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About ALM

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 that
brings together those engaged and interested in research and development in the field of
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, UK.

Aims of ALM
ALM’s aims are to promote the advancement of education by supporting the establishment and
development of an international research forum for adult mathematics and numeracy 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’s vision is to be a catalyst for the development and dissemination of theory, research and
best practices in the learning of mathematics by adults, and to provide an international identity for
the profession through an international conference that helps to promote and share knowledge of
adults’ mathematics teaching and learning for the public benefit.

ALM Activities
ALM members work in a variety of educational settings, as practitioners and researchers, to
improve the teaching and 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 from multiple
frameworks.
ALM holds an international conference each year at which members and delegates share their
work, meet each other, and network. ALM produces and disseminates Conference Proceedings
and a multi-series online Adults Learning Mathematics – International Journal (ALMJ).
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On the ALM website http://www.alm-online.net, you will also find pages of interest for teachers,
experienced researchers, new researchers and graduate students, and policy makers.


Teachers: The work of members includes many ideas for the development and
advancement of practice, which is documented in the Proceedings of ALM conferences
and in other ALM publications.



Experienced Researchers: The organization brings together international academics,
who promote the sharing of ideas, publications, and dissemination of knowledge via the
conference and academic refereed journal.



New Researchers and Ph.D. Students: ALM annual conferences and other events allow
a friendly and interactive environment of exchange between practitioners and researchers
to examine ideas, develop work, and advance the field of mathematics teaching and
learning.



Policymakers: The work of the individuals in the organization helps to shape policies in
various countries around the world.

ALM Members
ALM Members live and work all over the world. See the ALM members’ page at www.almonline.net for more information on regional activities and representatives, and for information on
contacting your regional representative.
How to become a member: Anyone who is interested in joining ALM should contact the
membership secretary. Contact details are on the ALM website: www.alm-online.net.
Membership fees for 2017:
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US Dollar
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20
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Institution

40

48

64

Student/unwaged

4

6

7

Low waged

Contribute between full and unwaged
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Preface

Preface: About ALM 23
The 23rd international conference of Adults Learning Mathematics – A Research Forum (ALM
23) was held in Maynooth, Ireland. The conference was organized by Maynooth University, and
was funded by Maynooth University, the Department of Mathematics and Statistics at Maynooth
University, the 3U Partnership, Fáilte Ireland, Meet in Ireland, the National Adult Literacy
Agency, the National Forum for the Enhancement of Teaching and Learning in Higher Education
and the Irish Mathematical Society. It was attended by researchers, practitioners and
policymakers from 12 countries (Australia, Brazil, Canada, Ireland, the Netherlands, New
Zealand, Norway, Spain, Sweden, Switzerland, the United Kingdom and the United States of
America).
The main theme of the conference was ‘Numeracy: A Critical Skill in Adult Education’, with
additional themes on ‘The Language of Mathematics, and Language and Mathematics’, and
‘Adults Learning Mathematics: Research, Practice and Policy’. The three themes were spread
across the three days, with thought-provoking keynotes by Núria Planas (The Bilingual
Mathematics Classroom with more than “Two” Languages), John O’Donoghue (Reflections on
Adult Mathematics Education: A view from the sidelines), Katherine Safford-Ramus (Research in
Adult Mathematics Education: How Far Have We Come, Where Might We Go Next?), Inez
Bailey (Supporting adults improve their numeracy – current challenges in policy and practice) and
Raymond Flood (Gresham College: Over four centuries of adult education).
There was an all-conference symposium on policies for and models of numeracy on the afternoon
of Tuesday the 5th, chaired by Terry Maguire. Throughout the conference, delegates were
reminded about the symposium and its aims. They were asked to make notes of anything from the
plenaries\talks\workshops during the two days that they felt were relevant to the theme of the
symposium. During the symposium, Dr Maguire presented a number of key statements to the
group for discussion. The outcomes of the symposium were recorded and are included in these
proceedings.
Note: Papers were invited based on conference presentations, and these could be submitted for
peer review or non-peer-review. All these submissions which met editors’ requirements for style
and presentation are published in the ALM 23 Conference Proceedings. Any papers marked with
* are papers which have been peer reviewed and are also included in ALM-IJ 12(1), Chief Editor
Javier Díez-Palomar. Any papers marked ** were compiled by the editors based on keynote
presentations and with the agreement of the keynote speakers. For further information on
presentations for which no paper was submitted, see abstracts or power point slides on the
conference website (http://www.alm-online.net/abstracts/). A coloured pdf version of the
Proceedings is available on the ALM’s website (http://www.alm-online.net/alm-conferenceproceedings/).
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Bailey, I. (2017). Supporting Adults Improve their Numeracy – Current challenges in policy and practice**.

Supporting Adults Improve their Numeracy
- Current challenges in policy and practice**
Inez Bailey
National Adult Literacy Agency
<ibailey@nala.ie>

Abstract
The first government policy on adult literacy and numeracy in Ireland came in 2000 (DES, 2000). Thirteen
years later, the review of the state funded provision of adult numeracy (DES, 2013) shed light on the impact
of that policy. In the same year, the results of the OECD’s Adult Skills Survey (OECD, 2013) provided
Ireland with its first adult numeracy rate. With adult numeracy provision appearing very limited and 1 in 6
people scoring at the lowest level of numeracy, the picture was bleak. Drawing from the 2000 review, the
current adult literacy and numeracy strategy (SOLAS, 2014) contains the following commitment: ‘prioritise
numeracy more strongly and increase the amount of numeracy provision offered as integrated and standalone
options’. This presentation outlines the challenges to realise this by 2019.

** Paper collated based on conference presentation.
Outline


Policy



Challenges



Solutions
Policy Background



The 2000 report ‘Learning for Life, White Paper on Adult Learning’ (DES, 2000) - Top
priority to adult literacy / numeracy as a term referenced only to children and primary schools.



The 2002 ‘Report of the Taskforce on Lifelong Learning’ (Taskforce, 2002) - Basic Skills
including mathematical / numeracy for everyday life.



The 2007 report ‘Tomorrow’s Skills - Towards a National Skills Strategy’ (EFGSN, 2007) Generic skills including basic skills such as numeracy.



The 2013 review of ALCES (Adult Literacy and Community Education Scheme) Funded
Adult Literacy Provision (DES, 2013) - limited numeracy provision (5%).

The OECD IALS (International Adult Literacy Survey) and PIAAC (Programme for the
International Assessment of Adult Competencies), as well as the EU, are external policy drivers.
NALA is the national policy driver in Ireland.

Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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Results for numeracy

Source PIAAC 2012 Survey Results for Ireland CSO 2013.
Who are the 1 in 4 people who have problems with numeracy?

Tertiary

Post-sec., non-tertiary

Upper sec.

Lower sec.

Primary or less

The 750,000 People at or Below Level 1 Numeracy (2013) by their Educational Attainment.
Source PIAAC 2012 Survey Results for Ireland CSO 2013.
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Further Education and Training (FET) Strategy 2014 – 19.


Enshrined an adult Literacy and Numeracy strategy as part of the FET Strategy in the
Further Education and Training Act, 2013 and lobbied for by NALA to ensure covered in
new FET landscape (why).



National Adult Literacy & Numeracy Strategy (Active Inclusion) - ‘Prioritise numeracy
more strongly and increase the amount of numeracy provision offered as integrated and
standalone options’ (SOLAS, 2014, p. 100) (what).



Challenges: ‘Capacity to embed literacy and numeracy in the relevant FET provision will
need to be expanded’ (SOLAS, 2014, p. 33).



There is no ‘how’.
National Skills Strategy (2015)



The National Skills Strategy (DES, 2015) 2025 target is to upskill 256,000 people from
PIAAC level 1 or below in numeracy, by 2025 (reduce the % of Adults Scoring at Level 1 or
below to from 25.6% to 17%).



2 of 6 objectives - Lifelong learning and Active Inclusion.



Stronger performance at school level – Programme for International Student Assessment
(PISA), Trends in International Mathematics and Science Study (TIMMS) (17th out of 50),
but DEIS (Delivering Equality of Opportunity in Schools) schools remain below national
average.



Relationship between school age performance and adult performance.



‘Ensuring that people in the labour force with lower levels of formal education have the skills
that enable them to gain and maintain employment will continue to be a challenge in the
coming years’ (DES, 2015, p. 45).
Challenges



The educational architecture currently in place is insufficient to cater for the number of adults
who need second chance education and to meet targets (system capacity).



Participation rates in lifelong learning generally, and adult literacy and numeracy programmes
specifically, remain relatively static.



Silo working within and between the education and training system.



Macro Level Policy Formulation to Micro Level Policy Realisation.



Budget – €30 million since pre-crash.
Solutions



Provide a meaningful guaranteed universal system of second chance education &
motivate people to participate.
Adults Learning Mathematics – A Research Forum (ALM)
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Integrate numeracy support and development into all publicly funded education and training.



Guarantee learners intensive and more flexible learning, (family, workplace) options to aid
persistence and remove any barriers to progression.



Ensure the systematic delivery of high quality programmes which are supported by welltrained practitioners.



Ensure people understand the importance of using acquired skills though usage.

All of the above should be captured in a National Numeracy Demonstration Project.
Conclusion


Policy = Numeracy is a critical skill that we develop and need to maintain throughout our
lives.



Practice = Achievement in school.



Very limited second chance = failure.



More sharing within education & training sector = Opportunity
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Gresham College: Over four centuries of adult education**
Raymond Flood
GreshamCollege
<Raymond.Flood@Kellogg.Ox.Ac.Uk>
Abstract
Gresham College, in the City of London, was established in 1597 with the founding principle of accessible free
education for all. One of the original seven professorships was in Geometry and this is the oldest professorship
of mathematics in England. The first Geometry Professor was Henry Briggs, the creator of common logarithms.
Robert Hooke, one of the world’s greatest scientists and inventors, was appointed in 1665. The end of the
nineteenth century saw the appointment of Karl Pearson, the founder of modern mathematical statistics. More
recent appointments have been Christopher Zeeman, Ian Stewart, Roger Penrose, Robin Wilson and John
Barrow. They have continued to give free public lectures and these lectures are now accessible worldwide via
the Internet. As the current Gresham Professor of Geometry I will describe some of the achievements and
challenges involved in giving lectures in mathematics to a general adult audience.

** Paper collated based on conference presentation.
Overview (Slide 1)
Gresham College, in the City of London, was established in 1597 with the founding principle of
accessible free education for all. It was funded from the will of the Elizabethan financier Sir Thomas
Gresham. In my presentation I will first briefly talk about him and what he wanted to achieve. One of
his original seven professorships was in Geometry and this is the oldest professorship of mathematics
in England. I will talk about some of the holders of the chair: from Henry Briggs, the first Geometry
professor and creator of common logarithms to some of the more recent professors. The final part of
the lecture will be about my lectures and some of the excitement, achievements and challenges in
giving lectures in mathematics to a general adult audience and I will show some of the approaches I’ve
taken.
Sir Thomas Gresham (1519-79) (Slides 2-6)
Gresham served all but one of the Tudor monarchs. First Henry VIII, then Edward VI followed by
Mary I and finally Elizabeth I. He was a very successful merchant banker involved with trade between
London and Antwerp and did well for himself and his clients while serving these four monarchs.
Gresham began his public career employed on Business abroad by purchasing gunpowder for Henry
VIII. It wasn’t until the end of the century that gunpowder was manufactured in quantity in England.
When Henry VIII died he left the country’s finances in a mess due to his extravagance and
mismanagement. Gresham was called in to help and was very successful and was appointed Royal
Agent under Edward VI. On the catholic Queen Mary’s accession in 1553 Gresham, because he was a
protestant, went out of fashion for a while but he was so valuable in his ability to raise loans at a good
rate of interest that he was soon re-instated. Gresham was a shrewd economist with a deep
understanding of currencies and coinage. He raised loans and negotiated interest for the Crown and
saved the Crown from bankruptcy by application of ‘Gresham’s Law’. This Law is usually stated that
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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‘bad money drives out good’ and his efforts to restore respect for English currency strengthened
England nationally and internationally.
He served Elizabeth when she became Queen in 1558 and was knighted for his service in 1559. He
continued to amass his fortune becoming one of the richest if not the richest man in England and had
the grandest mansion in London. He built in London in 1565 the Royal Exchange, where merchants
could meet to transact business, such as buy and sell cargoes, share business deals and join together to
fund ships which were in effect joint stock companies. It was the centre for commerce in London. The
Royal Exchange burnt down twice and the third one is now no longer a financial centre but an
upmarket retail centre and the rents from it fund the Gresham Professorships via the Corporation of
London and the Mercer’s Company.
Gresham died in 1579 and left his estate for benefit of the City of London. In his will Gresham divided
most of his assets between the Corporation of London and the Mercers’ Livery Company. He wrote:
I Will and Dispose that one Moiety.. shall be unto the Mayor and Commonalty and Citizens of
London … and the other to the Mercers … and from thence, so long as they and their Successors
shall by any means or title have hold or enjoy the same, they and their successors, shall give and
distribute, to and for the sustenation, maintenance and Finding Four persons, from Tyme to Tyme
to be chosen, nominated and appointed …. And their successors to read the Lectures of Divinity,
Astronomy, Musick and Geometry…

The Mercers were responsible for the appointment of the other three original professorships in Law,
Physic (Medicine) and Rhetoric. Valerie Shrimplin, Academic Registrar at Gresham, has written
… an important fact for the history of science in England is that the Chairs for Astronomy and
Geometry at Gresham were the first Chairs in those subjects at any English university. In choosing
these subjects, Thomas Gresham appeared to have clearly understood and recognised their
importance as separate disciplines in scholarship, many years earlier than either Oxford or
Cambridge, where they continued to be studied only as part of a broader classical curriculum.
Gresham recognised the importance of applying in practice the knowledge gained from theoretical
study. In astronomy for example, the emphasis was on its use for mariners in navigation and
geography generally.

The Original Gresham College and the Geometry Professors (Slides 7-8)
The first Gresham College was created in Sir Thomas Gresham’s mansion. The first 31 Professors of
Geometry, with their date of appointment, are as follows:
Henry Briggs 1596, Peter Turner 1620, John Greaves 1631, Ralph Button 1643, Daniel Whistler 1648,
Laurence Rooke 1657, Isaac Barrow 1662, Arthur Dacres 1664, Robert Hooke 1665, Andrew Tooke
1704, Thomas Tomlinson 1729, George Newland 1731, William Roman 1749, Wilfred Clarke 1759, S
Kittleby 1765, Samuel Birch 1808, Robert Pitt Edkins 1848, Benjamin Morgan Cowie 1854, Karl
Pearson 1890, William Henry Wagstaff 1894, 1939–45 Lectures in abeyance, Louis Melville MilneThomson 1946, Thomas A Broadbent 1956, Sir Bryan Thwaites 1969, Clive W. Kilmister 1972, Sir
Christopher Zeeman 1988, Ian Stewart 1994, Sir Roger Penrose FRS 1998, Harold Thimbleby 2001,
Robin Wilson 2004, John D. Barrow 2008, Raymond Flood 2012.
They had to give their lectures in English as well as Latin which considerably widened their audience
to many members of the community, for example merchants and navigators not familiar with Latin.
The requirement to repeat the lectures in Latin was abandoned in 1811. The first Gresham Professor of
Geometry was Henry Briggs who was the creator of common or base 10 logarithms. They were of
great use in calculations and proved a great boon to navigators and astronomers. Briggs was not the
first to introduce logarithms as an aid to calculation. That was John Napier but it was Briggs who
devised a new form of logarithms which satisfied:
Adults Learning Mathematics – A Research Forum (ALM)
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log10 1 = 0 and log10 10 = 1.
Then, to multiply two numbers, one simply added their logarithms:
log10 𝑎𝑏 = log10 𝑎 + log10 𝑏.
In 1624, after he had left London to become the first Savilian Professor of Geometry in Oxford, Briggs
published an extensive collection of logarithms to base 10 of the integers from 1 to 20,000 and 90,000
to 100,000, all calculated by hand to fourteen decimal places.
The invention of logarithms quickly led to the development of mathematical instruments based on a
logarithmic scale. Most notable among these was the slide rule, versions of which first appeared
around 1630 and were widely used for over 300 years until the advent of the pocket calculator in the
1970s. So the first professor, Henry Briggs, satisfied the wishes of Gresham in developing and
disseminating mathematics of immediate and long-lasting importance.
Robert Hooke (Slides 9-10)
Robert Hooke, one of the world's greatest scientists and inventors, was appointed in 1665. Hooke was
professor of geometry at Gresham College for over thirty-five years, giving lectures on mathematics to
the general public. As well as this, the Royal Society held its meetings at the College - it had been
founded at Gresham a few years earlier. Hooke was the Society’s Curator of Experiments and was
required to design and present experiments on a regular basis. In this way, Gresham became an
important centre for scientific research and debate. It was probably the highest point in the College’s
history.
Hooke was interested in the mathematical principles underlying many of his experiments, and
designed a number of mathematical instruments. He was also interested in the design of clocks and
watches and formulated ‘Hooke’s law for springs’: if a weight is attached to a spring, the resulting
extension of the spring is proportional to the weight added.
A plaque commemorates the High Street site in Oxford of Robert Boyle and Hooke’s laboratory,
where they worked on the gas and atmospheric-pressure laws. We also have Hooke’s universal joint
and Hooke’s diary for 21st August 1678 which records a visit to a coffee house with Sir Christopher
Wren: here they exchanged information on their recent inventions, including Hooke’s ‘philosophical
spring scales’. Sir Christopher Wren was a lifelong friend of Hooke’s and had been Professor of
Astronomy at Gresham before moving to Oxford. Indeed it was after a lecture of Wren’s at Gresham
that the Royal Society was founded. After the great fire of London, Hooke helped Wren in the
rebuilding of the city. But the work of Hooke that I like the best is his book Micrographia which
means little pictures.
It was described by the diarist Samuel Pepys as the most ingenious book that I ever read, and was the
first English book to be devoted to microscopy. The historian Lisa Jardine has commented that the
subject of microscopy:
required exactly Hooke’s combination of instrument-making ability, experimental dexterity and sheer
showmanship of which his flair as a draughtsman made a further important contribution

We see some of Hooke’s beautiful illustrations. There is an engraving of his microscope, the main
illustration is that of a flea and below that the compound eye of a fly. Hooke also suggested that light
was a wave.
The eighteenth century and first half of the nineteenth was a poor time in the history of the college
mainly due to the behaviour of the professors who often misused their positions and produced very
little. By 1811 attendance at the public lectures had fallen to very low levels. But the second half of
Proceedings of the 23rd International Conference of Adults Learning Maths, Maynooth, Ireland, July 3 to July 6, 2016
9

Flood, R. (2017). Gresham College: Over four centuries of adult education**.

the nineteenth century saw improvement partly due to the improved calibre of the professors but also
to the change in attitude to state funding of education and increased emphasis on public access and
education. In 1890 a truly outstanding appointment was made.
From Karl Pearson to the modern day (Slides 11-15)
Karl Pearson is the founder of modern mathematical statistics and if you had attended his lectures at
Gresham you would have heard many modern statistical concepts being introduced, often for the first
time and in a very visual and hands on way. His lectures on 'The Geometry of Statistics and The Laws
of Chance' were very popular, drawing audiences of as many as 300 students. Reports tell us that in
some lectures he used dice, roulette results and 10,000 pennies scattered on the floor! Pearson first of
all wanted to standardize the way frequency distributions were represented, introducing the term
histogram. He then wanted to quantify variation introducing the term standard deviation and indeed
higher moments of a distribution. One of his major motivations was to provide a mathematical
underpinning to Charles Darwin’s ideas on natural selection and evolution based around individual
biological variation – an exact measure to the problem of evolution as he put it.
In his Gresham lecture of 13th November 1893 Pearson encouraged his students to develop an
awareness that they were living:
in an essentially critical period of science, when more exact methods and more sound logic were
upsetting or modifying many of the whole statements, which had been taken for years as scientific gospel

Pearson resigned his chair in 1894 due to ill health and was replaced by Henry Wagstaff who was in
post for 45 years until the start of the World War II and gave over 500 lectures and also taught in other
London schools.
After the War the first appointment was the applied mathematician Milne-Thompson and then Alan
Broadbent who had been President of the Mathematical Association and longstanding editor the
Mathematical Gazette. Next was Sir Bryan Thwaites who was the founding director of the School
Mathematics Project (SMP) and was an enthusiastic promoter of computers. The next holder, Clive
Kilmister, was also President of the British Society for the History of Mathematics.
The next four professors are well known popularisers of mathematics. Sir Christopher Zeeman and Ian
Stewart gave the Royal Institution Christmas lectures – indeed Zeeman was the first mathematician to
do so. Ian Stewart has written many popular books such as Does God Play Dice? So has Sir Roger
Penrose with his Emperor’s New Mind, Shadows of the mind and The Road to Reality – a complete
Guide to the Laws of the Universe. Harold Thimbleby is a computer scientist with a passion for
designing dependable systems to accommodate human error, especially in healthcare and medicine.
Many recent lectures are on the Gresham website – in fact nearly 2000 of them. Robin Wilson’s
specialities are history of mathematics, graph theory and combinatorics. He has this year produced the
Introduction to Combinatorics in Oxford University Press’s Very Short Introduction series. He had a
long career at the Open University and Robin and I have collaborated on many projects together. He
was succeeded by John Barrow, a cosmologist and mathematician based in Cambridge and is only the
second person to have been both Gresham Professor of Astronomy and Gresham Professor of
Geometry. The other was Laurence Rooke in the middle of the seventeenth Century! John took
advantage of the London Olympics of 2012 to focus his lectures on sporting topics and mathematics as
you can see on the slide. They are very interesting and introduce many important mathematical
properties in an accessible way.
Current Gresham Professors (Slide 16)
That rather quick tour of 400 years brings us up to the present and here are the present holders of the
professorships. In addition to the original seven, Astronomy, Divinity, Geometry, Law, Music, Physic
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and Rhetoric there are three new ones: Commerce, Environment and Information Technology. As
well as these there are also Visiting Professors who help to cover topics not easily covered by the
current ten chairs. Examples of such fields are demographics, the built environment, literature, ageing,
climate change, international affairs, local and regional government, neurology and the EU
referendum.
The major purpose of the College is to provide high quality free public lectures aimed at a general
audience and intended to appeal to both generalists and specialists. Each year over 20,000 people
attend these lectures and now thanks to the internet, the lectures (over 1900 of them) are available
through our website. There are approaching seven million views and downloads each year and
increasing activity on Facebook and Twitter as well as a smartphone app. The College is open to all,
regardless of age, background or previous educational qualifications. There are no entry or admission
requirements. The College has no registered students, does not undertake any assessment and does not
confer any academic awards or qualifications.
I want to finish by describing how in mathematics I have addressed the challenge of giving high
quality public lectures available to the general public. Lectures, moreover, which are recorded and for
which the slides and transcripts are also made available.
Background, Expectations and Accessibility (Slides 17-63)
I have said that the audience is a general adult audience but it is by no means homogeneous. There are
people from a wide range of backgrounds some very knowledgeable in their own areas, while others
might have studied mathematics but a long time ago. Others just have an interest in mathematics with
little background and there are some who are knowledgeable mathematicians.
So what expectations are there? I believe the audience want to hear a stimulating and accessible
lecture on an important and interesting topic. They do not expect to understand everything or every
step but want very much to know where the lecture is going and what path is being taken and if
possible why take that path or approach.
As for my expectations, I want to do something that interests me – this is one of the advantages of not
teaching to a syllabus and not having to assess or examine anyone. I also always want to look at an
important topic in mathematics. It takes me about 50 hours to prepare one of these lectures so it vital it
is something I want to learn about and share with others. I’m not unusual in taking this amount of time
as other colleagues say they spend about that length of time in preparation.
How do I try to achieve accessibility? There are two things I try to avoid and that is assuming the
audience is familiar either with the techniques of mathematics or mathematical notation. I always use
the history of mathematics as a background for the lecture, introducing key figures giving some of
their background, achievements and motivation. Doing this also provides a break in the mathematical
narrative and also gives another strand to get something out of the lecture if getting lost in the
mathematical arguments. The other thing I do is to take a visual approach where possible and I will
give some examples of how I do this.
Here are some guidelines I use in trying to achieve accessibility.


The Selection of Lecture Content (Slides 19-22)

First, I am free to choose the lecture topics – subject to discussion with the Gresham College
Academic Board.
In my first year I took as a theme Shaping Modern Mathematics. The 19th century saw the
development of a mathematics profession with people earning their living from teaching, examining
and researching and with the mathematical centre of gravity moving from France to Germany. A lot of
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the mathematics taught at university today was initiated at that time. Whereas in the 18th century one
would use the term mathematician, by the end of the nineteenth one had specialists in analysis,
algebra, geometry, number theory, probability and statistics, and applied mathematics.
The series of lectures I offered looked at the shaping of each of these mathematical areas and at the
people who were involved. The lecture titles were: Ghosts of Departed Quantities: Calculus and its
Limits, Polynomials and their Roots, From One to Many Geometries, The Queen of Mathematics, Are
Averages Typical?, and Modelling the World.
For my next series the theme was Applying Modern Mathematics, illustrating how mathematics has
developed more recently and what mathematics can, cannot and hopes to achieve. The titles were:
Butterflies, Chaos and Fractals, Public Key Cryptography: Secrecy in Public, Symmetries and Groups,
Surfaces and Topology, Probability and its Limits, and Modelling the Spread of Infectious Diseases.
For the last two years my theme was Great Mathematicians, Great Mathematics. Each of these
lectures started with a famous mathematician, from Fermat in the seventeenth century to Turing in the
twentieth century, and described them and some of their most important work and then discussed more
recent developments and applications. The titles were: Fermat’s Theorems, Newton’s Laws, Euler’s
Exponentials, Fourier’s Series, Mobius and his Band, Cantor’s Infinities, Einstein’s Annus Mirabilis,
1905, Hamilton, Boole and their Algebras, Babbage and Lovelace, Gauss and Germain, Hardy,
Littlewood and Ramanujan, and Turing and von Neumann.


Visual Aids (Slides 24-29)

I think it is important and beneficial to the audience to make use of visual aids. For example,
Memorials can be helpful in introducing a person’s life work and impact as seen by contemporaries.
Using Isaac Newton’s memorial in Westminster Abbey, I can illustrate some of his achievements by
looking at his tomb. The base bears a Latin inscription and supports a sarcophagus with large scroll
feet and a relief panel. The sarcophagus depicts boys using instruments related to Newton’s
mathematical and optical work, including the telescope and prism, and his activity as Master of the
Mint. The boys are playing on the left with the reflecting telescope which Newton invented, on the
right a furnace and newly minted coins relating to his time at the Royal Mint, while in the middle one
boy weighs the Sun and planets and to the right of it another boy is playing with a prism.
An illustration from Newton’s A Treatise of the System of the World book published in 1728 where
Newton explains the motion of the moon as follows:
Let a body be projected horizontally from the top of a high mountain and do it repeatedly with greater
and greater velocity. The first time it falls and ends up at D. Now project it with a greater speed and it
will go further falling and ending at E. Now project it with even greater speed and it will fall at F and
then project it faster and it still falls to earth, this time landing at G. But now increase the velocity
again and this time the projectile continues to fall but the curvature of the earth causes it to curve away
from the projectile and the projectile arrives back at the mountain top where it performs the same
motion again. I’m supposing that there is no air resistance or other retarding force. So we can think of
a satellite, such as the moon, that orbits the earth as continually falling towards it but never landing
because the earth is curving away from it.
Newton calculated this rate of falling for the moon and showed it was as described by his law of
gravitation which also gives the rate of fall of bodies on the earth’s surface. It was this result which
showed that his law was a universal law of gravitation in that it applied equally to the earth and the
heavens.
In 1675, Gottfried Leibniz introduced two symbols that would forever be used in calculus. One was
his d (or dy/dx) notation for differentiation, referring to a decrease in dimension — for example, from
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areas (x2) to lengths (x). The other was the integral sign: attempting to find areas under curves by
summing lines, which he then represented by an elongated S for sum: this is the symbol ∫ for the
integral sign. It will be useful to write ∫ for omn… and we see where he first wrote it down!
Woolsthorpe Manor, is the birthplace of Newton, and is well worth a visit. I think it is ironic that the
shape chosen for the tie bars is one that you might recognise as one similar to Leibniz’s integral sign!
In a stain glassed window we see Boole at the bottom sharing the window with Aristotle and Euclid –
distinguished company indeed. The plaque on the bridge (Broombridge, Dublin) where Hamilton
scratched his formula for quaternions. These memorials mark the work of two mathematicians who
can fairly be said to have liberated algebra from the constraints of arithmetic.


Computer Simulation (Slides 31-44)

I present examples of visualization using the graphical capabilities of spreadsheets.
The first is based on the simple experiment of continually tossing a coin. If we were to toss a coin a
large number of times we observe some interesting and, I think, counterintuitive features and I want to
introduce them using the idea of a random walk.
At each step you move one unit up with probability ½ or move one unit down with probability ½. An
example is given by tossing a coin where if you get heads move up and if you get tails move down and
where heads and tails have equal probability. It can also be used as a model for two queues where
going up means the queue you are in is moving ahead and moving down means that the queue you are
in falling behind.
I’ve done some simulations using a spreadsheet to illustrate the behaviour obtained. The first column
generates a +1 or -1 with equal probability. The second column keeps a running total of the numbers
generated to that point.
On the graph the vertical axis is the difference between the number of heads and the number of tails.
The horizontal axis is the time in the form of the number of tosses. I have done it for 500 tosses.
Take a moment to think about the type of path you would expect. Most people think that in a long coin
tossing game each player will be on the winning side for about half the time or that half the path will
be above the horizontal axis and half below. They also believe that the lead should change frequently.
The path you see does have heads in the lead about half the time and half the time tails is in the lead
but it took me quite a few tries to get this result because it is not the usual path you get!
Let me show you (slides 33-42) ten other paths in the order I obtained them: Path 1. In this case Heads
is always in the lead, Path 2. Here a bit of oscillation but then tails is always in the lead, Path 3. Here
heads most of the time then tails for a short time and then back to heads, Path 4. Here heads all the
time but there is a short time when tails took the lead, Path 5. Here mainly tails but on occasions heads
goes ahead for a short time, Path 6. At the start it is heads and then tails ahead, Path 7. Heads always
ahead here, Path 8. Tails is ahead most of the time here, Path 9. Heads all the time here, Path 10.
Again heads all the time. These results are typical.
The law of long leads, more properly known as the arcsine law, says that in a coin-tossing games, a
surprisingly large fraction of sample paths leave one player in the lead almost all the time, and in very
few cases will the lead change sides and fluctuate in the manner that is intuitively expected of a wellbehaved coin. The numbers are quite remarkable.
• In one case out of five the path stays for about 97.6% of the time on the same side of the axis.
• In one case out of ten the path stays for about 99.4% on the same side of the axis.
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• A coin is tossed once per second for a year.
- In one in twenty cases the more fortunate player is in the lead for 364 days 10 hours.
- In one in a hundred cases the more fortunate player is in the lead for all but 30 minutes.
The symmetry of the fair coin is still here. But the symmetry does not show itself in half the path
being above the axis and half below. Rather the symmetry shows itself in that half the sample paths
are mostly above the axis and half the sample paths are mostly below the axis.


Modelling the World (Slide 46)

For illustration of modelling the world, I use the machine for predicting tides which computed the
depth of water over a period of years, for any port for which the ‘tidal constituents have been found
from harmonic analysis of tide-gauge observations’ — that is, from the coefficients of the
trigonometric series representing the rise and fall of the tide.
Modern tidal analysis and prediction in all its mathematical and mechanical detail is due to the Belfast
born William Thomson (Lord Kelvin from 1892) from around 1867. If we know the tidal record for
say a year at a particular spot we will be able to determine the amount of each tidal component at that
spot. The machine could then be set up to predict the tide a year ahead in a matter of days and was in
use until after the Second World War and used for the D day landings in Normandy. The slide shows
William Thomson, the weekly tide record at River Clyde and the Tidal Predicting Machine.


Proof/Framework (Slide 48-63)

I always like to include a proof of something in every lecture I do. For me proof is the essence of
mathematics and is what gives it so much of its beauty. The example I want to show you is from
topology or rubber sheet geometry and is due to the eighteenth century Swiss mathematician Leonhard
Euler (1707–1783).
Euler was the most prolific mathematician of all time. He produced over eight hundred books and
papers in a wide range of areas, from such ‘pure’ topics as number theory and the geometry of a circle,
via mechanics, logarithms, infinite series and calculus, to such practical concerns as optics, astronomy
and the stability of ships. He also introduced the symbols e for the exponential number, f for a function
and i for √−1. Euler published 228 papers after he died making the deceased Euler still one of the
world’s most prolific mathematicians! In the words of the great French mathematician Pierre-Simon
Laplace: Read Euler, read Euler, he is the master of us all!
Polyhedra are solid shapes bounded by plane faces such as a cube which is bounded by six squares or
a square pyramid bounded by a square and three triangles. They have been studied since ancient times,
for example Euclid concludes his Elements by showing how to construct the regular polyhedra and
proving that there are only five of them. The word polyhedra comes from the Greek roots, poly
meaning many and hedra meaning seat. Initially we will be dealing with Convex polyhedra which
have the property that the line joining any 2 points in the object is contained in the polyhedron, or an
alternative way of thinking about it is that a convex polyhedron can rest on any of its faces.
An icosidodecahedron is convex because it is possible to set it down on any of its faces or alternatively
if you take any two points in it the line joining those two points also lies in the icosidodecahedron. A
hexagonal torus or doughnut shape is made up of six blocks each consisting of four quadrilaterals. It is
not convex because it is not possible to set it down on one of the inner quadrilaterals or if you take a
point towards the front face and a point towards the back then then joining them crosses the “hole” of
the torus and so does not lie in the torus.
We will concentrate on convex polyhedrons and discuss Euler’s formula for convex polyhedral, V – E
+ F = 2. In this formula, V is the number of vertices, E is the number of edges and F is the number of
faces. It is an alternating sum: number of vertices minus number of edges plus number of faces. Also
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note that a vertex is a point so zero dimensional, an edge is a line so one dimensional and a face is part
of a plane so two dimensional. The formula assigns plus to the even dimensions 0 and 2 and minus to
the odd dimension 1.
Euler’s Formula for the Tetrahedron, Cube, Octahedron, Dodecahedron and Icosahedron are covered
in slides 52-56.
I now give an outline of the proof of Euler’s polyhedron formula. It is going to make use of the nice
structure of the expression V – E + F and that it is an alternating sum. If we remove an edge and a face
at the same time then number of vertices – number of edges + number of faces stays the same because
you are talking away one less edge but adding on one less face. Similarly, if we remove an edge and a
vertex at the same time then the number of vertices – number of edges + number of faces stays the
same because you are taking away one less edge but adding on one less vertex. The structure of the
proof is that we are going to keep doing these operations so that V – E + F remains unchanged – we
say it is an invariant – until we get to something simple enough to calculate and that must also be the
original value because V – E + F did not change! Let us see how we can do it.
The first step is to deform the convex polyhedron into a sphere. This why we assumed the polyhedron
was convex to allow us to do this. Imagine the polyhedron is made out of wire then surround it with a
sphere, place a light bulb inside it and look at the shadow of the polyhedron on the sphere. Then being
convex, allows us to say that the image on the sphere leaves V – E + F the same or invariant.
Step 2 is to remove an edge so as to merge two faces. Leaves V – E + F unchanged. Keep doing this
step until only one face is left. When we end up with only 1 face the remaining edges and vertices
form a graph with no loops, because if there was a loop, there would be an inside and outside face and
we would remove an edge of the loop to merge those faces together.
In the next step we remove a terminating vertex and edge from the tree. This leaves V – E + F
unchanged. Keep doing this until you are left with only one vertex. We can now calculate V – E + F
for this simple situation as we have one vertex, no edges and one face so the answer is 2. As V – E + F
has been invariant the whole way through this must also have been its starting value so we have
proved the result.
As an application of this result it is fairly easy to prove the theorem that there are only five regular
polyhedra which was how I continued the lecture. In a regular polyhedron all the faces are the same
and the arrangement of faces at each vertex is the same. They are: Tetrahedron – four faces each an
equilateral triangle, Cube – six faces, each a square, Octahedron – eight faces each an equilateral
triangle, Dodecahedron – twelve faces each a regular pentagon, Icosahedron – twenty faces each an
equilateral triangle
Conclusion
I have tried to give an insight into how a College such as Gresham was initiated and developed, the
renowned mathematicians who have held the Chair of Geometry there and the contributions they have
made to the world of mathematics and to the general public who have benefitted from their lectures for
over more than 400 years.
I hope I have also shared with you my own enjoyment in finding different ways of making
mathematics accessible to a general audience.
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Abstract
Reflections by their nature are personal and are largely shaped by one’s experiences, good and bad. My
engagement with adult mathematics education has spanned the entire period since the first ALM conference in
1994. That engagement has waxed and waned until it has evolved into what I would describe as a benign ‘at a
distance’ involvement. Recognising constraints of personal bias, employment/location, and the use of an
essentially mathematics education lens, this contribution looks at the role of ALM since its inception, successes
and failures. In the time available this can only be a broad brush approach to what is intended as a positive
contribution to ALM and adult mathematics education. The author uses a strategic management tool called
SWOT analysis to structure his reflections and analysis.

