
Symmetry and the Monster: One of the Greatest 
Quests of Mathematics
by Mark Ronan (Oxford Univ. Press, $19.95, £8.99)
The quest to understand the mathematics of symmetry 
began 200 years ago in revolutionary France. 
Mathematician Mark Ronan tells the story of how 
a number of coincidences and a huge international 
collaboration finally led to the discovery of the ‘monster’ 
of symmetry — a giant snowflake with 196,884 
dimensions.

The Economics of Attention
by Richard A. Lanham (Univ. Chicago Press, $18)
This interdisciplinary book from a professor of English 
attempts to chart the rise of intellectual property, 
arguing that, in this age of information, the one 
resource we are short of is attention — the ability to 
focus on what’s important. An increasing importance 
of style over stuff will see the arts and letters grow 
to be more crucial than engineering and the physical 
sciences. It is quite a claim.

David Harris 
As scientists across the world work on ever 
more ambitious projects, they are collabo-
rating more and on larger scales. How does 
that collaboration emerge and develop? And 
how does the nature of the collaboration 

affect the success of a project?
Scientists often have a narrow view of collab-

orations, based on their own experiences. Most 
studies of collaborations have also focused on 
individual cases. Structures of Scientific Col-
laboration by Wesley Shrum, Joel Genuth 
and Ivan Chompalov surveys 53 collaborative 
projects and reveals remarkable diversity. The 
authors analysed oral histories collected in 
the 1990s for the American Institute of Phys-
ics and covering a range of fields including 

Physical interactions
Structures of Scientific Collaboration 
by Wesley Shrum, Joel Genuth 
& Ivan Chompalov 
MIT Press: 2007. 296 pp. $35, £22.95 

equation simultaneously represents every 
number and a specific one, and the equality 
sign also embodies ambiguity. Ideas such as 
infinity, limits, derivatives and real numbers 
mediate between seemingly incompatible 
frames of reference. Their inherent ambigui-
ties require a creative effort to master but give 
the ideas their power. 

Great ideas often emerge in times of intel-
lectual crisis, when ambiguity and apparent 
impossibility challenge the human impulse to 
understanding. In Byers’ view, the formalist 
programme to reduce mathematics to formal 
axioms and their consequences was a great 
idea that responded to the seeming 
impossibility of non-euclidean 
geometries. But neither for-
malism nor any other great 
idea comes close to exhausting 
mathematics. “The content of 
mathematics,” writes Byers, 
“cannot be definitively sepa-
rated from how mathematics 
is created and understood.” 

Byers’ view springs from the 
various facets of his career as a 
researcher and administrator (and, 
he says, his interest in Zen Buddhism). 
But it is his experience as a teacher that gives 
the book some of its extraordinary salience and 
authority. He points out that the concepts that 
cause students trouble are often those that took 
a long time to develop historically. Good math-
ematics teaching should not banish ambiguity, 
but enable students to master it. Conflating 
mathematics with its logical structure results 
in teaching that values the presentation of logi-
cal structure over understanding. 

The Mathematician’s Brain by David Ruelle 
tackles some of the same questions as Byers’ 
book but has a different emphasis. Ruelle 
imagines an enormous infinite-dimensional 
space of all formal axiom systems and all possi-
ble formal consequences of them. The human 
brain, unlike a computer, is not well adapted 
for working directly with formal statements. 
Human mathematics is a discussion in natu-
ral language, as used in everyday communica-
tion, about a formalized text, which remains 
unwritten (but which could in principle be 
written). Mathematicians work primarily with 
ideas, which Ruelle defines as short statements 
in human mathematical language that can be 
used in a human mathematical proof. Human 

mathematics is a labyrinth of such ideas that 
allows mathematicians to move within the 
huge space of formal statements. Ruelle notes 
the extraordinary amount of context that 
underwrites mathematical activity, and 
reminds us that there is no reason to 
expect that a short human mathematical 
statement admits a short proof. The text 

is enlivened by many unusual 
mathematical examples, and 

by Ruelle’s reflec-
tions on his 

own and 

other famous mathema-
ticians’ experiences.  

If mathematics is what mathematicians do, 
are there any psychological traits or personali-
ties that characterize mathematicians?  Ruelle 
addresses this lightly with some illuminating 
insights, whereas Byers does not. The Mind 
of the Mathematician by eminent topologist 

Ioan James and psychiatrist Michael Fitzger-
ald focuses almost exclusively on this question. 
The book begins with a systematic survey of 

the literature on the psychology of math-
ematicians. It then surveys the literature 
on mathematical education and consid-
ers the psychodynamics of mathematical 

creativity. In both instances, the authors 
focus on the exceptionally able and pay 

attention to issues of gender. The second half 
of the book consists of exquisite biographical 

sketches of 20 prominent mathematicians. 
The authors’ careful treatments 

are an especially welcome addi-
tion to a genre riddled with 
apocryphal anecdotes and 
shoddy scholarship. 

All three books are useful 
additions to the literature and 
have little overlap. Those with 
a serious interest in the psy-
chology of creativity should 
read the book by James and 
Fitzgerald. Mathematicians 
and theoretical physicists 
will enjoy Ruelle. Everyone 

should read Byers. You may 
not agree with him, but his lively 

and important book establishes 
a framework and vocabulary to discuss 

doing, learning and teaching mathematics, 
and why it matters. ■

Donal O’Shea is dean of faculty and mathematics 
professor at Mount Holyoke College, South 
Hadley, Massachusetts 01075, USA. He is the 
author of The Poincaré Conjecture: In Search of the 
Shape of the Universe. 
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Capitalism as if the World Matters
by Jonathon Porritt (Stylus/Earthscan, 
$24.95/£16.99)
This updated edition of Jonathon Porritt’s influential 
book calling for renewed vigour in the environment 
movement has an extended section on the politics 
of climate change, including details of the massive 
upsurge in religious engagement with the topic in the 
United States. The core message is the same — that 
capitalism doesn’t have to cost the Earth. 

