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Why study mathematics? Of course, there are many answers to this 
question. For instance, an ability to deal fluently and creatively 
with quantitative information seems like it should be important 
for many aspects of life. But another reason is often cited to justify 
mathematics’ privileged place on the school curriculum.

Studying mathematics, it is claimed, 
aids the development of general 
‘thinking skills’ that are useful across 
many different domains.

This view has a distinguished history. 
Plato was an enthusiastic proponent, 
writing:

“Those who have a natural talent for 
calculation are generally quick at every 
other kind of knowledge; and even the 
dull, if they have had an arithmetical 
training, although they may derive no 
other advantage from it, always become 
much quicker than they would otherwise 
have been.”

The important liberal philosopher 
John Locke agreed, claiming that 
mathematics should be studied 
by “all those who have time and 
opportunity, not so much to make them 
mathematicians as to make them 
reasonable creatures”. Francis Bacon 
suggested that mathematical study 
develops a man’s “wit” and “cunning”, 
and Isaac Watts wrote that it would 
develop one’s ability “to judge justly, and 
to argue strongly”.

But this view, known as the Theory of 
Formal Discipline (TFD), is not just of 
historical interest; it also influences 
modern educational policies. For 
instance, the influential 2004 Smith 
Report on mathematics education 
used a version of the TFD to argue for 
increased investment in mathematics 
teaching and learning. More recently, 
Carol Vorderman’s 2011 report also 
endorsed the theory, arguing that 
mathematics is “critical in fostering 

logical and rigorous thinking”. As a 
result, the report argued that we should 
encourage more students to study 
mathematics from age 16.

But is the theory true?  
In fact there are good reasons to 
suppose that it isn’t.

Back in the early 1900s the educational 
psychologist Edward Thorndike 
conducted a series of studies that 
showed that skills learnt in a specific 
context were very hard to apply in 
novel contexts. For instance, he would 
measure how good someone was at 
estimating the area of triangles, then he 
would train them so that they became 
extremely good at estimating the area of 
rectangles, and see whether or not this 
improved their ability at estimating the 
area of triangles. He found that it did 
not, and concluded that:

“It is extremely unsafe to teach anything 
simply because of its supposed 
strengthening of attention or memory 
or reasoning ability or any other mental 
power; when a teacher can give no other 
reason for a certain lesson or method of 
teaching than its value as discipline, the 
lesson or method should be changed.”

This view is a major challenge to 
idea that mathematics should have 
a privileged place on the school 
curriculum because it helps develop 
general thinking skills. Thorndike’s view 
was dominant among educationalists 
until fairly recently but, somewhat 
surprisingly, prior to the current project 
it had never been tested specifically in 
the context of mathematics. 
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We are delighted that Matthew’s 
work has helped demonstrate how 
studying mathematics is associated 
with improved reasoning ability - and 
that it is not simply that those drawn 
to mathematics already have those 
abilities.  We hope that this research 
will contribute directly to the debate 
about the benefits of continuing a 
mathematical education after the  
age of 16.  

Matthew’s research is summarised in 
this booklet, but he has also gone on 
to consider the practical implications 
of teaching mathematical thinking at 
a higher level.  He has worked with 
colleagues on an approach known as 
comparative judgement which allows 
richer and more open-ended tasks 
to be used in the classroom.  It also 
allows reliable assessments of student 
performance to be made.  As well as 
cutting out marking schedules for 
teachers this allows mathematics to be 
presented as a more creative discipline 
to students, broadening its appeal.  You 
can find out more about this innovative 
approach at www.nomoremarking.com. 

We have been pleased to support 
Matthew presenting the results of his 

research to many and varied audiences.  
At the Annual Livery Education 
Conference, Matthew has already 
spoken to other livery companies 
and to head teachers.  In the autumn 
and winter of 2015 he will be running 
workshops on comparative judgement 
for maths teachers, and a seminar for 
members of the actuarial profession.

