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Rien ne dure que le
provisoire.
—French proverb

The current misuse of
scientific findings can be
tragic. At 3:32 AM on April
6,20009, a devastating earth-
quake that measured 6.3 on
the Richter scale rocked
the medieval Italian town
of L’Aquila, killing about
three hundred people and
leveling many buildings.
Residents had experienced
about thirty small trem-
ors in the preceding three
months and had become
very apprehensive. A week
before the quake, a meet-
ing that included leading
seismologists and public of-
ficials was held to evaluate
the situation. According to
seismologists, it is impossi-
ble to know with certainty
whether small quakes are foreshocks of
a larger tremor.

One of the expert geologists at the
assessment meeting, Enzo Boschi,
drew attention to this scientific un-
certainty and noted that while a large
earthquake was “unlikely,” the possi-
bility could not be excluded. Despite
this, when the vice-director of Italy’s
civil protection agency, Bernardo De
Bernardinis, emerged from the meet-
ing, he assured locals that the tremors
were routine and simply symptomatic
of the earth releasing pent-up energy.

When the jolt of a quake woke up his
two teenage children, a local resident,
Giustino Parisse, trusting the report he
had heard earlier on TV, calmed them
down and put them back to sleep. Later
that night, his house was leveled, kill-
ing both his children. Parisse and a
group of residents sued the scientists
and the local public officials for fail-
ing to warn them. The failure of these
estimates of risk by the National Com-
mission for the Forecast and Preven-
tion of Major Risks led to those expert
scientists being convicted of providing
“inexact, incomplete and contradic-
tory” information about the danger;
they were each given six-year jail terms
in October 2012.

Closer to home, on June 12, 2012,
the North Carolina Senate passed a
law that effectively prohibited the use
of any data about sea-level changes in
determining coastal policy in the state.
The law was drafted in response to a
report from the state-appointed North
Carolina Coastal Resources Commis-
sion’s expert scientists, who advised
that sea-level rises of about thirty-nine
inches could be expected in the next
hundred years, putting coastal com-
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Chesley Bonestell: Saturn as Seen from Titan [Its Moon], 1944, from Michael Benson’s
Cosmigraphics: Picturing Space Through Time, to be published by Abrams in November. ‘Along with French illustrator
and astronomer Lucien Rudaux,” Benson writes, Bonestell ‘pioneered a genre of speculative solar system landscapes
sometimes called “space art”... We now know that Titan’s atmosphere is so thick, a view like this
would be impossible, which takes nothing away from the power of Bonestell’s achievement.’

munities in the Outer Banks region at
grave risk. The law, formulated to reg-
ulate development permits, discounts
these projections and prescribes a new
method—rejected by most qualified sci-
entists—for calculating sea-level rises.
There is, on the contrary, near-
universal agreement among climate
scientists that the sea will probably rise
a good meter or more within the next
hundred years, potentially submerging
all low-lying coastal areas around the
globe. But supporters of the legislation,
developers concerned about the eco-
nomic consequences of basing regula-
tions on the predicted sea-level rise,
found a novel way to circumvent the
scientific assessment: by simply making
the use of current measurements illegal.
The law now forbids the use of any
new data and allows only historical
data in making estimates of the sea-
level rise in awarding permits for the
next four years. According to the law,
measurements taken in 1900 will form
the baseline from which only linear ex-
trapolations to the present day will be
allowed. Nature, though, appears to be
mocking North Carolina lawmakers.
Two weeks after the law’s passage, a
new study of measurements from tide
gauge records revealed that the fast-
est sea level rises since 1980 in North
America are along the coast from
North Carolina to Massachusetts.

What’s depressing about these two
cases is the misconception of science
they reflect. Much of the public clearly
does not know what to make of scien-
tific research and has a poor under-
standing of how findings are reached,
especially when it comes to assessing

future risk. This seems to be true in all
countries, but it is particularly striking
in the United States, where so much of
today’s scientific research originates.
This paradox is worth exploring.

Polls in the US regularly show nearly
unanimous support for improving the
quality of science education, which is
perceived as being important to the
country’s ability to compete globally.
A poll by the Pew Research Center
in 2009 found that most Americans—
84 percent—saw science as a positive
force in society. Yet it also found that
while people under thirty were more
science-savvy than those over sixty-five,
all age groups had a rather flimsy grasp
of simple scientific concepts, even those
taught in most public high schools, such
as gravity or the structure of the atom.