Keywords: vocational, work-based, apprenticeship, training
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Introduction
Reflections by their nature are personal and are largely shaped by one’s experiences, good and bad.
Recognising constraints of personal bias, employment/location, and the use of an essentially
mathematics education lens, this contribution looks at the role of ALM in adult mathematics education
since its inception - successes and failures. Thus the scope of the review is restricted to a central plank
of ALM’s stated mission, namely adults’ mathematics education. Adults’ mathematics education
(AME) is familiar ground because my whole career has been dedicated to mathematics education, or
to be more specific to the teaching and learning of mathematics.
In order to avoid a purely random selection of thoughts and too much introspection, the author uses a
number of devices including distance (sidelines), tools (SWOT analysis, a strategic management tool)
to add objectivity to his reflections and analysis. Since my ideas are not well behaved and do not
arrive in neat bundles, structure is needed to establish a sensible narrative for the paper. However, in
the time available this can only be a broad brush approach to what is intended as a positive
contribution to ALM and adult mathematics education. To be clear, this is not a fault-finding exercise.
But first a justification for using a ‘mathematics education lens’ is offered in terms of a personal
worldview.
Personal World View
In this section I will try to develop a pragmatic sketch of a personal worldview rather than pursue a
deep philosophical approach. The general literature on worldview and research tells us that
worldviews are influenced or shaped by one’s home discipline, personal beliefs and beliefs of
significant others in the discipline such as research supervisors and other faculty. Certain questions
can assist in pursuing the consequences of holding a particular worldview. Such questions include
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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questions about our model of reality (Ontology), explanations (model of the past), focus on the future
(Prediction), guiding values (Theory of values), plans of action (Theory of actions) and theory of
knowledge held (Epistemology) (see Creswell and Plano Clark, 2007).
A personal worldview is the way an individual thinks about or sees the world. It is a conceptual model
of reality and includes a framework of ideas and attitudes about the world and life generally. It
necessarily involves looking at the world from a specific standpoint. For example one might subscribe
to a problem-solving approach and adopt this as a personal perspective on the real world. One
consequence of such a standpoint is to recognise that reality has many layers, and significant problems
are multidimensional requiring us to draw on all our resources to find solutions. It is important to note
that one’s personal worldview may undergo change and evolve over time.
Mathematics education lens
The author’s early background in mathematics and physics and subsequently in mathematics education
ensured that his actions in mathematics education would be guided by a scientific/problem-solving
approach informed by other disciplines including education, teacher education, psychology, history,
etc. Schoenfeld (2000, p. 641) has this to say about the purposes of research in mathematics education.
Research in mathematics education has two main purposes, one pure and one applied:


Pure (Basic Science): To understand the nature of mathematical thinking, teaching, and
learning;



Applied (Engineering): To use such understandings to improve mathematics instruction.

These are deeply intertwined, with the first at least as important as the second.
My interpretation of the basic concerns of mathematics education is captured in considerations of all
things related to the Teaching and Learning of mathematics at all levels and Communication. This
includes adults’ mathematics education and numeracy. The core of my professional activity can be
described as mathematics teacher education. This also means that I have adopted a mainly problemsolving approach to issues in mathematics education.
Draft Proceeding s

The undertaking entered into by the author for this paper is to offer reflections on adults’ mathematics
education (AME). The focus therefore will be on AME as an area of professional practice within
mathematics education and issues and questions that arise including research (see Section 3.2). AME
is a strand that runs through all of the professional areas that define my own career and dates from
1980 with my first involvement with Tipperary (NR) Vocational Education Committee and numeracy
education. Therefore, my mathematical lens is influenced by work in a variety of contexts including:


Second level mathematics teaching,



Further education (mathematics),



Technician education (mathematics and physics),



Mathematics teacher education (pre-service, postgraduate, and out-of-field),



Service mathematics teaching (undergraduate),



Mathematics Learner support (Higher Education),



Access/bridging mathematics for adults,



ALM,
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Mathematics education research.

This list also serves as an illustration of the wider scope of AME.
A second major influence that shaped the author’s mathematics education lens has been the
identification and achievement of national priorities in mathematics education which have included
AME for a number of years. Over the years these national priorities resonated with wider universal
issues in mathematics education, and often were congruent with them.
Methodology
It is clear, having declared my position in the previous section, that my reflections will be coloured by
my experiences in mathematics education. Indeed I have always seen AME as part of my mathematics
education brief and acted accordingly. This position has strengths and weaknesses - some of each will
be acknowledged as we work through the reflections. In the main this stance has been positive in terms
of my professional development and contribution to mathematics education. Rather than rely
completely on recall of contentious issues, personal insights, and publications etc., in this review I
have decided to use a management tool, SWOT analysis, to explore the issues. The author has
customised this tool for use here as follows:


Focus on a core area/activity of ALM, not ALM as an organisation



Uses questioning approach associated
supported by very detailed templates



One person analysis (usually by a department or larger unit).

with templates but avoids fine-grained approach

Aspects of this usage in turn might be construed as limitations by others, which is a reasonable stance
to take.
SWOT analysis
SWOT analysis is a useful management tool for understanding Strengths and Weaknesses in an
organisation and for identifying Opportunities open to you as an organisation and the Threats you face,
hence the acronym SWOT for Strengths, Weaknesses, Opportunities, and Threats. It can be applied at
macro level e.g. company or organisation; or at micro level to deal with departments, products or
services; or at a personal level. Several good references are available on the web for those who are
interested in learning more about this tool (e.g. see Newton & Bristol n.d.). The following sections
reflect an adherence to the spirit of SWOT analysis but avoids using the very fine-grained approach
generally used based on various templates. However, the author does use a questioning approach
associated with each of the identified areas. Further, this analysis does not focus on ALM as an
organisation but rather on a core area/activity of ALM namely, Adults mathematics education (AME).
Thus, it is open to readers to interpret these latter points as limitations.
Adults’ mathematics education (AME)
For the purposes of this paper adults mathematics education (AME) is understood to be part of a
continuum of lifelong learning and penetrates all sectors of the education system, and is based on a
broad conception of mathematics and mathematics education (Coben, Fitzsimons & O’Donoghue,
2000). Compare this characterisation to the aims of ALM given on the ALM website:
ALM aims to promote the advancement of education by supporting the establishment and
development of an international research forum for adult mathematics and numeracy by:


Encouraging research into adults learning mathematics at all levels and disseminating the results
of this research for the public benefit.
Adults Learning Mathematics – A Research Forum (ALM)
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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. (http://www.alm-online.net/)

The AME domain includes: school mathematics; specialist mathematics and service mathematics in
HE; vocational mathematics in FET; mathematics for everyday living and adult numeracy in adult
basic education; and workplace mathematics. It is clear from this description that:
Adult numeracy ≠ Adults mathematics education.
There is more to AME than adult numeracy although it must be acknowledged that numeracy
permeates all aspects of AME.
Analysis of Adults mathematics education in ALM
Strengths
A key strength of AME under the ALM umbrella is that it is an established and recognised core area
of activity that includes practice and research. It is an area that receives continuous attention by
practitioners and scholars dedicated to the advanced of AME. It attempts to integrate research and
practice although this is a work in progress with a long way to go for success. This is tempered
somewhat by the reality that adult numeracy in all its guises has commanded most attention and
generated most activity. This may be interpreted as a strength and weakness, the perceived weakness
being that other interest areas in AME receive relatively little attention.
The AME area is supported by an international community of practice that includes practitioners and
practitioner/researchers that constitutes a collective of members who have generated major resources
and substantial published research output. For example, ALM has an archive of annual conference
proceedings, Journal issues (ALMIJ), and there is a significant body of published work by individual
members in journals, conference proceedings, books and book chapters.
Draft Proceeding s

Over the years ALM has demonstrated a capacity to develop practice and research in this area and
through the efforts of individual members and collectively, has influenced policy formation and
developments in AME/Numeracy at national and international level. For example, ALM members
have made significant contributions to the ALLS, PISA, and PIAAC international surveys.
The unique status of AME under the ALM umbrella and the attention it receives as a result from
dedicated practitioners and scholars is a fundamental strength that makes ALM unique. ALM does
AME/numeracy better than anyone else!
Weaknesses
It is not my intention to dwell on weaknesses nor is it my intention to walk away from them. Having
identified any weaknesses concerning AME the objective is to take a positive stance and look for ways
to improve.
A small number of weaknesses are implicit in the previous section. These are identified below as:


A narrow interpretation of AME,



Little progress towards integrating Research and Practice in AME,



Relatively little output in other areas of AME.

It is clear that the characterisation of AME in the ALM community places relatively little emphasis on
relevant areas such as Mathematics in Further Education/Vocational education, Bridging Mathematics,
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Access mathematics, Service mathematics, and Mathematics learner support. AME has a significant
intersection with all these areas and more and records a small body of work in these areas but more
attention is warranted from the ALM community.
AME is mainly a practice-led enterprise that cuts across virtually all education sectors including
training. AME as a practice-led enterprise needs support from researchers and practitioner researchers.
As a consequence of a deficit in this area, AME is not benefitting from the dividend associated with
the integration of research and practice. In this respect ALM must acknowledge a deficit in numbers of
practitioners/researchers and researchers/research in cognate areas of AME as outlined above. This
signals a failure to attract researchers in other areas of AME e.g. Bridging/Access mathematics,
Service mathematics, Mathematics learner support or convert practitioners into researchers.
Individuals in ALM have produced a small but worthwhile body of work through their research and
scholarship in areas of AME covered by a more encompassing characterisation akin to the one
proposed in earlier sections (see Adults’ Mathematics Education). This body of work must be
expanded by encouraging practitioners and researchers to present at ALM conferences and publish in
ALMIJ.
Opportunities
There are three interesting trends that can potentially offer opportunities for AME/ALM:


The universal interest at policy level in numeracy and literacy,



The widespread policy interest in Access/Retention in Higher Education (HE),



Developments in ICT e.g. web and online learning.

The prioritisation of literacy and numeracy internationally has moved these concerns into mainstream
educational thinking and will keep numeracy in the public eye and high on the policy-makers’ agenda.
This means higher educational status and potentially significantly more resources for work in this area.
ALM should be able to find a way to benefit from such developments in terms of attracting more
members and funding.
The alignment of economic and educational goals at national level around the world has led to a
greater emphasis on the transition from school mathematics to mathematics in Higher Education (HE)
and retention in HE especially in the STEM disciplines. This emphasis opens opportunities in
Access/Bridging mathematics, Service mathematics, and Mathematics learner support in particular.
Each of these areas is under-researched and under-theorised and is ready for expert attention. ALM is
well placed to step into this space by expanding its research capability through a wider membership
profile. More active engagement with these areas should make ALM more attractive to
researchers/practitioners in these areas.
Developments in ICT especially widespread internet access raises interesting prospects for providing
education/training for non-traditional students in AME.
Threats
One looks to internal and external factors for threats. For example, weaknesses identified earlier are a
good starting point. External factors such as education policy trends internationally and national
policies and regulations also supply useful pointers in this regard.
Complacency
ALM is in danger of becoming irrelevant despite its excellent track-record in AME/Numeracy to date
because:
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There are too few practitioner/researchers in ALM, and members generally,



AME has been interpreted too narrowly in the ALM agenda,



AME/Numeracy is not well recognised as a mainstream research area in its own right or as part
of a bigger area e.g. education or mathematics education.

Emphasis on service aspect of education
Internationally e.g. EU/OECD countries, the convergence of economic, education and competiveness
policies is a very powerful influence on mathematics and STEM education and education generally,
and has a direct influence on adult mathematics education/numeracy. This influence is felt through
government initiatives and policies across national education systems. Undoubtedly this concentration
of interests has positive benefits for AME/Numeracy but there is a downside.
While national policies still treat education as a common good it is fair to say that these same countries
emphasise the service aspect of education in policy formulation and funding. Invariably, this has led to
an employment-oriented, narrow skills approach that fails to do justice to the educational value of
AME/Numeracy. Ultimately, AME/Numeracy will not be well served by a skills approach that sells
AME and numeracy short. Any diminution of the educational value of AME/Numeracy for
individuals is a threat to the very existence of AME/Numeracy and ALM.
AME outside the mainstream
The international education landscape in recent years has been greatly influenced by a country’s
performance in studies such as IALS, ALLS, PISA, PIAAC and TIMSS and these in turn have driven
numeracy and literacy policy in many countries. One consequence of these developments is that the
burden of delivery of numeracy is placed squarely on the school mathematics curriculum. Such
developments push AME/Numeracy further away from mainstream education where it is not
prioritised leaving it under-resourced and dependent upon voluntary agencies and NGOs. Another
issue caused by these studies is that there is a proliferation of constructs for numeracy that leaves
potential for confusion at national/local level. One gets an uneasy feeling that such confusion is
leading to a lack of discrimination between literacy and numeracy to the detriment of numeracy which
will once again be subsumed under literacy.
Draft Proceeding s

Discussion
It is clear that my reflections are coloured by my experiences in mathematics education. The focus is
on AME as an area of professional practice within mathematics education and issues and questions
that arise. My considered position is that AME/Numeracy should be developed as a domain within a
bigger discipline/area for the opportunities such a move offers e.g. continued viability, higher
academic status, bigger pool of potential members, impact, and potential for funding for research and
other activities. The wider interpretation of AME presented here and the mathematical underpinnings
of numeracy suggest Mathematics education as a natural home for such activity. This association
retains all connections with cognate disciplines such as psychology, education, history, anthropology,
language etc. and offers all the advantages mentioned earlier. It also pushes numeracy further out from
under the literacy umbrella.
Such a re-alignment positions ALM advantageously to contribute to and draw strength from a number
of emerging areas that are directly implicated in AME/Numeracy e.g. mathematics teacher education,
service mathematics, and mathematics learner support.
In my view, a stronger identification with mathematics education is inevitable. Two reasons standout:


More concern to deal with numeracy within mainstream mathematics provision,
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Real concern around the transition from secondary school mathematics to HE e.g. underpreparation in mathematics for HE, Access/Bridging Mathematics, and Mathematics learner
support.

Integrating numeracy into mainstream school education raises a number of interesting questions such
as the relationship between numeracy and the school mathematics curriculum, and numeracy as an
educational task. There is also an underlying view that maybe numeracy is no more than mathematics
taught well (Straker, cited in ETI and DES, 2015). However, it is unlikely that such developments will
eliminate the steady flow of innumerate adults from the school system. This is the backdrop for
AME/Numeracy and this backdrop demands engagement in a wider sphere of activity including
school mathematics and other areas of AME.
Finally, a major challenge for AME/Numeracy and ALM is to attract significant numbers of
researchers to do the necessary research. This issue is addressed in part in the previous paragraphs but
it is important that a practice-based profession/area like AME be informed by research. More efforts
should be made to convert member practitioners to researchers. This will not be easy but there is
considerable work being done in education/teacher education to convert practitioners to reflective
practitioners using action research. I suggest that more members would engage in research in AME if
they were shown how to use their own practice in AME as a laboratory for research. A number of
methodologies come to mind e.g. Action research, Educational Design, Pragmatic (Developmental)
research.
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More than two languages in the bilingual mathematics classroom **
Núria Planas
Universitat Autònoma de Barcelona
<Nuria.Planas@uab.cat>
Abstract
Bilingual learners of mathematics with a dominant language other than the language of instruction have often
been thought of as disadvantaged by their mathematics teachers and the school community. My research
illuminates some of the tensions and opportunities within bilingual mathematics classrooms in order to interpret
the mathematical activity of bilingual learners. The Bakhtinian notion of heteroglossia is taken to raise questions
and explanations concerning social issues with influence on the development of such activity. From this
perspective, people operate under the impact of the many languages at the intersection of contrasting social
groups. I will give an account of a number of ways in which the creation of mathematics learning opportunities
relates to the explicit recognition of various languages in the interaction.

Keywords: bilingual

** Paper collated based on conference presentation.
Overview
Research on language and mathematics education
Draft Proceeding s




Diversity and richness of the domain
Questions, directions and lines of concern

Research on languages and mathematics learning



Scope of what is meant by languages
Scope of what is meant by mathematics learning

Research on “bilingual” mathematics learning



Newer insights from classroom data
Resourcing languages for mathematics learning
The research domain





What are the questions/problems about language and mathematics education?
What are the lessons learned from research in this domain?
What could we learn more in the next decades?

Different questions/problems and lessons  Different directions and lines of concern
Directions and lines of concern


Questions/problems about representation of data

Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
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We have learned much about the potential and challenges of multimodality for the planning,
development and evaluation of much of our research, but still need to learn more. For example, ‘Way
beyond word data* –(re)presenting real-world issues’ (in a form that renders them amenable to
analysis and research**), where * was stated as problems and ** as Mathematical analysis (…) in
Coben and Weeks’ presentation at ALM23 (Coben & Weeks, 2016).


Questions/problems about social interaction

We have learned much, but still need to learn more, about the inseparability of the individual and the
social in the understanding of mathematical activity. For example, the peer mathematics education
programme described in Bryne et al.’s presentation ‘Maths initiatives in prison education’ (Byrne,
MacElligot & Hickey, 2016).


Questions/problems about mathematics learning

We have learned much, but still need to learn more, from the conceptualisation of mathematics
learning as participation in a culture and the many discourses there. For example, Díez-Palomar’s
presentation (Díez-Palomar, 2016) ‘Mathematics Dialogic Gatherings: A way to create new
possibilities to learn Mathematics’ as a result of dialogue* (‘as a result of dialogue’ added by the
author, it appears in the abstract for this presentation).
What is meant by languages
If you were asked about the languages in this room right now, what would you say?






Would you name them?
Would you qualify them?
Would you look at what they do?
Would you look at how they are used?
Would you want me to clarify the question and so would not answer?
Draft Proceeding s

An example from the Maynooth University website, ‘We [Maynooth University Language Centre]
offer courses and qualifications in a broad range of modern languages’.
Languages


The metaphor of languages-as-tools

Languages are tools that work with other tools (people and objects) to make communication and
learning happen.


The metaphor of languages-as-resources

Languages are resources that create opportunities to interact with others from which to gain experience
and support inside a culture.


The metaphor of languages-as-resourced

Languages are resourced by people for the purpose of creating and exploring opportunities to interact
with others and meet their worlds.
What is meant by maths learning
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If you were asked to get up in this room right now and tell some mathematics that you have learned,
what would you say?






Would you name a content?
Would you explain an idea?
Would you refer to how you came to learn it?
Would you refer to why you didn’t learn it before?
Would you want me to clarify the question and so would not answer?
Mathematics learning



The metaphor of the travel

Mathematics learning occurs at the interplay of ideas travelling and people catching and transforming
them in more or less reflexive ways.


The metaphor of the window

Mathematics learning occurs close to (or in) the opportunities created by people to explore travelling
ideas and carry them forward.


The metaphor of the filter

Mathematics learning occurs in situations of distribution of access to the languages of interaction, of
participation and knowledge.
Insights from a study


My research context.

A mathematics classroom in Barcelona with Catalan dominant students and Spanish dominant students
from Latin American families.


Labelled languages and social languages.

Catalan, the language of teaching and learning. Spanish, the co-official language in Catalonia.
Varieties inside either Catalan or Spanish or at their intersection.


Example of a task.

A book has 89 pages, but the page numbers are printed incorrectly. Every third page number has been
omitted, so that the pages are numbered 1, 2, 4, 5, 7, 8... and so on.
What is the number on the last printed page?
“What kind of Catalan is this?”
Maria: La darrera pàgina no és múltiple de tres. U i dos; quatre i cinc; set i vuit; deu i
onze… [The last page is not multiple of three. One and two; four and five; seven and eight; ten and
eleven…]
Leo: ¡Muy largo, laaargo! [Very long, looong!]
Maria: Cap problema, no son mil páginas. [No worries, it’s not one thousand pages.]
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Ton: És anar escrivint. Ho tens? [It’s keep writing. Do you have it?]
Leo: Jo? dic jo? Mirem quantes pàgines que no estiguin i añadim les pàgines que
no van estar. [Me? Do I say it? We look at how many pages are not there and we add the missing
pages on.]
Ton: Mira, és cent trenta-tres. [Look, it’s one hundred and thirty-three.]
Maria: Quina mena de català és aquest? [What kind of Catalan is this?]
Ton: Què més et dóna? El que importa és quina mena de solució és aquesta. Més
curta? [Why do you care? What matters is what kind of solution is this. Shorter? ]
Leo: Cada dos números, va faltar un. Pasa cuarenta y cuatro veces. Van faltar
quaranta-quatre números. [Every two numbers, there was one missing. This happens forty-four times.
There were forty-four numbers missing.]
Discussion


Mathematics learning.

Traceable in the opportunities created with the introduction of the idea of decomposing 89 (44x2+1).


Languages-as-resourced.

Maria: Quina mena de català és aquest? [What kind of Catalan is this?]
Ton: Què més et dóna? El que importa és quina mena de solució és aquesta. Més curta? [Why do you
care? What matters is what kind of solution is this. Shorter? ]
Draft Proceeding s

If the mention of languages had not been there, would the mathematical activity of the students have
developed differently? By playing down the comment about languages, the attention to language use is
drawn away and the focus on mathematical activity is kept through the reformulation “What kind of
solution is this?”
“I sound like Peruvian”
Ada: ¿Cuáles números son como ochenta y nueve? [Which numbers are like eighty-nine?]
Leo: Quatre pàgines, o sis, o vuit, o deu. Siempre un espacio de dos. Però que es divideixi per dos.
[Four pages, or six, or eight, or ten. Always a gap of two. But that can be divided by two.]
Ton: Ja sabem cuáles números… Sono com peruano… [We already know which numbers… I sound
like Peruvian…]
Ada: Habla como quieras pero habla claro, que se entienda. [Speak as you like but speak clear so that
it can be understood.]
Leo: ¿No está claro? [Isn’t it clear?]
Ada: ¿Cuáles son como el del problema y por qué? [Which are like the one in the problem and why?]
Ton: Jo he entès que n’hi ha com de dos tipus. Si mirem exemples… [I have understood that there are
like of two types. If we look at examples…]
Adults Learning Mathematics – A Research Forum (ALM)
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Ada: No más ejemplos. ¿Cuáles y por qué? [No more examples. Which and why?]
Leo: Mira, los números pares no van igual. Con todos los pares, sacas uno, perquè no vas arribar a
múltiples de tres. [Look, pair numbers don’t go the same. With all pairs you take one out, because you
don’t reach multiples of three.]
Discussion


Mathematics learning.

Traceable in the opportunities created with the allusion to the lack of clarity in the mathematical
explanations.


Languages-as-resourced.

Ton: Ja sabem cuáles números… Sono com peruano… [We already know which numbers… I sound
like Peruvian…]
Ada: Habla como quieras pero habla claro, que se entienda. [Speak as you like but speak clear so that
it can be understood.]
If the mention of languages had not been there, would the mathematical activity of the students have
developed differently? By addressing the comment about languages, the attention to social groups is
drawn away and the need of explanations for the clarity of mathematical communication is
acknowledged.
Languages-as-resourced
Resourcing languages for mathematics learning.
The resourcing orientation draws on the idea that languages cannot be called resources before they
have been used by someone in some way. It is in the use that the potential quality of resource can be
recognized and thought of as accomplished in relation to a particular purpose. In spite of the existence
of occasional shifts from mathematics to language issues, there are moments in a lesson with processes
of resourcing languages for the purpose of mathematics learning.
Findings point to a kind of circularity between the recognition and access to languages and the
development of mathematical activity. One language is not enough to make the circle work: activity
develops as part of a process which requires language as multiple.
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Research in Adult Mathematics Education: How Far Have We Come,
Where Might We Go Next?
Katherine Safford-Ramus
St. Peter’s University,
Jersey City, New Jersey, USA
< ksafford@saintpeters.edu>

Abstract
Most of the research in adult mathematics education resides in doctoral dissertations and articles in proceedings
and the journal of this organization, Adults Learning Mathematics – A Research Forum. Searches of the major
journal indices returned few records for these publications. This article reports on the creation of two indices
intended to rectify this situation, one for the dissertations and another for the proceedings. It is hoped that with
the availability of the indices researchers will be aided in finding relevant material for their work.

Introduction
Research in adult mathematics education is reported in a disparate variety of publications. A small
number of articles have appeared in mainstream mathematics education journals but the overwhelming
majority of reports lie hidden in doctoral dissertation research and the proceedings and journal of
Adults Learning Mathematics – a Research Forum (ALM). The ALM publications are persistently
ignored by indexing bodies rendering them invisible to researchers unfamiliar with the organization.
The doctoral dissertations require a database license for full access, adding an additional hurdle for the
researcher. This project attempts to ease the burden for researchers by creating indices that identifies
the dissertations and articles and categorizes them by primary and secondary themes.
Draft Proceeding s

The Project
At ALM-7, the author presented a paper that reviewed dissertations and journal articles and
categorized them by the themes of that conference: research into practice, large-scale issues,
theoretical frameworks, understandings, socio-cultural contexts, parents, instructional approaches,
technical and vocational education, and teacher knowledge (Safford-Ramus, 2001a). That same year
(2000) a paper was presented at the International Congress on Mathematical Education (ICME-9) that
revisited the documents from a qualitative perspective, allowing the reports to determine the themes.
Nineteen themes emerged from the analysis of the dissertations, eighteen from the journal articles.
There was considerable overlap but there were themes that appeared in one type of document, e. g.
“predictors of success” in dissertations and “program summary” in articles that did not appear in the
other (Safford-Ramus, 2001b).
Dissertations
In the United States, the overwhelming majority of universities require their doctoral graduates to
publish their dissertations through Dissertation Abstracts International (DAI) housed at the University
Microfilms International in Ann Arbor, Michigan, a subsidiary of ProQuest. DAI also indexes
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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citations from international sources, primarily British universities. The ProQuest database is best
accessed through a university research library as it is a subscription service. Once accessed, however,
one can download not only the abstracts but entire dissertations.
For this project, the ProQuest Dissertations & Theses Global database was searched for entries with
the Subject Heading (SU) “adult” AND “mathematics” AND “education” published since the year
2000. 119 dissertations met the criteria and were downloaded. Each was then read and analyzed to
determine the primary theme and any secondary theme that surfaced. At the inception of the project
an attempt was made to impose the themes from the ICME paper on the new project but it soon
became apparent that they were not a good fit, so once again the data was allowed to drive the theme
development. Pertinent data from each dissertation was entered into a spreadsheet that served as a
burgeoning database for the project findings. Columns were kept to a minimum and recorded the
author and year of publication followed by information that the researcher, and other users of the
database, might find pertinent. The eventual choices were: Researcher, degree year, type of study
(qualitative, quantitative, or both), level of adult learning (adult basic education through college),
institutional setting, primary and secondary themes, committee chair, and issuing university.
Adult Learning Mathematics Proceedings
Attention then turned to the proceedings from the first 21 ALM conferences which represented those
proceedings published by the time of this project. There were 634 articles and abstracts. While the
search for themes required the same effort, different identifying information was recorded for these
documents. For example, the proceedings articles were truly international so the nationality of the
author was recorded. Titles of articles were included as some authors had multiple articles in one
proceedings volume. The resulting spreadsheet columns were: Source (P1 through P21), Author 1,
Author 2, Author 3, country, title, primary theme, secondary theme. The few articles with more than
three authors had the excess recorded as “Author 3.”
Findings
Upon analysis, six major categories of themes emerged. The first, classroom, included curriculum,
classroom methods, technology, assessment, and problem solving/critical thinking/mathematical
thinking. The second, affective factors encompassed math anxiety and/or confidence, gender,
disability, language, and general affect. The category “teacher” covered professional development as
well as teacher perspective. “Student” included the student perspective and math histories. Under the
citizenship umbrella fell workplace and vocational studies as well as parents, critical numeracy, and
mathematics for general citizenship. Studies classed as theoretical framework explored numeracy and
its relationship to “mathematics”, adult learning theories, cognitive development, and research
methods. This last class is somewhat misleading as every doctoral dissertation is set in a theoretical
framework so it should, therefore, show them 100%. Therefore, only those that specifically attempted
to define a theoretical framework for adult mathematics education were tallied.
The emphasis on categories differs between the dissertation themes and those of the proceedings
articles. The following pie charts show the breakdown. Figure 1 shows the proportions from the
doctoral studies while Figure 2 shows those from the proceedings data. Both genres contain a large
proportion of work that focuses on classroom issues. The dissertation database includes a substantial
amount of work that addresses matters of affect while the proceedings contain far less. On the other
hand, the proceedings have a substantial percentage of articles on topics from citizenship. In
particular, workplace and vocational studies are negligible in the dissertation database but appear in 90
articles in the proceedings.
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Doctoral Dissertation Categories

Classroom
Affective Factors
Teacher
Student
Citizenship

Figure 1. Percentage of dissertations categorized by theme.

ALM Proceedings Article Categories
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Classroom
Affective Factors
Teacher
Student
Citizenship
Theoretical Framework

Figure 2. Percentage of ALM Proceedings articles categorized by theme.
Reflections on Findings
Classroom
We have a substantial library of classroom methods upon which to draw when planning for
instruction. The category “classroom methods” could be refined further. A re-classification might
break it down into materials and activities, classroom methods such as peer tutoring, and institutional
Adults Learning Mathematics – A Research Forum (ALM)
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structures like tutoring or advising centers. There is a small but promising fund of documents that
address the appropriate use of technology. It could be hoped that as the avenues of delivery stabilize,
more studies will report effective ways to incorporate them into content presentation.
Affect
We know a lot about affect. There is, of course, a sizeable literature base on the topic of math anxiety
outside of the literature base reviewed for this project. What was uncovered is the small but
informative library that suggests intervention designed to affect “affect” in a positive direction. It did
come as a surprise that there were few documents that focused on gender, language, and disabilities.
All three of these are tied to expectations and performance in mathematics. It would be hoped that this
shortcoming in the literature would spur interested researchers to explore these influencing factors.
Language was a visible topic at this ALM-23 conference so that hole may be beginning to be plugged.
Student  Teacher
In study after study, students point to the teacher as the most critical feature in a course. The
references go beyond a locus of control issue where blame for success or failure is attributed to the
teacher. Rather, students assert the importance of the teacher as knowledgeable, compassionate, and
willing to adapt the pace of the course to that of the students. By sharp contrast, the literature that
addressed teacher preparation stressed the high levels of anxiety and low levels of conceptual
knowledge of pre-service teachers. It would seem imperative, therefore, that priority should be given
to professional development research that explores methods and materials that solidify the
mathematical knowledge of future teachers as well as those already in the profession. This is an area
that is under-represented in the literature of adult mathematics education. In addition to mathematical
knowledge, however, there is a need for teachers of adults to understand the nuances between
pedagogy and andragogy.
Access to the Indices
The two spreadsheets generated from this project have been placed on the ALM website and are open
resources. Once a researcher enters the ALM site, www.alm-online.net, the “Resources” link connects
to a list of searchable resources. Both spreadsheets are downloadable from there. The user can them
sort their copy on whatever column serves his/her purpose. If using the proceedings index one can
then go to the “Publications” link and access the proceedings volume of interest and scroll to the
specific article desired (Safford-Ramus, 2016a).
The dissertation index can be downloaded and sorted in the same way. As indicated earlier in this
paper, access to the ProQuest database is only accomplished through an institution that subscribes to
the dissertations and theses file. The spreadsheet identifies the author and year for the dissertation.
Entered as the search criteria, these are sufficient to bring up the abstract for the volume and the
choices for download or purchase. A few of the dissertations are not downloadable but might be
available through open access at the credentialing institution which is included in the spreadsheet in
the last column.
Future Directions
The overwhelming majority of readily accessible published research on adults learning mathematics
emanates from this organization. I suggest that ALM continue to serve as the synthesizer and conduit
for knowledge in our field. The journal has far fewer articles in its archives than the proceedings and
it would not take too much time for someone to create an index similar to that of the proceedings,
particularly since recent special issues of the journal contain peer-reviewed articles published in the
proceedings. By July, 2017, there will be a fourth volume of articles stemming from the adult and
lifelong learning topic study group at the International Congress on Mathematical Education that could
be added as a resource. Actually, there is a topical survey in print that could be publicized now
(Safford-Ramus, Misra & Maguire, 2016).
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The use of technology as a tool for instruction and professional development will continue to grow and
research should address the best ways to incorporate it into instruction. The ALM website already
contains links to several open educational resources. This needs to be maintained and extended as
new resources become available. The balance between face-to-face and online coursework needs to be
refined to reflect the voices of the students. One major concern is the “digital divide” that prevents
participation by students because they lack either the devices or connectivity to join an online
community.
I end on a somber note. In a world with 60 million refugees, what is the role of critical numeracy and
what part can ALM play in kindling that knowledge? What is the effect of gender and of language on
the education of refugees and their acculturation into the societies into which they are displaced?
These and other questions provide fodder for future research in adults learning mathematics for years
to come.
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Abstract
Massively-Multiplayer Online Role-Playing Games (MMORPGs) is one of the most continuously evolving and
profitable industry sectors. Research demonstrates that MMORPGs are more than just games; they are rather
virtual societies which demand complex skills. Players, eager to communicate within the virtual world
environment, work with mathematics, languages, problem solving, resource management, history, geography,
etc. to become competent and are proud of their accomplishments. These factors point to considerable learning
motivation in MMORPGs, a fact that could be harnessed to construct an educational MMORPG signalling a new
era in teaching and learning. This paper presents a review of MMORPGs and their relevant educational
activities. It further discusses a future project where traditional learning and content may be replaced by an
active, creative and student-lead learning system.

