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Beginnings

My parents taught me to count, how to add,
and how to multiply, before I went to school.

In my first or second year at primary school,
the other pupils mocked me for being good at arithmetic.
I came home and told my parents about this.
They said nothing at the time.
But within the next week, each of them took me aside
separately and said

“You must decide for yourself what you want to be.
Ignore anybody else’s comments.”

I think that they didn’t realise that that meant that I would
decide for myself and wouldn’t take any notice of them either.
If you like Maths, do not let anyone else put you off.
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Secondary school

At secondary school, I alternated with another pupil in my
class in coming top in Maths exams.

But Maths wasn’t the only subject that I liked. I also wanted to
do lots of languages, lots of sciences, and so on.
When I applied to university, I applied for Maths in some
places, and for Geology in others. I had an interview at
Nottingham University, where I had applied to do both.
In my interview, they advised me to do the Maths first: after
that, I could easily do the Geology.
I think they knew very well that once I’d done the Maths
degree I would be hooked on it and wouldn’t change to
Geology.

So now I will give you the same advice: stick to the Maths.

Nobody told me that girls couldn’t do Maths until I was
already so engrossed in it that there was no turning me back.
I was lucky in that way.
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Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.

You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.

If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.

In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question.

It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up.

I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked.

She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.

I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Applying to Oxford and Cambridge universities

In those days, Oxford and Cambridge universities did things
rather differently from other universities.
You took your end-of-school A-level exams in the summer. If
you were going to another university, you started that autumn.
If not, you did some higher exams in the autumn, took special
entrance exams for Oxford and Cambridge, and, if you were
lucky, went up and had an interview.
In my interview at St Hugh’s College in Oxford, the tutor said
that she was really interested in the answer that I had given to
one particular exam question. It was absolutely obvious to her
that I did not know the proper way of doing it, but, in spite of
that, I hadn’t given up. I just tried this, I tried that, and so on
and so forth, until something worked. She admired my
determination, and was going to offer me a place based on that.
I now think that “do not give up” is an important quality for a
mathematician.

Bailey Kochi, India A life in Maths 4/31



Medical Research Council

I had nine months between leaving school and starting
university.

Another pupil in my class told me that her father
was a scientist working for MRC in their air pollution research
unit and they were looking for a mathematician to employ as a
technician. I applied, and got the job.
My first task was entering data. I had this punched card which
I put into a machine. I typed data into it, then put it into a
different machine and typed the data again. If the data did not
match, the second machine screamed at me, so I had to throw
the card away and start again.
This taught me that data entry has to be done very carefully,
and should always be checked.
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Being careful with data

Nowadays, most data is entered directly into a spreadsheet and
is not carefully checked.

In fact, I have noticed that many scientists look at data without
absorbing the numbers in the way that mathematicians do.

Example

RAB: Why is one measurement more than 15 times as big as
any of the others?
Scientists: Oh, we had not noticed that, we will check.
. . .
Scientists (a bit later): Sorry, we had made a copying mistake,
we have corrected it now.
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Being an undergraduate at Oxford

When I was an undergraduate at Oxford, the undergraduate
Mathematics had only got Pure Maths and Applied Maths.
There wasn’t any Statistics.

I was hopeless at Applied Maths. So, as we approached the
exams at the end of the first year, my college tutor arranged for
me to have some special extra tutorials in Applied Maths, just
so that I would be able to pass those exams.
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Working with people at the same level

The way that Oxford University worked then was that lectures
and exams were arranged at university level, but tutorials were
done at college level.

In my intake, there were 9 students in my college doing Maths.
We had the idea of setting up regular meetings once or twice a
week in each other’s rooms to discuss what we had written
down in lectures.
Sometimes, someone would say

“I don’t understand something there.”

Then someone else would say
“Oh, I do. I’ll explain it.”

I think that getting into that habit of explaining what we had
had in lectures within the same week was really good.
Students don’t always do that now. They sometimes just leave
it until near the exam. I advise you not do that.
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Voluntary Service Overseas

I graduated with First Class Honours in Mathematics.