A recent survey by the National
Science Foundation found that a quar-
ter of Americans did not know if the
earth moved around the sun or vice
versa. Meanwhile, 33 percent of Amer-
icans deny the reality of evolution and
still believe that humans and the rest
of the animal kingdom have always
existed in their present form. Ameri-
cans have extremely high expectations
of and confidence in science and tech-
nology and think of it as a national pri-
ority—yet they also distrust its results.
How to explain this?

One view is that Americans are sim-
ply ignorant and lack an understanding
of basic science and mathematics. The
assumption is that if these skills were
improved, the public would become
more appreciative of science. Yet recent
research by Professor Dan Kahan at
Yale suggests that the rejection of sci-
ence is only weakly correlated with sci-
entific literacy and numeracy. His data

find a much higher correla-
tion with Americans’ gen-
eral political and cultural
outlook. Kahan’s research
indicates that, even control-
ling for differences in math
and science skills, people
with different cultural val-
ues—individualists com-
pared with egalitarians, for
example—disagree sharply
about how serious a threat
climate change is. Kahan’s
results also show that peo-
ple who identify with the
Tea Party have a slightly
higher level of science com-
prehension (it’s a tiny effect
but it is there) than the av-
erage American, according
to a nationally representa-
tive sample of US adults.

IMluminating as it is,
though, Kahan’s research
does not address the degree
to which people understand
the scientific method—not
whether they know what
protons or logarithms are,
but whether they have an
adequate sense of what a
scientific theory is, how
evidence for it is collected
and evaluated, how uncer-
tainty (which is inevitable)
is measured, and how one
theory can displace an-
other, either by offering a
more economical, elegant,
honed, and general explanation of phe-
nomena or, in the rare event, by clearly
falsifying it. The L’Aquila case shows
that many people expect science to pro-
vide 100 percent certainty, while the
North Carolina case reveals the possi-
bility that any uncertainty can be used
to render a theory either false or just as
good as any other theory.

In a word, the general public has
trouble understanding the provision-
ality of science. Provisionality refers to
the state of knowledge at a given time.
Newton’s laws of gravity, which we all
learn in school, were once thought to
be complete and comprehensive. Now
we know that while those laws offer an
accurate understanding of how fast an
apple falls from a tree or how friction
helps us take a curve in the road, they
are inadequate to describe the motion
of subatomic particles or the flight of
satellites in space. For these we needed
Einstein’s new conceptions.

Take, for example, the Global Po-
sitioning System (GPS) that many of
us use when driving. GPS is based on
a fleet of twenty-four satellites orbit-
ing the earth, each equipped with a
precise atomic clock on board. A GPS
receiver on an iPhone detects radio
signals from any of the satellites over-
head, and computes the user’s position
within one meter or less. As predicted
by Einstein’s theory of special relativ-
ity, the satellite clocks circling at 14,000
kilometers per hour tick more slowly
than clocks on earth, losing about
seven microseconds per day. However,
since the clocks are 20,000 kilometers
above the earth’s surface, and since, ac-
cording to Einstein’s general relativity
theory, gravity curves space and time,
a clock orbiting at this height should
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tick slightly faster. The combination
of these two effects results in a net
speeding up so the time on a GPS sat-
ellite clock is faster than one on earth
by about thirty-eight microseconds per
day. To achieve navigational accuracy
this speeding up predicted by Einstein
must be compensated for.

Einstein’s theories did not refute
Newton’s; they simply absorbed them
into a more comprehensive theory of
gravity and motion. Newton’s theory
has its place and it offers an adequate
and accurate description, albeit in a
limited sphere. As FEinstein himself
once put it, “The most beautiful fate of
a physical theory is to point the way to
the establishment of a more inclusive
theory, in which it lives as a limiting
case.” It is this continuously evolving
nature of knowledge that makes sci-
ence always provisional.

How could the public be better edu-
cated about the nature of scientific
inquiry? Three recent books, read
together, point us in a new direction.
These books lay bare the provisional-
ity of science and may, paradoxically,
actually help us find a way to address
rampant denialism. Rather than focus
single-mindedly on the technical as-
pects of science or the need to improve
basic skills, they focus our attention on
the psychology of science—the drives
that inspire us to inquire into nature,
and the limits that our minds necessar-
ily impose on our knowledge.

