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FINTRODUCTION

SCIENTIFIC LITERACY:
WHAT IT IS,
WHY IT’s IMPORTANT,
AND WHY WE DON’T
HAVE IT

-
%()l'ﬂﬁff.nt’ i the next few days you are going to pick up your
rewspaper and see a headline like “Genetically Engineered To-
rnatoes on Sheives” or “Japanese Take Lead in Superconductor
Race.”” The stories following these headlines will be important.
They will deal with issues that dircctly affect your life-~issues
about which you, as a citizen, will have to form aa vpirdon if you
aic to take part in our country’s political discourse. More and
mnore, scientific and technological Hsues dominais nationzi de-
bate, from the greenhouse effect to the economic threat from for
eign technology. Being able to understand these deba‘es is be-
coming as important to you as being able to read. You must be
scientifically literate.

Scientists and educators have not provided you thh the back-
ground knowledge you need to cope with the world of the future.
The aim of this book is to allow you to acquire that background —
to fill in whatever blanks may have been left by your formal edu-
cation. Cur aim, in short, is to give you the information you need
te become scientifically literate.
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What Is Scientific Literacy?

For us, scientific literacy constitutes the knowledge you need to
understand public issues. It is a mix of facts, vocabulary, con-
cepts, history, and philosophy. It is not the specialized stuff of the
experts, but the more general, {ess precise knowledge used in po-
litical discourse. If you can understand the news of the day as it
relates to science, if you can take articles with headlines about
genetic engineering and the ozone hole and put them in a mean-
ingful context—in short, if you can treat news about science in
the same way that you treat everything else that comes over your
horizon, then as far as we are concerned you are scientifically
literate.

This definition of scientific literacy is going to seem rather min-
imal, perhaps even totally inadequate, to some schclars. We fcel
very strongly that those who insist that everyone must under-
stand science at a deep level are confusing two important but
separate aspects of scientific knowledge. The fact of the matter is
that doing science is clearly distinct from using science; scientific
literacy concerns only the latter.

There is no need for the average citizen to be able 1o do what
scientists do. You don’t have to know how to calculaie the trajec-
tory of an artillery shell or sequence a section of DNA to under-
stand the daily news, any more thar you have to be able to design
an airplane in order to fly in one.

But the fact that you don’t have (0 know how i design an
airplane doesn’t change the fact that vou live in a world where
airplanes exist, and your world js different because of them. In
the same way, advances in fields like microelectronics and molec-
ular biology will affect your life i: marv ways, and-you need
have enough background knowledge to understand how these
changes.are likely to occur and what their consequences are likelv
to be for you and your children. You must he able to put new
advances into a context that will allow you to iake part in the
national debate about them.
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Like cultural literacy, scientific literacy does not refer to de-
tailed, specialized knowledge — the sort of things an expert would -
know. When you come across a term like “superconductor’ in a
newspaper article, it is enough to know that it refers to a material
that conducts electricity without loss, that the main impediment
to the widespread use of superconductors is that they operate
only at very low temperatures, and that finding ways to remove
this impediment is a major research goal in materials science to-
day. You can be scientifically literate without knowing how a su-
perconducior works at the atomic level, what the various species
of supe-conductor are, or how one could go about fabricating a
supercor:ducting material.

Intense study of a particular field of science does not necessar-
ily make one scientifically literate. Indeed, it has been our expe-
rience that working scientists are often illiterate outside tlieir own
field of professional experiise. For example, we recently asked 2
eroup of twenty-four physicists and geologists to explain to us the
dilference between DNA and RNA —a basic piece of information
i the life sciences. We found orly three who could de so, and all
theee of those did research in areas where this knowledge wos
usciul. And a'though we iiwven’t done an equivalent test on biot
ogists—by asking them, for example, to explain the differs
between a superconductor and a semiconductor- there
doubt in our minds that we would find the same sort of discons -
aging result it we did. The fact of the matter is that the ¢
of professional scientists is just as narrowly focusea as e =

cation of any other group of professionals, and scientisi- a:¢
as likely to be ignorant of scientific matters as anyone clee. You
should keep this in mind the next time a Nobel laurcate speaks es

athedra on issues outside his or her own ficid of specializati

ust

Oii.
Finally,one aspect of knowledge is sometimes fymped inio so
=ntific literacy but is actualiy quite different. You often sce dis-
cussions of scientific literacy couched in terms of statemenis like
“The average aew eraployee has no idea how to use a computer”
or “The average American is dependent on technology but can’t
zven program a ViR to record when no one’s home.” These
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statements are probably true, and they undoubtedly reflect an
unhappy state of affairs in American society. We would prefer,
however, to talk of them in terms of technological, rather than sci-
entific literacy.