Introduction
A massively-multiplayer game (MMO) takes place in a persistent state world (PSW) and supports a
very large number of people (thousands or even millions), who participate simultaneously interacting
with each other in real time. A role playing game (RPG) is a fictional game, where any player assumes
the role of a character within a fictional setting. An MMORPG is a combination of an MMO and an
RPG game. It is an open world game, both in the sense of free movement around the virtual world and
worldwide access of players1, where gamers are able to communicate, interact and synergise with each
other due to the online aspect. Each player is represented by an avatar (character) and through its
control they access the world’s features.
Draft Proceeding s

Some of the typical elements of MMORPGs are listed below:
Map: this is basically the virtual terrain where all actions take place.
Storyline: particularly for RPGs, there is a lore which actually guides some actions and provides
entertainment, motivation and sequence.
Characters: according to the storyline, the avatars created by the players follow the aspects of certain
classes which play a particular role.
Classes: classes may be thought of specialised careers that the characters are assigned to; some
examples are spell-casters, fighters, archers, healers, guardians etc.
Skills: each class is given certain abilities which players develop in order to be more effective into
their journey and interactions.
Quests: these are tasks to be completed and they lead to levelling and rewards with the purpose of
fortifying and advancing the characters. Quests can be aimed at a single player or a group of players,
The term ‘Open World’ is used in gaming to denote that the virtual gaming world is not limited by boundaries
and every player is given considerable freedom to move around and interact with objectives. However, ‘Open
World Learning Games’ is a term used in education to indicate that learning and resources are open worldwide.
1
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reproduction in any medium, provided the original author and source are properly cited.
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usually of different classes; in group quests, effective collaboration is very important in order for the
task to be completed.
Levelling: with the first interaction with the world, the character is of minimum level and practically
weak. Throughout the journey the characters gain experience, progress in levels and thus become more
strong and competent in their roles.
Crafting: armour pieces, jewellery, food, potions etc., can be crafted in game by the players in order to
be used for their characters advancement.
Currency: virtual money units that can be obtained through questing, auctioning the crafted pieces or
rewards or otherwise contribute to the virtual world’s economy.
Chat: there is a chat-box where the players can communicate with each other in real time.

Figure 1. A brief history of social games (Radoff, 2010).
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The market
Although the generally recognised ancestor of MMORPGs is the Multi-User Dungeons (MUDs)
(Bartle, 2016), which appear in 19802, the genre has its roots in the 6th century as it is closely related
to the Chess game. Figure 1 (Radoff, 2010) presents an impressive graphical representation of the
history of social games.
As it can be seen, the role-playing progenitor was Dungeons and Dragons (DnD) game, introduced in
1974. MUDs and DnD gave birth to MMORPGs with Everquest, in 1999. Ever since, the genre is
continuously evolving, with a notable contribution of the World of Warcraft (WoW) which is
considered as the catalyst for change in the MMORPG industry. WoW essentially made the game
accessible, simple and enjoyable by removing the more hard-core elements (items and experience loss,
level down, corpse runs etc.). That winning strategy of ease of use and fun to knowledge balance
meant millions of people who would have before left an MMORPG due to complex or hard-core
systems could now casually play with their friends. With its challenging end game raid content, which
meant good skilled players could still prove their worth and skill by mastering the system, and a lore
which was already loved by the masses, WoW did what no MMORPG since has ever been able to
achieve.
The wider audience boosted the MMORPG market generating overall revenue of $19.8 billion in 2016
(Fig.2), expected to reach $20.8 billion by the end of 2018. Free-to-play (F2P) online games have
recently dominated the pay-to-play (P2P) ones (Superdata, 2016a).
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Figure 2. Revenues of MMOs worldwide (Superdata, 2016a).

2

Or 1978 according to Bartle (2016)
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Figure 3. Adult MMOs players in the US (Superdata, 2016b).
The players
From MUDs to MMORPGs, the stereotypical gamer profile has significantly changed leading to new
considerations for further investigation of the use of games (Williams et al., 2008). Unlike the
common belief that computer games only target the teenage group and have nothing important to
offer, the Daedalus project3 (Yee, 2006), revealed a diverse demographic data of players with respect
to age, status and interests. It demonstrated that
only 25% of MMORPG players are teenagers. About 50% of MMORPG players work full-time.
About 36% of players are married, and 22% have children. So the MMORPG demographic
is fairly diverse, including high-school students, college students, early professionals, middle-aged
home-makers, as well as retirees. In other words, MMORPGs do not only appeal to a youth
subculture. (Yee, 2006)

The players spend a considerable amount of time every day in an MMORPG. A striking fact is that,
until 2012, nearly 6 million years of gameplay were clocked up in WoW alone worldwide (Cox,
2012). Recent statistics (Fig. 3) indicate that the number of adult MMO players has further increased
through time; mainly because today’s adult gamers started playing MMOs or MUDs as children. It is
safe, thus, to expect greater number of adult players in the future.
Hidden education
Apart from playing and having fun, among other things, there is also a variety of education between
the lines of this vast MMORPG world. Players are constantly and willingly expanding their
knowledge and skills in many sectors in order to advance, be competent and therefore contribute to
more fun.

The Daedalus project is the first, and the only one until now, survey which looked into the MMORPG players
in considerable depth. It started in 1999 and lasted five years, with some improvements in 2006 and it is still
going on with some new surveys. However, it is restricted in the US area only.
3

Proceedings of the 23rd International Conference of Adults Learning Maths, Maynooth, Ireland, July 3 to July 6, 2016
37

Anagnostopolou, E. (2017). Educational Massively-Multiplayer Online Role-Playing Games as a future technology enhanced
learning for adult mathematics.

Some of these sectors are briefly described below, while the mathematics sector is to be dealt with
more detail.
History: Following the lore of the MMORPGs, whether this is based on a book or not, allows the
players to familiarise themselves and effectively gain incredible knowledge of the history and
civilisation of the virtual world they play in. Without even noticing it and with no special effort, they
know all about the formation of the world, the history of every event, who is the enemy and who the
ally, the creation of the races, the family tree of the characters, etc.
Languages: Personal experience, when observing other players, indicated that the eager to effectively
communicate, in particular at the midst of a fight, motivates players to speak in languages that they
have no prior knowledge on but they learn as they play.
Geography: It is essential that the players familiarise themselves with the map of each MMORPG.
Spending so many hours in playing, players practically learn every single point of the map; some even
the trees and rocks of an area. It is really helpful that one can actually walk through any map point
instead of read all about its geography out of a book. I must admit that I know the whole map of
Middle Earth (Lord of the Rings Online –LOTRO) better than the map of my own country.
Fashion: A player wants to look nice, so they spend a great deal of time getting up to date with the
latest fashion, the colour of clothes, which item matches with what, which armour type is more
attractive according to their taste. They also spend time when customising their avatar, paying
particular attention to every little detail.
Management: Whether it refers to time management or resource management, a player learns how to
control their time and resources in order to reach to specific desirable results.
Financial Skills: As virtual money allows the purchase of valuable virtual items, players learn how to
control their money, how much to carry, how much to bank, where to invest, what are the current
market values, when to sell, what, when and how much to bid on auctions, etc.
Draft Proceeding s

Team-work: This is the most essential skill that all players learn in order to cooperate and achieve the
desirable outcome of a raid or any other event which requires the coordination of many players. Not a
team-player, not joining; simple as that.
Leadership skills: As the players are organised in guilds, an effective leader takes a great part in the
guild’s success. Leaders have to learn to organise activities, coordinate, assign tasks to members, take
initiative and responsibility, deal with conflicts, resolve problems, keep themselves informed of the
new updates, participate in meetings with co-leaders and members, be highly involved in the game,
etc. Leadership is a hard task and it is no surprise that not many players want or can do the job.
Problem solving skills: As the game involves tasks which require certain strategies to be executed,
problem solving skills are totally necessary. Players learn to identify the problem, say in a mission of
eliminating a particular boss4, work out the mechanics by observation and trial and error methods, look
for possible solutions, make a decision on the strategy, implement the plan and review the outcome. If
the outcome is not the desired one, i.e. the boss is still alive and the players are dead (‘wipe’ in MMO
terminology) then the whole problem solving cycle is repeated.
Social skills: Players communicate with each other either through voice or chat-box. They eventually
learn that the world is not homogeneous and there is a variety of cultures and opinions. Most of them
Bosses are NPCs (Non Player Characters) of complicated level of mechanics and they involve particular
strategies, coordination and effort to be defeated.
4
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learn to respect differentiation and individuality as their co-players are usually of different culture,
age, gender, marital status, employment status, time zone, etc. In a virtual world such differences do
not matter; everybody is included. Inclusivity depends on one’s attitude.
Mathematics
Mathematics and calculations are almost everywhere, so much in game as in forums, sites, add-ons5,
etc.
Players use mathematics when building their characters. Each character has a set of attributes (‘stats’
in MMO terminology) whose value depends on the armour, the race or the skills they use. Figure 4 is a
screenshot of my Elder Scrolls Online character, showing my stats: health, stamina, magicka. Their
values can be increased or decreased depending on the armour pieces used. Fig. 4 compares two pieces
of head armour. A careful combination of armour pieces and skills used is needed in order for the
character to be sustainable and effective in tasks or missions.
In order to observe the outcome of the chosen attributes more subtle calculations are needed, so most
players are using add-ons, like the one illustrated in Figure 5. The interesting fact is that these add-ons
are programs created by the players themselves which are then shared with the community.
When things become more complicated, for example a problem solving situation as the one described
above, and more advanced calculations are needed, players again ‘do their homework’ in groups. After
studying, measuring and experimenting they come up with formulas, as the ones illustrated in Fig. 6
and 7, which are then published in forums and can be read by the MMO community, either to be
debated or to be accepted as a solution for the problem.

Figure 4. Elder Scrolls Online stats and armour (personal screenshot).

5

Add-ons are external programs that can be added onto the main game.
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Figure 5. Damage Meter, Elder Scrolls Online add-on (personal screenshot).
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Figure 6. Elder Scrolls Online mitigation calculation
(https://www.desmos.com/calculator/5a9uqhawtu)
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Figure 7. Lord of the Rings Online calculating the needed rating for a percentage cap (https://lotrowiki.com/index.php/Rating_to_percentage_formula)

Figure 8. Elder Scrolls Online calculations (personal screenshots).
They also create and use charts to compare market prices, like the one shown in Fig. 8a. Some players,
like Dean the Cat from the Elder Scrolls Online, post a series of complete calculations concerning all
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aspects of the game. Fig. 8b shows an example of his calculations6 concerning the way a player can
attack from stealth at different angles.
As it can be seen, apart from simple gaming, players need to familiarise themselves with calculations,
graphs, charts, formulas and problem solving tactics to be competent.
The conclusion of this discussion is that MMORPGs do not only offer a variety of knowledge, but also
a great motivation for the players to get involved with educational sectors that would not get close in
real life.
Literature Review and Educational Attempts
In this remarkable era of gaming evolution the absence of an Educational MMORPG
(EduMMORPG7) is evident. Despite a variety of studies in the gaming field which support the benefits
of using games in education, only a few focus on the educational value of MMORPGs (Wagner,
2008). However, there were some attempts to build educational multi-user virtual environments, but
they were not worldwide addressed.
A core study investigated the potential benefits of and related problems to using MMORPGs as
constructivist learning environments for K12 students (Wagner, 2008). Wagner used quantitative
research and the Delphi iteration method for his findings. Apart from proving that MMORPGs can
motivate and engage students, he found not only that they can significantly contribute to the
development of 21st century skills such as leadership, teamwork, strategic thinking and multitasking,
but also that these skills are transferable to the real world (p.189).
A study by Herodotou (2009) investigated game appropriation and the intrinsically motivating nature
of WoW. The findings
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showed that game design, social interaction and gamers’ psychological characteristics uniquely
interplay to support game appropriation. (Herodotou, 2009, p.3)

Herodotou described the new dimension of gaming which evolved from a simple participation to a
dynamic activity incorporated to gamers’ everyday lives.
Some concerns were addressed by Parsons (2005), who found that the incidence rates of internet
addiction among MMORPGs players are high. He debated that
if Internet “addiction” is a compensatory behaviour designed to meet social needs that are not
being met elsewhere, can it continue to maintain the status of an addiction? (Parsons, 2005, p.95)

and suggested further investigation to identify other ways to meet social needs. Moreover, research has
further suggested that players with achievement and immersion motives are more likely to experience
loneliness and depression than those who play for social motivations (Wolfe, 2012).
Early educational attempts involved MUVEs (multi-user virtual environments) and existing platforms.
River City (Nelson, et al., 2004) was designed for middle grade science students aiming at teaching
scientific inquiry and 21st century skills (Fig.9). The project was financially sustainable up to 2009.

6

Posted here with his permission

This particular acronym is introduced by the author and will be used to denote the idea of an Educational
MMORPG as expressed in the current paper.
7
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Quest Atlantis (Barab, et al., 2005) was a MUVE designed to immerse primary school children in
educational tasks. Using quests and other gaming strategies combined a powerful learning
environment with meaningful play and social awareness (Fig. 10). Quest Atlantis evolved to Atlantis
Remixed.
Castronova (2006) implemented Arden, a smaller scale multiplayer game, for teaching the works of
Shakespeare. The project was released as a plugin to the Neverwinter Nights game and failed due to
incompletion and dissatisfaction of the gameplay. However, whilst this project “shows the limits of
academic virtual worlds”, according to Naone (2007), the research in incorporating games into
education has considerably evolved since 2006.
Suh, et al. used an existing MMORPG to investigate significant differences in terms of achievement in
English education for elementary students. They concluded that
students who studied English with online RPGs showed higher scores in listening, writing, and
reading skills than those who studied English with face-to face classroom instructions. (Suh, et al,
2010, p. 376).

The quest structure of an MMORPG was researched by Susaeta et al. (2010) who designed an afterschool classroom activity, for teaching 6th Grade Ecology. Each quest was structured to teach a key
objective according to the Chilean curriculum. Their findings indicated that the quest structure
facilitated a series of syllabus objectives and encouraged collaboration. The game was limited with
respect to practice time and space within the virtual world. Their recommendations include designing a
process of increasing complexity and defining the teacher’s role.
Ed-Wonderland is an educational MMORPG, although not an open world, designed by Hung (2011)
as an after-school learning platform to teach English vocabulary to Taiwanese 5th grade students
(Fig.11). Studying the learning effectiveness, the results indicated that Ed-Wonderland was more
effective than Multimedia Instructional System (MIS) in proportionality to the length of play. EdWonderland balanced activity related and functional componential features to the educational ones;
however, the adaptation of its entertaining features for its educational purposes was a concern.

Figure 9. The River City Project (Harvard University, 2007).
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Figure 10. Quest Atlantis (Barab, n.d.).
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Figure 11. Ed-Wonderland (Hung, 2011, p.94).
Kannan (2012) designed Humatan to teach human anatomy to high school students. Four versions of
the same game tested the impact of the challenge and fantasy features in games on learning. It was
concluded that the challenge feature significantly improved learning while the fantasy feature did not.
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Chen (2007) investigated the contribution of open source to the success of China’s and Ireland’s
MMORPG market and concluded that the flexibility and reusability of an open source seem to be its
most attractive feature, rather than its lower cost. He further suggested the copyleft licensing scheme
which could be used in open educational resources as proposed by D. Wiley (Mossley, 2013).
The project
During my 20 years of teaching and 10 years of online gaming careers, I observed ways that these two
sectors, education and gaming, could be combined.
I have individually investigated this issue influenced by observing the motivational force on people
that drives them to connect with the virtual world environment, either this involves gaming or
learning. MMORPGs in particular have social and cooperative elements that are considered valuable
for educational purposes (Wagner, 2008)
Maslow’s (1943) hierarchy of needs has been adjusted to games design (Fig.12). The games’ pyramid
acts as a theory of motivation where the stages themselves motivate the player to play (Schell, 2008,
p.126). Designing an EduMMORPG, where the character (virtual and real) development is the central
focus, would involve attention on motivation. Student-players would enjoy the engaging qualities of
the game to enhance their learning. In many cases, game-based learning has been proven more
effective than traditional and hands-on learning, as shown in Fig.13.
A successful EduMMORPG should reach beyond the classroom and engage the users globally
encouraging them to come back. Such a medium promotes collaboration over individualism, includes
people with disabilities and in remote locations and connects distant learners in a meaningful way
helping them to learn about other cultures.

Figure 12. Maslow's Hierarchy of Game Design. (Grainer, 2013)
My project involves the design of the educational content of a sustainable inclusive EduMMORPG,
addressed worldwide, so that, in a later stage, with further work of a team of programmers, game
designers, art producers, etc. it could be developed to become a functioning and competitive
educational game. It could be used, not only for teaching purposes, but also for assessing students,
potentially even being used as accreditation criteria.
Proceedings of the 23rd International Conference of Adults Learning Maths, Maynooth, Ireland, July 3 to July 6, 2016
45

Anagnostopolou, E. (2017). Educational Massively-Multiplayer Online Role-Playing Games as a future technology enhanced
learning for adult mathematics.

The initial stage of the project includes:


Literature review of the current studies on the educational benefits of MMORPGs



The investigation of multi-player educational games to identify aspects that worked well and
address what needs improvement in order to pave the way to a successful EduMMORPG.



Identifying the preferred features and engaging qualities of specific MMORPGs according to
users, via surveys.



Transforming features and engaging qualities of the MMORPGs into educational ones.



Identifying and overcoming risks and limitations of an EduMMORPG. Wagner’s study raised
concerns about game addiction, appropriate content and student safety (Wagner, 2008, p.107108). These factors will be examined, among others, along with the issue concerning
incompatibility between the educational curriculum and constructivist learning theory.

The educational level that the project suggests to work with, at the second stage, is GSCE to A-Levels.
The reason behind this choice is that a knowledge gap has been observed between CGSE and ALevels, not only within the UK educational system but also more widely in different countries, thus
impeding many students from pursuing a university degree (ESARD, 2012; Hurdy, 2013; Lawton, et
al., 2004; Mohammed & Anagnostopoulou, 2014).
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Figure 13. Comparison of Traditional Training, Hands-on, and Game-based Learning. (Trybus, 2014)

Initially one subject, Mathematics, is planned to be explored. To research the collaboration of distinct
roles in a role playing game, two more pilot subjects could be added, a science subject (possibly
Physics or Chemistry) and a theoretical subject (maybe Psychology or English language). Since little
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is known about the implementation of an EduMMORPG and expert predictions about future outcomes
are required, an iteration method and an expert panel, such as the Delphi method of inquiry, is planned
to be used (Walden, 2008).
Referring back to the list of the typical MMORPGs elements, some ideas on the implementation of
these components are presented below:
Map: the virtual terrain should be chosen with attention to reflect the majority of the players’
preferences. Surveys are needed to identify what players prefer the most; a fantasy world, a science
fiction world, etc. A map can be a university campus, a new planet or something completely different.
Different areas can host different educational sectors, i.e. mathematics, biology, chemistry, languages
etc.
Storyline: a single lore is probably more appropriate so to connect all players together at a common
goal and provide guidance and sequence; e.g. the effort of each educational sector to contribute to the
common goal by playing their distinct roles.
Characters: according to each sector, the avatars created by the players will follow certain classes with
a corresponding role.
Classes: classes are straightforward here as they will represent an academic role, e.g. mathematician,
biologist, economist, historian, etc.
Skills: each class will be given certain scientific abilities according to the educational sector they
belong to; i.e. any combats or battles will be performed with weapons of knowledge.
Quests: tasks will be given to guide each player through their knowledge path. They will be essentially
the main teaching part. Examples of some types of questions that could be used in quests are given in
Fig.14. The completion of a quest would lead to levelling in order to fortify and advance the
characters’ knowledge and consequently make them more effective in knowledge battles. Rewards and
achievements are really important after the completion of a quest. Group quests will unite the players
and promote teamwork, as for example, a group task will need the effective collaboration of a
mathematician, a historian and a biologist to be completed.
Levelling: will be an indicator of how strong a player’s knowledge is. As the characters gain
experience through questing, they will progress in levels. Levels can be used as self-assessment and
the initial though is that the levels can both advance and be decreased, unlike most MMOPRGs where
levels only increase.
In the optimistic view where the game succeeds and develops, more academic subjects could be
gradually added and the level of studies could be varied. The idea is that the new subjects could be
embedded into the existing world as an extension, in a similar way as new areas are added in the
expansions of the MMORPGs. The set up could take place in a virtual environment, where studentplayers worldwide would be motivated to participate and contribute to a sequence of unique storyline,
in collaboration with other student-players and/or solo-play, which would encourage them to enhance
their learning of their chosen subject(s).
As discussed, the MMORPGs sector is continuously evolving and can facilitate active, creative, and
student-lead constructive learning, indicating that the future of education may be something like an
EduMMORPG. It is a simulation of the real world at a faster and smaller scale, thus learning can be
achieved at a greater rate. It is experiential, so traditional learning and content may be replaced by a
relevant virtual world system where students learn by doing.
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Figure 14. Examples of quest-questions. (www.brilliant.org)
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The Professional Identity of Mathematics Teachers in Further Education*
Diane Dalby
University of Nottingham
<diane.dalby@nottingham.ac.uk>
Abstract
Professional identities may be viewed as narrative constructions in social situations but personal experiences and
beliefs are fundamental influences in their development. Within Further Education colleges in England,
mathematics teachers are typically expected to fulfil multiple roles, teaching a wide range of curricula and age
groups, and this brings additional complexity to their professional identities. In this study, questionnaires and
interviews with mathematics teachers in three Further Education colleges are used to examine their roles and
professional identities. The findings show how teachers’ personal experiences of mathematics, in formal
education and the workplace, influence their beliefs and are linked to their narrative and working identities.
These teachers enact complex and varied roles but develop a ‘leading professional identity’ that can be linked to
significant critical events in the past.
Key words: professional identities, personal experiences, beliefs, workplace

Introduction
The division of upper secondary education in England at age 16 years into distinct academic and
vocational pathways has led to the development of distinctly different types of curricula and
assessment for post-16 students. Over the last two decades a series of different post-16 mathematics
qualifications have been used to enhance the mathematical skills of vocational students, with a focus
on skills for life and work, but with titles involving the terms numeracy, skills or mathematics (e.g.
Key Skills, Adult Numeracy, functional mathematics). In a recent review of the mathematics
workforce in Further Education (Hayward & Homer, 2015) teachers identified themselves as being
either numeracy or mathematics teachers, even though the Adult Numeracy qualification is no longer
being taught.
Draft Proceeding s

This suggests that there are at least two distinct types of professional identity amongst teachers in
Further Education who might all be considered broadly as teaching some form of mathematics.
Whether this distinction arises from their role, in terms of the subjects or age group that they teach, or
a personal affinity influenced by other sociocultural factors, it is clear that the workforce does not have
a single professional identity. Furthermore, Hayward and Homer (2015) conclude that there is
insufficient reliable data, which leaves questions unanswered about the functions carried out by these
teachers and their professional development needs.
The aim of this paper is to explore both the roles carried out and the professional identities constructed
by a sample of mathematics and numeracy teachers from three general Further Education colleges, in
order to gain a better insight into the expectations placed on them in the workplace and their
professional development needs. The research will also explore the backgrounds of those teaching
mathematics or numeracy in Further Education and indicate key areas to be considered in recruitment
and pre-service teacher education. In view of the shortage of mathematics teachers in England,
particularly in Further Education, the study provides some valuable insight to inform the development
of effective policies for future recruitment and training. The research seeks to address the following
questions:
•

What roles are carried out by mathematics and numeracy teachers in Further Education
colleges?

•

How can the professional identities of these teachers be described?

•

What are the implications for the recruitment, training and professional development of
mathematics teachers in Further Education?

Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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Background
The professional identity and training of teachers generally in Further Education colleges has been a
problematic issue that successive governments have sought to address in different ways (Fletcher,
Lucas, Crowther, & Taubman, 2015). Historically, vocational teachers were occupational experts who
shared their knowledge with trainees and professional training as a teacher has often been viewed as
secondary or even unnecessary, by practitioners and managers. The introduction of national
occupational standards for teachers in 1990 may have helped shape ideas regarding the definition of a
professional identity for teachers in Further Education at the time but subsequent redefinitions of
professional standards (2006) and eventual de-regulation (2012) may have served to confuse rather
than consolidate the emerging notion of a professional educator in this sector of education. The
diversity of education within Further Education colleges (e.g. vocational, academic and adult) further
confuses the roles and identities of teachers who work in this area.
There is some agreement that vocational teachers in Further Education colleges fulfill a ‘dual’ identity
(Peel, 2005) as both professional occupational experts and as teachers. Whether those who teach
mathematics and/or numeracy in Further Education can assume the same type of dual identity is
questionable. A similar ‘dual’ identity would involve being a professional expert mathematician and a
teacher but entry requirements to teaching mathematics or numeracy in Further Education do not
necessarily include qualifications consistent with having attained an ‘expert’ level of mathematics.
Current de-regulation leaves decisions largely to individual colleges and therefore variation can be
expected between Further Education institutions, even in the presence of national recommendations.
For those teaching on courses that might be broadly considered as mathematics, there is the added
complication of this distinction between mathematics and numeracy. Although previously numeracy
had been associated with simple numerical calculations and routine processes, as a subset of
mathematics, Cockcroft (1982) refers to a wider set of skills involving applications to life and work.
This suggests that numeracy is concerned with the use of mathematics rather than a simplified type of
mathematics. The introduction of the Adult Numeracy Core Curriculum in 2001 led to new adult
numeracy qualifications and contributed to a distinction between being a numeracy or mathematics
teacher on the basis of whether the teacher’s timetable focused on teaching adults (Adult Numeracy)
or younger students (Key Skills). Teachers might teach, however, across age groups and, with the
replacement of Key Skills and Adult Numeracy with functional mathematics, one might expect such
distinctions to disappear.
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The evidence within the recent workforce report (Hayward and Homer, 2015) suggests though that
teachers still retain a strong identity with either mathematics or numeracy. Considering that these
teachers may have combined age groups in their classes, or mixed timetables of classes for different
age groups and qualifications, the distinction is difficult to explain.
In the current situation, with new routes into teaching mathematics or numeracy in Further Education,
such as the re-training of teachers of other subjects to teach mathematics, clear identities may be
difficult to establish. There are also a wide range of perspectives on the meaning of identity that affect
the way in which professional identity is researched. Therefore, before exploring the roles and
professional identities of a sample of teachers from three Further Education colleges, some
consideration needs to be given to the theoretical view of professional identity that will be used the
study.
Professional Identity
Before approaching the notion of professional identity, it seems necessary to establish a position on
the meaning of the term ‘identity’ since this affects the way in which the research is conducted. Use of
identity as a concept in educational research has become more prominent since the socio-cultural turn,
offering a useful bridge to explain how “collective discourses shape personal worlds and how
individual voices combine into the voice of a community” (Sfard & Prusak, 2005, p.15). The concept
is used however across many traditions (e.g. anthropology, psychology and sociology) and the
meanings attributed are not the same. As Sfard and Prusack (2005) explain, there is a need to
determine an effective and theoretically sound operational definition.
Adults Learning Mathematics – A Research Forum (ALM)
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There is some agreement that identities are constructed by individuals within discourse (Holland,
2001) but one of the contentious issues lies with the assumption that this is only indicative of a ‘true’
identity that resides with the individual. Whether this personal identity remains a stable trait or
changes over time is a secondary problem resulting from the first assumption. From this perspective
the researcher only gains a glimpse of a personal hidden identity and uses the indications from an
observed or co-constructed discourse to develop their own perception of what this ‘true’ identity may
be. The presence of any stable trait however is inconsistent with the socio-cultural position in which
social interactions are seen as shaping identity. In this tradition the narrative is a place where identity
is actually constructed and therefore it is socially situated, ever changing and created by the individual
for the situation. This leads to a position where the researcher can use the narrative to construct a more
reliable analysis of an identity with the understanding that this is uniquely created within the narrative,
by the individual, for the situation. In an interview situation it is therefore an identity constructed for
the researcher but, as such, has authenticity and credibility when defined in this way.
Professional identity might broadly be perceived as the part of identity that a person constructs in
relation to their profession or occupation. Brockmann (2012) uses this notion of an occupational
identity to explain how students in vocational areas adopt particular behaviours. This is consistent with
the occupational aspect of the ‘dual professionalism’ of vocational teachers who are seen as
occupational experts but also as professional teachers. How this connects to the professional identity
of mathematics or numeracy teachers though is not clear since there is no single occupational body to
which these teachers would be connected, unless they classify themselves as mathematicians. Their
professional identity seems to be more closely related to their function as a professional teacher than to
an occupational body.
Day, Sammons and Stobart (2007), in their study of teachers’ lives and work propose three areas of
influence on identity: professional, local and personal. From this viewpoint there is a socially accepted
general view of the profession to which the individual belongs, a positioning within the department or
local (institutional) situation and then their personal individual life outside the workplace. For the
purposes of this study this provides a useful outline framework. In each of these categories we will
consider how the individual functions as part of a social community, which may or may not be an
active community of practice (Lave & Wenger, 1991; Wenger, 1999).
Communities of practice would normally have a domain of operation, a shared interest and a
commitment to each other that distinguishes them from simply an interest group (Wenger, 1999).
Teams of mathematics or numeracy teachers may well form a community of practice within their
college but also identify themselves with a wider community such as the body of mathematics teachers
in Further Education. For the purposes of this research, how teachers position themselves in relation to
these communities at different levels (local and national) is of particular interest. This may include
how they see themselves in relation to common perceptions of mathematics teachers in society, or how
they relate themselves to the specific department in which they teach. Within a local community of
practice, an individual may describe themselves as an expert with a central position, or a peripheral
member such as a new teacher who is still learning their ‘craft’ and therefore occupies a position of
legitimate peripheral participation (Lave & Wenger, 1991; Wenger, 1999). Alternatively, Wenger
(1999) suggests that marginalisation may occur, when access to becoming an expert is denied. An
individual may also describe their positioning in relation to several different communities of practice
to which they have some sense of belonging and this may include more than one within the same
workplace.
For the purposes of this research, there needs to be a consideration of how this positioning within any
community of practice can be obtained. Taking the approach that identity is constructed within the
narrative means that teachers own descriptive accounts are essential. There is a common theme in
much of the literature that suggests key events are influential in shaping identity and these will be
important to capture. Black, Williams, Hernandez-Martinez, Davis, Pampaka & Wake (2010) refer to
these as ‘leading activities’ that have a significant effect on shaping ‘leading identities’. Such events
are recounted by the individual in relation to a personal association with the focus of the discourse and
thereby provide connections within a narrative identity that are valuable in sense-making for the
researcher. The research approach will therefore be based on a sociocultural view that considers
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professional identity as a personal concept related to past events but constructed for the researcher in
the interview situation. This may incorporate personal beliefs, values and emotions but includes what
they think and do into a sense of who they are (Grootenboer & Ballantyne, 2010).
Methodology
The research aims to explore aspects of both the roles and professional identities of a sample of
teachers in Further Education who are all teaching at least some functional mathematics courses,
although they may also teach other classes. There are two main sources of data that inform the study.
Firstly, with respect to the roles of individuals, quantitative data from questionnaires are the primary
data source. Questionnaires were used to explore teachers’ roles through questions about their highest
mathematics qualifications, number of years teaching, number of years in current institution and type
of contract. This was completed by functional mathematics teachers (39) in three FE colleges on a
voluntary basis. An overall return rate of 50% was achieved although this rate was not consistent
across the colleges. The questionnaire data presents a summary of backgrounds and qualifications for a
sample of mathematics teachers in these colleges but has some limitations due to the sample selection
method and sample size. Its value therefore lies in indicating a possible range of roles rather than the
typical role carried out by mathematics teachers in Further Education.
Secondly, semi-structured interviews were used to examine some of the roles, functions and
professional identities of these teachers in more detail. A sample of twenty teachers was selected from
those who had submitted a questionnaire. This sample represented the range of backgrounds, roles,
ages and gender evident from the questionnaire returns but allowed the researcher to explore issues
from the questionnaires in more depth. Using the theoretical position described earlier meant that
capturing individual narratives in these interviews was important. The teachers were therefore asked
to:
1.

Briefly describe their backgrounds and explain how they came to be a functional
mathematics teacher;
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2.

Explain their relationship with mathematics;

3.

Describe their teaching role in the college, including their status and relationships with
vocational teachers.

Interviews were audio-recorded, transcribed and initially coded using the framework:
•

Critical personal experiences in identity formation;

•

Narrative identity (personal and professional aspects, including identity as a teacher,
vocational expert or mathematician);

•

Working identity (identity within the functional mathematics community of practice).

Particular attention was given to identifying significant events in individual narratives, any links to
aspects of professional identity and indications of positioning within communities at local and national
level. Further analysis was then conducted to explore connections between personal experiences and
aspects of narrative identity.
Results
The relevant results from the questionnaire (which also covered wider aspects of teaching) are first
summarised in this section before examining the interview data and further analysis. There were 39
respondents in total: 22 male; 17 female. Most of these were employed on full-time contracts (28) and
the majority were on permanent contracts (33) although there were some temporary staff (4) or ones
on mixed contracts (2). The average (mean) length of service was 10.7 years but there was a wide
range of experience amongst these teachers (1-30 years). There was a similar range in the number of
years teaching at their current institution (1-30 years) but an average length of time of 7.2 years. A
high proportion of teachers (21) had only ever taught in their current college.
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For the purposes of this paper the actual qualifications stated by teachers have been grouped by the
levels of the Qualifications and Credit Framework used in England. Level 2 corresponds to the level
expected by age 16 years (GCSE level) and Level 3 to the level of academic qualification achieved at
age 18 years (A level) for students who specialize in mathematics. Level 6 corresponds to an Honours
degree and Level 7 to Masters level.
Table 1
Table showing teachers’ qualifications.
Qualification

None

Highest mathematics
qualification achieved
at school
Highest mathematics
qualification achieved
since school

Level
3
14

Level
4
-

Level
5
-

Level
6

Level
7

2

Level
2
21

8

6

3

5

13

1

2

There is a wide variation in the highest mathematical attainment of these teachers at school and in
qualifications taken since school. The data suggest that the majority of teachers did not specialise in
mathematics in school (23) and that almost half (17) do not hold a mathematics qualification above
Level 3. The qualifications achieved after leaving school range from GCSE mathematics to Masters
level qualifications in STEM subjects (with substantial mathematical content). There is also evidence
from the actual qualifications stated that the disciplinary backgrounds of teachers vary widely across
mathematics, science and the social sciences. All of these teachers did however have a formal teaching
qualification but these varied between post-graduate, degree level and lower level qualifications.
Table 2
Table showing other subjects taught by functional mathematics teachers.
Vocational

8

Functional
skills
(English or
IT)
18

GCSE
Maths

A level
Maths

Other
Maths

Numeracy

Key
Skills

2

2

2

1

4

There was wide variation in the backgrounds of these teachers but also in the other subjects that they
taught. Almost half the teachers also taught another functional skill (either English, ICT or both) and
more taught on vocational programmes than on GCSE and A level courses. Of the 39 teachers, only
five were exclusively teaching mathematics/numeracy subjects (i.e. GCSE Mathematics, A-level
Mathematics, Key Skills Application of Number, Functional Skills Mathematics or other mathematics
such as specialist modules for Engineering students). Although teachers were given a free choice of
subjects only one stated that they taught numeracy. This suggests that the sample is not directly
comparable to the wider survey conducted by Hayward and Homer (2015) but does indicate the range
of variation in mathematics or numeracy teachers’ backgrounds and roles within even a small group of
colleges.
For the twenty teachers who were interviewed, there was further evidence of very varied backgrounds
and also routes into teaching mathematics. By using the framework described earlier and then more
detailed analysis with further coding, some key themes emerged. These will be illustrated by
summaries of the basic analysis for two teachers with contrasting narratives, to show the type of data
extracted from these interviews.
Example 1: Lynne
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Critical personal experiences:
•

Had a career in retail management, so believes she understands how mathematics is used
in the workplace;

•

Loved mathematics at school but did not do well with A level mathematics, so does not
see herself as a mathematician.

Narrative identity:
•

States that she is not a ‘maths guru’ i.e. high level mathematician;

•

States she is not a ‘geek’;

•

Believes she relates well to students;

•

Sees herself as a functional expert rather than a mathematician, i.e. views herself an expert
in using mathematics and making it relevant.

Working identity:
•

Has a lead role as a functional expert in the team;

•

Acts as a guide to others;

•

Sees herself as distinct from mathematicians within the team;

•

Believes she needs to build connections to the vocational teachers to enhance the
relevance of the functional mathematics she teaches.

