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Preface

In 2010 the authors met at a creativity workshop run by Dennis for an 
interdisciplinary team of researchers from the University of Manchester. 
The workshop was funded by the Engineering and Physical Sciences 
Research Council (EPSRC), who were trialling such workshops on some of 
their large grants. Dennis had much experience in teaching creativity and 
had written two books on the topic, but this was Nick’s first experience of 
a creativity workshop. The workshop was a success and Nick subsequently 
saw how other groups with which he was involved might benefit from 
attending one. Since that 2010 creativity workshop we have run five
more together, including one for the SIAM Leadership (during Nick’s 
SIAM presidency) on formulating SIAM’s strategy for the next few years.

This book distills our experiences into a ‘how to’ guide that will enable 
the reader to be more creative individually and to run workshops helping 
others to be more creative. It builds on Dennis’s understanding of the 
creativity process, honed over many years in running many creativity 
workshops with groups from academia, industry, government, and 
sport, and Nick’s experience as a mathematician trying to be creative and 
helping his research team to be creative.

The volume of research being done continues to grow, and it is becoming 
ever harder to have papers accepted for publication in the top journals 
and to obtain grants. Scientific research is also becoming increasingly 
collaborative. Knowing how to follow the six-step process described in 
this book to generate ideas ‘on demand,’ working either alone or in a 
group, confers a competitive advantage. It also engenders confidence, 
which improves personal satisfaction and encourages more ambitious 
targets to be set.
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Although ‘creativity’ is the subject of many books, few are written for 
scientists in general and mathematicians in particular. Two of the most 
well-known are An Essay on the Psychology of Invention in the Mathematical 
Field (1953), by Jacques Hadamard, and George Pólya’s How to Solve It: 
A New Aspect of Mathematical Method (first edition, 1945), which focuses 
on strategies for problem solving. We trust that our book will provide a 
useful addition, with its processes for idea generation and evaluation, and 
its wide range of examples.

Acknowledgments
We are grateful to several people for providing helpful comments on 
drafts of the book: James Crowley, Massimiliano Fasi, Paul Glendinning, 
Peter Grindrod, Des Higham, Thomas Higham, and Mantas Mikaitis.  
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assignments funded by the EPSRC’s Creativity@home scheme. We thank 
Elizabeth Greenspan (acquisitions), Ann Manning Allen (copy editing
and production), and Doug Smock (design and composition) at SIAM for
their help in producing the book.
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Introduction

This book is a how-to guide to help you generate great ideas.

Or, rather, even greater ideas. For we expect that if you are reading this 
book—probably because you work in the mathematical sciences—you 
will already be highly creative, for you wouldn’t be working in this field if 
you weren’t.

That said, we invite you to consider these questions:

Do you know, precisely, how your creativity happens? Can you ‘turn the 
creativity switch on’ to generate great ideas ‘on demand’ whenever and 
wherever you might need them? Or are things more ‘intuitive,’ in that 
creativity just ‘happens’?

Can you coach other people, less confident than yourself as regards their 
personal creativity, so that they can become more creative?

If you know, precisely, how you do it, and if you are comfortable 
coaching others, then we trust you will find this book interesting and 
confirmatory.  But if you’re not quite sure how creativity happens, then 
our intention is that this book will help, and also put you in a stronger 
position to be a coach.

This book is, intentionally, brief, and focused on ‘how to do it.’ 
Accordingly, Chapters 1 and 2 describe a number of processes for having 
ideas ‘on demand.’ The principles and mechanics of creativity apply to 
any field, so Chapters 1 and 2 are largely not mathematics-specific. They 
lay the groundwork for Chapter 3, which gives a variety of examples from 
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the mathematical sciences of how people have been creative. Chapter 4 
presents some thoughts on running creativity workshops, in which ideas 
are generated by people working together in small groups. 

Finally, Chapter 5 puts creativity—generating ideas—into a broader 
context, describing a process by which ‘good’ ideas can be wisely 
distinguished from ‘weak’ ones, and also identifying some key aspects of 
an organization’s culture that can help creativity to flourish. Both themes 
are of particular importance to those in leadership roles, from team 
leader to the most senior positions.