The Scope of the Problem

At the 1987 commencement of Harvard University, a filmmaker
carried a camera into the crowd of gowned graduates and, at
random, posed a simple question: “Why is it hotter in summer
than in winter?”” The results, displayed graphically in the film 4
Private Universe, were that only two of the twenty-three students
queried could answer the question correctly. Even allowing for the
festive atmosphere of a graduation ceremony, this result doesn’t
give us much faith in the ability of America’s most prestigious
universities to turn out students who are in command of rudi-
mentary facts about the physical world. An informal survey taken
at our own university —where one can argue that teaching under-
graduates enjoys a higher status than at some other institutions —
shows results that are scarcely more encouraging. Fully half of
the seniors who filled out-our scientific literacy survey could not
correctly answer the question “What is the difference beuween an
atom and a molecule?”’

These results are not minor blemishes on a sea of otherwise
faultless academic performances. Eviry university in the country
has the same dirty little secret: we are all turning out scientific
illiterates, students incapable of understanding maay of the im-
portant newspaper items pubhished on the »erv day of their grad-
uation.

The problem, of course, is not limited to universities. We hear
over and over again about how poorly American high school and
middle school students fare when compared to students in other
developed countries on standardized tests. Scholars who make it
their business to study such things estimate that fewer than 7
percent of American adults can be classed as scientifically liter-
ate. Even among college graduates (22 percent) and those with
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graduate degrees (26 percent), the number of Americans who are
scientifically literate by the standards of these studies (which
tend to be somewhat less demanding than our own) is not very
high.

The numbers, then, tell the same story as the anecdotes. Amer-
icans as a whole simply have not been exposed to science suffi-
ciently or in a way that communicates, the knowledge they need
to have to cope with the life they will have to lead in the twenty-
first century.

Why Scientific Literacy Is Important
Why be scientifically literate? A number of different arguments
can be made to convince you it’s important. We call them,

the argument from civics

the argument from aesthetics

the argument from intellectual connectedness

The first of these, the argument from civics, is essentially the
one we have been using thus far. Every citizen will be faced with
public issues whose discussion requires some scientific back-
ground, and therefore every citizen should have some level of sci-
entific literacy. The threats to our system from a scientifically
illiterate electorate are many, ranging from the danger of political
demagoguery to the decay of the entire democratic process as
vital decisions that affect everyone have to be made by an edu-
cated (but probably unelected) elite.

The argument from aesthetics is somewhat more amorphous,
and is closely allied to arguments that are usually made to sup-
port liberal education in general. It goes like this: We live in a
world that operates according to a few general laws of nature.
Everythmg you do from the moment you get up to the moment
you go to bed happens because of the working of one of these
laws. This exceedingly beautiful and elegant view of the world is
the crowning achievement of centuries of work by scientists.
There is intellectual and aesthetic satisfaction to be gained from
cn-inm the ynitv between a pot of water on a stove and the slow
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march of the continents, between the colors of the rainbow and
the behavior of the fundameital constituents of matter. The sci-
entifically illiterate person has been cut off from an enriching part
of tife, just as surely as a person who cannot read.

Finally, we come to the argument of intellectual coherence. I
has become a commonplace to note that scientific findings often
play a crucial role in setting the intellectual climate of an era.
Copernicus’s discovery of the heliocentric universe played an im-
portant role in sweeping away the old thinking of the Middle Ages
and ushering in the Age of Enlightenment. Darwin’s discovery of
the principle of natural selection made the world scem less
pianned, less directed than it had been before; and in this centur
the work of Yreud and the development of quantum mcchanics
have made it seem (at lcast superficially) less rationa:. In ali of
these cases, the gereral intellectual tenor of the times —what Ger-
mans call the Zeitgeisi—was influcnced by developments in sci-
ence. How, the argument goes, can anyone hope to appreciate the
ieep underiying threads of intellectual life in his or her own time
without understanding the science that goes wiil it?

What to Do
The beginning of a solution to America’s problem wit' scicnuiic
literacy, both for those stil! in scheol and those whose formal ed-
“ucztion has been compictad, lies in a simple statement:

if you expect someone 0 know something, you
have to iell him or her what it is.

This principle is so obvious that it scarcely needs defending {(al-
though you'd be amazed at how often it is ignored within the
halls of academe). It's obvious that if we want people 1o be able
coounder stand issues mvolving geaetic engineering, then we have
to tell them: what genetic engineering is, how DNA and RNA
work, and how all hyv.ag systems use the same genetic code. {f we
expect people to co:ae 1o an intelligent decision on whether bil-
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lions of dollars should be spent on a superconducting supercol-
lider, we have to tell them what an accelerator is, what elementary
particles are, and why scientists want to probe the basic structure
of matter.