Example 2: Ian
Critical personal experiences:
•

Recognised as having dyslexia at school, so has leaned towards mathematics and science;

•

Both parents were teachers but insisted he should work before teaching so he would better
understand people who were less mathematical;

•

Had early involvement with functional mathematics qualifications externally, so
understands the philosophy behind the qualification.
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Narrative identity:
•

Sees himself as a mathematician (high level);

•

Believes functional mathematics is consistent with his identity since it emphasises
mathematical thinking rather than fluency with routine processes;

•

Believes he is not successful with lower level mathematics students.

Working identity:
•

Teaches across different levels of mathematics, including higher mathematics;

•

Has a role as a lead practitioner for functional mathematics due to his external
involvement;

•

Teacher educator so trains other teachers within the college.

Within these two examples there are indications of the main themes that emerged from the full set of
interviews. As suggested by Sfard and Prusak (2005) the critical experiences highlighted by teachers
in their accounts of how they came to be a functional mathematics teacher were strongly linked to their
narrative identities and positioning within their working situations. The coherence between these
critical personal experiences, narrative identities and working identities suggests aspects of a ‘leading
professional identity’ similar to the concept of a ‘leading identity’ used by (Black et al., 2010).
Although there is coherence, the data still suggests such professional identities are multi-faceted and
highly variable across this sample of teachers.
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The interviews also provided data on the entry routes of teachers to their positions as functional
mathematics teachers in Further Education colleges. These were diverse, with a common theme of
mathematics teaching in Further Education being a career change after other employment. This was
often not planned in advance but followed from casual conversations and encounters with friends or
acquaintances who suggested this as a suitable path. Some teachers were trainers or assessors before
entering teaching, or had started as part-time temporary staff before progressing to more substantial
contracts. Only one of the twenty teachers interviewed had left formal education with the intention of
becoming a mathematics teacher as their first choice of career.
For some of these teachers, the decision to focus on mathematics as their main subject was a personal
choice based on a love of the subject or ability, but for others it was a pragmatic choice based on the
assumption that there would be job security as a result of a continuing national need for more
mathematics teachers. The following section of summary data from the questionnaire indicates the
extent to which teachers liked mathematics and believed it to be useful.
Table 3
A table to show teachers’ responses to mathematics.

Statement

Strongly
disagree

Disagree

Neither

Agree

Strongly
agree

Maths is a subject
I liked at primary
school

2

2

9

10

15

Maths is a subject
I liked at
secondary school

3

6

2

10

17

Maths is a subject
I like today

1

0

3

10

24

The maths I
learned at school
has been useful in
my personal life

3

2

6

11

15

There is evidence that most of these teachers now liked mathematics and believed it had been useful.
This is not unexpected, since these teachers have chosen to be mathematics teachers but, despite
positive feelings and beliefs from the majority, there are some mathematics teachers who are less
convinced. Notably, early experiences of mathematics were not all positive and changes have taken
place over time. Many of these teachers were actually teaching several subjects and there were
indications in their interviews that decisions about what subjects appeared on their timetable were
often made by managers. The subjects they taught, therefore, did not always match the specialist
training, skills or preferences of the individual.
Implications and conclusions
The wide variety of subject combinations and levels of mathematics taught by this fairly small sample
of teachers in just three Further Education colleges suggests that roles in the sector are very varied.
This demands a flexibility and adaptability to different social situations, in addition to wide subject
knowledge. Current provision for initial teacher education and professional development, which tends
to focus on subject knowledge and general pedagogy, seems unlikely to adequately address the needs
of teachers to adapt to such complex, multiple roles.
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Multiple entry routes into teaching and the lack of compulsory pre-service training make it difficult to
establish a recognised professional identity or status for mathematics teachers in Further Education.
The public and political view in England seems to be that mathematics teachers in Further Education
are an ill-defined and possibly inferior subset of mathematics teachers, since they only teach lowattaining and less academic students. This study suggests a need for a better definition of professional
identity for these teachers in Further Education, particularly in terms of the multiple roles carried out
and the skills expected. The tensions of ‘dual professionalism’ experienced by vocational teachers
(Peel, 2005) were less evident for these teachers, who often identified themselves more strongly with
being a Further Education teacher than with being a mathematician. Within their narratives, the
teachers in the study generally provided coherent individual accounts of who they were (Grootenboer
& Ballantyne, 2010) but there was no strong shared sense of professional identity, even for teachers
within the same college. In their individual narratives, they often constructed a ‘leading professional
identity’ that was connected to critical experiences in the past but there was little evidence of a
collective discourse (Sfard & Prusak, 2005) or of individual voices combining into the voice of a
community.
The absence of strong positive professional identities at local and national level is a concern. An
effective community of practice is dependent on having a shared vision and commitment (Wenger,
1999). It seems unlikely that existing local communities of mathematics teachers in Further Education
will move forward in their professional practice without a clear shared understanding of their
professional identity, since this determines what sort of ‘expert’ they are trying to become.
Entry routes for new teachers of mathematics in Further Education are difficult to categorise from the
study due to the wide variation evidenced. A current shortage of mathematics teachers, particularly in
Further Education may make it an attractive second career with some job security, despite the lack of
parity with schools regarding pay and conditions in England. The difficulty lies in where to focus
when recruiting new teachers into the profession when the existing workforce is so diverse and their
professional identities are difficult to define. In the absence of strong positive national or local
identities the sector seems likely to continue to struggle with the development of an effective
recruitment strategy.
Draft Proceeding s

Strategies to recruit new mathematics teachers to work in Further Education have recently focused on
high-achieving graduates in mathematics or science, due to perceptions that sound subject knowledge
is essential. Although subject knowledge is undoubtedly important, it is worth noting that the teachers
in this study often positioned themselves primarily as teachers in Further Education, relating to the
Further Education community more strongly than to being a mathematics teacher. Furthermore, there
was more frequent identification with being a functional mathematics teacher (who understood how
mathematics was used in life and work) than with being a mathematician. This suggests the need to
consider the suitability of new recruits for teaching contrasting curricula, as well as the context in
which they are expected to work and the roles they need to fulfil.
This small-scale study indicates some important areas for consideration in the professional identities
of mathematics teachers in Further Education in England but also highlights the need for a larger scale
study of roles and identities. The findings suggest that mathematics teachers in Further Education need
to be prepared to work flexibly, teach more than one subject, teach across levels and adapt their
teaching to different curricula and age groups. This requires personal qualities and skills that go
beyond subject knowledge and basic pedagogy. A wider and more detailed study of the roles and
professional identities of mathematics teachers in Further Education is clearly needed to better inform
strategies for the recruitment of teachers, their initial training and professional development, but this
study provides some foundations from which further research could be developed.
References
Black, L., Williams, J., Hernandez-Martinez, P., Davis, P., Pampaka, M., & Wake, G. (2010). Developing a
‘leading identity’: The relationship between students’ mathematical identities and their career and higher
education aspirations. Educational Studies in Mathematics, 73(1), 55-17.
Adults Learning Mathematics – A Research Forum (ALM)
58

Section 2. Presenter Articles
Brockmann, M. (2012). Learner biographies and learning cultures-identity and apprenticeship in England and
Germany. London: Tufnell Press.
Cockcroft, W. H. (1982). Mathematics Counts: Report of the Committee of Inquiry into the Teaching of
Mathematics in Schools. London: Her Majesty's Stationery Office.
Day, C., Sammons, P., & Stobart, G. (2007). Teachers matter: Connecting work, lives and effectiveness.
London: McGraw-Hill Education.
Fletcher, M., Lucas, N., Crowther, N., & Taubman, D. (2015). The further education workforce. In A. Hodgson
(Ed.), The coming of age for FE? London: Institute of Education Press.
Grootenboer, P., & Ballantyne, J. (2010). Mathematics Teachers: Negotiating Professional and Discipline
Identities. Paper presented at the 33rd Annual Meeting of the Mathematics Education Research Group of
Australasia, Freemantle, Western Australia.
Hayward, G., & Homer, M. S. (2015). Profile of the mathematics teaching workforce in the college sector in
England. London: The Gatsby Charitable Foundation.
Holland, D. (2001). Identity and agency in cultural worlds. London: Harvard University Press.
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge: Cambridge
University Press.
Peel, D. (2005). Dual professionalism: facing the challenges of continuing professional development in the
workplace? Reflective Practice, 6(1), 123-140.
Sfard, A., & Prusak, A. (2005). Telling identities: In search of an analytic tool for investigating learning as a
culturally shaped activity. Educational Researcher, 34(4), 14-22.
Wenger, E. (1999). Communities of Practice: Learning, Meaning and Identity. Cambridge: Cambridge
University Press.

Proceedings of the 23rd International Conference of Adults Learning Maths, Maynooth, Ireland, July 3 to July 6, 2016
59

Díez-Palomar, J. (2017). Mathematics Dialogic Gatherings: A Way to Create New Possibilities to Learn Mathematics.

Mathematics Dialogic Gatherings: A Way to Create New Possibilities to
Learn Mathematics*
Javier Díez-Palomar
University of Barcelona
<jdiezpalomar@ub.edu>
Abstract
This paper introduces the Mathematics Dialogic Gatherings (MDG) as a successful way to encourage adults’
learning of mathematics. We report on a group of adults who attended a MDG in an adult school placed in
Barcelona. Participants in this group do not have an academic trajectory. They attend once a week a session in
the adult school, where they read, share and discuss paragraphs from textbooks of mathematics. Popular
gatherings are a historical way for adults to learn in Spain. MDG are based on the dialogic learning approach
developed by Flecha and others. In this session I will provide evidence on adults’ discussions illustrating how
they scaffold themselves through egalitarian dialogue to learn and understand the mathematical concepts
included in the textbooks used within the MDG. Drawing on the data collected, I argue that adults learn as a
result of a dialogue in which they negotiate the meaning of the mathematical objects discussed, using dialogic
talk. I conclude that MDG have the potential to create further learning opportunities especially for those who
have never attended formal school courses, or dropped out of their school.
Key words: Mathematics Dialogic Gatherings, classic readings in mathematics, dialogic learning

Introduction
Mathematics Dialogic Gatherings (MDGs) were first implemented during the 1980s in La Verneda
Adult School, in Barcelona. This school is well-known internationally because being the place were
Dialogic Literary Gatherings (DLGs) started in late 1970s (Soler, 2015). At that time, Ramon Flecha,
with other friends, lead a community-based movement demanding for a public adult school in a
working-class neighborhood, in Barcelona. A group of people, most of them without academic
experience (they never attended any school), occupied a famous building in that neighborhood turning
it into a community center. They began to learn in that building, and they created the adult school.
Some of them formed a group who decided to read classic texts. People, who barely had attended a
school, started reading Ulysses by Joyce, Don Quijote de la Mancha by Cervantes, or Hamlet by
Shakespeare, using dialogic learning (Flecha, 1997). In 1999 this school became the first Spanish
educational experience published in the Harvard Educational Review (Sanchez, 1999). Now thousands
of people have conducted DLG all around the World (Flecha, 2011; De Botton et al., 2014; Serrano &
Mirceva, 2010).
Draft Proceeding s

Following the path opened by these people, a group of six women begun to meet every week in an
adult school, in Barcelona, reading the classics, but in the field of mathematics. This paper is the story
of those women, the first MDG. First, I will provide the theoretical framework to understand the basis
of MDGs. Then, I will describe the ways in which MDGs work. Going back to the founders of DLGs,
I will offer a justification as to why it is important to use classic readings rather than any other type of
reading. Finally, I will discuss adult mathematics learning drawing on a particular example coming out
from the MDG meetings.
Theoretical Framework
Mathematics literacy involves a number of abstract cognitive skills, or what Vygotsky would call
“high mental functions.” During the last century, Piaget’s ideas were celebrated and quoted to claim
that cognition is a developmental process in which individuals construct knowing. He proposed the
idea of cognitive “schemas” to understand what happens when someone learns a concept. In his
Genetic Epistemology Piaget conceived the schemes as units of analysis to represent “units of
learning.” In this sense, for instance, there is the scheme of number, defined as a mathematical concept
involving quantity and order position within a series. The next number is always bigger than the
previous one (1, 1+1,…, n+1, being n+1>n). This is the “rule.” Then, Piaget claimed that learning
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.)
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happens when the individual needs to solve a cognitive conflict between his/her scheme and new
information coming from the “environment.” In our example that conflict could arise when someone
tell us that in between two numbers there is always a “new” one. Then, the “solution” for our
“conflict” is rational numbers. We always look for equilibrium. When new information appears
(threatening our original cognitive “equilibrium”), we tend to accommodate the new information into
our scheme to get a new “equilibrium.” This effort of accommodating is what Piaget calls “learning.”
According to him, children go through a series of stages, from simple reflexes (sensorimotor stage)
towards abstract thought (formal operational stage). Learning is “determined” by age. The cognitive
development is a linear process in which individuals move from concrete operations to formal
(abstract) ones. In the realm of adult education Erikson went further proposing the stages of
psychosocial development (Erikson, 1959). Later studies have fully rejected Piaget’s assumption that
learning depends on age (Mehler & Bever, 1967).
The core idea of Genetic Epistemology about schemes and the process of “assimilationaccommodation-equilibrium” has been accepted by the international scientific community. But
learning is not just an individual process; it is a social one. According to Vygotsky (and his followers),
learning emerges as a result of social interactions within individuals with different ability levels. When
there are two or more people, it is always possible to create what Vygotsky (1978) called “zone of
proximal development;” every individual within the group can achieve his/her “potential” mathematics
ability with the help of someone else that already can do it. Later on, David Wood, Jerome S. Bruner
and Gail Ross (1976) developed the idea of “scaffolding” in trying to understand how this process
works (as a learning process). According to them, the teacher supports the students’ thinking giving
them “hints” thus students can build their understanding over them.
This approach has been also used with success within the adult learning mathematics field. Catherine
A. Hansman (2001) claims that adult learning occurs in context between adult learners’ interactions
among them. Talking about parent involvement, González, Andrade, Civil and Moll (2001) also used
this approach to characterize how adults use their previous knowledge to create “zones of practices in
mathematics,” resulting learning as a consequence. However, although all these studies seem to
confirm that learning is a social process in which people participation in heterogeneous groups (or
pairs) participate in mutual interactions to support each other, they do not explain how this social
process works.
Neil Mercer (1995), who has dedicated his professional life to investigate the role of language and the
development of children’s thinking, published a taxonomy to differentiate between “disputational,
cumulative, and exploratory talk.” These three categories help us to understand how individuals
(students, adult learners, etc.) use language to learn. Mercer explores the relationships between quality
of dialogue, reasoning, and academic results. In doing so, he ends up with the idea of “exploratory
talk,” which is this kind of talk that individuals use to share relevant information, engaging with
others’ ideas. According to Mercer,
Exploratory talk, by incorporating both conflict and the open sharing of ideas, represents the more
‘visible’ pursuit of rational consensus through conversation. More than the other two types, it is like the
kind of talk which has been found to be most effective for solving problems through collaborative
activity.
(MERCER, 1995, P. 105)

Drawing on this idea, it seems that “learning” is somehow connected to dialogue and reasoning. In
recent years, Díez-Palomar and his colleagues (Díez-Palomar & Cabré, 2015; Garcia-Carrión & DíezPalomar, 2015) proposed the idea of dialogic talk as a methodological instrument to analyze in fine
grain the interactional events when two or more individuals work together to solve a mathematical
task. Taking dialogue as a medium to observe cognitive learning, Díez-Palomar and others explore
how learners justify their statements when working with peers and/or the teacher. Learners may use
dialogic talk (defined as a type of talk in which participants use valid claims to justify their answers,
that can be verified by everyone who is involved in the interactive event), or non-dialogic talk (which
is the kind of talk grounded on power claims emitted by someone who is using his/her position of
“power” to justify his/her statements). Evidence suggest that learning is more likely to appear when
within an interactional event dialogic talk is predominant, rather than non-dialogic one.
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MDGs are spaces where participants should use dialogic talk when sharing their thoughts regarding a
mathematical idea coming out from one reading in mathematics. Next, I will define MDGs and how
they work.
Mathematics Dialogic Gatherings
The Dialogic Literary Gatherings (DLGs) created by Flecha and a group of [mostly] women, without
any academic degree, in 1978, in Barcelona, inspires MDGs. DLGs are one of the successful
educational actions (SEAs) identified in the research project INCLUD-ED. Strategies for inclusion
and social cohesion from education in Europe (2006-2011). This research project has transformed the
social and political impact of educational research all over Europe, since most of its findings provoked
the creation of new educational propositions approved by the European Parliament, European Council
and parliaments from diverse member states in Europe (Flecha, 2014). DLG is a dialogic reading
activity where participants read the classics (like Shakespeare, Cervantes, Kafka, Wilde, Woolf,
Alighieri, Austen, Homer, Hugo, Goethe, Lorca, etc.). Then, they met once a week to share their
reading (questions, curiosities, further information, personal narratives, etc.) sharing words, meanings
and reflections. They use the dialogic methodology which state that every person must invoke validity
claims to justify his/her words within the dialogue.
Choosing a classic reading
[in mathematics]
The same process applies
to all the individuals who
want to participate / share 1

1
1

Read the pages at home,
highlighting the sentences
that you like the most or
that you want to discuss

Draft Proceeding s

The facilitator encourages
everyone to jump in into
the discussion

1

1

Discussion drawing on the
sentences selected

1
The facilitator gives turns to everyone who
want to talk and share; the adult learner
reads aloud and explains why s/he selected
that sentence(s).
Figure 1. Scheme of how a MDG works.

Figure 1 displays how DLGs work. In doing so, the participants within the DLGs are exposed to
elaborated codes (in Bernstein’ terms), but they also have the time and the support to connect such
words to non-formal ways to say the same idea. In this sense, DLGs become spaces for people to share
their previous knowledge, and learn new ideas making meaningful bridges between their notions.
Participants become literate in using high quality texts. This is the reason of using classic readings:
because this type of book contains an established quality text including appropriate vocabulary and
grammar. Using these readings, adult learners have more chances to improve their literacy skills.
In a similar vein, in the MDGs we use classic readings in mathematics (and sometimes sciences as
well). We read Euclid, Archimedes, Copernicus, Galileo, Kepler, along with Boyer, Klein, Jean-Paul
Collette, etc. Participants choose a classic reading in a topic, for instance: history of the number
systems. Then, they agree on the number of pages to read at home. Next week everyone meets again,
to share his/her reading. The facilitator asks the participants who wants to share his/her “paragraph,”
because everyone highlights sentences or paragraphs at home, for sharing. Then, the discussion
begins. The facilitator selects the order of those speaking. If someone who never participates raises
Adults Learning Mathematics – A Research Forum (ALM)
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his/her hand to share something, this person has the priority rather than those participants who always
talk. Egalitarian dialogue is the rule. Everyone can share a sentence (a question, a comment, etc.), and
everyone’s opinions are respected. All participants should draw their comments on validity claims
(susceptible to be verified by the rest of the group). In this way, if someone makes an error, another
participant can ask for clarification until the justification or the argument is mathematically correct.
MDGs are perfect examples of what Bakhtin (2010) called dialogism and polyphony. According to
him, speech acts include others’ voices, styles, references and assumptions (polyphony); hence dialog
is a complex cultural situation in which participants share their own voices (previous knowledge,
personal experiences and narratives, assumptions, etc.). Using this theoretical approach, we can
assume that learning is the sum of all these voices, but in a context of egalitarian dialogue (Flecha,
2000) where everyone uses dialogic talk.
Methodology
In this article I’m discussing a case study using qualitative methods based on an ethnographical
approach, using communicative methodology (Aubert, 2015; Gómez & Munté, 2016) as a framework.
Ethnography attempts to understand social and cultural situations including the perspective of the
participants involved in the study. It involves a close relation between the researcher and the
participants. The researcher becomes a member of the community observed. I collected the data during
the school year 2015-2016. The setting for the study was an adult school placed in a working class
neighborhood in Barcelona. I arrived at this school seventeen years ago, in 1999. I served as a
volunteer to help adult learners to develop their skills in mathematics. Along the way, I worked with
individuals who never attended a school before, individuals with few notions about “schoolmathematics”, and individuals who had a strong mathematical background in formal mathematics.
Eventually I became member of the community. I taught them and I learnt from them. I was able to
understand many different ways to do and talk about mathematics. Being part of the community, I was
invited to create a MDG using classic readings in mathematics, to learn from the classics with people
that have not any academic degree. I asked them to allow the presentation of their dialogues in the
annual conference of ALM. They agreed, so I did it.
I collected data every week. Participants include six women between 40-years-old and over seventyyears-old. I audiotaped all the sessions during the last semester in 2015-16 (from May to July 2016). I
also took field notes in my diary, from the classroom observation. This set of data was transcribed
partially. The communicative methodology underpinned the data collection, analysis and
interpretation. I worked assuming a position of “egalitarian dialogue” with all the participants in the
MDG. In the next section I try to build on their voices.
Table 1.
Analysis of the speech acts. Types of talk
Interaction Type 1

Interaction Type 2

Interaction Type 3

Exchange of information

Non-dialogic interaction

Dialogic interaction

No argumentation

Arguments are based on power
claims

Arguments are based on validity
claims

Example: authoritarian order

Example: egalitarian dialogue

Example: memorization

Source: Díez-Palomar & Cabré, 2015, Garcia-Carrion, & Díez-Palomar, 2015.

In terms of data analysis, I used discourse analysis focusing on the relationship between language and
cognition –in mathematics. Discourse analysis grew up during the 1960s and 1970s. At that time
linguistics were more interested in understanding single sentences. But in 1952 Harris published an
article titled ‘Discourse analysis’ looking on the links between text and its social context. Later on,
other scholars provided seminal works on the study of speech in its social setting (Hymes, 1964 or
Searle, 1969). Linguistics and socio-linguistics were concerned not only with the grammatical and
lexical forms of what is said, but, more importantly, on what people can do with words (Austin, 1962).
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People with words can actually create “opportunities for learning” for other people. They can create
ZPD where other peers can receive support and develop their cognitive potential. For this reason, I
used the codes presented in table 1 to analyze dialogue during the interactions occurred during the
meetings. I used utterances (from the dialogues) as unit of analysis. Within these utterances, I looked
for interactions of type 1, 2 or 3.
Interactions type 1 are defined as interactions in which individuals use language to share information.
They do not explain, nor justify, their statements. They just exchange information. The type of
learning associated with interactions type 1 is memorization, because it is low demanding in terms of
cognition. The interaction type 1 does not require any “understanding” of the idea transmitted.
Interactions type 2 are defined as non-dialogic interactions. Participants use language to express
mandate, order. Justification of the correctness, veracity, and truth of the statement is based on the
power position that occupies the person who pronounces the sentence. This is the case of a statement
like “2 plus 2 equals four, because I am the teacher and my authority is based on my position of power
in front to the students.”
Interactions type 3 are defined as dialogic ones because participants always use validity claims to
justify their arguments. Correctness, veracity or truth are based on valid claims emitted by the
speaking person. The audience can verify those valid claims. For example, “2 plus 2 is four, because
I’m placing 2 pieces of paper on the table, then I’m adding 2 more pieces of paper, and then I’m
counting with you all the pieces, being four the last number that I pronounce when finishing all the
pieces of paper over the table.” Interactions type 3 may create opportunities for participants to build on
those valid claims to understand the mathematical concepts discussed within the dialogue.
Results
In this paper I discuss the interactions occurred during a session about The Number System. We were
reading “Historia de las Matemáticas” the Spanish translation of Jean-Paul Collette (1979) book
“Histoire des Mathématiques.” At the beginning of the first volume, Jean-Paul Collette introduces the
origins of the mathematics (Prehistory, Babylonians, Greeks, Romans, etc.). He talks about the
different forms to represent numbers, as well as different number systems. Along the pages, we (the
participants in the MDG) held a discussion about the first marks in a bone found in Ishango that
archeologist believe are tally marks. I shared with the women that the marks seem to be grouped
keeping records of 28 days, which scientist belief that correspond to lunar cycles.
Draft Proceeding s

The conversation came along, and a genuine interest about where the numbers come from appeared.
Someone noticed that there are different types of numbers: Sumerian, Egyptian, Greek, Roman,
Hindu-Arabic, etc. Ancient people used different ways to represent numbers, but using tokens (in
Sumeria) was a huge advance since it allowed people to perform easily the first arithmetic
calculations, adding or removing some tokens from the full set. I noted that using tokens was also
important because you can use an object (a token) to represent an abstract idea, in this case, the
number. In this sense, numbers are “connected” to their physical representations in a bi-univocal
relationship. We discussed what does the word “bi-univocal” mean, using different numbers as
examples to illustrate it. We used pencils to represent numbers, and then I wrote down on the
whiteboard a series of marks and their link to its numeral, from one to five. We noted that ancient
people discovered that relation (Aida claimed that “ancient people were smarter than us, because we
use numbers, but they discovered numbers.”) In so doing, concepts like numeral, quantity, cardinality,
 (in Plato’s sense) emerged in our dialogues.
Then, one of the participants, Carlota, raised another topic for discussion: she shared a paragraph from
the book talking about how decimal numbers travelled from one civilization to another (see lines 5 and
next in the transcript).
[1]

Carlota: The number system…

[2]

Volunteer: what page, please?

[3]

Carlota: Page 12… almost at the end of page 12...

[4]

Volunteer: Yes.
Adults Learning Mathematics – A Research Forum (ALM)
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[5]

Carlota: it says... “The decimal system is well known and used by the Arabs, who passed

[6]

us in the Iberian Peninsula during the period of Al-Andalus and then it was disseminated

[7]

through the whole Europe. In turn, the Arabs took it from the Hindus, as we can see in

[8]

the figure.” This caught my attention because I did not think that it was that old...

[9]

Volunteer: Aha. And what the rest of you think? It came to your attention the same

[10]

issue?

[11]

Cèlia: yes, yes... I do. It’s like in the Roman times, when... When... Explaining the

[12]

numbers... Or when on TV they start to cross out the numbers on a piece of wood

[13]

[referring the notches on the Ishango bone]

[14]

Carlota: The Arabs seems to have three more numerals than Roman people... Can it be?

[15]

Volunteer: I don’t know, I had not ever thought... Let’s see, could you further explain...

[16]

Carlota: Romans seems to have, one, five, ten, fifty, hundredth and thousand. And they

[17]

[the Arabs]...

[18]

Fe: From one to nine.

Carlota makes an interesting point in line 11. She wonders if Arabs had more numerals than Romans.
That attracted my attention since I thought that this question was a very important one. Carlota, in fact,
was noticing that there are more numerals in the Hindu-Arabic number system, than in the Roman one
(see Table 2).
We counted that whereas in the Hindu-Arabic number system we have 9 different numerals (at this
point there was no mention of zero), whereas in the Roman one we only have 7 numerals. The next
question was “how can they count with only 7 numerals?” Someone said that ancient Romans were
“troublemakers” with such a numerical system. “Our numbers are easier” Cèlia said. “Why?” I asked.
Alba said that “our” numbers are easier because we are used to them.
Table 2
Numerals used in the Hindu-Arabic number system and in the Roman number system

Hindu-Arabic

1

2

3

4

5

6

7

Roman

I

V

X

L

C

D

M

8

9

During the discussion, we discovered that in order to represent quantities like 2, with Roman numbers,
we should use the symbol I two times (II); but to represent quantities like 4, then we have to do some
calculations using the Roman numerals (5-1=4; hence four in Roman numerals is IV). We discovered
that the rules to represent the numbers with the Roman numerals were somehow complex (never use
the same numeral four times in a row; repeating a numeral up to three times means addition; a small
numeral to the left of a larger numeral means subtract the larger minus the smaller, but on the opposite
means addition).
Then Carlota contributed again by mentioning “zero.” She realized that zero was not among the
numerals that they were discussing. She repeated that there are more numerals among Hindu-Arabic
system than in the Roman one. She was estimating that “our” numerals are three times more than the
Roman ones…, which was a bit high as estimation. Then, I asked Carlota “what are those numbers?”
(line 26) She guessed that zero may be one of them. Then, Alba jumped into the discussion and said
that 3 and 7 should be also part of “those numbers [numerals].” She mentioned another interesting idea
“10-based system.” (line 29) This notion added a new layer to our concept of “number system.” It
seems that number systems, in addition to numerals, quantities, cardinality, and so on, also have
something called “base.”
[19]

Carlota: Zero, I do not know…
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[20]

Fe: This is ten, isn't?

[21]

Alba: What are the numbers you mentioned?

[22]

Carlota: Look, the one… those are the Roman [numbers]: the one, the five, the ten,

[23]

the “L” means fifty, “C” is a hundredth, “D” is five hundredth, and “M” a thousand.

[24]

Many at the same time: Yes!

[25]

Carlota: But the Arab [numbers] it seems that they have three more numbers.

[26]

Volunteer: So, what are those numbers?

[27]

Carlota: One must be the zero... I do not know...

[28]

Alba: And the three as well. Of course. And the seven. It says so here. Three, seven

[29]

and zero. Zero, three and seven. Well... I see that... They used a 10-based system... I

[30]

mean... Everything is 10-based... Ten, twenty, thirty... They move from ten to ten...

[31]

Or from twenty to twenty... Or from a hundredth to hundredth... But the base is ten...

[32]

That's what they decided...

[33]

Volunteer: Aha... They?

[34]

Aida: They means the Arab people. Yes, zero, six and nine... It says that it was upon

[35]

a time... It was upon a time, in Florence, that people did not like those numbers [Arab

[36]

numbers] because it was so easy to falsify them. It says: "At the end of the XIII

[37]

Century the Florence Government passed norms against the use of those symbols

[38]

because it was very easy to falsify the zero, the six and the nine." That is, they did not

[39]

want the Arab numbers because that because it was very easy to falsify.
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Alba provided a clear example of what 10-based system means. In lines 28 to 32 she mentions that in a
10-based number system “everything is 10-based… ten, twenty, thirty…” She was providing her
justification with the statement “they move from ten to ten.” That was a clear example of interaction
type 1.
Concept: base-10 number system
Statement: “They used a 10-based system…”
Validity claim: “They move from ten to ten.”
Example: “Ten, twenty, thirty…”

They continued the conversation. Aida raised another interesting aspect regarding the dissemination of
number systems in the history of mathematics: Hindu-Arabic numerals were not well accepted at the
beginning in Europe. This added a new layer to our discussion: the sociological approach. Numbers
[numerals] are social goods. They are result of social consensus between people who agree on using a
particular numeral (and not other) because a number of reasons. Aida was talking about how the
Hindu-Arabic numerical system was introduced in Europe, during the Middle Age.
Concept: Hindu-Arabic number system
Statement: “It was upon a time, in Florence, that people did not like those numbers [Arab numbers]”
Validity claim: “because it was very easy to falsify the zero, the six and the nine."
Example: 6  9 [you just have to flip the symbol]

Discussion
The analysis of the dialogues occurred during the session reveal some important aspects related to the
MDGs and how adults develop their mathematical literacy.
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First, using classic readings in a dialogical way suggests that adult learners are able to discuss and
understand formal mathematics. Some theories in Sociology of Education claim that learning is
stratified among individuals according to their social class. Bourdieu (1986) coined the theory of
“cultural capital” to explain that certain forms of cultural capital are socially valued over others. For
“cultural capital” he refers to a collection of symbolic aspects such as skills, knowledge, type of
readings, taste (for books, paintings, etc.), ways to dress, etc. According to him, cultural capital comes
in three forms: embodied, objectified and institutionalized. Reading classics may be a symbol of
belonging to a privileged social class; hence people from the grassroots “usually don’t appreciate” this
kind of readings. Our data suggest the opposite idea: the women participating in the MDGs are
enjoying the best readings in mathematics, and they are maintaining meaningful dialogues drawing on
such readings.
Moreover, in the 1970s, 1980s, and early 1990s Basil Bernstein published several books analyzing
discourses from a social point of view. In the first volume of Class, codes and control (four volumes),
edited in 1971, Bernstein distinguished between elaborated codes and restricted codes. According to
him, the forms of spoken language are associated with particular positions in the social structure
hierarchy. Elaborated codes correspond to formal discourses, distinctive of the “well educated social
classes,” whereas “restricted codes” are typical of under represented social classes, using different
forms of slang. Drawing on this approach, Paul Willis (1977) wrote an important ethnography
suggesting that what children from working class families learn in the school is to be members of their
social class, nothing else. Thus, they “don’t appreciate” classic readings because it does not belong to
their “cultural capital.” Again, the analysis of the data collected suggests that this interpretation may
be wrong.
According to Catherine Snow (2002), the crucial variable to understand an individual’s skills (she said
this in respect of reading, but I also suggest the same idea in mathematics literacy) is not their social
class, nor their gender; but the amount of times that a particular person has been exposed to high
quality texts. In other words, the better the readings are, the better the learning is. When we provide
classics to the learners, they use readings that already are high quality (because the scientific
community universally claims that these readings are “classic.”) Using the best mathematical readings
then, give people the opportunity to be exposed to relevant and important notions in mathematics,
hence the level of their talk increases. Our data is consistent with this assumption. During the lesson
the participants were able to talk about numeral, quantity, cardinality, number system, base, biunivocal relationship, etc. All of them are important elements to understand the idea of number. I
suggest that similar to work that Snow (2002) undertook with children, an equivalent effect also
happens with adults: they learn more and better.
Finally, the analysis of the interactions through the discourse using dialogic talk as a methodological
tool provides us the cognitive path that adults follow to understand the mathematical concepts. As
Bakhtin (2010) suggested with his work, knowledge is a social product, hence knowing should be
understood as a social process. In this lesson participants use dialogue to build on each other’s
utterances. Understanding is a final stage; I would say that this “is the ultimate goal after a common
path in which everyone supports each other with his/her thoughts, expressed through dialogue.”
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In the 2012 PIAAC Survey of Adult Skills of 23 industrialised countries, the UK (England & NI) scored below
average on adult numeracy. Several recommendations focus on the need for (some) individuals in the population
to undergo training. Yet, even in “high-performing countries” like the Netherlands, many adults (1.5M) score at
or below PIAAC Level 1 (sometimes designated as “functionally innumerate”). The question arises as to how all
of these people manage in important domains of their lives. In this article we aim to consider the context of the
exercise of numeracy by adults, drawing on earlier research in mathematics education. We examine a recent
conception of an adult’s ‘literate environment’ (EU HLG on Literacy, 2012), and extend this to reflect on the
idea of an adult’s ‘numerate environment’. We consider the range of practices that particular adults may engage
in, and the demands that these may make on the adult, the affordances the practices may offer; the latter include
the opportunities, and the supports and / or barriers produced within these practices, and in cultures more
generally, that may foster or impede an adult’s ongoing numerate development. We give examples of each of
these aspects of adults’ numerate practices, and consider implications for the teaching, learning and development
of numeracy.
Key words: numeracy, assessment, PIAAC, skills