As in our professional lives, we are 
enthusiastic to see research and theory 
put to practical use.  The Worshipful 
Company of Actuaries is very grateful 
to the Arthur-Miles Foundation, the 
Royal Institution and a number of other 
generous sponsors for supporting 
the events which we are holding to 
ensure that this research reaches 
those audiences who can take action to 
make a difference.  You can find more 
details on the Company’s website www.
actuariescompany.co.uk.

I hope you enjoy reading about this 
research.

Martin Miles

Past Master 2014-15
Chairman of the Education Committee
and Trustee of the Charitable Trust
The Worshipful Company of Actuaries  

Foreword
Actuaries are known for having a quiet passion for mathematics 
and for rigorous, analytical thinking.  When Matthew Inglis 
started his research, the Worshipful Company of Actuaries 
and the Trustees of our Charitable Trust were hopeful that the 
Royal Society Research Fellow would identify the value of a 
mathematical education for all, and do so in a rigorous way.
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In the next stage we compared 
the performance on these tasks of 
university students who had opted to 
study mathematics between the ages  
of 16 and 18, and those who had not. 

We found a substantial advantage 
for the mathematics students. The 
graph shows the performance of the 
mathematics and control students on 
six types of problems: those involving 
conditionals (‘if…then’ statements), 
disjunctives (‘either...or’ statements) 
and Aristotelean syllogisms. Some 
students were given problems with 
abstract content, where the statements 
were about letters and numbers with 
no external meaning, and others were 
given thematic problems, where the 
statements were about real-life content. 

As illustrated in the graph (Figure 2), 
we found that the students who had 
studied mathematics performed more 
strongly across the board, but that their 
advantage was particularly evident on 
the abstract problems. 

This result, while encouraging for 
the TFD, does not provide compelling 
evidence in favour of the theory. 

Perhaps those students who opted to 
study A level mathematics were merely 
better at these kinds of reasoning 
tasks anyway? Investigating this 
alternative account, known as the 
filtering hypothesis, requires us to track 
students’ development over time.

So, in the next series of studies we 
tracked the reasoning development of 
cohorts of students from the age of 16. 
Here we focused on problems involving 
abstract “if…then” conditionals, the task 
with the largest group differences from 
the earlier study. First we tracked two 
groups of A level students in their first 
year of post-compulsory study. One 
group had opted to study mathematics, 
the other had chosen English literature 
but not mathematics. 

As the graph below (Figure 3) shows, at 
the start of their studies the two groups 
had equivalent levels of performance 
on the conditional inference problems. 
However by the end of their first year 
of A level studies the two groups 
had diverged significantly, with the 
mathematics group outperforming the 
literature group. Critically, none of the 
problems we asked our participants 
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Figure 1

This problem concerns an imaginary letter-number pair. 
Your task is to decide whether or not the conclusion  
necessarily follows from the rule and the premise.

Rule: If the letter is not T then the number is 6. 
Premise: The number is 2. 
Conclusion: The letter is T.

 YES (it follows)  NO (it does not follow)

Assume that the following is true: 
If third world debt is cancelled, then poverty will worsen.

Given that the following premise is also true: 
World poverty does not worsen.

Is it necessary that: 
Third world debt is not cancelled.

 YES   NO

There are three main steps required to 
evaluate the TFD, at least in the context 
of post-16 mathematics, as focused on 
by the Smith and Vorderman Reports:

1. Determine precisely what kind of 
‘thinking skills’ policymakers believe 
studying mathematics from age 16 
develops, and produce measures of 
these skills.

2. Investigate whether or not those who 
have studied mathematics perform 
differently on these measures to 
those who have not.

3. If they do, try to decide whether 
these differences are the result 
of development or filtering: does 
studying mathematics develop 
thinking skills, or are those who 
already think in particular ways 
simply more likely to choose to study 
mathematics?

