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The most consistent feature of teaching over the last thirty or forty years in UK
mathematics departments has been change. The departments I’ve been in have
experienced a more or less constant process of adjustment punctuated by a major
reorganisation every five or ten years, and I don’t think this is at all unusual. Journalists
and others who complain that we’ve all been lecturing from the same dog-eared notes
we wrote when we began our careers just haven’t been paying attention.

Yet as far as I know, none of the many changes I have been involved with has been
suggested or contributed to by people working in mathematics education. I know there
are departments where there has been some collaboration, and it may also be that
mathematics education has had an indirect influence and I just haven’t been aware of it,
but on the whole we’ve been left to our own devices. I’m sure most of my colleagues
don’t even know that there is research going into the teaching of mathematics at
university level – which is why this meeting is timely. 

The change in university mathematics courses has been driven by a number of factors.
In the first place, mathematics itself has changed over 40 years. There have also been
changes in the sorts of careers our students are heading for, and we have had to reflect
that too: statistics and OR are much more important than they used to be. 

These are matters for professional mathematicians to deal with, and on the whole I think
we’ve done it reasonably well. There are also, however, causes that are more to do with
pedagogical issues, and this is where we could do with some help from people with the
right sort of expertise. 

I’ve prepared a little wish list. It’s by no means exhaustive and it’s quite personal, by
which I mean that I haven’t discussed it explicitly with other mathematicians though it
does reflect conversations I’ve had with colleagues over the years. It’s intended chiefly
to provide an idea of the sorts of problems mathematicians might suggest. Some are
quite practical, others would involve more theoretical study, so there is something for
all tastes. (I should mention that throughout this note I have generally assumed that we
are talking about mathematics students. There are also serious problems to do with
ancillary teaching, not least because we have so much less time at our disposal.)

One of the practical problems is simply that we are teaching much larger classes than
we used to. That raises the obvious problems of lecturing to a large group, and we’ve all
had to learn how to do that – write large enough, speak loud enough, make eye contact
with students beyond the first couple of rows, and on. That much we’ve worked out for
ourselves. I have read suggestions that I should stop a lecture in the middle and get the
students to discuss the issues by themselves, but the people who propose this always
seem to have the humanities in mind. Until Keith Webber described “peer instruction”
in an earlier talk today, no one had ever explained to me how I might make it work in
mathematics or science. 

There are, however, many other issues that arise when we are trying to provide a good
experience for students who come to us less well prepared for university teaching than
their predecessors only to find themselves in much larger classes and with much less
opportunity for contact with staff. We can’t just carry on as before only with more



bodies in the rooms. We need to change many of the ways we do things – but which,
and how?

What sort of material should we provide?. TeX makes it relatively easy to produce full
lecture notes for the students, so they no longer have to copy down everything we think
they should have. Experience shows, however, that there are disadvantages as well, not
least because students with a complete set of notes may feel they possess the knowledge
and have no need actually to transfer the information into their brains. How can we use
the new technology to help students avoid the drudgery of note taking without losing
what they used to gain from it – or can we compensate for that loss in a different way? 

Similarly, what happens when a student uses a computer to carry out some calculation
or a statistical analysis may be very different from when the work is done by hand. If
we set the same exercises, the answers may be the same, but what the student gets out
of the experience may not be. When we are making such a basic change, we really need
to think carefully about what the students are learning, and how they are learning it. 

Then there are the problems associated with the students themselves. I don’t want to be
accused of coming here to moan yet again about standards, so let’s just agree that
students are different from what they were in the past and leave the value judgement to
one side. There are, however, some facts that are not as well known as they ought to be,
and we have to take them into account.

As I’m sure many of you know, the Mathematics Department at Coventry University
has been giving the same diagnostic test to incoming students for about 15 years. They
have found a drop of about one grade every two years, that is, a student with an A grade
will perform about as well as a student with a B two years ago or one with a C two
years before that. (A mathematician might ask at this point what happens if you
continue the series for a few more terms. The answer is that many students with an A
today perform at a level lower than you would have expected from any student ten or
more years ago.)