  •  103  •

A
ACE (Automatic Computing Engine), 44, 

45

Acheson, David, 43

ACM Turing Award, 40, 46

accuracy, trade-off against speed, 32-33

addition

     and computers, 30-31

	 and Gauss, 27-30

	 using a table to spot new methods, 31-33

Alexandria, Diophantus of, 51

Alta Vista, 34

archive, of ideas, 72, 74, 89

Arithmetica, 51

Ask Jeeves, 34

assumptions, challenging the, 17-18

AT&T Bell Laboratories, 33

Automatic Computing Engine (ACE), 44, 
45

automorphic form, 58-60

B
backslash notation, A\b, 36, 37

backward error analysis, 44-46

bad idea, see evaluation

Bangert, Steve, 36

Beethoven, Ludwig van, 1

beneficiaries, of an idea, 83, 84-85, 88, 90

benefits, of an idea, 83, 84-85, 88, 90, 92, 
93

Berkeley, University of California at, 38

Berry, Michael, 50

Besso, Michele, 79

‘BIG IDEA’, 92, 93

Blanchard, Pierre, 33

brief, as used in creativity workshops, 62-
70

	 examples, 64-70

Brin, Sergey, 35, 36

budgets, cultural implications as regards 
creativity, 94-95

Bullard, Edward, 45

C
C programming language, 36

Caltech, 77, 78

Cambridge University, 52, 77

Cauchy’s residue theorem, 54

Cavendish Laboratory, Cambridge 
University, 77, 80

CDC 6600 computer, 39

Index



104  •  How to Be Creative: A Practical Guide for the Mathematical Sciences

Chargaff, Erwin, 77

chess, new games based on, 11

collaborations, 3

	 example creativity workshop brief, 66

	 massive, 40-41

complex plane

	 and eigenvalues, 48

	 excursions in, 53-55

complex step approximation, 55

computer graphics, 57

conferences, ideas for, 13

conjecture, Taniyama-Shimura, 52

constraints, not to be considered during 
idea generation, 71

continued fraction, 39

control engineering and MATLAB, 36, 37

Cooley, James, 44

Corey, Robert, 78

costs

	 consideration in evaluation, 88 

	 not to be considered during idea 
generation, 71

Cray, Seymour, 39

Creative Whack Pack, 17

creativity

	 Arthur Koestler’s definition, 1, 39, 41, 78

	 building a creative culture, 75, 79

	 by oneself, 2,

    chance, in, 80-81

	 choice of method, 25

    culture, how to change, 95

	 definition of, 1-2

	 different from evaluation, 2, 71, 74

	 different ways of being different, 8-9

	 group briefs, 62-70

	 Henri Poincaré’s description, 58-60

    and “How might this be different?”, 6-7

    and interpersonal interactions, 79

	 in mathematics, 27-60

	 lone activity, not a, 75, 78

	 and organizational culture, 75, 79, 93-95

    and problem-solving, 87

	 processes for, 2-8, 17-25

    stimulating, 2-8, 17-25

	 within groups, 2, 61-74

	 workshops, 2, 61-74

creativity workshop, 2, 61-74

	 costs not to be considered, 71

	 creativity, not evaluation, 71

	 group briefs, 62-70

	 group size, 62

	 idea archive, importance of, 72

    participants, choice of, 61-62

	 quantity of ideas, importance of, 72

	 report, 73

	 resource constraints not to be 
considered, 71

Crick, Francis, 77, 78, 80

culture, organizational, and creativity, 

    budgets, 94-95

	 definition of, 94

	 changing, how to, 95

	 key aspects of, 75, 79, 93-95

	 owner of it, 94

	 performance measures, 94-95

	 physical environment, 80, 94

	 senior management, role of, 94-95

D
Dantzig, George, 33

data, and evaluation, 88

data mining, 49

de Bono, Edward, 19, 22	

de Fermat, Pierre, 51

decision, resulting from evaluation, 83, 
88-89, 92-93

‘Decomposing and recombining’, process 
to stimulate creativity, 18

decompositional approach to linear 
algebra, 43-44



Index  •  105

deoxyribose, 77

Diophantus of Alexandria, 51

dilation, of time in special relativity, 79

DNA, 77, 78, 79, 80

Donohue, Jerry, 77, 78, 79-80

E
eigenvalue, 44-46, 48

	 and rounding errors, 45

eigenvector, 44-46

	 and rounding errors, 45

Einstein, Albert, 23, 34, 78-79

EISPACK, 36, 37

elliptic curve, 52

Engineering and Physical Sciences Research 
Council (EPSRC), ix, x

enol form of T and G, 77, 78

environment, physical, importance of for 
creativity, 80

error analysis, backward, 44-46

Euler, Leonhard, 54

evaluation, 75, 81, 95

	 and beneficiaries, 83, 84-85, 88, 90

	 and benefits, 83, 84-85, 88, 90, 92, 93

    data for, 88

	 decision, 83, 88-90, 92-93

	 different from creativity, 2, 71, 74

	 ‘Evaluation Lite’ grid, 92, 93

	 example of, 89-91

	 go/no-go decision, 83, 88-89, 92-93

    later, not too soon, 82

	 process for, 82-93

	 rules of, 82-84

		

