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I exchanged private e-mails with
Helen Quinn shortly after our writings
appeared in the same issue of PHYSICS
TODAY. She wrote that her “impression
is that the idea of a law became archaic
right about the time it was realized that
Newton’s laws were not absolutely true
in all circumstances. But we never gave
up using the term for ideas that had al-
ready been blessed with that language
usage.” She asked, as does William
Hooper, who would decide, and
whether some international body of
physicists should be empowered to
promote theories to laws, just as the In-
ternational Astronomical Union de-
clared that Pluto is not a planet. I agree
with that proposal, but I’ll caution that
Pluto is still a planet to me. 

Hence, I make my own prejudice
clear as to theories versus laws. Unlike
Gregory Mead, Joseph Ribaudo, or
Lewis Wedgewood, I find the idea of a
law much more compelling than a the-
ory. In my own corner of physics—
elementary-particle or high-energy
physics—we have, for example, string
theory and supersymmetry theory. Al-
though both propose solutions to per-
ceived problems with the standard
model of high-energy physics, neither
has made a prediction that has yet been
verified by experiment. (My theoretical
colleagues will disagree, and they will
happily point out that in supersymmet-
ric theories, in which every quark, lep-
ton, and gauge boson we currently
know acquires a new partner, about half
of the supersymmetric particles have al-
ready been discovered. Some may argue
that the observation of “dark matter” is
actually the detection of supersymmet-
ric particles, but to me the connection
has not yet been made.) Furthermore, in
casual conversation, private thinking, or
everyday life, one frequently hears—or
asks—the question, “Does it violate the
laws of physics?” I’ve never heard
“Does it violate the theories of physics?”
I vote for the laws of special relativity,
and in deference to history and the
input from readers of my letter, let a
duly organized body of physicists as-
sign attribution, lest others do it for us.

Richard W. Kadel
(rwkadel@lbl.gov)

Lawrence Berkeley National Laboratory
Berkeley, California

Language of 
science II: Degrees
of knowing

Helen Quinn (PHYSICS TODAY, January
2007, page 8) makes a very good point

that the general public often misunder-
stands the meaning of “belief” and
“theory” as used by scientists. The
problem originates, I believe, in the way
science is taught in the schools. As
Thomas Kuhn noted long ago in The
Structure of Scientific Revolutions (Uni-
versity of Chicago Press, 1962), science
is taught like religion: You’d better be-
lieve it or you will get a bad grade. Fun-
damentalists opposed to evolution
have a stronger threat: You’d better not
believe it or you will go to Hell.

Today, as a result of the No Child
Left Behind Act, US public schools
place increased emphasis on testing.
Unfortunately this motivates teaching
to the test, with little emphasis on the
scientific method.

The most important thing to be
taught is how scientists have come to
believe the present theories, usually
after a long struggle, as a result of many
experiments and observations. Even for
a limited part of physics, it is hard for a
student to recapitulate in a semester
what may have taken scientists many
years to discover. There is always an at-
tempt to cover too much material, as ev-
idenced by the weight of the latest uni-
versity physics textbooks, which only
the stronger students can lift. There is
no simple solution, but it is important
to identify the problem.

Lincoln Wolfenstein
(lincolnw@andrew.cmu.edu)
Carnegie Mellon University

Pittsburgh, Pennsylvania

Thank you, Helen Quinn! Many
physicists need your reminder to watch
some of the words we use in our dis-
cussions. As teachers, we must be espe-
cially careful; and when we talk with
nonscientists, it may well be necessary
to explicate exactly what we mean by
certain words. The majority of the pop-
ulation is not even aware of the incor-
rect meanings so many people attach to
so many significant words. 

The recently renewed debate on 
biological evolution provides a wealth
of glaring examples. People often mis-
use words in important discourse. As 
a hopefully extreme example, I recall
the claim: “I know that God exists, but
science is only a bunch of theories.” At
the same time, people enjoy the use of
the most sophisticated gadgets that re-
cent science and technology has made
available. 

I suggest that the understanding and
distinction of the correct meaning of
words such as knowledge, belief, hy-
pothesis, and scientific theory must be
an essential part of education. It should
be taught in all high schools—if not in
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earlier levels. Those who do not have
the benefit of a college education also
participate actively in public discus-
sions debating vital political issues. In a
democracy, these people also vote, or
should vote.

Fritz Rohrlich
(rohrlich@syr.edu)

Syracuse University 

I couldn’t agree more with Helen
Quinn that words should be chosen
carefully when expressing the level of
certainty regarding knowledge of
physics. However, if the goal is to max-
imize the credibility of scientific com-
munication, I think we should not over-
state the case for that certainty.

Underlying our ability to obtain
knowledge about the physical world
are a few assumptions that must be
taken as fundamental and are not actu-
ally tested by our experiments. One is
the inductive principle that our obser-
vations can be generalized to obtain the
laws of nature. A second assumption is
that researchers’ memory and testi-
mony are reliable. Quinn states a third:
that physical laws are universal and im-
mutable. The truth of these assump-
tions—or our ability to know their truth
absolutely—has been questioned by
various philosophers.1 Many theolo-
gians would take issue with the last
one. In fact, nonscientists could cor-
rectly label all three as beliefs, articles of
faith held by those with a scientific
mindset, in the same way that people
hold beliefs in other areas of human
thought.

