do mathematics. As we have 
seen from the examples, functional numeracy is an important part for all employees within the 
processing industries. This is why numeracy played an important role in this particular project. 
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Pedagogy—embedded learning9 
During their job training sessions, some of the participants learn to operate a fork lift. 
This requires understanding a safety table for fork lifts; heights and weights. 
Understanding transitions between units such as millimetres (mm), centimetres (cm), 
meters (m) and kilograms (kg) and grams (g) and so on. 

In one of the numeracy lessons we observed the project participants worked with 
transition of units such as converting m to cm, cm to mm and tons to kg and so on. This 
formed the basis for understanding the safety table for a fork lift which was an important 
part of the lesson we observed. During the basic skills training the teacher tried to work 
with authentic teaching materials witch was recognizable for the project participants’ 
work tasks. During work training most of the project participants have to relate to 
working drawings. Therefore, the teacher used working drawings during numeracy 
classes. During the 12 weeks of training the teacher also focused on topics such as 
calculating salaries, renovation and percentages in connection with salary increase, tax 
and mortgages. Even though these examples are not picked directly from the project 
participants’ work training, they are topics connected to adults everyday life experience.  
 
Below you will find examples of teaching materials used by the teacher who was 
responsible for basic skill training once a week: 

 

 
 
This table was used in one of the numeracy lessons. In the processing industry it is 
important to be able to operate a fork-lift. 
 

                                                 
9 In the context of the Skills for Life strategy:  

“Embedded teaching and learning combines the development of literacy, language and numeracy with vocational and other skills. The 

skills acquired provide learners with the confidence, competence and motivation necessary for them to progress, gain 

qualifications and to succeed in life and at work”. http://rwp.qia.oxi.net/embeddedlearning/index.cfm 
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This example of a working drawing was used by the teacher. 
This is supposed to be the drawing of a screw. 

In this working drawing the screw is drawn in the scale of 10 
: 1 

Examples of what kind of tasks the learner were asked to do: 

What will be the real measurements of this screw? 

Make a working drawing of the screw in the scale of 4 : 1.  

 

 

 

 

 

 

Another example of the kind of tasks the learners were 
asked to do: 

4. The metal board is drawn in the scale of 1:10 

5. What is the size of the metal board in reality? 

6. How can the centres of the holes be localized 
on the real metal board? 

 

What is the size of the radius of the three holes? 

Examples of job training experienced by the project 
participants 
In this factory, Rotator10, they produce valves for the oil industry. 

                                                 
10 http://www.rotator.no/hovedsiden.asp?aid=14888&gid=6923&laid= 
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Here is one of the project participants making parts to valves, based on the working drawing, for 
the of shore industries.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The outcome 
Two of the project participants are now 
following a regular apprenticeship programme, 
one has achieved a certificate of 
apprenticeship, one has extended his trainee 
contract with a possibility to sign an 
apprenticeship contract in the near future and 
two have signed limited apprenticeship 
contracts. The management for one of the 
project participants who have signed a limited 
apprenticeship contract believes that he has 
good possibilities to sign an apprenticeship 
contract in the future.   
One has been sent back to school due to poor 
language skills and two were offered summer 
jobs. 
 
The general executive for the Xstrata Nickel 
Industries, who visited the Norwegian nickel 
plant in April, was inspired by this project to 
such a degree that he aims to export the idea of 
training “drop-outs” in basic skills and 
simultaneously give them job training 
opportunities, to other Xstrata plants. 

The working drawing 
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Media attention: 
The project has been mentioned in several newspaper articles. The article “Rett på sak” was 
published in a periodical for members of Confederation of Norwegian Enterprise and the project 
has been followed closely by the social partners since the number of drop outs from upper 
secondary school is quite high in Norway.  
 
 
 
Project Number 2: Adult Immigrants who Work as Cleaning Personnel 
 
Several hundred cleaners are currently employed by the Municipality of Bergen, and most of 
them are immigrants. This municipality received funding from the Programme for Basic 
Competence in Working Life to run literacy, numeracy and ICT skills courses for their cleaners. 
Nygård school in Bergen, a school which has a special focus on immigrants, accepted the task to 
carry out the training. 27 of the cleaners enrolled in the course. Their literacy and numeracy skills 
were tested in order to find out which level of competence targets the courses should be based 
upon. To test the cleaners’ numeracy skills a mapping instrument was used. It tests the 
candidate’s number comprehension and number treatment. The mapping instrument also tests the 
candidates’ skills in what we call everyday life mathematics. The everyday life mathematics part 
will test the candidate’s competence in solving mathematical problems any individual may meet 
during the course of the day. The test is built on Olav Lunde’s ideas on principles of dynamic 
testing (Lunde 1997). The intention is not only to test the candidate’s knowledge, but also to learn 
something about the candidate’s learning potential.   
Of the 27 there were 25 participants who joined in separately literacy-, numeracy- and ICT skills 
courses.  
 
Numeracy classes: 
The 25 learners were divided into different groups. Since they were immigrants, literacy was also 
integrated in the numeracy classes. All courses, except one, had a duration of 40 hours. Most of 
the learners worked with tasks based on competence targets at level 2. The numeracy themes and 
tasks were basically picked from the course participants’ daily work experience—e.g. measuring 
the correct amount of detergent, calculating the surface of  the floor area to wash etc. As 
mentioned earlier, language and especially numeracy concepts connected to their daily work tasks 
played an important part in the classes.  
 
Vox has published a textbook especially developed for immigrants. Some of the lessons were 
based on materials from this book. Parts of this book have been translated into English11.  
 
Outcomes  
The learners felt they had improved their understanding of their daily work tasks better after 
going through the courses. Some of the learners were interviewed at the end of the courses and 
here are some of their responses: 
  
I learned to measure detergents correctly, In addition to learning maths I learned the Norwegian 
language at the same time.  
 
I learned new words, now I can do measurements and I have learned to understand ml. 
I like the intellectual challenge just to understand maths and to show that I can do maths. 
                                                 
11 http://www.statvoks.no/emma/downloads/migramaths_in_English.pdf 
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I want to do more numeracy. I would like to learn more about costs of travelling, domestic 
economy and understanding time. 
  
I need to do numeracy in order to get a certificate of apprenticeship. That is my aim for the 
future. 
 
Some of these statements, such as “I like the intellectual challenge just to understand maths and 
to show that I can do maths” and “I need to do numeracy in order to get a certificate of 
apprenticeship”  correspond well to the key findings in NRDC’s research report ‘Beyond the 
daily application’:making numeracy teaching meaningful to adult learners (Swain 2005) 
 
Other interesting comments from the learners were that they felt that they also learned more about 
the Norwegian language during their numeracy training. 
 
Similar observations have been done by others. Solving numeracy tasks is often done in 
discussion with peers and teachers through verbal and written means (Sterrett 1990). Language, 
in both oral and written form, is the prime medium through which the learning of mathematics is 
mediated in either in formal or informal schooling. Learners have to read and decode written 
mathematical terms or elements, as well as comprehend the action implications of these elements 
(Laborde 1990) .  
 
Three of the cleaners had very little school experience. One of them (from Somalia) hade none 
and two others (from Thailand) had respectively three and five years of schooling from their 
homeland. These learners were given a special course where the tasks they worked with were 
based on competence targets at level 1. The course lasted for 10 weeks. The three participants 
were offered one lesson weekly which lasted for 1.5 hours. To compensate for their poor 
language skills the tasks they worked with contained as little text as possible. The two learners 
from Thailand showed good learning progress in numeracy, but the one from Somalia strived to 
cope with the selected tasks. She was offered special needs training in numeracy and literacy at 
Bergen Municipality Adult Education Centre after the ten weeks of this particular programme 
ended. 
 
Project Number 3: Workers Employed in a DIY Centre  
 
The aim of the project was to develop a pedagogical model for workers employed in a builders’ 
supplies/DIY centre in Bergen.  Bergen Municipality Adult Education Centre had received 
funding to develop pedagogical models for facilitating numeracy learning at the work place. 
There are 20 employees working at different departments at the centre. 17 of them were tested 
with respect to their numeracy skills.   Since most of them had quite good numeracy skills, the 
course was based on competence targets at level 3.   
 
They were also asked what kind of outcomes they expected to achieve from carrying out a 
numeracy course. Here are some of the responses: 
 
15 of them expected to increase their skills in everyday life 
6 expected to achieve skills beneficial for their job 
4 to strengthen their possibilities for further education 
5 to be able to help their children with their maths homework 
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7 of the tested employees signed up to attend the numeracy course. The course lasted for ten 
weeks and each week they had two sessions of 1.5 hours. 
 
To be able to find out what was relevant to use as teaching materials, the teacher visited the 
different departments where the potential learners worked and talked and listened to employees. 
The most interesting topic seemed to be calculating perimeter, area and capacity of different 
geometrical shapes; the conversion of units such as from cm to m.; how brick layers and 
carpenters can ensure that correct angles in roof construction; percentages; and the use of a 
calculator. 
 
There is one particular episode from this course I would like to mention.  Some of the course 
participants’ need to know the roof angle (Norwegian: takvinkel) in the figure below. This angle, 
referred to as the Lindefjeld’s (Mosvold 2005) angle in Norway and the rafter angle12 in the US, 
equals the angle at which the top end of the roof boards must be cut, in order for the top boards to 
meet properly. Normally the workers do not need to calculate this angle, but can read the 
necessary information on a table.  
 
One of the course participants was building his own cabin and he knew that during that process 
he would not have access to the table that could give him the angle which would make the two 
roof boards meet properly. He really wanted to learn how the Rafter angle could be calculated 
independent of the information given in the table. This question opened up for having 
trigonometry lessons.     
 
This anecdote proves again that adults can be motivated for further learning if only they can see 
how they can use the result of their learning in their own lives, be it at work or in the private 
sphere. 
 
 

 
 
 

                                                 
12Wikipedia: http://www.caspar.no/tangenten/2005/t2005-1.pdf 
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Where Do We Go From Here? 
 
The Norwegian National Budget has recently established that the Programme for Basic 
Competence in Working Life will continue in the foreseeable future. Vox will continue to work to 
facilitate numeracy learning for employees in the work place and for unemployed people who 
seek to increase their employability. We are currently finalising the writing of a set of guidelines 
for course providers on how to interpret the existent competence levels so as to adapt the training 
to the real needs of the participants. Tests and materials are being created, and we also hope to be 
able to continue our work of creating motivational materials for numeracy training. We are eager 
to cooperate with colleagues from all over the world in our efforts to increase the numeracy skills 
of all our adult population. 
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Youth Disengaged:  An International Concern? 
 

Anne McDonnell 
London Borough of Barking and Dagenham 

        ann.mcdonnell@lbbd.gov.uk 
 
 

This paper reports on the findings of a review of current and recent literature in a range of 
categories relating to the phenomenon of ‘NEETS’ (young people not in education, employment 
or training) primarily focused on the United Kingdom.  Findings are shared which consider the 
extent to which this is an international concern and how other countries have approached this 
situation.  The following questions direct the discussion: 
 
 Do all countries in a global market and an increasingly skills-based  

society have concerns over participation of 16 to 21 year olds in  
education and training?  If not, why not? 

 Do other countries identify/name this phenomenon?  If so how do  
they track it, collect data, and resolve it?   

 Are there similarities across cultures which expose the same cause? 
 How does this all affect the U.K. and its current and future policies? 
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In this paper we describe some characteristics of the nature of the participation of 
adults involved in mathematics workshops for parents. We find that adults become 
more engaged in exploring, learning, and teaching mathematics when their 
experiences (both prior schooling and life/work experience) are incorporated in the 
learning process. Adult learners prefer contextualized situations and concrete 
mathematical concepts rather than abstract algorithms. The nonformal nature of the 
workshops (not for accreditation or promotion, adapted to the unique situation of 
the participants, voluntary attendance, and relatively flexible structure) makes them 
a favorable environment for learning mathematics in a participatory and reflexive 
manner. Our data show that personal school experiences influence some parents’ 
attitudes toward certain forms of participation. We find that creating spaces for 
dialogue among participants is key in a pedagogical practice with adults as they 
learn from each other. 

Introduction 

Mathematics education of adults takes on different forms varying in structure, goals, content, and 
level of students’ commitment, to name a few parameters. Some of the current questions in the 
field, independently of these parameters, deal with the approach: lecture versus collaboration, 
curriculum and curriculum ownership, and authority and power, as well as more fundamental 
questions such as the adults’ actual motivations for learning mathematics (FitzSimons, 2007) and 
the meaning of numeracy (Coben, 2007).  

In terms of the academic level, adult mathematics education encompasses a wide spectrum from 
basic mathematics to college level. On a different classification, the range of programs goes from 
very informal and unstructured to formal and more structured, with varying degrees of formality 
and flexibility combined. A quick survey of publications in the Adults Learning Mathematics: An 
International Journal (ALM-IJ) shows such a variety. A common setting for looking at adults’ 
mathematical knowledge is the workplace (Kent, Noss, Guile, Hoyles, & Bakker, 2007; Martin, 
LaCroix, & Fownes, 2005); another setting is in the context of college or university education 
(Gill & O’Donoghue, 2007; Hauk, 2005; Viskic & Petocz, 2006). A few articles explore the 
education of adults at the secondary level or the equivalent to the level of a traditional 16 year old 
student (Díez-Palomar, Giménez Rodríguez & García Wehrle, 2006), and that by Knijnik (2007) 
that addresses the concept of different mathematics through her analysis of the mathematics of 
peasants in the Brazilian Landless Movement (MST).  

With this paper we add to the conversation of lifelong mathematics learning but in a nonformal 
setting. In particular we consider the role of lifelong mathematics learning as something that “can 
also be valuable for personal development and fulfillment” (Schlöglmann, 2007, p. 9). We use the 
term nonformal in the sense argued by Etllng (1993, citing Kleis, 1973, p. 6) as “any intentional 
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and systematic educational enterprise (usually outside of traditional schooling) in which content 
is adapted to the unique needs of the students (or unique situations)” (p. 73) and more aligned 
with what Kalantzis (n.d.) calls semi formal learning: 

Semi Formal Learning involves partially institutionalised settings focused on 
particular life or workplace learning. It generally does not involve accreditation but 
aligns with learner’s aspirations. Indeed the idea of self-directed learning became an 
important feature of adult education, particularly in relation to workplace and 
community learning. (p. 2) 

For an expanded characterization of the different categories (formal, non-formal, informal) of 
mathematics adult education we refer the reader to Coben (2006). More specifically and in the 
context of the mathematics workshops around which our work takes place, what we refer to as 
nonformal education is the type of education that is systematic (in that it happens regularly, 
according to a schedule, and with some thematic coherence) but not for accreditation or 
promotion, is adapted to the unique situation of the participants, has voluntary attendance, and is 
relatively flexible in structure. 

Although we have done research in the specific area of adult mathematics education in nonformal 
settings (Civil & Andrade, 2003; Civil, Díez-Palomar, Menéndez, & Acosta-Iriqui, 2007; 
Quintos, Bratton, & Civil, 2005), in this paper we expand on this work by making an explicit 
connection between the characteristics of nonformal education and its impact on adult 
mathematics education. We look into issues related to the pedagogical approaches to the teaching 
of mathematics to adult learners, in particular at their forms of participation in nonformal settings 
and what shapes these forms of participation. We draw on data from a current study with parents 
and we build on prior work exploring issues related to pedagogy and content when working with 
parents. In our next section we discuss the methodology used to collect and analyze the data; then 
we present a few examples that illustrate some elements that characterize the participation of 
adults in the workshops; and finally we discuss some implications from our observations to the 
practice of adult mathematics education in nonformal settings.  

Methodology 

Our work builds on prior research with parents and mathematics (Civil, 1999, 2001, 2002, 2004; 
Civil & Andrade, 2003) using a sociocultural perspective (Civil, 2002; González, Andrade, Civil, 
& Moll, 2001). We look at cognitive-affective elements of the participation of adults and the 
strategies they use to learn mathematics. 

Our study occurs in the context of “Tertulias Matemáticas” (tertulias13), which are mathematics 
workshop for parents14 of middle school children (ages 11 to 13) in Tucson, Arizona. The 
participants are working-class parents; most of them are of Mexican origin and many of whom 
are in fact recent immigrants. We invited parents to participate in the workshops through 
members of the community and the school administration. All sessions were carried out in 
Spanish. To gather the data we videorecorded all the meetings and conducted interviews that 
focused on the participants’ perceptions of teaching and learning mathematics.  

                                                 
13Tertulia is the Spanish word for a regular gathering of people for conversation; sometimes it has an 

artistic connotation. We have used this term in prior research (e.g., Quintos, Bratton, & Civil, 2005) 
inspired by the work of Flecha (2000) and his literary circles (tertulias) with adults.  

14By parents we mean any adult in a parental role, being the actual mother or father, a grandparent, aunt or 
uncle, etc. Most participants have children at the particular school. 



 
149

The first author facilitated the tertulias with the assistance of one or two undergraduates and one 
mathematics education graduate student. The second author and one other researcher attended 
some of the workshops and also contributed to the data collection. 

From the fall of 2006 to the spring of 2008 we facilitated five sets of workshops; the interviews 
took place during the fall of 2007 and spring of 2008. The workshops took place at a middle 
school, and they were delivered in blocks of about seven sessions within two or three months; 
each block of about seven sessions constituted a module with a thematic unity. Two modules 
were held during the first semester and one module per semester after that. Each session ran for 
1.5 hours and its structure contained a brief introduction to the mathematical concept to be 
studied, some problems to be worked out individually and in small groups, followed by a group 
discussion of the solution to the problems. A few sessions were more discussion focused; parents 
would share their perceptions of teaching and learning mathematics, their experiences around the 
school system, or their processes as learners, for example. We interviewed a total of 14 parents. 
Most of the interviews were individual visits to their homes but we also had a focus group and a 
paired interview. Without counting those who attended only once, the participants’ formal 
education training varied from 2nd grade to college degrees, with a median of 10th grade. The 
school is in the south part of the city with 94% Hispanic or Latino3 students; 87% of the student 
body is eligible for free or reduced-price lunch program, and 25% are classified as English 
language learners.   

The mathematical content of the first two modules followed the school curriculum but, as per 
parents’ request, for the last three modules we studied fractions. Another modification was the 
meeting time: from early in the morning, after the parents had taken their children to school, to 
the evening. Mothers who suggested this change argued that it was more likely that their 
husbands would be able to participate if the workshops were held after work hours. Also, as per 
parents’ request, children started to participate in the workshop sessions in spring of 2008.  

Vignettes and Discussion 

The vignettes we showcase below touch several topics that emerged from our data analysis, such 
as making connections to their work and everyday life and the effect of prior schooling 
experiences. 

Vignette 1. Luisa’s15 daily energy level: reading graphs from her life 

The first module of the series dealt with algebraic reasoning; the topic at hand was reading and 
interpreting graphs. For this activity, the facilitator asked parents to form small groups to work on 
a story related to some aspect from their daily life experiences. Just before the task was proposed, 
the facilitator had given an interpretation based on a friend’s consumption of gasoline each day of 
a week. The task was for the parents to come up with an alternative interpretation based on their 
daily life. After about thirty minutes, one of the mothers (Luisa) came to the front of the 
classroom to present her group’s work (Figure 1).  

                                                 
3 Hispanic or Latino refers to “a person of Cuban, Mexican, Puerto Rican, South or Central American, or 

other Spanish culture or origin, regardless of race” (Office of Management and Budget, 1997). 
15All participants’ names are pseudonyms. 
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Figure 1. Line graph from Luisa’s group. 

The connection to her daily life seemed quite natural to Luisa, and the connection between a line 
graph and the progression of a phenomenon over time was readily grasped. Luisa explained how 
that line represented the energy that somebody spends in a week. On the horizontal axis the group 
wrote the days of the week, from Monday to Sunday. Then, on the vertical axis they represented 
the energy level, from less energy at the bottom to more energy at the top. Luisa narrates her 
group’s explanation in the next quote:16 

Luisa: That’s the level of energy we have daily. So, there are times when we wake 
up with a lot of energy, there are times when we wake up with less energy (pointing 
at the levels on the graph, on Monday and Tuesday with a pen). There are times 
when we go up, we are going up (pointing on the high point on Wednesday) and 
down (going down with the pen on Wednesday). On Thursday we wake up so-so, 
with less energy (pointing at Thursday), on Friday with less (she points going down 
on Friday with the pen), on Saturday energy is going down (points with the pen) and 
Sunday we are exhausted (turns to look at the class). Yes, and on Monday we start 
all over again, that is how I understand it.  

(Tertulia, Sept. 2006) 

In Luisa’s explanation the notions of increasing/decreasing were apparent and dealt with in an 
intuitive way, based on the steepness and direction she gave to each line segment in her graph. 
The progression of her narrative as she was reading her graph from left to right and the group’s 
labeling on the graph gave room to talk about notions such as axes, function, coordinates, slope, 
direction, decreasing and increasing functions. We consider this as an example of “situated 
learning” (Lave & Wenger, 1991). Adults go back to their daily life experiences to understand 
formal mathematics, putting them in context (thus context becomes part of the cognitive process 
of learning). Our data seem to be consistent with this analysis. Luisa also turned to her everyday 
knowledge to understand what that line graph meant.  

                                                 
16All transcripts are translated from Spanish. 
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As time went by and we learned more about Luisa, this episode becomes more meaningful as we 
observe Luisa’s increasing expression of her resistance to go up front to the board: Luisa started 
to request privately to the facilitator not to be asked to go to the board. Yet, during this activity, it 
was not the facilitator who requested her participation. We will go back to this topic in the last 
vignette. 

Vignette 2. Celia’s “horchata”17: proportional reasoning 

At the end of the last module on fractions, the content of the workshops had switched back to try 
to stay closer to the curriculum: a daunting task particularly when trying to incorporate content 
from the middle school grades. At this point, the focus was on applying fractions to proportional 
reasoning. In previous sessions, the group had worked a few contextualized word problems where 
multiplication of fractions arose. They had also gone over a few exercises on the mechanics 
(algorithm) of multiplying fractions. For this activity, the facilitator wanted to try something that 
reflected the parents’ funds of knowledge (González, Andrade, Civil, & Moll, 2001), that is the 
knowledge and experiences that exist in any household. The facilitators knew, from interviews 
and casual interactions with the parents, of personal experiences with recipes. In the meeting 
previous to the episode described below, the facilitator had given an example of a recipe with the 
list and amount of ingredients and the directions. Next, the participants, parents and children, had 
the task of writing down one recipe, specifying the number of servings that the amount of 
ingredients used would yield. The homework assignment was to modify the recipe for a different 
number of people, given by the facilitator on case-to-case bases.  

At the beginning of the following session, the facilitator asked the participants to write on chart 
paper the list of ingredients for both the original and the new number of servings. Celia had missed 
the previous meeting. The facilitator contacted Celia to let her know that she should bring a recipe. 
Celia came to the tertulia with a recipe, but she had not adapted it to a different number of people. 
As everybody else was writing down on chart paper their solution, Celia and her daughter had to 
grapple, for the first time, with this task. Before we peek at the recipe and the exercise on 
proportional reasoning, meet Celia: Celia is a grandmother of one of the students at the school. She 
came from Mexico not many years ago. As a child all she was allowed to study was barely up to 
second grade, due to her family’s economic condition and her father’s opposition to his children 
attending school. Celia’s motivation for coming to the tertulias was first and foremost to be 
connected with the school as a way of supporting her grandson. As time went by and Celia 
continued to participate in the workshops, she revealed both her frustration for having had her 
opportunities for learning cut short as a child and her satisfaction in her role of a learner; yet seldom 
would you see her picking up the pencil to work on the mathematical tasks. At the point where the 
conversation is shown, Celia and her daughter Martina (in her twenties and probably with at least 
high school education) had written down the original list of ingredients for four people and had 
determined the first ingredient (from 1L to 1½ L of water) for six people. Norma, an undergraduate 
assistant, is working with them at the same table. So, here is Celia, with second grade formal 
education and a life of experience, adapting her horchata recipe from four to six people: 

Martina: And one liter of milk is the same [as water], right? And of rice, if it is one 
fourth [for four people] that is... it is half a kilo. 

Celia: No.  

Martina: No? 

                                                 
17Horchata is a rice-based drink popular in Mexico. 
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Norma: Why not? 

Celia: Two more people. 

Martina: It is your fault. It will no longer be the same (laughs) 

Celia: One fourth (pause) 

Martina: So then it is going to be three fourths (she laughs). Even worse for him to 
understand. (Meaning the facilitator). 

Celia: For two people it is going to be, it is going to be one fourth and (brief pause) 
and half. In four people is one fourth... 

Martina: That’s right then. 

Celia: Then it is going to be half of a fourth for two more people. 

Martina: And if you put all that together, how much is that? Three fourths. 

Celia: OK, three fourths (not quite convinced, she takes a pencil and gets ready to do 
the calculations on a piece of paper). 

Martina: Three fourths, how much is that? 750 grams. 

Celia: No... 

Martina: Do the calculations. You are smart. 

Celia: No, it is not seven hundred because two... 

Norma: How much is one fourth? 

Celia: One fourth is 250 grams. Then, half of 250 grams? (talking to Martina) that is 
one hundred (pause) 

Martina: twenty-five. 

Celia: One hundred twenty-five. Then that is (pause) 

Norma: A hundred twenty-five and two [hundred] fifty. You add them up, right? 

Martina: That’s why I was saying three fourths. 

Norma: How much is it two hundred fifty and...? 

Celia: (Doing the calculations on a piece of paper) Three hundred seventy-five. 

Martina: That’s why I told you: three hundred seventy-five. 

(Tertulia, May 2008) 
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Prior to this interaction, Martina was very confident of modifying the recipe from one liter to one 
and a half liters, but when it came to adjusting the rice, Martina was not too sure how to adjust the 
one fourth of a kilogram for four people to the amount needed for six.  She makes several 
suggestions (three fourths) but Celia does not buy into that. Even though Celia has not calculated 
the correct amount she has a sense that it is not three fourths or, as Martina suggests later, 750 
grams. It is interesting to note that in the group Celia is the one who finds the correct answers and 
Martina wants to take credit for it: “That’s why I told you: three hundred seventy-five.” We point 
out briefly that the level of engagement of all the participants in this activity was quite high. 
However, in this conversation we observe that, although the problem in hand was designed to be 
dealt with in terms of fractions, and that Celia is captured as posing the solution to the amount of 
rice in kilograms as “to be half of a fourth for two more people,” the actual solution relies on 
Celia’s prior knowledge. We conjecture that the context of the problem enables her to make the 
transference to a more familiar territory: break down the kilogram into grams and operate with 
whole numbers. In contrast, and just as a point of reference, one of the contextualized word 
problems given previously (by the facilitator) was stated in terms of ounces. More than one group 
of parents felt the need for understanding what an ounce was in relation to something else (a 
pound or a kilogram) although, for the “mathematical” exercise, that piece of information was 
irrelevant. On a different note, the practice of bouncing off of each other’s ideas and posing 
questions to one another is quite a natural activity that happens in these small group discussions. 
In working with adults, this not only comes spontaneously, but it is recognized and valued in the 
debriefings. To be fair, we need to point out that one mother inquired about this pedagogical 
practice, which relies more on the participants working on the problems and making sense of 
them in their groups and less on direct instruction by the facilitator: 

Susana: Well no, I really liked it now what we were doing with the, with the system, 
the only thing I would like is, well she helped me a lot, Laura [an undergraduate 
research assistant], explaining the, the equations and everything, the fractions, but I 
would like it that you taught us more, a bit more. 

Facilitator: Regarding what? 

Susana: Whatever, in what we are studying. 

Isidoro: A little more explicit. 

Susana: Yes, for example if you gave us a problem, or give us an example, for 
example, for example right, you gave us a problem and you answer it, you tell us 
how to follow the steps and give us the rest so we can solve them. 

(Interview 1, Nov. 2007) 

 

This excerpt, though, seems to be the exception to the rule, at least overtly. There are many more 
parents’ comments that value the inquiry and group work approach, as Isidoro, commenting on 
working on a problem, had said previously: 

I do like it, when we are working on a problem, I look at it first when I’m working 
with my wife, and if I think it’s difficult, [I tell her:] “you know what? Help me, I 
don’t understand this.” But if I see that it’s easy, I do it and I explain it to her, or 
she’ll ask me. And then we work with the group. 

(Tertulia debriefing, Apr. 2007) 
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Parents recognize they have different experiences and life paths and that one can help the other in 
some cases and vice versa, as Emilia, one of the participants points out: 

We are all wonderful because we don’t make anybody else feel inferior. I mean 
maybe you don’t know this right now but maybe you [referring to another mother] 
know this now. I don’t know. There are things that maybe I didn’t get and for 
example maybe she did, and she can tell me well it’s like this. So then nobody, we 
don’t feel, nobody feels inferior to anybody else. And we help each other. That’s 
what we notice. If the gentleman knows something that I don’t he teaches us or we 
teach. We all help each other. 

(Tertulia debriefing, Oct. 2007) 

Vignette 3. Isidoro’s wrenches: comparing fractions 

In the spring module of 2007, a few meetings were devoted to comparing fractions. A couple of 
sessions prior to the one in which the following episode takes place, the participants had been 
working with contextualized word problems. However, for this session the goal was to develop 
strategies to compare fractions by just looking at the relation among numbers: different 
numerators with the same denominator, equal numerators and different denominators, and 
between the numerator and denominator. The problem at hand was to compare three fourths and 
six eighths and determine if they were equal to each other and, if that was not the case, which one 
was larger. Isidoro was up in front of the group explaining his solution: 

Facilitator: How did you do [solve] that [problem]? 

Isidoro: (He draws two rectangles on the paper in the easel, one above the other, and 
he divides them into four and eight parts, respectively) These are three eighths 
(shading three pieces of the top rectangle) two, four, six (counting six pieces from 
the rectangle at the bottom) they are six eighths. 

Facilitator: Yes, but how...? 

Isidoro: You are going to... the first square is divided into four pieces, OK? and 
from the first square we take three fourths: one, two, three. OK? From the other 
quarter, square, I’m sorry, we take eight pieces: one, two, three, ..., five, six, seven, 
eight. And that way we see that six eighths... we divide, it is the same as three 
fourths. Here: three fourths equals six eighths. 

Facilitator: Are you convinced? [talking to everyone.] 

Mother: From that point of view, it is fine. 

Marcos: But [that is] not [the case with] wrenches. 

Facilitator: Not what? 

Marcos: Wrenches are measured differently. 

Facilitator: Oh, wrenches! 
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Isidoro: Do you mean a mechanic’s wrenches? 

Marcos: Well, on the tape they are different. 

(Tertulia, Apr. 2007) 

The time is up. A heated conversation between the two fathers goes on about different sizes and 
their equivalent measures in the metric system. The facilitator asks them to bring the wrenches to 
the next meeting. Both Marcos and Isidoro agree. In the background, one can hear a few 
comments from a woman recognizing the expertise these two men have. Rogelio in the 
background states, “there is no six-eighths wrench.”  

Two weeks later, Isidoro has his wrench kit (part of it, he says) and lies them down on a table.  

Facilitator: Let’s see, explain to us that about the two groups [U.S. standard and 
metric systems] and the sizes and so on, and how they are classified. 

Isidoro: Well, here you have only these few wrenches (laughs) because all of them 
did not fit here. No, what happens is that these are the very basic ones only, those 
that one uses all the time. From those in standard sizes we start with the one fourth 
[inch] one. 

Facilitator: This is one fourth of what? (Writing on the chart paper on the easel). 
One fourth of an inch? 

Isidoro: [One fourth] of an inch. 

Facilitator: Is this the smallest one? 

Isidoro: No. As a matter of fact, there is one (inaudible), but the most common in—
is this one. 

Facilitator: And then? Which one is next? 

Isidoro: (Inaudible) then we continue with the five sixteen. 

Facilitator: Five sixteen. 

Isidoro: Three eighths. The fact of the matter is that there are more measures but 
these are the basic ones. . . . 

Isidoro: Fifteen sixteen and one inch. (The facilitator hesitates about what he is 
about to write down.) 

Facilitator: And one inch. 