Then I did a year of Voluntary Service Overseas.
We volunteers had precisely two weeks of training in teaching.
I was a teacher of Mathematics at Queen Elizabeth School in
Ilorin in Nigeria.
In those days, this was a very multicultural area, with people
happily mixing with those of different religions, different first
languages, and different skin colours.
At the end of my first term, the French teacher left
unexpectedly when her husband had a new job.
I suddenly had to become the French teacher as well as the
Maths teacher!
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Being a postgraduate at Oxford

I returned to Oxford to do my DPhil in Algebra.

This means
doing some new research that no one has done before. Your
supervisor suggests the topic, guides you, and gives advice,
but basically leaves you to develop the new ideas by yourself.
Some of the doctoral students in Algebra got together and set
up the Junior Algebra Seminar. We met once a week, and one
of us would give a seminar talk about their research. Our
supervisors were not invited, because we did not want the
speaker to be nervous. But, because we were all at a similar
level, we were allowed to interrupt and ask questions.
Once, the speaker said

“I’ve been told to read this special book on my subject, but
it’s written in German, and I’ve never learnt German.”

I said
“I do know some German. I will help you.”

I think that the Junior Algebra Seminar was as helpful as my
earlier undergraduate meetings.
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The Open University

A year or two before I completed my doctorate, most UK
universities doubled their Maths staff. By the time that I
needed to find a job, there were essentially no vacancies.

I managed to get a job at the recently founded Open University.
This was for students who did not attend in person.
The staff essentially wrote mini-text-books and posted them to
the students.
In spite of my doctorate, I was so junior that my job was
essentially just doing copy-editing.
This means reading the finished text very carefully, checking
that the spelling is correct, that the punctuation is correct, that
the notation is correct, that each sentence makes sense, and that
the mathematics is correct.
Doing this sort of careful checking is an essential skill for a
mathematician.
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Edinburgh

A few years later, I saw an advert for a post-doctoral position in
the Statistics Department at the University of Edinburgh. They
had seen a paper suggesting that algebra could be helpful in
certain parts of the design of experiments. Their fellowship
was intended for someone with a background in algebra who
was willing to change into being a statistician.

I thought “Given that there are no jobs in algebra, perhaps I
should try that?” So I went along, and got the job.
I spent two and half very fruitful years in Edinburgh, learning
about design of experiments in my first year and then teaching
that to MSc students the next year.
It was a bit weird. The Head of Department said that he hated
Mathematics, but he wanted me to do this research.
Fortunately, his colleagues encouraged me to keep going.
One thing I learnt about was Latin squares. I will tell you a
little about them.
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What is a Latin square?

Definition
Let n be a positive integer.
A Latin square of order n is an n × n array of cells in which
n symbols are placed, one per cell, in such a way that each
symbol occurs once in each row and once in each column.

The symbols may be letters, numbers, colours, . . .
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A Latin square of order 8
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A Latin square of order 6

E B F A C D

B C D E F A

A E C B D F

F D E C A B

D A B F E C

C F A D B E
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What are Latin squares used for?

Agricultural field trials, with rows and columns corresponding
to actual rows and columns on the ground (possibly the width
of rows is different from the width of columns).

“. . . on any given field agricultural operations, at least for
centuries, have followed one of two directions, which are
usually those of the rows and columns; consequently streaks of
fertility, weed infestation, etc., do, in fact, occur predominantly
in those two directions.”

R. A. Fisher,
letter to H. Jeffreys,

30 May 1938
(selected correspondence edited by J. H. Bennett)

This assumption is dubious for field trials in Australia.
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An experiment on potatoes at Ely in 1932

E B F A C D

B C D E F A

A E C B D F

F D E C A B

D A B F E C

C F A D B E

Treatment A B C D E F
Extra nitrogen 0 0 0 1 1 1
Extra phosphate 0 1 2 0 1 2

Of course, the experimenter has to know what units the
quantities of nitrogen and phosphate are measured in.
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A forestry experiment in a Latin square of order 5

Experiment on
a hillside near
Beddgelert Forest,
designed by Fisher
and laid out in
1929

©The Forestry
Commission
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Other sorts of rows and columns: animals

An experiment on 16 sheep carried out by François Cretté de
Palluel, reported in Annals of Agriculture in 1790. They were
fattened on the given diet, and slaughtered on the date shown.

