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Hello from the Chair!
Gay Stewart

Gay Stewart with Ronnie Toland, a former
undergraduate who is now at NASA

The Forum has made excellent progress in further-
ing the mission laid out in its charter: to promote
“the advancement and diffusion of knowledgere-
garding theinter-relation of physics, physicists
and education” and to involve our membersin ac-
tivities related to physics education. Our members
are fromindustrial, academic, research, and policy
communities, and distributed fairly uniformly
across the other topical divisions of the APS,
showing that across the discipline, weredlize the
importance of education!

The FEd's new initiative to sponsor an annual ses-
sion at anational meeting of the American Asso-
ciation of Physics Teachers (AAPT) kicks off with
an invited session organized by the Division of
Physics of Beams (DPB) at the 2004 AAPT sum-
mer meeting in Sacramento CA. This session,
held on August 2, will present a wide-ranging
comprehensive picture of different aspects of
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beam physics and accelerators and their applica-
tionsto a diverserange of research areas. Free
education materials will be provided. Outstanding
expertsin the field will give the five talks: Eighty
Y ears of Particle Accelerators. (Andrew M.
Sessler); Modern Accelerators: How they are

(Continued on page 2)
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built, why they are built and their future (Alvin V.
Tollestrup); Medical Applications of Accelerators
(Arlene J. Lennox); Accelerators to make Electric-
ity-- An Overview of Heavy-lon-Driven Fusion (C.
M. Celata); Accelerator Mass Spectrometry:
Isotopic Science Tools from Archaeology to
Zoology (Jay C. Davis) Thetalkswill befollowed
by areception sponsored by the APS Forum on
Education

If your division would liketo participate in a future
year, please contact me.

When | was first dected as a FEd Executive Com-
mittee Member-at-Large, | made a number of state-
ments about what | thought we needed to do to
strengthen physics in this country. | have been in-
volved in anumber of projects to address these
needs (see my related article in thisissue). The
idea of these projects has been that a small humber
of institutions would put in alot of work, so that
other institutions could adopt ideas, methods or
materials once the bugs wereworked out. Every-
thing eventually has to be fine-tuned to work lo-
caly, but it isalot easier to fix something than to
start from scratch. Basically physics is something
everybody needs to know something about; we
complain about the quality of the students who
come into our classrooms, but we don’t take every
opportunity we can to improve the preparation of
the teachers who send us those students. No matter
how good the science methods class is that future
teachers take, it is hard to believe it could undo the
damage done in many institutions where the classes
for non-majors are poor cousins to the classes for
“our” students. As Rush Holt said a few years ago
when he was the FEd Chair, developing a more
"student-centered" learning tradition can only help
physics as adiscipline. He also admitted the
changes might be difficult for us to accept and to
implement.

As states work on mandated achievement testing,
there need to be physics experts on the panels. If
we want what was proposed in the APS Statement
on Student Assessment and Science (passed by the
Council back in 2001) to happen, we haveto be
willing to build a few bridges:
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Science must be included in any mandated
program of educational assessment. Sci-
ence, well learned, is a requirement for the
wor kforce of the 21st Century aswell as for
informed citizenship. Further, it iswell
documented that assessment influences what
is taught, both in terms of hours spent and
in the nature of classroom activity.

Any testing or assessment should be de-
signed so that it not only encourages time
spent on science but also motivates teaching
methods that recognize that scienceis more
than a body of facts. Sudents must also
learn the methods of observation and ex-
perimentation and the modes of thinking
that are used to discover and test scientific
knowiedge.

If the tests were actually to be so designed, the
teachers would have to be well prepared, which
means we would get more students interested in
science in our classes.

Gay B. Sewart, FEd Chair, is Associate Professor
of Physics at the University of Arkansasin Fayette-
ville. Sheis Ste Director of the Physics Teacher
Education Coalition (PhysTEC), Director of the
University's Physics Department Preparing Future
Faculty Program and Co-director of the Arkansas
Precision Education Group. She can be reached at
gstewart@uark.edu, phone (479) 575-2408.

Wor ds M atter

Art Hobson

Arnold Arons' Guide to Introductory Physics
Teaching doquently testifies, in subsections bear-
ing such titles as "misleading terminology” and
"what we say can hurt," to the need for instructors
to use clear, consistent language.? Indeed we all
attest that words matter every time we make careful
distinctions between words such as "speed” and
"velocity." Unfortunately, our vocabulary often
does little to guide students toward proper concepts

(Continued on page 3)
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and occasionally even contradicts the desired con-
cepts, making learning more difficult and miscon-
ceptions more likely.