Facilitator: (Counting the fractions on the chart paper.) One, two, three, four, five 
six, seven, eight, nine, ten, eleven, twelve. 
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Up to this point, the fractions listed are 1/4, 5/16, 3/8, 7/16, 1/2, 9/16, 5/8, 11/16, 7/8, 13/16, 
15/16, 1. The facilitator has noticed that the order of 7/8 and 13/16 should be reversed but does 
not say anything. Marcos points out that Isidoro missed one fraction: 

Marcos: The three quarters one is missing. 

Isidoro: The three quarters one goes here (pointing with the finger on the paper) 

Facilitator: (Writing the fraction where Isidoro points to) Thirteen sixteen... which 
one is larger? Are they alright in this order? 

Marcos: Yes, that’s the way it goes. 

Isidoro: That’s the way they are in order. 

Facilitator: Are you sure? Here, I don’t know. It seems to me that there is a strange 
thing here. Let’s see... 

Isidoro: What happens is that the three quarters one was missing. That is why. 

Facilitator: Ahum... (reading the fraction from the chart paper) twelve, thirteen, 
fourteen, hm. OK. We are going to go over that in a little bit. 

Facilitator: OK, let’s see one thing. For example, honestly, I am not convinced that 
these (pointing at the fraction on the paper) go like this, in this order. I [say so] just 
because I have to believe it, because I don’t know. Or, is there a way to find out?  

The group follows this conversation closely although there is not much interaction by the other 
members with Isidoro besides Marcos and Rogelio, the other two men in the group. A mother 
comments to another than that her husband told her that there is no six-eighths wrench. Ordering 
the fraction this way though, becomes very concrete. We have reached a point where the 
instructor questions the truth of the information, and the need for verification arises in this 
context. The facilitator seizes the opportunity to connect with the representation of fractions they 
had been learning: 

Facilitator: How can you compare, in a way that I can visualize it, one fourth and 
three eighths, and let’s say seven eighths and thirteen sixteenths? (Circling on the 
chart paper the fractions to be compared.) 

Everybody works individually and in groups trying to solve this puzzle. We follow Isidoro who is 
working with his wife, Susana. Laura, an undergraduate research assistant, sits with them as they 
work on the problem.  

Isidoro: (Drawing a line on the grid paper and counting two squares at a time.) one, 
two, three; here they are (shading all the little squares he just marked). Up to here we 
have only one quarter of an inch (shading four little squares). And up to here we 
have three eighths (shading again the six bottom squares).  

Isidoro: (inaudible) 

Susana: What is this one? (pointing on Isidoro’s paper the end of his mark). 
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Isidorov This is (Pointing at the whole shaded area) 

Susana: What fraction is this one? 

Isidoro: This is seven eighths. 

Susana: Seven eighths (writing down the number at the end of the shaded region). 

Isidoro: (it looks like he is thinking aloud) seven eighths. We are talking about 
(pause) three eighths (he writes down the number at the end of the bar corresponding 
to 3/8). We are asked [to show] thirteen sixteen. The other one would be (pause, he 
looks at the chart paper) only up to thirteen. Only up to here. From here to there 
(pointing somewhere at the top of his sheet). From here to the [number] thirteen, 
only (he shades in the grids at the bottom). 

Susana: How about this one? What fraction is this? 

Isidoro: It is thirteen sixteen (he writes down the number at the end of the bar and 
puts down his pencil on the paper, signaling that he finished the problem; long 
pause). 

Laura: Oh, then they [the numbers] were placed in the wrong order, does thirteen 
sixteenths go first and then seven eighths? So that they are in... 

Isidoro: No, they are (looking at the chart paper) oh, yes, that’s right: It is thirteen 
sixteen and seven eighths. You are right. There. (He puts down his pencil on the 
paper again.) 

(Tertulia, Apr. 2007) 

In this segment of the conversation we see Susana occupied with the symbolic representation of 
the fractions, while Isidoro works on the graphic representation. Figure 2 depicts what Isidoro did 
on his grid paper, but this is not his actual work; instead of the ‘X’ he had shaded the little 
squares. In both cases they have moved away from the concrete tools, the wrenches, to a 
representation; the rectangles on the grid paper that become their new, yet familiar by now, 
concrete tool where the comparison takes place. By giving the grid paper, one could argue that we 
impose a representation on the participants: They counted the squares rather than measuring the 
fractions of an inch. They do not seem bothered by the fact that the 16 squares rectangle is not 
one inch long.  

 
Figure 2. Isidoro’s grid paper. 

We view the whole episode of comparing fractions by referring to the wrenches as an example of 
how adults draw from their life and work experiences to make sense of the mathematics. Parents 
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seem to have held their engagement with the mathematical task for a long time since it was 
related to a familiar context. 

Vignette 4. Let’s go to dance: the median 

As our previous vignette exemplifies, adults prefer “concrete mathematics” rather than an 
“abstract” one (Plaza, González, Montero, & Rubio, 2004), and they choose ways to represent 
mathematics closer to their everyday experiences rather than algorithms or proofs. They prefer 
the former because it is easier for them to understand the meaning underlying a mathematical 
notion when it is connected to real examples, rather than to a collection of unfamiliar symbols 
written on the chalkboard. This next vignette takes us to a session where the facilitator explains 
the idea of median. It was the second module, which was focused on statistics. The topics were 
data representations and data analysis. The following activity takes place during the Measures of 
central tendency lesson. In the previous session the concept of the median was presented with the 
following exercise: Each participant takes one value from the data set; places oneself in order, in 
relation to the rest of the group; and the two people at the extremes of the line, one from each end 
point, separate from the line until only one or two are left. (The facilitator uses the metaphor of 
“going to dance” when each pair leaves the line.) When only one person is left, the value he or 
she holds is the median; otherwise, they have to add up the values of the couple left at the end, 
and divide the sum by two. We see this technique being enacted below as parents solve the 
problem of finding the median of the given average house price per school district in their city: 

Marisol: How much do you have? 

Rogelio: One hundred eleven. 

Marisol: Oh, no. 

Irene: I have one hundred nine. 

Marisol: I have two hundred sixty-seven; from the largest (pointing to person to her 
right) to the smallest (looking towards the other direction). 

Luisa: One hundred fifty-three 

Rogelio: Who has the smallest one? 

Francisco: are we talking about quantities or …? 

Marisol: Let’s see, this is from the largest to the smallest. I have two hundred sixty-
seven, who is closer to (inaudible)? 

Luisa: One hundred fifty-three? (moves to the left of Marisol.) 

Marisol: Uh huh, one hundred fifty-three and then? 

Irene: I have one hundred sixty-one. 

Marisol: No, and then? 

Rogelio: Then here. 
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Marisol: One hundred eleven (reading Rogelio’s piece of paper), and you? 

Norma: One hundred twenty-three 

Marisol: One hundred twenty-three, one hundred eleven, 

Irene: One hundred nine. 

Marisol: Then you go and then Ms …, you go and then 

Adelaida: No, she has one hundred twenty and I have one hundred nine. 

Marisol: Ah! OK, and you? 

Francisco: Sixty-nine. 

Marisol: OK, so we are ready then. 

As soon as the eight participants were ordered in line, the facilitator started to take them aside two 
by two. Finally only two persons were left (in the middle of the queue). At that point the 
facilitator asked what to do when there are two individuals left. This was only the second time 
they had practiced the concept of the median. By enacting the process the first time, it seems that 
the participants were able to reproduce the technique easily. A by-product of this implementation 
was the creation of an informal reference to the process of eliminating the extreme values of the 
ordered set, namely the metaphor to take them out to dance. 

Facilitator: OK, move a little bit over there (motioning with his hands), a little bit 
over there, perfect, and start dancing; come dancing, here you go,  

Marisol: And then you go in front. Mr. M is going to be the one left 

Facilitator: There are two left, aha, very well… What did we do when we had not 
just one value but two values in the middle 

Luisa: We divided. 

Facilitator: We divided, exactly, very good. 

Marisol: We add them and divide them by two. 

(Tertulia, Nov. 2006) 

Parents were able to address the idea of median with an even number of frequencies, which is not 
an easy task since it includes three steps to solve it: first to order the data, second to split the data 
into halves, and then to take the values in the middle, add them and divide them by two. We do 
not know for sure but wonder if the dance metaphor played a role in their understanding of how 
to find the median as it provided them with a concrete and visual approach. As Plaza et al. (2004) 
suggest, adults are more likely to prefer concrete and pragmatic ways to learn mathematics, rather 
than abstract ones.  

There was one mother, Marisol, who took the lead organizing the work of the group. Marisol’s 
role in these workshops needs to be pointed out, as she is not one of the participants per se. She 
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works at that school and is the contact who recruited the parents to these workshops and who was 
instrumental in their attending (she would call them to remind them and even offer to pick them 
up if needed; she made sure that there were refreshments for the workshop; she basically took 
care of many of the logistics). Marisol was a mother participant in a prior project directed by the 
second author and, as a result of that project, had already been facilitating mathematics parent 
workshops at the school prior to our work there. We want to point out that while Marisol took 
over the group’s discussions sometimes in this first series of workshops, she has since taken a 
more behind the scenes seat to allow the other parents to take a more active role.  

Vignette 5. “Please don’t ask me to go to the board” 

Researchers have been concerned with the link between affection and cognition, in particular the 
role of emotions in mathematical learning (Evans, 2000; Gómez-Chacón, 2000b). With this next 
vignette we bring up an example of a common practice that may interfere with the learning 
process. 

Norberto is from Northern Mexico. He has a college degree in agricultural engineering; thus, his 
motivation to participate in the workshops is not for him to learn mathematics. Norberto’s nexus 
with the school is his nephew who at the time of the interview was in 8th grade. The following 
conversation was part of the first interview with Norberto. The question being discussed is “How 
was mathematics taught when you went to school?” Norberto had been discussing how strict 
teachers were, and how physical punishment was one of the most vivid memories he had. 

Norberto: They were, teachers certainly were strict. Or maybe because, back then, 
that is how the teacher’s system was. You would (be asked by them) to come up to 
the board and… many times, you would forget something, so, (you would also get) 
the (imitates teacher hitting student with a stick), the punishment, or a pinch. 

Facilitator: Physical punishment? 

Norberto: Physical. So, I think one (as a result) grows somehow afraid of being in 
front (of people). You start getting distrustful, ehh, how do you say it?... 
psychologically, you start getting afraid of the public. That was, in elementary, 
right? It only happened, no, no. . . . 

Norberto: Many times I knew, but I had fear, and one gets a mental block. And then 
that’s it: You move neither forward nor backward, so that. 

(Interview 1, Nov. 2007) 

Norberto’s comment about being punished for making a mistake when at the board seems to have 
conditioned him and many other parents, judging from their responses, to feeling apprehensive 
towards going to the board to present their work. We interpret this expression of mathematics 
anxiety as a learned reaction: Students were conditioned to fear going to the board. Evans (2000) 
addresses the relation between anxiety and performance and explores different approaches in 
which he calls models. Norberto reports how he experiences this connection in the previous 
vignette. This predisposition manifests itself during the workshops: Parents are reluctant to go to 
the board to explain their solution or to work on a problem in front of the rest of the group. The 
sentiment is so strong that during a debriefing at the end of one of the modules, parents petitioned 
not to be asked by the facilitator to go to the board. 
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Celia: … I wouldn’t like to be forced to go up. No, it has to be me who says, “okay 
now I am going to do it even if what I have isn’t right,” I have to feel confident that I 
do want to go up there. 

(Tertulia debriefing, Oct. 2007) 

The individual presentations at the board by participants were intended by the facilitator as a way 
to showcase different strategies to solve the problem, to recognize the participants’ contributions, 
and to provide individuals with opportunities to exercise leadership roles and to position 
themselves as intellectual resources, and hence, as a learning experience for all involved. Instead, 
the results of asking parents to participate in this way during the workshops seem to have the 
opposite effect: apprehension and maybe even embarrassment. This finding is consistent with 
research on the role of affect in adult learning (Evans, 2000). Luisa, from Vignette 1, became 
progressively vocal about her resistance to go to the board. Susana, from Vignette 3, had also 
shared her mixed feelings. She understands the importance of that practice, yet she still feels very 
uncomfortable. For some of them, going to board was itself a form of punishment. The 
commonality of the reactions presented above leads us to agree with Gómez-Chacón (2000a) in 
that to understand learners’ affective relations to mathematics, and pedagogical practices,  

it is important  to know and understand the system of values, ideas and practices of 
the context (the culture), since these perform the function of establishing an order 
which allows the individual to orient himself and supplies him a code of 
communication. Thus it seems desirable that in investigations on mathematics and 
the affective dimension, we should address the subject’s two affect structures, the 
local and the global. This last implies viewing the person in this situation, knowing 
the individual’s systems of beliefs (beliefs as a learner of mathematics, beliefs about 
mathematics, beliefs about the school context), social representations and the process 
of construction of the subject’s social identity. (p. 166) 

We want to point out, however, that in prior work with groups of parents along the same 
demographics as in this study (in fact, in the same school district), many parents seemed quite 
willing to present their work to the group (Civil, 2001). We need to pursue this topic more and 
look at it from the point of view of environment (the room set-up), social norms, and pedagogical 
approach. It is the case that in the prior project many of the parents were preparing themselves to 
lead workshops, which is not the case in this current implementation. 

Conclusion 

From our experience of working with parents we have learned of the importance of the context in 
the learning process. Adults use their everyday experiences to understand mathematical ideas and 
to connect formal mathematics with life situations previously experienced, as evidenced on 
Vignettes 1 through 3 and supported by the literature (Knowles, 1968; Lave & Wenger, 1991). 
The prior experiences that adults have mediate their process of learning (Knowles, 1968); it is 
important to draw on these experiences not only to gain engagement but also to anchor and 
expand their body of knowledge. Some of this knowledge could be understood as funds of 
knowledge (González et al., 2001) as in Vignettes 2 and 3. Also, in agreement with Vygotsky 
(1978) and Freire (1970), interactions play an essential role in adult education. The nonformal 
nature of these workshops nurtures these interactions as community building is promoted by the 
frequency of the meetings and the shared motivation to take part of them. Plaza et al. (2004) 
affirm that adults prefer concrete examples rather than abstract mathematics. This does not mean 
that we should shy away from abstract mathematics when working with adult learners. The 
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parents in these vignettes made connections to their everyday experiences and seemed to enjoy 
visual approaches, such as the dance metaphor in Vignette 4, as a way to make sense of a 
mathematical concept (the median in that case). But we know from prior research that parents 
want to learn the “abstract” mathematics too (Benn, 1997; Civil, 1999; 2004). This may be the 
case for many adults as one of their motivations for learning mathematics may be to be able to 
help their children with school work; another may be for themselves to further their own learning. 
Once again, fulfilling the expectations that motivate parents to participate in the workshops that 
are adapted to their unique situation, is in agreement with the nonformal nature of the tertulias. 

At the foundation of adults’ participation in these learning activities, and surrounding it at the 
same time, we find the crucial role of emotions. The affective component of adult mathematics 
education has been documented (Evans, 2000; Gómez-Chacón, 2000b) and we see it resurfacing 
from adults’ prior schooling experiences and manifesting itself in their reluctance to go to the 
board. Norberto’s account is a clear example (Vignette 5). We need to recognize and address 
these kinds of situations in order to overcome the emotional barrier that mathematics in 
particular, and schooling in general, may represent for some adult learners. Although grades, 
promotion, or accreditation risks are absent in nonformal education and therefore may lower the 
stress level, there are still other forms of emotional stress present. This suggests a possible 
direction for further study. 
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Evaluating a Mathematics Course for Adults Transitioning to Tertiary Studies 
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A year-long pre-degree program is offered at the University of Auckland to about 100 students 
each year from ‘disadvantaged’ backgrounds.  This program was established to attract and help 
students returning to study, particularly Maori and Pacific Island students.  The program aims to 
prepare students to enter tertiary institutions for further study. 
 
It was challenging for even the very experienced teachers of this class to provide an effective 
mathematics course.  Students often have personal and financial challenges to deal with.  
Students come with a range of mathematics background knowledge but the curriculum is the 
same for all students.  Mathematics is a compulsory part of the program.  A carefully structured 
and paced re-introduction to mathematics was planned. 
 
When I decided to investigate the effectiveness of this mathematics course, I had to decide what 
data would be most revealing.  I gathered information from students about their beliefs about 
mathematics and beliefs about their ability to learn mathematics.  I developed a questionnaire, 
conducted interviews and used a projective technique.  Examining the relationship between these 
beliefs and achievement was very illuminating, indicating that this data provided a useful 
evaluation of the course.  It allowed me to conclude that for about 80% of this class, the teaching 
approach worked.  Given the constraints of time and a fixed curriculum, this teaching approach 
was successful.  
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The importance accorded mathematics as a compulsory subject in Nigeria from 
Primary to Secondary school levels, reflects the vital role it plays in the 
contemporary society.  Apart from the fact that success in mathematics enhances the 
quality of student’s certificates in the General Certificate Examination(GCE) , 
trends have shown that to secure admission for most courses in the universities, a 
credit pass in the subject is an advantage. Thus, the study of mathematics in schools 
represents a basic preparation for adult life and a gateway into vast array of career 
choices.  From the societal perspective, mathematics competence is essential for the 
preparation of an informed citizenry and for the production of highly skilled 
personnel required by industry, science and technology. However, only a small 
percentage of learners ever study mathematics beyond the secondary school level. 
The growing awareness of the need to study mathematics for self improvement, 
promotion and job security, has led some adults to seek admission into universities 
to study the subject.  The yearnings of these adults are being met through Adult 
Education programs in some Nigerian universities. This paper reports an evaluation 
of the efforts made so far in this regard in the Adult Education programs of 
Adekunle Ajasin University. 

 
Introduction 

 
“Mathematics is the science that draws necessary conclusions” (Pierce, 1881). 
 
Summary of Views about Mathematics 
 
Mathematics is the body of knowledge centered on such concepts as quantity, structure, space and 
change, and also the academic discipline that studies them.  Other practitioners of mathematics 
maintain that mathematics is the science of pattern and that mathematicians seek out patterns 
whether found in numbers, space, science, computers, imaginary abstractions or elsewhere 
(Steen, 1988; Devlin, 1996). Mathematicians explore such concepts, aiming to formulate new 
conjectures and establish their truth by vigorous deduction from appropriate chosen axioms and 
definitions (Jourdian, 2003).  Mathematics, can therefore, be described as an organized active 
thinking, which involves the search for patterns and relationships that may be expressed in 
symbols.  It is an expression of the human mind that reflects the active will, the contemplative 
reason and the desire for aesthetic perfection.  Thus, mathematics is a structure of relationships 
and the formal symbolism is a way of communicating parts of the structure from one person to 
another.  Hence, a mathematical statement basically deals with relationship within the structure 
expressed through the use of symbols—a kind of language designed purely for the purpose.  The 
nature of mathematics has always tended towards abstraction.  This is because its basic elements, 
which are numbers are very abstract.  Through the use of abstraction and logical reasoning, 
mathematics evolved from counting, calculation, measurement and the systematic study of the 
shapes and motions of physical objects.  Thus, mathematics attempts to present actual 
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relationship between concepts connected with numbers, together with their applications to 
problems arising in real world.  Therefore, learning mathematics involves the apprehension of 
such relationships together with their symbolism and the acquisition of the ability to apply the 
resulting concepts to real situations occurring in everyday life.  It is this aspect of mathematics 
namely, its application, that has made the subject the essential aids by which individuals and the 
society have benefited immensely.  Knowledge and basic use of mathematics have always been 
an inherent and integral part of individual and group life. 
 
Mathematics and Human Activities 
 
In all the entire history of education, mathematics has held its leading position among other 
school subjects.  It is generally considered as an indispensable tool in the formation of the 
educated man.  According to Griffiths and Howson (1974), the educated man is that 
knowledgeable man, trained to approach the affairs of the daily life with some sense of 
detachment and objectivity and to reason about them soberly and correctly. For over 30 years, the 
position of mathematics in relation to the personality of man has not really changed, rather it has 
expanded. Mathematics is the means of sharpening the individual’s mind, shaping his reasoning 
ability and developing his personality. Personality, according to the principles of psychology, 
involves through a process of integration of the whole man. An integrated person is that one who 
is able to take a wider as opposed to a personal or sectional view in most questions. Such a person 
would be constructive rather than just critical in a difficult situation. These qualities made the 
integrated person an individual who is always trying to unite things rather than separate them. For 
sure, he would seek connections rather than differences and perhaps most importantly, he would 
be able to make a good adjustment to his environment by establishing a fundamental identity of 
interest between himself and his fellow men. Mathematics provides the forum in which this 
process of integration could be held, developed and internalized. The fate in mathematics to 
produce integrative effect on human personality dated as far back as the days of Pythagora. 
Mathematics was to the people of that age, a discipline of the mind disciplina mentis and so, it 
was dear to all who believe in education. In the ancient Egyptian society, mathematics was taught 
in order to achieve the desirable state of been a priest. The priest were highly honored and 
considered as men of high esteem and personality, who acquired their exceptional status through 
the discipline of mathematics. 
 
Numeracy, the ability to understand and work with numbers is a necessary tool for the daily 
living of the people of any society.  In many situations of life, an individual is faced with the task 
of taking some decisions.  Many of such decisions can be taken more rationally if approached 
quantitatively. 
 
Mathematics as a Universal Language 
 
Mathematics is a universal language that cuts across all cultures and serves as a means of 
expressing thoughts in a neat and precise form.  It is a means of communication and description 
used by economists, geographers, scientists, businessmen and women—people of all walks of 
life.  No matter in what native tongue, mathematics precision remains the same. You may wish to 
consider the following mathematical instruction: 
 

Make thee an ark of gopher wood, rooms shall thou make in the ark, and shalt pitch it within 
and without with pitch.  And this is the fashion which thou shall make it of:  The LENGTH of 
the ark shall be THREE HUNDRED CUBITS, the BREADTH of it FIFTY CUBITS and the 
HEIGHT of it THIRTY CUBITS.  A window shall thou make to the art …………..with LOWER, 
SECOND and THIRD stories shall thou make it – (Genesis 6: 14-16). 
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The above is a record of God’s instruction to Noah about the dimension of the Ark he was to 
build.  This precise instruction was purely in mathematical language for the purpose of precision, 
neatness and fewness of words. 
 
Today, more and more mathematics vocabularies are used in human interactions; at home, in the 
office and in sending messages in order to achieve precision in communication.  
 
Mathematics in the Nigerian Educational System 
 
In the Nigerian educational system, mathematics is accorded a prime place. The subject is made 
compulsory from Primary to Secondary school levels.  This national position reflects the 
importance attached to mathematics in the educational system and the vital role it plays in the 
contemporary society. At the most basic level, the knowledge of mathematics is essential in the 
conduct of everyday living.  In commerce, engineering, and the natural and social sciences, 
advanced mathematical concepts and techniques are indispensable tools. 
  
Apart from the fact that success in Mathematics enhances the quality of students’ General 
Certificate of Education (GCE) certificates, the trend has shown that in order to secure admission 
into most courses at university level, a credit pass in the subject is an advantage.  Thus the study 
of mathematics in schools represents a basic preparation for adult life and a gateway to a vast 
array of career choices.  From the societal perspectives, mathematics competence is essential for 
the preparation of an informed citizenry and for the production of highly skilled personnel 
required by industry, science and technology. 
 

Mathematics in Adult Education 
 
Mathematics in adult education is an instrument for moving forward (Omolewa, 2006).  With the 
use of mathematics, adult education makes provision and enables access for those who, for a 
variety of reasons have been kept out of the education system.  The provision may simply be that 
of fundamental level of literacy.  It however goes beyond this primary level of education to 
include remedial classes and continuing education programs in mathematics. Thus, mathematics 
in adult education offers people a second chance.  Its focus is on lifelong learning and it provides 
everyone with the hope to live and change unacceptable circumstances and situations of life.  It 
provides an alternative means of access to living through further learning. Perhaps, the greater 
value of mathematics in adult education is that it opens an avenue for bringing about change in 
individuals, communities, societies and nations.  Its role is to assist whoever is ready to move 
from failure to success, from unknown to the known, from the obscure to the recognized and from 
the ignored to the celebrated (Egunyomi, 2008).  Therefore the importance of mathematics in 
adult lives cannot be undermined. 
 
Categories of Adults Learning Mathematics 
 
In Nigeria there are three categories of adults who learn mathematics: 
• Learners of mathematics in Adult Literacy Program 
• Learners of mathematics for access to higher education 
• Adult workers studying mathematics to earn university certificate for self-improvement, 

promotion or job security. 
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Numeracy 

 
Reading 

 
 

Spelling 

 
 

Writing 

 
Overall 
Literacy 
Program 

Mathematics in Adult Literacy Program  
 
This is the level of literacy acquisition.  The learning of mathematics by this group of people is 
part of the literacy program for adults in the society.  The mathematics component of the program 
is essentially numeracy.  Numeracy is a proficiency which involves confidence and competence 
with numbers and measures.  It requires an understanding of the number system, a repertoire of 
computational skills and an inclination and ability to solve number problems in a variety of 
context.  Numeracy also demands practical understanding of ways in which information is 
gathered by counting and measuring and is presented in graphs, diagrams, charts and tables. 
 
Adult learners have different needs when it comes to numeracy.  Some will want to improve their 
numeracy skills in everyday living situation such as shopping, banking and other situations of 
human interactions.  Still others will need specific instruction on how they could read electricity 
bills, appreciate purchases and even assist their children or grandchildren in home works. 
 
The programs for adult numeracy are usually organized by Departments of Adult Education in 
universities. They are usually delivered to the learners at community levels using Primary School 
buildings in the localities.  The contact periods are evenings and weekends.  This type of 
arrangement reduces the cost of education on the part of the learners.  The numeracy aspect of 
adult education is holistic in nature, combining real life application of mathematics and the 
integration of mathematics into the whole program of adult learning.  The real life application 
aspect described as active and authentic (Herod, 2000) is premised on the assumption that 
teaching and learning numeracy is most effective when it is tied to “real life” situations that are 
meaningful and relevant to the learners. When adult learners apply mathematics knowledge in 
their own lives or to their needs, they are motivated.  Relating mathematics to the culture and 
lives of the people makes the learning of the subject very stimulating. It makes them see 
mathematics in everyday life.  The process encourages critical thinking—solving life problems 
using variety of strategies. 
  
The integration of mathematics into the whole program of adult literacy follows the pattern for 
numeracy for Adult Literacy Learners of Manitoba Adult Literacy and Continuing Education. 
Numeracy is taught along with Reading, Writing and Spelling.  This approach ensures a blending 
of knowledge from the four areas of learning.  It paves the way to learners’ understanding of 
verbal mathematics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evaluation of performance at this level is essentially informal.  The measure of success is the 
learners’ ability to apply the knowledge they have gained to various aspects of their lives.  Tutors 

Adapted 
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have noticed several instances where adults joyfully report their experiences of how they had 
been able to use their knowledge of numeracy to gain enlightenment in daily life interactions. 
 
Mathematics for Access to Higher Education: The Extra-Mural Programs  
 
Extra-mural studies are programs organized by Faculties of Education or Institutes of Education 
in Nigerian Universities to provide remedial education for people who had prematurely dropped 
out of the formal school system or either failed or obtained poor grades in the West African 
School Certificate Examination or General Certificate of Education. 
 
The programs are located outside the main stream of the university academic system, in public or 
private school premises that can accommodate the number of candidates that seek such 
educational improvement assistance. The aims of the extramural studies include: 
 

• To provide a functional and remedial education for those who had prematurely dropped 
out of school.  

• To provide an opportunity for university aspirants to obtain qualifying grades in 
mathematics. 

• To provide remedial courses including mathematics for candidates who either failed or 
obtained poor grades in various certificate/qualifying examinations. 

 
The mathematics curriculum for this category of adults is a replica of the curriculum for 
Secondary School Certificate or the General Certificate of Education. The success of the program 
is measured by the percentage of candidates that succeeded in obtaining the required grades to 
gain admission into higher institutions. The mathematics programs of extra- mural studies have 
not attracted any serious empirical studies or investigation. 
 
Mathematics for Self-Improvement, Promotion or Job Security 
  
Adult learning mathematics of this category are found in the Sandwich Degree Programs in 
Nigerian Universities. What follows is an evaluation of learners’ performance in mathematics in 
the Sandwich Degree Programs of Adekunle Ajasin University, Akungba-Akoko, Ondo State, 
Nigeria. 
 
The Objective 
The Sandwich Degree Program is designed to meet the yearnings of many adults who had missed 
the opportunity of university education at their early stage of life.  Apparently these adults cannot 
leave their jobs for full-time studies without government sponsorship.  There is also the growing 
awareness of the need to study mathematics for self improvement, promotion or for job security.  
This is very true of many secondary school teachers who have reached a certain level in their 
career and could not earn promotion or elevation to a higher status because they do not have 
university degrees.  These and other reasons have led some adults to seek admission into the 
university to read mathematics.  The needs of this category of adults are met through the 
Sandwich Degree Courses. 
 
Structure of Courses 
The academic contents as well as the practical skills that students are expected to acquire are 
arranged in modules described as courses.  The courses are graded according to the levels of the 
academic maturity of students.  In addition, they are stratified into four or five hierarchical order 
depending on the entry requirements.  Each hierarchy of courses denotes the year the courses are 
offered. 
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The following are the mathematics courses for the four year program: 
 
Year One 
MAT 101 Algebra and Trigonometry  
MAT 102 Vector, Geometry and Mechanics  
MAT 103 Introductory Calculus 
MAT 104 Statistics for Physical Sciences 
 
Year Two 
MAT 201 Mathematical Methods I 
MAT 202 Elementary Differential Equations I 
MAT 203 Linear Algebra 
MAT 205 Sets, Logic and Algebra 
MAT 206 Introduction to Numerical Analysis 
MAT 207 Real Analysis I 
MAT 208 Continuity and Differentiability  
MAT 209 Probability Distribution 
 
Year Three 
MAT 301 Abstract Algebra I 
MAT 302 Abstract Algebra II 
MAT 303 Introduction to Topology 
MAT 305 Vector and Tensor Analysis 
MAT 306 Elementary Differential Equation I 
MAT 307 Complex Analysis I 
MAT 308 Complex Analysis II 
MAT 309 Real Analysis II 
MAT 310 Numerical Analysis  

 
Year Four 
MAT 401 Ordinary Differential Equation 
MAT 402 Partial Differential Equation 
MAT 403 Functions   Analysis 
MAT 404 Lebseque Measure and Integral 
MAT 405 General Topology 
 
These courses are offered along side with two sets of General Courses, which each student must 
take and pass to graduate.  They are; General University Courses (GST) and General Education 
Courses (EDU). 
 
Evaluation of Sandwich Mathematics Program 
The remaining part of this paper focuses on the evaluation of the efforts to provide Mathematics 
to adult learners in the university. 
 
Sample 
The sample consists of 32 (29 males and 3 females) students of the Four-year program, who had 
successfully completed their degree course in Mathematics Education.  The students were 
selected on a whole class basis from the three centres where the program was mounted—Ikare, 
Ibadan and Agege in Lagos.  The average age of the student is 48.32 with a standard deviation of 
1.76. 
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Procedure 
The results of the performances of the students from the point of entry to the point of graduation 
were collected and analyzed. 
 
Results  
The university regulations require that students’ scores in various examinations be graded and 
assigned points as outlined below. 
 
Scores   Grade    Credit Point 
70% +   A     5 
60-69%   B     4  
50-59%   C     3 
45-49%   D     2 
40-44%   E     1 
Below 40%  F     0 
 
(i) The Total Credit Point (TCP) of all courses taken by a student is computed by 

multiplying the number of units for each course by the grade point equivalent of the 
marks scored in that course and summing over all the courses. 
 
 

(ii) The Grade Point Average (GPA) is obtained by dividing the Total Credit Point  (TCP) 
by the Total Number of Units (TNU) of the courses taken.     

Thus:   
TNU
TCPGPA =  

(iii) The Cumulative Grade Point Average is determined by summing up the TCPs for the 
years spent in the program and divided by the total Number of Units  aggregated over the 
years.   