Introduction
In the 2012 PIAAC Survey of Adult Skills of 23 industrialised countries, the UK (England & Northern
Ireland) is one of ten countries which scored below average on Numeracy. (It scored above average on
Adult Literacy and above average on “PSTRE” (“basic IT skills” or “digital literacy”).) The Numeracy
results, in particular, were widely hailed in the media as “not good” (Yasukawa, Hamilton & Evans,
2016). Even in “high-performing countries” like the nearby Netherlands, many adults (1.5M, out of
just over 11M aged 16-65) scored at or below PIAAC Level 1, and thus are seen as “functionally
innumerate”. In spite of their different positions in the overall rankings, these two countries, and many
others, appear to share a common policy problem, namely what is to be done about such apparently
significant groups of adults?
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.)
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Some of the remedies proposed focus on the lacks, or deficits, on the part of (at least some) adults in
the population. On this view, the solution is training, mostly via formal learning such as in “basic
skills courses” at college. However, we also know from sources such as the EU Adult Education
Survey and PIAAC itself that adults who seem to have the most need are the least likely to engage in
formal adult education courses.
We might ask: How do all these people manage in important domains of their lives? Perhaps they are
more at ease than some policy makers allow (Grotlüschen et al., 2016)? This echoes earlier findings
that respondents consistently self-rated their level on literacy and numeracy higher than they “should
have”, given their scores on the previous OECD sponsored surveys, the International Adult Literacy
Survey (IALS), and the Adult Literacy and Lifeskills Survey (ALL), as well as on national surveys
like the Skills for Life assessments in the UK (e.g. Ekinsmyth & Bynner, 1994; Henningsen, 2006).
Perhaps adult skills policy makers and most adult citizens are living in different worlds?
How can we begin to characterise the worlds that most adults live in? We propose that an ecological
perspective of the affordances and opportunities adults have for numeracy development may be
fruitful (see for example Barton (2007) and van Lier (2000) for an ecological perspective on literacy,
and on language learning).
Understanding the Contexts of Adults’ Lives
Ecological issues have been taken up in mathematics education research, in long-standing discussions
aiming to understand the notion of context; see e.g. Bishop (1988); Evans (2000); Lave (1988);
Lerman (2000); Nunes, Schliemann & Carraher (1993); Walkerdine (1988); and many others. Studies
in adult literacy and adult numeracy have also contributed to this research base.
One major strand of these broadly “sociocultural” approaches considers the world of adults to be
“constituted” (framed materially, conceptually and socially) by the practices the adults are engaged in
(e.g. Evans, 2000). How can we know about these practices?
Draft Proceeding s

It would appear that we can approach these practices in two ways: top-down (“generalising”, Evans,
Wedege & Yasukawa, 2013) or bottom-up (“grounded”). For top-down (“generalising”) analyses, we
can analyse hypothetical sets of practices that adults in general may engage in. For example, Bishop
(1988) described six very general mathematical activities that he considered people in virtually all
cultures to be engaged in: counting, locating, measuring, designing, playing and explaining. National
and international assessments nowadays take a similar approach: for example, the PIAAC Numeracy
framework postulates four contexts that its items can refer to: work-related, personal, social and
community; education and training (PIAAC Numeracy Expert Group, 2009). These approaches
assume that claims can be made about numeracy practices that apply across and beyond any particular
local contexts; they seek to explain numeracy at a global level.
Alternatively, the analysis can be done in a bottom-up (“grounded”) way - by analysing the sets of
practices that a particular group or community of adults may engage in. For example, Barton and
Hamilton (2012) described the literacy practices of a community of adults in the northern English city
of Lancaster. Street, Baker and Tomlin (2008) have studied numeracy practices, at home and at school,
but mainly for school pupils. Marta Civil has explored the involvement of (bilingual) parents in
mathematics education in the US state of Arizona (e.g. Civil, 2007). These approaches privilege the
local meanings and practices of literacy and numeracy.
The tensions between the “generalising” versus “on-the-ground”, or the global versus the local,
continue to be a source of frustration for ethnographic researchers who are concerned about the lack of
traction in policy debates of their findings about the real, lived experiences of adults in their everyday
contexts; on the other hand, policy makers struggle to see how policies can be based on research
findings that are each so contingent on the particularities of the sites of the research. In their critique
of a binary approach to literacy research, Brandt and Clinton (2002) argue the “limits of the local”,
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that is, “many human contexts are given to the activities of de-localizing meaning” (pp. 354-355):
literacy “travels, integrates and endures” across different contexts (p. 337).
We can consider examples of different types of settings where adults might be expected to exercise
their numeracy in contemporary industrial societies. For example, citizens are presented with statistics,
often a plethora of statistics, during election (or referendum) campaigns in Western democracies. But
what appear to be numerical riches are often less helpful than they seem. Political parties often fail to
give the basic numerical (or other) information that any citizen would need, in order to be able to make
informed decisions; e.g. the UK Conservative party’s refusal in the 2015 UK election campaign to
specify where their £12 billion pounds of welfare cuts would be coming from over the next 3 to 5
years8 9.
Consumers are nowadays presented with much “choice”, e.g. in the decision about what energy tariff
to take up with which company, whereas in earlier periods, they may have had little “choice”,
especially if the sole provider was a nationalised industry. However, people have suspected many freemarket firms of trying to obscure and confuse customers, by the complication or proliferation of
pricing. In 2014 the UK Energy ombudsman responded by requiring energy firms to reduce the rich
proliferation
of
tariffs
(https://www.ofgem.gov.uk/sites/default/files/docs/2014/03/assessment_document_published_1.pdf).
Since then, the UK Consumers’ Association has made a “super-complaint” to the Competition and
Markets Authority (CMA), about supermarket retailers’ use of multi-buys and different pack sizes.
“We’ve found retailers are confusing customers with tactics that exaggerate discounts and manipulate
shoppers, so we’re using our legal powers to take the issue to the … CMA” (Which?, 2015).
Another case of trying to aid consumers in understanding what is being offered in the market has been
the passing of legislation regulating the use of data, in advertising ‘pay day loans’. These examples
suggest that numerical proliferation in itself does not necessarily provide clear information, nor
facilitate confident “choice”.
In workplaces, the power relations in the workplace can hinder or extend workers’ mathematical
knowledge. In Williams and Wake’s (2007) study in an industrial chemistry lab, the workers were
responsible for providing data to their manager, but were completely “black-boxed”, or excluded from
information about the detailed workings of the calculation process, because the managers controlled
the models that produced the calculations and the resulting decisions themselves.
Thus the lack of numeracy apparently exhibited by adults is produced by a range of social institutions
and practices, and thus any “blame” should really be shared across society, and not attached only to
the adults themselves. We need to acknowledge the role of the powerful – individuals, political parties
/ governments, media and corporations – in determining the availability and the shape of the choices
that are available, and of the information that is available, whether in textual or numerical (or digital)
form. In particular, free-market businesses seem intent above all on “persuading” the individual to
“consume”.
Therefore, when studying adults’ use of numerical (or other) information, we must take account of the
“information providers (and gatekeepers)”, their powers and their methods. So far, rather than
providing opportunities to use numeracy in a thoughtful way, or supports for this, these examples
suggest barriers to the development of adults’ numeracy, in society at large. This suggests ways in
which we might begin to think about the context of an adult’s numerate practices – what we might call
their “numerate environment”.
8

Nevertheless, we do not suggest that data can ever be presented in a way that the theoretical or policy “implications” are
straightforward: there is always room for debate / controversy. For example, one of the authors (Creese) led a workshop
where adult teacher-trainees were challenged to come up with different conclusions about immigration in the UK, after being
provided with the same official data on immigration.
9

We can nonetheless begin to think about the amount involved in this way: If over 3 years, that is “only” a cut of £200
pounds per citizen of the UK (population 60M +) on average … But, if concentrated on the poorest 10% of the population, it
is £2000 over 3 years! See the suggestions for making big numbers meaningful in Blastland & Dilnot (2008, p129).
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The Literate Environment
In order to build up an understanding of what the numerate environment might entail, we now
consider recent developments in the conception of the “literate environment”. In 2012 the European
Commission convened a group of experts in the field of literacy (EU HLG) to carry out a review of
literacy policy across Europe in response to what they termed Europe’s ‘literacy crisis’
…each year, hundreds of thousands of children start their secondary school two years behind in reading;
some leave even further behind their peers. This has damaging consequences for their futures. And
millions of adults across Europe lack the necessary literacy skills to function fully and independently in
society.
(EU HIGH LEVEL GROUP OF EXPERTS ON LITERACY 2012: 11)

In their final report the EU HLG suggested that adults’ skills respond to and are shaped by the literate
environment in which they act. The notion of the literate environment is drawn from the world of
development education, in particular the work of Peter Easton for UNESCO. Easton uses the term
literate environment as “…a means of designating the contextual conditions and support required –
both locally and externally – to make literacy fully sustainable.” (Easton 2014, p20).
The EU HLG concludes that adults’ skills respond to and are shaped by the “literate environment” in
which they act and proposed the creation of ‘a more literate environment’ as one preconditions for
success in tackling low levels of literacy among the European population. Their recommendations
include:
•

books and other reading materials should be easily available at home, in schools, libraries
and beyond, on paper and online

•

libraries should be set up in unconventional settings such as shopping centres or train
stations

•

parents “need help to improve their skills and confidence to engage their children in
language development and reading for pleasure”

•

reading promotion policies should stimulate reading and access to books, by organising
media campaigns, book fairs, public reading events, competitions, and book awards”

•

there is a “need to shift the mindset of all players in society – from parents to policy
makers, from social and medical services to educational players, and from individuals
themselves to businesses – so that they see their engagement is crucial to promoting
reading and writing (EU-HLG, 2012, p8).

Draft Proceeding s

The Report seems to offer mixed recommendations. On one hand, it wishes to encourage “adults to
acknowledge their (sic) literacy problems”. Yet it also wants to encourage provision of “a variety of
personalised learning opportunities” to “encourage providers of vocational education and training, and
vocational teachers and trainers, to embed literacy instruction within their programmes [and to]
recognise and validate non-formal and informal learning, putting a premium on adults’ achievements
in experiential learning and tacit knowledge consolidation” (EU HLG, 2012, p12).
Nevertheless, the EU HLG argues that the responsibility for the literacy skills of adults (or the “lack”
thereof) should be understood as shared across society, not as the individual responsibility of the
adults themselves. And, in pointing to the availability of texts, the EU-HLG is emphasising the
opportunities for exercising literacy skills in an adult’s everyday life.
The Numerate Environment
The High Level Group considered mainly literacy, in a broad sense. But, for our purposes, it is worth
considering the concept of the numerate environment. Here we might notice that the “stuff” of the
literate environment envisaged by the EU HLG was a range of different texts and opportunities and
support to engage with them. What might be the analogue of these texts for the case of numeracy?
One possible answer is information, particularly quantitative information, numbers, represented in
various forms, such as tables – but also including visual forms such as graphs and maps, and dynamic
forms of these available from the use of modern IT: information in a numerate environment, like texts
Adults Learning Mathematics – A Research Forum (ALM)
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in a literate environment, is multimodal (Street & Baker, 2006). Numeracy practices involve the
production of information, as well as its interpretation, use and critique10.
If we note that information is becoming increasingly available, this could mean that opportunities to
exercise numeracy are increasing. In this section, we give examples of opportunities (and supports) for
numeracy mainly from the UK – but the work of these agencies is more widely accessible on-line, and
we are confident that there are similar ones in many other countries. For example, the Open Data
Institute (https://theodi.org) is an independent, non-profit organisation, based in London that aims to
promote the availability and the use of many kinds of data, especially state statistics. The UK National
Statistical Office (https://www.ons.gov.uk/) is the producer of a wide range of official statistics on the
functioning of the UK economy and society, and has recently been working to make its website more
user-friendly11.
However, people will not necessarily find it easy to start using information, especially numerical
information. Accordingly, we must investigate (and publicise) supports for ordinary citizens in
exercising numeracy. We mention a number of these:
•

Fact-checking agencies, which often offer free scrutiny of the statistics (and the logic) of
claims about public policy or the achievements of political parties, e.g. Full Fact
[https://fullfact.org/]

•

Professional volunteers, which can be contacted in the UK, through the Royal Statistical
Society (RSS)
[http://www.rss.org.uk/RSS/Get_involved/Volunteering_opportunities_at_the_society/RSS/
Get_involved/Volunteering_opportunities_at_the_society.aspx?hkey=ad2eab87-98134274-bc8d-44f0751e827b] or the Radical Statistics Group (Evans & Simpson, 2016), RSS;
or in the USA, through Statistics without Borders
[http://community.amstat.org/statisticswithoutborders/home]

•

Broadcasters: e.g. BBC Radio 4 “More or Less”
[http://www.bbc.co.uk/programmes/b006qshd]

•

Books, journals and websites produced by campaigning organisations such as Radical
Statistics [http://www.radstats.org.uk/]; for example, Statistics in Society (Dorling &
Simpson, 1999) and Visualising Information for Advocacy
[http://visualisingadvocacy.org/].

•

the wider culture: norms about presentation / discussion of numerical information
(Blastland & Dilnot, 2008).

There is one agency that may not be replicated in many other countries: the UK Statistics Authority,
which in certain cases can be asked to rule on a tendentious claim about the meaning of government
statistics made by the media or by a politician, even the Prime Minister
[https://www.statisticsauthority.gov.uk]
10

While we focus on information as one possible analogue to literacy’s “texts”, it is important to acknowledge that there are
other possible analogues; one is “tools”, for example those of carpenters, whose use requires an embodied learning of the
angle and distance to position various parts of the body, and the amount of body weight to put on the tool or the material it is
working on to achieve the desired result.
11

But the story is somewhat mixed. For example, many people are excited by developments that are sometimes grouped
under the title of “Big Data”; this includes previously unimagined streams of information, collected on peoples’ behaviours,
choices, purchases and opinions, from surveillance cameras, loyalty cards, social media, etc. These data are often harvested
by the state – but they are more and more gathered by private corporations – and both types of institutions often resell the
data to other private bodies. This is the long-awaited information society! There are likely to be fierce struggles over the
ownership of, access to, and control of data, e.g. medical records. Inquisitive citizens, who are concerned to understand better
the workings of society, may have to struggle to maintain access to such data, even though they may have been among the
original “producers” of it.
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The opportunities and supports to exercise numeracy go hand in hand; without adequate and
appropriate supports, individuals may not be aware that there are opportunities for numeracy
development. Information on its own doesn’t present itself as an affordance in the same way to all
people; “[w]hat becomes an affordance depends on what the organism does, what it wants, and what is
useful for it” (van Lier, 2000, p. 252). Thus, besides the opportunities and supports for exercising
literacy and numeracy skills at work, at home, and in the community, we should also ask: what are the
demands for exercising such skills? If they are few, and if adults are not required to do calculations, or
read graphs, or think about tables of data – as a consequence their skills may fail to develop, or even
decline (Murray, 2009; Reder, 2009). This would leave a large sub-class excluded from the numerate
environment, and relying on others for interpretation and access to information.
To sum up: We see three key aspects to a literate or numerate environment:
•

the demands that the practices may make on the adult.

•

the opportunities the practices may offer to the adult engaged in them

•

the supports / resources offered, or conversely the barriers existing (or put up) within
these practices, and cultures more generally, that impede the adult’s numerate
development

We might group opportunities and supports under the heading of affordances; see for example,
Greeno (1994). Supports means ways in which purposeful engagement with numeracy is made more
achievable; that is, there is scaffolding that enables the learning adult to build from what they already
know to achieve something they had previously not been able to achieve. So, while a literacy support
might be through the use of language that is comprehensible and making features of the particular text
type and how they help to achieve particular social purposes visible, a numeracy support could also
involve clarifying the social purpose of the information, how it is constructed and how the different
elements are serving the purpose. Thus social interactions, either with an expert / teacher or with peers
are important aspects of the meaning-making that is involved in numeracy development.
So if we, as educationalists consider numeracy courses to be the best support we can provide, it is a
matter of concern that take up of these courses remains surprisingly low (if we accept the findings of
surveys such as PIAAC). This may be because learners do not see these courses as relevant supports
for them. A recent research project conducted by NRDC at UCL Institute of Education, into the impact
of low levels of basic skills in the workplace, found very few employers or employees who saw a great
need for staff to embark on a functional skills qualification, but there would have been interest in short
courses on, for example estimation or interest rates (Carpentieri, Litster & Mallows, 2016).
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Moreover, in considering learning needs for workers, Worthen (2008) identifies two different
objectives in the workplace: one that is linked to increasing productivity, and one that is linked to the
workers’ “earning a living”. In other words, the learning opportunities that may be readily offered by
the employer are likely to be linked to numeracy (and other skills) that would increase the company’s
profit margins. However, learning opportunities that help the workers to negotiate better conditions
and pay are unlikely to be forthcoming from the employers, and in many contemporary de-unionised
workplaces, unlikely altogether (Yasukawa, Brown & Black 2014). Similarly, those struggling to get
by on low incomes may see little affordance from enrolling in a maths course – but may see the
support offered by a short course on debt management. This obviously confirms standard theories of
adult education, that adults engage with learning when they see a clear need for that education. The
point here is that affordances need to be aligned to the individual’s numerate environment.
At the same time, we also need to highlight the opportunities for collective numeracy – i.e. numeracy
as practices and skills created and held by groups, e.g. through trade union organising (Bond, 2000;
Yasukawa & Brown, 2013; Kelly (2016). This is particularly important - but also challenging - in
many workplace contexts where the ability for workers to organise has been eroded with the decline in
the role of trade unions, substantially diminishing workers’ collective identity.
Within the home environment the most important actors in defining the numerate environment are
parents. Their attitude to maths and numbers is crucial to setting norms to children. A household that
values numeracy and how numeracy can enhance the family is likely to produce children and future
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adults who do not accept poor standards of numeracy (Civil, 2007). For this reason, Family Learning
may be seen as having a potential impact, as it encourages children and parents together to build a
better and more coherent numerate environment. However, such programs need to be sensitive to all of
the dimensions that have constituted these family groups including the linguistic, cultural, historical,
and economic (see for example Chodkiewicz, Johnston and Yasukawa, 2005).
Conclusions
The idea of a literate environment offers a way to think about the context of literate thinking and
literate acts, and we think these ideas can be extended to numeracy. Describing the numerate
environment for adults in the ways suggested above, leads to better understanding of adults’ uses of
numeracy and how they can be supported. In this paper we have begun to construct a characterisation
of the literate / numerate environment as including opportunities, supports (and barriers), and
demands for workers and citizens to use their literacy and numeracy skills.
Our knowledge of the types of, or extent of, literacy and numeracy practices in which adults are
encouraged/required to engage is currently inadequate for our purposes. Unless we fully understand
the demands on adults’ numeracy skills we will not be able to design learning programmes that
support adults in meeting those demands as well as credibly demonstrating to employers, and others,
that they can meet those demands. Such learning programmes may encourage more adults to improve
their numeracy. What’s more, low demands on adults’ numeracy may have serious long-term
consequences for individuals and societies. We know from Reder’s (2009) research, as well as
PIAAC, that skills use and skills proficiency are linked:
adjusting for educational attainment and language status reveals that the positive relationship between
practice and proficiency is strong. That is, adults who practice their literacy skills nearly every day
tend to score higher, regardless of their level of education. This suggests that there might be practice
effects (...) that influence proficiency (OECD 2013, p. 212).
It may be that the demands on many adults’ numeracy skills are low, or that they have developed
strategies to largely avoid the use of numeracy, leading to a vicious circle of underuse and consequent
loss of skills.
To help us to understand these issues we need to bring to bear qualitative research (e.g. Barton &
Hamilton, 2012; Street, Baker & Tomlin, 2008) on literacy and numeracy practices that adults are
encouraged / required to engage in – and on the consequences of low demand / mismatch between
adults’ actual practices and those that are required for engagement in society.
At the same time, we need to develop our understanding of how learning and development unfolds in
a numerate environment. To this end, our focus on affordances (Greeno, 1994), including
opportunities and supports / barriers, and demands suggests that notions of learning as a goal-oriented
activity, the zone of proximal development, and the role of mediating tools / people from Vygotsky’s
(1987) individual learner-focused, and later Engestrom’s (2001) team-focussed, versions of culturalhistorical activity theory may offer productive tools to pursue studies, both of individuals and groups
within numerate environments.
Finally, we must highlight the opportunities for collective numeracy – that is, numeracy as practices
and skills created and held by groups, as discussed above. From a more general perspective, Blastland
and Dilnot suggest that some of the changes required have to do with what one might call culture: “A
culture that respected data, that put proper effort into collecting and interpreting statistical information
with care and honesty, that valued statistics as a route to understanding, and took pains to find out
what was said by the numbers we have already got, that regarded them as something more than a
political plaything … would, in our view, be the most valuable improvement to the conduct of
government and setting of policy Britain could achieve.” (2008).
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Abstract
Numeracy needs of nursing students are often underestimated by students when they enter university. Even when
students are aware of the mathematics required, students underestimate or overestimate the skills they have.
Research has highlighted the mathematics and numeracy skills required of nurses and nursing students and
numerous studies have tested these skills. Research highlighted in this paper investigates students’ perceptions of
these skills generally, and students’ retrospective reflection after having finished a course. Results indicate both
an underestimation and overestimation of students’ skills when compared to students’ results.
Key words: nursing, skills, numeracy

Introduction
In nursing, the numeracy skills required are considerable. Research with nurses (Blais and Bath 1992;
Hoyles et al. 2001) and nursing students (Hutton 1997; Gillies 2003; Galligan 2011) has highlighted
the links between nursing skills, particularly drug calculation skills, and underlying mathematics skills.
These skills include: number; ratio and proportion; scale; decimals and fractions; rates; measurement;
algebra; graphing; and problem-solving. Many researchers have highlighted the proportion of nursing
students who have poor skills in these areas (Hoyles et al. 2001). Others have highlighted university
students’ difficulties with reading graphs (Kemp and Kissane 2010); understanding algebra (Pierce and
Stacey 2001) or reading skills, particularly with word problems (Newman 1983). These conceptual
barriers are exacerbated at some universities where there is a high proportion of mature-aged students
who have been away from formal study for a number of years. While there has been studies
investigating nursing students’ confidence in mathematics (e.g. Glaister 2007), to date we have not
found any research that has investigated students’ opinions of their skills after their study.
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.)
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A four year project, based at a regional university in Australia, aimed to investigate students’
perceptions of their mathematical readiness. At this university, the percentage of mature aged students
is considerably higher than the sector (58% to 24%) and the percentage of those aged 30 and over is
about 45% compared to the sector at about 15%. The number of students identified as low SocioEconomic Status (SES) is 34%, double that of the sector at 17%. The project investigated students’
perceptions of their readiness for the quantitative skills needed in their courses after having completed
the course. It also correlated this with a mathematics assessment of student readiness, completed
within one course. In our preliminary results (Abdulla et al. 2013), we found up to 30% of students in
business, education and nursing felt poorly prepared for some of the quantitative components in their
courses. However, this was a small preliminary study and did not look at individual courses within a
program. Our subsequent surveys in 2014 and 2015 revisited most of the questions asked in 2012. This
paper outlines student readiness from the perspective of nursing students and draws on survey data of
160 students in 2015.
Method
For this paper we draw on data from nursing students enrolled in Semesters 1 and 2 in 2015. Three
types of data were used: student surveys on perceptions of their readiness; student results from quizzes
in a course; and the student comments at the beginning of semester on their level of skills in selected
questions. Ethics clearance was obtained to survey and communicate with students and staff.
The survey was trialled in 2012 and 2014. Students were encouraged to participate by offering them
the chance of winning a $100 book voucher. The survey link was emailed to the students after the
semester results had been released and about half of the students also agreed to be interviewed. The
average response rate in 2015 was about 10%, noting that we also invited students who dropped the
course (see Table 1).
Table 1
Details on the 2015 cohort
Semester (completed final quiz)

No. responses

No. invited

No. cohort dropped

Semester 1 (402)

48

647

154

Semester 2 (203)

29

386

87

The questions that the students were asked included basic demographics. Perceptions of their
preparation in various topics were sought using a Likert scale. The topics included: calculator use;
decimals; percentages; ratio; algebra; statistics; and problem solving. Students were also asked if their
overall mathematical preparation was adequate for the course in question. There were a number of
open-ended questions to further explore what factors students understood contributed to their success
or failure. While most students answered at least one question on the survey, the response rate for most
of the open-ended questions was lower.
Qualitative data from the relevant questions were downloaded into Word and then transferred to
NVivo where it was analysed using constant/comparative method (Wellington 2015). Some attempt
was made to capture the conceptual as well as the thematic regularities in the data but most of the
answers were too terse to be really useful in this regard.
Key Findings
Survey
Over 60% of respondents were over 25 years old. While 35% of respondents had studied some
mathematics in the last two years (see Figure 1a), a substantial percentage (over 30%) of students who
responded to the survey had been away from study for more than 10 years, with many only having
completed mathematics to year 9 or 10 (see Figure 1b).
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Figure 1a. Years between pre-university
mathematics and starting Nursing degree (n = 85).

Basic
Maths

Advanced
Maths

Figure 1b. Proportion of students' preuniversity mathematics preparation (n = 84).

“Enabling” mathematics is pre-university studies at a college of the university, designed so that
students can meet the entry requirements of university degrees. “Basic” and “Advanced” Maths refer
to levels of senior high school mathematics; “Advanced Maths” contains calculus.
Figure 2 shows how adequately students felt their pre-university mathematics had prepared them for
mathematical concepts encountered in their university studies. Students felt most prepared for using
calculators and graphs and least prepared for ratios, fractions and algebra. While students said they felt
less prepared for statistics, there was little statistics in the course (but there was some statistics in other
nursing courses).
100%
80%
60%
40%
20%
0%
Draft Proceeding s

Prepared

Poorly prepared

Not applicable

Figure 2. Nursing students’ perception of preparedness in specific topics.

Comparison of perceptions with results
The following section compares students’ perceptions with results on four quizzes they completed
during the semester and a final quiz. All the quiz questions posed had also been discussed in class (or
via online lectures) or were in the study materials. Students were asked to do the online quiz within a
time limit, and some of the questions were tested multiple times. Previously, Galligan (2011) had
found that, in similar quizzes, up to 1/3 of errors could be due to misreading the question. This was
also found in many of the questions asked. For example a question:
Example 1: Write the following in numerals: Eighty Thousand Two Hundred and Six. For example, twenty one
= 21. (Note: please do not include spaces or commas in your answer)

In Example 1, 70% of the 77 students surveyed were correct in the final quiz. The most common
incorrect answer was 8206 and one person each had 800206; 82006; 80,206; 80260 or similar.
Decimals
Approximately 80% of students surveyed felt prepared for decimals (Figure 3). In the final quiz, when
specifically asked questions about: converting from a fraction to a decimal (91% correct); to round to
so many decimal places (92%), students were generally competent. However, when asked to read a
syringe with gradations, as in Example 2a, only 77% of students were correct by the end of semester.
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Figure 3. Example 2a

On a similar question in three earlier quizzes, 32%; 42%; and 37% of students were incorrect. Of
those who were incorrect, at least half was due to reading the gradation incorrectly (i.e. reading the
above as 8), as opposed to reading it at the incorrect point (i.e. saying 0.75 or 0.85 instead of 0.8).
Similarly, students were asked to read various graphs in a health context. For example when asked
to read a temperature (as seen in Example 2b) that needed decimal interpretation, 6% of students
were incorrect by the end of semester with many of these students answering 37 or 37.5 instead of
an answer above 36.5 and below 37.
Decimals
100%
80%
60%
40%
20%
0%
Prepared

Poorly
prepared

Not
applicable

Figure 5. Students’ perception of preparedness
for decimals.

Figure 4. Example 2b: Decimals

Fractions
Figure 4 shows 75% of students felt prepared for fractions. Most students (84%) could convert a
1
fraction into a decimal form (where the fraction was with a < 10, Example 3a), and 89% were
20

a

1

able to simplify 120 to 6 (Example 3b), but when asked to find a fraction of a number, as in
Example 3c, the proportion dropped to 52%.
Questions involving fractions

%
correct

1

a.

What is
(Quiz 2)

as a decimal?

84

b.

Express
as a fraction
120
in its simplest form (Final
Quiz)

89

c.

Find of 4 mL, if a is 85
𝑏
mg and b is 190 mg.
Answer to the nearest one
decimal place. (Quiz 3)

7
20

𝑎

Figure 6. Example 3: Fractions

52

Fractions
80%
70%
60%
50%
40%
30%
20%
10%
0%
Prepared

Poorly
prepared

Not applicable

Figure 7. Students’ perception of preparedness for
fractions.
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Percentages
Over 80% of students believed they had adequate skills in percentages (Figure 5), and in the final quiz
90% of students could calculate 30% of 80. However, when tested with contextual problems, the
percentage that were seen to be proficient was as low as 46%. For example, in Quiz 3 for a large
proportion of students, the mistake was in reading the problem (Example 4). In Example 4a, many of
those that did not get the question correct was due to their ignoring the word “remains”. In addition, in
Examples 4b, c, and d, many students were not rounding correctly. In another question (Quiz 1) asking
students to round 23.123 to the nearest tenth, 34% of students were incorrect.
Quiz 3 questions on percentages

% correct

a.

A bag of saline solution contains
250 mL. From this bag 139 mL
has been drained. What percentage
remains in the bag?

46
(increased
to 64% in
final quiz)

A person increased weight from 52
to 65. Express this increase in
weight as a percentage of the
original weight. Answer to the
nearest whole number.

59

A person has burns to 9% of her
body. If her surface area is about
1.6 square metres, what area of her
body has been burnt? Round your
answer to two decimal places.

67

In a certain country of 25 million
people, the number of deaths from
heart disease in 2008 was 1809.
Express the number of deaths as a
rate per 100 000. Answer to the
nearest whole number.

62

b.

c.

d.

Percentages
100%
80%
60%
40%

20%
0%
Prepared

Poorly
prepared

Not
applicable

Figure 9. Students’ perception of preparedness
for percentages.
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Figure 8. Example 4: Percentages Questions
in Quiz 3

Ratios
While 75% of students believed they had adequate skills in ratios (Figure 6), when tested the
percentage that were seen to be proficient with these particular skills was as low as 54% (Example 5).

% correct
a.
b.

2
5
2

6

= ? (end Quiz)
?

= 5 Find ?
7

c. If 𝑉 = 𝐼𝑅 then I =
𝑣

d. If 𝑟 = 𝑡 , find
(multiple choice)

93

100%

55 (increased to
80% in final quiz)

60%

80%
40%
20%

57
t

Ratios

0%
Prepared

54

Poorly
prepared

Not
applicable

Figure 11. Students’ perception of
preparedness for ratios.

Figure 10. Example 5: Ratios Questions in Quiz 3
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Graphing
While 86% of students believed they had adequate skills in graphing (Figure 7), when tested the
percentage that were seen to be proficient with these particular skills was as low as 57% (Example 6).
Using graphs
100%
80%
60%
40%
20%
0%
Prepared

Figure 12. Example 6:
Graphing Questions in Quiz 3

Poorly
prepared

Not applicable

Figure 13. Students’ perception of preparedness for
graphing.

In Example 6, 43% of students were incorrect with most students answering 33%. This was due to
not taking into account those aged 25–44, i.e. not subtracting the 5%.
Problem solving
While 79% of students believe they had adequate skills in problem solving (Figure 8), when tested the
percentage that were seen to be proficient with these particular skills was as low as 34% (Example 7).
Problem Solving
100%
80%
60%
40%
20%
0%
Prepared

Poorly
prepared

Not
applicable

Figure 15. Students’ perception of preparedness
for problem solving.

Figure 14. Example 7: Problem solving
3
InQuestions
Examplein7,Quiz
students
were given the label and asked to identify the “amount in each unit” and the
“volume” as would be needed in the standard formula. In the quiz 56% and 34% of students were
correct respectively.

Algebra
A greater proportion of Students tended to be under-confident with Algebra, with only 67% stating
they were prepared (Figure 9).
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Quiz questions
a.

% correct

To calculate the volume of an
𝑆𝑅
injection a formula is
× 𝑉.
𝑆𝑆
Find the volume if 𝑆𝑅 =
322; 𝑆𝑆 = 30; 𝑉 = 4

c.

80%
60%

𝑤

b.

Algebra

96

If 𝐵 = 2, what is B if w = 116
ℎ
and h = 2 (Round your answer to
1 decimal place)

91

If 𝑉 = 𝐼𝑅 then 𝐼 = ?

57

40%
20%
0%
Prepared

Poorly
prepared

Not
applicable

Figure 17. Students’ perception of
preparedness for algebra.

Figure 16. Example 8: Algebra
Questions in Quiz 3

In Example 8, while 96% and 91% of students were correct for Example 8a and b, this dropped to 57%
correct for Example 8c.
Overall
Figure 10 compares students overall mark on a final quiz, which incorporated a variation of all the
questions above, and their perception of preparation. In the nursing context, we consider a mark of
85% as well prepared. If students’ marks were over 85% then they should perceive themselves more
prepared than if they received less than 85%. Note there are 11 (about 20% of the students with over
85%) students who are under-confident, i.e. with relatively good marks but with a perception that they
may have not been prepared enough. There are also 15 students (65% of the students with less than
85% correct) who are over-confident, i.e. with relatively poor marks (in the context of nursing
numeracy) but with a perception that they were prepared enough.
Draft Proceeding s

100%
80%

4
7

4
4

60%
40%

42

15

20%
0%
> 85% (n = 53)
Agree

< 85% (n = 23)

Neutral

Disagree

Figure 18. Overall mark on final quiz and perception of preparation.

Discussion
When answering the question “Was your overall mathematical preparation adequate for the course
[ABC]” we realise students may take different perspectives. Some students may think that even if
they were incorrect in some questions, their mathematics preparation was adequate since they passed
the course. Others may think that even if they were correct in most of the questions, and received over
85% in the course, there were feelings of uncertainty around some concepts. We wanted to explore
this a bit further. Figure 11 summarizes the comparison between students’ perception of their
readiness and the results of one question in each of the topics (examples 2a; 3b; 4a; 5b; 6; 7; and 8b).
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The choice of the question was subjective, but we felt if we averaged the results, we would lose the
essence of the concepts. For some of the topics there was overlapping concepts, so the problem
with a question such as rearranging a formula V = IR could be related to algebra or ratio and the
fact it may be related to both, could compound the problem and cause an increase in error rate.
Another issue is students’ careless reading of many tasks and their misunderstanding of
“rounding”, so at times the error rate reflects both difficulties in a concept, as well as other factors.
Of the seven topics, two of them show some mismatch – graphing and algebra. It appears that
students are over-confident in graphing and under-confident in algebra.

100%
80%
60%
40%
20%
0%
decimal fractions percent

ratio

perception

graphs

ps

algebra

actual

Figure 19. Summary of the difference between students’ perceptions and their results in one question in
their quiz.

Table 2 highlights these differences (shaded area) with 38% of students saying they were prepared
but were incorrect in the graphing question (Example 6) and 30% of students saying they were not
prepared but were correct in the algebra question (Example 8b).
Table 2
Two-way table of students’ perceptions and their results in selected questions in graphing and
algebra
Graphing

Prepared

not prepared

Total

Correct

33 (45%)

8 (11%)

41 (55%)

Incorrect

28 (38%)

5 (7%)

33 (45%)

Total

61 (82%)

13 (18%)

74

Algebra

Prepared

not prepared

Total

Correct

45 (61%)

22 (30%)

67 (91%)

Incorrect

6 (8%)

1 (1%)

7 (9%)

Total

51 (69%)

23 (31%)

74

Conclusion
This paper is part of a larger study on university students’ perception of their readiness for the
quantitative skills of courses they have completed (Abdulla et al 2013) and is a follow up study to
previous research on lecturers’ perceptions of their students’ readiness (Galligan et al. 2013). In
this current section of the study, we investigated first year nursing students’ perception of their
readiness for one course in nursing numeracy and compared this perception to student results.
We found up to 35% of students surveyed felt less than prepared for some elements of their course.
When comparing surveyed students’ perceptions with final quiz results, up to 65% of students were
overconfident on their level of preparedness. While students appeared competent in many of the
basic areas of mathematics, when questions became more complex, the competence level
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decreased. In the context of teaching nursing students numeracy, it is important to highlight to students
the complexity of many of the basic numeracy skills encountered in their nursing degree and careers.
In particular, students appear to be overconfident in their interpretation of graphs, and are unaware of
other numeracy skills required to correctly interpret graphs (Kemp and Kissane 2010). On the other
hand, students often find algebra a sticking point in their mathematics learning and are often unaware
of the skills they already possess. Students may not be able to perform many of the tasks set by them
in high school (such as rearranging equations or factorising expressions) but they are able to
understand and use formulas in the context of nursing.
As the survey response rate was relatively low, care needs to be taken with generalisation of any
results. However, the under and over-confidence rates do generally match previous results in similar
research (Galligan 2011). While this study is in one university in Australia, the issue of student
perception of preparedness is applicable in any higher education context where quantitative skills are
assumed. In particular, it is relevant to such institutions where there is a high proportion of mature
aged students and students who are unfamiliar with the expectations of university. There is a need to
provide students with clear guidelines as to the standard of mathematics expected of them at the onset
of their study. Good support and enabling programs also need to be in place to assist underprepared
students to realise these expectations, so they can be retained as successful students and progress to
become quantitatively competent and confident in their career.
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Using dialogue scenes with adult numeracy learners: towards a framework
of analysis
Graham Griffiths
Institute of Education, London
<g.griffiths@ioe.ac.uk>
Abstract
The importance of language and communication in learning mathematics has been recognised for some time
(e.g. Hoyles 1985). This paper will outline plans for a study into what happens when adults read aloud and
discuss a short scene of dialogue about a percentage problem (developed for the government by a team led by
Malcolm Swan). This study will utilise a participational paradigm around mathematical activity rather than
focusing of acquisitional notions on learning (Sfard 1998). As such, two broad aspects will be analysed when
looking how adults respond to such scenes of dialogue. One aspect will consider the linguistic tools that are used
in learner-learner discussion along with the associated meta-rules of communication (Kieran et al 2002, Sfard
2008). Secondly, it will be important to consider a range of sociocultural issues that are involved when such
discussion occurs (Oughton 2009). The analysis will assist in understanding the role of such scenes of dialogue
as a mathematical activity in the adult mathematics classroom.

