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In their article “Transforming Physics
Education” (PHYSICS TODAY, November
2005, page 36), Carl Wieman and Kather-
ine Perkins make some very useful ob-
servations. I certainly agree that “the
amount of new material presented in a
typical class is far more than a typical
person can process or learn.” That excess
becomes all the more serious when one
looks at summer-school classes. Teach-
ers simply need more semesters over
which to spread the work.

I disagree with many of the authors’
other points, however. Not everyone
will be able to learn the most intellectu-
ally challenging ideas. There are several
important reasons why physics classes
are small. First, not everyone is capable
of doing physics. Second, in stark con-
trast to other difficult studies like med-
icine and law, the capitalist motivator
isn’t there: Physics doesn’t pay well.

I don’t favor using the Force Con-
cepts Inventory the authors mention. It
seems to me that traditional numerical
problem solving more closely resem-
bles how physics is really applied and
used. Physics is highly mathematical,
and that is not reflected in the FCI.
Forces, for example, are vectorial in
character. One needs to be able to han-
dle vector addition and components.
Also, some of the FCI questions would
be best answered by direct experiment,
not by discussion or human argument.
When my students are asked how long
two metal objects take to fall to the
ground, I’d like to see them take two
coins from their pocket and drop them
next to the desk. I don’t want to see stu-
dents arguing how nature works. Ex-
periment trumps argument. I don’t see
enough of an appeal to real experiment
in Wieman and Perkins.

Robert W. Jones
(jonesrob@emporia.edu)

Emporia State University
Emporia, Kansas

If Carl Wieman and Katherine
Perkins want to “change science educa-
tion to make it effective and relevant for
a much larger fraction of the student
population,” they will have to ac-
knowledge—which like many physics
education researchers they fail to do—
that not all unhappy or unsuccessful

physics students are alike. My analysis
They’re Not Dumb, They’re Different:
Stalking the Second Tier (Research Corp,
1990), derived from a decade of inquiry
involving highly successful nonscience
university faculty and graduate stu-
dents, reveals a range of learning styles,
interests, and anxieties about learning
physics that are independent of intelli-
gence and capacity for hard work. Some
physics avoiders will no doubt respond
to the authors’ computer simulations.
But some may not. Some underper-
formers will like discussion in groups;
others may find it off-putting to have 
to talk about what one is not really sure
of. So long as the physics-education
community continues to seek a one-
size-fits-all pedagogical solution to
America’s lagging production of
physics majors, talent that is differently
packaged from the norm will still be
overlooked.

Sheila Tobias
(sheilat@sheilatobias.com)

Tucson, Arizona

The article by Carl Wieman and
Katherine Perkins contains an unfortu-
nate error with respect to radiation
from violins. The correct multiple-
choice answer to “The sound you hear
from a violin is produced [by] . . .” is
“(d) none of above.” 

Through the bridge, the string’s mo-
tion drives the top plate. The top plate’s
motion is coupled to the back plate
mainly through an internal cylindrical
piece of wood, the sound post, which
causes the back plate to move as well.
That means both plates vibrate, thus
both radiate. The violin is a complicated
instrument, so it is not easily calculated
which radiates more, the top or the
back. In fact, the top plate is the
stronger radiator. That has been empir-
ically known for more than three cen-
turies, and has been carefully measured
by numerous researchers in the musical
acoustics field in modern times. Makers
pay particular attention to the fashion-
ing of both plates to achieve the best re-
lation between their normal modes.

Robert T. Schumacher
(rts@andrew.cmu.edu)

Carnegie Mellon University
Pittsburgh, Pennsylvania

Wieman and Perkins reply:
Robert Jones touches on many points 
in his letter. We claim some credibility
as to “how physics is really applied and
used,” and we disagree with his opin-
ion regarding the Force Concepts
Inventory. We believe, and recent Na-
tional Research Council reports reiter-
ate, that conceptual reasoning, as tested
by the FCI, is an important aspect of
doing physics.

Jones’s remaining statements about
the proper ways to teach physics are a
good example of the irony involved in
many discussions about science educa-
tion. Jones criticizes the research-based
methods we discuss and advocates var-
ious alternatives, including students’
carrying out certain experiments, by
which he says they will better learn
physics. However, he makes these
claims of pedagogical superiority with-
out any reference to data or even empir-
ically established principles to support
their validity. Science made dramatic
progress once good data and well-tested
theory became dominant over personal
opinion and superstition. One of the pri-
mary points of our article is that a simi-
lar standard needs to be applied as to
what constitutes a credible claim for sci-
ence education, even in Kansas.

We believe that Sheila Tobias misin-
terpreted our article. In fact, we and the
larger physics education research com-
munity are studying student differ-
ences and developing new teaching
practices and learning tools that enable
a variety of approaches to learning.
Their effectiveness is tested with a
broad range of students and generally
increases learning of and interest in
physics for a much larger percentage of
the population.