In Curiosity: How Science Became
Interested in Everything, the science
writer Philip Ball, a former editor at
Nature, reveals how curiosity, com-
bined with wonder, has driven the sci-
entific enterprise since the seventeenth
century, and how the ever-transmuting
nature of curiosity shifted the practice
of science to the highly specialized and
impersonal activity that it is perceived
as today. Ball traces the intellectual his-
tory of curiosity, from the Renaissance
cabinets of curiosity to the Large Had-
ron Collider at CERN that harks back
to a view of nature as holding secrets
that must be teased out with experimen-
tal apparatuses. He shows how curiosity
went from being seen as a vice in medi-
eval Catholic Europe, to a shallow form
of inquisitiveness that inspired learned
societies like the London philosophical
club, and then, in the latter half of the
sixteenth century, got recast as a virtue.
Changes in the notion of curiosity from
vice to virtue, he argues, have gone
hand in hand with the development of
empirical methods in science.

Ball provides one of the clearest ex-
plications of the provisional nature of
science by tracing the development of
the currently accepted germ theory
of disease. He shows how the inven-
tion of the microscope, which opened
up an entirely new, formerly invisible
realm, first led to the idea of “animal-
cules” (developed by Anton von Leeu-
wenhoek, Robert Boyle, and Robert
Hooke), which was refined by Louis
Pasteur and others in the nineteenth
century, leading to our present view
of pathogens as the agents of disease.
Ball traces the entire process from the
early proposition and its subsequent
refinements, showing clearly what pro-
visionality means—a slow and gradual
honing and growing sophistication of
our understanding, driven by accumu-
lating data enabled by the invention of
ever-newer instruments.
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This does not mean that theories are
mere placeholders waiting to be over-
thrown (in fact, that happens extremely
rarely), but rather that as empirical evi-
dence accumulates they aim at a more
comprehensive explanation that sub-
sumes earlier views. Although Ball’s
interesting case studies extend only up
to the nineteenth century, he success-
fully demolishes the fallacy that provi-
sionality implies that any theory is as
good as another, and illuminates how
our best current understanding gets
gradually altered.

Nonetheless, Ball laments that the
scientific enterprise is often seen as
a large and dispassionate machine in
which objective scientists seek cold
facts from experiments in an imper-
sonal and flawless process of discovery.
This leaves out the excitement, awe,
and wonder that motivate many sci-
entists and that only appear in popu-
larizations of scientific discoveries
today. “We first emancipated curiosity
at the expense of wonder, and then re-
admitted wonder to take care of public
relations.” This may help explain the
public’s contradictory feelings about
contemporary science: an attraction to
the romance of discovery and a distrust
of provisional scientific results.

Besides curiosity and wonder, two
other nonrational forces that condition
science are serendipity and ignorance.
In Ignorance: How It Drives Science
Stuart Firestein goes so far as to claim
that ignorance is the main force driving
scientific pursuit. Firestein, a popular
professor of neurobiology at Columbia,
admits at the outset that he uses “the
word ignorance at least in part to be
intentionally provocative” and clarifies
that for him it denotes a “communal
gap in knowledge.” He describes clearly
how scientists continually uncover new
facts that confront them with the ex-
tent of their ignorance, and how they
successfully grapple with uncertainty
in their daily research work. With
ample examples from neuroscience he
describes the limits of what we cur-
rently know, what the uncertainties
are, and why they arise especially in
the study of complex systems like the
brain, the olfactory system, human vi-
sion, climate change, and earthquakes.

Especially valuable is Firestein’s abil-
ity to capture how science gets done in
fits and starts. One example is the dis-
covery of thermophiles. Originally a
mere oddity of nature, these are micro-
organisms that can survive at very high
temperatures, and yet the very enzymes
that enable them to do so led to the
development of the polymerase chain
reaction (PCR) technique that is funda-
mental to most of today’s biotechnology
experiments. He demystifies the day-to-
day activities of research scientists across
a variety of disciplines with case studies
illustrating how breakthroughs in un-
derstanding, however humble or grand,
are essentially unforeseeable even
to a seasoned mind. For example: the
serendipitous discovery of the cosmic
microwave background radiation—the
hiss of the Big Bang—that was the re-
sult of building a radio telescope. Yet
serendipity is not entirely serendipi-
tous; it depends on curiosity and keep-
ing an open mind since we are “not
smart enough to predict how things
should be” and just need to explore.