 
The class of degree at the point of graduation is determined by the Overall Grade Point Average 
as follows 
 
                    First class              -          4.50 – 5.00   Symbolized as 1st 

        Second class upper - 3.50 – 4.40         “                 21 
                    Second class lower  - 2.40 – 3.49          “                22 
                    Third class   - 1.50 – 2.39           “                3rd 
                     Pass degree  1.00 – 1.49            “               P 
 
The tables below show the final results of graduated students at the three centers:  
 
         Table 1. 2007 Graduating Students List: Education Mathematics (Ikare Centre). 

 
STUDENT CTCP CTNU CGPA CLASS 

1. 430 121 3.55 21 
2. 427 121 3.53 21 
3. 414 121 3.42 22 
4. 393 121 3.25 22 
5. 392 121 3.24 22 
6. 391 121 3.23 22 
7. 389 121 3.21 22 
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8. 381 121 3.15 22 
9. 379 121 3.13 22 

10. 379 121 3.13 22 
11. 398 121 3.12 22 
12. 361 121 2.98 22 
13. 351 121 2.90 22 
14. 348 121 2.88 22 
15. 334 121 2.76 22 

 
Table 2.  2007 Graduating Students List Education Mathematics (Agege-Lagos Centre). 

 
STUDENT CTCP CTNU CGPA CLASS 

1. 449 127 3.54 21 
2. 424 127 3.34 22 

3.* 415 129 3.22 22 
4. 394 127 3.10 22 
5. 348 127 2.74 22 

6.* 316 135 2.34 3rd 
 
*Students who repeated some courses in the program. It is also to be noted that not all the 
students that started the courses together graduated at the same time. 

 
Table 3. 2007 Graduating Students List: Education Mathematics (Ibadan Centre). 

 
STUDENT CTCP CTNU CGPA CLASS 

1. 431 121 3.56 21 
2. 427 121 3.53 21 
3. 397 121 3.28 22 
4. 394 121 3.26 22 
5. 382 121 3.16 22 
6. 375 121 3.10 22 
7. 365 121 3.02 22 
8. 363 121 3.00 22 
9. 362 121 2.99 22 

10. 383 121 2.34 3rd 
11. 361 121 3.16 3rd 

 
 
The objective of the Sandwich Degree Program in Mathematics Education is to satisfy the 
aspirations of adults for a university degree. 
 
A close study of the three tables above shows that the adults who studied mathematics in the 
Sandwich Degree Program of Adekunle Ajasin University, though few, performed creditably 
well. It should be noted that the data analyzed were for those adults of the set that graduated in 
2007. There are earlier sets and a current one would be finishing up the program in December 
2008. 
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Conclusion 
 

It could then be concluded that the efforts of the university in meeting the needs of this special 
category of adult learners of mathematics are yielding a positive result.  However, given the 
thrust of this conference, the university would pay greater attention to adults in category 1 whose 
mathematics need is purely numeracy. 
 
It is this group of adults that need be empowered through mathematics education for the simple 
reason that these ones have not really had or enjoyed any appreciable formal education that would 
put them on any social standing in their communities.  
 

Recommendation for Further Action 
 

Mathematics in adult education is sine qua non to educational development and national progress. 
People are the subjects as well as the objects of development. People bring about development 
and development reflects on people. It has to do with enriching human resources and potentials. 
Therefore, using mathematics as a veritable tool in Adult Education is a course that must be 
pursued and achieved. The battle for adult education is a continuing one. As Egunyomi (2008) 
writes: 
 

The reason for continuity is that adult education often serves those who are not in a position 
to defend themselves: the weak, the poor, and sometimes the voiceless and the disabled. Adult 
Education is a struggle against ignorance, insecurity, neglect and abuse. It persistently 
encourages dogged determination and sternly discourages defeat or self-pity. 

 
Therefore a greater attention should be given to adults at the grass roots in the society to learn 
mathematics. This call to give mathematics its functional relevance to adults must yield to the 
following: 
 

• Determination of the quality and quantity of mathematics needed for effective daily 
living by adults 

• Identification of the instructional strategies and programs that will yield positive results 
• The professional development and certification requirement for instructors of adult 

mathematics education  
• Evaluation of learners’ outcomes in adult mathematics education 

 
If the above could be settled, a roadmap towards effective adult mathematics education would 
have been defined. This in turn would lead to creating a society of men and women who can 
address issues around them quantitatively and reason about them soberly and objectively, paving 
the way to peaceful co-existence in our communities. 
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 Developing Formative Assessment Approaches with Reluctant Mathematics 
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The presentation will outline planned research to investigate the development of formative 
assessment approaches with ‘reluctant’ mathematics teachers in rural Honduras and raise issues 
for discussion.  International studies demonstrate formative assessment to be the most cost-
effective way of raising maths standards.  It focuses on teachers’ use of existing resources, 
particularly important in situations where resources are limited.   Its implementation is 
particularly important in situations where resources are limited.  Its implementation is not 
straightforward but it is known that the chances of changes in practice being made and sustained 
are increased if they are slow, small and supported by discussion with peers.  Modeling desired 
approaches while training is also important because, while the relationship between affect, 
beliefs and practice is highly complex, it seems that changes in practice may precede rather than 
follow changes in affect and belief. 
 
Honduras is the poorest country with the worst maths results in Central America.  Honduras is 
therefore a good case to investigate the appropriateness of educational approaches in poor 
countries as an integral part of the Honduras government’s poverty reduction strategy.  Unusual 
for educación popular, SAT has been incorporated into the public education framework.  Hence 
SAT is ideal for investigating the wider applicability of formative assessment.   
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It has been twenty-five years since the National Commission on Excellence in 
Education called attention to the condition of education in the United States with its 
A Nation at Risk: The Imperative for Educational Reform.  In 1989 the National 
Council of Teachers of Mathematics (NCTM) released their Curriculum and 
Evaluation Standards for School Mathematics.  The original Standards were revised 
in 2000 and last year NCTM released the Curriculum Focal Points, a guidebook 
concerning the grade level at which specific mathematics content should be taught 
from pre-school through 8th grade.  All of these documents concerned school 
mathematics.   
 
In the intervening years since 1989, mathematics professional organizations, 
notably the Mathematical Association of America and American Mathematical 
Association of Two-Year Colleges, have addressed the issue of mathematics 
standards for post-secondary institutions, one arena for adults studying 
mathematics.  Outside the mathematics community, others have scrutinized the 
concepts of “numeracy” and “quantitative literacy.”   The National Institute for 
Literacy, the College Entrance Examination Board, and the National Council on 
Education and the Disciplines have explored the mathematical needs of adults in 
United States society. 
 
This year, the National Mathematics Panel released its report with 
recommendations concerning K-12 mathematics education in the United States.  
This paper highlights elements from the elementary and secondary reform movement 
that are pertinent to adult students.  Points of divergence between the 
recommendations for school mathematics and the quantitative literacy needs of 
adults are discussed. 

 

Introduction 

Twenty-five years ago, the United States Department of Education published A Nation at Risk: 
The Imperative for Educational Reform sounding an alarm that the United States educational 
foundations were in grave danger, “eroded by a rising tide of mediocrity that threatens our very 
future as a Nation and a people” (National Council on Excellence in Education, 1983, p. 5).  The 
National Research Council followed with a trilogy of texts specifically addressing the condition 
of United States mathematics education (National Research Council, 1989, 1990, 1993).  In 1989 
the National Council of Teachers of Mathematics (NCTM) released their ground-breaking 
Curriculum and Evaluation Standards for School Mathematics.  That was followed by two 
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additional publications promoting standards for the profession and for assessment (National 
Council of Teachers of Mathematics, 1991, 1995).  The three original Standards volumes were 
revised and consolidated in 2000 (National Council of Teachers of Mathematics, 2000) and last 
year NCTM released the Curriculum Focal Points, a handbook concerning the grade level at 
which specific mathematics content should be taught from pre-school through 8th grade (National 
Council of Teachers of Mathematics, 2007).  This year, the National Mathematics Panel released 
its report with recommendations concerning K-12 mathematics education in the United States 
(National Mathematics Advisory Panel, 2008). 
 
In the intervening years since 1989, other mathematics professional organizations have addressed 
the issue of standards for post-secondary institutions.  The American Mathematical Association 
of Two-Year Colleges (AMATYC) published Crossroads in Mathematics: Standards for 
Introductory College Mathematic Before Calculus and, recently, Beyond Crossroads: 
Implementing Mathematics Standards in the First Two Years of College.  The Mathematical 
Association of America (MAA) released Undergraduate Programs in the Mathematical Sciences: 
CUPM Curriculum Guide 2004 making recommendations for service and mathematics major 
courses.  This year, the MAA released the latest entry in its quantitative literacy sequence, 
Calculation vs. Context: Quantitative Literacy and Its Implications for Teacher Education, which 
explores the disconnect between the education of prospective teachers and the practical 
applications of mathematics in adult life.   
 
Those practical applications, called interchangeably “numeracy” and “quantitative literacy” in the 
reports to be examined, have been explored within and outside the mathematics communities.  
Within the adult education system, the National Institute for Literacy (NIFL) included 
mathematics as a key component in its Equipped for the Future Content Standards.  The College 
Entrance Examination Board explored the need for adult numeracy in its 1997 publication Why 
Numbers Count: Quantitative Literacy for Tomorrow’s America.  The National Council on 
Education and the Disciplines (NCED) followed in 2000 with Mathematics and Democracy: The 
Case for Quantitative Literacy.  NCED also sponsored a forum on quantitative literacy in 2001 
that was documented in 2003 in Quantitative Literacy: Numeracy Matters for Schools and 
Colleges.   
 
With the exception of the Equipped for the Future project, adult mathematics education experts 
were noticeably absent from the preparation of the standards documents summarized here.  A 
corollary is, by definition, “an immediate consequence or easily drawn conclusion, a natural 
consequence or result” (Stein, 1975).  This paper terms our work as adult educators a corollary to 
the reforms of the past twenty years because it is primarily subsequent and reactive to the 
principles proposed by the school and academic establishment.  While there is substantial 
overlap, the recent shift by the National Math Panel towards a traditional view of mathematics 
education represents a divergence from many of the values we hold for adult mathematics 
education that challenges the corollary analogy and gives cause to suggest a new and different 
“theorem” for our students. 
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School Mathematics 

The National Council of Teachers of Mathematics (NCTM) is the largest and most powerful 
player on the school mathematics field.  In their Principles and Standards for School 
Mathematics they describe a curriculum as “A curriculum is more than a collection of activities: 
it must be coherent, focused on important mathematics, and well articulated across the grades” 
(NCTM, 2000, p. 14).  It should include:  
 
• Foundational ideas like place value, equivalence, proportionality, function, and rate of change 
• Mathematical thinking and reasoning skills like making conjectures and developing sound 

deductive arguments 
• Concepts and processes like symmetry and generalization 
• Experiences with modeling and predicting real-world phenomena (pp. 15–16) 
 
This definition of curriculum was global and, over time, it became evident that the community 
could benefit from a more directive NCTM statement suggesting a judicious sequence of topics 
within the curriculum framework.  Furthermore, a mapping of topics to grade levels would 
provide a consistent timeline for designers, authors, and publishers of curricula.  The resulting 
product, Curriculum Focal Points for Prekindergarten through Grade 8 Mathematics, provides 
“descriptions of the most significant mathematical concepts and skills at each grade level” 
(National Council of Teachers of Mathematics, 2006, p. 1).  From an adult education perspective, 
I have paired the grade requirements for grades 1 through 8 and presented them as four “levels” 
that might be useful in an adult basic education setting.  Table 1 shows that arrangement. 
 
Table 1.  Grades 1 through 8 Focal Points Grouped as Effective Levels 
 
Level One: Grades 1–2  
• Develop understandings of addition and subtraction and strategies for basic addition facts and 

related subtraction facts. 
• Develop quick recall of add/subtract facts and fluency with multi-digit addition and 

subtraction 
• Develop an understanding of the base-ten numeration system and place-value concepts 
• Compose and decompose geometric shapes 
• Develop an understanding of linear measurement and facility in measuring lengths 
 
Level Two: Grades 3–4 
• Develop understandings of multiplication and division and strategies for basic multiplication 

facts and related division facts 
• Develop quick recall of multiplication/division facts and fluency with whole number 

multiplication 
• Develop an understanding of fractions and fraction equivalence 
• Develop an understanding of decimals, including the connections between fractions and 

decimals 
• Describe and analyze properties of two-dimensional shapes 
• Develop an understanding of area and determining the areas of two-dimensional shapes 
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Level Three: Grades 5–6 
• Develop an understanding of and fluency with division of whole numbers, fractions, and 

decimals 
• Develop an understanding of fluency with addition and subtraction of fractions and decimals 
• Connect ratio and rate to multiplication and division 
• Describe three-dimensional shapes and analyze their properties, including volume and surface 

area 
• Write, interpret, and use mathematical expressions and equations (Algebra) 
 
Level Four: Grades 7–8 
• Develop an understanding of and apply proportionality, including similarity 
• Develop an understanding of and using formulas to determine surface areas and volumes of 

three-dimensional shapes 
• Analyze two- and three-dimensional space and figures by using distance and angle 
• Develop an understanding of operations on all rational numbers  
• Analyze and represent linear equations and solve linear equations and systems of same 
• Analyze and summarize data sets (National Council of Teachers of Mathematics, 2007) 
 
In 2006, President Bush created a National Mathematics Advisory Panel (NMAP) and charged its 
members with the task of “relying upon the ‘best available scientific evidence’ and 
recommending ways ‘to foster greater knowledge of and improved performance in mathematics 
among American students” (National Mathematics Advisory Panel, 2008, p. xiii).  This year, the 
National Mathematics Panel released its report with recommendations concerning K-12 
mathematics education in the United States.  Their recommendations for curricular content 
stressed that there should be “A focused, coherent progression of mathematics learning, with an 
emphasis on proficiency with key topics” (National Mathematics Advisory Panel, 2008, xvi) with 
preparation for the study of algebra as its central goal.  Those critical topics fell into three groups 
and were detailed as shown in Table 2: 
 
Table 2. Critical Foundations of Algebra 
 
Fluency with Whole Numbers 
• Place value, basic operations, properties, and computational facility with both number facts 

and standard algorithms, estimation. 
Fluency with Fractions 
• Positive and negative fractions; representation and comparison of fractions, decimals, and 

percents; operations on fractions; applications to rates, proportionality, and probability; 
extension of the fractional notation to algebraic generalization. 

Geometry and Measurement 
• Similarity of triangles, slope of linear functions, properties of two- and three-dimensional 

figures using formulas for perimeter, area, and volume (pp. 17–18).    
 
The panel included specific benchmarks for these critical foundations and recommended that they 
be used to guide the development of curricula.  In general, the NMAP benchmarks coincide with 
the NCTM focal points.  Exceptions worth noting are the appearance of signed number operations 
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in Grade 6 (Level 3) for NMAP, the nominal mention of probability, and complete absence of any 
discussion of statistics in the NMAP critical foundations.   
 
Algebra for all students has long been a battle-cry in the school mathematics community and the 
NMAP report made it quite clear that this was the culmination of the school mathematics 
curriculum they envisioned.  In their own words, “All school districts should ensure that all 
prepared students have access to an authentic algebra course and should prepare more students 
than at present to enroll in such a course by Grade 8” (p. 23).  While not decreeing grade level 
instruction by topic, they expect that all students should have mastered the listed topics by the end 
of Grade 11 (p. 16).  Table 3 lists the NMAP breakdown of algebra topics. 
 
Table 3.  Major Topics of School Algebra 
 
Symbols and Expressions 
• Polynomial expressions 
• Rational expressions 
• Arithmetic and finite geometric series 
Linear Equations 
• Real numbers as points on the number line 
• Linear Equations and their graphs 
• Solving problems with linear equations 
• Linear inequalities and their graphs 
• Graphing and solving systems of simultaneous linear equations 
Quadratic Equations 
• Factors and factoring of quadratic polynomials with integer coefficients 
• Completing the square in quadratic expressions 
• Quadratic formula and factoring of general quadratic polynomials 
• Using the quadratic formula to solve equations 
Functions 
• Linear functions  
• Quadratic functions and their graphs 
• Polynomial functions 
• Simple nonlinear functions 
• Rational exponents, radical expressions, and exponential functions 
• Logarithmic functions 
• Trigonometric functions 
• Fitting simple mathematics models to data 
Algebra of Polynomials 
• Roots and factorization of polynomials 
• Complex numbers and operations 
• Fundamental theorem of algebra 
• Binomial coefficients (and Pascal’s Triangle) 
• Mathematical induction and the binomial theorem 
Combinatorics and Finite Probability 
• Combinations and permutations as applications of the binomial theorem and Pascal’s 

Theorem (p. 16) 
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Adult Mathematics 

Adult mathematics education is offered in the United States through two major systems, adult 
education and tertiary (post-secondary) education, each of which educates roughly 2 million adult 
mathematics students a year (Safford-Ramus, 2008, p. 31).  Professionals from the adult 
education sector were not included in the NCTM planning process and were therefore reactive 
rather than proactive in developing standards for adult basic and secondary mathematics 
curricula.  It was not until the mid-1990’s that adult numeracy standards began to appear.  The 
National Institute for Literacy (NIFL) funded the ABE Math Standards Project that applied the 
NCTM Curriculum and Evaluation Standards to adult basic education (ABE), adult secondary 
education (ASE/GED) and workplace education settings (Leonelli and Schwendeman, 1984, p. 
5).  NIFL incorporated a math standard into their Equipped for the Future Content Standards with 
a decision-making skill termed “Use Math to Solve Problems and Communicate.”  Table 4 lists 
the NIFL EFF standards.   
 
Table 4.  Use Math to Solve Problems and Communicate 
 
Adults function as: 
• Citizens/Community Members 
• Parents/Family Members 
• Workers 
 
Adults use Math to solve problems and communicate: 
• Understand, interpret, and work with pictures, numbers, and symbolic information. 
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a 

question, solve a problem, make a prediction, or carry out a task that has a mathematical 
dimension. 

• Define and select data to be used in solving the problem. 
• Determine the degree of precision required by the situation. 
• Solve problem using appropriate quantitative procedures and verify that the results are 

reasonable. 
• Communicate results using a variety of mathematical representations, including graphs, 

charts, tables, and algebraic models (Stein, 2000, p. 35). 
 
Action was taken on the local level.  In California, the Los Angeles Unified School District 
married the NCTM Standards and the California Department of Education Mathematics 
Framework of California Public Schools their Goals and Strands for Adult Mathematical 
Literacy.  Individual researchers incorporated the standards into their adult mathematics 
programs.  As part of a workplace numeracy venture, I designed and taught a basic mathematics 
curriculum based on the NCTM Standards (Safford, 1992).  The sequence of topics from that 
course is included as Appendix A.  Concurrently, a group of graduate students at Rutgers 
designed an algebra course for adults based on the Standards and related NCTM documents 
(Safford-Ramus, 1996, Ramus, 1997).  The resulting syllabus is included as Appendix B.   
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As recently as 2005, the Adult Numeracy Network published Teaching and Learning Principles 
that described a mathematics curriculum for adult learners.  Table 5 lists their aspirations for such 
a curriculum. 
 
Table 5.  Adult Numeracy Network Teaching and Learning Principles Curriculum 
 
A high quality mathematics curriculum for adult learners should: 
• Include the concepts of number, data, geometry, and algebra at all levels of learning so that 

students can develop and connect mathematical ideas. 
• Weave together all elements of mathematical proficiency—not only procedural fluency, but 

also conceptual understanding, ongoing sense-making, problem solving, and a positive 
attitude about learning mathematics. 

• Feature worthwhile tasks, such as activities that are drawn from the context of real life 
experience. 

• Develop confidence in using various strategies, such as estimation, mental mathematics, 
written procedures, and appropriate use of technology. 

 
Professors from tertiary (post-secondary) institutions were included in the development of the 
NCTM Standards but not from the standpoint of teachers of adult students.  Their focus in that 
project was children learning mathematics.  Just as in the adult education system, work on 
standards for mathematics instruction in the tertiary system ran consequent, not concurrent, to 
elementary and secondary research.  The term “numeracy” appears less in the literature of 
collegiate mathematics and is often replaced by “quantitative literacy.”   
 
Most adults returning to college enter through the community college portal.  The American 
Mathematical Association of Two-Year Colleges (AMATYC) has published two major works 
that address standards for mathematics taught at their institutions.  The second of these, Beyond 
Crossroads: Implementing Mathematics Standards in the First Two Years of College has the 
stronger adult flavor, recognizing that the average two-year college student is 29 years old (Blair, 
2006, p. 3).  The document stresses that all collegiate programs should strive for quantitative 
literacy and characterizes it in the following way:  
 
Students in all college programs will be expected to do the following: 
• Exhibit perseverance, ability, and confidence to use mathematics to solve problems 
• Perform mental arithmetic and use proportional reasoning 
• Estimate and check answers to problems and determine the reasonableness of results 
• Use geometric concepts and representations in solving problems 
• Collect, organize, analyze data, and interpret various representations of data, including graphs 

and tables 
• Use a variety of problem-solving strategies and exhibit logical thinking 
• Use basic descriptive statistics 
• Utilize linear, exponential, and other nonlinear models as appropriate 
• Communicate findings both in writing and orally using appropriate mathematical language 

and symbolism with supporting data and graphs 
• Work effectively with others to solve problems 
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• Demonstrate an understanding and an appreciation of the positive role of mathematics in their 
lives (Blair, 2006, p. 40). 

 
Members of the four-year college mathematics community, particularly Lynn Steen and Bernie 
Madison, have also been engaged in defining quantitative literacy although the literature they 
have produced has often been funded by agencies outside the mathematics community.  In 1997, 
the College Entrance Examination Board published Why Numbers Count: Quantitative Literacy 
for Tomorrow’s America.  While striving for a working definition of QL, Dossey offers the 
following descriptors of the mathematics requirements of an adult in US society: 
 
Adult mathematical behaviors can be categorized using six major aspects: 
• Data representation and interpretation 
• Number and operation sense 
• Measurement 
• Variables and relations 
• Geometric shapes and spatial visualization 
• Chance (Steen, 1997, p. 173) 

 
The National Council on Education and the Disciplines (NCED), a group within the Woodrow 
Wilson National Fellowship Foundation, commissioned a team of educators to examine the 
interdependence of democracy and quantitative literacy.  Their report, Mathematics and 
Democracy: the Case of Quantitative Literacy offered compelling arguments for the citizen of the 
twenty-first century to possess strong mathematics skills.  They saw evidence of numeracy in the 
modern world in the areas of citizenship, culture, education, professions, personal finance, 
personal health, management, and work.  To service those QL needs, citizens need the numeracy 
skills detailed in Table 6: 
 
Table 6: Elements of Quantitative Literacy 
 
• Arithmetic: Having facility with simple mental arithmetic; estimating arithmetic calculations; 

reasoning with proportions; combinatorics. 
• Data:  Using information conveyed as data, graphs, and charts; drawing inferences from data; 

recognizing disaggregation as a factor in interpreting data. 
• Computers: Using spreadsheets, recording data, performing calculations, creating graphic 

displays, extrapolating, fitting lines or curves to data. 
• Modeling:  Formulating problems, seeking patterns, and drawing conclusions; recognizing 

interactions in complex systems; understanding linear, exponential, multivariate, and 
simulation models; understanding the impact of different rates of growth. 

• Statistics:  Understanding the importance of variability; recognizing the differences between 
correlation and causation, between randomized experiments and observational studies, 
between finding no effect and finding no statistically significant effect (especially with small 
samples), and between statistical significance and practical importance (especially with large 
samples). 

• Chance: Recognizing that seemingly improbable coincidences are not uncommon; evaluating 
risks from available evidence; understanding the value of random samples. 



 
185

• Reasoning: Using logical thinking; recognizing levels of rigor in methods of inference; 
checking hypotheses; exercising caution in making generalizations (Orrill in Madison and 
Steen, 2003, pp. 16–17). 

 
In 2001, NCED in cooperation with the Mathematical Association of America (MAA) convened 
a forum of national and international leaders to discuss the question “Why Numeracy Matters for 
Schools and Colleges?”  The conference proceedings offer a global look at quantitative literacy 
from the perspective of thirty individuals.  The anticipated outcome of the proceedings was to 
“provide a benchmark discussion from which the needed national conversation can go forward 
(Orrill in Madison and Steen, 2003, p. viii).”  Packer addresses the question “What mathematics 
should ‘everyone’ know and be able to do?” by looking at the various roles played by individuals 
in society: consumer, worker, citizen, and personal.  He chose to organize the types of problems 
adults encounter according to the taxonomy developed by the Secretary’s Commission on 
Achieving Necessary Skills (SCANS) report: 
 
• Planning problems: Allocating money (budgeting), time (scheduling), space and staff. 
• Systems and processes problems: Understanding, monitoring, and designing social, 

physical, or business systems. 
• Interpersonal problems: Working in teams, negotiating, teaching, and learning. 
• Information problems: Gathering and organizing data, evaluating data, and 

communicating both in written and oral form. 
• Technology problems: Using, choosing, and maintaining equipment of any type (Packer in 

Steen, 2001, p. 37). 
 
In the intervening years, a loosely knit group of individuals from that conference were joined by 
colleagues from a variety of disciplines and the National Numeracy Network began.  Finally, in 
2007 the MAA organized a conference to explore the linkage of quantitative literacy and teacher 
education.  Participants reviewed the QL volumes mentioned earlier as well as a teacher 
education text, The Mathematical Education of Teachers that had been published in 2001 by the 
Conference Board of the Mathematical Sciences (CBMS).  Eight individuals wrote essays that 
were distributed to participants prior to the conference.  In the edited volume that summarizes the 
conference, Steen summarizes the two main issues that surfaced in the course of the conference, 
“Two special issues dominated the discussions: the relative roles of mathematics vis a vis other 
disciplines in the development of numeracy, and the potential of teacher preparation as a tool for 
enhancing numeracy” (Steen, 2008, p. 11).  Predictably, the conference did not produce a laundry 
list of skills that adults should possess.  Instead, each essay addresses specific competencies that 
the quantitatively literate adult should possess: the ability to argue with numbers, to use fractions 
and percents in everyday life, to function in the business world, to research and organize 
quantitative data and to think critically about public issues.  
 

Conclusion 

The paths of mathematics education reform for children and adults resemble two highways that 
join together for a distance then diverge, remaining parallel but distinct.  The differences reflect 
the intrinsic distinction between pedagogy and andragogy.  School mathematics must prepare 
children for all the possible paths that their educational journey might take.  Adult mathematics 
education, on the other hand, is present-directed and offered to individuals who have a clearer 
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vision of their educational goals.  This perceived immediacy may prove to be short-sighted, for 
example the GED student who just “wants to learn what will be on the test” only to decide later 
that community college is a new goal.  In general, however, adults returning to education are not 
likely to pursue a career in engineering or any other discipline that requires intricate algebraic or 
trigonometric skills. 
 
When one considers the school mathematics standards advocated by the National Mathematics 
Panel this dichotomy becomes striking.  The standards put forth by the panel stress the acquisition 
of increasingly complex mathematics skills from kindergarten through secondary school.  While 
it may not have been their intent, little mention is made of the type of competencies identified by 
the quantitative literacy folks: problem-solving heuristics, modeling, logic and reasoning, 
cooperative work, and statistical literacy.  It is the disappearance of statistics and downgrading of 
probability that I find most troubling.  In their roles as citizens and workers, adult students are 
increasingly called on to comprehend statistical data and arguments.  The vision of mathematics 
as a science of patterns is also discouraged in the NMP report yet the interplay of inductive and 
deductive reasoning in making informed decisions is an important element of adult life. 
 
While the school mathematics and adult mathematics communities have been sharing the same 
pavement for the past fifteen years, I believe we have reached the point where the roads diverge 
and we must go our separate ways.   This will mean a continuance of research directed towards 
the refinement of those skills that are of inherent value to both populations while advancing 
teacher knowledge of materials and methodologies that promote quantitative literacy for our adult 
students. 
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Appendices 

Appendix A: A Basic Mathematics Course Prototype 
Basic Mathematics II for Manufacturing (Safford,1992) 

Decimal Concepts 
• Place value from millions to thousandths 
• Standard and expanded notation 
• Order and comparison of numbers 
• Decimal word problems 
 
Operations 
• Addition and subtraction 
• Multiplication as repeated addition and area 
• Division as repeated subtraction and partitioning 
• Multi-operational word problems 
 
Fraction Concepts 
• Physical representations of fractions 
• Identification of the parts of a fraction by name and meaning 
• Rename and compare fractions 
• Convert improper fractions to mixed number and vice versa 
• Convert a fraction to a decimal, repeating or terminating 
• Operations with fractions 
 
Percents 
• Physical representations of percent connected to fraction concepts 
• Conversion between the three part-whole representations: fractions, decimals, percents 
• Percent applications: taxes, interest, increase and decrease 
 
Ratio and Proportion 
• Physical representations of ratio and proportion 
• Connection to fraction concepts of renaming 
• Set up proportional equation and calculate a missing value 
• Connection to percent applications 
• Rates 
 
Statistics 
• The statistical process: gathering, organizing, and representing data, making inferences 
• Sampling concepts 
• Construct and execute a survey 
• Graphs: Line, histogram, pie chart 
• Measures of central tendency: Mean, median, and mode 
• Measures of Variation: Range and standard deviation 
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Appendix B: A Basic Algebra Course Prototype 
Beginning Algebra: A Problem-Centered Approach (Safford-Ramus, 1996) 

 
Statistics 
• The statistical process 
• Random sampling 
• Creating and executing a survey 
• Organizing data and representing the results using graphs 
 
Functions 
• Functions modeled by equations 
• Representing functions with tables, graphs, and equations 
• Representing problem situations using algebraic expressions 
• Finding truth sets of equations 
• Evaluating and simplifying algebraic expressions 
• Solving equations using legal transformations 
• Rational Numbers and Expressions 
• Modeling fractions 
• Adding and subtracting rational expressions 
• Multiplying and dividing rational expressions 
• Solving equations and word problems involving fractional expressions 
• Operating with decimals 
• Ratios and rates 
• Proportion  
• Percents 
 
Real Number System 
• Addition and subtraction of signed numbers 
• Multiplication and division of signed numbers 
• Mixed operations 
• Radical expressions and irrational numbers 
 
Non-linear Functions 
• Laws of Exponents 
• Negative Exponents 
• Operating with polynomials 
• Quadratic functional equations 
• Systems of equations 
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Initial Findings from Research on the TIAN Project: A New Professional 

Development Model for Adult Education Math Teachers 
 
 
Mary Jane Schmitt     Mary Beth Bingman 
TERC       Center for Literacy Studies 
Cambridge Massachusetts                University of Tennessee, Knoxville 
mary_jane_schmitt@terc.edu    bingman@utk.edu 
 

Teachers Investigating Adult Numeracy (TIAN) is a collaborative project of the 
Center for Literacy Studies at the University of Tennessee and TERC, a Cambridge, 
MA, non-profit organization focusing on math and science. Funded by a grant from 
the National Science Foundation and support from six participating states, it draws 
on the work of two other projects: EMPower and Equipped for the Future. In 
developing and testing the TIAN professional learning model, our central question 
has been: What will it take to help the adult education workforce move closer in 
belief and practice to a more complete definition of mathematics proficiency?  
 
This paper introduces the project’s assumptions and goals, describes the elements of 
the intensive model, and presents the accompanying research methodology and 
early findings on what changed for the teachers who participated in the professional 
development program.   

 

An Overview of the TIAN Project 

Teachers Investigating Adult Numeracy has been a 4-year collaboration (2005–2009) developing 
and testing a model for in-service professional learning that uses teacher investigations and 
reflective learning to engage adult education teachers in considering how to implement 
purposeful and effective mathematics instructional approaches.   
 
TIAN’s primary focus is on teacher learning.  The goals of TIAN are: 

1. to increase and deepen teachers’ mathematical content knowledge 
2. to increase the number and range of teachers’ instructional approaches 
3. to increase teachers’ knowledge and use of state mathematics content standards 
4. to increase states’ capacity to provide quality mathematics instruction. 

 
A total of 40 Massachusetts and Ohio adult basic education teachers participated in the pilot 
phase of TIAN in 2005–2006, and 76 teachers from Arizona, Kansas, Louisiana, and Rhode 
Island took part in the field test in 2006–2007. In 2008, teachers from all six states were involved 
in a variety of activities to support, extend, and share what they had learned. 
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Assumptions 

Our TIAN work has been based in two assumptions about learning and teaching mathematics. 

