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particle to follow all possible trajectories.
Silver’s overall conclusion is in line with

what he says of quantum mechanics: “...the
attempt to understand the basic nature of
reality may well be a losing game.” He cites
Gödel’s theorem by way of support. All too
many of the HMSs will be delighted with this
nihilist message.
Sir John Maddox is at 9 Pitt Street, London W8
4NX, UK.

Engineering branch
Design in Nature: Learning from
Trees
by Claus Mattheck
Springer: 1998. Pp. 276. $44.95, £30 (pbk)

Julian Vincent

Claus Mattheck grew up in East Germany,
where the regime stole his history and his
trust. He was a political prisoner for several
years after trying to escape (all his East Ger-
man equipment broke down and failed him;
only a West German watch was reliable).
Truth and trust are very important to him,
and he seeks them in his teachers and friends,
the trees.

I spent a happy day with him wandering
around the Black Forest near Karlsruhe, hit-
ting trees with a plastic hammer and diag-
nosing their structural design. I learned to
see the lines of force stretching upwards from
the roots and to detect the presence of a dead
branch by listening to the echo in the trunk.

Later, in his laboratory in Karlsruhe, I saw
how he applied his training as a physicist to
produce a simple and compelling view of
natural structures. By adapting techniques
of finite element analysis, a standard tool
used by structural engineers to analyse the
balance of forces in complex shapes,
Mattheck ‘grows’ shapes in the computer,
making them spread the loads as evenly as
possible. From simple beams and struts he
derives the shapes of nature by erosion and
accretion. This would be a pleasant enough
pastime, but the method has great utility.

His habilitation was in fracture mechan-
ics, so he was well placed to see that the
shapes of nature, by eliminating self weight
and stress concentrations, represent opti-
mized solutions for engineering design.
Throw away the design rulebook. Adopting
the rules of nature using the ‘soft kill option’
(another of Mattheck’s little jokes; he is a
keen bear hunter, and follows them all day on
foot with dogs) makes possible the design of
screw threads, shells, levers and shafts that
can support greater loads and are less prone
to fatigue.

Mattheck has been developing these ideas
over the past ten years in a number of publi-
cations alongside idiosyncratic illustrations,
which his wife taught him to draw, and a
multiplicity of photographs and computer

models. Much of this is in this book.
He summarizes the computer models he

uses, and the reasons for using them, and
applies them to growing, damaged and dis-
eased trees, then to bone, claws, thorns, shell
structures and bracing. Finally, he applies his
methods to the design of a variety of engi-
neering structures. I recommend this book
to biologists and engineers alike.
Julian Vincent is at the Centre for Biomimetics,
University of Reading, Reading RG6 2AT,
Berkshire, UK.

Decisive action
Sources of Power: How People
Make Decisions
by Gary Klein
MIT Press: 1998. Pp. 330. $40, £33.95

Valerie M. Chase

Like Edwin Hutchins’ recent Cognition in the
Wild, Gary Klein’s Sources of Power examines
how experts make decisions in real-world
environments where time is short and stakes
are high. Klein, the owner of a consulting
company that advises organizations such the
military, hospitals and firefighting units, sets

out to discover “how people do so well under
[such] difficult conditions”.

The book’s title refers to the tools that can
be used to make decisions. To the list of tradi-
tional methods such as cost–benefit analysis,
Klein adds tools that look less ‘rational’ but in
fact serve experts well. These include ‘the
power of intuition’, ‘mental simulation’ and
‘metaphor’. Although Klein does not express
his views precisely in the following terms, he
seems to espouse Herbert Simon’s brand of
bounded rationality, the central idea of
which is ‘satisficing’. A satisficer sets an aspi-
ration level — for instance, to hire one of the
top 10% of job candidates rather than the sin-
gle best one — and then applies heuristic
strategies for meeting it. Satisficing allows
people to make decisions that would require
unmanageable amounts of information
search and computation to make optimally.