A slightly differenttake onhowscience
works comes from the astrophysicist

COMING
ATTRACTIONS

2014
2015

13 14 15 16

4 A
i

[ | .
DALTON
TRUMBO

ARRY CEPlAl.R
?lfrsrovnn TRUMB O«

DALTON TRUMBO
Blacklisted Hollywood
Radlical

Larry Ceplair
and Christopher Trumbo

January 2015

640 pages « 75 b/w photos
978-0-8131-4680-5
$40.00 Hardcover

The definitive biography
of the Academy Award-
winning blacklisted
screenwriter of Roman
Holiday, Spartacus, and
Exodus.

ANATOMY OF FILM DESIGN JAN-CHRISTOPHER HORAK

SAUL BASS
Anatomy of Film Design

Jan-Christopher Horak

November 2014

512 pages « 68 b/w photos
978-0-8131-4718-5
$40.00 Hardcover

Explore the life and films
of the legendary American
graphic designer and
Academy Award-winning
filmmaker.

VISIONARY DIRECTOR o[rhe’SI
A

sl

RUTH BARTON

REX INGRAM

Visionary Director
of the Sllent Screen

Ruth Barton

November 2014

320 pages 75 b/w photos
978-0-8131-4709-3
$40.00 Hardcover

The first biography of the
visionary Irish-American
director and early
Hollywood icon.

University Press of Kentucky « www.kentuckypress.com

before
during & after

belong.

www.amk.org

AMK can give you complete Book Fair
support, from booking the space, to once
the fair is over, making sure all your product
and materials are returned to where they

What a lot of people don’t know is that we
can also design, supply and fit all your
display graphics. Plus if you exhibit at the
London or Bologna fairs, we can supply and
install the Frankfurt stand system. So you
can have all the advantages, like strong and

simple to fit shelving, at all three fairs.

For more information email

Barbara@amk.org, or come and see us in

Hall 8, Stand A2 or
Hall 4.2 Stand G97

AMK

book services

65

9/25/14 4:28 PM



" Boston's NPR® news station

More Than ust nsurance

National
‘ Endowment  Plymouth Rock.

DUNKIN'
DONUTS

@®) he Foliocicry

<> Lesley [5]hachete  TheNeworkReviewof Books

W B Z1030]

NEWSRADIO

& 2
q % THE
ot h B}x)ﬁl!;l:egg

50Years

66

Jeors

abun

UBUM OF RARE PHOTOGRAPHS AND MEDIUM VERSES

uhy Hardcover - $19.95 - On sale October 14th

A picture album. An alphabet book. An Alphabetabum! Here artist and author Vlad-
imir Radunsky has chosen photos of portraits of girls and boys from the last century,
and his friend, Caldecott winner Chris Raschka, has contributed a delightful poem
imagining the life and personality of each child.

“This ingenious way to help little ones learn their ABCs uses the hook of vintage
photos collected over decades from flea markets around the world. Little Lucian
Leroy, a tiny fellow in a tall tophat and tails, likes licorice and lollipops. Baby Beulah
Bridget balances a big bow on the top of her noggin. Even kids who don’t under-
stand all the words and concepts will enjoy hearing the alliteration spoken aloud and
marvel at the get-ups from days of yore.” — Woarking Mother

EVENTS WITH CHRIS RASCHKA
Saturday, October 25th, 1:30pm
Boston Book Festival
The event will be held at
First Church Boston.

Sunday, October 26th, 2pm
Brookline Booksmith - Brookline, MA

Saturday, November 1st, 3pm
Labyrinth Books - Princeton, NJ

THFE, NEW YORK REVIEW Available in bookstores, call (646) 215-2500 or from www.nyrb.com

CHILDREN’S COLLECTION

; Viadimir Radunsky and Chris Raschka

ALPHABETABUM

é An Album of Rare Photographs

A unique alphabet book from

and Medium Verses

(B Rtumbiry f]

Natarajan_64_66.indd 66

Mario Livio in his new book Brilliant
Blunders." Like Firestein, Livio de-
bunks the idea that science is a me-
thodical enterprise that produces fixed
truths, and shows how dependent it is
on wrong turns and dead ends in re-
search. But by “scientific blunders”
Livio means serious conceptual er-
rors that might have held back science.
Through exquisitely rendered case
studies, he shows how even towering
intellectual giants of science—Charles
Darwin, Lord Kelvin, Linus Pauling,
Fred Hoyle, and Albert Einstein—
made grave errors in reasoning. He
skillfully peels back the emotional
layers of the scientific enterprise and
discusses its social setting, showing
how eminent researchers can be held
captive by their entrenched intuitions
and refuse to accept new ideas until
they are faced with overwhelming

fication might actually reduce the mis-
understanding and distrust of science.