1. Math is more than procedures 

Research tells us that mathematical proficiency includes, but is more than, being fluent with 
procedures, and that effective math learning and teaching should also attend to conceptual 
understanding, strategic competence, adaptive reasoning, and a productive disposition (Kilpatrick 
et al., 2001). While this particular research refers to children learning math, we, the authors of 
this article and principal investigators of the Teachers Investigating Adult Numeracy project, 
believe this definition of mathematics proficiency holds true for all ages. In this article, we 
describe the professional learning model we believe is needed to support teachers who wish to 
base their instruction on this definition, describe the research conducted concurrently during the 
testing of the model, and present some of the initial data about the impact of the model on 
teachers involved in the field test years. 
 
We have found that teachers tend to teach the way we were taught. That means teachers who 
were taught only math procedures now teach only procedures, while those who were taught skills, 
concepts, and strategies in an environment that encouraged reasoning, communication, and 
problem-solving, now teach that way. In adult basic education and GED classes, teachers often 
teach a range of subjects and few have extensive training in mathematics. As a result, in visits to 
ABE (Adult Basic Education) programs, we are much more likely to see teachers experimenting 
with innovative approaches to instruction in reading, writing, and social studies than in math. 
Additionally, the instructional emphasis in mathematics has been on procedures (Ward, 2000). 
 

2. Quality professional development has some essential features 

Research on teacher professional development tells us that effective teacher professional 
development in mathematics and science occurs over time and is not a “one-shot” activity. The 
intervention should be built upon activities that help instructors advance their own conceptual 
understanding of mathematics and the way adults learn so that instructors use this knowledge in 
planning instruction for learners. It helps instructors connect content and materials to authentic 
and real-world numeracy/mathematics situations (Sherman et al., 2006).  
  
It is important that the professional development reflect the research on how adults learn (e.g., 
multiple problem-solving strategies, collaborative learning, and access to prior knowledge). The 
mathematical content within the professional development should reflect national (e.g., National 
Council of Teachers of Mathematics, American Mathematical Association of Two-Year Colleges, 
and Equipped for the Future) or state standards. In the TIAN model teachers engage with 
mathematics content as learners as well as instructors and connect the mathematics they are 
learning and teaching with their state’s standards. 
 

The Professional Development Component: The Intervention 

The professional development provided by TIAN is both extensive and intensive. Two processes 
for teacher change that have been shown to be effective in mathematics education play a central 
role in the model. The first is the opportunity for teachers to do mathematics themselves with an 
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emphasis on learning with understanding (Ball, 2000; Hill et al., 2005). In the first year, 
participating teachers attend three institutes; in each, they spend two days doing mathematics 
together, sharing their work, and analyzing how they can apply what they learn in their 
classrooms. They experience new approaches first-hand. The institutes and teacher meetings held 
between institutes are structured in ways that ask teachers to be learners of mathematics.  
 
The second process shown to be effective is the opportunity to conduct close examination and 
discussion of student work. Between institutes, the participants teach lessons on data and algebra 
that they adapt from math materials they develop and from a curriculum called EMPower, 
developed by TERC (see http://adultnumeracy.terc.edu/EMPower_home.html). They document 
their planning and instruction in two detailed work samples in which they describe what they 
have done and why and how three students at different levels responded to the instruction. Some 
of these samples have been posted on the website to illustrate to other teachers how the lessons 
played out in an adult education classroom.   
(See http://adultnumeracy.terc.edu/TIAN_worksamples.html)  
 
TIAN’s mathematical content centers on two strands of mathematical proficiency: algebra and 
data. While a comprehensive instructional program in ABE mathematics must also include the 
development of number and operation sense and geometry and measurement, we chose to focus 
on algebra and data analysis for several reasons. Algebra, the “gatekeeper” subject is, as Robert 
Moses (2001) believes, essential for full citizenship. Understanding the presentation of basic 
statistics in the media is also essential. Moreover, algebra and data analysis have received added 
emphases on the most recent edition of the GED exam and in the most recent sets of adult-
focused standards. However, we have found both to be areas with which current teachers are 
uncomfortable, and which are often taught only to high level students. TIAN helps teachers build 
their confidence and competence in algebra and data by involving them in doing math as well as 
learning how to teach math. 
 
TIAN gives participating teachers opportunities to learn new instructional approaches, including: 
 
• Working collaboratively on open-ended investigations 
• Sharing strategies and understandings orally and in writing 
• Justifying answers in multiple ways 
• Using contexts that are meaningful to adults 
• Exploring a variety ways for entering and solving problems. 
 
These instructional approaches are intended to increase students’ opportunities to learn and are 
supported by research on principles of effective teaching (Brophy, 1999; Bransford et al., 2000; 
Hiebert & Grouws, 2007). 
 
One of the challenges of beginning to use new approaches to instruction, particularly approaches 
that are not based on rigidly sequenced published materials, is assuring that necessary content is 
covered at appropriate levels. Adult education mathematics content standards and curriculum 
frameworks can provide that structure. TIAN training includes each state’s standards, and 
teachers are helped to connect their instruction to their state standards. 
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In the United States, each state is responsible for the provision of basic education for adults. 
Thus, the state education staff plays an important role in shaping how the professional 
development project begins and how the work of the teachers is expanded and sustained. The 
model assumes that the teachers in the TIAN cadres will serve as change agents not only within 
their classrooms and programs, but across their state, and the state staff leads the organization of 
the cadre into regional groups. To support this process, during the second year of the state’s 
involvement, two goals were added:  
• To increase the number of mathematics teacher leader/facilitators who would support their 

state’s efforts in improving instruction. 
• To increase the ways in which the state could support the teacher leader/facilitators in 

expanding the number of teachers included. 
 
With the new goals in mind, the TIAN Project provided additional web-based resources (TIAN 
Bundles) and supported leadership development among the six first-year cadres in various ways 
as the teacher leaders/facilitators led local groups, co-facilitated trainings, or met in study circles. 
 
In November, 2008, the TIAN Project staff invited representatives from the six states to a 3-day 
leadership institute in Cambridge MA: The TIAN Facilitating Mathematics Professional 
Development Institute. The training was the culmination of the pilot and field test phases of the 
TIAN model, leaving each state with an increased capacity to further develop their adult 
education math instructional programs.  
 

The Pilot and Field Test of the Professional Development Component 

Six teacher cohorts from six states, for a total of 116 teachers, participated in testing the TIAN 
model, 40 in the pilot and 76 in the subsequent field test. 
 
The teachers in the pilot cohorts were from Massachusetts and Ohio. We recruited these two 
states because we knew that they had state adult mathematics standards and were actively 
working to improve mathematics instruction in adult education. The teachers in field test cohorts 
were from Arizona, Kansas, Louisiana, and Rhode Island. We chose these four states from the 
twenty states that applied to be part of the field test. Our choices were based on our interest in 
having a diverse group of states regionally and in terms of level of state support. 
 
The teachers and classrooms in the pilot and field test cohorts were somewhat similar. All were 
teaching in adult learning centers/programs sponsored by a school district, a city, a community 
college, a community based organization, or a correctional facility. The majority (75% pilot, 59% 
field test) taught in open-entry, open exit programs, where new students entered when space 
became available, rather than on a semester or course basis. A large majority (90% pilot, 80% 
field test) taught other subjects as well as math. Class size varied, with 4–18 students in pilot 
classes and an even wider range in the field test classes, with 2–37 students. Pilot classes 
averaged 9 and the field-test classes averaged 11 students. There was a notable difference 
between the two groups in math class time. On average the pilot teachers’ students spent 3.6 
hours/week “doing math” in class, whereas the field-test teachers’ students averaged 5.9 
hours/week. 
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All teachers participated in a year’s worth of TIAN activities. One such activity, from the third 
TIAN institute, is described below. 
 

Potatoes are sitting in a bowl next to some vegetable peelers; a pile of pennies with coin wrappers 
are on a nearby table; on another table a bunch of envelopes are waiting to be stuffed. Twenty ABE 
teachers break into teams of four and rush to one of the stations to begin to do a “sample of work” to 
determine how long it would take to help out at a community event by peeling 50 pounds of 
potatoes for a huge potato salad, rolling 10,000 pennies, and stuffing 1,000 envelopes.  Everyone is 
left to their own devices, and all five teams take different tacks: some have one team member do the 
work, while another records how long it takes to stuff of 10 envelopes; others count how many 
envelopes can be stuffed in a minute; others test out what can be done in two or five minutes. Some 
build up to 10,000 by calculating in their heads, others round numbers with confidence. Some use 
good old-fashioned paper and pencil computation or cross-products, others punch numbers into 
calculators. Everyone is on-task and having a good time. 
 Once they have completed the tasks at each station, the groups post their results on newsprint. 
The facilitator asks them to describe strategies, and why the strategies work or don’t. People seem 
amazed that there are so many ways to arrive at a reasonable answer. If one estimate is way off, the 
whole group focuses on why. The facilitator pushes the participants to compare, contrast, and make 
connections between the various strategies.  
 The teachers have “lived” the lesson they will be trying out in their classes. Next, the teachers 
examine student work. They read a classroom vignette that describes a dilemma that came up for a 
group of students and are asked, “What would you do next as a teacher that would be helpful?” 
 

If you compare this active open-ended exploration of ratio and proportion with the typical way 
ratio is presented—setting up two ratios and cross-multiplying—, you get a sense of what goes on 
in a TIAN Institute as well as the extent to which we are encouraging teachers to stretch their 
mathematical understandings and classroom practices. 
 

The Research Component 

TIAN’s three goals for teacher-participants are: 
Goal 1. To increase and deepen teachers’ mathematical content knowledge, 
Goal 2. To increase the number and range of teachers’ instructional approaches 
Goal 3. To increase teachers’ knowledge and use of state mathematics content standards. 
 
To determine our success in meeting these three goals we collected and analyzed a variety of data 
from participating teachers. In this article we are reporting on our initial analysis of results 
regarding the last two of these goals; we will report on the first goal in another paper. 
 

Initial Findings on Goal 2: Number and Range of Teachers’ Instructional Approaches 

To examine changes in the number and range of teachers’ instructional approaches we have 
considered data from three sources: 
 

1. 75-item questionnaires completed by the teachers before the first institute and after the 
last institute. These instruments asked for information about the teacher’s students, the 
teacher’s own math background, beliefs and math teaching practices, and use of state 
math standards.  

2. Classroom observations conducted with a sample of participating teachers before the first 
institute and after the last institute. We used an open-ended protocol in which we asked 
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trained observers to take ongoing notes of teacher and student activities, paying particular 
attention to a set of student and teacher activities of particular interest based on our 
objectives. Additionally the teachers were interviewed before and after the observation 
about the class, their goals for that particular class, and their assessment of how the class 
went. After reviewing the first set of observations of field test teachers, we drafted an 
analysis rubric which lists a set of teacher and student activities and other features to be 
identified from observers’ notes. These rubrics were used to guide preliminary analysis of 
the observations. In the pilot year we conducted initial observations with half the 
participants. Due to resource constraints, in the field test we did initial observations of 
about 1/4 of the participants. 

3. Phone interviews conducted with a sample of teachers one year after their participation in 
TIAN. In these interviews, teachers were asked about their current teaching situations and 
how TIAN had affected how they taught. 

 
From pre-post questionnaires we found statistically significant increases reported in: 
 
• finding real-life applications in algebra 
• willingness to be flexible about sequence of topics presented 
• using exploratory as opposed to didactic approaches to instruction 
• encouraging students to use exploratory approaches to understand mathematical concepts 

versus learning rules 
• having students write about and demonstrate mathematical understanding in a variety of 

ways. 
 
From pre-post questionnaire items on important factors in planning a math lesson, we found that 
after participation in TIAN, teachers reported an increase in their consideration of individual 
student goals and consideration of pedagogical issues such as using a variety of strategies and 
interactive materials. 
 
In pre-post classroom observations, 6 of 14 field test teachers showed changes that included 
increased use of real-life contexts, small groups, and hands-on activities. In follow-up interviews 
conducted a year after participation in TIAN, 11 of 17 teachers reported using real-life materials 
or hands-on materials in the their most recent math class and 9 of 17 had students work in small 
groups. All 17 teachers reported lasting changes in their understanding of how to teach math. 
  

Initial findings on Goal 3: Changes in Teachers’ Knowledge and Use of State Mathematics 
Content Standards 

We examined three data sources to determine how TIAN teachers reported any changes in how 
they used their state standards to plan mathematics instruction: 
 
• A pre/post written assessment on state standards competed at the first and last institutes 
• Questions in the pre/post questionnaire (for the field test) 
• Phone interviews (one year later) with a sample of participants 
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Before their participation in TIAN, 11 of the 64 of the field test teachers who had completed the 
pre and post assessment showed evidence of a clear understanding of their state’s math content 
standards. After TIAN 21 teachers showed a clear understanding of the standards. Before TIAN, 
17 teachers had no or very limited knowledge of their state standards. After TIAN no teachers 
reported no or limited knowledge. 
 
From the pre-post field test questionnaires, we found teachers reported significant change in the 
influence of state standards on their decisions about what to teach (mean of 2.2 to 2.61 with 2 = 
“some influence” and 3 = “strong influence”). Seven of 17 field test teachers who were 
interviewed a year after participating in TIAN reported using standards regularly in planning 
instruction.  
  
The results from these data from field test teachers indicate to us that TIAN has been successful 
in increasing participant’s knowledge of and use of their state math content standards. 

Discussion 

This article provides an introduction to the TIAN project and some initial indications of what 
teachers are taking from it. When we look across the results we report here, we see strong 
indications of change in the number and range of participating teachers’ instructional approaches 
in mathematics. At the end of their year’s involvement in investigating math they had moved 
away from lots of drill, a strict sequence of skills, the exclusive use of workbooks. They reported 
that they now used more hands-on activities, had students explore possible solutions, and 
increased communication about math. Nearly all the teachers we interviewed a year after their 
participation in TIAN continued to talk about this kind of change in their understanding of math 
instruction and in their practice. While this data is preliminary, it indicates that we should 
continue to develop this professional development model for adult education math teachers.   
 
There are other questions we hope to answer based upon the data we have available. We believe 
the success of the model most likely depends on the extent to which the state level office staff 
provides support; we suspect states that make the greatest investment will see the most change. 
We also are interested in the extent to which the model supports increase in teacher math content 
knowledge.  
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Exploring Parents’ Experiences with Standards-Based Curricula 
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Parents may have a hard time relating to curricula that focus on conceptual rather than 
procedural understanding (Remillard & Jackson, 2006), because such curricula engage students 
in activities that are different from those that students experienced in previous generations.  
Therefore, we report on a study in which we explore how parents make sense of such curricula.  
To that end, we engaged parents with tasks from their children’s curriculum.  Our report details 
both the tasks with which we engaged parents and the parents’ ways of thinking about 
mathematics that emerged as they interacted with those tasks.  We found that in some cases 
parents’ previous experiences with school mathematics interfered with their ability to make sense 
of the tasks in a manner consistent with the curriculum authors’ intentions.  However, we also 
found that their previous experiences with informal mathematics could be leveraged to support 
their endeavour to make sense of tasks from a standards-based curriculum in a manner consistent 
with that intended by the curriculum authors.  Nevertheless, we also believe that the school-based 
tasks used in the study encouraged parents to interpret their children’s curricular materials in 
terms of their own experiences with school mathematics rather than in terms of their informal 
knowledge.  This study contributes to the field’s understanding of the complex process of sense 
making that is necessary for parents (and adults in general) to relate to standards-based 
mathematics curricula, and it raises questions about how parents might be supported in that 
process. 
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Just as there are adults who seem normal under superficial observation but cannot 
even recognize letters, there are adults who seem normal under superficial 
observation but who know virtually nothing of the basic arithmetic facts and 
operations.  Consequently, they cannot respond positively to elementary remedial 
instruction designed to develop fundamental mathematical skills.  If they are 
undiagnosed, they are often interpreted as lazy or willfully resistant.  Moreover, if 
undiagnosed multiple derivative difficulties will develop and never be properly 
remediated, leading to a practical lack of function in almost all quantitative 
applications, and the closure of a very wide range of employment options. Serious 
affective complications inevitably develop.  These affective complications can be 
significantly exacerbated by cultural variables, such as the need for a "macho" 
image incompatible with working on the "skills of children".  Fortunately, perhaps 
surprisingly, new fact generators and new algorithms and new presentation 
perspectives can remove both the cognitive and affective obstacles with great ease 
and economy.  The paper will demonstrate each class (generators, algorithms, 
affects) of these new procedures using handout materials designed and intended for 
extensive audience involvement and participation. 

 
 

Introduction 
 
Since we are going to work with each other for a short period of time, I will try to assimilate what 
you already know about the teaching and learning of math to divergent adults in terms of job 
related math skills. For such assimilation to work, we must consider the following constraints: 
 

1. The time limit we have together in this workshop. 
 

2. The magnitude of our performance as expected by ALM, and above all by you as the 
participant who gave his/her time to learn something that is worth while. To achieve the 
height level of total quality management (TQM) our task must be manageable and 
reasonable to the limit that it will not create a level of anxiety that would affect our 
performance on the task. 

 
3. Your learning style. For example, if you are a left brained passive or active learner, then 

you are expecting a well structured, highly organized lecturing format. On the other hand, 
if you are a right brained individual such conditions of teaching and learning would make 
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your life miserable. So, to address this constraint, a dialog between you and me is 
necessary to make your short stay with me productive as well as enjoyable. 

 
  Sine my presentation is not a pre-canned one that lacks the desirable flexibility to meet 
your need; I am requesting your input on the following forms. 
 
  The first form is to help me in knowing you better. Such knowledge will help me to 
provide the best I can for your targeted population. 
 
  The second form is designed to collect from you the name of 3–5 fundamental 
mathematical skills that are impeding your students from learning job related mathematical 
skills at your targeted place of teaching/learning. 

 
 

FORM 1 
WHAT ARE YOU EXPECTING TO LEARN? 

 
NAME:     
   
 
 IN THE SPACE PROVIDED BELOW PLEASE LIST THE SKILLS THAT YOU ARE 
EXPECTING TO LEARN FROM THIS WORKSHOP.   
 

1.______________________________________________________________________
_____ 

 
 
2.______________________________________________________________________
_____ 

 
 
3.______________________________________________________________________
_____ 

 
 
4.______________________________________________________________________
_____ 

 
 
5.______________________________________________________________________
_____ 

 
 
6.______________________________________________________________________
_____ 

 
 
7.______________________________________________________________________
_____ 

 
 
8.______________________________________________________________________
_____ 

 
 
9.______________________________________________________________________
_____ 

 
 
 

PLEASE ADD MORE TO YOUR LIST IF YOU SO DESIRE. 
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FORM 2 
PROGRAMMATIC INFORMATION 

 
NAME:   
 
 IN THE SPACE PROVIDED BELOW PLEASE LIST 3–5 FUNDAMENTAL 
MATHEMATICAL SKILLS THAT ARE EMPEDING YOUR STUDENTS FROM LEARNING 
MATHEMATICAL BASIC SKILLS. 
 

1.______________________________________________________________________
____ 

 
 
2.______________________________________________________________________
____ 

 
 
3.______________________________________________________________________
____ 
 
 
4.______________________________________________________________________
____ 
 
 
5.______________________________________________________________________
____ 
 
 
________________________________________________________________________
____ 
 
 
 

 
Our procedures are very, very thoroughly researched and it is time for appropriately prepared and 
carefully monitored field applications. There is a very high likelihood that a properly 
implemented low-stress program would produce extraordinary large gains, very quickly and at 
low cost. The procedures quite literally have the potential for an unprecedented positive impact. 
 
The catch is that because the procedures are quite different from anything else, those who will use 
them must be well trained. It is not enough to hand the teacher a manual and say “Do this”. 
Fortunately, because the procedures are inherently simple, training can be rather fast. Most 
teachers could be trained in comparatively very short period of time. 
 
Low-stress methods are based on providing the relevant mathematical procedure with a complete 
and concise record, then using the options provided by this record to reorganize the procedure for 
greater efficiency and understanding. Virtually all topics lend themselves to this approach. 
  
We have developed applications and programmatic sequences from nursery school through 
graduate school; our research has been distributed across the United States and has invariably 
provided enormous positive gains (usually order of magnitude gains) at very low cost. These 
gains are extremely gratifying, but they carry with them a subtle hazard.  
  
Because these gains are so unusual and dramatic, it is extremely important that credibility be 
unarguably established by keeping records of those students who were taught the procedure, what 
they were taught, and exactly what the results were. We are in the process of implementing 
curriculum change at certain familiar locations in the United States and have found that an 
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incremental, carefully evaluated approach (with plenty of time for teacher and/or parents 
adjustment) leads easily and peacefully to great permanent improvements.  
  
There are five major benefits to be developed and evaluated through this material and training: 
 

1. A very large reduction in mastery time occurs. Students acquire these procedures in a 
small fraction of the time required for mastery of the conventional procedures. This 
allows the teacher to give more precious curriculum time to the difficult concepts. 

2. There is a great increase in the number of students who are successful .virtually all 
students can become extremely effective with these procedures. There will be now 
“slow” group requiring extra teacher time and suffering embarrassment or frustration.  

3. Stamina, power, and distraction resistance will be very much extended with no additional 
effort. Because the procedures make virtually no use of short term memory, a great deal 
of work (more problems or larger problems) can be done with ease, and if concentration 
is momentarily lost, the child can return to his work place without confusion or repetition 
(because every step of the work he has performed has been concisely recorded.) 

4. Greatly improved diagnosis and prescription will occur. This represents both a large 
saving of teacher time and a large increase in the amount of corrective information 
flowing back to students. Because every step in a low-stress algorithm is expressed in 
special concise notation, the teacher, or an aide, or a family member, or a student helper, 
or the student who did the work can find any possible error simply by comparing the 
student’s work to a teacher provided sheet displaying the correct steps and the correct 
answers.  

5. Significantly improved motivation and morale always occur. Rapid, frustration-free 
mastery and wide spread success sharply increase the positive feelings of students toward 
mathematics. Improved students’ attitudes increase a teacher’s feelings of work and 
satisfaction.  

   
Serendipity of these procedures is their extreme economy, both of implementation and evaluation. 
Implementation requires only student activity sheets (which might be even mimeographed) and 
the assessments measure large unambiguous effects with standard problem formats and simple 
semantic differentials.  
 
In a sense, there is (and will continue to be) ever increasing pressure for students and workers to 
be more technologically prepared. Therefore, as mathematics controls technological development 
and arithmetic modulates mathematical growth, it is likely that a dramatically successful basic 
math or applied math program would eventually attract extraordinarily large and diverse markets 
(schools, adult education, industrial training, military training, etc.). This would be especially true 
for an easily partitioned program, where independent, highly effective techniques could be 
presented as an increasing set of supportive supplements that might incrementally secure markets, 
without prematurely alarming the publishers of established conventional programs that have 
limited effectiveness.  
 
Please note that the procedures apply at any level and to any topic in mathematics or the 
quantitative applications of subtraction. Often effects of the low-stress approach are even more 
dramatic on higher level procedures, but the principles are always exactly the same: 
 

1. All operations component to a procedure are explicitly expressed in concise notations. 
This drastically reduces demands upon memory, for both initial learning and operation, 
and greatly simplifies the diagnosis of error. 
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2. The procedure itself is reorganized for greater efficiency, taking advantage of these 
explicitly expressed components. This streamlined restructuring can provide significant 
advantages procedurally, conceptually and logistically. 

  
You have a brief description of low-stress theory. Please read it, try its procedures in your classes, 
and give us your feedback for further possibility of collaboration. Please understand that our well 
researched procedures are tools for success. You, and only you, are the ones that will determine 
its usefulness and benefits to your students. 
 

.  
The diagnosis and identification of the 27 Most Common Barrier to Success in Elementary 
Mathematics and How to Remove Them Through Low-Stress Math is the frame of reference of 
our basic training. These barriers and Low-Stress Math techniques to remove them are correlated 
with the skills required to be mastered by the State and Federal mandates. The new adopted text-
books by the State will be an integral part to be used as reference material in the help of 
diagnosing and the removal of these barriers.  
 
Program Description: 
 The general topics considered are intersections of certain curriculum standards published 
by state or national agencies. These include number, operations, relations and functions, 
geometry, measurement, probability and statistics. However, all of these things are approached 
with a focus on new alternative mathematical procedures (full record algorithms, which are 
usually called “low-stress”) and upon new learning-teaching strategies that accompany these 
procedures for the diagnosis of the mathematical barriers that are keeping the students from the 
mastery of basic and fundamental mathematical skills: 
 
Major Intended Learning Outcomes: 
At the end of our training institute each participant will be able to: 
 

1. Identify the error pattern involved in the wrong answer given by the student. That will 
include the 22 patterns of computational errors as identified by Robert B. Ashlock Error 
Patterns in Computation , 6th Edition. 1994.  
2. Teach Low-Stress Math techniques to overcome such barriers to success. 
3. Develop, using all available sources, and reinforcement activities to overcome such 
barrier(s). 
4. Correlate all classroom activities to the adopted frame work and Standardized tests selected 
by the district. Participant will have the chance to use the new material provided by the new 
text books adopted by his/her school. 

 
Instructional Techniques and Strategies: 
This institute focuses on full record (low-stress) procedures. Some of these special techniques are 
procedural. That is, they are improvements in the processes employed by a student when 
performing the operations and activities associated with each sub-topic. These procedural 
improvements have been thoroughly researched formally, clinically, and in the field. 
 
Some of those special techniques are pedagogical. That is, they are improvements in teaching 
procedures made possible by, and capitalizing on, the Low-Stress math process improvements. 
These are refined by the latest learning accelerators and have been thoroughly researched 
clinically and in the field.  
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These procedural and pedagogical techniques are used for the identification and removal of the 
barriers to success in elementary mathematics.  Each teacher is taught those low stress procedures 
relevant to her grade level and probable student population (Proportion of able vs. challenged 
…etc.). After mastering the procedures the teacher is asked to develop a series of lesson cores. 
These consist primarily of the material the teacher will use in teaching a particular topic, and its 
related identified barriers, with low-stress procedures. After the developed materials are approved 
by the instructor the teacher reproduces enough of them for the class. The Curriculum 
responsibilities have been divided across the class, so that when material are exchanged, each 
teacher acquires a notebook of materials covering a broad range of topics and learning situations. 
 
The Assessment Techniques or Strategies That Will Be Used to Determine the Achievement of 
the Intended Learning Outcomes: 
 Formative measures will organized around the Frame work adopted and the Standardized 
test adopted by the district and /or the State. In addition, participants produced material will be 
reviewed by the consultant before they are duplicated for distribution. Participants will be 
allowed to use their school new adopted text books and related material for the production of such 
handouts. A daily feedback form will be given to all participants to identify any area that is not 
clear to any one of them as well as a request for review of a specific topic.  
 

Program Agenda 
Conceptual Framework 
The rationale and organizing principles that guide our program are based on a trifocal model 
which mirrors the Frame Work goals for our teachers. We believe that our participants must be 
KNOWLEDGEABLE about learners, content, and pedagogy. They must be REFLECTIVE as 
they plan, implement, and evaluate pedagogical and curricular issues. Participating teachers must 
be COLLABORATIVE in developing and honing communication and leadership skills necessary 
to work with colleagues, participants parents, and community leaders to plan and implement 
efficient and effective educational programs and to initiate change when needed. We believe that 
CRITICAL THINKING must be a strong cognitive strand connecting these three elements. 
Critical thinking is a process that involves assessment, analysis, synthesis, evaluation, and 
appropriate action. It is our goal to prepare the optimum Professional Educator for the 21st 
Century.  
 
Conceptual Codes 
A code for each of our program’s organizing principles appears at the left of each goal or 
objective below. “K” refers to “knowledgeable”, “R” refers to “reflective”, “C” refers to 
“collaborative”, and “T” refers to “critical thinking”, that is, “T” refers to circumstances where 
this connecting strand is especially relevant. Combination of codes, e.g. “R;T” refer to situations 
where more than one principle applies. Any combination of principles is possible.  
 
Goals and Objectives 
There are two goals for this program. The first is that participants who successfully complete the 
program become highly effective mathematics for teachers for the learning divergent who is 
suffering from any barriers to succeed in mathematics. The second is that all enrolled successfully 
complete the program. 
 
The first of these goals may be regarded as two broad objectives: 
The first objective says that at the end of the program each participant will be able to present 
lucid written explanations and clear iconic or concrete demonstrations of a concept and its related 
procedures that are reviewed in this institute and are assigned to the participant based on his/her 
grade level that he/she will be teaching during the school year 2001–2002. As even the simpler 
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arithmetic topics require considerable reasoning in explanation, this objective would relate to two 
of the program principles (knowledge and reflection) and to the connecting strand (critical 
thinking). It is coded “K,R,T”.  
 
The second objective says that at the end of the program, participants will be able to prepare 
highly effective children’s mathematics activity also with corresponding check sheets. These 
sheets must be both feasible and appropriate for the class where they are to be used and relevant 
to the removal of a specific barrier to success in mathematics. This aspect of the Resource 
Manual is prepared by groups of class members, but its intellectual requirements resemble those 
of first objective activities.  Consequently, this objective relates to all three programs principles 
(knowledge, reflection, collaboration) and the connecting strand (critical thinking). It is coded 
“K,R,C,T”.  
 
At the end of the lesson participants will be able to: 
Code  Text 
K,R,C,T Prepare with their group, activity sheets and check sheets for each of four distinct 
  differentiation procedures. 
K,R,T  Explain, individually, the appropriate assignment of differentiation procedures to 
  distinct divergences. 
Tentative Institute Outline: 
 This is somewhat indefinite with respect to order, content, and emphasis because 
adjustments are made for each particular class. However, it is likely to be a close approximation 
listed below if the group is typical. Topics and major sub-topics are shown. 
 