The experts Klein has studied often make
life-or-death decisions in a matter of min-
utes on the basis of incomplete, shifting
information. Yet time pressure does not
seem to compromise the quality of their
decisions. In one study, Klein found that the
quality of chess masters’ moves was the same
under blitz conditions (6 seconds per move)
as under normal conditions (145 seconds
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The corpus callosum of the human
brain, from the atlas of Louis
Achille Foville’s Traite
complet (1844). For
centuries, so little was
known about the true
structure of this band
of white fibres
connecting the
cerebral
hemispheres that
Steno, in 1669,
confessed that
“a man of a
tolerable
Genius may
say about it
whatever he
pleases”;
indeed, five
years earlier,
Willis had
proposed that it
housed the
imagination. The
plate is one of 300
archival
illustrations in
Discoveries in the Human
Brain: Neuroscience
Prehistory, Brain Structure,
and Function by Louise H.
Marshall and Horace W. Magoun
(Humana Press, $59.50).

Marrow of the skull bears fruit
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per move). Why? The first move they consid-
ered was disproportionately likely to be a
good one. Klein argues that the more experi-
ence a decision-maker has in a domain, the
better he or she is at satisficing in that
domain. So the training programmes
designed by Klein’s company tend to involve
teaching novices how to satisfice like experts
rather than using rational decision-making
methods.

Klein tries to account for expert decision-
making with the ‘recognition-primed deci-
sion’ (RPD) model. Its first stage amounts to
categorization of the situation. As well as a
default course of action, this categorization
activates ‘expectancies’ that help the deci-
sion-maker to detect anomalies. If there is a
glitch, he or she can turn to mental simula-
tion or analogical reasoning to tailor a new
course of action.

Unfortunately, because Klein does not
explain in detail how he and his colleagues
analysed the interviews that serve as their
primary data source, some of the quantita-
tive findings reported in the book are diffi-
cult to interpret. Moreover, his efforts to
ground the RPD model in basic research in
psychology are spotty and idiosyncratic,
which might irk some knowledgeable read-
ers. The RPD model does not elucidate any-
thing about naturalistic decision-making
that cannot be gleaned from the book’s
numerous (and occasionally fascinating)
case studies.

Why is satisficing not generally advocated
by decision theorists? Part of the answer is
that decisions based on this method are diffi-
cult to justify after the fact. Although many
organizations train their people to use trans-
parent, rational procedures, experienced
decision-makers tend not to apply them.
Decisions that look wrong in retrospect are
often blamed on deviations from rational
methods.

In July 1988, for example, during the
Iran–Iraq war, the crew of the USS Vincennes
shot down what turned out to be a commer-
cial aircraft in the Persian Gulf in the belief
that it was an Iranian fighter plane. One deci-
sion analyst later argued that expectancy bias
distorted the commander and crew’s inter-
pretation of the information about the
plane’s speed and altitude. However, as Klein
observes, if the plane had turned out to be a
fighter, the same analyst could have blamed
the error on base-rate neglect: in the previ-
ous month, most of the aircraft identified by
the US forces in the Middle East had been
Iranian military planes.

In hindsight, the decision to shoot was
clearly an error, but, as reconstructed by
Klein, it seems to have been reasonable given
the information available.

Klein has amassed an impressive quantity
and range of evidence that erodes the myth of
the expert decision-maker who behaves
according to classical rational models, and

he suggests that traditional definitions of
both rationality and expertise need to be
re-examined.
Valerie M. Chase is at the Center for Adaptive
Behavior and Cognition, Max Planck Institute for
Human Development, Lantzeallee 94, 14195
Berlin, Germany.

Benevolent nuclei
Tracks to Innovation
by Robert L. Fleischer
Springer: 1998. Pp. 193. $49.95, £37.50

Robert W. Cahn

The best book titles leave the potential reader
intrigued and prone to curiosity. The title of
Robert L. Fleischer’s book is loaded with
meaning. The overt subject matter is the
tracks left in insulating materials by high-
energy subatomic projectiles. Improbable
though it might seem, the study of such
tracks has led to a range of profitable indus-
trial innovations (as well as to scientific
insights of inestimable value).