I have to say that sounds like a lot even to a sceptic like me, but I’ve heard of similar
results from York. One or two critics have pointed out that the syllabus will have
changed over the time, but this cannot account for such rapid changes over two year
intervals. Besides, the result is based on diagnostic tests, which cover only the basic
knowledge, which isn’t supposed to have been changing very much. What is more, in
an independent study at Durham, A-level grades were compared with scores on an
international test, and showed a drop of two grades in five years.

 The results are also consistent with what most of us have noticed in our students. There
was a time when I would have been shocked to find a single honours student (which at
King’s means an A in A-level mathematics) writing that (a+sinx)/(b+cosx)=a/b + tanx.
But not now.

Whatever else you think of all this, it has implications for university teachers. Lack of
facility in the basic techniques makes it very difficult for students to solve problems or
even to understand what is being presented in class. How do we cope with this? As with
the 4-function calculator in primary schools, modern technology means that students no
longer have to be very good at long, complicated computations, but the simple ones still
have to be second nature to them.



Another problem is that we can no longer assume that students with A-level
mathematics will know what a derivative is, other than that it is the slope of the curve.
Unless they’re lucky enough to have had a teacher with the time and the inclination to
show them, they will have no idea why the derivative of x2 is 2x. 

Myself, I’m horrified by this. But I have to allow the possibility that I’m wrong. Maybe
future mathematics students are better off learning the rule first without any justification
and only later seeing where it comes from. Maybe it doesn’t matter if future engineers
and scientists never see how it’s done, that they can get hold of the concept of the
derivative and how it relates to their subject without ever seeing the definition. Though I
do wonder whether it really is easier to think of speed as the slope of the graph of the
plot of distance against time rather than to think of measuring the average speed over
smaller and smaller intervals.

But we now have to assume that this is how our first years understand a derivative, and,
more generally, that they have learned mathematics chiefly as a set of unconnected rules
to be followed without much understanding. What is more, some university courses are
already following the schools down this road. I was recently sent a textbook on
mathematics for engineers and others without A-level mathematics. The students are
taught “a technique called differentiation”, but all they are told about it is that they can
find derivatives “by using a formula, applying a rule, or checking in a table.” 

It goes without saying that the derivative is a crucially important concept in
mathematics and in almost every subject to which it is applied. If we are going to make
a fundamental change in the way we approach it, then we really need to have some idea
what effect this is likely to have, and we should monitor the outcome carefully in case
we were wrong.  

Yet that is not at all the way it happened. Changes made to A-level for other reasons
had the effect that students would no longer be examined on their knowledge of what a
derivative is. As soon as teachers realised this, many of them stopped teaching it – for
which it is hard to blame them, given the pressures they are under. The consequence,
however, is that in schools and even some universities in England, it is now accepted
that the definition is something that only the most able and advanced students need be
shown. 

A related question is whether we can keep putting off learning things until later. Does it
matter if students arrive at university not knowing what a proof is? Does it matter that
they will have done very little problem solving? 

We all know that a child of three can learn a language remarkably quickly and easily.
Children only a few years older find it harder, and adults even more so. Are there also
windows in which certain mathematical ideas are more easily learned? I’ve been told
that some work has been done, and that it suggests that there are indeed windows, but it
doesn’t seem to have got into the mainstream yet. 

I think most of us would accept what I take to be the Piagetian view that there are ideas
that children aren’t going to be able to manage when they’re too young – we don’t try to
teach Euclid to 5 year olds. (Actually a lot of people think we shouldn’t try to teach
Euclid to almost anyone at any age, but that’s another story.)



Is it also the case that certain mathematical concepts and techniques are harder to teach
after a certain age? Even if there aren’t things that become inherently more difficult as
we grow older, are there not things that are better taught and learned in the school
environment with much smaller classes, a much slower pace, more individual attention
and an altogether different attitude in the classroom? 

I can teach a large first year class how to solve a system of linear ODEs with constant
coefficients. I’m not so confident about teaching them how to write out a proper proof
or how to attack a problem they’ve never seen before. Doesn’t that have to be at least
started at school, or are there ways of doing it effectively at university? 