Agenda 
Day 1:    
Time   Topic(s) covered 
8:30-9:00 a.m.  Registration 
9:00-10:30 a.m.  An introduction and overview of Low-Stress program  
   Removing the constraints of learning mathematics 
   Immediate Success in mathematics: Is it achievable? 
   Why Low-Stress math program works? 
  I. Basic Facts of Addition 
     A. Definition 
     B. Usual Procedure in Developing Mastery 
   1. Referencing  
   2. Generating 
   3. Memorizing 
     C. New Procedure 
   1. Japanese 
   2. DOOF 
   3. Activity Sheet Format 
   4. Sheet Examples 
  II. Column Addition 
     A. Special Record Notation 
     B. Procedure 
     C. Diagnosis by Matching 
     D. Advantages 
     E. Procedure (Multicolumn Addition) 
     F. Motivating Practice  
   1. Big Problems 
   2. Special Effects 
     G. Simple Discrete Form and Fast Discrete Form 
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     H  SC 2000 Frame Work and SC state testing program. 
     I. Identification of error patterns in addition. 
     J. Generating work-sheets for participants. 
  III. Subtraction 
     A. Basic Facts 
     B. Notation (Quasi-digits 
     C. Subtraction Procedure 
   1. Borrowing without zero 
      a. Scientific format 
      b. Discrete format 
   2. Borrowing over zero 
      a. First format 
      b. Second format 
   3. Teaching Sequence 
   4. SC 2000 Frame Work and SC state testing program. 
   5. Identification of error patterns in subtraction.  
     D. Motivating Practice 
     E. Generating work-sheets for participants 
10:30-10:45 Coffee Break 
10:50-12:00 Noon 
  IV. Multiplication 
     A. Basic Facts 
   1. Definition 
   2. Generation 
   3. Easy Counts 
   4. Major Trick 
   5. Universal access (MOOF) 
     B. Single Place Multiplier 
   1. Split-Place Notation 
   2. Procedure 
     C. Multi-Place Multipliers 
   1. Discrete Format 
   2. Scientific Format 
     D. Teaching Sequence 
     E SC 2000 Frame Work and SC state testing program.  
     F. Identification of error patterns in multiplication. 
     G. Generating work-sheets for participants.  
  V. Division  
     A. Overview and Expressions 
     B. Process 
   1. Structure 
   2. Estimation 
      a. Finding Place 
      b. Finding Face 
     C. Problem with Conventional Materials 
     D. Overestimation 
   1. Structural  
   2. Procedural 
     E. Underestimation 
     F. Multi-Cycle 
   1. Cycle 
      a. Three Components of a Cycle 
   2. Determining Number of Cycles 
   3. Instructional Strategies: Teaching Format 
     G. SC 2000 Frame Work and SC state testing program  
     H. Identification of error patterns in division. 
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     I. Generating work-sheets for participants. 
12:00-1:00 p.m.  Lunch 
1:00-3:00 p.m.   Fractions Using LSM 
  VI. Fractions 
     A. Commentary 
     B. Terms 
     C. Least Common Expressions and Procedure 
     D. Dividing for LCM with Large Numbers 
   1. Divisibility Rules 
   2. Factoring Division  
     E. MS 2000 Math Frame Work and CTBS Terra Nova applicable questions. 
     F. Identification of error patterns in fractions. 
     G. Generating work-sheets for participants. 
  VII. Factoring Models and Concepts 
     A. Overview 
     B. What does a Fraction mean? 
     C. SC 2000 Frame Work and SC state testing program.  
     D. Identification of error patterns. 
     E. Generating work-sheets for participants. 
  VIII. Statistical Models 
     A. Overview 
     B. SC 2000 Frame Work and SC state testing program. 
     C. Identification of error patterns. 
     D. Generating work-sheets for participants. 
DAY Two: 
8:30-9:00 a.m.  Questions & answers on day one work 
  Reflection on day one work 
9:00-10:30 a.m. Measurement 
  IX. Measurement 
     A. Time 
   1. Clock Time 
   2. Calendar Time 
     B. Other English Units 
   1. Overview  
   2. Scales 
   3. Shortcuts 
   4. Time Revisited 
   5. Metric Conversion  
     C. SC 2000 Frame Work and SC state testing program. 
     D. Identification of error patterns. 
     E. Generating work-sheets for participants. 
  X. Measurement Decisions 
     A. Overview 
     B. Classes  
   1. Kind of Unit 
   2. Dimension 
     C. SC 2000 Frame Work and SC state testing program   
     D. Identification of error patterns. 
     E. Generating work-sheets for participants  
10:30-10:45 a.m.  Break  
10:45-12:00 Noon 
  XI. Names of Numbers 
     A. History 
     B. Logical Numeration 
     C. Structured Concept of a Period 
     D. Names of Periods 
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     E. SC 2000 Frame Work and SC state testing program 
     F. Identification of error patterns. 
     G. Generating work-sheets for participants. 
  XII. Decimals 
     A. Vocabulary and Concepts 
     B. Converting Fractions to Decimals 
     C. Decimals to Fractions 
     D. SC 2000 Frame Work and SC state testing program 
     E. Identification of error patterns. 
     F. Generating work-sheets for participants.  
12:00-1:00 p.m.   Lunch 
1:00-3:00 p.m. 
  XII. Operations in whole Number Mode 
     A. Overview 
     B. Addition 
     C. Subtraction 
     D. Multiplication 
     E. Division 
     F. Conversion of Mixed Numbers to Decimals 
     G. SC 2000 Frame Work and SC state testing program 
     H. Identification of error patterns. 
     I. Generating work-sheets for partipants. 
  XIV. Roman Numerals 
  XV. Modeling Numbers and Operating 
     A. Theory and Vocabulary 
     B. Overview 
     C. Models of Numbers 
   1. Pictorial Models 
   2. Real Time Patterns 
     D. Simple Modeling of Operations 
   1. Addition 
   2. Multiplication 
     E. Immediate Applications 
     F. SC 2000 Frame Work and SC state testing program 
     G. Identification of error patterns. 
     H. Generating work-sheets for participants. 
DAY Three: 
8:30-9:00 a.m.  Questions & answers on day one and day two work 
  Reflection on day one and day two work 
9:00-10:30 a.m.  
  XVI. Geometry 
     A. Shape 
     B. Congruent Matching 
     C. Perimeter, Area, Volume, and Formula Relations 
   1. Perimeter 
   2. Area 
   3. Volume 
     D. Geometric Models of Relation 
     E SC 2000 Frame Work and SC state testing program. 
     F. Identification of error patterns. 
     G. Generating work-sheets for participants. 
10:30-10:45 a.m.  Break 
10:45-12:00 Noon 
  XVII. Measures of Central Tendency  
     A. Mode 
     B. Median 
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     C. Mean 
     D. SC 2000 Frame Work and SC state testing program (box and whisker) 
     E. Identification of error patterns. 
     F. Generating work-sheets for participants.  
  XVIII. Estimation 
     A. What if front end estimation and when to use it? 
     B. Is there a difference between rounding and estimating and front end estimation? 
     C. When rounding and estimating is used? 
     D. SC 2000 Frame Work and SC state testing program . 
     E. Identification of error patterns. 
     F. Generating work-sheets for participants. 
12:00-1:00 p.m.  Lunch 
1:00-2:45 p.m. 
  XIX. Equations and Number Sequences 
     A. Background  
     B. Basic Procedure 
     C. Dealing with Signs 
     D. Sign Rule for Multiplication and Division 
   1. General Rule 
   2. Consolidation Rule 
     E. Equations with Integers 
     F. SC 2000 Frame Work and SC state testing program . 
     G. Identification of error patterns. 
     H. Generating work-sheets for participants 
  XX. Mixed Numbers 
     A. Regrouping and Subtracting Mixed Numbers 
     B. All Operations 
     C. SC 2000 Frame Work and SC state testing program . 
     D. Identification of error patterns. 
     E. Generating work-sheets for participants.  
  XXI. Word Problems 
     A. General Strategy 
     B. Nature of analysis 
     C. Practice 
     D. Graph Problems 
     E. SC 2000 Frame Work and SC state testing program.  
     F. Identification of error patterns. 
     G. Generating work-sheets for participants. 
2:45-3:00 p.m.  Foundation Program Closure 
   Foundation Program Evaluation  
Day 4: Optional as desired by the district 
8:00-9:00 a.m.   Questions & answers on the first three days 
   Reflection on the first three days 
9:00-10:00 a.m.   Grade level small group activity for reflection and production of required material. 
   Consultants will work with grade level groups. 
10:00-10:15  Break 
10:20-12:00 p.m.  Validating school curriculum to meet Mississippi State Frame work in   
   Mathematics using Hutchings-Bishara LSM analysis. (Each participant is asked  
   to bring with him/her a copy of Terra Nova and Grade Level Testing results for  
   the students that they will be teaching in 2001-2002 school year). e.g., 4th grade  
   teachers bring 3rd grade results. 
12:00-1:00 p.m.   Lunch 
1:00-2:30 p.m.  Using Curriculum validation data to increase test scores in mathematics on the ITBS 
   Using LSM techniques. LSM lesson Planning and implementations. 
2:30-3:00 p.m.   Reflection and program evaluation. 
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United States Elections:  What’s Fair? 
Problem-solving for Social Justice 

 
              Charles Brover                              Denise Deagan                        
         New York City Math Exchange            New York City Math Exchange 
                  cbrover@yahoo.com            nycmeg@yahoo.com  
   

Solange Farina                 Lynn McGee 
           New York City Math Exchange            New York City Math Exchange 
         nycmeg@yahoo.com                                     nycmeg@yahoo.com 

 
 

Non-routine problems are typically reserved for elites while working class students are relegated 
to mind-numbing drill and practice.  Join the New York City Math Exchange Group (MEG), a 
teacher collaborative in Adult Basic Education, to explore the pedagogical stance of teaching 
through problem solving.  The workshop will examine some non-routine problems that focus on 
elections generally and specifically on the United States electoral system.  These problems pose 
mathematically the historical question of social justice:  What’s fair? 
 
What happens when a class of ABE learners in New York City explores the mathematics of 
various electoral processes?  As they deepen their understanding of the quantitative and social 
situations of the elections, they see the manipulation of political power and make connections to 
their own lives.  Video-clips of adult students engaged in the proportion problem which is at the 
heart of the denial of the democratic principle of one person, one vote in the U.S. Electoral 
College are shared.      
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Post-16 Networking in England to Share Active Learning Approaches to 
Mathematics/Numeracy 

 
Viv Brown 

National Centre for Excellence in the Teaching of Mathematics 
viv.brown@ncetm.org.uk 

 
In England, The National Centre for Excellence in the Teaching of Mathematics 
(NCETM) is a government initiative to provide effective strategic leadership for 
mathematics-specific continuous professional development.  It aims to raise the 
professional status of all those engaged in the teaching of mathematics so that the 
mathematics potential of learners will be fully realised.    

This paper provides a brief overview of some of the work of this organisation from 
the perspective of post-16 education.  This will touch particularly on subject 
learning coaches and networking as part of the Post-16 National Teaching and 
Learning Change Programme http://www.subjectlearningcoach.net/, the 
organisation of mathematics in colleges and developing a ‘numeracy for 
employability’ strategy.  http://www.ncetm.org.uk/Default.aspx?page=13&module= 
res&mode=100&resid=6225 It covers the content of the workshop given at ALM 15 
on 3rd July 2008. 

Background 

Recent developments in further education, mathematics and professional development in England 
have been directed by several reports including Success for All (2002) which stated that the 
government strategy would include  
 

Putting teaching, training and learning at the heart of what we do by establishing a 
new Standards Unit to identify and disseminate best practice, which will guide 
learning and training programmes.  (Success for All: Reforming Further Education 
and Training, 2002, p. 7) 

In its report on 'Continuing Professional Development for Teachers of Mathematics' published in 
December 2002, The Advisory Committee on Mathematics Education (ACME) recommended the 
establishment of a National Academy for Teachers of Mathematics, to have a strategic overview 
of CPD at a national level and to co-ordinate its operation locally.  

On 9 December 2004 Charles Clarke MP, then Secretary of State for Education and Skills, 
announced £15m funding over 3 years for the new National Centre for Excellence in the 
Teaching of Mathematics (NCETM).  

The National Centre for Excellence in the Teaching of Mathematics 

The National Centre for Excellence in the Teaching of Mathematics (NCETM) is a UK 
government initiative in England.  The National Centre works collaboratively to enhance 
mathematics teaching across all sectors, primary, secondary and further education (post 16 
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education).  It aims to raise the professional status of all those engaged in the teaching of 
mathematics so that the mathematical potential of learners will be fully realised. 
 
The NCETM is a virtual centre, (www.ncetm.org.uk ), supported in the 9 Learning and Skills 
Council (LSC) regions in England by Regional Coordinators.  Most regions have one regional 
coordinator with a focus on primary and secondary schools/teachers and one with a focus on 
Further Education adults/teachers. It was established in 2006 by the Department for Education 
and Skills (DfES).  In England there are now two government bodies looking after education—
the Department for Children, Schools and Families (DCSF) and the Department for Innovation, 
Universities and Skills (DIUS). 
 
The NCETM is a growing community.  The web portal supports mathematics and numeracy 
teachers with news, resources, research and communities and blogs where teachers can discuss 
issues, ask questions etc.  There is also a mathemapedia (similar to a wikipedia but for maths 
teaching) which is building up.  There is also a self evaluation tool which is linked to national 
teaching standards and levels, where teachers can look at a particular level and see what topics 
that will involve and examples of the knowledge this requires.  The latest addition to the NCETM 
web portal is a personal learning space, where teachers can collect their favourite items from the 
portal, make notes, keep their continuing professional development (CPD) record and share items 
with others.  In Further Education in England there is now a requirement to maintain ‘Qualified to 
teach in the Learning and Skills sector’ (QTLS) by evidencing a minimum of 30 hours of CPD 
per year. 

The National Teaching and Learning Change Programme 

Since its establishment in 2006 part of the work of the NCETM has been to carry forward the 
National Teaching and Learning Change Programme in relation to mathematics.  This is part of 
the governments programme of reform for the Learning and Skills sector, ‘Success for All (2202), 
which is working to support Subject Learning Coaches as champions of change within 
organisations by bringing together three ‘enablers’ 
 

• Subject specific teaching and learning resources 
• Subject coaching networks 
• Professional training for Subject Learning Coaches 

 
The subject specific teaching and learning resources entitled ‘Improving learning in mathematics’ 
were produced by the Standards Unit in 2005 and are now available in hard copy to both further 
education organisations and secondary schools within England.  These resources and professional 
development sessions are also available to all for free download from the internet via the QIA 
Excellence Gateway at http://excellence.qia.org.uk/ 
 
‘Improving learning in mathematics’ is a substantial, well researched set of resources which is 
now being widely used.  Before publication the resources were trialled with over 120 teachers 
working in 60 different organisations.  To understand the approaches, principles and underlying 
research, the best starting point is the short book included within the pack by Malcolm Swan, 
‘Improving learning in mathematics: challenges and strategies’.  This is based on the work of 
Malcolm Swan published first in 2002 under the title ‘Learning mathematics through discussion 
and reflection’ and later in 2006 ‘Collaborative Learning in Mathematics: a challenge to our 
beliefs and practices’. 
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The pack also includes 
 

• 6 professional development sessions 
• 51 teaching and learning sessions with resources under the headings of mostly number, 

mostly algebra, mostly shape and space, mostly statistics and other 
• Software 
• Activity templates 

 
The approaches are based on moving from ‘passive’ to ‘active’ learning and from ‘transmission’ 
to ‘challenging’ teaching.  The teacher’s role in this model is to assess learners and make 
constructive use of prior knowledge; to choose appropriate challenges for learners; to make the 
purposes of activities clear; to help learners to see how they should work together in profitable 
ways; to encourage learners to explore and exchange ideas in an unhurried, reflective atmosphere; 
to remove the ‘fear of failure’ by welcoming mistakes as learning opportunities rather than 
problems to avoid; to challenge learners through effective, probing questions; to manage small 
group and whole group discussions; to draw out the important ideas in each session and to help 
learners to make connections between their ideas. 
 
The resources are designed to encourage best practice through the use of some underlying 
principles which 
 

• Build on the knowledge learners bring to sessions 
• Expose and discuss common misconceptions 
• Develop effective questioning 
• Use cooperative small group work 
• Emphasises methods rather than answers 
• Use rich collaborative tasks 
• Create connections between mathematical topics 
• Use technology in appropriate ways. 

 
There are five types of activity which are used extensively.  The first is classifying mathematical 
objects where learners are encouraged to devise their own classifications and apply those devised 
by others.  The second activity use is the interpretation of multiple representations.  So for 
example learners may be asked to work in small groups to match fractions, decimals and shaded 
diagrams.  The third strategy is evaluation mathematical statements where4 for example learners 
may have to decide whether given statements are always, sometimes or never true and to present 
explanations and arguments to justify their decisions.  A fourth type of activity is where learners 
devise their own problems for other learners to solve so that learners have the opportunity to take 
on the role of teacher and explainer.  The fifty activity type is described as analysing reasoning 
and solutions where learners might compare different methods for doing a problem, organise 
solutions or diagnose the errors in solutions. 
 
The professional development sessions provide structured guidance to take a group of teachers 
working together through the opportunity to explore and reflect on the various approaches and 
activity types and how they can be used effectively with learners while the other sessions provide 
well thought out and supportive guidance for sessions to use with learners and the resources all 
ready to use.  The sessions encourage discussion both between teacher and learners but also 
between learners.  They provide opportunities for small group work and resources where there is 
scope for learners at a variety of levels of understanding to work on the same task through 
differentiated activity. 
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Many of the sessions use posters as a way of sharing, discussing and recording learning.  Mini 
whiteboards are used for working and for responding to questions such as ‘show me a shape that 
has a right angle’ or ‘show me a fraction between ¼ and ½" or ‘show me an equation of a line 
with a positive gradient’ to help with assessment for learning and sharing a variety of responses to 
open questions. 
 
‘Improving learning in mathematics’ is a substantial resource which, as well as professional 
development sessions where colleagues are invited to work together to become familiar with the 
approaches and resources, contains a huge variety of sessions to use with learners with all the 
activities ready to use across several levels and many topics.  They are being used in England for 
ages 14 years upwards to support qualifications such as GCSE and A Level.  But they are not tied 
to particular courses, levels or qualifications.  There is some indication of level of challenge—
from A up to D—which in England relates to A (Level 1 Adult Numeracy and low levels of 
GCSE) up to D (Advanced Level, Level 3). 
 
The sessions have been grouped into categories such as ‘Mostly number’ or ‘Mostly algebra’ for 
guidance, but many of the sessions contain rich activities that explore a range of mathematical 
topics. 
 
The 3 enablers, the resources, the networks and the Subject Learning Coaches programme are 
having a very positive effect.  Learners and teachers are enjoying the active approaches and 
assessment/results are improving and in some cases quite dramatically.  Feedback from teachers 
and learners is very positive.  Kelly Hughes, a mathematics subject learning coach at Darlington 
college, says 
 

I was flying high after the GCSE results.  Since I started using the ‘Improving 
learning in mathematics’ approaches, and taking over GCSE maths in September 
2006, our success rate has increased from 56% to 73%. 

Subject Learning Coaches like Kelly and other teachers and trainers attend the subject network 
meetings.  These meetings are held at least three times per year in each of the nine Learning and 
Skills (LSC) regions in England and are organised and managed by the NCETM Regional 
Coordinators.  The events provide the opportunity for teachers to work on the activities and 
approaches together and to share their experience and reflections.  The hope and expectation is 
that teachers will take forward these approaches and create and share more.  This is already 
happening at network meetings where we usually have a ‘show and tell’ session.  More resources 
for teaching and learning are being produced and shared in the communities on the NCETM web 
portal as well as the QIA excellence gateway. 
 
The Subject Learning Coaches Professional Training Programme is a course which helps teachers 
to become coaches within their organisations so that they can share their ideas and support and 
influence colleagues to use more active approaches to teaching and learning and to improve their 
practice.   
 
However there are challenges to be faced.  Experience is showing how important it is for Subject 
Learning Coaches to have the support of the managers in their organisation if the programme is to 
reach across the whole organisation.  This can be a problem in some colleges where there may be 
little or no opportunity for all the staff teaching mathematics and numeracy across different levels 
and vocational courses to meet or spend time on subject pedagogy.  These matters are thoroughly 
discussed in the recent NCETM report ‘The Organisation of Mathematics in Colleges’ available 
for download from the web site.   
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A recent development in 2008 has been some additional funding for practitioner action research 
projects and we have also just had a 2 day residential Summer School in York for over 80 
teachers with teachers from all the regions and from a variety of organisations including colleges, 
prisons, adult and community and work based learning.  Updates of these and other related 
activities will be made available via the NCETM web portal. 

Challenges for the Future 

Can we make the networks self sustaining? 
 
How will we persuade more providers to take a ‘whole organisation approach’ to the National 
Teaching and Learning Programme and the effective use of Subject Learning Coaches? 
 
The recent NCETM report on ‘The organisation of mathematics in colleges’ (2008) makes 
interesting observations and recommendations 
 
The support of managers is critical in taking the work of the teaching and learning programme 
and the networks forward 
 
The governments ambitions for ‘World Class Skills’ provides challenging targets to increase the 
number of mathematics and numeracy learners and the number of qualified staff to teach them. 
 
Meanwhile networking also continues via the NCETM portal.  All are free to join.  When you 
join, which only takes a few clicks you can then view more of the communities, you can add your 
comments and you can make use of the self-evaluation tool and the personal learning space. Or 
you can access the ‘Subject Learning Coaches’ community or the ‘Thinking Through 
Mathematics’ community where more activities are being shared for all to use. 
 
Have a browse.  There is much to engage teachers of mathematics and numeracy.  Make 
www.ncetm.org.uk  one of your favourites! 
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This paper reflects on a cross curricular project in a prison education centre, 
between Mathematics (maths), Civic, Social and Political Education (CSPE) and 
Personal and Interpersonal Skills.  

  
Introduction 

 
The City of Dublin Vocational Education Committee (CDVEC) provides an education service to 
prisons and other places of detention in Dublin City. Programmes are on offer in Arbour Hill, The 
Dochas Centre (Women's Prison), Mountjoy Male Prison, St. Patrick's Institution (Young 
Offenders), the Training Unit (Pre-Release) and Wheatfield and Cloverhill.   Teachers work both 
in a whole-time and part-time capacity.  A number of publications have been produced based on 
the work of students and teachers, including a recent book on basic maths. The curriculum 
offered is varied and designed to meet the needs of the prisoners on an individual and group basis. 
Course range from:  
 
·        Basic education level  
·        FETAC/Junior Cert/Leaving Cert  
·        ECDL  
·        MOS  

·        Degree level (Open University)  
·        Literacy and Creative Arts e.g. Art, Music, Drama, Writing etc. (www.cdvec.ie) 

  

 The Further Education and Training Awards Council (FETAC) gives people the opportunity to 
gain recognition for learning in education or training centre, in the work place and in the 
community, and is the national awarding body for further education and training in Ireland. 

FETAC's functions include: 

• making and promoting awards  
• validating programmes  
• monitoring and ensuring the quality of programmes  
• determining standards 
 

Learners completing FETAC courses are assured that their standard is the same as that achieved 
by learners in any educational institution in the state.  The tutor is encouraged to apply the same 
learning to different courses where appropriate. (www.fetac.ie) 

The courses referred to in the context of this article, accredited by FETAC, include Mathematics, 
Personal and Interpersonal Skills.  Another course referred to in the course of the article is CSPE 

 



 
219

which is a compulsory subject in mainstream schools at Junior Cycle although optional in 
prisons.  

  

Citizenship Education in Ireland 

The CSPE course is structured around four units and seven core concepts: 

The Four Units  
Unit One: the Individual and Citizenship 
Unit Two: the Community 
Unit Three: the State—Ireland 
Unit Four: Ireland and the World  
 
The Seven Concepts  

Democracy, Rights and Responsibilities, Human Dignity, Interdependence, Development, Law 
and Stewardship.  

Action projects have to centre on at least one of these concepts. The rationale behind CSPE is to 
prepare learners to become citizens: to be deprived of understanding of how the social and 
political world actually works is seriously disempowering. The absence of social science 
education circumscribes people’s choices as political actors in society; when people are ignorant 
of how social and political institutions actually operate, and of the importance of political 
engagement and its potential for change they feel alienated and detached from these institutions. 
This is a real issue for prisoners as they often belong to communities with low participation in 
elections. They lack not only an understanding but also a sense of ownership of the political 
process; politics is for somebody else, for “professional” politicians who are in the know. This 
seriously undermines democracy as it seriously undermines the range of interests and types of 
people that engage in politics (Lynch 2000).  Kathleen Lynch goes on to argue that social and 
political education is important also to equip people to understand and challenge “widespread 
media-based assumptions”.  

The setting within the Irish Prison Education Service (www.pesireland.org ) is outlined in the 
Strategy statement of the service. Its aim is to provide a high quality, broad and flexible 
programme of education that meets the needs of those in custody through helping them:  

• to cope with their sentence 
• achieve personal development 
• prepare for life after release 
• establish the appetite and capacity for lifelong learning.  

  

Wheatfield is a closed medium security prison in Dublin (www.irishprisons.ie). Clients are adult 
males, and bed capacity is 372. Classes are offered mornings, afternoons, and some evenings over 
11 months of the year.   There are training workshops including print, metalwork, block work, 
laundry. Support services include chaplains, addiction counselling, psychology service, probation 
& welfare, and bereavement support. 
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This article outlines some projects where cross curricular mathematics and citizenship education 
aim to meet some of the above needs and can heighten understanding of both subjects. 

Prisoners and Voting 

The following example shows how citizenship education and mathematics education complement 
each other. Recently all Irish prisoners won the right to vote, after several years of discussion in 
the Dail (Irish House of Parliament). Elected representative Fergus O’Dowd  in the Dail 
commented that “It is important our prison system forms part of our reform agenda. It is also 
important that our criminal justice system is framed with the hope that this measure will in some 
small part go towards the rehabilitation of prisoners. It is an important social step and democratic 
reform which will, my party believes, strengthen our electoral process” (O’Dowd, ?Year?) 
Elected representative Gay Mitchell… believed that there was not widespread public support for 
this measure (prisoners voting). However, he assured his Parliamentary colleagues on the 
opposition benches that we “are not about being soft on criminals …. People not only have rights 
but they also have responsibilities. It is time to stop recycling prisoners as if they were some sort 
of commodity and creating an environment in which prisoners have rights but no responsibilities, 
which takes from their dignity” (Behan and O’Donnell, 2007). 
 

A visiting speaker, Cormac Behan, a CDVEC prison education teacher currently pursuing 
doctoral studies, gave a workshop in the school to prisoners on voting and empowerment. 
Subsequently in class some of this data on US elections was analysed mathematically, using pie 
charts and bar charts and percentages, which showed the patterns of exclusion of convicted 
felons, the winning margins, and the potential effect on an Irish election of prisoners voting for a 
candidate who had spent some time imprisoned.  The effect was powerful, as learners saw the 
data presented in a mathematical  way, which heightened their awareness and provoked lively 
discussion. In the process there was a new understanding of statistics and number and also of the 
importance of individuals claiming their vote. Another exercise based on the workshop was on 
the breakdown in patterns of registration of voters and subsequent voting patterns in Irish prisons. 
This served as a lesson in statistics and as a trigger to cause prisoners to reflect on their current 
rights and responsibilities regarding voting, coming as they mainly do from communities where 
voting is low.   

 
 “Citizenship is about much more than rights, entitlements and obligations. It is about 
playing a role in the civic life of the community. Citizenship is not about merely giving 
individuals rights; it is about participation and inclusion. Active participation by citizens, 
including prisoners, will guarantee these become rights, not privileges dispensed in a 
paternalistic manner from above. Irish prisoners have been given the opportunity to 
become politically participative citizens by casting their votes. In other spheres, their 
citizenship remains qualified. Prisoners have been conferred with some rights of 
citizenship. And, with those rights comes the burden of responsibility” (Behan and 
O'Donnell, 2007).  
 

Looking at the maths of voting can serve to raise awareness of the importance of every vote and 
may help people to realize their responsibilities in this regard, while at the same time offering a 
very topical and relevant vehicle to promote mathematical concepts.  The following United States 
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data (Behan and O’Donnell, 2007) served to stimulate lively discussions and hopefully some of 
the above objectives were achieved: 
  
• 13% of total black male population past or present felon excluded from voting in last 

presidential election 
• 1.4 million in total 
• 600,000 Floridians disenfranchised  
• 537 votes between Bush and Gore  
• 1997-2000 16 states restored voting rights, to 620,000 
• 2007 numbers disenfranchised due to current or past felony: 5.3 million 
• 2.5 % of total population 
• In 2006, 36 states denied persons on parole and/or probation the right to vote 
• In 11 states, a felony conviction can lead to a lifetime ban  
• Forty-eight states and the District of Columbia forbid felons to vote while in prison. 
 

The above statistics provide material for mathematics lessons in percentages, number theory and 
statistics and also for discussion wider issues relating to enfranchisement. 

“How I feel today” Bar Chart 

Mathematics overlaps with other aspects of the curriculum, for example Personal and 
Interpersonal Skills. One student was attending the author’s class for both maths and Personal and 
Interpersonal Skills. During the maths class he expressed that he was finding it hard to 
concentrate as he had a lot on his mind. As there was a deadline to finish the course and limited 
time, the decision was made go with the interest of the learner, which were his feelings. Thus we 
designed a “How I feel today” bar chart”, where the learner listed the feelings he had now, 
including anger, sadness, joy, excitement and fear. We drew a graph with these feelings on the 
horizontal and a scale to 10 on the vertical. After consideration, he reflected on his feelings today 
and marked a place that reflected this on the graph. We agreed to repeat this in the following class 
to show that feelings are changing all the time, which was an important lesson in emotional 
literacy. This personal reflection also helped him to meet some of the Specific Learning 
Objectives of his Personal and Interpersonal Skills portfolio, which were to compile a personal 
profile, make a personal action plan and keep a learning journal, as well as completing a maths 
task. 

“The Power of One” Action Project 

Part of this CSPE is to complete an Action Project that counts for 60% of the total marks, the 
remainder being the examination. The Action Project can be anything, including a visiting 
speaker, a piece of research, or art work that fits in to the categories outlined. One student felt 
strongly about the environment, deprived as he was from the outdoors while incarcerated. He 
decided to conduct a survey on the potential for recycling within the prison, and determine the 
attitudes of staff, teachers and prisoners to waste and recycling. He typed up surveys and 
circulated them, collated the data and presented the findings as a slide show to prisoners and 
teachers, as bar charts, pie charts, statistics and percentages. This provided a teaching programme 
for future classes where other students could see the mathematics of citizenship education.  

Another example of how citizenship education can be heightened by “mathematicising” the 
citizenship education facts presented is a workshop by a visiting speaker, Selam Desta, presented 
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as part of CSPE class on globalization and interdependence. This workshop focused on the myth 
of meaningful equality of opportunity without equality of condition.  Data was presented 
outlining the inequalities of different ethnic groups in Ireland, travellers’ (an ethnic group in 
Ireland, like gypsies) specifically, such as life expectancy, time spent in education. The 
mathematical concepts of less than, equal to and greater than were shown using the examples that 
travellers’ lifespan is 10 years less than settled people. A class discussion followed on the 
injustice of these figures yet they were not disputed.  Another example is Sudden Infant Death 
rates: traveller babies’ rate of SID in Ireland is 12 times the national average in Ireland, thus a 
human tragedy is presented as an algebraic sentence, which was a powerful experience for the 
class. Other potential activities for maths and citizenship education include defining equality in 
economics terms, poverty statistics, looking at averages, census figures, and multiples. (Desta , 
2008) 

The Role of Mathematics in Prison 

The role of mathematics education in prisons is an unusual one. Many prisoners returning to 
education request maths class for different reasons. While there are many reasons for learners 
taking up maths, some anecdotal reasons could be the distraction from the setting, “Maths can fill 
your head when you are in the cell” and the joy of the commitment to a course of abstract study, 
“You miss it when you’re finished a course”. Mathematics can offer an escape into an abstract 
world, “Poetry can wreck your head, but maths homework in a cell can take you to the zone, it’s 
better than drugs.” “It will relax you, like crosswords or Sudoku” “You don’t feel the night going 
when you are doing maths.” People often doubt their ability in maths as they firmly believe due to 
earlier experiences that they can’t do maths. “I used to think if it’s maths then I can’t do it. Maths 
is in books, with mad symbols, for brainy people.”  
 

Maths and Inequality 
 
International evidence is overwhelming that the more unequal a society is economically (i.e. in 
terms of incomes and wealth), the more unequal it is educationally, socially and in health terms 
(Desta, 2008).  Statistics such as those listed below offer many opportunities for joint human 
rights and maths education.  
 

Fact:  

Disabled people are  2.5 times less likely to be employed in Ireland than non-disabled people. 

Let’s use this fact to look at some mathematical concepts : 

Multiplying decimals  

Multiply the following figures by 2.5  

1. 3 × 2.5 =  

2. 300 × 2.5 =  

3. 1000 × 2.5 =  

4. 10.5 × 2.5 =  
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Algebra  

Let X be the number of people out of work in Ireland that are not disabled.  

Write an equation to show the total number out of work. 

(Desta, 2008) 

Research: Prison Basic Education Survey 

A recent piece of research provided some data regarding the levels of literacy in prisoners and 
also in the wider community. The authors, Kett and Morgan, found that 25% of people in the 
general population scored at Level 1 or below yet for Irish prisoners 52% of respondents scored at 
this level. As a means to teach percentages and ratio, these statistics have great potential. 
Elsewhere in the same research study, data from the Dublin Adult Literacy Scheme notes the 
need to “identify specific strategies for increasing the participation of marginalized men who do 
not traditionally participate in basic education” (Kett and Morgan, 2004).  The targets are long-
term unemployed men in Dublin's inner city who find that negative school experiences and 
embarrassment act as barriers to participation. It also highlights the influence of male culture on 
decisions not to participate: “Fear of ridicule by other men emerged as a key concern for the 
study participants. The work place and the pub were identified as sites of fear for many and as 
environments wherein harsh treatment was expected and a culture of ‘slagging’ prevailed. Some 
participants suggested that while participation in adult education is acceptable for women, it 
could sometimes be seen as inappropriate for men (and) the macho self-image may be threatened 
by participation in education” (Corridan, 2002 in Kett &Morgan). Here the potential for 
citizenship education is obvious as a gateway  subject for men to re-enter the world of adult basic 
education, without the embarrassing connotations.  
 

