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Overview and background 
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“The mathematics problem” 

 
•! Measuring the mathematics problem – the extent of 

the challenges facing UK mathematics education 

•! Tackling the mathematics problem 
 

•! The role of sigma – network for excellence in 
mathematics and statistics support 
 
services and facilities offered by mathcentre, sigma, statstutor and 
institutional support centres. 
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The “mathematics problem” 

§  Anecdotally 

§  Quantitative Data 

§  Evidence from Government, Professional Body, and 
Research Reports 
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The “mathematics problem” : anecdotal evidence 

On one of my cards it said I had to find 
temperatures lower than -8. The numbers I 
uncovered were -6 and -7 so I thought I had 
won, and so did the woman in the shop. But 
when she scanned the card the machine said 
I hadn't. 
 
I phoned Camelot and they fobbed me off with 
some story that -6 is higher - not lower - than 
-8 but I'm not having it.  
 
                      Tina Farrell (23) -  Levenshulme 
 



National numeracy: across the UK 2012 
§  Around 4 in 5 adults have a low level of numeracy - roughly 

defined as the adult skills equivalent of being below GCSE 
grade C level. 

 
§  In 2011, the Skills for Life Survey showed that numeracy skills 

in England declined in the 8 years from 2003, whereas literacy 
improved. 
 

§  These findings led to the realisation that 17 million adults in 
England are working at a level roughly equivalent to that 
expected of children at primary school. 
 

§  Around 30% of the people who rated their skills as “very 
good” performed poorly - showing a sizable lack of 
awareness of this problem.  
National Numeracy http://www.nationalnumeracy.org.uk/news/16/index.html 
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Total Mathematics and Further Mathematics A level entries 
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Total A level entries compared with Maths & FM entries 
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Maths & FM as % of total entries 
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Confidence testing and diagnostic testing 

European Journal of Engineering Education 24(1) (1999)!



Confidence testing and diagnostic testing 

!! 1995,1996,1997  Confidence Surveys, Diagnostic Testing 
 
1997: N=557 (478 >= D in A level maths (86%)) 
 

!! Simple quadratic equation which will factorize easily: 
 
20% incorrect; 4% don’t know 
 

!! Quadratic equation requiring use of the formula 
 
7% incorrect;  31% don’t know 
 

!! Simple partial fractions 
 
22% incorrect; 37% don’t know 

…over the whole range of basic 
maths topics significant numbers 
of entrants will need considerable 
help to cope with eng. maths.!

Simple quadratic equation which will factorize easily: 

“Over 60 departments of physics 
engineering and mathematics are 
now routinely carrying out 
diagnostic mathematics tests”!



The “mathematics problem” – a plethora of reports 



The “mathematics problem” – a plethora of reports 

There is unprecedented concern 
amongst mathematicians, scientists and 
engineers in higher education about the 
mathematical preparedness of new 
undergraduates.  
 
                                   LMS, IMA, RSS, 1995,         
               Tackling the Mathematics Problem. 



The “mathematics problem”– a plethora of reports 

Acute problems now confront those 
teaching mathematics and mathematics-
based modules across the full range of 
universities!.. 
 
 
Prompt and effective support should be 
available to students whose 
mathematical background is found 
wanting!.. 
 
          Measuring the mathematics problem.    
                          Engineering Council (2000) 
 



The “mathematics problem” – a plethora of reports 

higher education has little option but to 
accommodate to the students emerging from 
the current GCE [ie pre-university schooling] 
process. 
                                 Prof. Sir Adrian Smith, 2004,  
            Making Mathematics Count: Section 4.39 



What about more recently ? 
!! ACME – Advisory Committee on 

Mathematics Education – June 2011 
 

!! We estimate that of those entering 
higher education in any year, some 
330,000 would benefit from recent 
experience of studying some 
mathematics (including statistics) at a 
level beyond GCSE. 
 

!! At the moment fewer than 125,000 have 
done so. 
 

!! Over 60% of  students entering higher 
education courses which require good 
mathematical skills beyond GCSE level 
have not benefitted from higher level 
study  
 



Is the UK an outlier in upper secondary maths education ? 

§  Nuffield Foundation Report (2010) 
§  In a survey of 24 countries, England, Wales 

and Northern Ireland had the lowest levels 
of participation in upper secondary 
mathematics. 

§  They were the only countries in which fewer 
than 20% of upper secondary students 
study maths. This includes all mathematics 
qualifications at this level.  

§  England, Scotland, Wales and Northern 
Ireland are four of only six countries that do 
not require compulsory participation in 
mathematics at upper secondary for any 
students. 



That’s the  “mathematics problem” ! 

End of part 1!



So what have we been trying to do about it ? 

21 



Mathematics support – what is it ? 
§  activities and resources provided to support and enhance students’ 

learning of mathematics and statistics, in any discipline, at any level of 
higher education and which are provided in addition to traditional lectures, 
tutorials, examples classes, personal tutorial sessions…. 
 

