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By Lewis Themas

Everyone seems to agree
that there is something wrong
with the way science is being
taught these days. But no one
is at all clear about when it
went wrong or what is to be
done about it. The term
“seientific illiteracy’’ has be-
come almeost a cliché in
educational circles. Graduate
schools blame the colleges;
colleges blame the secondary
schools; the high schools

blame the  elementary
schools, which, in turn, blame
the family.

I suggest that the scientific
community itself is partly,
perhaps largely, to blame.
Moregver, if there are disa-
greements between the world
of the humanities and the
scientific enterprise as to the
place and importance of sci-

Lewis Thomas, M.D., who
won the American Book
Award last year for “The
Medusa and the Snail,” is
chancellor of Memorial Sloan-
Kettering Cancer Center and
chairman of the board of the
Scientists’ Institute for Public
Information. This article is
adapted from a talk givenat a
conference sponsored by the
Alfred P. Sloan Foundation.

A

N
o
\\\\\\:‘:}Q}\\}
]

Y

a v

W

3,

W

W
R
\\\ N\
WY \\\
s
LI

\\\\\j\‘
3%

TEACH)
~ SCIENCE

ence in a liberal-arts educa-
tion and the role of science in
20th-century culture, I be-
lieve that the scientists are
themselves responsible for a
general misunderstanding of
what they are really up to.
During the last half-century,
we have been teaching the sci-
ences as though they were the
same collection of academic
subiectsas always, and — here
is what has really gone wrong
—- as though they would always

be the same. Students learn -

today’s biclogy, for example,
the same way we learned Latin
when 1 was in high school long
ago: first, the fundamentals;
then, the underlying laws;
next, the essential grammar
and, fipally, the reading of
texts. Once mastered, that was.
that: Latin was Latin and for-
ever after would always be
Latin. History, once learned,
was history.- And biology was
precisely biology, a vast array
of hard facts to be learned as
fundamentals, followed by a
reading of the texts.
Furthermore, we have been
teaching science as if its facts
were somehow superior to the

-facts in alt other scholarly

disciplines — more funda-
mental, more solid, less sub-
ject to subjectivism, immuta-
ble. ‘English literature is not
just one way of thinking; it is

all sorts of ways; poetry is a
moving target; the facts that
underlie art, architecture and
music are not really hard
facts, and you can change
them any way you like by ar-
guing about them. But gei-
ence, it appears, is an alto-
gether different kind of learn-

“ing: an unambiguous, unal-
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terable and endlessly, useful

display of data that only
needs to be packaged and in-
stalled somewhere in one’s

temporal lobe in order to

achieve a full understanding
of the natural worid.

And, of course, it is not like
this at all. In real life, every

field of science is incomplete,

and most of them — whatever
the record of accomplishment
during the last 200 years —
are still in their very earliest
stages. In the fields I know

best, among the life sciences, |.[:

it is required that the most
expert and. sophisticated
minds be capable‘of changing
course — often with a great
lurch — every few years. In
some branches of biology the
mind-changing is occurring
with accelerating velocity.
Next week’s issue of any
scientific journal can turn a
whole field upside down,
shaking out any number of
immutable ideas and install-
ing new bodies of dogma.




chemistry, in materials research, in ne
ology, in genetics, in immunology. * o
On any Tuesday morning, if asked, a good
working scientist will teil you with some self-
satisfaction that the affairs of his field are nicely
in order, that things are finally looking clear and
making sense, and all is well. But come back
again on another Tuesday, and the roof may have
just fallen in on his life’s work. All the old ideas —
last week’s ideas in some cases — ate no longer
good ideas. The hard facts have softened, melted
away and vanished under the pressure of new
hard facts. Something strange has happened. .
And it is this very strangeness of nature that
makes science engrossing, that keeps bright peo- -
ple at it, and that ought to be'at the center of sci-
ence teaching, R
The conclusions reached in science are al-
ways, when looked at closely, far more provi-
sional and tentative than are most of the as-
sumptions arrived-at by our colleagues in the -
humanities. But we do not talk much in pubfic- |
about this, nor do we teach this side of science.
We tend to say instead: These are the facts df;
the matter, and this is what the facts signify. |
Go and learn them, for they will bé the same™
farever. S
By doing this, we miss opportunitiy after op-
portunity to recruit young people into scierice, |
and we turn off a good many others who would -
never dream of scientific caréers but who |
emerge from their education with thée impres--
sion that science is fundamentally boring: .~ |

Sooner or later, we will have to change this way | * .

- of presenting science. We might begin by lobking”
more closely at the common ground that sciefice

- shares with all disciplines, particularly with the
humanities and with social and behavioral. sci-
ence. For there is indeed such a common ground. - -
It is called bewilderment. There dre more than .
seven times seven types of ambiguity in science,
all awaiting analysis. The poetry of Wallace Ste- /|
vens is erystal clear alongside the genetic code.