Sleepfaring: A Journey Through the Science 
of Sleep
by Jim Horne (Oxford Univ. Press, $12.95, £7.99)
We all do it, but many of us don’t get enough of it. So 
how much sleep do we need, and what good does 
it do? Jim Horne’s travel guide through the land of 
nod brings in insights from up-to-date physiology, 
psychology, medicine and neuroscience. Horne runs 
the Loughborough Sleep Research Centre in the 
United Kingdom.

and weaknesses.
The study’s applicability is limited by the 

US-centric and physics-dominated data set. 
It would have been interesting to read about 
international collaborations, such as the ITER 
fusion-reactor project in Cadarache, France, 
the Human Genome Project and the Large 

Hadron Collider at CERN, the Euro-
pean particle-physics laboratory 
near Geneva. Do those projects fit 
the authors’ models even though 
international diplomatic and 
political factors have played a 
more prominent role?

Under what conditions is col-
laboration desirable? This, too, 
needs further exploration, espe-
cially as more projects are located 
and managed in large laborato-
ries. A recent report on university 
participation in US particle phys-
ics by the Department of Energy’s 
High Energy Physics Advisory 

Panel suggests that the concentra-
tion of collaborative projects in large 

laboratories could be weakening the 
physics effort in universities and contrib-

uting to structural deficiencies in the science 
programme. ■

David Harris is editor-in-chief of Symmetry 
magazine at the Stanford Linear Accelerator 
Center, 2575 Sand Hill Road, Menlo Park, 
California 94025, USA.

Theodore M. Porter
All scientists think they know what objectivity 
is. But objectivity has a history full of fascinat-
ing changes of sense, and now bears several 
different meanings. Most involve an absence: 
of distortion; of human bias or subjectivity; or 
of the particularities of location and culture. It 
is one of the more austere virtues, often seen as 
a stern judge that disallows ornamentation. 

In their book Objectivity, Lorraine Daston 
and Peter Galison pursue the idea that we can 
best explore the many meanings of objectiv-
ity through an examination of images — their 
book is essentially about the ideal of objectiv-
ity as applied to scientific atlases, or reference 
books of illustrations. In such works, objectivity 
is largely about restrictions on the composition 

and presentation of scientific images. Objec-
tivity, however, offers a cornucopia of images 
ranging from plants and birds to embryos and 
snowflakes, and it is enriched by the authors’ 
expert sleuthing and wide intellectual reach.

The heart of objectivity, for Daston and Gali-
son, is ‘mechanical objectivity’, which had its 
heyday from about 1850 to 1920. The phrase 
implies that scientists proceeded methodically, 
using automation whenever possible, to reduce 
human intervention to a minimum. This era 
of impersonal objectivity was preceded, the 
authors propose, by one of ‘truth to nature’ and 
succeeded by one of ‘trained judgement’. 

Using such names for historical periods may 
seem incendiary, first by implying that objec-
tivity has had its day, and further by placing it 
in opposition to both truth and expert judge-
ment. But the authors have very particular 
meanings in mind. The terminology is confus-
ing, though, because scientists rarely used the 
word ‘objectivity’ until some decades into the 

Eras of judgement
Objectivity
by Lorraine Daston & Peter Galison
Zone Books, MIT Press: 2007. 500 pp. 
£25.95, $38.95

geophysics, particle physics and space science, 
primarily in the United States. 

They developed a quanti-
tative approach using sta-
tistical and organizational 
concepts. They shy away 
from extended case stud-
ies, as it can be difficult to 
generalize from them, but 
their studies retain some 
individual character, to 
give far more than a dry 
bibliometric analysis of 
who did what with whom. 
This approach helps them 
provide an enlightening, 
easy to read and sometimes 
surprising view of how col-
laborations work.

Trust, conflict and performance are cru-
cial factors. One counter-intuitive finding is 
that trust does not correlate with performance. 
It is widely assumed that trust is required to 
achieve success, but this may stem from the 
fact that lower levels of trust tend to result in 
higher levels of conflict. Conflict is unpleasant 
for individual scientists but is not necessarily 
a barrier to progress. In fact, many collabora-
tions inherently tend to protect against damage 
from conflict between members.

There are several types of organizational 
structure, characterized mostly by the breadth 
of activities and manner of governance. Most 
types occur in a range of scientific fields. 
One sort — the ‘quasi-Athenian democracy’, 
typified by bottom-up consensus building 
— is almost unique to particle physics. The 
book’s authors argue that this model would 
not benefit other science communities, and 
indeed, as particle-physics collaborations grow 
larger, they might need to change from this 
traditional form. 

One weakness of this characterization of 
particle physics is that collaborations have 
already grown in size well beyond the cases 
studied, all of which occurred in the 1970s and 
1980s. It would be interesting to compare two 
competing but nearly identical projects, such 
as the BaBar experiment at the Stanford Linear 
Accelerator Center in California and the Belle 
experiment at the High Energy Accelerator 
Research Organization (KEK) in Tsukuba, 
Japan. These have different organizational and 
management styles, with different strengths 
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