If the latter, what is the best way? Most of us were taught these things at school, so
when it comes to teaching them in a university context, we are on unfamiliar ground.
And can we do it while we are expecting the students to be learning lots of other
mathematics at the same time? It’s not easy to teach the proof of a theorem to a class
who aren’t at all sure what a proof is, never mind how this particular one goes. I think
we’ve all tried to devise courses to cope with this, and no doubt some of us have
succeeded better than others. It is not easy to share best practice, however, because so
much depends on how able the students are and exactly how much their teachers were
able to do for them.

The answer to that question might inform some policies that very much need some
informing. It could lead to changes in school mathematics, if it is really the case that
universities are being asked to do things that schools are actually better suited to. Or it
could lead to changes in university courses if it turns out that we can do them just as
well (and if it were decided that we ought to do them, which isn’t the same point) but
university courses would have to start more slowly and last longer, as in the USA. 

There are also some general issues on which research is urgently needed.. For example,
why are so many students turning away from mathematics altogether? And what, if
anything, can we do about it?

This is, of course, a problem that is not just confined to England or to mathematics, and
an international programme, Relevance of Science Education  (ROSE), has been
organised to study it.. ROSE has only just started its work, but its researchers have
already turned up a very interesting result. They asked young people in 25 countries a
number of questions about their attitude to science. They scored the responses on a scale
from 1 (disagree strongly) to 4 (agree strongly). They then plotted the average response
from each country (boys and girls separately) against an indicator of that country’s level
of development. 

If you’re a statistician, your hackles will rise at the idea of averaging data that aren’t
really quantitative, but the results (Fig. 1) are so striking that I’m sure you’ll agree it
doesn’t matter. The more developed the country, the less likely its young people are to
be interested in a career in science or engineering.

It makes me think of the Victorian industrialist’s children who refused to have anything
to do with the business that made them rich. Those of us in the countries that used to
lead the world in industry would do well to remember the saying about clogs to clogs in
three generations.



ROSE’s work is far from finished, because their aim is not just to measure what is
happening but also to understand why. I think this is very important, and I also think
there is a need for research specifically directed at mathematics. If young people are not
attracted to the subject, we need to find out why, because only then can we hope to do
something about it. 

Crucially, if we start making significant changes without a clear idea of the nature of
the problem we are trying to solve, we may well make things worse rather than better.
For example, we are constantly being told that we have to make subjects “more
attractive”, whatever that means. The latest example in this country is the so-called 21st

century science. Unfortunately, there is a real danger that the measures we take will
make the subject marginally more attractive to some students and at the same time
considerably less attractive to others, especially those who already have a genuine
interest in it and were likely to continue.

A few years ago I asked some sixth formers at the Manchester Grammar School how
many of their classmates were going to read mathematics at university. Considering the
consistently good results this school achieves, you can imagine how surprised and
disappointed I was to hear that none of them was. Naturally, I asked why. The reply was
immediate: “Too boring.” And I’ve run into much the same thing several times since.

I found a possible clue the last time I was home in Canada. I was chatting with a friend
who is a piano teacher, and because I knew that not as many children learn the piano as
used to, I asked her how business was going. She laughed. “I won’t have any problems
getting students,” she told me, “as long as there are enough orientals in town.”

Now as everyone knows, the numbers of students of Chinese, Korean and Indian origin
in mathematics and science in North America are far greater than you’d expect from the
population figures. Is it mathematics that is putting young people off, or is it something
a lot deeper than that? We really ought to know a great deal more about this before we
start changing the subject in what may turn out to be a futile attempt to make it more
popular. 

There hasn’t been much collaboration between mathematicians and mathematics
educationalists in the past, for a number of reasons. I’m sure we can expect more in the
future, because now most mathematicians are aware that we are facing some serious
problems. It may still be mostly up to educationalists to take the initiative, because they
are the ones with something to sell, so to speak, but they’ll find a much better reception
than they would have twenty or thirty years ago.



Fig. 1: Reponses from students in different countries to two questions about their
attitude to science. The scale is from 1 (disagree) to 4 (agree); 2.5 is neutral. From S.
Sjøberg & C. Schreiner, How do Students Perceive Science and Technology? Science
in School, Issue 1, Spring 2006.