Keywords: dialogue, scenes, discussion, adult, numeracy, framework, analysis
Introduction
This work involves the investigation of an intervention with adult mathematics learners in which the
participants read aloud a scene of dialogue about a mathematical situation and then discuss the
meaning. The notion of encouraging learners to talk aloud about mathematics stems from the interest
in the use of discussion in mathematics classrooms.
Draft Proceeding s

The idea for the research came from attending a seminar in which the audience were asked to
participate in the reading aloud of sections of dialogue between adult learners (Tomlin 2000). This
struck me as an interesting approach and one that might be employed in teaching and training. At the
time that this work was conceived, I had involved the use of scenes in teacher training but I had not
had the opportunity to use such scenes in teaching adult mathematics learners. So, to gain some
practical experience to inform further developments, it was decided to explore the use of scenes with
some real adult learners. The result of this exploration was outlined in Griffiths (2014) and the scene,
task and one transcript of a discussion can be found in the Appendix to this paper. After some thinking
about this data, and a break from the research in order become a parent, I return to the work and
consider how such data may be analysed.
Some background
The significance of language and communication in education has been understood for some time.
Studies of feral children (see Candland 1993) noted that, along with their lack of language, the
individuals appeared to have not developed cognitively as would normally be expected. For example,
the 19th century foundling Kaspar Hauser was a young man when discovered by the authorities but
behaved like a small child. Of course, this raised (and still raises) a question of what is meant by
‘cognitive development’ and what the link of such development is to language and communication.
For many years, educational research was dominated by cognitivist perspectives. In the move from
behaviourist forms of analysis to cognitivist thinking, educational thinkers developed theoretical
models in which a structure, internal to the mind, is created and developed. The notion of an internal
schema has been used by Piaget (1952) as a representation of what is meant by understanding. This
schema is built through an individual coming into contact with a variety of experiences; these
experiences would include a range of everyday activities as well as explicitly pedagogical activity.
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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Within such a cognitivist paradigm, the job of the educationalist was to investigate the ways in which
such internal schemata are developed. An example of such a process was described by Piaget and this
informed the original development of the scene used in this study (see Swan 2008 for the principles
and DfES 2005 for the activity). Piaget proposed the two processes of assimilation and
accommodation when an individual is presented with new information. Assimilation occurs when new
information does not conflict with existing information and is added to the schema. Accommodation is
the process occurring when new information conflicts with existing information and the schema would
need to be changed in order to ‘accommodate’ the new information. The notion of ‘cognitive conflict’
has been used widely in mathematics education to discuss the development of mathematical ideas that
involve the process of accommodation.
Piaget, and other cognitivists, have seen the process involved in learning to be an essentially
individual experience in which the mind alters its internal structures in response to external stimuli.
Parallel to educational developments in the west, Vygotsky, along with others in the Soviet Union,
developed a notion of conceptual development that was less individualised and more social. For
Vygotsky language was not an independent feature that can be used to communicate thinking but
rather an inextricably linked aspect of cognition. Within this school of thought, the social element is
seen as key to educational development with communication being central. Vygotsky assumed that
concept development occurred through a number of stages in which notions are tested and honed
through to a true concept. Key to Vygotsky, is that these concepts are interrogated and amended
through problem solving activity with communication being central. These ideas of the importance of
communication and social aspects of learning began to take hold in the mathematics education
community (see, for example, Hoyles 1985).
In the post 16 sector, Swan (2008) argued for a systematised teaching practice in which collaboration
and discussion is emphasised. Swan worked with young adults who had failed their GCSE
examination at 16 and were revisiting mathematics. He identified a series of activity types that
encourage discussion which he hoped would assist conceptual development. Swan employed
quantitative tools and collected data from pre and post intervention tests that indicated some learning
gains through the use of such collaborative activities. The author argues that it is useful to consider the
theoretical positions of those such as Piaget and Vygotsky as metaphors to interpret what may be
happening when the activity types are employed. Swan accepts that it may be impossible to reconcile
different theoretical perspectives but that some of the component elements of these theories may be
useful to help describe what may be happening in a learning environment. As such, Swan finds it
useful to use the idea of ‘cognitive conflict’ as part of activity design, while using Vygostky’s social
elements of discussion as a tool to analyse what happens with the activities. Such reconciliation is less
useful to me as I am not interested in such quantitative analysis and am more interested in the detail of
interactions. Nevertheless, using an already developed activity will help to compare perspectives as
well as utilising an already tested resource.
Draft Proceeding s

This section has noted some of the background ideas that have informed this work. Having identified
the use of scenes to read aloud and wanting to analyse the discussions that follow, I will need to
identify potential frameworks that will be helpful for the analysis I wish to undertake.
Learning as participation – some potential perspectives and frameworks
Sfard (1998) has argued that there two different metaphors for learning: the acquisition metaphor and
the participation metaphor. She notes that much of the early work in education focused on learning as
‘acquisition’ and argues that
while the acquisition metaphor is likely to be more prominent in older writings, more recent
studies are often dominated by the participation metaphor

Sfard (1998 p5)
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As noted above, for Piaget, learning is the building of an internal structure (the schema) and would be
seen as employing an acquisition metaphor. On the other hand, Vygotsky focuses more on the social
activity of learning and therefore might be seen as participational.
Since noting these metaphors for learning, Sfard has continued to work on how thinking can be
understood as an aspect of communication rather than the acquisition of internal structures (Sfard
2008). Sfard (2002) argued that, from a structural perspective, communication involves two key
elements. The first element consists of the linguistic tools that are employed in communication with
the second element being a set of meta-discursive rules that guide the communication. The authors
argue that these two elements are a space for analysis those interested in learning. In the case of the
meta-discursive rules that govern the discourse, Sfard points out that by definition such rules will not
be explicit and will need to be interpreted from discourse. Such interpretations will need their own
perspectives and framework for analysis.
Indeed, Lerman (2001) points out that the analysis of discourse should involve consideration of a
number of socio cultural issues. He argues that the role that individuals play and aspect of power and
position in society will have an impact on discourse and need to be considered. The significance of
gender and mathematics has been studied (for example, see Mendick 2005), and social class and
mathematics texts was central to Dowling (1998). However, there may also be less obvious
sociological considerations. For example, Oughton (2009) has looked at adults involved in
collaborative learning and identified a number of issues that seem significant in collaborative learning.
One such feature of significance that she noted was the multiple roles that humour played while
undertaking collaborative activities.
If we consider the literature that looks at mathematical discourse, then there are existing frameworks
that may support the type of analysis I am looking for. For example, Alshwaikh and Morgan (2014)
have developed a framework for analysing texts, which they employ to discuss how abstract
mathematical reasoning is being developed differently in texts from two countries (Palestine and
England). The framework considers (a) the nature of the mathematics and how mathematical activity
is construed and (b) how the learners and their relationship to mathematics is construed. The authors
argued that the Palestinian texts position the reader to undertake thinking and reasoning in ways that
the English texts do not. It seems that this type of positioning of the learner – to the activity and the
mathematics involved – could be important in discussing the response to reading aloud.
It is worth noting that there are at least three ‘texts’ that can be analysed within the study. Within the
activity constructed by Swan, there are two separate texts: the task itself and the scene of passengers
discussing the prices (see Appendix). Then for my study, there are the resulting discussions of adult
learners. While the focus for me is on the latter, it will be important to understand the relationship
between the first two texts and the resultant discussion.
At present, the perspectives outlined in this section suggest some possible ingredients to a framework
for analysis but need working on for a more systematic approach. Nevertheless, I offer a few thoughts
in relation to using these ideas in relation to the task, scene and resultant discussion from the
exploratory data.
Discussion on the data utilizing some of the ideas in the previous section
Following Sfard (2002), it is noted that there will be sets of linguistic tools that will be employed by
learners when discussing the scenes. For example, it is hardly a surprise to hear direct extracts, or
paraphrasing, from the scenes being used by participants (e.g. Caron “it went up by 20%”). It is also
noted that the mathematical examples used within the text might be mirrored back in discussion. For
example, Annie uses the proposed ticket price from the dialogue scene, “let’s say it was 100 pounds
originally”, whereas in Griffiths (2014) it was noted smaller values of ticket prices were used when the
task without the scene was presented to some learners. It is the intention that further investigation of
this type of textual use will be employed.
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Of course, the text itself is not the only resource that the learners will draw upon. There will be other
tools that will most likely be brought in to play. These will include the use of mathematical discourse
that draws upon prior experiences (either from the group of learners working together or from their
earlier educational experiences) as well as non-mathematical discourse. From a research angle, this
discourse will not be explicit and will need to be interpreted. In the case of our scene, which involves a
discussion around the price of rail tickets, it would not be surprising for participants to contribute with
discourse around their own use of the rail system (which may help our understanding of the
participants positioning in relation to the task).
What of the meta-discursive rules of communication? It was noted in Griffiths (2014), that the
participants in the scene appear to come to the ‘correct’ answer before continuing to discuss the
mathematics involved. It appears that the text has clues which suggest the answer without the
participants feeling that they understand (or at least understand enough). Then after further discussion,
the conversation is brought to an end with the use of humour (with Annie suggesting that, whatever
happens, the passengers would be “ripped off”) (see Oughton 2009 for how humour is used in
undertaking mathematical activities). We can certainly see some sub sections to the discussion and
that there is something (a meta-discursive rule?) which is guiding the discussion. Investigating the
ways in which such discussions occur, and considering rules which mediate discussion, may offer
some insights into the process of learning mathematics.
Conclusion
The work involved in my research started with the consideration of a particular intervention, i.e. adult
learners ‘playing’ a scene of dialogue, with a focus on the discussion generated in response to a
particular task. As noted, there has been a broadening of the number of ‘texts’ which will require
analysis, i.e. the task, the scene as well as the resulting discussions. As part of the analysis, it will be
important to consider how the participants relate to the text. There are a number of questions that will
be of interest. For example, in what ways does the context of the scene distract or support
mathematical discussion? In what ways does the reading aloud distract or support mathematical
discussion? What evidence do we see? The frameworks will need developing in order to undertake
such analysis.
Draft Proceeding s
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Appendix
A scene about reverse percentages
This scene, a discussion of ‘reverse percentage’, was produced as part of a package for teachers (Swan
2007). It involves some pre amble text in which the task is introduced followed by the scene of adult
passengers discussing the rail fare issue.
The task
In January, fares went up by 20%.
In August, they went down by 20%.
Sue claims that:
“The fares are now back to what they were before the January increase”
Do you agree?
If not, what has she done wrong?
Figure 1: Rail prices task (from Swan 2007)
The scene
Harriet ; that’s wrong, because … they went up by 20%, say you had £100 that’s 5,
no 10.
Andy ; yes, £10 so its 90 quid, no 20% so that’s £80. 20% of 100 is 80, … no, 20.
Harriet : five twenties are in a hundred.
Dan; say the fare was 100 and it went up by 20%, that’s 120.
Sara: then it went back down, so that’s the same.
Harriet : no, because 20% of £120 is more than 20% of £100. It will go down by
more so it will be less. Are you with me?
Andy: Would it go down by more?
Harriet; Yes because 20% of 120 is more than 20% of 100.
Andy: What is 20% of 120?
Dan: 96…
Harriet: It will go down more so it will be less than 100.
Dan: it will go down to 96.
(Swan 2007)
Using the task and scene.
The resulting discussion by one group of adult learners (see Griffiths 2014))
Group A
After reading out the scene, the following discussion took place.
Annie: Did anyone understand that, because I didn’t understand that at all
Ben: It’s a discussion about the 20% and whether it’s more or less
Caron: In January it went up by 20%
Annie: So it went up to 120
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Caron: Then in August it goes down 20%
Annie: So 20% of 120 is ... 24 pounds isn’t it?
Diana: Yes
Caron: Yes
Annie: So it won’t be the same
Caron: So we don’t agree
Annie: No
[pause]
Caron: That discussion doesn’t make sense to me
Annie: What they’re saying is in the beginning it went up 20%
Caron: How much was the original price?
Annie: Let’s say it was 100 pounds originally. It went up by 20% that makes it 120.
Now it’s gone back down to 20%
Ben: That makes it 100
Annie: No ... it’ll be less
Caron: It will be less because it goes to 96
Annie:

So...

you

still

get

ripped

off

which
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Abstract
This paper is a report on a workshop at ALM 23. In the workshop, delegates were made aware of the role of
mathematics learning support, both nationally and internationally. Several presentations focused on experience,
practice and on recent published reports on mathematics learning support. Delegates considered these talks and
the question ‘Is assessment provided in mathematics learning support ‘assessment for learning’’? The outcomes
of these discussions are presented here.

Introduction
Mathematics Learning Support (MLS) is generally understood to be mathematics or statistics support
provided in Higher or Further Education which is outside of lectures, tutorials and assignments etc. Its
main purpose is to offer free non-judgmental one‐to‐one support in a non‐embarrassing and
non‐threatening environment (Lawson, Croft, & Halpin, 2003) and students typically come with
mathematical queries related to their coursework. MLS provision has grown rapidly since it was first
established in Ireland in the 1990s. A 2015 survey of the extent of MLS provision on the island of
Ireland (Cronin, Cole, Clancy, Breen, & Ó Sé, 2016) demonstrated that MLS is available in 83% of
the 30 institutions who took the survey. Extensive research strongly suggests that MLS, when
engaged with appropriately, is a major factor in improving student retention and progression,
especially for at-risk students, and it assists first year students in their transition from secondary school
to further and higher education (Carmody & Wood, 2005; Berry, Mac an Bhaird, & O’Shea, 2015).
The Irish Mathematics Learning Support Network (IMLSN) (http://imlsn.own.ie/) was established in
2009 to support individuals in further and higher education institutions (HEIs) involved in the
provision of MLS on the island of Ireland. The IMLSN also promotes MLS and, to this end, has
worked on a number of large collaborative projects (Cronin et al., 2016; O’Sullivan, Mac an Bhaird,
Fitzmaurice, & Ní Fhloinn, 2014).
In 2015 the IMLSN committee became aware of two announcements:
1.

The National Forum for the Enhancement of Teaching and Learning (National Forum)
announced their enhancement theme for 2016 as Assessment OF\FOR\AS Learning
http://www.teachingandlearning.ie/priority-themes/enhancement-theme-2016-2018/

2.

The 23rd Annual Adults Learning Mathematics (ALM 23) conference to be held in July with the
main conference theme ‘Numeracy: A critical skill in Adult Education’.

The authors applied for and received funding from the National Forum for Network and Discipline
Project Funding 2016 to run a workshop at ALM 23 which would discuss, with both a national and
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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international audience, adult learners of Mathematics in MLS and the role of assessment in MLS
provision.
ALM 23 Conference
ALM 23 ran over 4 days in July 2016 in Maynooth University. The conference focussed on the
following themes:



Numeracy: A Critical Skill in Adult Education.
The Language of Mathematics, and Language and Mathematics.



Adults Learning Mathematics: Research, Practice and Policy.

There were 5 keynote speakers, 9 further short talks, 12 workshops and several posters. Over 90
delegates from 13 different countries attended and contributed. Highlights, in addition to the keynote
addresses, included:


A collaboration with NALA, to provide workshops for Adult Numeracy Tutors.


An all-conference symposium on policies for and models of numeracy. Outcomes and
recommendations were recorded and are currently being disseminated to a national and international
audience (Mac an Bhaird, Maguire, & O’Shea, 2017b).
The range of organisations\societies present at this conference provided a significant opportunity to
promote the extensive MLS provided to adult learners in Ireland with a view to increasing cooperation and collaboration. In addition to members of the IMLSN and the ALM, conference delegates
came from societies such as the Irish Mathematics Society (IMS), and delegates also included
practitioners and policy makers in relation to adults learning mathematics both nationally e.g. NALA
(National Adult Literacy Agency), SOLAS (Further Education and Training Authority), etbi
(Education and Training Boards Ireland), and internationally through the ALM.
Draft Proceeding s

Further details on both the ALM, and on the conference, including abstracts for all presentations, and
some of the presentation slides are available from the conference website http://www.almonline.net/alm-23-maynooth/
IMLSN Workshop at ALM 23

This workshop explored insights from student and tutor experiences of MLS, and
also considered aspects of the practical operation of MLS.
As the majority of attendees at ALM23 were not directly involved in MLS, we decided to start the
workshop with a brief presentation from the first author outlining the background and ethos of the
IMLSN, and a description of MLS provision in general.
After this introduction, an adult learner from Maynooth University discussed her journey through
education, which included a period in further education prior to her entrance to university. She then
focussed on how the assessment and feedback provided to her through peers, the Department and her
engagement with MLS motivated her in her studies. She concluded with an observation on the
importance of self-assessment in a MLS environment.
With all the feedback given to you during your studies, you need to do something with it. And you
also need to take on honest look at yourself throughout the whole process and assess yourself too. I
think it's something that needs to be visited often as you can forget to remind yourself how far you've
come or maybe through subtle hints from your tutor that the socks need to be pulled up. You need to
be willing to be very honest with yourself.
This student presentation was followed by an experienced MLS and Departmental tutor who gave a
brief overview of the assessment and feedback procedures in the Department of Mathematics and
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Statistics in Maynooth University. She described the factors influencing the type of feedback an MLS
tutor can give: the tutor’s evaluation of the mathematical ability and confidence of the student; how
well the tutor knows the student; is it group or one-to-one help; does the student ‘know’ what they
‘don’t know’. She added that the atmosphere of the teaching environment is also key.
One of the nice things about the MSC (Maths Support Centre), it gives you a chance to build a proper
relationship with students, and causes any interactions with them to be far more informal than in a
tutorial set up. As you get to know these students better, you have a better idea of what they are at, and
how you can interact with them – this changes the style of questioning further. If I know and get on
with a student, I am more likely to push them harder, while, hopefully seeming light hearted.
Dr. Eabhnat Ní Fhloinn discussed the findings of 2014 IMLSN Report ‘Student Evaluation of
Mathematics Learning Support: insights from a large multi-institutional’ (O’Sullivan et al., 2014),
with a specific focus on results related to adult learners and their engagement with MLS (Fitzmaurice,
Mac an Bhaird, Ní Fhloinn, & O'Sullivan, 2015). This survey had 1633 respondents across 9 HEIs,
13.5% were adult learners. Of the 221 adult learners who responded, 61.5% used MLS compared to
32.2% of Traditional Learners. Adult learners indicated that MLS had a positive impact on their
confidence (67% of adult learners), MLS had an impact on mathematics performance in assessments
(65%), MLS was helpful in coping with mathematical demands of course (72%), 17/25 did not drop
out of education because of MLS. The 2014 report also recommended increased collaboration between
practitioners of MLS and other staff, including those teaching courses\modules. This recommendation
connects the assessment of and assessment for learning, and is discussed further in other work, e.g.
(Cronin et al., 2016; Cronin & Meehan, 2015).
The next speaker was Dr. Anthony Cronin who described a unique data management system used in
MLS provision in University College Dublin (Cronin & Meehan, 2015). It allows for feedback
between MLS and Department staff whereby all lecturers receive an automated email each week
detailing the anonymised feedback entries for their module(s) as recorded by the MLS tutors that
week. The usefulness of this feedback to lecturers, and if, and how, this feedback impacts on their
practice is being further explored.
The second author closed this session with a presentation on the main results of the survey of MLS
provision on the island of Ireland in 2015 (Cronin et al., 2016). It was reported that in 2015, MLS was
provided in 25 of the 30 institutions that participated in this survey; the presenter noted that this
represented a significant growth in MLS provision in Ireland from the 13 institutions that were
reported to provide MLS in 2008 (Gill, O’Donoghue, & Johnson, 2008). However, of concern was the
fact that MLS provision was established on a permanent basis in only eight of the institutions
surveyed. The final result presented was that a significant proportion of those availing of MLS in 2015
were non-traditional students including adult learners, indicating a high level of engagement of adult
learners with MLS.
Workshop participants considered the question Is assessment provided in MLS ‘Assessment for
Learning’? in a round-robin group discussion. The following outcomes were recorded:
Outcomes

•

Tutor feedback plays an important role in allowing the student to learn, self-assess and
develop in a safe environment. The workshop participants considered this to be
‘Assessment for Learning’.

•

The MLS environment allows students to learn by watching how the tutor approaches
an unknown problem, they may observe the tutor making mistakes and how the tutor
learns from these mistakes.

•

MLS tutors assess students. They assess what point in the learning process the student is
at, and the approach to tutoring adopted depends on this assessment. This is established
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each time the student attends MLS; the students’ progress is assessed by the tutor on an
ongoing basis.
•

The manner in which a student engages with MLS plays a key role in the ‘Assessment
for Learning’ that takes place in MLS. The earlier in the semester and the more
frequently the student attends, the more likely ‘Assessment for Learning’ will take place
as there is more time for student to take tutor feedback on board.

•

Academic structures play a crucial role, e.g. regular assessment can lead to a greater
engagement with MLS.
Impact

The outcomes of the workshop will be discussed with the IMLSN, the ALM and the National Forum
in terms of how they tie in with existing policies and projects, and whether initiatives can be
established to action some of the outcomes.
Acknowledgements
The workshop organisers (A. O’Shea, C. Mac an Bhaird (both Maynooth University), C. Breen (DIT)
and Ciarán O’Sullivan (IT Tallaght) appreciate the funding received from the National Forum which
facilitated this workshop. We also appreciate the significant contributions of the participants,
presenters and E. Berry and A. Dunphy (Maynooth University).
The ALM conference was also supported by the 3U Partnership, the Department of Mathematics and
Statistics at Maynooth University, Fáilte Ireland, Maynooth University, the National Adult Literacy
Agency (NALA), and the IMS.
References
Draft Proceeding s

Berry, E., Mac an Bhaird, C. & O’Shea, A. (2015). Investigating relationships between the usage of Mathematics
Learning Support and performance of at-risk students. Teaching Mathematics and its Applications, 34,
194 - 204.
Carmody, G. & Wood, L. (2005). Bridging the gap for first year students with the use of peer tutoring. In M.
Horne & B. Marr (Eds.) Connecting voices in adult mathematics and numeracy: practitioners,
researchers and learners. Proceedings of the Adults Learning Mathematics (ALM) 12th annual
international conference (pp. 76-81). Australian Catholic University, Melbourne.
Cronin, A., Cole, J., Clancy, M., Breen, C. & Ó Sé, D. (2016). An audit of Mathematics Learning Support
provision on the island of Ireland in 2015. Cole, J., Cronin, A., O’Sullivan, C. & Mac an Bhaird, C.
(Eds). An Irish Mathematics Learning Support Network Report, ISBN: 978-1-910963-07-4.
Cronin, A. & Meehan, M. (2015). The development and evolution of an advanced data management system in a
Mathematics Support Centre. In D. Green (Ed.) Proceedings of the CETL-MSOR Conference 2015 (pp.
21-27). The sigma Network, Mathematics Education Centre, Loughborough University.
Fitzmaurice, O., Mac an Bhaird, C., Ní Fhloinn, E. & O'Sullivan, C. (2015). Adult learners and mathematics
learning support. Adults Learning Mathematics: An International Journal, 10 (1), 68 - 83.
Gill, O., O’Donoghue, J., & Johnson, P. (2008). An audit of mathematics support provision in Irish third level
institutions. Regional Centre for Excellence in Mathematics Teaching and Learning, University of
Limerick, Republic of Ireland.
Lawson, D., Croft, A.C., & Halpin, M. (2003). Good Practice in the Provision of Mathematics Support
Centres (2nd edn.). Birmingham: LTSN Maths, Stats and OR Network.
Mac an Bhaird, C., Maguire, T. & O’Shea, A. (2017b). National and international perspectives on policies for
and models of numeracy. In J. Díez-Palomar, G. Griffiths, C. Mac an Bhaird, A. O’Shea (Eds)
Numeracy: A Critical Skill in Adult Education. Proceedings of the Adults Learning Mathematics
(ALM) 23rd annual international conference (pp.97-100) Maynooth University, Ireland.
O’Sullivan, C., Mac an Bhaird, C., Fitzmaurice, O. & Ní Fhloinn, E. (2014). Student Evaluation of
Mathematics Learning Support: Insights from a large scale multi-institutional survey. An Irish
Mathematics Learning Support Network Report, ISBN: 9781905952388

Adults Learning Mathematics – A Research Forum (ALM)
96

Section 2. Presenter Articles

National and international perspectives on policies for and models of
numeracy
Ciarán Mac an Bhaird

Terry Maguire

Maynooth University
<ciaran.macanbhaird@nuim.ie>

National Forum
<Terry.Maguire@teachingandlearning.ie>
Ann O’Shea
Maynooth University
<ann.oshea@nuim.ie>

Abstract
One of the themes of ALM 23 was policies for and models of numeracy, and several contributions to ALM 23
focussed on these matters. This paper is a report on an all-conference symposium which aimed to discuss this
theme. This is not a discussion paper, rather it is a collation of the outcomes of the symposium. Our hope is that
this will facilitate future discussions and investigations in this area.

Introduction
The Adults Learning Mathematics (ALM) 23 conference ran over 4 days in July 2016 in Maynooth
University. Prior to the conference announcement, the local conference organisers (first and third
authors) were involved in discussions with the ALM committee, local practitioners, and policy makers
in relation to numeracy issues for adults. The local organisations included NALA (National Adult
Literacy Agency), SOLAS (Further Education and Training Authority), and the etbi (Education and
Training Boards Ireland).
A recurring theme which emerged from these discussions was that, while policies and models
regarding literacy are standard in further education in Ireland, policies and models in relation to
numeracy are less common. If such policies exist, they are not distinct from literacy policies.
Certainly, it was made clear to us that there was no one size fits all approach, and it was requested that
we (at ALM 23) try to facilitate a discussion on best practice in relation to policies on and models for
tackling numeracy.
After a discussion with the ALM trustees, and it was decided that an all-conference, large group
symposium would be the optimal strategy. To this end, in advance of the conference, a special call was
put out for workshops, papers, and posters which would contribute to this theme. Each day during the
conference, delegates were reminded of the symposium and asked to take notes from any contribution
that they attended which they felt would contribute to the discussion. Abstracts for all contributions to
ALM 23, and presentations from most contributions are available from the conference website
http://www.alm-online.net/alm-23-maynooth/
All-conference Symposium
rd

At the end of the 3 day of the conference, delegates gathered in the mathematics support centre in
Maynooth University for the symposium. This venue was chosen as it facilitates small round-table
group discussions.
The symposium was chaired by the second author. It started with a reminder of the aims of the session
and the key themes of the conference:



Numeracy: A Critical Skill in Adult Education.
The Language of Mathematics, and Language and Mathematics.

Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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Adults Learning Mathematics: Research, Practice and Policy.

Participants were split into small groups. There were delegates from 13 different countries attending
ALM 23, which enabled a range of different practices and policies employed at different levels in
different countries to be discussed. Participants were given five statements\questions to consider and
the main responses\outcomes from delegates are outlined below.
Questions and Responses
1.

Issues of identity for ALM members and the broader mathematics education (ME)
community. Where does ALM fit?

a)

The A (in ALM) differentiates ALM members\practitioners from ME.




In Adult Mathematics Education (AME), the A is very important. There is a clear difference
depending on whether you consider that the Adult is central, and ME follows, or that the ME is
central and the Adult follows.
Adult learning is different to ‘other’ learning: it is varied in terms of size and methodologies.
There has been a lot of research to-date, but it requires more research around items like
pedagogy, motivation, and the impact of time restrictions and working conditions for many
practitioners and researchers.

b)

Do ALM members feel that they are part of the broader ME community and vice versa?



ALM members are part of the ME community, and vice versa. There are some barriers between
the two communities but there are also clear links in terms of theory, research and practice.
It is not clear that there exists a standard model\description of ME and AME (or ME-A?), or
even what such a model\description would be.
There was a concern regarding the possible perception that findings from one group could
impact negatively on the other, e.g. if the numeracy is so bad in adults, what does that say about
ME?
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2.

What is the impact (if any) of living, learning, and working in a digital world, on
numeracy teaching and learning?



The digital world can have a huge impact on students and teachers. Adults are embedded in a
digital world and this must be reflected in our teaching, we must give them the opportunities,
and prepare them for this reality.
Technology is the new fluency and, especially for people from lower education backgrounds,
students can have almost everything close to hand e.g., in their phone. Technology can empower
students.
Students who do not learn in traditional settings, can still learn mathematics at home using
technology. It can be cheaper (financially) and it can be an adult student’s second chance to
learn in a different way. However, there is a danger that students using technology in this way
may not meet and tackle their (mathematical) fears.
It can be very time-consuming for teachers to follow and keep up with technological
developments and teachers must be digitally literate.
Using technology only when students do not understand through traditional means is not good
practice. There can be an imbalance between the mathematical ability and digital literacy of the
student, and as a result, there is a danger that the support you can give students using technology
may not fully meet their mathematical development needs.
Not all learners\teachers want to use digital techniques, do they have a choice? For example, if
students use a calculator too much, some teachers have concerns that students will not develop
reason and estimation skills. It can also be very difficult to write maths on a computer or a
tablet.
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3.

How do we address the issues around the type of language used in policy documents, in
instruction of mathematics and how mathematics is talked about?



There is a distinction between the language used in public, in instruction and in policy
documents. The key is vocabulary.
There was a suggestion that the ALM make a list of words and highlight their different meaning
in the maths world and the real world e.g., tables, mean, triangle, and add this list to the website.


a)

Language of instruction




The language used in instruction deals with the search for answers, looking for truth.
A concern, especially in context questions, is whether or not we are measuring language skills
or maths skills? For example, if students or adult learners have low vocabulary (e.g. immigrants
or people who are not proficient in the language that the teacher is using), then are we really
testing maths skills?
What happens if, in your native language, you do not have the word for a certain (mathematics)
situation or teaching strategy that occurs? The word exists in another language, but not in your
own language. This can also have implications for teacher training.



b)

Language used in public



Highlighted issues include: maths anxiety, bad results and the idea that is it seems ok to say
“I’m not good at mathematics.” In terms of the use of mathematics in public, we need to have
more public awareness about mathematics, and being good at mathematics.

c)

Language used in policy



Policy makers often discuss mathematics using negative language terms, e.g. remedial,
innumerate or deficit when approaching mathematics. The ALM research forum should consider
issuing a statement, which asks that these terms are used in an appropriate and a positive way.
This could then be simulated by the main policy makers, stakeholders, organisations, etc.

4.

Is there a disconnect between teaching and assessment at different levels of the education
system? Is this disconnect a product of miscommunication?



Quantitative research is required to establish what good practice is. Evaluation and evidence is
needed to determine what works and why, and what does not work and why at every level.
It is important to adapt good practice to the country, the school, the students, the teacher, the
class and the context. They all vary on a continuous basis.
There can be disconnection and miscommunication between levels, e.g. between secondary and
tertiary, but also between the secondary and the primary. It seems common to blame the
previous teacher\system, e.g. my students are bad because the teacher they had before was not
good. We need to work on this connection and on communication.
There can also be disconnection and miscommunication with the workforce. Anecdotally it is
often reported that students in tertiary level learn certain maths, but when they get out in the
workforce they are told that they do not need that mathematics, they need other mathematics.
To address the disconnection, the context that material is taught in, the content (what do we
need to learn and when), and how it transfers to other areas and what it achieves needs to be
communicated.
Proper assessment and communication is key for transferring between levels: have you
achieved, have you mastered what you were supposed to learn and can it transfer to different
areas?
It is important that we do not continue to only refer to what worked in the past. We need to look
forward to the future, and consider how to bridge the various gaps.
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5.

Service teaching: Research in this area is growing but finding a voice outside of ME is
challenging. Service teaching in engineering has already found a separate voice (for
example), so has the ALM missed the boat here?



The ALM research forum has not missed an opportunity; they have an active membership,
building research etc. However, perhaps they have not made enough of the opportunity, and that
is the real issue.
Is mathematics and numeracy really a problem that concerns a lot of people?
The ALM research forum and related bodies need to have a voice in the right places if they want
to have influence. The question remains, what are those right places?
Practical things to do could include: placing material on the website that would create links, e.g.
actual links to mathematics. There is the potential to link to different industries and talk about
mathematics there. Create liaisons with various national organisations.
We could have a publicity pack that everybody can access. For example, a pack could say that
this is the ALM and this is what we do. Here is what we think is needed to help support adults
learning mathematics. This could be in the form of a leaflet.






Conclusions
This document reflects the discussions of the all-conference symposium, and the outcomes do not
necessarily reflect the views of the authors. As you would expect, with delegates from 13 different
countries, a mixture of practitioners and policy makers from different levels, there is a broad range of
opinion. The authors hope that this paper will help facilitate discussions, and we will circulate the
outcomes to all the relevant bodies and memberships.
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Ten reasons why adults should know the history of number when learning
mathematics
Fiacre Ó Cairbre
Maynooth University
<fiacre.ocairbre@nuim.ie>
Abstract
I give a variety of reasons why adults should know the history of number, when learning mathematics. One
important reason for discussing the history of number is that it shows adults where the idea of number came from
and what society was like before number was created. Adults are familiar with number but many are unaware of
how it came about. After adults see where the idea of number came from, they often change their perception of
mathematics for the better. This change in perception is important in mathematics education. This is a discussion
paper.