Quinn’s statement that “we know
that protons and neutrons are com-
posed of quarks and gluons” is an ex-
ample of wording that is too strong.
How do we know there is an underly-
ing reality to this theory? Or is it simply
a mental model consistent with our ex-
perimental results?

Practically speaking, nonscientists’
judgments are influenced by conclu-
sions presented in all of science, not
just physics, even though we physicists
may be tempted to think that our
knowledge is more certain than, say,
that of researchers in biology or medi-
cine. When a person reads reports that
red wine or coffee is good or bad for
human health, that a flu pandemic is
imminent, or that it is going to rain to-
morrow, a certain amount of skepti-
cism may be justified. Implying that re-
sults in physics can be known with
absolute certainty opens up physicists
for criticism as dogmatists and may
lead to mistrust between scientists and
the general public. Many readers of

popular science are willing to accept re-
search results if they are presented in a
manner that does not encroach on their
religious or ethical beliefs. To be credi-
ble, physicists need to make sure their
conclusions are stated with the appro-
priate level of conviction.

Reference
1. See, for example, B. Russell, An Outline of

Philosophy, G. Allen and Unwin, London
(1927).

R. Kurt Huddleston
(kurt.huddleston@comcast.net)

Lisle, Illinois

I was pleased to learn I was not alone
in my concerns about how “theory” and
“hypothesis” are interpreted by the
general population. The call to be more
careful in how we present our debate
and consensus to the public is an excel-
lent point. I would add that the recent
debate over Pluto should have been
handled just as carefully. To the public,
scientists can’t even agree on what is a
planet and what is not.

Steffan Puwal
Rochester, Michigan

Quinn replies: The range of re-
sponses in a way illustrates my point:
Words mean different things to differ-
ent people. If we wish to be understood
we must explore the meaning our lis-
tener is taking from what we say, and
not just repeat our words. I doubt that
elevating certain theories by calling
them laws will help, though my sug-
gestion that we say we know these
things has a similar didactic bent. In the
end we can only attempt to communi-
cate better and, as Lincoln Wolfenstein
points out, to do a better job of educa-
tion about both the power and the lim-
itations of scientific knowledge. 

“Know” and “knowledge’’ are just
examples of words that have different
meanings in everyday usage, in the dis-
course of scientists, and in that of
philosophers. I think most people are
quite happy to say they know that the
Sun will rise again tomorrow, though
from a philosophical point of view that
is merely a well-grounded hypothesis.
When I recommend that we say 
we know some things based on well-
established scientific theories, I am sug-
gesting that for the sake of better com-
munication, we accept our audience’s
idea of what it means to know some-
thing. I disagree with Fritz Rohrlich
that we must teach the “correct mean-
ings” of words. One usage is no more
correct than another, language being 
a fluid thing. Instead, we must be will-
ing to carry on the discourse long

enough and with enough respect for
our audience, be they students, inter-
ested members of the public, or other
scientists, that we come to a shared
understanding.

All our scientific knowledge rests on
a set of conjectures or postulates that we
cannot prove a priori; in this I agree
with Kurt Huddleston. I argue, and I
think he would agree, that a posteriori,
these provide a very useful way to in-
terpret the world around us. This ap-
proach has led to many medical and
technical developments that we now
depend on, as well as deep and inter-
esting insights of a less practical nature.
What one concludes about the world
certainly rests on the assumptions one
takes as primary. There is a direct con-
tradiction between the conclusions
from certain versions of religious belief,
particularly those based on the belief
that the Bible presents literal truth, and
scientific conclusions about evolution,
whether of the universe or of the species
that populate Earth. When a student
struggles with that contradiction, we
should acknowledge and respect the
struggle. We cannot avoid the contra-
diction; instead we should admit it and
continue down the path of science, pre-
senting students not only with its con-
clusions but with its primary assump-
tions, and with some understanding of
the multiple strands of evidence that
support the scientific conclusions given
those assumptions. 

Thus I argue that we should teach sci-
ence as science, and religion as religion.
When we teach science, we need to do
the best job we can of teaching both fun-
damental assumptions and practices and
the conclusions to which they have led
us. The key idea that experiment and ob-
servation are the arbiters of scientific
conclusions differentiates the scientific
worldview from others. That idea cer-
tainly has a power of its own. In the mod-
ern world, every student should have the
chance to learn about it. Informed deci-
sions on issues that involve scientifically
derived information can only be made
by consumers and citizens equipped to
judge the value—and the uncertainties—
of that information. Our job as science
educators and communicators is to make
the scientifically equipped portion of the
public as large as possible. It is no mean
task, and we do not achieve it better by
disrespecting either the intelligence or
the beliefs of those with whom we wish
to communicate.

Helen Quinn
SLAC

Stanford, California