The Moral Number Line 
 

The number line can be a difficult concept to teach so one exercise that worked involved  was 
“The Moral Number Line.”  A point in the classroom was 10 which represented morally bad, 
while another point represented 1 which was morally good. Questions such as “Are racist jokes 
bad? Is it wrong to eat meat?” and others were asked and learners placed themselves on the 
number line according to their views. This provoked discussion on both the concept of the 
number line and the question content. 

Conclusion 

Thus mathematics and citizenship education can have great cross-curricular potential; 
mathematical concepts can be more appealing when applied to another subject such as this, and 
thus the “mathematicisation” of the other subject enriches it also. 
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The importance of language in the learning of mathematics and numeracy has been 
recognized for some time.  This has now been embedded in the application of the 
standards for teaching and learning for adult numeracy specialists in England and 
Wales.  In our new courses, we have asked trainees to produce an activity that is 
intended to develop language skills alongside numeracy and to display their wares 
on a ‘market stall’.  This paper will show examples of these activities, discuss some 
ways of categorizing the activities and consider the lessons learned for professional 
development of numeracy teachers. 

Introduction 

Since 2002, all numeracy teachers in England have been required to undertake teacher training. 
The training has been based around standards initially produced by the then organisation Further 
Education National Training Organisation (FEnto) and then updated by Lifelong Learning UK 
(LLUK) the organisation which took over FEnto functions. 
 
The 2002 standards for teachers of adult numeracy (FEnto 2002) placed much emphasis on 
teachers personal mathematical skills, as an example 3 out of 5 delivered units of one popular 
course (City &Guilds 2005) were devoted to teachers mathematics skills. They also specified that 
teachers should have knowledge and understanding of the social and personal factors which have 
an influence on learning numeracy, social factors include socio-economic status and ethnicity, 
culture and gender. The closest the standard came to discussing pedagogy was to include wider 
education issues  
 
In particular, time should be spent in critical analysis of education issues. For example: 
  
• the nature of current curriculum provision; 
• curriculum approaches; 
• validity in assessment; 
• key theories related to numeracy. 
 
The standards have been revised and new standards were published in 2007 (LLUK 2007a). In 
contrast the new standards concentrate to a much greater extent on pedagogy (teachers must now 
have the required mathematics skills as an entry requirement (LLUK 2007c)) and in particular 
have the following elements relating to language and the teaching of numeracy/mathematics 
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Element B6.Ma 

Enable learners to develop appropriate specialist mathematical/numeracy language. 

Element B7.Ma 

Use a wide range of communication strategies to support conceptual understanding 
in mathematics and numeracy.  

Element C17.Ma 

Use understanding of the different ways in which language and literacy skills are 
integral to learners’ achievement, in numeracy and mathematics, to address the 
development of these skills within numeracy and mathematics.   

Element C18.Ma 

Use of communication to promote and develop conceptual understanding of 
mathematics via collaborative tasks and sharing of strategies. (LLUK 2007a pp. 7–
10) 

These requirements have developed from a sense that language is such an important component 
of all learning. Educational psychologists such as Vygotsky and Luria have argued that language 
and meaning are intrinsically linked. In mathematics education, there has been a history of work 
that encourages discussion in mathematics. For example, Hoyles (1985) argued that discussion 
should play an important part in the learning of mathematics. More recently, Malcolm Swan and 
others have developed a series of materials that use discussion as a tool for conceptual 
understanding (DfES 2005, DfES 2007). In addition to the importance of discussion in learning 
researchers such as Fullerton (1995) have revealed the importance for adult learners and 
mathematics teachers of being fluent with the mathematics register18 as an important part of 
feeling that they belong to the community of people understanding or teaching mathematics. In 
Fullerton's work with a group of women teacher trainees she discovered this was an issue of the 
women's prior unequal experience of mathematics learning: the women described their memories 
of learning maths in school where boys were given more opportunities to 'talk mathematics' than 
girls while at the same time girls were being ignored or even discouraged from talking, even 
about mathematics. 
 
On a more practical level, many numeracy teachers have become aware of the need to consider 
language when teaching learners. There has been a recognition of literacy issues for some 
learners and language issues for learners for whom English is not their mother tongue.   
Nevertheless, this work while emphasizing the use of discussion in learning mathematics does not 
make any detailed analysis of the use of language in the discussions. In this paper we will 
describe a range of activities that are intended to develop numeracy with a language focus. We 
will describe some of the characteristics of these activities. We will finish by arguing that more 
work needs to be undertaken to identify a range of strategies that deal with adult numeracy by 
focusing on aspects of language. 

                                                 
18Halliday defines a  “register” as a set of meanings that is appropriate to a particular function of language, 

together with the words and structures which express those meanings (see Fullerton 1995 page 42) 
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The ‘Market Stall’ 

The descriptions of activities that are included in this paper come from an assessment that forms 
part of the teacher training programme at LLU+/London South Bank University which 
implements the 2007 standards described above. The assignment is described as follows: 
 
Assessment Task (one of three for the Unit) 
 

NTL2. Prepare a short presentation, with appropriate resources, on how one may 
develop language skills in the numeracy classroom and associated issues. (Each class 
member will prepare a short presentation and these presentations will be set out on 
‘market stalls’ around the room so that trainees can go from stall to stall, and find 
out about a range of approaches to language development in the numeracy 
classroom)  

Provide own presentation in electronic / hard copy form and own notes made on two 
other approaches to developing language skills in the numeracy classroom. (500 
words) 

These ‘short presentations’ form the ‘market stall’ that trainees use to share their ideas. (The 
opening title comes from a 1940s song ‘I’ve got a lovely bunch of coconuts’ which describes a 
type of stall.)   
The assessment guidance describes some further aspects and adds some support. 

You need to identify an aspect of language and communication that you wish to 
address while studying some aspect of numeracy. This might involve (but is not 
limited to)  

(h) practice in reading text (eg an activity that involves some aspect of 
comprehension before undertaking the mathematical activity),  

(i) a speaking task (eg asking each other questions)  

(j) a task that discusses the difference between mathematics use of certain words 
separate from everyday use (eg mode or range). 

You should choose a mathematical topic that involves dealing with place value and 
how this is addressed by the activity. This might be (although is not restricted to):  

(vii) using the four standard operations (eg division and keeping track of place 
value);  

(viii) some aspect of measurement (eg how we deal with imperial 
measurements or time differently to decimals); or  

(ix) handling data (eg reading charts and diagrams that involve using a key 
such as when 3.3 actually means 3300).    

The guidance then suggests that the work should: be appropriately referenced; clearly describe 
how the activities are intended to work; describe how these activities fit into a larger programme 
and, more significantly for this paper;  
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discuss the kind of communication you expect from the activity outlining any 
learner-learner communication and learner-teacher communication expected.  

Criteria for Analysis 

As has been noted, there is no obvious criteria for analysis of the activities in relation to language. 
For the purposes of this paper we will identify two aspects. 

(vii) We will identify aspects of terminology that are raised. This will follow our 
discussions of mathematics register (see Fullerton 1995 page 42) that we discussed 
with the group and related issues. 

(viii) We will look at the ways in which trainees encourage reinforcement or practice of the 
issues that they raise. 

The authors do not wish to suggest that these are the only categories that could be of 
interest and are sure that other aspects could be looked at. Nevertheless these two 
categories do raise some interesting issues that can be discussed and raise some further 
questions.  
 
Examples of stalls 
We will now describe a number of the activities presented as stalls. The four discussed are not 
intended to be representative of the whole cohort. Rather we are trying to show a range of 
activities and discuss some interesting aspects of these. We will comment on how representative 
these examples are in the discussion.  
 

Trainee A  

Activity title: Take Away Pizza 
 
Description : Copies of a real menu from a local shop were provided for learners. Learners were 
asked to work in pairs to calculate answers to questions provided on a sheet. As an example  
 

2a) Choose a starter, a Personal pizza with two extra toppings and a drink from the 
menu 
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b) how much does it cost 

6a) You have £10 to spend on your meal. What would you buy? 

b) How much does it cost ? 

c) How much change would you get ? 

 
Terminology/register : Spending words  such as ‘cost’, ‘change’ and also the register of Pizza 
menus including offers such as ‘Buy One Pizza get one half price’, price of additional toppings, 
pizza and drinks descriptions. 
 
Reinforcement/practice: Learners must be able to understand the questions but more importantly 
find their way around the menu. Using such an activity in pairs or small groups should enable 
discussion and practice of the words and sharing the meanings. 
 

Trainee B  

Activity title: How far from London? 
 
Description : Learners are given cards with facts about the distance of various cities from 
London. Some are straight forward (Los Angeles is 5,444 miles from London), some are more 
complex (Rome is 9,382 miles less than Sydney). They are also given cards with comparative 
words on them (Near, further etc) and a large grid. Learners work together to order the cards on 
the grid and use appropriate descriptors for cities' distance from London. The learners work in 
small groups to order the places and identify the comparators. These answers are shared with the 
whole group and learners practice speaking the phrases.  
 
Terminology/register: Words describing distance both absolutely and comparatively  
 
Reinforcement/practice: Using the information about the distances to choose the comparative 
words. In pairs or groups the practice is through discussion and followed up with explicit 
speaking and listening practice. 
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Trainee C 

Activity title : What it’s worth  
Description : This is a game played in small groups. Each group are given colour coded cards 
with place value column headings (billions, units, hundreds etc). Having discussed the way place 
value works to tell us how large a number is the tutor writes a number on the board and indicates 
one of the digits. Each group decides which place value has been underlined and holds up the 
appropriate card. The class as a whole decides if this is correct and then learners are asked to say 
the heading being held up. The game continues introducing larger values and decimal values 
(tenths, hundredths etc.). The tutor can vary the rules or how the game is played as appropriate. 
 
Terminology/register: place value words  

 
Reinforcement/practice : group discussion and saying the words out loud to whole class. 
 

Trainee D 

Activity title: Words for groups of things 
 
 
Description : The resource contains several items: 
some cards with group pictures and the collective 
noun on the back (e.g. Flowers – bunch) ; a grid 
containing collective nouns on which to match & 
place pictures; a work sheet with calculations on 
which gaps are to be filled with the collective nouns 
(e.g. There are 12 bottles of wine in a ___. How 
many are there in 2 cases ?); a grid on which to write 
the number of items on each card; a final work sheet 
on which learners are encouraged to create sentences 
using the collective nouns learned. 
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Terminology/register: collective nouns 
 
Reinforcement/practice: A variety of activities were proposed here. The learners were expected to 
work through the tasks in pairs, individually to check some learning and finishing as a whole 
group activity. Thus reinforcement and practice are through aspects of speaking and listening 
(discussion) and also through reading and writing (gap fills and matching). 
 

Discussion  

Our first observation was that the assignment task was taken seriously by all trainees with the best 
examples producing a range of effective activities. In our previous training courses we had 
encouraged trainees to plan language related numeracy sessions with limited success. The 
planning activity we tended to set involved taking a choice of concepts from the Adult Numeracy 
Core Curriculum (eg “HD1/E3.2: make numerical comparisons from bar charts and pictograms”) 
and planning a session that takes into account at least one language issue. This activity was not 
assessed. Most trainees were easily distracted by ways of addressing the numeracy curriculum 
element and seemed to forget any aspect of language development.  
 
The new assessment requirement to produce an activity appears to have produced the correct 
encouragement. The assessment task is a little more focused than our previous activity, requiring 
only one or two activities rather than a larger plan. Of course, the requirement to complete as a 
part of the summative assessment was also an important incentive.  
 
While we have noted a range of activities from among the trainee submissions what was less 
developed in the work were methods to clearly develop and practice the language issues raised.  
Many activities, such as ‘TakeawayPizza’  above, develop learners' understanding and ability to 
interpret the appropriate language, although the reinforcement and practice aspect was less 
explicit using standard worksheets rather than focused activities. The 'Words for groups of things' 
activity was interesting in that it also gave learners opportunities to use the language by asking for 
written sentences that involve the language being learned. With many of the resources presented 
language development would be enhanced by discussion amongst the learners although this was 
not always suggested. Interestingly a number of activities and resources, while expecting 
discussion, did not provide more explicit expectations for spoken language. The activities in ‘how 
far from London?’ did expect learners to work in pairs to express phrases involving the 
comparators (eg “Manchester is further from London than Birmingham”).  
 
We suggest that teachers could do with thinking much more about activities that reinforce and 
practice the language issues that they raise. This could involve activities that practice reading, 
writing, speaking and listening, making clear what is expected of learners. 

Conclusion  

The assessment activity has encouraged our trainee teachers to develop numeracy activities with 
some form of language focus. Among the examples produced by the trainees we see a range of 
activities that include: gap filling work sheets; matching activities; sorting; group discussions; 
encouragement for using the terminology in speech and writing. 
 
Nevertheless, for some teachers some more work will be required to develop activities beyond 
those which simply raise the terminology.  
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To aid this process, the authors feel that the development of a framework for language focused 
numeracy activities would be of assistance.  
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Fractions is one topic that concerns many learners.  This research based workshop 
explores some activities that focus on the big picture understandings associated with 
understanding fractions.  Some of the tasks have been used to provide useful 
assessment information for informing teaching, enabling the targeting of specific 
difficulties and misconceptions.  The use of low cost manipulatives, games and 
discussion provides opportunities for learners with different intelligences to interact 
with the key concepts.  The focus is primarily on relational understanding with 
procedural thinking having only a minor role.  Much of this material has been used 
with parents and both preservice and practising teachers, who were interested in 
assisting children to understand and develop confidence with fractions. 

Introduction 
A critical question in supporting fraction understanding is to consider what a fraction is and how 
the learners may see fractions.  Some ways of seeing fractions are:  
 

• Part of a whole 
• Part of a collection  
• A division (quotient) 
• A ratio  (multiplicative thinking) 
• A number on a number line 

The development of the concept of fraction takes place over time and full understanding of the 
concept includes all or these ways of seeing fractions.  Many children and adults have a limited 
understanding and only see fractions as part of whole.  This limits them as it often means they do 
not conceive of fractions larger than one, cannot relate fractions to a number line as fractions are 
only part of a whole and do not recognise the link between the division sign and the form of a 
fraction. 

Part-whole understanding 

Part-whole understanding is critical in the concept development.  Key ideas are that: 
 

• Equal parts are not necessarily congruent 
• Subdivision must be exhaustive 
• A given fraction of a may be different to the same fraction of b 

One aim is to enable the learner to move flexibly from whole to part and from part to whole.  
Consider the diagram in figure 1.  The question is What might be the fraction?  Of course there 
are many possible answers but each time the whole and the particular piece of interest need to be 
defined.  
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Figure 1. Open part-whole question. 

For many learners visual representations and manipulatives are important aids to learning.  In the 
creation of models we need to ensure we are not adding to complexity while at the same time we 
need to provide a breadth of experiences.  Models are often based on length, area of rectangles or 
circles.  The concept of area is more difficult than length and that needs to be considered.  Figure 
2 shows a response to being asked to show a third.  The circle is correct if the marked fraction is a 
fraction of the width but not if it is an area model.    

 

Figure 2. One third–but of what? 

The circle model can cause problems and raises some interesting questions.  Do the learners see 
the area, the angle or the proportion of the circumference?  Of course all give equivalent answers.  
The real problem lies in the effort to place the question in a pseudo-real context which usually 
involves food.  For example pre-service teacher education students were asked to write some 
questions for a test and the lecturer then used some of the students’ questions on the test.  One of 
the questions was as follows: 

Alan, Ben, Cathy, Dana and Erin had some pizzas. Alan had 2/3 of a pizza, Ben 3/4 
of a pizza, Cathy 4/5 of a pizza, Dana 6/8 of a pizza and Erin 1/2 of a pizza.  Who 
had the most? 

One student was asked this question in interview.  She claimed that her friends wrote it and she 
had seen it before.  She then drew a circle and after some time divided it into four and shaded 3/4 
as shown in the left-hand circle in figure 3.  The second stage was to draw another circle and 
again divide it into four.  After some time passed she then added the lines dividing it into eight 
and shaded 6/8 as in the circle on the right in figure 3.  She commented, with some surprise, that 
3/4 and 6/8 were the same.  She quite quickly drew another circle, divided it into two and shaded 
one half.  Her last drawing was of another circle which she divided again into four.  After looking 
at it for nearly five minutes she added the line in the lower right hand quadrant in the centre circle 
and shaded it as shown.  She then answered that 3/4, 6/8 and 4/5 were all the same so Ben Cathy 
and Dana had all had the same amount of pizza.  

This signals the need to think carefully about what contexts are appropriate to develop the correct 
concepts.  While it is clear there is some lack of understanding of fractions the question that arises 
is how much the context may be misleading.  For example everyone knows that the first to take a 
piece of pizza can easily obtain more pizza as the size of pieces is never uniform.  The second 
difficulty is that circular pizzas are usually divided into eight pieces.  It is not possible to have 1/5  
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Figure 3. Three pizzas divided to show 3/4, 4/5 and 6/8. 

or 2/3 of a pizza just by taking pieces that are already cut.  At least if such poor contexts for 
fractions are used there needs to be discussion about the problems.  It is also more difficult to 
divide a circle into three or five than to divide a rectangle. 

Part of a collection 

For some learners the concept of fraction is restricted to a fraction of one object.  Figure 4 shows 
one students attempt to show one third of some circles.  While of course it is correct it shows that 
the student does not yet understand a fraction of a collection and this may be due to limited 
experiences. 

 

Figure 4. One third of the circles is shaded. 

The flexibility to move from part to whole and whole to part applies here as well.  Figure 5 shows 
three quarters.  What is two thirds? 

 

Figure 5. Three quarters is shown.  Find two thirds. 

Some Activities to Aid Understanding 

Fraction Strips 

This activity has assisted both adults and children to work with fractions and provides a 
visualisation based on length which is conceptually simpler than area based models.  I have used 
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it particularly with parents who are interested in learning to assist their children.  Teacher trainees 
who are unsure of the concept have also found it useful. 

I usually start with strips of stiff paper or very light card that I have cut to 60 cm in length and 
about 2-3 cm width.  Working in pairs (or sometimes individually) one strip was labelled 1 
whole.  Another strip, of a different colour, was folded then cut in half.  The next strip was cut 
into three 20 cm strips.  Using this approach with a combination of folds and measuring the 
fractions made included 1/2, 1/3, 1/4, 1/5, 1/6, 1/8, 1/10, 1/12, 1/15, and sometimes others such as 
1/20 and 1/24 were added.  1/9 and 1/18 could also be used but have less common denominator 
connections.  Participants labelled their fractions as fractions of the whole.  A wall was then built 
with the smaller fractions lower down.  I have made a similar wall on a poster with strips the 
same length that the class uses.  The first 14 rows are shown here in figure 6.  My poster has 36 
rows and it includes all the fractions while the strips the learners make include only some 
denominators. 

 
  
   
    
     
      
       
        
         
          
           
            
             

Figure 6. A fraction wall. 

The poster provides an interesting pattern and students often comment on the curves. 
 

The strips are then used in a variety of ways.  It is important that the learners do not always see 
the long strip as the whole but recognise that there are other relationships as well.  Some of the 
tasks include: 

• Find all the different pairs where one is half of the other—how do you know that they are 
half?  How do you know you have found them all?  The discussion here should focus on 
two equal length parts.  The word half is often misused as is well known.  Children have 
been heard to say “It’s not fair, he/she has the bigger half” and cutting an apple “in half” 
really means in two roughly equal pieces.   

• Find three strips that together make one whole.  Write down the corresponding addition 
fact.  Can you do it in any other way? Repeat with four strips and five strips.  This is a start 
to the ideas of addition and the writing down of the facts found is an important step.  A 
follow up question without the strips would be to write down two fractions (they may be 
different) that when added together make one.  This would be followed by write a number 
of fraction sums that make one. 

• Find three strips that together make one half.  Write down the corresponding sum and 
repeat with different numbers of strips as in previous task. 
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• How many different ways can you find to cover each piece exactly with pieces of the same 
size?  This will establish the idea of equivalence.  Sometimes the learners like to write what 
they have discovered on one of the strips so to one of the 1/2 strips they add = 2/4 = 3/6 = 
4/8 = 5/10 = 6/12  etc. 

• Cover the whole with pieces of two different colours exactly and write the sum.  
Investigate in how many different ways this is possible.  Repeat for three different colours.  
The writing of the sums each time is an important component. 

• For addition place the two fractions end to end and find pieces of the one colour-
denominator that together make exactly the same length.  Write down the equivalence.  
This is shown in figure 7 for a half plus a third. 

1/2   1/3   

1/6 1/6 1/6 1/6 1/6  

Figure 7. Addition of fractions. 

Allowing the learners to do their additions this way and encouraging them to predict answers, 
particularly after having written the equivalent fractions on some of the strips helps them more 
easily move to the algorithm that is commonly used.  When they have difficulty with a problem 
the strips and discussion with fellow learners provide the first assistance.   

It is important in the addition of fractions with the strips to have some which go beyond the whole 
so that fractions larger than one become part of the learning as well. 

A game using the strips 

The first version is a simple one to establish the rules of the game.  Using a die labelled 1/2, 1/4, 
1/4, 1/8, 1/8, 1/8 players take turns to roll for fractions.  When two fraction strips can be traded 
for a single strip the trade must be made.  On any turn a player may refuse to take a strip for any 
reason.  This may be because it would be too big or might make it difficult to win.  The winner is 
the first person to have the whole. 

The more challenging version uses a die labelled 1/4, 1/3, 1/6, 1/8, 1/12, 1/12.  This time it is 
often necessary to refuse a strip.  For example if 1/6 is needed to complete a whole but 1/8 is 
rolled it should be rejected but it usually takes players some time to come to this realisation.  
Adding another rule that allows a rolled fraction to be either added, taken away or refused can 
enable the game to conclude more easily. 

Another fraction wall game—Colour in fractions 

This game uses a grid as shown in figure 3 and two dice.  One die is labelled */2, */3, */4, */6, 
*/8, */12 and the other 1, 1, 2, 2, 3, 3.  Each player has a grid as shown in figure 8 and a pen.  
Players take turns to roll the two dice and then may colour in the equivalent fraction on the wall.  
For example, if the roll is 3 and */2 the player may colour in any combination that is equivalent to 
3/2.  The complete fraction rolled must be coloured or the turn missed.  For example if a player 
has only 1/3 left to colour and rolls 3/2 the turn would be missed.  The object is to be the first to 
colour in your own wall exactly. 
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Figure 8. Grid for Colour in fractions. 

Part of the discussion after the first game should be about strategies and why particular strategies 
are useful.  A quick sketch of strips also now often assists students in answering questions. 

Fractions as division and division of fractions 

The shape of the division sign reflects the connection between fractions and division.  The 
division sign is like a fraction with the two dots representing the numerator and denominator and 

the line between them, the vinculum, also between the two dots.  So 
5
3  is 3 ÷ 5.  Questions such 

as is 10 cookies shared between 5 people can be seen as 10 ÷ 5.  The next step is to see a question 
such as 3 large cookies shared between 5 people as 3 ÷ 5 or in fraction form as 3/5. 

Questions involving division come in two main forms.  Partition, which is also called sharing is 
where a collection is divided into equal parts.  For example if a collection is sorted into three 
equal groups.  In this form the questions can be interpreted as sharing so 24 ÷ 3 becomes 24 
shared between three.  The other form is quotation, which is also sometimes called measurement 
where groups or quotas are formed.  For example to make groups of three.  In this form the 
questions can be interpreted as how many so 24 ÷ 3 becomes 24, how many threes.  This latter 
form of division is particularly useful when dividing fractions.  For example a common error for 
10 divided by ½ is 5, but if the question is read as 10, how many halves, the answer of 20 is easier 
to understand.  Discussion of language and how different language presents different images is an 
important part of the classroom.  Figure 9 shows a division of fractions problem using the strips 
as a visual aid 

 

Figure 9. 1/2 ÷ 1/3. How many of the thirds would be needed to make the half? 

Arrays 

Fraction multiplication is another fraction operation.  Martin, a teenager in grade 8 who had been 
an excellent student in mathematics with very high grades once asked me for some assistance 

1 
2

1 
3
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with a mathematics problem.  The problem was 
2
1

4
3
× .  He said that he had an answer and it was 

probably correct but he hadn’t done any fraction problems since the previous year and wanted to 
be sure.  His answer to the problem was 3 and he had no concept of the idea that the answer 
should at least be less than one.  I could not see how he obtained 3 so I asked him for his solution. 

Well, for all fraction problems you put the fractions over a common denominator. 
The teacher says it is easier if you don’t worry about the lowest common 
denominator.  You get the common denominator by multiplying the two numbers 
on the bottom.   

8
____

2
1

4
3 ×

=×  

Then you sort of cross multiply to get the two numbers on the top.  Finally just 
finish the problem – 24 on top divided by 8 gives 3. 

3
8
24

8
46

==
×  

Martin has learned a procedure but without a clear understanding of its use.  It works very well 
for addition and subtraction.  Procedural knowledge (instrumental understanding) without 
relational knowledge (relational understanding) is limited. Students need to understand the 
operations and be able to relate them to other knowledge. 

When Martin’s little sister in grade 1 was asked to read the question 2 × 3 and said “two groups 
of three” Martin thought for a moment and then said “Oh like 3/4 of a group of 1/2?  That’s 3/8.”  
An array or a rectangle as shown in figure 10 is another good way to illustrate this type of 
multiplication 

 

        

Figure 10. Fraction multiplication illustrated. 

Benchmarking, Ordering and Fraction Sense 

Martin’s lack of appreciation for the magnitude of the answer raises the issue of building fraction 
sense which includes estimation of magnitude and benchmarking.  Figure 11 shows a 
benchmarking question. 

3 
4 

1 
2 
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Figure 11. Sort these fractions into three groups near 0, ½ and 1. 

Open questions are a good way to build number sense and provide opportunities for discussion on 
issues.  For example write down at least seven fractions that are between ½ and ¾.  
 

Asking students to order groups of fractions, particularly if they are on cards rather than a text 
exercise, can reveal where there are misconceptions.  For example some think the largest 
denominator gives the smallest fraction, which is true if the numerators are the same.  Others 
think that it is the gap between the numerator and denominator that makes a difference.  Having 
groups sort fraction cards and discuss their group answer is one way to assist in the overcoming 
the misconceptions. 

Number lines 

Too often the only interpretation people have of fractions is as part of a whole.  The complete 
concept includes fractions as numbers which can be placed alongside whole numbers and 
decimals on a number line.  The question below can show whether this is a problem for the 
learners. 

Here is a number line.  I am going to ask you to show me where some numbers are on the line. 

Point to a quarter. 

 
Point to two and a quarter  

There are many rich activities around that can support learners’ sense of fractions and their 
operations.  The reference list shows a book and an article, both written for middle-school 
students but with ideas that I find useful at many levels. 
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The Leitch Review of Skills, a major economic review of UK workforce skills, was 
published at the end of 2006. The review specifically identified the skills required to 
maintain the UK as a global economic force for the next 10 to 15 years. This has 
resulted in a big shift in policy, people and resources to focus on the delivery of 
skills training for adults in the workplace. There is a particular emphasis to up skill 
those people with skills lower than level 2, but now moving onto level 3.  While 
many would agree the intention to up skill the workforce may be laudable, there is a 
great concern in the education sector that the outcomes are too narrowly focused on 
skills for work.  
 
The focus on workplace learning and training has raised the question ‘what are 
relevant skills?’ and more specifically ‘what are the relevant numeracy skills for 
now and for the future?’ This article considers some of the challenges for the 
education and employment sectors when considering this question.  

• Are the numeracy skills we wish to develop relevant for work now or to become 
equipped with skills to adapt to the future?  

• Can the educations sector deliver the relevant skills, indeed do current teaching 
methods lend themselves to adapt to the changes needed? Do we need to consider 
new approaches to developing skills?   

• Likewise do employers fully appreciate what the education sector is capable of 
offering? Indeed do we even have a shared understanding of the vocabulary needed 
to make the produce training that makes most of both sectors skills and talents?   

 
 

Introduction 

 
Defining numeracy as an essential skill to succeed at work is not contentious, what is more 
debatable is exactly what numeracy skills are relevant to work and what aspects of numeracy are 
essential to the concept of employability now and for the future. Concepts of employability 
continue to change in response to technological advances and economic development as a 
consequence the debate on relevant skills continues apace at an international and national level.   
 
Central to this debate is the role of the education sector, as a whole, in workplace skills 
development. Is it to provide the economy with a skilled workforce or is it also to develop 
citizens to be able to fully engage in our cultural and social heritage? Is to support the current job 
market or is it to prepare the future workers for jobs that have not yet even been invented. Is skills 
development only relevant at FE level, at 14, or earlier? The ethical and moral debate on the 
reasons for skills development will, and should, take place within the education sector but not at 
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the cost of enabling people to develop skills to enhance their own and their families’ lives and 
livelihoods. The Education sector is, after all, the product of citizens and workers of the past and 
the preparation for the future. 
 
If we agree that that the education sector has a role in life skills development, the challenge for 
that sector is to identify at what point skills support is needed for the workplace and how to 
deliver it. With changes in Government policy on Apprenticeships and Diplomas (World Class 
Skills: Implementing the Leitch Review of Skills in England, 2007) the education sector post 14 
is now challenged to move from a more generic approach to learning and knowledge acquisition 
to consider contexts for learning. The interaction between aspects of Employment and Education 
sectors is being encouraged. Schools are confronting the 14–19 agenda with Apprenticeships and 
Diplomas; Further Education is practically being redefined by these new challenges and Higher 
Education continues to develop relationships with specific industrial sectors. 
 
 

Delivering Training  

Tensions between aspects of the industrial and education sectors often arise when employers want 
to concentrate on their core business and see the development of numeracy skills in their 
employees as something that school education should have already dealt with. If the education 
sector failed once to teach the relevant skills in school, how can employers be confident that they 
can teach the right skills for their business, a second time around in FE or HE?  For the education 
sector the discussion is also around not just when but how best to deliver the skills relevant to the 
workplace.  There is much research to identify the difficulties of transferring skills learned in 
classroom to the workplace setting (Coben et al., 2003). 
 
The current debate on what are relevant numeracy skills for employment, often focus on the 
functional skills that are regularly used in the workplace. The lists, such as those identified in the 
CBI document Taking Stock: Education and Skills survey (2008), often include: percentages, 
ratios, odds and probabilities. While these skills are undoubtedly an essential part of the 
workplace skills base they do not necessarily give the complete picture. Most of these skills need 
to be adapted to particular contexts in order to support workplace practices.  
 
Also in an increasingly technologically driven world are ‘doing percentages accurately’ enough? 
Or do we need to know when it is appropriate to use percentages, which percentages are relevant 
to the problem and how do we communicate the key messages about these percentage 
calculations in the most effective manner?  In fact are the skills taught in maths classes sufficient 
to support employment now and in the future?  Are there other skills such as communication and 
information processing as identified by Hoyles et al, called Mathematical Literacy (Hoyles, 
2007), that are essential to make sense of the mathematical calculations in the technological 
workplace context.  Dossey identifies the skills needed for citizenship as including: 
 

the ability to apply aspects of mathematics (including measurement, data representation, 
number sense, variables geometric shapes, spatial visualization, and chance) to 
understand, predict, and control routine events in people's lives (Dossey, 2007). 

 
 An SSDA report identifies that:  
 

Once learning is viewed as a complex, contextualised process, we open the door to a much 
more meaningful exploration of how knowledge and skills are developed, adapted, 
transformed and shared within the dynamic setting of the workplace (Unwin et al, 2006). 
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This more complex model of an interdependent set of ‘supporting’ skills in various contexts can 
include “on the job training “as an essential part of efficient skills development. Workers need to 
engage in learning taking place outside, as well as within, the classroom, as an essential part of 
skills improvement for their job roles (Braddell, 2007). 
 
