
Guest Comment: Making physical science courses valuable to nonscientists

uc
ys

in
n
n
te
p
e

ia

es
e

-
ys
.
an
s
he

he
tir
nt
he
r
f

ib
a
nd

o
os
ca
b
ly
o

in
he

ly
te
or
s
o
s,
x-
th
c-
om
tin
tis
se
i

s in
the
-
on
lly

ess
ling
eo-
st
sci-
een

rld
t the
es-
to

by
ves
of
his
al
cal
we
ce
of
ers
r
ere

ing
tion-
een
ies,
the
nts
ke
gen-
c-
s to

t, I
heir
os-
us
ave
d. I
an-
ar-
urred

tly
ass
y-
nce
cts
is
ul-
t the
up
In an editorial nearly a decade ago, John Rigden1 de-
scribed an important problem which plagues most introd
tory college physics courses. These courses present ph
to students as a systematic and detailed string ofanswers
without giving them a chance to gain a good understand
of the questionswhich might motivate a real interest i
knowing the answers. This motivation is essential. We ca
expect students to struggle through the difficult and of
tedious process necessary to understand the answers
sented in physics, if they have no basis for connecting th
to questions that are of significant interest and concern
their own lives. In order to get the most out of the mater
presented to them, students mustwant the information, and
this will only happen if they appreciate and value the qu
tions answered by that information. Otherwise, as Rigd
described it,

‘‘...first we sedate our students with exhaustively de-
tailed answers to a plethora of unmotivated ‘Hows?’
When we finally get to the questions of intrinsic
interest, the ‘Whys?,’ many of our students
could~n’t! care less.’’

Rigden’s criticism of introductory physics certainly re
mains relevant today, and is even more applicable to ph
cal science courses for students not majoring in science
the case of the introductory physics course for physics
engineering students, we at least have the advantage of
dents with prior interest and experience in the subject. T
might be able to supply the ‘‘motivation,’’ left out of the
course itself, from their own background knowledge. In t
case of nonscience students, such an expectation is en
unreasonable. We are more likely in this case to encou
students whose backgrounds have already convinced t
that physics is entirelyirrelevant to any questions that matte
to them. Nevertheless, most physical science courses
nonscientists suffer from the same shortcomings descr
by Rigden for introductory physics. The course is treated
a list of topics to get through. The great triumphs a
progress of physics are illustrated by showing the majorso-
lutions that have been obtained to questions whose imp
tance is taken for granted by practicing physicists, but wh
relevance and importance is far from obvious to the typi
liberal arts student in the audience. Most physicists may
willing to accept any solution explaining some previous
unknown part of nature as a valuable accomplishment. M
students in a course for nonscientists willnot accept this
assumption, and will continue to treat what they are be
told in lecture as irrelevant to them unless they are rat
persuasively shown otherwise.
While the impact of technology is the most common

used argument for the value of science, there is an of
ignored angle which I suggest provides an ideal framew
for a physical science course which is relevant to a clas
nonscientists. This angle is the impact our knowledge
‘‘how the world works’’ has on our everyday attitude
which underlie most of what we do in our lives. For e
ample, the goals and actions of a society which believes
universe is a relatively small ‘‘stage’’ on which human a
tions are carried out and judged might be quite different fr
those of a society which sees the earth as a physically
part of a much vaster universe. Often the desire by scien
to avoid any contact with questions of meaning or purpo2

keeps them from using this theme to motivate interest
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science. But, while the separation of science and value
scientific research may improve our chances of getting
results ‘‘right,’’ it is only important that we succeed in get
ting the physics right if in the end we do feed the informati
back into answering the ‘‘why’’ questions most people rea
care about.
I think the lack of emphasis on this last step in the proc

of science is largely responsible for the widespread fee
that basic science is impractical and irrelevant to most p
ple’s daily lives. This sentiment is an indication that mo
people are missing out on the most important benefit of
ence, because they do not see the direct connection betw
the world described by science and the ‘‘personal’’ wo
they experience every conscious moment. I suggest tha
role of a physical science course for nonscientists is to
tablish this connection, and thus enable the full benefit
society of scientific research to be realized.
To ensure that a course fills this role, we need to begin

making students consciously aware that most of their li
consist of choices that are primarily controlled by a set
beliefs they have about how the world basically works. T
set of beliefs, which I refer to as an individual’s ‘‘person
cosmology,’’ determines most of what we consider practi
and relevant. Though we’re often not even aware that
hold these beliefs or where they come from, they influen
such varied things as the religion we follow, the kinds
products we buy, the clothes we wear, the types of care
that are most ‘‘practical’’ for financial survival, whether o
not we recycle, the kinds of entertainment we enjoy, wh
we live, what political candidates we support, and so on.
This discussion of personal cosmologies at the beginn