One of the complaints about science is that it
tends to flatten everything. In its deeply reduc-
tionist way, it is said, science removes one mys-
tery after another, leaving nothing in the place of
mystery but data. I have even heard this claim as
explanation for the drift of things in modern art
and modern music: Nothing is left to contem-
plate except randomness and senselessness; God
is nothing but a pair of dice, loaded at that. Sci-
ence is linked somehow td the despair of the 20th-
century mind. There is almost nothing unknown
and surely nothing unknowabie. Blame science.

I prefer to turn things around in order to
make precisely the opposite case. Science,
especially 20th-century science, has provided
us with a glimpse of something we never really
knew before, the revelation of human igno-
. rance. We have been accustomed to the belief,
from one cenfury to another, that except for
one or two mysteries we more or less compre-
hend everything on earth. Every age, not just
the 18th century, regarded itself as the Age of
Reason, and we have never lacked for explana-
tions of the world and its ways. Now, we are '
being brought up short. We do not understand
much of anything, from the episode we rather
dismissively (and, I think, defensively) choose
to cali the *‘big bang,"” all the way down to the
particles in the atoms of a bacterial cell. We
have a wilderness of mystery to make our way
through in the centuries ahead. We will need
science for this but not science alone. In its own
time, science will produce the data and some of
the meaning in the data, but never the full
meaning. For perceiving real significance
when significance is at hand, we will need all
sorts of brains outside the fields of science.

It is primarily because .of this need that I
would press for changes in the way science is
taught. Although there is a perennial need to
teach the young people who will be doing the
science themselves, this will always be a smali
minority. Even more important, we must
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will be needed for thinking
about it, and that means
pretty nearly everyone else —
most of all, the poets, but also
artists, musicians, philoso-
phers, historians and writers.
A few of these people, at
least, will be abie to imagine
new levels of meaning which

_maybe lost on the rest of us.

In addition, it is time tc de-
velop 2 new group of profes-
sional thinkers, perhaps a
somewhat larger group than
the working scientists and the
working poets, who can

create a discipline of scien-

tific criticlsm. We have had

. good luck so far in the emer-

gence of a few people ranking
as philosophers of science
and historians and jowrnalists
of science, and I hope moré of
these will be coming along.
But we have not yet seen spe-
cialists in the fields of scien-
tific criticism who are of the
caliber of the English literary
and social critics F. R. Lea-
vis and John Ruskin or the

- American literary critic Ed-

mund Wilson. Science needs
critics of this sort, but the
public at large needs them
more urgently.

I suggest that the introduc-
tory courses in science, at all
levels from grade school
through college, be radically
revised, Leave the fundamen-
tals, the so-called. basics,
aside for & while, and concen-
trate the attention of all stu-
dents on the things that are
not known. You cannot possi-

-bly teach gquantum mechan-

ics without mathematics, to
be sure, but you can describe
the strangeness of the world
opened up by quantum
theory. Let it be known, early
on, that there are deep mys-
teries and profound para-
doxes revealed in distant out-
line by modern physics. Ex-
plain that these can be ap-
proached more closely and
puzzied over, once the lan-
guage of mathematics has
been sufficiently mastered.

At the outset, before any of
the fundamentals, teach the
still imponderable puzzles of
cosmology. Describe as clearly
as possible, for the youngest
minds, that there are some
things going on in the universe

-that lie still beyond compre-

hension, and make it plain how
little is known.

Do not teach that biology is
a useful and perhaps profit-
able science; that can come
later. Teach instead that
there are structures squirm-
ing inside each of our cells
that provide all the energy for
living. Essentially foreign
creatures, these lineal de-
scendants of bacteria were
brought in for symbiotic liv-
ing a billion or so years ago.
Teach that we-do not have the
ghost of an idea how they got

thoare whara thar rama fram

present structure and. func- ..

tion. The details of oxidative -
phosphorylation and -photo-
synthesis can comelater, -

" Teach ecology early on. Let
it be understood that the
earth’s life is a system of inter-

- dependent creatures, and that

wedo not understand at all how
it works. The earth's environ-
ment, from the range of atmos-
pheric gases to the chemical
constituents of the sea,. has
been held in an almost unbe-
lievably improbable state of
regulated balance since life
began, and the regulation of
stability and balance is some- -

- how accomplished by the life

itseli, like the autonomic nerv-
ous sysitem of an immense or-
ganism, We do not know how
such a system works, much
less what it means, but there
are some nice reductionist de-
tails at hand, such as the bi-
zarre proportions of atmos-
pheric constituents, ideal for

-our sort of planetary life, and

the surprising stability of the
ocean’s salinity, and the fact
that the average temperature
of the earth has remained quite -
steady in the face of at Jeast a
25 percent increase in heat
coming in from the sun since

" the earth began. That kind of

thing: something to- think
about.

Go easy, | suggest, on the
promises sometimes freely of-
fered by science. Technology
relies and -depends on science
these days, more than ever be-
fore, but technology is far from -
the first justification for doing

" research, nor is it necessarily

an essential product to be ex-
pected from science. Public
decisions about the future of
technology are totally different
from decisions about science,
and the two enterprises should
not be tangled together. The
central task of science is to ar-
rive, stage by stage, at a
clearer comprehension of na-

‘ture, but this does not at all

mean, as it is sometimes
c¢laimed to mean, & search for
mastery overnature.