In 2010 the Royal Society and the 

Worshipful Company of Actuaries’ 
Charitable Trust provided funding to 
the Mathematics Education Centre at 
Loughborough University to investigate 
these issues.

The project began by interviewing 
stakeholders in the mathematics 
education community: members 
of learned societies, teachers’ 
organisations, government ministers 
and so on. Each stakeholder was 
asked their views on the TFD, and 
then asked to evaluate the whether 
or not they thought someone who had 
studied advanced mathematics would 
find specific reasoning tasks easier. 
Unsurprisingly, given how regularly the 
TFD is offered to justify mathematics’ 
place on the curriculum, every one of 
the stakeholders endorsed the theory. 
Example reasoning tasks which they felt 
would be most facilitated by studying 
advanced mathematics are shown in  
the box (Figure 1).

Figure 2



766

High Intensity Mathematics
Low Intensity Mathematics

Co
nd

iti
on

al 
Re

as
on

in
g 

(%
 c

or
re

ct
)

48

50

52

54

56

Time
1 2 3

Mathematics
Literature

Co
nd

iti
on

al 
Re

as
on

ing
 (%

 c
or

re
ct

)

52

54

56

58

60

62

64

66

Time
1 2

Figure 3

to tackle were included on the A level 
syllabus, which has no explicit formal 
logic component.

This pattern of results is highly 
consistent with what the Theory of 
Formal Discipline would predict. The 
fact that the two groups performed 
at a roughly similar level at the start 
of the study is a problem for the 
alternative filtering hypothesis. If that 
hypothesis were correct, we’d expect 
the mathematics group to already have 
an advantage at the outset. 

Following this positive result, we 
repeated the study (Figure 4) in a context 
where all students were required to 
study mathematics from age 16 to 18. 
In Cyprus students can choose to study 
either ‘high intensity’ mathematics 
(around five hours of classes per week) 
or ‘low intensity’ mathematics (around 
two hours of classes per week). This 
time we were able to follow the students 
for two years of study. We found a 
strikingly similar pattern of results to 
the English study. At the start of the 
two-year programme, the two groups 
performed at similar levels on the 
conditional inference problems, but by 
the end of the study they had diverged 
substantially.

While there are limitations to these 
studies – by necessity we have focused 
only on a restricted range of reasoning 
skills – they suggest that the negative 
view of the TFD we have inherited from 
Edward Thorndike’s work in the early 
1900s might not be justified.  

It seems that there are good reasons to 
suppose that, as Plato claimed, studying 
mathematics does indeed develop some 
generic reasoning skills that aren’t 
explicitly part of the syllabus.

Figure 4

The Worshipful Company of 
Actuaries is a Livery Company of the 
City of London, established in 1979. 
We are a modern and active company 
that strongly supports and promotes 
the actuarial profession. We work 
closely with the Institute and Faculty 
of Actuaries, members of which 
are deeply involved in the financial 
services industry, not only in London 
but all over the world. 

Through our Charitable Trust, we aim 
to make a difference by supporting 
educational activities (particularly in 
mathematics and financial literacy) 

and other charitable activities of 
the members of the livery. Like 
the medieval liveries of the City of 
London, we play a full role in the 
governance of the City, including 
the election and support of the Lord 
Mayor and Sheriffs.

Our Liverymen are all actuaries 
who share the aims of the Company 
and its Charitable Trust.  Further 
information about the Company and 
how to become a member can be 
found on our website:

www.actuariescompany.co.uk

The Worshipful Company of Actuaries 
and its Charitable Trust

research in collaboration with  
Loughborough University
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Further reading:
Attridge, N., Doritou, M., & Inglis, M. (2015). The development of reasoning skills during 
compulsory 16 to 18 mathematics education. Research in Mathematics Education, 17, 20-37.

Attridge, N. & Inglis, M. (2013). Advanced mathematical study and the development of 
conditional reasoning skills. PLOS ONE, 8, e69399.