F
factorization of matrix, 43-44

fast Fourier transform (FFT), 44

Fermat’s Last Theorem, 51-53

Filannino, Michele, 49-50

Fitzgerald, George, 79

floating-point arithmetic, 31

	 IEEE standard, for, 38-40

flutter (in aeronautics), 48

focus, narrowing then expanding, 18-19

focus of attention, 2-5

	 and creativity workshops, 61-63

	 and organizational culture, 95

Fortran, 36

forward difference approximation, 54-55

Fourier transform, 43

fractal, 56-58

Franklin, Rosalind, 78

Frey, Gerhard, 52

frog, levitating, 50

Fuchsian function, 59

G
Gauss, Carl Friedrich, 28, 30

	 discovery of fast Fourier transform, 44

Gaussian elimination, 43-44, 46

gecko tape, 50

Geim, Andre, 50

genius, myth of ‘lone genius’, 78

geometry, non-Euclidean, 59

Gershgorin, Semyon, 48

Gershgorin’s theorem, 48

go/no-go decision, 83, 88-89, 92-93

Google, 35, 36

Gowers, Timothy, 40

grant proposal, generating ideas for, 15-16

graphene, 50

grid, ‘Evaluation Lite’, 92, 93

guanine (G), 77

	 importance of enol and keto forms in 
DNA, 77, 78

Guggenheim Foundation, 77



106  •  How to Be Creative: A Practical Guide for the Mathematical Sciences

H
Hadamard, Jacques, x, 55

Hales-Jewett theorem, 40

Hensel, Kurt, 37

Higham, Nicholas, 33

HITS algorithm, 35, 36

Holmes, Oliver Wendell, 72

“How might [this] be different?”, 2 

	 different forms, 8-9

	 examples of, 6-7, 11-16

How to Solve It, 17

I
IBM, 35

IBM PC, 37

idea

	 bad, see evaluation 

	 beneficiaries of, 83, 84-85, 88, 90

	 benefits of, 83, 84-85, 88, 90, 92, 93

	 ‘BIG IDEA’, 92, 93

	 data associated with, 88

	 decomposing and recombining, 18

	 evaluation of, see evaluation

	 feelings associated with, 83, 86-87, 88, 
90, 92, 93

	 fragments, 72

	 generation of, see creativity

	 go/no-go decision relating to, 83, 88-89, 
92-93

	 good, see evaluation

	 issues to resolve, 83, 85-86, 88, 90, 92, 
93

	 ‘low priority’, 92, 93

	 modifying during evaluation, 87	

	 quality of, 2

	 ‘quick win’, 92, 93

	 shelving of, 92, 93

	 solving problems associated with, 84, 
87, 88, 90, 92

	 see also creativity and evaluation

idea archive, 72, 74, 89

idea evaluation, see evaluation

idea generation, see creativity

IEEE committee, as tourist attraction, 40

IEEE standard for floating-point arithmetic, 
38-40

Ig Nobel prize, 50

impact statement, 85

‘In the limit’, process to stimulate creativity, 
18

Infinities, in IEEE floating-point arithmetic, 
28-29

internet search engines, 34-36

interior-point method for linear 
programming, 33-34

issues to resolve, associated with an idea, 
83, 85-86, 88, 90, 92, 93

Iwasawa theory, 53

J
‘journeying’, process to stimulate creativity, 

23–24

Julia set, 56, 58

K
Kahan, William, 38-40	

Kahneman, Daniel, 82

Karmarkar, Narendra, 33, 34

keto form of T and G, 77, 78, 80

King’s College, London, 78

Kleinberg, Jon, 35

Koestler, Arthur, 1 

	 definition of creativity, 1, 39, 41, 78

Kolyvagin-Flach method, 53



Index  •  107

L
Larmor, James, 79

lateral thinking, 19

levitating frog, 50

Lévy, Lucian, 48

linear algebra, decompositional approach, 
43-44, see also matrix

linear programming, 33-34

let it be, 2, 7-8

link structure of the web, exploiting, 35

LINPACK, 36, 37

Little, Jack, 36

logarithmic barrier methods, 34

‘lone genius’ myth, 78

Lorentz, Hendrik, 79

Lorentz transformation, 79

‘low priority’ idea, 92, 93

luck, role in creativity, 80-81

M
magnet for talent, ideas for being, 12

Mandelbrot, Benoit, 55, 56

Mandelbrot set, 55-58	

Mary, Theo, 33

massive collaboration, 40-41

MathOverflow, 40

MathWorks, The, 37

MATLAB, 36-37

matrix

	 computations, 36, 37	

	 factorization, 43-44	

	 nonsingularity, 46-49	

Maxwell, James Clerk, 79

meetings, 3, 4

	 examples of “How might this be 
different?”, 6-7

metaphor, 23

modular form, 52

Moler, Cleve, 36, 39