Meeting challenges and facing 
the music in physics education

Letters and opinions are encouraged
and should be sent to Letters, PHYSICS
TODAY, American Center for Physics,
One Physics Ellipse, College Park, 
MD 20740-3842 or by e-mail to 
ptletter@aip.org (using your surname as
“Subject”). Please include your affilia-
tion, mailing address, and daytime
phone number. We reserve the right to
edit submissions.
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We appreciate Robert Schumacher’s
clarification on the design of violins.
Despite this oversight in our explana-
tion, the example still serves to demon-
strate that when the answer is not obvi-
ous or intuitive to students, only a small
percentage of them will learn from care-
ful explanations alone. 

Carl Wieman
(cwieman@jila.colorado.edu)

Katherine Perkins
(katherine.perkins@colorado.edu)

University of Colorado
Boulder

Women gain
ground in 
academia; science
mentors needed

Many of us in academia may feel dis-
couraged by the persistence of gender
discrimination in science and math after
reading Toni Feder’s reports “Why
Women Leave Academic Physics”
(PHYSICS TODAY, May 2005, page 32) and
“No Leaky Pipeline for Women in
Physics, but Discrimination Persists”
(PHYSICS TODAY, April 2005, page 28).
However, professors and students of sci-
ence around the globe—both male and
female—should be pleased that Susan
Hockfield took the helm of MIT, a world-
renowned physical-sciences authority.
Working in a research group supervised
by a female leader, I was excited to learn
that two women were promoted to head
the University of Toronto’s prestigious
faculties of law and medicine.

Although men have historically
dominated the upper echelons of aca-
demia, the fact that more and more
women are taking on high-powered po-
sitions in top-tier academic institutions
not only inspires hope that the tradi-
tionally male-dominated field of sci-
ence is undergoing a radical shift to-
ward gender equality, but also suggests
that women are not, as has been sug-
gested by some, less capable than men,
either biologically or psychologically.

Former Harvard University presi-
dent Lawrence Summers was forced to
resign after stating that the innate ge-
netic differences between men and
women account for the preponderance
of men in math- and science-related ca-
reers. While it is undeniable that science
is a male-dominated field and that there
are indeed genetic differences between
men and women, the latter does not ex-
plain the former. To the contrary, it has
been established that women excel at a
variety of tasks that relate to language
and articulation.1 In addition, females

tend to outperform males at fine-motor
activities, particularly those involving
rapid, repetitive temporal sequencing,2

making them more efficient at master-
ing laboratory skills.

What, then, is holding women back?
Although the answer to that question

is highly complex and deeply rooted in
societal expectations, it is important to
consider whether an ideal leader pos-
sesses qualities that more closely resem-
ble the attributes intrinsic to men or to
women. The answer, I believe, is that the
ideal leader possesses both. If one be-
lieves that a fully functional family re-
quires equal contributions from a father
and a mother, the same should hold true
for larger institutions, from a university
to an entire country.
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Peter Cheung
(pcheun5@uwo.ca)

University of Western Ontario
London, Canada

If a pipeline is losing most of its prod-
uct between the source and the first me-
tering station, that isn’t considered a
leak? I don’t know any industrial scien-
tist who would even try to sell that idea
to the plant manager. Similarly, the fact
that talented, hard-working women
with interests in physics, science, and
engineering are leaving the system be-
tween high school and a bachelor’s de-
gree really is a problem that needs to be
addressed. As the parent of a female un-
dergraduate physics student contem-
plating advanced degrees in this field, I
know how important it is for these high-
school students to find science or engi-
neering mentors who can take students
into the labs and involve them in the ex-
citement of scientific discovery that lies
beyond the grind of getting the tough
homework done—and maybe give help
and encouragement with that home-
work too. My daughter was lucky
enough to find such a mentor, but most
students are not.

Gary Stiles
(gkstiles@sbcglobal.net)

Orange, California

Tough questions
about wind energy

In suggesting that the US should turn 
to wind-generated electric power (see
PHYSICS TODAY, July 2005, page 34),
Cristina Archer and Mark Jacobson fail to
discuss the visual impact of wind farms.

Individual wind turbines range in

height from 10 meters to 10 building sto-
ries and appear to average about 50 me-
ters.1 The generation of significant
amounts of electrical power requires
multiple turbines arranged in wind
farms. These farms are sited along sea-
coasts, atop ridge lines, and in flat, desert
areas subject to strong seasonal winds.

Where wind farms exist, their tur-
bines visually dominate the landscape.
To wind-power enthusiasts the turbines
are apparently a thing of beauty, sym-
bols of “free” energy and progress.
Readers should study enlargements of
the photographs of wind farms (see, for
example, http://windeis.anl.gov/guide/
photos) and decide for themselves
whether the sight is an acceptable sub-
stitute for nature’s beauty.

The Bureau of Land Management is
currently preparing environmental im-
pact statements before permitting wind
farms on government land throughout
western states. Detailed state wind
power classification maps2 show where
future wind farms are likely to be sited
and provide power classification, re-
source potential, wind power density,
and wind speed at 50 meters above
ground.

See www.pt.ims.ca/9467-7