Research, backed by experience, also identifies the issue of language and the lack of shared 
understanding as a barrier to skills development when managers do not understand the dialogue 
surrounding skills development. When discussing underpinning language and numeracy skills 
Newton et al. found that  
 

Largely they (employers) articulated these as ‘communication skills’ or ‘customer care’ 
skill; less often they referred to “language skills ‘and ‘IT skills’. This does not mean that 
the language, literacy, numeracy and information Technology skills cluster is not required 
at work; rather, that supervisors and managers remain unfamiliar with this vocabulary 
(Newton et al., 2007). 

 
Now the skills debate is also impacted upon by the newly defined functional skills. The 
mathematical and the process skills identified include the ability to: 
 

Understand a situation, choose an approach to tackle the problem, formulate a model 
using maths, use maths to provide answers, interpret and check results, evaluate the model 
and approach, explain and analyse, apply and adapt to the situations as they arise 
(www.excellence.qia.org.uk/functionalskills visited 21/06/08) . 

 
Questions remain for education and workplace sectors. Will the skills as defined above develop 
the workplace numeracy skills that organisations like the CBI are seeking? And will the education 
sector be willing and able to enable classroom learning to be adapted to workplace projects and 
problems to develop these skills? 
 
In order to consider some of the complexity of the challenges for the education sector and 
workplace learning I have tried to develop a model that enables education and other industrial 
sectors to consider how they might consider the skills required and adapt their training to support 
numeracy skills development with the workplace. 
 
The model, discussed later, tries to consider some of these challenges and identify where changes 
in approaches to training, understanding definitions of shared language or preconceptions may be 
essential to successful skills development.  In fact is the education sector workforce aware of the 
challenges, are they ready to rise to the challenges and adapt to a more complex approach to work 
place numeracy skills development? Indeed is the qualification and assessment system also able 
to address this greater complexity. 
 
At the same time are employers ready to consider these new problem solving skills as essential to 
workforce development. When most employers went to school it was a case of learning 
percentages and fractions- these were the Maths skills. Many may not see the purpose or 
relevance of the development of numeracy skills in context with other “support skills” as essential 
to their workforce to meet the changing demands of their businesses. Hence a list of numeracy 
skills may dominate, but not necessarily satisfy, the employers needs. 
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Workplace Numeracy Teaching Model  

A model is used for identifying the skills needed to teach and learn numeracy relevant to the 
workplace. The axes represent a continuum of concepts, for example, the generic approach to 
skills development is at the opposite end of the axes to context driven skills and a particular 
mathematical product e.g. fraction calculation will be at the opposite end of the axes to a 
mathematical process of understanding, for example ratios and proportions, and its application to 
a variety of contexts. 
 
The model was originally developed when reflecting on the methods used in a drug calculation 
used by nurses in a clinical setting. The example used is developed from the content for a training 
session for supporting Nurse Lecturers and Mentors to support trainees to develop their numeracy 
skills in a clinical setting. The participants were given the following problem and asked to write 
down how they would solve the problem. 
 
The problem: You need to prepare an injection of 0.75mg of digoxin.  The stock solution has 
500mcg in 2ml. How many millilitres do you draw up?  Show how you would carry out the 
calculation. 
 
More than one method for calculation was identified in this exercise. The model below was used 
in the analysis of the methods written and discussed. 
 
Diagram 1 

Possible Model of Analysis for Workplace Numeracy 

 
 
 
 
 
 
 
 
 
 
 
Method 1  
The standard formula used in nurse training when reading a prescription and then deciding the 
amount of drug in solution (the number of phials of medicine) to be administered to the patient is 
shown below.  
 

What you want   x volume   = 
----------------                                           

         What you have got 
 
This formula is learned by rote and specific to the clinical context, not transferable outside a 
clinical context and often not fully understood by those within it.  This method is placed in the 
bottom left quadrant; context driven with a specific answer or product as the outcome.  
 

Numeracy  
Process 

Numeracy  
Product 

Generic  

Context driven  
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Method 2  
The mathematics for this calculation is based on ratio and proportion. 
750 mg is prescribed but the medicine phials are produced in amounts of 500 mg. Hence the 
calculation below was carried out. 
 

  0.5mg = 2ml  (concentration in one phial) 
0.25mg = 1ml 
0.75mg = 3mls 

 
To deliver 750 mg of the medicine the nurse will need to deliver 3mls of the solution, or 1.5 
phials. 

 
This is a proportion calculation that can be used and applied to many different contexts. (A 
common use of this approach is in the calculation of VAT). This calculation is transferable to 
many contexts and generic in its use so the calculation will appear in the top left hand corner of 
the model. 
 
 
 
Method 3  
Using the approach in Method 1 but not using any units. In this case the calculation could be 
reduced to a simple fraction, with no units and a simple number answer. 
 

3 x 2 = 
2 

  
In this case the calculation would be placed in the top right hand of the model; generic (no units) 
and no context. 
 
 
 
Method 4 
This method resulted from the discussion that took place with the group of nurse tutors and 
mentors. The calculation could be described in words, in this case linked to delivering medicines 
and procedures used specifically in that hospital or organization. This would be placed in the 
bottom left hand quadrant. It was a process for calculating the medicines, but totally context 
driven. 
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Diagram 2 
  
        

0.5mg = 2ml 
0.25mg = 1ml 
0.75mg = 3mls 

        3 x 2 = 
2 

 
 
 
 
Proportion      What you want   x volume   = 
linked to medicine      ---------------- 
dispensing amounts and    What you have got 

hospital procedures 

       
 

 
 
 
 
 

Adapting the Model to Education and Workplace Contexts 
  
The model can be adapted so that the vertical axis represents the contexts of education and 
workplace, while the horizontal axis represents the function of learning from rote to problem 
solving. The model now offers a scenario to explore skills and knowledge, context and function. 
 
The model in this way may also be used to identify teaching and learning approaches in different 
contexts and which may be considered most appropriate for a particular numeracy skill.  For 
example, it may be appropriate to learn the generic skills for fractions at school but learners may 
be more open to ideas developed in a workplace/problem solving context to reinforce learning. 
 
Thus teachers/ lecturers may move around the axes to adapt approaches to learning.  
Considering the research and employers contributions to the workplace skills debate it may also 
be appropriate for employers to consider whether they may wish to progress from the concept of 
‘accuracy’ to ‘accuracy and application’. Enabling employees and employers to develop the 
language to discuss the skills needed for their employment and education. 
 

Numeracy  
Process 

Numeracy  
Product 

Generic  

Context driven  
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Diagram 3 
 
 
 
        
 
Process                         2                                                               3 
Problem Solving 
 
          Product 

Rote Learning  
 
                                     1                                                               4 

Employers 
Context driven 
Workplace  

 
 
 
 
The model can also be used to consider a change of approach may be appropriate for workplace 
learning too. The teaching and learning can move across the quadrants as appropriate. The use of 
the model does not seek to pigeon hole a particular type of approach, but rather to suggest the 
approach could be categorised, or thought of, in a certain way but also adapted to engage and 
motivate learners. 
 
Work place training, position 4 on the model, may start with ideas from a particular work 
problem but can easily move across the axis to position 1 perhaps broadening the numeracy 
approach to other problems in the factory. Understanding the change in approaches a lecturer or 
teacher is using helps develop a more personalized methodology for the learner and the employer. 
 
Traditional maths teachers may start at position 3 but can move to and from any of the quadrants. 
Moving from position 3 to 2 recognises the movement towards a more problem solving approach. 
Moving from position 3 to 4 recognises maths used within a particular context. Employers often 
start with skills for a specific product at position 4, like percentages, can quite quickly move to a 
more generic problem solving model to adapt the skill to other contexts of work, or changing 
quantities within work. 
 
The model only seeks to recognise approaches and numeracy skills, it does not seek to make 
value judgements about approaches or create a hierarchy of value. It merely seeks to help reflect 
the skills, approaches and challenges that exist in teaching numeracy.  The choices of where we 
start and finish on the axes are down to the professional judgement of the teacher/lecturer/trainer/ 
employer. 
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Research has documented that students often hold mistaken beliefs about probability 
not resolved by traditional instruction. This study surveyed college professors of 
introductory applied statistics about their views on the importance and difficulty of 
various probability topics, their awareness of students’ misconceptions, and their 
opinion on how to address them in instruction. Most instructors felt that students’ 
misconceptions are widespread, yet resolvable by instruction. Many were unable to 
rate the difficulty of correcting various misconceptions, raising the question of how 
much they had worked with them. While the majority agreed that it was possible to 
correct misconceptions, some instructors felt that the standard course time is too 
limited to address them. These findings suggest the need for faculty development and 
for research on which probability topics are essential to understanding inferential 
statistics. 

Introduction 
A substantial body of research demonstrates that students often hold non-normative concepts in 
mathematics and science (Garfield, 2001; Morton, 2008; Ozdemir & Clark, 2007; Vosniadu, 
2004). The most common and broadly accepted term used is misconception, which is defined as 
“a student conception that produces a systematic pattern of errors” (Smith, diSessa, & Roschelle, 
1993, p. 10).  
 
Numerous studies document that a large proportion of college students have misconceptions 
about probability (Antoine, 2000; Das, 2008; Giuliano, 2006; Hirsch & O’Donnell, 2001; 
Konold, 1989; delMas & Bart, 1989). These nonstandard concepts often develop as a result of 
informal encounters students have with uncertain events at home, at the workplace, or while 
playing games of chance. The most common misconceptions include equiprobability bias 
(attributing the same probability in a random experiment to different events regardless of their 
actual chances; Jones, Langrall, & Mooney, 2007; Lecoutre, 1992; Lecoutre & Rezrazi, 1998), 
outcome orientation (treating the probability of an occurrence as a certainty rather than a measure 
of likelihood; Jones, 2005; Konold, 1989, 1995), and representativeness (estimating the 
likelihood of an event based on how well an outcome represents some aspect of the parent 
population; Hirsch & O’Donnell, 2001; Kahneman, Slovic, & Tversky, 1982; Shaughnessy, 
1992). 
 
There is also strong research evidence that most misconceptions do not disappear as a result of 
formal (traditional) instruction (delMas & Bart, 1989; Khazanov, 2005; Konold, 1995, 
Shaughnessy, 1977, 1981). They can “peacefully coexist” with normative concepts and interfere 
with students’ ability to apply these concepts consistently and with confidence (Khazanov, in 
press; Ozdemir & Clark, 2007). Garfield (2001, 2007) points out that, although students may 
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learn probability rules and procedures and may actually calculate correct answers on 
mathematical tests, these same students may misunderstand basic ideas and concepts and often 
ignores the rules when making their own judgment about uncertain events. Most researchers 
agree that instructional interventions designed specifically to correct students’ misconceptions are 
necessary (Khazanov, in press; Konold, 1995; Hirsch & O’Donnell, 2001, Shaughnessy, 1981, 
1992). 
 
Addressing students’ misconceptions about probability has been acknowledged as an important 
instructional goal. Shaughnessy, one of the most frequently cited scholars in the field of 
probability and statistics education, declared that “one of the main goals of stochastics instruction 
should be to provide students with examples of how statistics is used and abused, and how 
misconceptions of probability can lead to erroneous decisions” (Shaughnessy 1992, p. 482; 
emphasis added).  
 
Teaching probability for conceptual understanding implies a major shift in emphasis from simply 
providing formulas, rules, and procedures for calculations to addressing students’ primary 
intuitions and preconceptions (Garfield, 1995; Konold, 1995; Sharma, 2006). Shaughnessy (1992) 
emphasized both the need to assess teachers’ conceptions and attitudes about teaching and the 
need to improve them. He called for the development of methods courses which directly address 
misconceptions and which sensitize teachers to their prevalence. While college professors are 
probably better trained in the rigors of the subject than the high school teachers Shaughnessy 
described, it is not likely that many of them have ever taken methods courses in teaching 
probability and statistics, as these are not commonly required. In that case, they would not have 
been trained in how to address students’ non-normative concepts. 
Before implementing major changes in the teaching of probability and statistics, it is essential to 
understand college professors’ awareness of the prevalent misconceptions and their effects on 
learning. While many misconceptions and their causes have been identified (Konold, Pollatsek, 
Well, Lohmeier, & Lipson, 1993), little is known about the extent of college teachers’ awareness 
of misconceptions, their nature, or methods to address them, let alone the extent to which they 
actually do so in their classes.  
 
The objective of the present study was to address some of the concerns identified by 
Shaughnessy: to survey college professors of introductory applied statistics in order to determine 
their views on issues pertaining to the teaching and learning of probability; their awareness of 
student misconceptions; and their opinions of whether and how those misconceptions could be 
addressed in instruction. Specifically, we were guided by the following questions: 
 
• How do college instructors assess the difficulty of various probability topics? 

• To what extent are statistics instructors aware of their students’ misconceptions of 
probability? How do they know when misconceptions exist?  

• What, in the opinion of instructors, are the most important reasons for students’ 
misconceptions about probability? 

• How do college professors assess the difficulty of correcting various misconceptions? 
Which of the misconceptions do they find the most difficult to correct?  

• What approaches and strategies do college professors identify as most effective for 
correcting students’ misconceptions? 
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Procedure 

Participants 

Participants were 66 college teachers who had experience teaching probability and statistics. 
Efforts were made to survey college professors from a spectrum of institutions ranging from 
small community colleges to large public and private universities. One hundred questionnaires 
were distributed via contact persons to instructors in colleges and universities in New York, New 
Jersey, California, and Michigan. A small number of questionnaires were personally delivered by 
the senior investigator to instructors from colleges and universities outside the USA. To identify 
potential respondents, the contact persons obtained from the departmental secretaries lists of 
instructors who had taught a course on probability or statistics at least once and attempted to 
reach out to all instructors on the list. Sixty-six questionnaires were answered and returned to the 
investigators. Participants differed with regard to their teaching experience, which ranged from 
one year to over thirty years. The mode was twelve or more years for both college-level teaching 
and teaching of probability or statistics. The distribution of respondents across the institutions of 
their affiliation is in Table 1. 
 

Table 1. Distribution of respondents across institutions of affiliation. 

Institution n % 

Community colleges 32 48 

Four-year colleges and universities 17 26 

Research universities 11 17 

Foreign colleges and universities (Russia, China, Slovakia) 6 9 

Total 66 100 

Contact persons were instructed to obtain reasons for refusal to participate in the survey. The 
majority of non-respondents came from one large upstate university where the contact person 
distributed 20 questionnaires. The chairperson informed the contact person that the department of 
mathematics and statistics that he chaired was not in a position to participate in the study, since 
they had stopped offering introductory statistics. Other reasons cited by contact persons include 
“extremely busy,” “the questionnaire is too long,” and “unsure how to answer the questions.” 

We believe that non-respondents would be unlikely to have a significant effect on results for two 
reasons: first, if one excludes the 20 questionnaires coming from a single university, the non-
response proportion falls below 20%, which is small enough not to warrant serious concerns 
(Gall, Gall, & Borg, 2003). 
 
Secondly, the cohort of non-respondents does not seem to be markedly different from that of 
respondents, as the majority of non-respondents cited extremely busy schedules as their reason 
for not answering the survey. It seems unlikely that, as a group, they would hold opinions about 
the investigated issues markedly different from the opinions of those who afforded time to answer 
the survey. We cannot rule out, however, the possibility that, since some of the non-respondents 
answered “unsure how to answer the questions,” the proportion of answers in the category neutral 
could be slightly higher if non-respondents were included. 
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Instrument 

A questionnaire designed by the first author was employed in this study since an appropriate 
instrument could not be identified in the literature. The initial version of the questionnaire was 
piloted with several of our colleagues, and some of their suggestions were incorporated into the 
final version. For example, some questions that in the original version allowed for only two 
responses—yes or no—were rewritten to allow for more nuanced responses. 
 
The questionnaire was intended to probe instructors’ opinions on a broad range of issues 
pertaining to students’ misconceptions about probability. It is comprised of ten item sets covering 
several key instructional issues, such as whether instructors believed probability was important 
for college students, whether they acknowledged the importance of students’ misconceptions, and 
whether they believed it was feasible to deal with them in the first statistics course. The format of 
questions varied and included multiple choice, arranging items in order of importance, and rating 
items on a Likert-type scale. (The complete questionnaire is in Khazanov, (2005) and is 
ayavailable online at http://64.233.169.104/search?q=cache:01P0JohMxAEJ:digitalcommons. 
libraries.columbia.edu/dissertations/AAI3192253/+Leonid+Khazanov+Investigation+approaches
+and+strategies+for+resolving&hl=en&ct=clnk&cd=1&gl=us). We also asked instructors to 
evaluate the effectiveness of various approaches for resolving students’ misconceptions, with the 
objective of finding out what they believed worked best. We attempted to list the majority of 
approaches described in the literature; however, a space was provided for respondents to add 
items they thought were missing. 

Administration of the questionnaire 

Participants were asked to answer the survey questions during their free time, with a three-week 
deadline. A small number of completed surveys were accepted after the deadline. A note that 
accompanied the questionnaire informed participants about the purpose of the survey, potential 
benefits, and how the results would be used. The survey was essentially anonymous; respondents 
were asked to indicate their mother’s maiden name to avoid duplication and for coding purposes. 
Those respondents who might be interested in participating in a teaching experiment designed to 
assist students in resolving certain misconceptions were asked to provide contact information. All 
subjects were informed that the results would be reported in statistical form only, and that no 
personal information would be revealed.  
 
Participants were instructed to answer all questions to the best of their ability. To enable informed 
responses, a supplementary information sheet was provided containing the definitions and 
examples of common misconceptions. Completed forms were collected by the contact persons 
and mailed or personally delivered to the investigators.  

Results 

This study was exploratory in nature and relatively small in scope. Although some features of 
stratified random sampling were employed (contact persons were selected from different types of 
colleges, and they were directed to solicit responses from all professors who qualified), it was not 
a true random sample of all college professors who teach probability and statistics. Because of 
this, we present the results descriptively. Nevertheless, in spite of the above limitations, they 
reveal important patterns in instructors’ attitudes that could prove useful for instruction and for 
further research.  
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Perception of learning difficulties 

Our first question concerned instructor perceptions of students’ difficulties in learning various 
probability concepts. Table 2 lists eight core probability concepts and the percentage of 
instructors who ranked each concept among the three most difficult. 
 

Table 2. Instructor’s ratings of the difficulty of key probability concepts. 

Concept % ranking the concept as among the 3 most difficult 

Bayes’s Theorem 66 

Conditional Probability 60 

Independent & Mutually Exclusive Events 55 

Counting, Permutations & Combinations 42 

Law of Large Numbers 25 

Sample Space 22 

Binomial Probability 20 

Normal Curve 15 

The results show that the majority of respondents included Bayes’s theorem, conditional 
probability, and the distinction between independent and mutually exclusive events in the list of 
the three most difficult topics for students to master. In contrast, less than a quarter of survey 
respondents listed sample space, binomial probability, and normal curve as the most difficult. 
These results were, in general, consistent with the findings of other researchers. For example, the 
three most difficult topics identified by our respondents coincide with the three most difficult 
topics cited in Antoine’s (2000) study on two items out of three. (Antoine did not include Bayes’s 
theorem in her survey.) The only difference is that a large percentage of Antoine’s subjects 
ranked normal curve as difficult, while only 15% of our subjects did so. 

Awareness of misconceptions 

Our second question concerned instructors’ position on the importance of probability for college 
students and their awareness of students’ misconceptions of probability. Table 3 presents 
instructors’ responses to several statements regarding the prevalence and importance of 
misconceptions.  
 
Table 3. Instructors’ evaluation of the prevalence and importance of probability misconceptions. 

 
 

Instructors’ Position  SA & 
A % 

N 
% 

D & 
SD %

1 The study of probability is important for all college students  81 12 7

2 A large proportion of college students have misconceptions about 
probability 

87 13 0

3 Misconceptions of probability adversely affect comprehension of 
statistics 

87 9 4
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4 Effective strategies exist for eliminating misconceptions of probability 67 27 6

5 Students’ misconceptions of probability can be significantly reduced 
during the time allocated to this topic in a typical introductory 
statistics course 

63 22 15

The results indicate that the vast majority of respondents (81%) agree with the statement that the 
study of probability is important for all college students, more than half (52%) strongly agreeing. 
Even more respondents (87%) agreed that students have misconceptions about probability and 
that these misconceptions adversely affect their ability to comprehend statistics. These findings 
raise questions about the efforts in the reform movement in the USA (Snee, 1993) toward 
reducing the emphasis on probability in introductory applied statistics. A smaller majority of 
instructors were confident that effective strategies exist for correcting students’ misconceptions 
(67%) and that this can be done within the time allotted to probability in a typical statistics course 
(63%).  

Reasons for misconceptions 

In our third question instructors were asked to evaluate various reasons for students’ 
misconceptions of probability. The results are in table 4. 
(Percentages in this and other tables may not add up to 100% due to rounding.) 
 

Table 4. Instructors’ explanations of reasons for students’ probability misconceptions. 

 Reason for misconceptions SA & 
A % 

N % D & 
SD % 

1 Students are lacking in self-regulatory skills   64 31 6

2 Instructors, in general, do not target specific misconceptions in 
their teaching 

59 26 16

3 Students do not have sufficient background knowledge of 
mathematics to understand the concepts of probability 

59 15 25

4 Instructors, in general, do not address students’ incorrect 
intuitions about probability 

58 21 21

5 Some instructors have misconceptions about probability 
themselves 

57 26 17

6 Students do not work enough with manipulatives or use 
simulated computer experiments 

57 23 19

7 Students do not have sufficient opportunities to discuss their 
understandings with others including their peers 

55 30 15

8 Probability is poorly covered in textbooks 44 37 19

9 Students, in general, find the topic uninteresting and are not 
motivated to master it 

36 34 31

10 No effective strategy exists for correcting students’ 
misconceptions of probability 

24 27 49
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It is noteworthy, that the majority of survey respondents did not indicate a belief in any single 
explanation for students’ misconceptions. Rather, most of the suggested reasons sounded 
appealing to them. Respondents’ highest levels of agreement focused on students’ skills: that 
students lack self-regulatory skills (64%) and that they lack sufficient background knowledge to 
understand probability (59%). However, only about one third of respondents agreed that students 
lack the motivation to learn probability. Several instructor-related variables drew similarly high 
levels of agreement: instructors do not target specific misconceptions (59%) or students’ incorrect 
intuitions of probability (58%), and that some instructors have their own misconceptions (57%). 
The third group concerns students’ opportunities to correct misconceptions: students do not work 
enough with manipulatives (57%) or have sufficient opportunities to discuss their understandings 
(55%). A plurality (44%) agreed that textbooks do not cover probability well, and almost half 
rejected the proposition that no effective strategies exist for correcting students’ misconceptions. 
Respondents’ ratings of various sources of information about students’ misconceptions are 
presented in Table 5. 

Table 5. Instructors’ ratings of the relative importance of sources of 
information about students’ misconceptions. 

Source of information about misconceptions % of respondents ranking source among 
3 most important 

Whole class discussions 71 

Conversations with students one-on-one  71 

Quizzes & Tests 66 

Observation of discussions in small groups 42 

Review of the literature 17 

Analysis of students’ contributions to on-line discussion 
forums 

13 

Notably, the two most highly rated sources of information—one-on-one conversations and whole 
class discussions—involve direct face-to-face interactions between instructor and student. The 
sources regarded as relatively less important were observation of discussions in small groups, 
review of the literature, and analysis of students’ contribution to on-line discussions. While 
reasons for these lower ratings may differ, it is possible that some of our respondents rated these 
sources as less important because of limited experience with them. 

Difficulty in correcting misconceptions 

In our fourth question, survey respondents were asked to assess the difficulty of correcting a 
variety of common probability misconceptions, from very difficult to very easy. Their responses 
are in Table 6. 
 

Table 6. Instructors’ perceptions of difficulty of correcting probability misconceptions. 

 Typical misconceptions VD & D 
% 

N % VE & 
E % 

1 Confusing mutually exclusive events with independent events 54 31 16
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2 Ignoring the dependence of events 47 29 25

3 Confusing a conditional statement with its inverse 46 35 19

4 Misconceptions of counting 42 38 19

5 Conjunction fallacy  41 39 21

6 Compound approach 39 49 13

7 Representativeness bias 38 42 21

8 Equiprobability bias  37 44 19

9 Outcome orientation misconception 36 36 28

10 Incorrectly identifying variables in binomial probability 34 33 33

11 Gambler’s fallacy 32 36 32

12 Insensitivity to sample size 29 43 27

13 Disregarding the population proportions when making a 
prediction 

27 47 27

14 Availability  27 42 31

15 Sample space misconception 20 41 39

The results show that confusing mutually exclusive events with independent events, ignoring the 
dependence of events, and confusing a conditional statement with its inverse are perceived by the 
respondents as the most difficult to correct: 54%, 47%, and 46%, respectively, classified them in 
the category “very difficult” or “difficult.” These three misconceptions are predicated on the 
incomplete understanding of the concepts of independence and conditional probability. Notably, 
the concepts of independence and conditional probability were quoted by the majority of 
respondents as the most difficult for students to master (see answer to question 2). In contrast, the 
sample space misconception was not identified as being difficult to correct, nor was the concept 
of sample space ranked among the most difficult for students to master. The observed association 
suggests that, at least for some respondents, the perceived difficulty of correcting specific 
misconceptions was a factor in assessing the difficulty of a particular topic for students. 

Conspicuously, for a large group of misconceptions on our list, the plurality of responses fell into 
the category neutral. This implies that many instructors refrained from taking a position on 
whether it is easy or difficult to correct these misconceptions. The decision to ‘reserve judgment’ 
suggests that many of our respondents did not have much experience with correcting students’ 
misconceptions, and, therefore, had difficulty in making a choice.  

Strategies for correcting misconceptions 

In question 5, surveyed instructors were asked to assess the effectiveness of a number of common 
approaches that can be used to correct students’ misconceptions of probability. Their responses 
are in Table 7. 
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Table 7. Instructors’ ratings of the effectiveness of approaches for 
reducing probability misconceptions.  

 Effectiveness Effective 
& Highly 
Effective 

% 

N % Ineffective 
& Highly 

Ineffective 
% 

1 Instructor and student discuss student’s misconceptions 
one-on-one 

81 17 2

2 Students work on individualized instructor-designed written 
assignments that address misconceptions 

60 32 8

3 Instructor explains concepts and typical misconceptions in 
lecture form 

60 30 10

4 Students work with manipulatives or use simulated 
computer experiments 

60 26 15

5 Instructor facilitates whole class discussions of 
misconceptions 

58 31 11

6 Students discuss their understandings in small groups in 
class 

50 35 16

7 Peer tutoring  39 35 26

8 Students participate in on-line discussions with their peers 
via a discussion forum 

29 28 44

9 Students read explanations of concepts and typical 
misconceptions in textbooks or on the internet 

15 39 46

Our data reveal a noteworthy pattern: instructor-centered approaches are viewed by the majority 
of respondents as more effective for reducing misconceptions than student-centered ones. For 
example, teacher-centered discussions—one-on-one and whole-class—are assessed as effective 
or highly effective by 81% and 58% of respondents, respectively, while student-centered 
discussions—small group face-to-face and internet based—received approval of only 50% and 
29% of respondents, respectively.  

Similarly, instructor explanation of misconceptions in lecture form is considered effective by 
60% of respondents, while students reading explanations on-line is assessed as effective by only 
15% of survey respondents. What appears to be the only exception to the pattern is students 
working with manipulatives or using computer simulations; this student-centered approach was 
identified as effective by 60% of respondents. It is possible, however, that some respondents did 
not view it as solely student-controlled and envisioned opportunities for instructor intervention.  
 
We were also interested in knowing how many instructors had actually tried collaborative-
learning approaches and how effective they found them. The responses to this question are 
presented in Table 8.  
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Table 8. Instructors’ experience with collaborative-learning approaches to correcting 
students’ probability misconceptions. 

 
Approach n % 

Tried successfully 14 26 

Tried unsuccessfully 4 8 

Never tried because I don’t believe in it 11 21 

Never tried because I never heard of it 8 15 

Never tried for other reasons 16 30 

Total 53 100 

The results show that only 34% have tried collaborative learning, 26% successfully. The majority 
of respondents (66%) had never tried these techniques at all, 21% because they did not believe 
they would be effective. Among “other reasons” for not having tried collaborative learning 
approaches the most common were “no time”, ”I just use lectures”, “prefer whole class 
discussions”, and ”don’t know how to do it”. Only few respondents who never tried collaborative 
learning to address students’ misconceptions manifested interest in this organizational format and 
indicated that they would like to try it in the future. Again, this repeats the theme noted in the 
other responses that instructors lean toward teacher-centered more than student-centered methods. 

Discussion 

Instructors’ ratings of students’ learning difficulties 

Instructor ratings of students’ difficulty in learning various topics were, in general, consistent 
with the findings of other researchers. As noted, the only difference was that the concept of 
normal distribution, which was among a list of three most difficult topics in the Antoine (2000) 
study, was not ranked by our subjects as particularly difficult. We can suggest two possible 
explanations for this discrepancy. One is that Antoine surveyed instructors teaching finite 
mathematics, whereas in about half of the colleges we surveyed, finite mathematics was a 
prerequisite for statistics, thus providing students with prior experience with the topic. Another 
possibility is that in statistics students work with a variety of applications of the normal 
distribution and thus come to understand it in more depth, while in finite mathematics it is an 
isolated topic usually covered in just two hours.  
 
Another finding is noteworthy for its divergence from other research. Counting (combinatorics) 
was rated as difficult by fewer than half of our respondents; nonetheless, inadequate counting 
skills or failure to use counting where necessary are often mentioned in the research literature as 
one of the main reasons students have certain misconceptions. It would be useful to investigate 
whether poor counting skills are indeed to blame, or if the majority of students have the skills but 
simply fail to invoke them and use inappropriate heuristics instead (Lecoutre, 1992; Lecoutre & 
Rezrazi, 1998). If indeed counting is not particularly difficult for students, then the answer may 
be, as some researchers suggested (e.g., Kaminski, 2008; Lecoutre & Rezrazi, 1998; Sloutsky, & 
Heckler, 2008), in inducing the utilization of appropriate cognitive models by helping students to 
construct abstract, symbolic representations of the situations.  
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It is also possible, as some of our respondents pointed out, that students manage to master 
counting in relatively simple situations, but become confused when the situations get more 
involved. Thus, some misconceptions may result from the difficulties students have with 
counting, whereas others may be explained by the failure to apply counting techniques mastered 
by students; irrespective of the reason, however, students often use an inappropriate “chance 
model” (Lecoutre, 1998) that results in equiprobability and other biases.  

Instructors’ views of the importance of probability misconceptions 

Our respondents’ views on the prevalence and importance of probability misconceptions  
 
(Table 2) raise a provocative question about the optimal approaches to instruction. A vast 
majority agreed that the study of probability is important for all college students; they also agreed 
overwhelmingly that misconceptions about probability adversely affect comprehension of 
statistics. But while a majority also agreed that misconceptions can be significantly reduced 
during the time allotted to probability in a typical elementary statistics course, the level of 
agreement was over twenty percentage points lower. Moreover, several instructors expressed 
skepticism about this when interviewed, saying that they devoted more time to probability 
instruction than indicated in their department syllabus. Indeed, our informal examination of some 
department syllabi revealed that in some courses, only four hours were allotted to this topic. One 
instructor told us bluntly that all one can do in four hours is “to throw into them a couple of 
formulas that they [students] will apply without any understanding.” Another instructor said that 
he would be interested in addressing students’ erroneous concepts regarding probability, but it 
was impossible to go beyond basic definitions in the limited time currently set aside for this topic. 
 