But this argument, as simple as it seems, runs counter to pow-
erful institutional forces in the scientific community, particularly
the academic community. To function as a citizen, you need to
know a little bit about a lot of different sciences—a little biology,
a little geology, a little physics, and so on. But universities (and,
by extension, primary and secondary schools) are set up to teach
one science at a time. Thus a fundamental mismatch exists be-
tween the kinds of knowledge educational institutions are
equipped to impart and the kind of knowledge the citizen needs.

So scientists must define what parts of our craft are essential
for the scientifically literate citizen and then put that knowledge
together in a coherent package. For those still in school, this
package can be delivered in new courses of study. For the great-
majority of Americans—those whom the educational system has
already failed — this information has to be made available in other
forms.

And that’s where this book comes in.

About the Book

This book is dedicated to illustrating a statement that is one of
academe’s best-kept secrets: The basic ideas underlying all science are
simple. In what follows, we present only the constellations of basic
facts and concepts that you need to understand the scientific is-
sues of the day, while providing a reading list for those whose
interest has been piqued and who wish to pursue some of the
points in more dezail. '

Science is organized arcund certain central concepts, certain
pillars that support the entire structure. There are a limited num-
ber of such concepts (or “laws”), but they account for everything
we see¢ in the world around us. Since there are an infinite number
of phencmena and only a few laws, the logical structure of science
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is analogous to a spider’s web. Start anywhere on the web and
work inward, and eventually you come to the samc core. Under-
standing this core of knowledge, then, is what science is all about.

T'he organization of this book reflects the weblike organization
of science. It is built around eighteen general principles —call
them laws of nature, great ideas, or core concepts if you like.
Some of them transcend the compartmentalized labels we like to
put on things, for, like nature itself, these great ideas form a
seamless web that binds all scientific knowledge together. We de-
vote the first five chapters of the book to these concepts, which
will reappear in the remainder. They are absolutely essential to
understanding science. You can no more study genetics while ig-
noring the laws of chemistry than you can study language by
learning nouns and ignoring verbs.

Once the basic concepts that anchor all science have been es-
tablished, we move on to look at specific areas, which we have
organized in the traditional triad of physical, earth, and !ife sci-
ences. We organize each of these categories around another sat of
great ideas that are appropriate to that particular field. Ior ex-
ample, in the earth sciences one of the great ideas has to do with
the changes of the planet’s surface features in response to heat
generated in its deep interior. This particular concept ties to-
gether a great deal of what we know about the earth, but at the
same time depends on the deeper overarching principles con-
tained in the first five chapters. By the time you’ve gone through
all eighteen great ideas, then, you will have not only a general
notion of how the world works, but also the specific knowledge
you need to understand how individual pieces of it (the earth’s
surface, for example, or a strand of DNA) operate.

The great ideas approach to science has another enormous ad-
vantage. While you are learning about issues that are in the news
today, such as black holes or the greenhouse effect, you will be
building an intellectual framcwork that will allow you to under-
stand the issues of the future. To see the importance of this, con-
sider that when we began writing this book in early 1989, the
Strategic Defense Initiative (“Star Wars’’) was a much-debated
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aspect of public policy. A year later, thanks to the extraordinary
events that took place in Central Europe, the topic had pretty
much dropped from sight.

It is entirely possible that probleris that loom large todav —
AIDS . . . the ozone hole—may seem insignificant by the turn of
the century. But while we cannot predict which science-laden is-
sues will dominate the headlines of the {uture, we know that soine
surely will. And since every future scientific advance will grow
out of the ideas contained in this hock, mastering them allows
vou to deal with not only today’s problems, but tomorrow’s as
well.

There is a temptation, when presenting a subject as complex
as the natural sciences, to present topiss in 2 rigid, mathematical
outline. We have tried to resist this temptation for a number of
reasons. In the first place, it does not accurately reflect the way
scienice is actually performed. Real science, like any human activ-
ity, tends to be a little messy around the edges. More important,
the things you need to know to be scientifically literate tend 1o be
a somewhat mixed bag. You need to know scme facts, to be fa-
miliar with some general concepts, o know z little about how
science works and how it comes to conclusions, and te know a
littie about scientists as people. All of these things muy affect how
you interpret the news of the day. So if you find that the bonk is
something of a potpourri, don’t be surprised. That's the way so1-
ence— like everything clse in life—is.

Finally, we hope that we can communicate to vou another lit-
tle-known fact about science: that it is just b.plain fun--not just
“good for you,” like some foul-tasting medicine. It grew out of
observations of everyday experience by thousands of our ances-
tors, most of whom actually enjoyed what they were doing. Amid
the collection of fact, history, logic, and policy questions that fol-
lows, we hope yon occasionally catch a glimpse of wo people whe
enjoy what they do—who occasionally thrill at the thought of the
intellectual beauty of the universe we are privileged to live in and
know. ‘
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