slaughter Breed
date Ile de France Beauce Champagne Picardy

20 Feb potatoes turnips beets oats & peas
20 Mar turnips beets oats & peas potatoes
20 Apr beets oats & peas potatoes turnips
20 May oats & peas potatoes turnips beets
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Other sorts of rows and columns: plants in pots

An experiment where treatments can be applied to individual
leaves of plants in pots.

plant
height 1 2 3 4

1 A B C D
2 B A D C
3 C D A B
4 D C B A
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Rothamsted Experimental Station (Harpenden)

This was founded by Sir John Bennet Lawes in 1843.

trees →

Broadbalk

I worked in the Statistics Department there from 1981 to 1990.
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Blocking

We have 6 varieties to compare in this field.
Crows nest in the trees, and may damage nearby crops.
How do we avoid bias?

.......................

.....................
...................
................
..............
............. .......... ............. ................ ................... ...................... ......................... ............................ .................. ............... ............. ........... ........ .................
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......................

• • • • • •
• • • • • • •

• • • • • • • •
• • • • • • • •
• • • • • • • •

• • • • • • • •
• • • • •

STONY GROUND
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...................................................................
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Partition the experimental units into homogeneous blocks
and plant each variety in one plot in each block.
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Partition the experimental units into homogeneous blocks
and plant each variety in one plot in each block.
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An experiment at Rothamsted that I designed

This is a Latin square with six treatments.
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Unintended consequences

The following year at Rothamsted,
I was flooded with requests from scientists who wanted to do
an experiment in a Latin square of order 6.

RAB: There is nothing special about 6.
I can give you a Latin square like that for any size.
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Working at Rothamsted

When I was working at Rothamsted, no experiment was
authorized unless both the design and the plan for data
analysis had been approved. Both of those needed the
involvement of statisticians.

So I made dummy datasets and did dummy data analysis just
to make sure that my suggested layout did not have any
strange properties that I had not foreseen.
When the experiment had been done, the Statistics Department
was involved in the data analysis.
The general rule was that you do the same analysis as the one
that you had planned in your dummy analysis.
But if you found something strange, you were allowed to
change it.

Bailey Kochi, India A life in Maths 25/31



Working at Rothamsted

When I was working at Rothamsted, no experiment was
authorized unless both the design and the plan for data
analysis had been approved. Both of those needed the
involvement of statisticians.
So I made dummy datasets and did dummy data analysis just
to make sure that my suggested layout did not have any
strange properties that I had not foreseen.

When the experiment had been done, the Statistics Department
was involved in the data analysis.
The general rule was that you do the same analysis as the one
that you had planned in your dummy analysis.
But if you found something strange, you were allowed to
change it.

Bailey Kochi, India A life in Maths 25/31



Working at Rothamsted

When I was working at Rothamsted, no experiment was
authorized unless both the design and the plan for data
analysis had been approved. Both of those needed the
involvement of statisticians.
So I made dummy datasets and did dummy data analysis just
to make sure that my suggested layout did not have any
strange properties that I had not foreseen.
When the experiment had been done, the Statistics Department
was involved in the data analysis.

The general rule was that you do the same analysis as the one
that you had planned in your dummy analysis.
But if you found something strange, you were allowed to
change it.

Bailey Kochi, India A life in Maths 25/31



Working at Rothamsted

When I was working at Rothamsted, no experiment was
authorized unless both the design and the plan for data
analysis had been approved. Both of those needed the
involvement of statisticians.
So I made dummy datasets and did dummy data analysis just
to make sure that my suggested layout did not have any
strange properties that I had not foreseen.
When the experiment had been done, the Statistics Department
was involved in the data analysis.
The general rule was that you do the same analysis as the one
that you had planned in your dummy analysis.

But if you found something strange, you were allowed to
change it.

Bailey Kochi, India A life in Maths 25/31



Working at Rothamsted

When I was working at Rothamsted, no experiment was
authorized unless both the design and the plan for data
analysis had been approved. Both of those needed the
involvement of statisticians.
So I made dummy datasets and did dummy data analysis just
to make sure that my suggested layout did not have any
strange properties that I had not foreseen.
When the experiment had been done, the Statistics Department
was involved in the data analysis.
The general rule was that you do the same analysis as the one
that you had planned in your dummy analysis.
But if you found something strange, you were allowed to
change it.