Introduction
The ten reasons are based on many years’ experience of teaching and promoting mathematics among
adults in the general public. The feedback I receive from adults, regarding many of the reasons below
in relation to the history of number, is positive and often leads to a change in their perception of
mathematics for the better. This change in perception is crucial in mathematics education because it
often leads to an enhancement of the understanding, awareness and appreciation of mathematics. The
duration of exposure to the history of number can vary from a few minutes to much longer if
appropriate and the level of exposure can range from basic to advanced if required.
Reason 1
Draft Proceeding s

It shows adults where the idea of number came from and offers a view of a society that
existed before the idea of number was created.
Before the idea of number was created, there were many methods of counting, including notches on
bones and gathering pebbles in a one-to-one correspondence. The famous twenty-thousand year old
Ishango bone has a set of notches and may have been like a Stone Age computer! Later on a variety of
vocal sounds was developed as a word tally against the quantity of items in a small group. We still
have many such words today, including a pair of shoes, a couple of days, a yoke of oxen and a brace
of pheasants. The idea of the number two had not yet been developed because different words for 'two'
were used depending on the object involved.
The next stage in the evolution of number was the symbolic representation of a number of specific
objects. Around 6000BC the Sumerians used clay tokens to count collections of objects and different
shaped tokens were used for different objects. For example, circular tokens might be used for counting
sheep and rectangular tokens might be used to count chariots. These tokens were put inside a sealed
clay envelope, which would act as a record of the quantity involved. After some time, it was realised
that if one made the required amount of impressions (of the tokens) on the soft exterior of the
envelope, then there was no need to break the seal to find the quantity involved.
Later, it was realised that the actual tokens inside were superfluous and all that was required were the
outer markings on the envelope. So, by 3000BC the Sumerians had replaced physical counting
devices (tokens) by written numerals/symbols (outer markings). Later, it was realised that for certain
operations like addition etc. the shape of the outer marking was irrelevant and all that mattered was the
quantity of outer markings. We are now very close to the birth of the idea of number because we now
have independence from the type of object (i.e. shape of the outer marking) involved. In order to
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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appreciate the birth of number as an idea, we will look at the example of the number two. Here is one
way to think of the number two as an idea:
Think of all pairs of objects that exist. They all have something in common and this common thing is
the idea we call two.
All natural numbers are ideas in a similar way. Note that the above idea of two is different from two
sheep or two chariots etc. Numbers are indispensable in today's society and arise almost everywhere
from phone numbers to football scores to timetables. The reason numbers are ubiquitous is because
numbers are ideas and not something physical. The seemingly trivial statement that 5+7=12 is actually
an abstract statement because it deals with ideas (rather than physical things) and very importantly, it
solves infinitely many problems in one go (because one can select any object). It's physically
impossible to solve infinitely many problems in one go and yet it can be done with number as an idea.
It borders on magic that this can be done. It also illustrates the remarkable practical power of the idea
of number.
Reason 2
It reveals the diversity of cultures involved in the history of mathematics.
Many cultures play a role in the history of number. We give examples involving the following:
Babylonian, Egyptian, Indian, Arabic, Greek and Irish. The Babylonians were the first to have a
symbol for what we now call zero. Around 300BC a symbol for zero was created as a position
indicator in the sense that it was created purely as a way of indicating a missing power of sixty (Seife,
2000). The Babylonian number system was very different from the contemporaneous Egyptian
hieroglyphic number system which didn't need a zero. Around 500AD, the inhabitants of southern
India were the first to consider zero as a number in its own right instead of just a position indicator, i.e.
they considered addition, multiplication etc. with zero. This was a massive intellectual jump. It's as if
one had the wild thought of considering a comma as a letter. There were some difficulties. For
example, their attempt to divide by zero caused some confusion. The Indians had created our current
positional base ten number system over two thousand years ago. The Arabs acquired the idea of zero
and this number system from the Indians and subsequently introduced the whole positional base ten
number system into Western Europe. This system is called the Hindu-Arabic number system and is
now our current number system.
Draft Proceeding s

Around 500BC, Pythagoras developed the theory of rational numbers. Hippasus, a member of
Pythagoras' cult, discovered the first irrational number, √2, and this led to a crisis in mathematics
because all proofs before that assumed all numbers were rational. Supposedly, Hippasus was murdered
because the existence of an irrational number contradicted the Pythagorean motto that all is number
(meaning everything can be explained by rational numbers). Since then, important numbers like π and
e have been shown to be irrational also (Blatner, Maor 1994). Our current theory of music and scales
was born from Pythagoras' use of rational numbers after he entered a blacksmith's forge around 500BC
(Ó Cairbre, 2009a).
Ireland can get a mention here because of Hamilton's famous creation of the seemingly strange new
numbers called quaternions on October 16, 1843. Hamilton scratched his quaternion formula on the
bridge at Broombridge in Dublin and this piece of mathematical graffiti changed the world of
mathematics forever. One could say, one small scratch for a man, one giant leap for mathematics! See
reason 7. for more on this. Quaternions have many significant applications today including space
navigation, computer animation and special effects in movies.
Reason 3
It highlights how numeral systems are like hairstyles --- they go in and out of
fashion.
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I think it's good for adults to see that our current positional base ten number system is just one of many
that have been used throughout history. Our current number system has only been widely accepted in
Europe since 1500AD, which surprises many adults. Many other systems have been used throughout
history. For example, the Babylonian sexagesimal system from 3000BC, the Egyptian hieroglyphic
system from 3000BC and the Roman numeral system. The Irish language provides a hint of a former
base twenty number system because the Irish word for forty is daichead and this is derived from the
words dó fiche which mean two twenty. The base twelve number system was very common in ancient
times and we still have a special word for twelve (i.e. dozen) today. The reason twelve was common is
because ancient civilisations would often count to twelve on one hand by moving the thumb along
each of the three sections on the four fingers. Today, we inherit many things from base twelve
including twenty-four hours in a day. Ancient cultures wanted to divide the day into an equal number
of light units and dark units. Twelve was their convenient number and so they divided the day into
twelve light units and twelve dark units. Hence, they had twenty-four hours in a day.
Reason 4
It shines a light on the humanity of mathematics and introduces adults to interesting
characters.
Mathematics comprises an abundance of ideas. So, mathematics exists in the world of ideas and it is
created in people's minds. It can surprise some adults that mathematics doesn't exist in the physical
world and it can change their perception of mathematics for the better when they accept that
mathematics exists in their minds. Of course, mathematical ideas can be exceptionally powerful when
they are applied to the physical world. The humanity of mathematics is best illustrated by telling
stories related to famous mathematicians. There is a wide diversity of mathematicians involved in the
history of number including Pythagoras, Hippasus, Al-Khowarizmi, Fibonacci (with his rabbits and
Fibonacci numbers), Fermat, Gauss and Hamilton.
Reason 5
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It reveals the story behind the origin of many common words in mathematics.
It can be interesting and fascinating to see the origin of many of our common words in mathematics.
We also obtain a glimpse of the rich history of mathematics every time we encounter the origin of a
word in mathematics.
In 825AD, the famous Arabic mathematician, Al-Khowarizmi produced a celebrated work entitled Aljebr w'al-muqabalah. In Arabic, al- means the, jebr is a noun meaning the reunion of broken parts,
muqabalah is a noun derived from the verb jabara meaning to set equal. So, the title of the work
describes some of the manipulations commonly found in what we now call algebra, e.g. combination
of like terms and setting two expressions equal to each other. After the work arrived in Europe, the
title was soon shortened to algeber, and eventually ended up as algebra. Al-Khowarizmi's book
provided the main introduction of (what we now call) algebra in Europe.
The word, line, comes from the Latin word, linum, which means flax. The Romans manufactured linen
thread from flax and when this linen thread was pulled taut it was a very good approximation to what
we now call a straight line.
Reason 6
It shows the remarkable practical power of number follows from number being an
idea and not something physical.
See the last paragraph in Reason 1. Also, prime numbers are now indispensable in the best
cryptosystems for protecting electronic transmissions from third parties. For example, the RSA
cryptosystem depends fundamentally on the factorisation of large primes.
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Reason 7
It illustrates the freedom in mathematics.
Cantor once said that freedom is the essence of mathematics. This can shock many adults who think
that one has to always follow rules in mathematics (Ó Cairbre, 2013).
There are many examples of freedom in the history of number. In reason 2. above we saw how the
Indians were free to try to make zero into a number in its own right and not just a position holder. We
saw how this would have seemed as crazy as trying to make a comma into a letter. We now have zero
as number in its own right because of the Indians' wild idea. Our mathematics might be very different
if the Indians had not pursued their wild idea. In 1843 Hamilton shocked the mathematical world by
creating a new number system where the commutative rule (ab=ba) was not satisfied. There had been
a principle called Peacock's Principle that any new number system should satisfy the rules of ordinary
numbers in arithmetic. Hamilton's new quaternions shattered this rule and he was called the Liberator
of Algebra. Hamilton was free to create quaternions and this opened up a whole new mathematical
landscape where mathematicians were free to conceive new algebraic number systems that were not
shackled by the rules of arithmetic.
Reason 8
It can change an adult's perception of mathematics for the better.
I have many years’ experience teaching and promoting mathematics in the general public. I find that
when many adults hear some of the stories related to the history of number they will change their
perception of mathematics for the better. This can then enhance their understanding, awareness and
appreciation of mathematics.
Reason 9
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It shows how research in mathematics has been and (still is) a vibrant part of
mathematics, with many problems still waiting to be solved.
Many adults think that mathematics is all done. I think it is very important that adults are aware that
research in mathematics is vibrant with many problems waiting to be solved and new theories waiting
to be developed. Here are three (of many) problems related to numbers that have been unsolved for
over two thousand years: How many twin primes are there? Is there an odd perfect number? How
many perfect numbers are there? Twin primes are two primes that differ by two, e.g. 3, 5 and 17, 19. A
positive whole number is perfect if it is the sum of its positive divisors (excluding itself), e.g. 6, 28.
Reason 10
It touches on the beauty in mathematics.
The quest for aesthetics was the motivation for the Classical Greeks (around 600 BC) in creating
mathematics as we know it today. The Classical Greeks were deep philosophers and were interested in
the beauty in mathematics and not necessarily the immediate practical power and yet their
mathematics has turned out to be exceptionally powerful in the physical world. Much of the beginning
of the story of number involved the Classical Greeks.
Beauty in mathematics relates to the beauty of ideas and does not relate to our five physical senses. Of
course, the beauty related to our five physical senses is fundamental to our civilisation. I believe that
beauty is the most important feature in mathematics (Ó Cairbre, 2009b). A nice example of beauty
from the history of number is the famous story regarding Gauss' first arithmetic class. The teacher had
to leave the room for ten minutes and asked the pupils to add up all the numbers from one to a
hundred. Gauss had the answer before the teacher left the room. Gauss paired the numbers 1+100,
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2+99, 3+98...., 50+51 to get the answer as 50x101=5050. Compare this to the cumbersome and tedious
1+2+3...+100. Gauss' idea has elegance and is aesthetically pleasing.
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Abstract
In 2010 the Dutch Government introduced a new framework for numeracy. From that moment on all students in
vocational education and training (VET) had to follow a programme on learning numeracy according to their
level of VET, leading to the mandatory examination of numeracy by national digital exams. Numeracy is
therefore acknowledged as a critical 21st century skill. Pilot examinations have shown that a large number of
VET students fail the standards of the new numeracy exams. This was the main reason why, in 2015, the
Government decided that all students had to take the exams but that a ‘fail’ does not yet prevent them from
receiving a VET diploma.

Introduction
What do students learn at school nowadays? It was acknowledged that a lot of young people starting
vocational education had great difficulties with reading, writing and arithmetic, so this question was
asked many times by a lot of people in different layers of Dutch society. This is why the Dutch
Government established an expert panel “Doorlopende leerlijnen taal en rekenen” [Continuous
Learning Strands Literacy and Numeracy] tasked with developing a framework for literacy and
numeracy for children aged 8 to 18. In Dutch this framework is called “Referentiekader taal en
rekenen” (Ministerie van OCW, 2009). At the same time the Government introduced mandatory
exams, based on this framework, for literacy and numeracy in vocational education and training. This
paper describes the Dutch Government’s policy on the implementation of this framework and the
mandatory examination of numeracy only.
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Implementation of the Dutch numeracy framework
In 2010 the law ‘Continuous learning strands for literacy and numeracy’ came into effect. In summary,
this law states that all VET students starting VET from 2010-2011 should be taught numeracy based
on the numeracy framework. Besides this, students are examined through digital examinations. These
examinations are the same for all students at a certain level of education (primary, secondary or VET)
and are also based on the Dutch framework for literacy and numeracy (Ministerie van OCW, 2009).
The numeracy framework consists of six levels which are 1F, 1S, 2F, 2S, 3F and 3S. The letter F
stands for “fundamental” level and the letter S stands for “strive” level. The levels 1F and 1S contain
standards for 12-year-olds. The levels 2F and 2S contain standards for 16-year-olds. The 2F level is
considered to be the level every citizen in the Netherlands should command, because it is the required
level to be able to participate in society and to cope with quantitative aspects of the surrounding world.
The 3F level is the standard for students in the highest level of VET in the Netherlands. This level
allows students to continue their educational career in higher VET education. (Hoogland & Stelwagen,
2011).
In the framework, numeracy is divided into four domains:



Numbers;
Proportions;
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Measurement and Geometry;
Relations.

In each domain there is a distinction between:




Functional use;
Ready knowledge;
Knowing why.

The framework is based on the idea that calculating should take place in real-life situations.
The examinations based on this framework are mandatory for secondary education as well as for
vocational education. The items in the exams are supposed to be based on real life situations.
Arrangement: Intensification Dutch literacy and numeracy
Since numeracy has not been part of the curriculum in many VET programs for a long time, schools
were suddenly confronted with the task of introducing lessons in numeracy or, in any other way,
finding means to prepare students for the numeracy examinations. Besides that, it appeared that many
students who entered a VET programme were nowhere near the level with which they were supposed
to enter VET, let alone the level they should attain eventually.
This is why, together with the implementation of the law ‘Continuous learning strands’, the Dutch
Government introduced an arrangement for the intensification of literacy and numeracy. According to
this arrangement all schools for VET received (2010–2013) a certain amount of money annually to
intensify the education of numeracy and languages. The total amount of this arrangement was 50
million Euro per year, which was divided amongst the schools on the basis of certain criteria. For
instance, schools in the larger cities, with a lot of immigrant students, received more money than
schools in other places. The schools received the money under the condition that they delivered an
implementation plan and that they reported about their activities in their annual report for the Dutch
Government [Regeling intensivering Nederlands en rekenen mbo]. In 2014 this arrangement was
continued for one more year.
Draft Proceeding s

The financial resources were supposed to be spent on the following activities:







Adjustments in pedagogic and didactic issues in education, language and numeracy;
Examination of students;
Extra lessons;
New or adjusted facilities;
Professionalizing teachers in teaching mathematics;
Professionalizing teachers in their own numeracy skills.

In annual reports that schools have to deliver, they also have to reflect on the results of their efforts.




Reflection in relation to the implementation plans;
Reflection in relation to the effects on student outcomes;
Conclusions and adjustment of the implementation plans (if necessary).

From 2015 on, these financial resources were transferred to another arrangement based on agreements
on quality between the Dutch Government and the schools for VET. This means that the money is no
longer reserved only for numeracy and literacy.
Mandatory national exams
Together with the law on the continuous learning strands, mandatory national exams were announced,
designed by the Dutch Government. A special computer program was developed because all the exams
should be conducted digitally. By examining numeracy with similar exams for all students the
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Government was able to follow the progress through the results. The exams contain all domains of
numeracy defined in the Dutch framework.
In 2009-2010 a trial period started for this national examination. This trial period was due to end in
2013, from which moment on the exams should have been implemented definitively and mandatory
for all students in secondary vocational education. The results of the examination would influence the
certification (diploma) of the students. However in December 2012, it was decided to extend the trial
period by two years. Time that was given to implement numeracy education according to the new
framework had proven insufficient. Results for the trial exams were so poor that definitive
implementation was not considered feasible. Because of this extension, both the Government and the
schools had more time to prepare for the definitive implementation of the exams.
Also in the pilot period, an issue popped up concerning the logistic and technical implications of the
implementation of digital exams. It cost schools a lot more energy and money than had been foreseen.
At this moment (2016), it seems that schools solved these problems well.
Last year (2015-2016), the mandatory national examination of numeracy was definitively
implemented in the highest level of vocational secondary education. This will also be the case for the
lower levels this year (2016-2017), but not yet for the basic level of VET.
Numeracy does not affect certification
Even though the exams were implemented as planned, in the autumn of 2015, the Dutch Government
decided that the results for the mandatory national exams in numeracy would not affect certification.
The results on the trial exams caused the Minister of Education to doubt the feasibility of allowing
these results to affect certification. It was decided that the effect on certification should be postponed
until 2020-2021. But under pressure from the Dutch Parliament, it was decided that the effect of the
results for numeracy should depend on the results of the numeracy exams in secondary education.
These results were also not good enough to let them affect certification. Now it has been decided that
the exam results in numeracy will only affect certification in secondary education once the total results
are above a specified level. After this occurs, the results of the numeracy exams can count towards
certification in VET. So at this moment it is unclear when results of the national examination will
affect certification, although in the meantime the results for the exams will be displayed on the
diplomas of the students.
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The implementation process seen from the schools’ point of view
With the announcement of the implementation of the Dutch framework for numeracy there soon was a
positive attitude from the schools towards the education of numeracy in VET. The extra financial
means helped a lot, as well as the information provided by the National service desk for numeracy and
languages in VET, which was installed by the Government in 2009.
A large number of schools started to make plans to introduce the education of numeracy in their
curricula. Numeracy had not been part of the VET curriculum for some time. But schools were aware
that something had to be done to improve the level of numeracy in the Netherlands.
The focus of most schools was the introduction of numeracy on three levels:




As part of the vocational subjects;
As a separate strand in the curriculum; and
As a remedial strand.

To support this process almost all schools appointed a coordinator or numeracy coach. The
implementation of the mandatory exams was urgent, to the extent that most vocational programs made
numeracy a separate part of the curriculum in order to prepare the students for the exams. At the same
time schools set up centres for language and numeracy to help those students who needed remedial
teaching. Also schools hired teachers in numeracy and many teachers were trained in teaching
numeracy. Furthermore there was a search for learning materials. Many schools decided to choose one
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learning method to teach numeracy for the whole school. Another aspect was the testing of students at
the start of their learning programme.
Concerns
From September till December 2013, and from September till December 2014, the National Service
Desk visited all schools for VET twice and discussed the implementation of numeracy in the schools.
These visits showed a lot of concerns about the implementation. The main concerns were, and partly
still are:


The fact that the results of the exams during the trial period do not affect certification has a bad
effect on the motivation of the students to work hard to pass their exams. This was seen as an
explanation for why the results were still low level.



The expectation that in the future a lot of students will fail their exams in numeracy and will
therefore not be certified was considered unfair. It does not feel right that good craftsmen are not
able to get a diploma because of bad numeracy skills.



There was a lot of criticism about the digital exams. Bottlenecks that were mentioned were: not
having the possibility to scroll back to items that had been solved before because of the computer
program that was used; the questions contained too much language and there were too few items
without context; teachers and students did not get feedback on the issues they failed; a calculator
that had to be used in the computer program was not suitable. There were no examples available of
the exams, so students had no possibility to practice.
In December 2013 there was a hearing in the Dutch Parliament in which the schools could share
their concerns about the exams. After that hearing, the Parliament installed a committee that
investigated the problems and made recommendations for improving the exams. The Minister
followed these recommendations and since then most problems have been solved. It is possible to
scroll back to previous items; students can see how they scored on different numeracy domains;
students and teachers can review the exam that was done by the student. Every year almost all
items are published.
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Another bottleneck was that students start their VET program with a very low level of basic
numeracy. Especially in the lower levels of VET where the programs last only one or two years,
students have to improve a lot in order to be able to pass the exams. This problem should have
been solved when the numeracy exams became part of certification in secondary education.
However, this has been postponed, so it is still a big topic of concern.
For this reason an easier exam (on a lower level than 2F) was developed for students in the lowest
levels of VET in 2015. Students should be able to pass this exam, but without passing an exam on
2F, they cannot start further study at a higher level.



Students who attend vocational training while working (1 day at school and 4 days at work) have
very little time to pay attention to numeracy skills. Schools wonder where they can find the time to
teach these student and give them an opportunity to pass their exams. This is still a big issue for
which an answer has not been found yet.



It seems that a lot of students in vocational educational programs may have severe numeracy
problems or even dyscalculia. It is hard to specify, without further investigation, whether these
problems are a disability or a shortcoming of the education in numeracy they had before they
started VET.
Meanwhile adapted exams are available for these students. These are exams at the same level as
the regular exams, but with fewer context free items and students may use a calculator for all
items. When a student wants to take such an adapted exam there has to be a dossier, which shows
what the school and student have done to reach a higher level in numeracy, and on which grounds
it is necessary that the student needs an adapted exam. When a student has taken this adapted
exam it is mentioned on his/her diploma. Maybe in the future this may have consequences for
passing on to further education, though at this moment this is not the case.
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There are a lack of good teachers of numeracy. Since numeracy was no longer a subject in
vocational education for a long time in many programmes, there were also not many teachers. In
many schools a lot of teachers who had a few spare hours were asked to teach numeracy. This
meant, however, that the teaching of numeracy was only a small part of their job and there was no
time for training these teachers. There also was a large shift in numeracy teachers over time, which
of course did not contribute towards gaining experience in teaching numeracy in VET programs.
Over the years, this problem has been more or less solved. Schools discovered the necessity of
training numeracy teachers. They realised that teaching numeracy means more than the ability to
solve some calculation problems. So teachers had to spend a larger part of their job teaching
numeracy. A lot of schools also appointed primary school teachers who are proficient at the
didactics of numeracy. Together with experienced VET, they formed separate departments for
numeracy in schools. Also, almost all teachers in numeracy have had some kind of training over
the years.



Which brings us to another concern. In the Netherlands there is no official training to become a
numeracy teacher in VET. Therefore in 2012, a committee developed a framework for numeracy
teachers which describes building blocks that can form the content of a training program. Training
institutes however are free to use this framework and there is no official diploma for numeracy
teachers.



Another problem was that there were many numeracy teachers that did not have the right level of
numeracy skills themselves, some of them failed the 3F exams. In some schools this meant that
they were relieved from giving numeracy lessons, but in other schools they had to continue
teaching numeracy, because there were no other teachers available. This, of course, is not very
helpful for the students.



At the start of the implementation of the framework there were no learning materials or methods
for teaching numeracy in VET. Luckily the educational publishers noticed a market and started
developing learning methods. Now schools can choose between different methods, and these
methods are regularly adjusted to new insights.
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The last, but not least, point of concern relates to the Government’s regulation and legislation. The
transition to working with the framework, and the phased transition to the national digital
examination meant different rules for different academic years and VET levels. Furthermore, the
permanent changes in regulation and legislation causes a lot of confusion in the schools. The
Service Desk for language and numeracy tries to inform the schools as much as possible, but still
gets about 2,000 questions a year about these regulations.
Current state of affairs

In October 2015 the Dutch Government decided that the results for numeracy will not affect
certification in both secondary education and VET. This decision will last at least 4 years, but
probably more. The majority of schools in VET consider this a deplorable decision. They are
disappointed because they invested a lot of effort in building up numeracy teaching and they saw a
steady increase in exam results. The expectations are that students will no longer be motivated to put
effort into passing their exams, although the results are mentioned on the scorecards of the students.
Also in some schools, management is less interested in investing in good numeracy education. When
they have to make choices it is not likely that they will choose to invest in numeracy since there are so
many other subjects that need attention, subjects that do affect the outcome of the educational
programs and gaining a diploma. As a result, numeracy departments are discontinued, remedial
teaching classes are no longer offered and teachers are not allowed to attend training in numeracy
teaching. Consequently, many practices that were set up concerning the teaching of numeracy in VET
are now broken down again.
The Ministry of Education foresaw this development and developed an Agenda for Numeracy
Teaching. This agenda, which was published in July 2016, is meant to keep up motivation in students,
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teachers and management. It was written in cooperation with the VET Council and the Council for
Secondary Education, the Students’ Organisation for VET and the Students’ Organisation for
Secondary Education. In the agenda several actions are announced in order to:




Motivate students;
Facilitate teachers and numeracy coordinators in schools;
Help managers and boards to be able to manage on the basis of the students’ results.

The VET Council has also developed a plan to maintain the focus on numeracy. They made plans
concerning:





The relevance of numeracy for the jobs the students are studying;
A special certificate for students rewarding those who are excellent in numeracy;
The relevance of numeracy for a successful educational career;
The professionalization of numeracy teachers.

At the moment of writing this paper, the Service Desk is starting a tour to visit all VET schools again
to find out: how the numeracy teaching is embedded in regular education; examples of outstanding
numeracy teaching practices; and to find out what schools need to further improve the teaching of
numeracy.
Conclusions
All aspects mentioned above show the very complicated implementation process of numeracy in
vocational and educational education. A process that is still not finished.
The estimated period of time to implement numeracy in VET was four years. However, while started
in 2010, the current academic year (2016-2017) is the first in which examinations in numeracy are
mandatory for all levels of VET.
Complications arose as a result of the intention to implement the framework for numeracy in all levels
of education at the same time, instead of making sure that the required levels of numeracy were met in
primary and secondary education. Another complicating factor was the implementation of digital
national exams. They underestimated the time it takes to develop proper exams representing the
requirements of the learning program.
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The fact that the Ministry of Education decided last year that the exams for numeracy will not affect
certification for an unforeseeable amount of time means that support for numeracy in VET is
deteriorating. The emphasis is now directed to showing the relevancy of numeracy for citizenship and
for the labour market. In certain occupational branches where numeracy does not seem to be relevant,
it is difficult to convince students of the necessity of having a certain level of numeracy.
However, most schools still believe that numeracy is an essential 21st-century skill. Hopefully they
will keep investing in good numeracy teaching and find ways to make numeracy meaningful for all
VET students.
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Abstract
Admitting that one is 'no good at mathematics' or 'hates mathematics' is a common admission among student
cohorts. For mature students who harbour a strong dislike of mathematics, these feelings can be exacerbated
when they are faced with having to do an obligatory service mathematics module as part of a programme of
study. For some mature students, their dislike of mathematics can be identified as mathematics anxiety. Their
experiences of mathematics as a subject throughout their lives are manifold, and depict a variety of emotions,
attitudes, and beliefs about the subject. In spite of their experiences with mathematics, mature students
demonstrate a persistence – and even a resilience - in respect of their engagement with mathematics. Research
on mathematics anxiety is frequently conducted using quantitative methods, in particular measurement scales
such as the Mathematics Anxiety Rating Scale (MARS) test or equivalent. However, while these tests reveal a
numerical representation for the level of anxiety felt by the participant, there is limited insight available into the
context for such anxiety, thereby limiting understanding of the origin of such feelings. To this end, as part of a
mixed methods approach, the researcher looks beyond the numerical results of the mathematics anxiety scale to
explore the mathematics life histories of three mature students who have taken service mathematics at
undergraduate level in Ireland at both University and Institute of Technology (IOT) sectors. This paper reports
on preliminary findings of the researcher's data collection.
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Introduction
In Ireland, a mature student is defined as an adult learner aged 23 or more in the year of enrolment to
third level education (CAO, 2016). The profile of the mature student is non-homogeneous; the cohort
encompasses diversity in the range of ages, family situations and responsibilities, career experiences,
and previous encounters with education (O’Donnell & Tobbell, 2007). Mature students comprise 13%
of full-time and 19% of part-time students in higher education in Ireland (HEA, 2016).
Many students at third level are required to complete an obligatory module in mathematics – service
mathematics – when they pursue a programme of study, even though mathematics is not the main
discipline (Gill & O’Donoghue, 2005). In the case of mature students, they may not have engaged
with academic mathematics for at least 5 years, i.e. since they would have completed their Leaving
Certificate12 examination or equivalent, and they may be unaware of the mathematics content of their
chosen programme until after the programme has commenced (Zaslavsky, 1994). The subject may not
be called ‘mathematics’, but instead called ‘quantitative methods’, for example, which may not be
evident to a student that it is a mathematics module. A lack of practice can result in difficulties and
12

The Leaving Certificate examination is Ireland’s terminal state examination taken when students are typically 17 or 18
years of age (DES, 2016)
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anxieties around mathematics for students who have not engaged with mathematics academically for a
number of years (Betz, 1978).
For some mature students their dislike of mathematics can be identified as mathematics anxiety,
defined as "feelings of tension and anxiety that interfere with the manipulation of numbers and the
solving of mathematical problems in a wide variety of ordinary life and academic situations"
(Richardson & Suinn, 1972: p. 551). To ascertain the existence of mathematics anxiety, measurement
scales are commonly used. Such scales involve the candidate reading a list of statements depicting
situations involving mathematics and numbers, and expressing their level of anxiety using a Likertscale approach. The total of the results gives a score for that candidate, which enables the researcher to
determine the level of anxiety of the candidate.
The original mathematics anxiety test was the Mathematics Anxiety Rating Scale or ‘MARS’ test
(Richardson and Suinn, 1972), which involved third level students completing a 98-item list of
statements; however, this test took much time to complete and aggregate (Suinn & Winston, 2003;
Hunt, et al., 2011). Variations of the MARS test have evolved over the years to be used with primary
school children (Suinn, et al., 1988), and adolescents (Suinn & Edwards, 1982); however, the majority
have been developed in the USA with an American audience in mind (Hunt, et al., 2011). In 2011, the
MAS-UK (Hunt, et al. 2011) was developed; this emulated Suinn and Winston’s MARS-30 (2003) but
was designed for a UK and European audience (Hunt, et al. 2011). It comprises 23 statements, with a
Likert-scale range of 1 to 5 to ascertain the level of anxiety of the candidate, with 1 being ‘not at all’
anxious, and 5 being ‘very’ anxious. The minimum score achievable is 23, and the maximum is 115.
Hunt and colleagues (2011) identified three groupings of statements within the MAS-UK:
mathematics evaluation anxiety (9 items), everyday/social mathematics anxiety (8 items), and
mathematics observation anxiety (6 items). Of these three groupings, ‘mathematics evaluation
anxiety’ was responsible for the ‘largest share of the variance’ in the MAS-UK scores (Hunt, et al.,
2011: p. 462).
While research on mathematics anxiety is frequently conducted using quantitative methods, there is
limited insight available into the context for such anxiety, thereby limiting understanding as to the
factors that caused such feelings. Qualitative methods, in particular life histories, offer a useful way of
exploring the issues throughout a student’s life that may have contributed to their anxiety towards
mathematics (Coben & Thumpston, 1995; Golding & O’Donoghue, 2005), or alternatively to their
appreciation of mathematics.
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The use of qualitative methods to explore negative feelings about mathematics was first documented
by Tobias (1978) in the form of ‘mathematics autobiographies’. Briggs (1994) presented the concept
of an ‘automathematicsbiography’ to facilitate the writer’s account of their experiences with
mathematics, in order that these could subsequently be explored for impressions, feelings and ideas
about mathematics. Bloomfield and Clews (1994) used ‘mathematical autobiography’ to identify
categories of student experiences, namely ‘influences’, ‘critical points’, and ‘constraints’. Coben and
Thumpston (1995) conducted interviews to elicit the ‘mathematics life histories’ of mature students to
hear their life stories around mathematics. Golding and O’Donoghue (2005) demonstrated the
advantages of ‘topic maps’ for mature students to help with confidence building and problem solving
as they approach service mathematics at third level. More recently, McCulloch and colleagues (2013)
have asserted the popularity of mathematics autobiographies – particularly oral accounts – in research
into individuals’ attitudes, beliefs, and identities in respect of mathematics (McCulloch et al., 2013).
The life history approach provides the researcher with the opportunity to elicit stories about times of
significance or change in a person’s life, with a view to exploring how the candidate dealt with that
change and moved on from that point. Life history research is particularly suitable for eliciting stories
about education and schooling (Munro, 1998; Bold, 2012), as the subjective nature of these
experiences is influenced by the individuals and the circumstances that shaped their educational
journey (Goodson, 2006). It is also useful in attempting to identify the broader issues surrounding
mathematics as a subject that have resulted in the mature student feeling about mathematics as they
do, whether positive or negative. To enable a focus on particular aspects of the interviewee’s life, a
tailored approach to life history interviews facilitates concentration on focal points in their life, rather
than a complete autobiographical account (McAdams, 1993; Plummer, 2001; Drake, 2006; Reece et
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al., 2010). McAdams’s (1993) offers a practical framework for conducting life story research, allowing
a particular focus on nuclear episodes (McAdams, 1993) relating to the theme at hand. In the case of
exploring mathematics life histories, interviewees can be asked about their past experiences of
mathematics with a focus on the following ‘nuclear episodes’ (adapted from McAdams, 1993):


their earliest memory of mathematics,



mathematics at primary school,



mathematics at secondary school,



mathematics after school,



their decision to enter third level education and preparing for mathematics at third level,



their experience of service mathematics at third level,



their overall strategy with mathematics – past and present,



the significance of mathematics to their future career.