In his disturbing book Denialism,
the New Yorker writer Michael Specter
made the persuasive claim that the ac-
celerating pace of change wrought by
scientific and technological progress,
and the resultant sense of destabiliza-
tion, have evoked fear in the public at
large.” Having to contend with more
complicated truths, coupled with the
fact that scientific progress has brought
peril as well—Chernobyl, the thalido-
mide disaster, mad cow disease—has
exacerbated the widespread distrust
of science. The instinct is to turn away
from a complex reality and yearn for a
simpler life.

How can that be addressed? The bi-
ologist Jon D. Miller of the University
of Michigan has been advocating a new

empirical evidence contradicting
their views. Even geniuses, it turns
out, have trouble recognizing the
inherent provisionality of science.

Yet throughout the book Livio
stresses that blunders are not only
inevitable but an essential part
of scientific progress—and have,
in fact, led to some of the most
impressive intellectual break-
throughs. Take, for instance,
Einstein’s firm belief in a static
universe, a belief that was moti-
vated in part by purely aesthetic
feelings. Applying his general the-
ory of relativity to the universe in
1917, he suggested that a homoge-

neous, static, and spatially curved
model was the relevant solution to the
equations governing our universe. His
hypothesis, however, had a fatal flaw:
in the absence of any other forces Ein-
stein’s universe would simply collapse
under gravity’s power. In order to re-
tain the elegance and stability that a
static universe provides, he went so far
as to add an extraneous term called the
“cosmological constant” into his math-
ematical equations.

After remaining firm for more than
a decade, Einstein finally conceded in
1931 the validity of the theory of an
expanding universe, but only in the
face of overwhelming data from the
astronomer Edwin Hubble. Hubble
had found that all nearby galaxies were
receding from us with speeds propor-
tional to their distance from us, there-
fore conclusively ruling out a fixed
universe model. In collaboration with
another physicist, William de Sitter,
Einstein then went on to propose an
eternally expanding universe in 1932
that no longer required the artifact of
the cosmological constant.

All three of these books offer a
ringside view of how science actually
works, demystifying it in the process.
This is all to the good, since demysti-

"Mario Livio, Brilliant Blunders: From
Darwin to Einstein—Colossal Mis-
takes by Great Scientists That Changed
Our Understanding of Life and the
Universe (Simon and Schuster, 2013);
reviewed in these pages by Freeman
Dyson, March 6, 2014.

standard of “civic scientific literacy,” by
which he means a basic level of scien-
tific understanding that would be nec-
essary to make sense of public policy
issues involving science or technology.
He proposes the teaching of scientific
concepts rather than the retention of
information. Since the old model is ill-
suited to the current pace of scientific
and technological progress, the public
needs to learn how to reason in the
evidence-based manner that is central
to science.

Demystifying the practice of sci-
ence and describing how scientists
themselves deal with uncertainty and
provisionality could also help, by hu-
manizing the enterprise, although con-
veying the information necessary to
understand scientific problems and pro-
cedures accurately is never easy. Still,
acquainting the public with the power
and limits of curiosity, and how scien-
tists are persuaded to accept new ideas
in the face of accumulating evidence,
as Livio does, could prove to be useful.
It could lessen the disorienting shock
when the “best current understanding”
of a certain phenomenon changes. The
best way to shore up respect for sci-
ence may require not defending it as a
fortress, but showing its exciting provi-
sionality—while maintaining that it’s
the best thing we’ve got. L]

2Denialism: How Irrational Thinking
Hinders Scientific Progress, Harms the
Planet, and Threatens Our Lives (Pen-
guin, 2009).

KARL MILLER
(1931-2014)

We mourn the death of Karl Miller,
a long-standing contributor and friend.
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