Monet, Claude, 1

myth of ‘lone genius’, 78

N
NaN (Not-a-Number), 38-39

National Physical Laboratory (NPL), 44, 
45, 48

Nielsen, Michael, 40

Nobel prize, 40, 50, 77, 78

nonlinear optimization, 34

Novoselov, Kostya, 50

O
obligations and rights within a team, 69

optimization

	 nonlinear, 34

	 linear programming, 33

organizational culture, see culture, 
organizational

‘other people’s shoes’, process to stimulate 
creativity, 23

overflow in floating-point arithmetic, 38, 
39

P
Page, Larry, 35, 36

PageRank algorithm, 35, 36

paper, ideas for writing, 15-16

parallel computing, 31

Paris Psychological Society, 58 

Pauling, Linus, 78

performance measures, cultural 
implications as regards creativity, 94-95

physical environment, importance of for 
creativity, 80, 94

‘PO’ processes to stimulate creativity, 19, 
22



108  •  How to Be Creative: A Practical Guide for the Mathematical Sciences

Poincaré, Henri, 58-60

	 discovery of Fuchsian functions, 59

	 personal reflections on mathematical 
creativity, 58-60

	 and special relativity, 79

Pólya, George, x, 17, 18

Polymath Project, 40, 41

Q
‘quick win’, 92, 93

R
‘random words’, process to stimulate 

creativity, 20-23

relativity, special, 78-79

research proposal, generating ideas for, 
15-16

residue theorem, Cauchy’s, 54

resources

	 consideration in evaluation, 88 	

	 constraints on not to be considered 
during idea generation, 71

responsibilities, 9

Ribet, Ken, 52

rights and obligations within a team, 69

risk, organizational appetite for, 92, 94

risk management of implementation, 92

roles, 9

rounding errors, 31, 45, 55	

rules of wise evaluation, 82-84

S
scientific team, high-performing, 68

search engine, 34-36

Serre, Jean-Pierre, 52

shelving an idea, 92, 93

‘simile, metaphor, and analogy’, process to 
stimulate creativity, 23

simplex method for linear programming, 
33-34

Singh, Simon, 51

share, during creativity process, 2, 5-6

Shimura, Goro, 52

Society for Industrial and Applied 
Mathematics (SIAM), ix

solutions to problems identified during 
evaluation, 84, 87, 88, 91, 92 

special relativity, 78-79

speed of computation, trade-off against 
accuracy, 32-33

Squire, William, 55

Stack Overflow, 40

Stanford University, 35, 36

Steiner tree problem, 43

student projects, ideas for, 14

summation, see addition

T
table, using to generate ideas, 31-33, 49-50

talk, generating ideas for, 15-16

Taniyama, Yutaka, 52

Taniyama-Shimura conjecture, 52

Taussky-Todd, Olga, 47-49

Taylor, Richard, 53

team, 40

	 creativity workshop briefs for, 67, 69

The MathWorks, 37

The Act of Creation, 1

The Use of Lateral Thinking, 19

The Wonder Book of Geometry: A 
Mathematical Story, 43

Thinking, Fast and Slow, 82

thinking, lateral and vertical, 19

thymine (T), importance of enol and keto 
forms in DNA, 77, 78

time, nature of, 79

training, cultural implications for creativity, 
94-95



Index  •  109

Trapp, George, 55

Tukey, John, 44

Turing, Alan, 44

Turing Award, ACM, 40, 46

U
University of California at Berkeley, 38

University of Cambridge, 52, 77

University of London, King’s College, 78

University of Manchester, 49, 50

University of New Mexico, 36

University, Stanford, 35, 36

V
vertical thinking, 19

‘visioning’, process to stimulate creativity, 
24-25

Voigt, Woldemar, 79

von Oech, Roger, 17

W
Watson, James, 77-80

‘whole greater than sum of the parts’ 
creativity workshop brief, 67

Wiles, Andrew, 51-53

Wilkins, Maurice, 78

Wilkinson, James, 44-46

Wirth, Niklaus, 37

‘working backwards’, process to stimulate 
creativity, 24

World Wide Web, 34

words, random, process to stimulate 
creativity, 20-22

writing a paper, talk or grant proposal, 
ideas for, 15-16

workshop report, 73

workshop, creativity, see creativity 
workshop

Wright, Margaret, 34

Y
Yahoo, 34, 36

Z
Zuse, Konrad, 39