Fleischer spent many years as a research
physicist at the Corporate Research Center of
General Electric in upper New York State.
There his colleagues Buford Price and Robert
Walker discovered, in 1961, that fission frag-
ments from uranium leave behind damage
traces, known as ‘tracks’, in slivers of mica,
and that these tracks can be revealed by a
chemical etchant, which penetrates along
the tracks much faster than it eats away the
bulk of the mica. As Fleischer points out, this
serendipitous observation owed something
to the fact that a colleague had squirrelled
away a supply of high-quality synthetic mica
made as a reserve in time of war, and another
pair of investigators there had recently found
out how to reveal dislocation lines in lithium
fluoride by etching.

The following year, Price and Walker
teamed up with Fleischer to pursue this dis-
covery. Someone in the laboratory needed a
controlled, ultraslow vacuum leak, and it
occurred to the trio that etching the tracks
right through a piece of mica could provide
this, and indeed it did. The diameter of the
hole increased with longer etching time, and
the relationship was highly reproducible.

From that point on (and later with the
help of an experienced nuclear physicist,
Antonio Mogro-Campero), the trio com-
bined fundamental studies with searches for
applications. They examined such issues as
the relative ‘etchability’ of tracks in different
materials, crystalline or amorphous, the
threshold dose to render a track etchable at
all, the relative effectiveness of alpha parti-
cles and fission fragments of different ener-
gies (beta and gamma rays are ineffective),
and the nature of ‘track holes’ under differ-
ent irradiation and etching conditions. After
three years of this, a confidential conference

was organized at General Electric involving
44 of the company’s scientists and engineers
from around the United States to explore the
discovery’s possible uses.

At about the same time, the first — highly
profitable — application emerged through a
chance meeting with a New York cancer
researcher, who needed an ultrafilter to sepa-
rate cancer cells and blood cells. It turned out
that the company’s own amorphous polycar-
bonate film was ideal for making a popula-
tion of small, generally non-overlapping,
perfectly round holes, from nanometres to
several micrometres across, for use as ultra-
filters. This process was soon commercial-
ized by General Electric as ‘Nuclepore’, with
an eventual annual profit of more than
$10 million. Now that the patent has expired
and several companies have joined the fray,
the worldwide demand for such filters for
biomedical research, aerosol studies and var-
ious forms of analytical and laboratory use is
about half a million square metres per year,
with a value of $50 million.

The team at General Electric perfected a
bewildering array of scientific and techno-
logical uses including dosimetry of radon in
houses, estimation of the time since rocks
were last heated in mountain-building, and
determination of plutonium distribution in
an organism by a form of track-based
autoradiography. The most profitable use of
track technology (though the profit did not
accrue to General Electric) was the use of
rock-heating methodology by petroleum
exploration companies: recent heating of a
reservoir denatures the oil, and where such
heating is deduced from a study of surface
rocks, petroleum companies can save tens of
millions of dollars that would otherwise have
been used to drill an ineffective well.

The last chapter analyses concisely but
profoundly, in the light of the 30-year adven-
ture of track research, the uses of in-house
scientific research in industry (which has
steadily declined at General Electric, as it has
in many companies worldwide). Fleischer
points out that two observations of track
etching were made at Harwell Laboratory in
England before the first observations at Gen-
eral Electric, but led nowhere because, at the
time, Harwell was not commercially orien-
tated; General Electric was, and reaped the
commercial benefit.

The important point is this: “A wealth of
new opportunities can arise when people
with different knowledge and interests come
together.” The diversity at General Electric
ensured that the “boundaries of separate
areas of knowledge” came together to take
advantage of the work on track etching. The
book provides a concise, informative, witty
and easy-to-read account of this episode that
is replete with lessons.
Robert W. Cahn is in the Department of Materials
Science and Metallurgy, University of Cambridge,
Pembroke Street, Cambridge CB2 3QZ, UK.
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