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The Big Questions in Science
“What Don’t We Know?” by Donald Kennedy et al., in Science (July 1, 2005),
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ism’s wonks, neglecting its many poets and vi-
sionaries, such as Wendell Barry and Terry
Tempest Williams.

If environmentalism really is dead, what
then? Shellenberger and Nordhaus offer few
prescriptions, saying that a new blueprint
will emerge from collaboration. Some view
this claim as disingenuous, pointing out that
the two originally distributed their tract,

which snipes at other organizations that
compete for grant dollars, at an Environ-
mental Grantmakers Association confer-
ence. “The Death of Environmentalism”
touts the New Apollo Project, a nascent ini-
tiative aimed at freeing the United States
from oil dependency and creating new
“green” jobs. Both Shellenberger and Nord-
haus are leaders of the project.

Flip-Flop Medicine
“Contradicted and Initially Stronger Effects in Highly Cited Clinical Research” by John P. A.

Ioannidis, in The Journal of the American Medical Association (July 13, 2005),
515 N. State St., Chicago, Ill. 60610.

One day it’s horrible for your health to
let a drop of alcohol pass your lips; the next,
you’re told that a glass of red wine is just
what the doctor ordered. So it’s gone lately,
with one highly publicized medical study
after another contradicted or reversed. 

This is no laughing matter. In 1991, the
Nurses’ Health Study found that women re-
ceiving hormone therapy (estrogen and
progestin) enjoyed a big (44 percent) reduc-
tion in the risk of coronary artery disease,
and millions of women were encouraged to
begin the therapy to counteract the effects
of menopause. But in 2002, the Women’s
Health Initiative produced a radically dif-
ferent conclusion: Hormone therapy i n-
c r e a s e s the risk of coronary events in post-
menopausal women by 29 percent. A
subsequent study confirmed that result.

The explanation, according to Ioannidis,
who teaches at the University of Ioannina
School of Medicine in Greece and Tufts-
New England Medical Center, is that the
first study was not based on a random sample
of the population. A “randomized” sample

reflects various factors, known or unknown,
that might be involved in the body’s reaction
to the thing being studied. (Why aren’t all
studies randomized? Cost is not the only ex-
planation; ethical and other considerations are
sometimes involved.) 

But randomization alone does not assure
valid results. Ioannidis isolated 45 widely
cited clinical studies from the medical liter-
ature between 1990 and 2003. Six of the
original 45 articles were based on non-ran-
domized trials, and five of the six were later
challenged—a very high error rate.

The other 39 studies were all based on
random samples, yet nine were nevertheless
challenged. The reason? For the most part,
the sample sizes were smaller than in subse-
quent studies. 

“The examination of contradictions and
refutations offers a fascinating look at the
process of science” as new studies appear
over the years, writes Ioannidis. In an age of
instant publicity, however, a surprising study
can make global headlines before that
process has a chance to run its course. 

It’s staggering to think what marvels scien-
tists have discovered in just the past few
decades, but more interesting to ask what sci-
ence still does n o t know—and may discover be-
fore too long. To mark its own 125th an-

niversary, S c i e n c e surveyed this immense
realm of scientific ignorance, coming up with
125 “hard questions” that its contributors
think might be answered in the next quarter-
century, and highlighting 25 of them.
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out “perhaps a few million or even tens of
millions of stars for alien signals,” reports staff
writer Richard A. Kerr. After years of effort,
only one or two out of each 100 million sun-
like stars have been examined. “If there were
just 10,000 advanced civilizations in the
galaxy, researchers could well strike pay dirt be-
fore S c i e n c e turns 150.”

Speaking of computers, “What are the lim-
its of conventional computing?” It’s not just an
engineering issue. As Bell Labs scientist
Claude Shannon showed in the 1940s, there
are physical laws governing the flow of infor-
mation in general from one object to anoth-
er. “But there is a realm beyond the classical
computer: the quantum,” notes Seife. “The
probabilistic nature of quantum theory allows
atoms and other quantum objects to store in-
formation that’s not restricted to only the bi-
nary 0 or 1 of information theory, but can also
be 0 and 1 at the same time. Physicists around
the world are building rudimentary quantum
computers that exploit this and other quan-
tum effects to do things that are provably im-
possible for ordinary computers.” The quest
could lead not only to more powerful ma-
chines but to a better understanding of the
subatomic world.