Science may someday pro-
vide us with a better under-
standing -of ourselves, but
never, 1 hope, with a set of
technologies for doing some-
thing or other to improve our-
selves. I am made nervous by
assertions that human con-
sciousness will someday be
unraveled by research, laid
out for close scrutiny like the
working§ of a computer, and -
then — and then ... ! I hope
with some ferver that we can
learn a lot more than we now
kngw about the human mind,
and I see no reason why this’
strange puzzle should remain -
forever and entirely beyond
us. But I would be deeply dis-
turbed by any prospect that
we might use the new knowl-
edge in order to begin doing

enmeathing ahnnt it — tn i




prove it; say. This is & differ-
ent matter from searching
for information to use against
schizophrenia or dementia,
where we are badly inneed of

technologies, indeed likely
cne day to be sunk without
them. But the " ordinary,

_everyday, more Or less nor-.

mal human mind is too mar-
velous an instrument ever to
be tampered with by anyone,
science or no science.

i

_The education of hurnanists
cannot be regarded as com-
plete, or even adequate, with-
out exposure in some depth to
where things stand in the
varigus branches of science,
particularly, as I have said,
in the areas of our ignorance,
Physics professors, most of
thern, look with revuision on
assignments to teach their
subject to peets. Biclogists,
caught up by the enchani-
ment of their new power,
armed with flawless instru-
ments ta tell the nucleotide
sequences of the entire
human genome, nearly
matching the physicists in the
precision of their measure-
menis of living processes,
will resist the prospect of
broad survey courses; each
biology professor will de-
mand that any student in his
path master every fine detail
within that professor’s re-
search program.

The liberal-arts faculties,
for their part, will continue to
view the scientists with suspi-
cion and apprehension.
“What do the scientists
want?” asked a Cambridge
professor in Francis Corn-
tord’s wonderful *'‘Microcos-
megraphia Academica.'’

“Everything that’s going,”
was the quick answer. That
was back in 1912, and scien-
tists haven’t much changed.

But maybe, just maybe, a
new set of courses dealing
systematically with igno-
rance in science will take
hold. The scientists might dis-
cover in it a new and subver-
sive technique for catching
the atiention of students
driven by curiosity, délighted
and surprised to learn that
science is exactly as the
American  scientist” and
educator Vannevar Bush de-
scribed it: an ‘“endless fron-
tier.” The humanists, for
their part, might take consid-
erable satisfaction in watch-
ing their scientific colleagues
confess openly to not knowing
everything about everything.
And the poets, on Wwhose
shoulders the future rests,
might, late nights, thinking
things over, begin to see some
meanings that elude the rest
of us. Itis worth a try.

1 believe that the worst
thing that has happened to

science education is that the .

fun has gone out of it. A great

" on, they are misled into think-

many go0d STUGENTS MUK AL Ll 4 o0 - s =
as slogging work to be got= -

through on the way to medi-
cal school."Others are turned
off by the premedical stu--
dents themselves, embattled |-
and bleeding for grades and
class " standing. Very faw
recognize science as the high-
adventure it really is, the
wildest of all explorations.
ever taken by human beings,
the chance to glimpse things
never seen before, the
shrewdest maneuver for dis-
covering how the world
works. Instead, baffled early

ing that bafflement is simply
the result of not having
learned all the facts. They
should be told that everyone
else ig baffled as well — from
the professor in his endowed
chair down to the platoons of
postdoctoral students in the
laboratories all night. Every
importaat scientific advance
that has come in looking like
an answer has turned, sooner
or later -- usually soonér —
into a guestion. And the game
is just beginning. ' e

If more students were aware
of this, I think many of them
would decide to look more
closely and to try and learn
more about what is known.
That is the time when mathe-
matics. will become clearly
and unavoidably recogniz-
able as an essential, indispen-
sable instrument- for engag-
ing in the game, and that is
the time for teaching it. The
calamitous loss of applied
mathernatics from what we
might otherwise be cailing
higher education is a loss |
caused, at least in part, by in-
sufficient incentives for
learning the subject. Left by
itself, standing there among
curriculum offerings, it is not
at all clear to the student
what it is to be applied to. And
there s all of science, next
door, looking like an almost-
finished field reserved only
for chaps who want to invent
or apply new technologies.
We have had it wrong, and
presented it wrong to class
after class for several gener-
ations.

An appreciation of what is
happening in science today,
and how great a distance lies
ahead for expioring, ought to
be one of the rewards of a lib-
eral-arts ‘aducation. It ought ||
to be good in itself, not some- | [:
thing te be acquired on theé™
way to a professional career
but part of the cast of thought
needed for ‘getting into the
kind of century that is now
just down the road. Part of
the intellectual equipment of
an educated person, however
his or her time is to be spent,
ought to be a feel for the
queernesses of nature, the
inexplicable thing, the side of
life for which informed: be-
wilderment will be the best
way of getting through the
day. B