§  Non-judgmental, informal, 
not credit-bearing  
 

§  Pleasant and  
non-threatening 
 

§  Supportive 
 

§  Offers alternative ways of 
looking at problems that  
students find difficult  
 



Trying very hard to overcome attitudinal problems!. 
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Mathematics support – what is it ? 



The first Loughborough Centre 1996  

>100,000’s since 
2005!
>100,000’s since 
2005



mathcentre  and mathtutor 

!! http://www.mathcentre.ac.uk 
!! http://www.mathtutor.ac.uk 
! http://www.mathcentre.ac.uk
! http://www.mathtutor.ac.uk

http://www.mathcentre.ac.ukhttp://www.mathcentre.ac.uk
http://www.mathtutor.ac.uk



A wealth of maths support resources 
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mathcentre community project
encouraging academics to share maths support resources
All mccp resources are released under an Attribution Non-commerical Share Alike licence

community project

Eigenvalues and eigenvectors
mccp-croft-0901 September 9, 2010

Introduction
This lea et summarises how eigenvalues and eigenvectors of a square matrix are found.

The characteristic equation
Given a square n × n matrix A, we can form a new matrix A − λI, where λ is an (as yet) unknown
number and I is the n × n identity matrix. For example, if we start with the 2 × 2 matrix

A =

(

3 1
−1 5

)

then we can form

A − λI =

(

3 1
−1 5

)

− λ

(

1 0
0 1

)

which is simpli� ed to

A − λI =

(

3 − λ 1
−1 5 − λ

)

:

If we now evaluate the determinant of A−λI we obtain what is called the characteristic polynomial
of A. In this case,

j A − λI j =

∣

∣

∣

∣

3 − λ 1
−1 5 − λ

∣

∣

∣

∣

= (3 − λ)(5 − λ) − (1)(−1) = λ2 − 8λ + 16 :

So the characteristic polynomial in this example is the quadratic polynomial λ2 − 8λ + 16. The
characteristic equation is

λ2 − 8λ + 16 = 0 :

In the case of a 3× 3 matrix the characteristic polynomial will be cubic, and the algebra gets a little
more tedious, but the method of calculation is the same.

Eigenvalues
The eigenvalues of a matrix A are the solutions of its characteristic equation. For example the

eigenvalues of A =

(

3 1
−1 5

)

are found by solving λ2 − 8λ + 16 = 0. Thus

λ2 − 8λ + 16 = 0

(λ − 4)(λ − 4) = 0

λ = 4 (twice) :

In this example there is one (repeated) eigenvalue, λ = 4. You should note that in a more general
2×2 case, the solution of the quadratic characteristic equation may yield two real distinct eigenvalues,
or perhaps two complex eigenvalues.

www.mathcentre.ac.uk
c⃝ Author: Tony Croft
Loughborough University

Reviewer: Leslie Fletcher
Liverpool John Moores University

Integration
by parts

mc-TY-parts-2009-1

A special rule, integration by parts, is available for integrating products of two functions. This
unit derives and illustrates this rule with a number of examples.

In order to master the techniques explained here it is vital that you undertake plenty of practice
exercises so that they become second nature.

After reading this text, and/or viewing the video tutorial on this topic, you should be able to:

� state the formula for integration by parts

� integrate products of functions using integration by parts

Contents

1. Introduction 2

2. Derivation of the formula for integration by parts
∫

u
dv

dx
dx = u v −

∫

v
du

dx
dx 2

3. Using the formula for integration by parts 5

www.mathcentre.ac.uk 1 c⃝ mathcentre 2009



Maths support for pharmacists 
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What maths do pharmacists need ? 
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This is something I hope to learn more about today: 
 
•  ? Numeracy: ratios, %, arithmetic, fractions… 
•  ? Units of measurement, conversions 
•  ? Doses, concentrations, molarity 
•  ? Basic algebra: rearranging formulae 
•  ? Some common functions and their graphs: 

logarithm, exponential 
•  ? Differential calculus: chemical kinetics 

 
but what about: trigonometry ? Integral calculus ? 
differential equations ?���
	




mathcentre has resources to help  
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For the help you need to
support your course

Mathematics for 
Chemistry 
Facts & Formulae
mathcentre is a project offering 
students and staff free resources  
to support the transition from  
school mathematics to university 
mathematics in a range of disciplines.

www.mathcentre.ac.uk
This leaflet has been produced in conjunction with the  
Higher Education Academy Maths, Stats & OR Network,  
the UK Physical Sciences Centre, and sigma

For more copies contact the Network at  
info@mathstore.ac.uk
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mathcentre has resources to help  
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Dilution of solutions for nurses

mc-nursing1-1-dilution

Introduction
In order to maximize all available storage space most solutions are stored in a concentrated form

(known as stock). These solutions are then diluted to the required strength as and when required

for the individual patient. This also means the same solution substance may be used for a different

range of treatments.

This lea et explains how
dilution calculations are performed.