“What is the universe made of?” is the big
question that leads off the survey. “Ordi-
nary” matter (including dark matter that is
invisible to prying telescopes) makes up less
than five percent of everything there is, re-
ports staff writer Charles Seife. An addition-
al 25 percent consists of exotic dark matter,
“made of an as-yet-undiscovered type of par-
ticle,” which helps fill the huge voids be-
tween the galaxies. The remaining 70 per-
cent consists of a “mysterious antigravity force
known as dark energy,” whose existence was
recognized only in the 1990s. Scientists are
well on their way to discovering what ordi-
nary dark matter is made of—a “dark-matter
trap buried deep underground or a high-energy
atom smasher” should do the trick. They
“have some ideas” about exotic dark matter. But
the nature of dark energy is a conundrum that
“seems to transcend known physics more
than any other phenomenon yet observed.”

Another big question that some scientists
(and many science-fiction fans) would like
answered is that hardy perennial, “Are we
alone in the universe?” Privately funded re-
searchers—Washington got out of the hunt
in 1993—are hoping that growing computer
power will enable them before long to check

A researcher in North Yorkshire, England, tracks WIMPs (weakly interacting massive particles),
thought by some scientists to be the prime components of the universe’s mysterious dark matter.
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Kyoto’s Magnetic Force
“Climate Change Strategy: The Business Logic Behind Voluntary Greenhouse Gas Reductions”

by Andrew J. Hoffman, in California Management Review (Spring 2005), Univ. of California,
F501 Haas School of Business No. 1900, Berkeley, Calif. 94720–1900.

If there’s one thing that business likes even
less than government regulation, it’s uncer-
tainty about government regulation—and
that’s the condition business is now in, reports
Hoffman, a professor of sustainable enterprise
at the University of Michigan. The cause is the
U.S. refusal to ratify the Kyoto treaty to control
greenhouse-gas emissions, known formally as the
Kyoto Protocol on Climate Change. 

When, in late 2004, Russia became the
126th country to ratify the Kyoto treaty, it
cleared the way for the pact to go into force

this past February. Multinational corpora-
tions that operate in signatory countries
must comply with the new requirements.
But even firms that operate only within the
United States face the possibility that Con-
gress in the future may impose similar reg-
ulations—and the reality is that some states
already are doing so on their own. 

The companies that are voluntarily mak-
ing emission reductions aren’t necessarily
doing so out of concern for global warming
or corporate social responsibility. Anticipat-

e x c e r p t

The Computer Prescription
There is good evidence that if the United States were to invest in health informa-

tion technology, it would get a substantial payoff. Estimates of savings range from
7.5 percent of health care costs to as high as 30 percent. The low numbers represent
the reduction of obvious errors. These numbers may seem very large, but take medical
errors as one example. A medical error costs, in 2003 dollars, about $3,700, and early
studies indicate that somewhere between 70 and 80 percent of those errors could be
eliminated. Most of these are prescribing errors, where the patient ends up getting
the wrong drug, the wrong dose of a drug, or the right drug given at the wrong time.
Such errors lead to a variety of consequences, including further diagnostic evaluation
of the patient and additional treatments. They can also result in serious complica-
tions, which require additional interventions, and even result in death. Unfortunate-
ly, $3,700 is a lot of money—except in health care, where it buys just a few lab tests
and maybe an imaging scan and a half-day in the hospital.

—David J. Brailer, National Health Information Technology Coordinator at the U.S.
Department of Health and Human Services, in Business Economics (July 2005)

With even more derring-do, some scientists
are seeking the biological basis of con-
sciousness. Rejecting philosopher René
Descartes’ 17th-century dichotomy between
mind and body, most of these scientists treat
them as “different aspects of the same thing.
In this view, consciousness emerges from
the properties and organization of neutrons
in the brain,” explains staff writer Greg
Miller. Scientists have gleaned some in-
sights from studying neurological patients
whose injuries have limited their awareness

in certain ways, or robbed them of con-
sciousness entirely. Ultimately, researchers
are interested in why, from an evolutionary
perspective, consciousness exists at all and
whether other creatures possess it. The field,
once considered a career killer, is now at-
tracting many young scientists. 

One prediction that emerges from the S c i-
e n c e articles: Even if many of these questions
are answered in the next 125 years, they will
only be replaced by new and even more
daunting ones. 