These sentiments appear somewhat at variance with the views voiced in academic journals and 
elsewhere by prominent statistics educators who advocate placing less emphasis on probability in 
introductory college statistics to make room for teaching data collection methods, graphical 
representation of data, and exploratory data analysis (Rocha, 2008; Schaeffer, 1992; Snee, 1993). 
While it may be tempting to dismiss our instructors’ position as simply resistance to change, we 
believe it would be imprudent to do so. Some instructors pointed to major obstacles in the way of 
mastery of several key concepts of inferential statistics that are directly linked to poor 
understanding of probability. The topics that suffer most, according to these instructors, are the 
law of large numbers, sampling distribution, confidence intervals, and hypothesis testing, 
according to Khazanov (2005). This study also found a strong negative correlation between 
students’ misconceptions about probability and their achievement in statistics. Because of this, 
while we have high regard for instructional reforms, we are hesitant to dismiss these instructors as 
simply being behind the current trends. Rather, we would like to see more research on the 
possible consequences for students’ understanding of reducing or eliminating specific probability 
topics in introductory applied statistics. If one agrees with McLean (2000) that statistics is, for the 
most part, applied probability, then the reasonable course of action is to investigate which basic 
probability concepts and rules are essential to understanding statistical inference and to increase 
emphasis on these topics while removing inconsequential ones. Notably, some investigator-
teachers have adopted this approach and set as their teaching-learning goal the identification of 
basic probability topics “one must understand for statistical inference” (Keeler & Steinhorst, 
2001, p. 8). This is a direction we hope to pursue in our own future research and practice. 

Reasons for misconceptions and difficulty correcting them 

Most survey respondents emphasized students’ lack of self-regulatory skills and background 
knowledge of mathematics as major contributors to the development of misconceptions. We 
speculate that the fact that instructors put a high premium on student variables implies their 
acknowledgement that the concepts are difficult and require a high degree of sophistication which 
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many students lack. The research literature supports this: studies have found that students’ 
insufficient understanding of ratios is an important stumbling block in their understanding of 
probability (Green, 1983). Helping students to develop the skill of self-regulation has been cited 
by Shaughnessy (1992) as a key to success in probability. 
 
Many of our respondents also appear to believe that instructors are in part responsible for 
students’ misconceptions, as they agreed that instructors do not target misconceptions and that 
many instructors have misconceptions themselves. Some also agreed that textbooks do not cover 
probability well. Interestingly, they were mostly disinclined to blame students’ lack of 
motivation; rather, they indicated that they believed effective strategies exist and that students 
need to work more with manipulatives or simulations. This suggests, once again, that they 
acknowledge the difficulty of some concepts and the need to help students to learn them. 
 
But, while the instructors said they believe effective strategies exist for correcting students’ 
misconceptions, they did not indicate a great deal of confidence or experience with doing so. It is 
striking that, when asked to rate the difficulty of correcting various misconceptions (Table 6), in 
only one case (confusing mutually exclusive events with independent events) did they have a 
majority opinion and that opinion was that it was difficult. No misconception was rated by many 
instructors as easy to correct. Certainly, if instructors rate a misconception as difficult to correct, 
that does not necessarily mean that they would not know how to correct it, or have never been 
successful in doing so.  However, these responses do not fit well with the opinion expressed early 
in the questionnaire that misconceptions can be corrected within the time allotted in the typical 
introductory course. The large percentage of “neutral” responses is also striking. These responses 
raise the question of whether many of the instructors have ever really tried to correct students’ 
misconceptions; otherwise one would expect more of them to have an opinion. If our respondents 
have, by and large, not worked explicitly to correct students’ misconceptions, they may not fully 
appreciate how many preconceptions and conflicting beliefs their students hold, how much these 
beliefs interfere with learning, and how difficult it is to get students to rethink them. Examination 
of what strategies, if any, instructors have used to correct students’ misconceptions, as well as 
how successful they were, is an important direction for further research. 
 
If it is true that many instructors do not understand misconceptions well enough to know how to 
address them in instruction, then there is a need for professional development in this area. One of 
the present authors, Leonid Khazanov, has conducted a study with the aim of establishing 
whether instructors who attended a workshop on stochastic misconceptions can do a better job in 
helping their students to resolve them than those who try to address the misconceptions without 
any assistance. The results of that study are in the process of being analysed. 

Strategies for correcting misconceptions 

As noted in the section on strategies for correcting misconceptions, the majority of respondents 
view instructor-centered approaches to reducing misconceptions of probability as more effective 
than student-centered. It would be interesting to investigate in future studies whether this pattern 
is, for the most part, a reflection of the fact that many college teachers tend to favour instructor-
centered approaches and are reluctant to use organizational formats other than lectures (Lammers 
& Murphy, 2002; Roseth & Garfield, 2008), or whether instructors believe that the task of 
untangling other students’ erroneous concepts is too difficult for peers to tackle. Even some of 
our respondents who like student-centered methods expressed reservations regarding their 
suitability for teaching probability. One instructor observed in open-ended remarks that “students 
working with peers can be very successful …. With probability I am not optimistic because of the 
sophisticated nature of the subject.” Consistent with this position, Civil (1998) asserted that it was 
not fair to leave students to deal with their peers’ misconceptions, when even some instructors 
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have difficulty understanding their origin and precise nature. There is, however, research 
evidence that students working in small collaborative groups may be at least as successful in 
resolving their misconceptions of probability as those engaged in instructor-centered activities 
(see, e.g., Hirsch & O’ Donnell, 2001).  
 
To our respondents, internet-based discussion forums and reading about misconceptions in books 
or on the internet were among the least effective methods for addressing students’ misconceptions 
of probability. Since internet-based discussion can be facilitated by a competent instructor, it is 
not immediately obvious why many respondents deem it to be much less effective than, say, 
whole class discussion conducted face-to-face. It is possible that many instructors perceive it as 
too remote, since they cannot see or hear students directly to assess their reactions. The time lag 
and absence of face-to face contact may raise doubts that communication is received as it is 
intended. For this reason it may create a feeling of insecurity about whether one can really control 
the communication effectively. However, one participant who used the internet-based Blackboard 
system for course delivery addressed misconceptions of probability in a discussion forum that she 
launched for her students. She found that many students had their conceptual knowledge 
considerably improved and misconceptions corrected. She cited the following advantages of this 
approach: “What students say in class may be incoherent and difficult to analyze, while when one 
scrutinizes their explanations elaborated in an on-line discussion and saved on Blackboard, it is 
much easier to discern the precise nature of their misconceptions, as well as develop strategies for 
addressing them.” Future studies should illuminate the reasons for instructors’ tendency to give 
low ratings to this approach, and how they might be trained to use it to their advantage. 
 
Along these lines, it is noteworthy that while half of our instructors rated student small-group 
discussion as effective for reducing misconceptions, only about one quarter indicated that they 
had themselves tried this approach successfully, with an additional 8% saying they had tried it 
without success (though whether they viewed the lack of success as due to its ineffectiveness or 
due to their not knowing how to do it well is unclear). The combination of many instructors’ 
tendency to rely on teacher-directed methods and the tendency of many to abstain from judgment 
about difficulty raises some of the same issues as instructors’ reluctance to trust internet-based 
discussions. Perhaps teachers are more comfortable when they can control the discussion; but 
when they do most of the talking, they may not be fully aware of how students may be 
misinterpreting what they are saying, only to find later that students’ misperceptions persist. What 
kinds of collaborative or interactive techniques might enhance instructional effectiveness the 
most, and how instructors can best be trained to use a variety of approaches and techniques 
successfully, represents another important direction for improving probability instruction. 

Conclusion 

Our main purpose was to investigate the instructors’ perspectives on teaching probability in a first 
statistics course. We collected and summarized instructors’ opinions on a broad spectrum of 
questions pertaining to this topic; we believe that the information gathered can be used to 
improve the teaching of this subject, which is commonly considered difficult for students.  
 
As noted, this study has generated several directions for additional research; in particular research 
identifying topics essential to understanding statistical inference, how misconceptions interfere 
with that understanding, and what activities are most effective in overcoming misconceptions is 
essential.  
 
Another benefit of the study is that it revealed the need for college instructors to expand their 
methods and skills for teaching probability. Instructors are often blamed for their unwillingness to 
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try out new ideas, approaches and strategies. But is it not natural to feel uncomfortable with 
something one never has had an opportunity to study? Even when statistics teachers are well 
versed in their subject, they may not have received training in the psychology of learning about 
probability or methods of effective teaching. Thus, another important direction for the future is to 
design professional development that can increase instructors’ understanding of how students’ 
misconceptions interfere with learning and expand their repertoire of teaching methods to help 
students overcome them. Over the course of conducting the study we had numerous conversations 
with our colleagues, some of whom answered the survey. Many of the professors admitted that 
this was the first time they were induced to think deeply about students’ concepts and 
misconceptions of probability, what they mean, and how to deal with them. It appears that raising 
participants’ awareness about an important issue is a welcome added benefit of this study.  

References 

Antoine, W. (2000). An exploration of the misconceptions and incorrect strategies liberal arts students use 
when studying probability. Unpublished doctoral dissertation, Teachers College, Columbia 
University. Dissertation Abstracts International, 62(03A): 949. 

Batanero C., Gordino J., & Roa R. (2004). Training teachers to teach probability. Journal of Statistics 
Education, 12(1). www.amstat.org/publications/jse/v12n1/batanero.html  

Borovcnic, M., & Peard, R. (1996). Probability. In A. J. Bishop, K. Clements, C. Keitel, J. Kilpatrick, & C. 
Laborde (Eds.), International handbook of mathematics education (pp. 239–287). Dordrecht: 
Kluwer Academic Publishers. 

Civil, M. (1998). Mathematical communication through small-group discussions. In M. Bartolini-Bussi, A. 
Serpinska, & H. Steinberg (Eds.), Language and communication in the mathematics classroom (pp. 
207-222). Reston, VA: National Council of Teachers of Mathematics.  

Das, K. (2007). Misconceptions about statistics and probability. Paper presented at the annual meeting of 
the Mathematical Association of America, The Fairmont Hotel, SanJose, CA, August. 

delMas, R., & Bart, W. (1989). The role of an evaluation exercise in the resolution of misconceptions of 
probability. Focus on Learning Problems in Mathematics, 11(3), 39–53. 

Evered, L. J. (1998). Participant confidence-competence and performance in variable collaborative groups. 
Journal of Research and Development in Education, 31(2), 63–68.  

Gall, M., Gall, J., Borg, W. (2003) Educational research: An introduction (7th ed.). Boston, MA:Allyn & 
Bacon. 

Garfield, J. (1995). How students learn statistics. International Statistics Review, 63, 25–34.  

Garfield, J. (2001). Probability, overview. In L. S. Grinstein & S. I. Lipsey (Eds.), Encyclopedia of 
Mathematics Education (pp. 560-562). New York: Routledge Falmer. 

Garfield, J., & Ben-Zvi, D. (2007). How students learn statistics revisited: A current review of research on 
teaching and learning statistics. International Statistical Review, 35(3), 372–396. 

Giuliano M., (2006). Conceptions about probability and accuracy in argentine students who start a career in 
engineering. Paper presented at the 7th International Conference on Teaching Statistics in Brazil, 
July.  

Green, D. R. (1983). School pupils’ probability concepts. Teaching Statistics, 5(2), 34-42. 

Hirsch, L. S., & O’Donnell, A. M. (2001). Representativeness in statistical reasoning: Identifying and 
assessing misconceptions. Journal of Statistics Education, 9(2). http://www.amstat.org/ 
publications/jse/v9n2/hirsch.html 

Jones, G. (2005). Reflections In G. A. Jones (Ed.). Exploring probability in school: Challenges for 
teaching and learning (pp. 367–372). New York: Springer. 



 
263

Jones, G., Langrall, C., & Mooney, E. (2007). Research in probability: Responding to classroom realities. 
In F. Lester (Ed.), The second handbook of research on mathematics (pp. 909–956). Reston, VA: 
National Council of Teachers of Mathematics (NCTM).  

Kahneman, D., Slovic, P., & Tversky, A. (1982). Judgment under uncertainty: Heuristics and biases. 
Cambridge, England: Cambridge University Press.  

Kaminski, J., Sloutsky, V., & Heckler A. (2008). Learning theory: The advantage of abstract examples in 
learning math. Science, April, 454–455. 

Keeler, C., & Steinhorst, K. (2001). A new approach to teaching probability in the first statistics course. 
Journal of Statistics Education [Online], 9(3). www.amstat.org/publications/jse/v9n3/keeler.html.  

Khazanov, L. (2005). An investigation of approaches and strategies for resolving students’ misconceptions 
about probability in introductory college statistics. Unpublished doctoral dissertation, Teachers 
College, Columbia University.  

Khazanov, L. (in press). Addressing students’ misconceptions about probability during the first years of 
college. Mathematics and Computer Education. 

Konold, C. (1989). Informal conceptions of probability. Cognition and Instruction, 6, 59–98. 

Konold, C. (1995). Issues in assessing conceptual understanding in probability and statistics. Journal of 
Statistics Education [Online], 3(1). www.amstat.org/publications/jse/v3n1/konold.html.  

Konold, C., Pollatsek, A., Well, A., Lohmeier, J., & Lipson, A. (1993). Inconsistencies in students’ 
reasoning about probability. Journal for Research in Mathematics Education, 24, 392–414. 

Lammers, W., & Murphy, J. (2002). A profile of teaching techniques used in the university classroom: A 
descriptive profile of a US public university. Active Learning in Higher Education [Online], 3(1). 
http://alh.sagepub.com/cgi/content/abstract/3/1/54 

Lecoutre, M. P. (1992). Cognitive models and problem spaces in purely random situations. Educational 
Studies in Mathematics, 23, 557-568. 

Lecoutre, M. P., & Rezrazi, M. (1998). Learning and transfer in isomorphic uncertainty situations: The role 
of the subjects’ cognitive activity. In L. Pereira-Mendoza, L. Seu, T. Wee, & W. K Wong (Eds.), 
Statistical education – Expanding the network.  Proceedings of the fifth International Conference on 
Teaching of Statistics (pp. 1105–1111). Voorburg, Netherlands: ISI Permanent Office.  

McLean, A. (2000). The predictive approach to teaching statistics. Journal of Statistics Education [Online], 
8(3). www.amstat.org/publications/jse/secure/v8n3/mclean.cfm.  

Ozdemir, G., & Clark, D. (2007). An overview of conceptual change theory. Eurazia Journal of 
Mathematics, Science, & Technology, 3(4), 351–361. 

Rocha, P. (2006). A proposal to changing educational practices in the teaching of probability and 
statistics. Paper presented at the 7th International Conference on Teaching Statistics, Salvador, 
Bahia, Brazil, July.  

Roseth, C. J., Garfield, J. B., & Ben-Zvi, D. (2008). Collaboration in learning and teaching statistics. 
Journal of Statistics Education, 16(1). www.amstat.org/publications/jse/v16n1/roseth.html 

Rubel, L. (2002). Probabilistic misconceptions: Students’ mechanisms for judgments under uncertainty. 
Unpublished doctoral dissertation, Teachers College, Columbia University. Dissertation Abstracts 
International, 63(03A): 885. 

Schaeffer, R. L. (1992). Data, discernment and decisions: An empirical approach to introductory statistics. 
In F. Gordon & S. Gordon (Eds.), Statistics for the twenty-first century, MAA Notes (Number 26) 
(pp. 69–82). Washington DC: The Mathematics Association of America. 

Sharma S. (2006). Personal experiences and beliefs in probabilistic reasoning: Implications for research. 
International Electronic Journal of Mathematics Education, 1(1)  http://www.iejme.com/ 
012006/d3.pdf.  



 
264

Shaughnessy, J. M. (1977). Misconception of probability: An experiment with a small-group, activity-
based, model building approach to introductory probability at the college level. Educational Studies 
in Mathematics, 8, 295–316. 

Shaughnessy, J. M. (1981). Misconceptions of probability: From systematic errors to systematic 
experiments and decisions. In A. Schulte (Ed.), Teaching statistics and probability (Yearbook of the 
National Council of Teachers of Mathematics) (pp. 99–100). Reston, VA: NCTM. 

Shaughnessy, J. M. (1992). Research in probability and statistics: Reflections and directions. In D. A. 
Grouws (Ed), Handbook of research on mathematics teaching and learning (pp. 465–494). New 
York: Simon & Schuster Macmillan. 

Slavin, R. (1989). School and classroom organization. Hillsdale, NJ: Erlbaum.  

Smith, J., diSessa, A., & Roschelle, J. (1993). Misconceptions reconceived: A constructivist analysis of 
knowledge in transition. Journal of the Learning Sciences, 3(2), 115–163.  

Snee, R. D. (1993). What’s missing in statistical education? The American Statistician, 47, 149–154. 

Steen, L. A. (Ed.) (2001). Mathematics and democracy: The case for quantitative literacy. Washington, 
DC: National Council for Education and the Disciplines.  

Vosniadou, S., & Verschaffel, L. (2004). Extending the conceptual change approach to mathematics 
learning and teaching. Learning and Instruction 14, 445–451.  



 
265

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Topic Group Papers 



 
266

Learning from the Past, Planning for the Future: 
Sketching Out a Research Agenda for Numeracy Education 
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Topic Group A met for two sessions at ALM-14 in Limerick.  The report of those 
sessions was inadvertently omitted from the proceedings for that conference.  They 
have been included with the ALM-15 paper in order that a continuous record of the 
evolution of the research topic group be accurately maintained. 

 
Introduction 

The evidence from the reports of attendees at ALM-13 indicate that the work of ALM is far from 
finished and at each conference there are newcomers to the topic group who are eager to learn 
more.  One aspect of the work of ALM is to give support and encouragement to both practitioners 
and researchers in adult numeracy and mathematics to overcome the political, organizational and 
academic systems that obstruct, sideline and deprecate our work.  Recognizing the tension 
between inducting people into the mission of the topic group and moving the discussion forward, 
the ALM-14 topic group sessions were planned to accomplish both tasks.   
 

Session One—Induction and Introduction 
Juergen Maasz opened the session by giving a brief statement of the purpose of the topic group.  
Kathy Safford then offered a slide show that summarized the work accomplished in earlier years 
and the challenges suggested by Sylvia Johnson, the opening plenary speaker for ALM-14, a 
longtime member of both the organization and this particular topic group.  Kathy began with a 
summary of key themes or ideas from the first ten years. 
 
Early in the life of the topic group Roseanne Benn characterized adult mathematics as a 
“moorland,” a discipline with vague borders.  That vagueness is due to a number of factors 
among these the issues of student age, institutional setting and course content.  Even in a specific 
classroom setting there can be a substantial disparity in the mathematics background and course 
goals of the attending students.  This blurring of borders was re-visited at ALM-9 in Uxbridge.  
An intricate Venn diagram emerged from a session where discussants set down the many 
disciplines that contribute to our field besides the obvious ones of mathematics and education: 
andragogy, sociology, psychology, biology, and philosophy. 
 
The connectivity between numeracy and democracy was a theme introduced in 2001 in 
Copenhagen.  The participants discussed the empowering characteristic of numeracy as it extends 
beyond the political issues to personal and economic development.  One premise that underpins 
the topic group mirrors the mission of the organization as a whole, that is, the strong, bi-
directional link between theory and practice.  Finally, research in adult mathematics education 
can be categorized by application, for example, workplace, family literacy, basic mathematics, or 
financial literacy. 
 
The two most recent conferences were summarized in more detail.  Many of the topic group 
participants at ALM-12 in Melbourne were attending for their first time.  David Kaye led both 
ALM-12 sessions and introduced the idea of ALM as a community of practice dedicated to the 
professional development of attendees.  In discussing curriculum, he spoke about the need to 
design curricula that have appreciation for learner knowledge which is informal as well as formal.  
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Like many countries, Australia is accommodating increased immigrant communities with learners 
who are speakers of other languages.  David stressed the need for adult mathematics educators to 
be conversant in both pedagogical and and ragogical learning theories.  The sessions closed with 
a discussion of the developmental issues that confront the adult educator, namely, changes in 
learner identity and understanding of who they were, are, and may become.   
 
Last year in Belfast, the topic group concentrated on national constraints that were affecting our 
work and, in particular, the formation of an ALM research agenda that would reflect common 
points of interest as well as situations unique to a particular nation.  There were five major areas 
of concern.  First, because it affects all the others, were cuts or shifts in funding that represented 
changes in national priorities.  Second was a perceived shift towards numeracy as strictly an 
economic issue tied to workplace performance instead of an empowering instrument addressing 
the needs of individuals.  The growing international shortage of qualified mathematics instructors 
points to a critical need to attract first-rate teachers and to provide learning opportunities for the 
current staff.  That professional development must also address issues outside of mathematics 
content.  Instructors need to be aware of possible factors: affective, socio/cultural, psychological, 
or physical.  Finally, growing demands for quantitative assessment measures affect curricula and 
teaching in subtle and pervasive ways.  Reform mathematics curricula set great store by problem-
solving, cooperative learning, and realistic problem situations that may have ambiguous 
interpretations and multiple solutions.  All of these are difficult to quantify and grade definitively.  
Teachers, on the other hand, know that the exit test is what matters for both student progress and 
their own evaluations at times.   
 
The Belfast session concluded with a resolve to define a research agenda that reflects the 
problems we discussed and to form international research teams to move the field forward.  It was 
recommended that attendees read the research reports that have emanated from the United 
Kingdom and United States projects on numeracy and to think about their individual role and 
interests as we frame a strategy for the coming years.  That contribution could be: 
 

• Sharing formal qualification frameworks 
• Establishing ways to formalize the informal 
• Seeking funding to run a global coaching, mentoring, and supervision network 
• Facilitate information and knowledge exchange amongst the numeracy workforce in 

partnership with e-providers 
• Establish research programmes focusing on professional development and its impact 

 
The first session of Topic Group A ended with attendees sheepishly acknowledging that they had 
done no homework over the previous year but vowing to do better before ALM-15. 
 

 
 

Session Two—A Plan of Action 
 
Discussion at session two focused on the identification of potential sources of funding for 
research particularly those with an international scope.  Mercedes De Aguero from Mexico 
described an EU VII Framework Programme (known as MARCO in Spanish) that called for 
collaboration between research partners within and beyond the EU (http://cordis.europa.eu/ 
fp7/home_en.html); (http://ec.europa.eu/research/iscp/index.cfm).  It was her impression that a 
cluster of researchers within each member country would work on project tasks. 
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Diana Coben spoke about the ongoing work of the National Research and Development Centre 
(NRDC) in England. The NRDC has completed several numeracy research projects and produced 
excellent reports on teacher training and learner characteristics, among others.  These can be 
downloaded from the NRDC website www.nrdc.org.uk or ordered as hardcopies via the website. 
She also outlined her work in Scotland for Learning Connections (http://www.lc. 
communitiesscotland.gov.uk/) and NHS Education Scotland (http://www.nes.scot. 
nhs.uk/nursing/patient_safety/) reported on at this conference). 
 
Juergen Maasz described an internal EU project upon which he recently worked called EMMA 
(the European Network for Motivational Mathematics for Adults, http://www.statvoks.no/ 
emma/).  Juergen shared the fact that a new project that he termed EMMA2 is being planned.  He 
promised to investigate it and report back to the topic group when he discovered the details.   
 
Kathy Safford reported that the United States Department of Education Office of Vocational and 
Adult Education (OVAE) was in the process of accepting bids for the second stage of the Adult 
Numeracy Initiative project, Stage 1 of which was completed early in 2007 by American 
Institutes for Research (AIR) (http://www.air.org/projects/projects_ehd_adult_ed.aspx).  Kathy 
said that the new project would be a domestic one focused on the learner as a worker and 
professional development for numeracy instructors.  If awarded, the Strengthening America’s 
Competitiveness through Adult Math Instruction project will begin in October, 2007.  The 
initiative tackles both curriculum development and professional development.  Kathy promised to 
keep the topic group informed of the award and its products.  
 
Finally, Valerie Seabright spoke about a project getting under way in Northern Ireland and agreed 
to keep watch on its development and report to the group.  Valerie sent the address of the website 
for the European Belgium-based organization after the conference. It is French speaking but some 
of their work is translated into English, http://www.lire-et-ecrire.be. 
 
All attendees enthusiastically supported work on building an agenda throughout the year rather 
than the fits-and-starts method that has characterized our annual discussions followed by 
inactivity before the next conference.  Specific assignments were made.  Kees Hoogland offered 
to arrange for a listserv of topic group attendees and interested parties not in attendance this year.  
Ruth Moulton volunteered to design a webpage where we could post prose about the various 
known projects as well as those that might appear in the course of the year.  Mercedes, Diana, 
Juergen, Kathy, and Valerie are responsible for updating the group about the projects mentioned 
above.  In conclusion, Kathy urged everyone to read the reports from NRDC and OVAE to 
inform themselves of completed research that can serve as a foundation for future projects that we 
define. 
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Topic Group A has a long history of identifying key research topics. In addition to 
papers documenting the work within the topic group, several of its members have 
authored papers in past ALM proceedings.  Last year in Limerick the group took a 
double-pronged approach.  First, attendees catalogued critical issues that are ripe 
for investigation.  Secondly, the attendees identified research in the field that was in 
progress or about to begin.  Of particular interest were projects of the European 
Union that were international in scope, coupling projects in multiple countries. 

This paper reports on the two sessions held at ALM 15 with proposals for further 
developments. 

 

Introduction 

When this topic group was planned it was thought that there could be some continuation of the 
previous year’s discussion. However, the group that met was so different that it seemed better to 
take a different approach. 

As this Topic Group is based around examining and developing the ‘core business’ of ALM as a 
research forum it is important to identify how familiar the group attending the Topic Group 
session is with ALM and its research objectives.  

 

Session 1 

The first session opened with the participants being asked to form a human bar chart labeled 
‘attended . . . once (this one) . . . twice . . . three times  . . . four or more. 

The data displayed was as follows: 

 

Table 1. ALM Attendance Chart. 

ALM attendance 
4+ 3 2 1 

Participants 
3 0 2 9 

(see photo on next page) 
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With such a large proportion of participants attending for the first time it was necessary to 
introduce this session with a brief review of the work of ALM as a research forum. This first 
session then provided an opportunity for the views of the participants at ALM15 to be included in 
the debate on how the practice and research in adults learning maths should be mutually 
developed. 

 

 
 

A brief introduction to the issues for ALM (the organization) was made by looking at different 
aspects of the name. This was based on the author’s introduction to the Topic Group at ALM12 
(Kaye, D. 2006). It is summarized in the following table: 

Table 2. Analysis of ‘Adults Learning Mathematics’. 

Name/Title Field of Study  Threats 

Adults Learning  Adult Education 

 The practice and study of 
teaching and learning in the 
post-16 sector, including 
technical and work-based 
learning 

 In ‘basic skills’ or LLN 
(language, literacy 
numeracy) numeracy is 
easily ignored and subsumed 
under literacy and language 

 Maths phobia and 
dyscalculia under researched 

Adults Mathematics  Mathematics curricula 

 Attitudes to mathematics 

 Philosophy of mathematics 

 Assumptions that adult 
numeracy is very basic 
mathematics and calculation 
based 

 The mathematics in work 
and everyday activities is 
hidden 

Learning Mathematics  Theories of teaching and  mathematics education 
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learning 

 Models of mathematics 
education 

theories/research are 
predominantly children-
based 

 emphasis on learning maths 
in context under researched 

 

The participants in the session were then asked to give an indication of any recent research that 
has influenced their current practice or share some recent research they believe should influence 
practice. 

 

The responses were very diverse and showed that the field (or moorland as it has previously been 
described (Benn, R. et al 2000)) of study that develops an integrated approach between research 
and practice is complex and constrained by different professional practices. There was a lot of 
enthusiasm for sharing ideas and much hope that ALM (as an organization) will be able to further 
a lot of the aspirations expressed. There was also a lot of resentment that recommendations 
arising out of research (especially from governmental sources) were unrealistic and failed to take 
into account the constraints of time and resources available in practice. 

These are brief notes of the comments made by participants at the session (1/7/08) 

Kathy 
Quantitative literacy—more algebra in high school 
Approaches to quantitative literacy 

Joanne 
Brett Davis—Philosophical approaches and social justice issues 
What is constructivist teaching—no answers 

José 
Listening to what parent’s say and developing teaching from that (in the context of family 
numeracy) 

Ann 
Also in talking to parents and descriptions of parent’s reactions reported in an interview—
recognizing our own adult students in their roles as parents 

Chris 
Collection of many things—appropriate agenda for numeracy education 
Why adults are innumerate (at various levels) 
A void - senior education managers oblivious—working with narrow definition of numeracy—no 
political will to change things 

Diana 
From a conversation—in the context of numeracy for nursing—there is a ‘hang up’ about 
procedures but it is the conceptual understanding that needs to come through 
Secondly in a seminar with Dylan Williams—“Tight but Loose”—a way of looking at how 
research can have a significant effect on practice—‘tight principles’ but ‘loose implementation’ 
 
Pat 
Problem with research—tells me how to teach mathematics but not realistic given time 
constraints—in contrast— 
Learnt a lot from Jill’s session today—hands on—that is what is needed 
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Nancy 
Not seen research she felt was relevant recently—the government research suggests one thing for 
everyone—ignores African Americans—sets impossible goals 

Barrie 
Mainly dealing with groups very diverse in age and levels of numeracy skills 
Looking for answers to address this diversity more effectively 

Martha 
“Twice is Less”—an old book but one always found useful 
Not found the language of problems useful—such as those addressed in NCTEM journal 
Importance of building confidence—“Confidence is the memory of success” 

David 
The concept of the ‘sophisticated use of elementary mathematics’—gave example of the sorts of 
calculations and decisions a freelance trainer may need to make in planning her work 

Jill 
Changing teaching practice 
Improve how teachers reflect when evaluating their lessons 

Rikki 
The importance of the recently published US National Mathematics Panel report published 
February 2008 
New opportunities may be available for mathematics education research 

Svein 
‘What makes numeracy meaningful to others”—the importance of motivation to learn—not just 
about the gas bill 
Also work of Paulo Freire—speak to the learner 

Mak 
Told once in engineering, when the math came up—“Go and read the book” 
Quoted . . . ‘Algebra is embedded in the roots of elementary mathematics’ 

Additional Comments 

Very useful material on the NRDC website (developed in the UK) and copies of reports can be 
ordered and sent by mail 

http://www.nrdc.org.uk/index.asp 

Svein 
Development in Scandinavia (Norway, Sweden and Denmark) of a bridging group to bring 
researchers and practitioners to work together on a common project 

 

Conclusion to First Session 

There was not enough time for a discussion to bring these various views, experiences and 
concerns together in this session. The enthusiasm for discussing this topic and the obvious need 
for relevant and informed research to directly support practice was a message that would be taken 
to be taken to the second part of the Topic Group discussion. 
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Second Session 

 

The second session of Topic Group A was held two days later. This was attended by a rather 
different group of participants. There was a total of eight people at this session of whom five had 
been at the first session. However this group of eight included the current Chair and Secretary of 
ALM and the immediate past Chair and two previous secretaries. 

This session took the form of an open discussion on how practitioners can be encouraged to be 
more involved in research and how researchers can be encouraged to work more closely with 
practitioners. The group was encouraged by reports that the example of ALM, as demonstrated by 
this conference (see introduction to this volume), had already inspired many US based 
participants. 

In the US context it was also noted that there had recently been a lot of data collected on the 2 
year (community) colleges, and this formed a strong basis for research in our area.  

The discussion then focused on the involvement of practitioners in action research. It was noted 
that to maintain the dual role of practitioner and researcher was difficult. From recent experience 
it was reported that as the research model was adopted it became difficult to maintain the direct 
involvement in ones own practice. There were no easy answers to this, but it was noted that some 
sort of support from a community of practitioners and researchers would be needed to avoid the 
isolation that such an experience can produce. 

The discussion came to a conclusion that ALM (as a corporate body) should consider promoting 
the development of practice-based research in three ways. 

1. “Classified Ads.” 

ALM should use its newsletter or similar publication to take announcements of intent (like a 
dating agency) from practitioners and researchers who wish to contact the other in order to 
develop an action research project. 

2. Bulletins/Blogs 

Those involved in relevant research (researchers or practitioners) should be encouraged to 
publish regular bulletins or blogs about the progress of their projects to serve as an example 
to others considering moving into research, or working more closely with practitioners. This 
would enable the experience of the ALM community to be shared more widely across the 
organization and beyond. 

3. Joint Publishing 

Encourage practitioners to submit reports of reflective practice, which highlight issues and 
situations that need developing. Researchers should be encouraged to add to these reports 
appropriate research-based evidence.  Taken together, these jointly produced reports would be 
suitable for publication in appropriate journals. 

These need to be further developed within the ALM community: 

 Where can such activities take place? 

 How can these (and similar) approaches be ‘marketed’ to encourage participation? 

 What is the organizational role of ALM and how will it happen? 
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