These themes allow for points of comparison (Coben & Thumpston, 1995) between the candidates.
A mixed method research design
The approach taken for this research involved a sequential mixed methods approach (Mertens, 2015)
comprising a quantitative phase (phase one), followed by a qualitative phase (phase two). The purpose
of phase one was to ascertain the level of mathematics anxiety among the mature student respondents.
An online questionnaire was compiled (using SurveyMonkey.com), piloted, revised and distributed by
email hyperlink with the assistance of the mature student officer or access officer of each of four
randomly selected higher education institutions (HEIs) around Ireland, namely 2 Institutes of
Technology and 2 Universities. The questionnaire was distributed to a sample of approximately 500
undergraduate mature students who have a service mathematics module as part of their programme of
study, and resulted in a response rate of approximately 21% (n=107). Recipients were asked for some
personal details (gender, date of birth, discipline of study, year they left school) as well as to complete
the MAS-UK test; participants were also given the option of including contact details – email address
or phone number – to confirm if they would be interested in participating in phase two of the study.
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Phase two involved conducting life history interviews with the intention of eliciting insights into
mature students’ individual experiences with mathematics. A total of 20 students (13 male, 7 female)
responded to the invitation to attend for interview, with ten each from the Institute of Technology and
University sectors. The interviews were semi-structured, with the questions guided by McAdams’s
(1993) framework for conducting life story research. The interviews were audio-recorded and
transcribed. Each interviewee’s transcript was emailed to them for verification of the content. Initial
analysis13 of the interview transcripts was guided by McAdams’s (1993) framework for conducting
life story research, and focussed on references to each of the nuclear episodes as outlined in the
previous section.
Findings: Quantitative
Collectively, the candidates presented varying levels of mathematics anxiety as determined through
the MAS-UK test. The range of MAS-UK scores among the 107 respondents was from 23 to 94
(Figure 1) out of a potential range of 23 (not at all anxious) to 115 (very anxious) (Hunt, et al, 2001);
thus no candidate was coming in as ‘very’ mathematics anxious, the highest level of mathematics
anxiety. While the majority of the scores lie within steps 1 to 3 of the MAS-UK (a range of 23 to 69)
there is a cluster of 10 students (9.3%) in the range of scores from 82 to 94, demonstrating higher
levels of mathematics anxiety.
13 Further

analysis of the transcripts will be conducted subsequent to completion of this paper.
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Analysis of scores for the 23 individual statements in the MAS-UK
Closer analysis of responses to the MAS-UK instrument indicated that the statements with the highest
proportion of 5s (very anxious) answered by the entire cohort were:

MAS-UK scores of respondents
7

Number of respondents

6
5
4
3
2
1
0
23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 80 83 86 89 92 95 98 101104107110113

Figure 1. Frequency of MAS-UK scores among respondents to questionnaire

6. Taking a mathematics exam (31%)
18. Being given a surprise mathematics test in a class (27%)
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23. Being asked a mathematics question by a teacher/lecturer in front of a class (22%)
3. Being asked to write an answer on the board at the front of a mathematics class (18%).
When the scores for 4 (much) and 5 (very) are combined, the same statements emerge but the order
changes, with statement 18 leading with 47%, followed by statement 6 (43%), statement 23 (43%),
and statement 3 (28%). When scores of 3 (somewhat), 4 (much), and 5 (very) are combined, once
again statements 6, 18, 23, and 3 emerge, with cumulative percentages of 66, 63, 58, and 53
respectively.
The common themes within these four statements are the evaluation of one’s mathematical knowledge
and, in particular, being singled out to do a mathematics question in front of the entire class. These
four statements belong to the ‘mathematics evaluation anxiety’ grouping within the MAS-UK.
At the lower end of the scale were the following situations, with the percentages representing the
number of 1s selected among the cohort (1 = ‘not at all’ anxious):
2. Adding up a pile of change (78%)
11. Working out how much time you have left before you set off for work or place of study
(74%)
13. Working out how much change a cashier should have given you in a shop after buying
several items (73%)
22. Working out how much your shopping bill comes to (67%)
4. Being asked to add up the number of people in a room (65%).
When the scores for 1 (not at all) and 2 (somewhat) are added, the same 5 statements reoccur, but the
order changes: statement 2 (91%), statement 4 (89%), statement 11 (88%), statement 13 (86%) and
statement 22 (86%). These situations belong to the ‘Everyday/Social Mathematics’ component of the
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MAS-UK, and are reflective of everyday situations that students would engage with and be familiar
with (Hunt et al., 2011).
Focus on the three candidates with highest levels of mathematics anxiety
Among the respondents to participate in the life history interviews, there were clusters of candidates
between ‘not at all’ anxious and ‘a little’ anxious (n=6 or 30%), as well as between ‘a little’ anxious
and ‘somewhat’ anxious (n=11 or 55%). Three candidates scored higher, with MAS-UK scores of 83,
86 and 94. These represented the students with the highest scores among the candidates.
Analysis of the three highest candidates’ MAS-UK results revealed that four situations were given a
score of 5 (‘very’ anxious) by each of the three candidates:
3. Being asked to write an answer on the board at the front of a mathematics class
18. Being given a surprise mathematics test in a class
21. Being asked to calculate three fifths as a percentage
23. Being asked a mathematics question by a teacher/lecturer in front of a class
Further analysis of the situations given a 4 or 5 by the three candidates reveals the following additional
situations that feature as ‘much’ or ‘very’ mathematics anxious:
6. Taking a mathematics exam
7. Being asked to calculate €9.36 divided by 4 in front of several people
8. Being given a telephone number and having to remember it
9. Reading the word ‘algebra’
12. Listening to someone talk about mathematics
17. Sitting in a mathematics class
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20. Watching a teacher/lecturer write equations on the board
Two of the three candidates did not give a score of 1 (not at all anxious) to any statement. All three
candidates gave a score of 2 to statement number 2: Adding up a pile of change. Scores of 1, 2, and 3
were given between the candidates for statement 4: Being asked to add up the number of people in a
room. These two statements were the lowest scoring within the MAS-UK test, and are included in the
Everyday/Social mathematics section of the MAS-UK.
The findings for the three candidates with the highest MAS-UK scores are reflective of the findings of
the entire group; in particular, the statements with the highest scores reflect Mathematics Evaluation
anxiety which features as a prominent factor in contributing to mathematics anxiety among this group
of students. Similarly, the lowest scores reflect Everyday/Social mathematics anxiety. In order to get
an insight into the aspects of the three students’ life experiences with mathematics, the following
section explores the findings of the life history interviews.
Findings: Qualitative
This section focuses on the three highest scoring candidates in the MAS-UK test, with scores of 83,
86, and 94. The following paragraphs provide a synopsis of each of their life histories with
mathematics as guided by McAdams’s (1993) framework. Each synopsis refers to the nuclear
episodes, i.e. the student’s experiences of mathematics at primary and secondary school, after school
and returning to third level, as well as their strategy for mathematics, and significance of mathematics
for their future.
Mature student 1: James
(male, aged 37, attending Uni, studying Sociology, MAS-UK score: 83)
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At primary level, the basic calculations – addition and subtraction – were not an issue, it was
multiplication, division, fractions, and later negative numbers that caused problems. At second level,
he was lost in class, and didn’t want to ask questions in class. He felt that the teacher didn’t have time
to help him; and he had a perception that the other students in his class were much better than he was
at mathematics. He sensed he was falling behind, and in preparation for the Leaving Certificate
examination he got extra tuition (‘grinds’) in mathematics. In University his approach to mathematics
has been very strategic, in that he is aware of what he needs to pass each component of the
mathematics module, and aims to that target. However, he is aware of the relevance of mathematics to
real life, and appreciates how great mathematics can be when it makes sense. He does not envisage
that mathematics will play a large part in his future career, but is not afraid to try mathematics.
Mature student 2: Gayle
(female, aged 38, deferred Science course at IoT, MAS-UK score: 86)
After 6 weeks in term 1 of first year, Gayle deferred her course until the following September because
of the mathematics content. Her negative feelings toward mathematics stem from primary school and
saying tables in class, standing at the top of the class, and when you got it wrong you had to sit down.
Students who knew the answers would shout them out, and she felt left behind, and continually falling
behind as a result of this. She was aware that she was in the second lowest class in secondary school
for the junior cycle (age 13-15 age group). She felt that the teacher gave most of his attention to the
better students in the class, and he didn’t seem to care if the others got the concepts or not. In the IoT
she wasn’t aware of any mathematics support available to students. Since she deferred her place, she
has been getting extra tuition in mathematics to help her prepare for re-entry to the programme. She
enrolled in a course to become an outdoor sports instructor, not realising the sailing element would
require calculations of degrees, but she persevered with that, despite her reservations. She is
determined to continue her studies in Science at the IoT, and acknowledges the need for support in
mathematics, and will pursue this when she returns.
Mature student 3: Pat
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(male, aged 34, attending IoT, studying Culinary Arts, MAS-UK score: 94)
Pat’s self-perception is that he was never good at mathematics. His experience of times tables was just
going along with the class as they recited the tables; but when asked a question on his own, he would
go blank. He liked counting on his fingers, and is comfortable doing that. His approach to mathematics
is step by step at a slow pace. He reflects on his experience in secondary school with an element of
regret, blaming the teacher for not teaching him. He uses the word panic throughout his interview. In
his mathematics module, he does not ask questions as he is anxious about slowing down the class.
This results in him not understanding the topic, and anything he did understand being forgotten by the
next class. However, he does avail of the mathematics support service and likes the slower, one-to-one
pace there. He needs to get closure on a mathematics problem before he leaves the class or support
session. That is his approach to successful learning of mathematics. He also expressed anxiety towards
accounting, and using spreadsheets. His characterisation of his relationship with mathematics is
avoidance if at all possible, but if he has to do it he will make his best attempt.
Discussion
Mathematics anxiety exists among mature students at third level, albeit with different levels of
intensity, and with varying consequences for students of service mathematics. This mixed method
study has recorded both the measuring of mathematics anxiety levels of the mature student candidates,
as well as allowing insight into the past experiences that may have contributed to the level of anxiety
the students feel at this stage of their lives. It offers a bigger picture in respect of the students’
experiences of and engagement with mathematics to-date and provides a platform for understanding
the students’ feelings about mathematics. The analysis of the statements in the MAS-UK combined
with the stories of these three candidates reflect the findings of previous separate quantitative and
qualitative studies of mathematics anxiety.
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The findings show higher levels of anxiety in situations where the student is or has been faced with an
examination of their knowledge of mathematics, as well as being in a public situation involving
mathematics, typically in front of their peers and the teacher of mathematics. The life history
interviews reveal that the three students’ experiences at school contributed to the way they feel about
and interact with mathematics as mature students. The effects of what happened in the students’ past
experiences with mathematics has had long term consequences for these three candidates, particularly
in respect of their confidence and self-efficacy towards mathematics. The effect of this is that they
have experienced considerable levels of mathematics anxiety at third level, and particularly in the
context of mathematics evaluation. To this end, engagement with mathematics support, as well as
peer support, has been significant for these students in both academic achievement and confidencebuilding.
Less anxiety was reported in everyday situations where the use of numbers and calculation is carried
out in a more realistic situation, where engagement with numbers has a relevance to the student. This
is reflected in the students’ personal experiences with mathematics and a preference for doing
calculations that have relevance to their lives. In spite of their experiences with mathematics, these
mature students have demonstrated a persistence - and even a resilience - in respect of their
engagement with mathematics.
These findings have presented three different mature student stories with very different attitudes and
strategies towards their study of service mathematics. The considerable negativity towards
mathematics can lead to avoidance tendencies, as is evident particularly with two of these candidates.
Their stories reveal the importance of support in mathematics – both academic and peer – in order to
help boost their confidence in mathematics. While there is considerable support available at third
level, this research demonstrates the importance of such support for students with higher levels of
mathematics anxiety. In this regard, there is scope at third level to conduct testing to ascertain levels
of mathematics anxiety in addition to giving time to students to talk about their experiences with
mathematics. It is also the author’s contention that measures be taken to address the concerns of
potential students that might consider entering third level, in order that they are aware of what may be
involved in service mathematics, and be informed of the levels of support available to help them with
mathematics.
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Conclusion
The mixed method approach facilitates a means of comparison between the quantitative and
qualitative findings, but it allows an insight into the numbers presented in the quantitative approach.
McAdams’s framework provides a succinct, but comprehensive tool for the analysis of a person’s life
history experiences in a tailored way. In this study, the framework allows both researcher and
interviewee to direct attention to the mature student’s experiences with mathematics throughout their
life, thereby allowing for efficient data collection.
While the emphasis in this study has been confined to three mature students from the University and
Institute of Technology sectors, there is scope to roll out the MAS-UK within all HEIs in Ireland
where service mathematics features within programmes of study with the particular intention of
compiling a dataset that reflects the prevalence of mathematics anxiety among mature students at third
level in Ireland. The researcher contends that this study presents an opportunity to examine the
possibility of developing a revision of the MAS-UK to suit the Irish HEI environment, but in light of
the context of the mature student.
References
Ashcraft, M.H. (2002). Math anxiety: Personal, educational, and cognitive consequences, Directions in
Psychological Science Vol. 11 pps. 181-185
Bloomfield, A., & Clews, J. (1994). Mathematical voyages: The factors which influence students’ involvement
in mathematics. In D. Coben, (Ed.) Proceedings of 1st Inaugural Conference of Adults Learning
Mathematics (pp. 34 – 35). London: Goldsmiths University
Bold, C. (2012) Using Narrative in Research, London: Sage
Adults Learning Mathematics – A Research Forum (ALM)
118

Section 2. Presenter Articles
Brady, B. (1997) 'Shake the Dice to Start': Developing Equality of Access for Mature Students, in Morris, R.
(Ed.) Mature Students in Higher Education, Proceedings of Conference in Athlone Regional Technical
College, 29 Mar 1996
Briggs, M. (1994) "Automathsbiographies" for Life Histories and Learning: Language, the self and
Evaluation, Interdisciplinary Residential Conference, University of Sussex, Brighton, UK 19-21
September 1994. pp. 24-28
Burton, K., Lloyd, M. G. & Griffiths, C. (2011) Barriers to learning for mature students studying HE in an FE
college, Journal of Further and Higher Education Vol. 35(1), pps. 25-36
Central Applications Office (CAO) (2016) Mature Applicants, sourced at
http://www.cao.ie/index.php?page=mature on 27/06/2016
Coben, D. & Thumpston, G. (1995) Getting Personal: Research into Adults’ Maths Life Histories, ALM-1
Proceedings, London, sourced http://www.alm-online.net/ 21/01/2013
Department of Education and Skills (DES) (2016) Post Primary Education, sourced at
http://www.education.ie/en/The-Education-System/Post-Primary/ on 27/06/2016
Drake, C. (2006) Turning Points: Using Teachers’ Mathematics Life Stories to Understand the Implementation
of Mathematics Education Reform, Journal of Mathematics Teacher Education Vol. 9, pps. 579-608
Fenge, L. (2011) A Second Chance at Learning but it’s not quite Higher Education: Experience of a Foundation
Degree, Journal of Further and Higher Education Vol. 35(3), pps.375-390
Gill, O. & O’Donoghue, J. (2005) What Counts as Service Mathematics Teaching in Irish Universities?, Paper
presented at First National Conference on Research on Mathematics Education (MEI 1), Dublin
Gill, O. & O’Donoghue, J. (2008) A Theoretical Characterisation of Service Mathematics, 11 th International
Congress on Mathematics Education Mexico, sourced http://tsg.icme11.org/document/get/319 on
20/05/2013
Goodson, I. (2006) The Rise of the Life Narrative, Teacher Education Quarterly Vol. 33(4), pps. 7-21
Golding, G. & O’Donoghue, J. (2005) “Using Topic Maps to Support Adult Learning” ALM-12 Proceedings,
Melbourne, Australia
Draft Proceeding s

Griffin, C. (2011) Research and Policy in Lifelong Learning, in S. B. Merriam, & A. P. Grace, (Eds.)
Contemporary Issues in Adult Education, San Francisco: Jossey-Bass
Higher Education Authority (HEA) (2016) Access Data, sourced at http://www.hea.ie/en/policy/national-accessoffice/access-data on 28/06/2016
Hunt, T. E., Clark-Carter, D. & Sheffield, D. (2011) The Development and Part Validation of a U.K. Scale for
Mathematics Anxiety, Journal of Psychoeducational Assessment Vol. 29, pps. 455-466
Kaldi, S. & Griffiths, V. (2013) Mature Student Experiences in Teacher Education: Widening Participation in
Greece and England, Journal of Further and Higher Education Vol. 37 (4), pps. 522-573
Kelly, M. (2006) The Effects of Increasing Numbers of Mature Students on the Pedagogical Practices of
Lecturers in the Institutes of Technology, Irish Educational Studies, 24 (2-3), pps. 207-221
Lawson, D., Croft, T., Halpin, M. (2003) Good Practice in the Provision of Mathematics Support Centres, 2nd
Ed., University of Birmingham, sourced at http://www.mathcentre.ac.uk/ 20/05/2013
Lynch, K. (1997) A Profile of Mature Students in Higher Education and an Analysis of Equality Issues, in R.
Morris (Ed.) Mature Students in Higher Education, Cork, Higher Education Equality Unit
McAdams, D. (1993) The stories we live by: Personal myths and the making of the self. New York: William
Morrow
McCulloch, A. W., DeCuir-Gunby, J. T., Marshall, P. L., and Caldwell, T. S. (2013) Math Autobiographies: A
Window into Teachers’ Identities as Mathematics Learners, School Science and Mathematics Vol. 113
(8), pps. 380-389
Mertens, D. M. (2015) Research and Evaluation in Education and Psychology (3rd ed.), Thousand Oaks: Sage
Munro P (1998) Subject to Fiction: Women Teachers’ Life History Narratives and the Cultural Politics of
Resistance. Buckingham: Oxford University Press

Proceedings of the 23rd International Conference of Adults Learning Maths, Maynooth, Ireland, July 3 to July 6, 2016
119

Ryan et al. (2017). Behind the Numbers: The Preliminary Findings of a Mixed Methods Study Investigating the Existence of
Mathematics Anxiety Among Mature Students.
O’Donnell, V. & Tobbell, J. (2007) The Transition of Adult Students to Higher Education: Legitimate Peripheral
Participation in a Community of Practice?, Adult Education Quarterly Vol. 57 (4), pps. 312-328
Osborne, M, Marks, A. & Turner, E. (2004) Becoming a Mature Student: How Adult Applicants weigh the
Advantages and Disadvantages of Higher Education, Higher Education Vol. 48, pps. 291-315
O’Sullivan, C., Fitzmaurice, O., Mac an Bhaird, C., and Ní Fhloinn, E. (2014) Adult learners v traditional
learners - insights from a large scale survey of Mathematics Learning Support in Irish HEIs, sourced at
http://supportcentre.mathematics.nuim.ie/mathematicsnetwork 26/04/2014
Plummer, K. (2001) Documents of Life 2: An Invitation to a Critical Humanism, London: Sage
Reese, E., Yan, C., Jack, F., & Hayne, H. (2010) Emerging identities: Narrative and self from early childhood to
early adolescence, in K. C. McLean & M. Pasupathi (Eds.), Narrative development in adolescence:
Creating the storied self (pp. 23–43), Heidelberg: Springer
Richardson, F. C. & Suinn, R. M. (1972) The Mathematics Anxiety Rating Scale: Psychometric Data, Journal of
Counseling Psychology Vol. 19(6), pps. 551-554
Suinn,R., Taylor, N., & Edwards, R. (1988) Suinn Mathematical Anxiety Rating Scale for elementary school
students (MARS-E): Psychometric and normative data, Educational and Psychological Measurement Vol.
48, pps. 979-986
Suinn, R., & Edwards, R. (1982) The measurement of mathematics anxiety: The mathematics anxiety rating
scale for adolescents: MARS-A, Journal of Clinical Psychology Vol. 38, pps. 576-580
Suinn, R., Taylor, S. & Edwards, R. W. (1988) Mathematics Anxiety Rating Scale for Elementary School
Students (MARS-E): Psychometric and Normative Data, Educational and Psychological Measurement,
Vol. 48 (4) pps. 979-986
Suinn, R, M,, & Winston, E. H, (2003) The Mathematics Anxiety Rating Scale, a brief version: Psychometric
data, Psychological Reports Vol. 92, pps. 167-173
Tobias, S. (1978/1993) Overcoming Math Anxiety, New York: W.W. Norton
Zaslavsky, C. (1994). Fear of math, how to get over it and get on with your life. New Brunswick, NJ: Rutgers
University Press
Draft Proceeding s

Adults Learning Mathematics – A Research Forum (ALM)
120

Section 2. Presenter Articles

First Language Interference: a guide for teachers of mathematics
Jenny Stacey
Chesterfield College
<stillknitting@gmail.com>
Abstract
This article will report on a research and work based project, which investigated the extent to which a first
language might be a barrier to maths acquisition in English, from both language content, structure and sounds,
and mathematical language, procedures and symbols. It is not intended to be a definitive guide, but to raise
awareness of the issues around delivering mathematics in English to students for whom English is a second, or
even third, language.

Introduction
The delivery of mathematics in English to classes of students whose first language may not be English
is present in many countries including the UK, where the language of education is English, but the
population may have varying levels of English competency, as it may be a second, or even third,
language.
I teach adults in a further education college in the UK, and in the last few years about 25% of my
students are English language learners (ELL), half in discrete ESOL (English for Speakers of Other
Languages) Functional Skills Mathematics classes, and half in GCSE (General Certificate in
Secondary Education) provision. These qualifications are generally taken by 16-18 year olds, and are
used as markers by Higher Education for university entrance, hence the need for adults returning to
education to gain the necessary grade for a successful onward journey into, say, teaching or nursing.
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The impact of the language content and structure on students’ ability to engage with the material in
mathematics classes and exams is surprisingly high, and can reduce students’ mathematics
competencies from between one and eight levels.
This is not intended to be a comprehensive guide to all of the differences between English and other
languages, but to help raise awareness of the extent and content of those differences. Of course, this is
just one barrier to learning that our adult students may experience.
Sources of Information
Initially my research was of a purely observational nature. I became aware that the impact of the
English language was having a negative effect on pass rates for low-level English speaking students.
For instance, a student might come out at Entry Level 3 on a maths initial assessment
containing few word problems, but struggle to complete an Entry 2 diagnostic, where more word
problems were included, and need to go lower to Entry 1 if their language skills
were considerably below those contained in the maths questions. This observation is confirmed by
other practitioners in mathematics classrooms (Kersaint, Thompson, & Petkova, 2013).
This led to a growing realisation of the importance of language levels in the maths questions, and a
more language focussed teaching style. I then realised, and I am not alone in this, that the resources I
was producing for the ESOL learners were appreciated by the English-speaking learners, especially
those with lower competency levels (Adler, 2001). Research work centred on this area led me to a
publication by a number of writers with another first language, but high English competencies, about
the differences between their first languages and English. This book (Learner English: A teacher's
guide to interference and other problems.) was edited by Michael Swan and Bernard Smith, and is a
Copyright © 2017 by the author. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution International 4.0 License (CC-BY 4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are properly cited.
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comprehensive guide covering over 20 specific languages, including Arabic, Chinese, Polish and
Spanish, and some language clusters, such as Dravidian (includes Kannada, Malayalam, Tamil
and Telugu), Scandinavian (Danish, Norwegian and Swedish), and West African languages (including
Hausa, Ibo and Mende) (Swan & Smith, 2001).
There are other works written about the English language that have also proved useful in extending
this knowledge (Swan, 1995; Crystal, 1995). It is unfortunate that, although we have more than a
quarter of a million words in the English language, and more words are being added all the
time, we seem to have no body that oversees the quality of the content, as exists in Germany and
France. This seems to have led to the proliferation of single words that have more than one
meaning, only one of which is mathematical, such as product, factor, modal and chord. There are also
specific mathematical terms that students have to learn, such as integer, factorise and indices.
The importance of thought and discussion as aids to learning mathematics has been explored by a
number of academics and practitioners, which has led to the view that restricted thought or talk, can
lead to restricted learning (Sfard, 2008; Barwell, 2009; Woolley, 2013). This has implications for my
students: do I encourage thought or talk in their first language, and then translation
into English (Adler, 2001; Kersaint et al., 2013), or do I insist on discussion in English? If the
former, how much does this exclude those learners who do not have anyone who speaks their first
language (Newmarch, 2005)?
This led me to view mathematics learning as a triad: Procedural competence, conceptual
understanding and language learning. I have applied this thinking to all my classes now, even if they
are 100% English language speakers, because I believe that the language can often be a barrier to
comprehension and progress for adult learners.
I owe a debt of gratitude to my colleagues and students for additional information and knowledge.
Any errors are, of course, my own.
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Where individual languages have been referred to in this paper, I have placed them in alphabetical
order.
First Language Interference: Impact on Learners
Two case studies illustrate the actual impact of language differences:
The first example is of a learner where the mathematical ability was far greater than was shown by his
maths work in English. This was a student with a Master’s degree in mathematics in Poland, a Level
7 qualification, who just passed an Entry 3 qualification in the UK, which is below Level 1. This
shows the impact of the language on achievement, as this adult learner was compromised eight levels
of mathematics by his English language skills, which were around ESOL Entry 1.
The second case is a Chinese student’s experience of moving to the UK to continue his studies in
Mechanical Engineering at a university in England. He dropped his degree course at the end of the
first year because he failed the maths exam. In China, they do not use Greek letters for formulae,
and he was unable to change from the Chinese to the European system using Greek letters, such as mu
(µ), in time.
This led to a realisation that it is not just the English language, but also the mathematical language or
symbolism itself, which may impact on how successful learners are when studying mathematics in
English (Kersaint et al., 2013; Woolley, 2013).
As a teacher, I also had a need to be aware of the cognitive load on students, and how asking students
to multitask in the classroom can impair learning (Ashcraft, 2002). English speaking students are
likely to be drawing on a substantial knowledge about the construction, content and meaning of the
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phrases and questions they are given. Those without first language English may be focussed
initially more on the translation, and an understanding of what is required, before they reach a stage
where they can process the mathematical content. At the very least, these students may need more time
to cover the same amount of work (Swan & Smith, 2001).
Findings of Potential First Language Interference
In this section, we will look at some of the many differences between English and other languages, in
terms of sentence structure, words and sounds before progressing to evaluating mathematical
symbolic, procedural and terminological differences (Crystal, 1995; Swan, 1995; Swan & Smith,
2001).
Sentence Structure
Sentence structure is very different between languages, Written language may not be from left to right,
as it is in English, but can be from top to bottom, as it is in Chinese and Japanese, or from right to left,
as it is in Arabic and Urdu.
Punctuation is not present in all languages, for instance in Arabic, Korean and Thai a gap is often left
instead. Punctuation use can differ between languages, for instance, there is no possessive apostrophe
in French, and so in French we can only say ‘the learner’s work’ by using the whole phrase, which
would translate as ‘the work of the learner’. In German and Scandinavian languages, a comma is often
placed after the verb in a sentence, but in Turkic languages, it is placed after the subject of the
sentence; in English, it is used to separate phrases. In Hindi, a full stop is a vertical line.
In English, we use upper case letters at the start of sentences, and for proper names, such as Dublin,
Monday and September. In German all nouns are written with an uppercase letter, so that would
include car (das Auto) and house (das Haus); in French and Spanish days of the week and months start
with letters in lower case, so ‘lundi’, or ‘lunes’. In Italian, the days of the week start with a capital
letter, but the months do not.
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Many languages have no upper and lower case format, including Arabic, Chinese or the Sanskrit
languages, such as Bengali, Farsi, Hindi, Punjabi and Urdu.
English seems to be unusual, in that the nouns do not have a gender, as is the case with most of the
languages mentioned above. Nouns in many languages can be masculine, feminine or neutral, which
affects both the spelling and pronunciation of words such ‘the’ and ‘my’, and how adjectives attached
to the noun will look.
Many non-English languages also have nouns used as objects in a sentence take their gender with
them. Hence, you may find that learners will translate ‘She has lost her bag’, as ‘She has lost his bag’,
if ‘bag’ in their first language is a masculine noun. It is the same bag, but it may not look like it to
native English speakers.
The order of words within sentences is also a challenge for many learners moving from a first
language into English, as it is likely to be different from their first language. When Yoda in ‘Star
Wars’ says to Luke Skywalker “Found someone, you have”, he is translating from his first language
rather than using his knowledge of English language word order. This different word order, where
sentences are started with a verb, is also present in, among other languages, Arabic. In other
languages, such as Sanskrit languages, Tamil and Turkic languages, the verb comes last.
Words
Continuing the verbs theme, the verb ‘to be’ does not exist in Arabic, Thai, or Turkish. In some
languages the use of ‘to be’ and ‘to have’ are switched, so learners may say, and expect to see, that
they ‘have thirty years old’, rather than they ‘are thirty years old’; this includes French, German,
Italian and Polish.
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The verb ‘to do’ does not exist in languages as disparate as the East African languages, French,
German, Hindi, Italian, Punjabi or Urdu. This is a very common verb in English appearing in many
ways in questions and instructions.
Languages differ in their use, and even the presence of articles, such as ‘the’ and ‘a’; for instance ‘the’
does not exist in Japanese, Russian, Turkish or Urdu, whilst ‘a’ does not exist in Arabic, Hindi, Malay
or Urdu. Other languages, such as French, German, and the Scandinavian languages can use articles
differently, so will say ‘The human beings are strange’ rather than ‘Human beings are strange.
There can be less or different use of prepositions in sentences, such as in, on, under, at, for, of and so
on, in most languages, including those in northern Europe, Turkey, and the Arabic speaking
world. Describing the location or position of an object comes in at the lowest level of mathematics
assessment in the UK, namely, Entry 1.
Countable and uncountable nouns, and their quantifiers, can also be different in many languages,
including those of Africa, France and Scandinavia. In English words such as news, trousers, pyjamas
and scissors are always plural, but information, advice, expenditure, time, money and hundred are
always singular. This is not the case in other languages, so you may hear ‘two hundreds’ rather than
‘two hundred’, and learners may be confused by the lack of a plural if they see 200 written in words.
We seem to have a proliferation of words in English where elsewhere perhaps only one word will be
used, including hear and listen, find and look, lend and borrow, which and what, some and any, much
and many. This can add to the complexity of translation for lower level English speakers.
Comparatives and superlatives are another area of difference, as not all languages, such as
Turkish, differentiate between them, for instance between taller and tallest, of older and oldest, but this
is very common in English, and is an expected skill at Entry Level 1 mathematics.
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The use of questions containing negatives should be used with great caution in class, as different
languages have the opposite response to what we would expect in English. For instance if I
say “Are you not going out tonight?” to a native English speaker I would expect a “No” response if
they were not going out, but in Korea or Thailand the answer would be “Yes, I am not going out
tonight.”
Some words genuinely occur in more than one language, for instance ‘oval’ is the same word in
Bulgarian, Romanian and English, but other words are classified as false friends: they may look and
sound like a word in another language, but in that language they actually mean something different.
Examples of these include ‘no’, which in Polish is an informal version of ‘yes’ or ‘tak’; in
Scandinavian languages ‘rent’ means rate of interest, and an ‘offer’ is a sacrifice; ‘sensible’ in French
and Italian means kind or sensitive, and ‘lecture’ means reading. There are many more examples of
false friends across many languages.
Sounds
English has a Northern European alphabet, which differs from Eastern Europe and Russia, and is very
different from elsewhere in the world. The sounds that the letters make, even when the letter is the
same, often seems to be different between languages, i.e. in Polish the ‘e’ and ‘i’ sounds are reversed,
as are ‘v’ and ‘w’. This can make pronouncing a word like twelve more demanding than it looks.
Some languages, such as Chinese, German, Spanish and Turkish have no ‘w’ sound at all, so
mispronunciations can occur. Dutch speakers, however, tend to soften the ends of words, so the ‘v’
sound becomes an ‘f’.
As a native English speaker, I can hear the difference in the pronunciation of second language English
speakers, and equally, if I learn another language, first language speakers of that language will hear
Adults Learning Mathematics – A Research Forum (ALM)
124

Section 2. Presenter Articles

differences in my pronunciation; this is what gives us accents in another language. It is notoriously
challenging to acquire new sounds later in life, and the early years are known to be crucial for
developing an understanding of the sounds of a language. Other languages have sounds that do not
exist in English, and vice versa.
English has many vowel and consonant clusters, which are not present in other languages, which add
to the challenges of speaking and listening. For instance the ‘th’ sound so ubiquitous in English does
not occur in Arabic, Danish, Dravidian languages, Farsi, French, Irish, Norwegian, Polish or many
West or East African languages, hence the number of learners who struggle to pronounce words
like thirteen or thirty.
In a number of languages including French, German, Irish and Spanish it is common to use a mark
above a vowel to change the sound, rather than use vowel clusters, as we do in English. These marks
can be called accents or umlauts. It is unfortunate that English has no consistency of use of vowel
pairs, as we can hear in the difference in the ‘ou’ sounds in ‘ouch’ and ‘cough’. There are many other
examples of this lack of consistency, which all add to the workload of learners.
The stress placed in a word can also lead to it sounding different, and languages differ in where they
place the stress in words and sentences. For instance in Japanese each syllable is pronounced equally,
but in English, the stress is usually on the second syllable of a word.
The endings of words are often not heard in Chinese or French, and the languages are adapted to cope
with this, but in English it is often critical to hear the ends of words or the meaning is lost, as in the
difference between ‘thirteen’ and ‘thirty’.
Mathematical Symbols, Procedures and Terminology
There are a number of ways in which symbols and mathematical procedures differ between countries
and languages, in addition to that given at the start on the use of Greek letters for formulae. These
include a variation between the use of the comma (,), and the full stop (.). In non-English languages
generally the use of these punctuation marks in decimal numbers, including money, and large numbers
is reversed, i.e. Three euros and fifteen cents is commonly written as E 3,15 but three pounds
and fifteen pence is written £3.15. Also 100.006 will look like 100 point oh, oh, six to English
speakers, a decimal number, but one hundred thousand and six to many other people.
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The division symbol differs in the UK and USA compared to the rest of Europe; in the former it is
written as ÷, but in the later it is written :. This is potentially very confusing to learners, as we use : for
ratios. The way division sums are performed is also different on the European continent, and does not
involve changing the position of the numbers in the division sum. Given the issues that many adult
learners seem to experience with division there may be some justification for evaluating the two
methods to see if the ‘rest of the world’ method improves retention and understanding.
Traditionally in the English-speaking world, a dot placed between two numbers about half way up
the numbers signifies a decimal point, but in Poland, this is the symbol for multiplication, as it is in the
UK in higher levels of mathematics.
Rounding and estimation seem not to be present in languages that are pictorial, where one character
has a meaning, such as Chinese and Japanese. My Chinese learners tell me that is pointless to move
from one character to another before calculation, as it just increases their workload, so they are
resistant to estimation and rounding, even in English.
Many countries, such as Spain, do not use the 12-hour clock, only the 24-hour version, so learners will
need to be taught how and when they are used in English, otherwise it can lead to errors in time
calculations, as learners understand something different when they translate the sentence or question.
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There are further differences in time as in many languages, including German and Norwegian, 1330
would translate literally as ‘half two’, but in English we say ‘half past one’ often shortened to ‘half
one’. Perhaps ‘half two’ has been shortened from ‘half to two’.
In English we can classify numbers as odd or even, but it is much more usual in other languages to say
even and not even, as in Italian, ‘pari’ and ‘dispari’, or Spanish, ‘par’ and ‘impar’. An issue here for
my learners was that odd and ‘dispari’ or ‘impar’ are in different places in the sentence, which led to
them misunderstanding and reversing the meanings of odd and even.
Some words have more than one meaning in English, a ‘normal’ one, and a mathematical one. A good
example of this is the word ‘product’, which used to mean an article that was produced, has come to
mean something we put on our hair, but in mathematics, it means multiply. Other challenging words
include table, change, expand, factor, modal and chord. All of these words have usual meaning, which
differs from the quite specific mathematical meaning. Many native English speakers are also confused
by this terminology.
A further set of words have specific mathematical meanings, and whilst they do not have the
confusion of another meaning attached to them, they do need to be learned for success. These include
such words as integer, factorise, indices and circumference.
The language of word based maths problems is clearly a factor in whether learners are successful, or
not.
Impact in the Classroom
Some understanding of the issues faced by mathematics learners who are not learning in their first
language, but in English, has caused me to make a number of changes to my teaching practice. For
instance, I now routinely put definitions of key terms on the board, leaving them up for the
whole session.
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Online translation tools up on the Smart Board can be very useful, as we can look at key words and
phrases in almost everyone’s language. This can help raise awareness about the different challenges
that learners face, especially those in minorities in the classroom, which can create a more “culturally
respectful learning environment” (Kersaint et al., 2013, p. 139), where differences are seen as
interesting and positive. The use of book and electronic dictionaries is also encouraged, although only
paper-based dictionaries are permitted in exams in the UK.
Displays incorporating all the languages present in the classroom around, say, key vocabulary, such as
addition, subtraction, multiplication and division words and symbols, also helps in this
process. Pictures to illustrate and support the language in word problems can be very helpful, saving
time on explanation or translation. In cases where the words used have more than one meaning they
are particularly useful, such as completing a design for the location of stalls at a fair, or working out
how much wood is needed to construct a shelf. This can benefit the English speakers as much as other
learners in sessions (Adler, 2001).
Signposting learners to internet materials, such as the BBC Skillswise and Bitesize web sites, Khan
Academy, You Tube videos and the British Council’s ESOL Nexus website, along with my
college’s VLE (Virtual Learning Environment), is done in the second week of the course. Learners are
very mixed in their use of these, owing often to differences in the availability of equipment, or
competence with IT, but they are used by around half of my adult learners.
Some of the internet sites have language support modules in addition to mathematics content, such as
BBC Skillswise and ESOL Nexus.
There is also a role for phone apps, such as Tessify and Block Puzzle. Some phone apps have no or
very little language included, relying on a worked example to show the techniques required, but if they
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do have instructions in English learners may be able to access these in their first language, or they
could use on line translation sites, dictionaries, or electronic translators.
Speaking in a clear voice, avoiding repetition and non-completion of sentences may also help learners
understand what is required of them, as will repeating explanations slowly and carefully whilst you
illustrate with an example. Changing the language used to explain an idea or concept can increase the
confusion for learners, as now they have two sets of words to translate.
Conclusions
In conclusion, there are many ways in which a first language can impact on a learner’s success in the
mathematics classroom, and can interfere in the successful acquisition of English for mathematical
purposes.
This interference can arise from differences in sentence structure, in the words that are available, along
with their common first language usage, and in the sounds and intonations that are available to
learners. Interference can also arise from a difference in mathematical procedures and symbols, and
from both words that are specific to mathematics, and those which have more than one definition, a
common feature of English.
An awareness of the issues and challenges learners face has raises an appreciation of the cognitive
load many learners face in a mathematics classroom, where the content is delivered in a language that
is not their first, or sometimes even second, language.
Finally, the focus on language and definitions can be seen to benefit all adult learners, including those
who speak English as a first language, because of the amount of specialist vocabulary in mathematics
classes. In mathematical problem solving the context can be critical to comprehension, and this
is often only obtainable from the language.
Draft Proceeding s
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