The strength of a solution

When stating the strength of solution required it may be expressed in percentage strength, in grams

per litre, millilitre per millilitre or as ratio strength. Whenever it is expressed as a percentage there

is an equivalent ratio and similarly if expressed as a ratio it could also be expressed as a percentage.

For practical purposes weak or very dilute solutions ratios of 1:1000, 1:2000 and 1:5000 maybe

written as 1
1000 , 1

2000 , 1
5000 rather than the more accurate 1

1001 , 1
2001 , 1

5001 .

Remember that the word percent means parts per hundred.
For example 5%

means 5 parts per

hundred parts. As a ratio it would be written as 5 in 100 or simpli� ed to 1 in 20. Whatever form

the strength is given in, we always use the same equation:

Amount of stock required
= Strength Required

Stock Strength ×
Volume Required

Example
Calculate the amount of

(i) stock solution required, and

(ii) water required to make 1.5 litres of 10%
solution from

100%
Stock Strength.

Solution
10%
solution strength is equivalent to 1/10. 100%

is equivalent to 1/1.

Amount of stock required
= Strength Required

Stock Strength × Volume Required

= 1 = 10
1 = 1 × 1 : 5

=
0 : 15 litres

=
150 ml

www.mathcentre.ac.uk

1

c⃝
mathcentre 2009



A task for today!.. 
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Dilution of solutions for nurses

mc-nursing1-1-dilution

Introduction
In order to maximize all available storage space most solutions are stored in a concentrated form

(known as stock). These solutions are then diluted to the required strength as and when required

for the individual patient. This also means the same solution substance may be used for a different

range of treatments.

This lea et explains how
dilution calculations are performed.

The strength of a solution

When stating the strength of solution required it may be expressed in percentage strength, in grams

per litre, millilitre per millilitre or as ratio strength. Whenever it is expressed as a percentage there

is an equivalent ratio and similarly if expressed as a ratio it could also be expressed as a percentage.

For practical purposes weak or very dilute solutions ratios of 1:1000, 1:2000 and 1:5000 maybe

written as 1
1000 , 1

2000 , 1
5000 rather than the more accurate 1

1001 , 1
2001 , 1

5001 .

Remember that the word percent means parts per hundred.
For example 5%

means 5 parts per

hundred parts. As a ratio it would be written as 5 in 100 or simpli� ed to 1 in 20. Whatever form

the strength is given in, we always use the same equation:

Amount of stock required
= Strength Required

Stock Strength ×
Volume Required

Example
Calculate the amount of

(i) stock solution required, and

(ii) water required to make 1.5 litres of 10%
solution from

100%
Stock Strength.

Solution
10%
solution strength is equivalent to 1/10. 100%

is equivalent to 1/1.

Amount of stock required
= Strength Required

Stock Strength × Volume Required

= 1 = 10
1 = 1 × 1 : 5

=
0 : 15 litres

=
150 ml

www.mathcentre.ac.uk
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Are further, subject specific resources 
needed ?!
!
What are these ?!
!
Who might prepare them ?!



A national network of mathematics support A national network of mathematics support 
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2010 the sigma network – sigma goes national! 

§  Six regional hubs offering 
local events: 
 
training 
workshops 
resource production 
networking 
sharing practice 



Extensive influence – the Scottish Network 



Extensive influence – the irish Network 



Extensive influence – Welsh Language editions 



Growth in the number of centres in the UK 



Extent of provision 
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Encouraging and establishing further provision 

§  Maths support at the University of York 
 
In this clip we hear from Dr Andy Pomfret from 
the Department of Electronics explaining why 
he wanted to establish maths support for 
engineering students at York. 
 



Encouraging and establishing further provision 

!! Maths support at the University of York 
 

! Maths support at the University of York 



Mathematics support is not the prerogative of the weak! 

! St Andrews (2007): ! St Andrews (2007): 

"
There has been a tendency to view 
mathematics support as remedial, 
targetting the less-able student. The 
St Andrews Conference sought to 
redress the balance and emphasise 
the benefits of mathematics support 
provision for students of all 
abilities.!
!

Mathematics support has a significant role to play in institutions 
with demanding entrance requirements.!



Closing remarks 

…..Looking back,  I probably regarded 
mathematics support as a form of 
cottage industry practised by a few well 
meaning, possibly eccentric, individuals, 
who may themselves have been hard 
pushed to offer a credible rationale for 
this work….!
"
"
                         Joe Kyle (Univ. of Birmingham)!



Closing remarks 

…. Now only a few years on, we see that the 
concept of mathematics support has not only 
become firmly embedded in UK Higher 
Education, but colleagues have moved on to 
gather data on the way students use such 
resources and look for optimal strategies for the 
delivery of this support, and this is perhaps the 
most convincing evidence of acceptance. 
Mathematics support came of age in the first 
decade of the 21st century. What might once 
have been described as a cottage industry now 
plays a respected and widely adopted role in 
Higher Education.!



§  The end – Thank you for listening! 
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