Bailey Kochi, India A life in Maths 25/31



Strange data

On one occasion, I looked through the data
(this is what mathematicians do!)
and noticed that the yields in the last 12 plots out of 72 started
to be much lower. There were three fields, each containing 24
plots, so this was the last half of the third field.

I went back to the people involved, and asked them if they
knew what had happened. They said

“It started to rain during harvest, when we were
in the middle of the third field.”

So I was allowed to add a dummy variable to the data analysis
to allow for this. This explained what was going on, and made
some sense.

Bailey Kochi, India A life in Maths 26/31



Strange data

On one occasion, I looked through the data
(this is what mathematicians do!)
and noticed that the yields in the last 12 plots out of 72 started
to be much lower. There were three fields, each containing 24
plots, so this was the last half of the third field.
I went back to the people involved, and asked them if they
knew what had happened. They said

“It started to rain during harvest, when we were
in the middle of the third field.”

So I was allowed to add a dummy variable to the data analysis
to allow for this. This explained what was going on, and made
some sense.

Bailey Kochi, India A life in Maths 26/31



Strange data

On one occasion, I looked through the data
(this is what mathematicians do!)
and noticed that the yields in the last 12 plots out of 72 started
to be much lower. There were three fields, each containing 24
plots, so this was the last half of the third field.
I went back to the people involved, and asked them if they
knew what had happened. They said

“It started to rain during harvest, when we were
in the middle of the third field.”

So I was allowed to add a dummy variable to the data analysis
to allow for this. This explained what was going on, and made
some sense.

Bailey Kochi, India A life in Maths 26/31



Back to universities

After Rothamsted, I was able to get a job as a university
professor.

I taught courses in both Pure Maths and Statistics.
After some time, I turned some of my lectures notes into
textbooks at undergraduate level.

Design of Comparative Experiments

Association Schemes: Designed Experiments, Algebra and
Combinatorics

As you can see, the second one combines Statistics and Pure
Maths.
Combinatorics is the mathematics of patterns like Latin
squares.
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Continuing research

In a university, teaching is only half of the work.
The other half is doing new research.
One good aspect is that you can choose what research you
want to do.

Over the years, I have done research in algebra,
in combinatorics, in design of experiments.
I have also collaborated with scientists in various different
subjects.
When you do some new research, you write it up as a paper
and publish it in a journal.
You also have many opportunities to present talks about it at
international conferences. This has brought me to India more
than once.
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R. C. Bose

R. C. Bose was a famous Indian statistician and mathematician.

He worked at the Indian Statistical Institute, where he used
Pure Maths to develop some ideas in Design of Experiments.
One of these was the notion of “association schemes”, which he
and co-authors used to define partially balanced designs.
This is the topic of one of my textbooks.
After that, he worked at the University of Calcutta.

In 1949 he moved to the USA, where he continued his
university career. He was at the University of Chapel Hill for
many years.
While he was there, he and S. S. Shrikhande became famous for
showing that a conjecture about Latin squares (made by Euler
in 1782) was false.
In a conference in Chapel Hill in 2003, Shrikhande told me that
this was his proudest moment.
Bose died in the USA in 1987.
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Bose Memorial Symposia

In December 1988, I attended the week-long R. C. Bose
Memorial Symposium on Probability, Statistics and the Design
of Experiments at the University of Delhi.

This followed a week-long meeting on Combinatorial
Mathematics and its Applications at the Indian Statistical
Institute in Calcutta, dedicated to various parts of Pure Maths
that Bose had worked on.
This included a Bose Memorial Session on 14 December,
where participants shared their memories of Bose.
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Closing Remarks

I hope that I have given you some idea of how wonderful it can
be to work in Mathematics.

If you enjoy it, then please carry on doing it.
If a problem seems hard, do not give up.

There are all kinds of different jobs that need skills in
Mathematics.
In this changing world, we cannot predict in advance what
these jobs will be.
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