of a course grounds the class in issues that are unques
ably of relevance to all students. Once the students have b
guided into recognizing that they have personal cosmolog
the discussion can turn to how these have developed in
past, and what kinds of information would cause the stude
to modify them. At this point, the students are ready to ma
the connection to science. We can lead the students to
eratequestionsout of this common background, and stru
ture the rest of the course around the pursuit of answer
some of these questions.
In the case of an introductory astronomy course I taugh

made the following suggestion to the students: Just as t
family and cultural background influence their personal c
mologies, how they think the rest of the universe around
is arranged, how it operates, and what its history is can h
a profound impact on the personal cosmologies they hol
explained that the course would be about exploring the
swers to particular questions about how the universe is
ranged, how it operates, and the processes that have occ
that have made it possible for us to be here.
With this introduction, I had shown the students direc

that the story of the universe we would be discussing in cl
was the foundation for their individual stories, so that stud
ing physical science might be of some interest and releva
to them. It might even be one of the most relevant subje
they had ever studied! With this kind of background, there
real hope of getting students to struggle through the diffic
ties to find some answers, because they really care abou
questions being asked. They’ll also be more willing to put
365© 1997 American Association of Physics Teachers
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with the sometimes unfamiliar skepticism characteristic
science, because they have a vested interest in getting th
right.
The details of what questions are attacked in the cou

and how they are linked to the background discussion, w
of course, depend on the particular type of physical scie
course and the expertise of the instructor. In the case of
astronomy course, the central question was to determine
scale and arrangement of the stars we see in the night
This was easily motivated in the context of our backgrou
discussion by pointing out that the design of a stage certa
affects the kind of play which can be performed, and that
structure of things around us forms the stage in which
lives are carried out.
Whatever the questions chosen, the rest of the co

should be aself-containedprocess of understanding and ca
rying out methods of answering these questions. By s
contained I mean that we should carefully avoid making a
thing done in the course look arbitrary. Any mathematical
measurement tool is introduced in order to answer so
question. Nothing should be presented merely as an exe
to be learned for no obvious reason. In fact, the more d
cult and involved a particular technique becomes, the m
important it is to continually remind the students of the qu
tion we are trying to answer using this technique, and
invite them to propose easier solutions. Then if they s
getting frustrated they at least remember there is a good
son for doing it.
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To summarize, I suggest that in our teaching we sho
make a more deliberate effort to maintain the links betwe
questionsof real interest, generated from the students’ wo
of experience, and the science we present to them. If we
maintain these links, not only will we be much more effe
tive in teaching our subject to nonscientists and in gain
the support of the public who fund our research, but
understanding we gain in the process will put us in a be
position to best direct our own work toward one of the mo
important values of science: a better understanding not
of ‘‘the universe,’’ but ofour placein the universe in which
we find ourselves.

1John Rigden, ‘‘Editorial~11!: The principles of physics are grand . . .let’s
use them,’’ Am. J. Phys.54 ~11!, 971 ~1986!.
2Freeman Dyson, ‘‘Time without end: Physics and biology in an op
universe,’’ Rev. Modern Phys.51 ~3!, 447–460~1979!.
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NATURAL SELECTION IN PHYSICS

The process by which theories are selected according to their agreement with observation~as
well as their coherence and generality! is not so different from biological evolution, where genetic
patterns are selected according to whether they tend to lead to organisms that have progeny.
I was not to appreciate fully the parallel between the two processes until many years later, wh
I had learned more about simplicity and complexity and about complex adaptive systems.

Murray Gell-Mann,The Quark and the Jaguar: Adventures in the Simple and the Complex~W. H. Freeman and Company,
New York, 1994!, p. 76.

PROPRIETARY DATA

The issue of proprietary data is the source of much difficulty within the conduct of moder
science. Some would say that, aside from the plethora of engineering faults plaguingHubble, such
data rights are the single most corruptive influence on the Space Telescope mission. Proprie
concerns, protected targets, ‘‘legal ownership’’ of this or that star or galaxy are symptomatic
professional paranoia, and derive from an innate distrust among scientists—a fear that one sc
tist will steal another’s data; all the while few scientists realize that the data are not theirs to ow
Hubble’sscience data are the property of the citizens of the United States and Europe, or sho
be.

Eric J. Chaisson,The Hubble Wars~HarperCollins, New York, 1994!, p. 349.
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