Most ripe for changeisthe word "heat." Asweall
know, hest is aprocess, aform of energy transfer,
and not aform of energy. But our usage belies
this meaning. Sinceit is a process, we should treat
"heat" asaverb, but instead we tresat it as a noun.
Following Arons precept "ideafirst and name af-
terwards,"* we should begin with simple examples
such as heating a pot of soup onthestove. Thena
formal definition: Any spontaneous transfer of
thermal energy (students should already under-
stand thermal energy, i.e. internal energy) froma
hot to a cold body because of atemperature differ-
enceis called "heating." We say that the flame
"heats" the pot. This must be followed up with a
consistent use of "heat" only as an action—"to heat"
or "heating"—not athing. If theinstructor says for
example "heat is transferred to the pot," students
will conclude that heat is an entity that can be
transferred the way that energy can be transferred.
We should speak of “thermal energy flow” (or
“thermal energy transfer”), never “heat flow” (or
“heat transfer”). There's an important difference
between thermal energy (aform of energy) and
heating (one form of thermal energy transfer).

"Heat" exemplifies physicists unfortunate ten-
dency to turn actions into things, i.e. to make
nouns out of verbs. Another exampleis "work."
As with heat, students often misconceive work to
be a substance, similar to energy. But again work
is aprocess, away of transferring energy, not a
form of energy. A body does work, and it does
heating, but it has energy. Theruleisthat "to do
work" and "to heat" are verbs, while "energy” isa
noun. Logically, weshould say "A workson B," a
paralld constructionto "A heats B." However the
accepted form " A does work on B" is not bad, so
long as we never et it degenerate into "A adds
work (or provides work) to B."

Thereisasimilar problem with "force.” "Force"
is an action, similar to work and heating, but
physicists have turned it entirely into a noun, asin
"A exertsaforceon B." But forceisan action, e.
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g. apush or apull, and should be treated linguisti-
cally just like"push." We would normally say "A
pushes B" rather than "A exertsapushon B." Un-
fortunately, the equivalent construction "A forces
B" is never used. If wedid usethis construction
(and I'm not necessarily advocating it), it would
reduce misconceptions. "A exertsaforce on B"
reinforces the misconception that there is some
entity, "aforce" that A bequeaths to B and that B
then carrieswith it. It would help if we instead
used the terms "interact” and "interaction strength”
whenever possible, asin"A interacts with B" or
better yet "A and B interact." Since "interact” is
clearly an action, this usage might resolve some
conceptual problems while also more naturally
suggesting Newton's third law.

Do we really need the term "centripetal force"?
When we name it, students naturally conclude,
wrongly, that thisis anew kind of force. How
many times have students told us, for example,
that the forces acting on a satdllite are gravity and
the centripetal force? "Net force" and
"acceleration” should be al that are needed to dis-
cuss circular maotion.

It would be more descriptive, less boring, and his-
torically more accurate, to replace thetitles of
Newton's first, second and third laws with the law
of inertia (Descartes and Galileo, not Newton, first
formulated it), Newton's law of motion, and the
law of force pairs (or the law of interactions).
"Potential" is overused and confusing. Thereare
at least five common forms of potential energy:
gravitational, elastic, electromagnetic, chemical
(microscopic e ectromagnetic energy), and nu-
clear. But the adjective"potential” is usually ap-
plied only to thefirst three of these. To further
confuse matters, there is an "dectric potential” in
electromagnetism, but it is not aform of energy;
instead it is an electric energy per unit charge.
Furthermore, students think of potential energy as
only potential, as opposed to actual; thisisamis-
conception, because the potential forms of energy
arefully as"actual" or "real" asthe kinetic forms.
Why not drop the term "potential™ in connection
with energy, and instead use the more descriptive

terms gravitational energy, elastic energy, €c.?
(Continued on page 4)
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Turning to modern physics, "quantum mechanics'
gives students the enormous misconception that
thisis a mechanistic theory, similar to Newton's
mechanics. But the quantum world is not like a
machine. It is not made of Newton's "solid,
massey, hard, impenetrable particles" that "never
wear or break in pieces."? It is non-deterministic,
and it is deeply entangled and non-local rather
than made of localized parts. "Quantum physics"
would be a better term.

It can be misleading to speak of quantum
"uncertainties," because it puts students in mind of
a quantity having a definite value that is however
unknown to the observer, aview of quantum phys-
ics that is demonstrably incorrect.> Heisenberg
used the German "Unbestimmtheit” (usually trans-
lated as "indeterminacy" although it can also mean
"uncertainty") rather than

"Unsicherheit" (uncertainty).® The English
"indeterminacy"” seems to better capture the cor-
rect quantum concept that precise paositions, mo-
menta, etc. do not, in general, exigt, i.e. thereisno
precise position or momentum for an object such
as an dectron.?’

We should include exciting new topics such as
string theory in our introductory courses. But we
should be careful with theword "theory." "String
theory" is amisleading term, since it is not yet an
empirically tested theory but is instead a wonder-
ful and well-devel oped hypothesis. The distinc-
tion between a plausible supposition or
"hypothesis," and a well-tested body of ideas or
"theory," is crucial in science education, especially
when discussing scientific methodology and pseu-
dosciences such as creationism and astrology. We
should spesk of the "string hypothesis."®

Wouldn't it be niceif the physics education com-
munity could come to a meeting of minds onim-
proved usage for some of these terms, and recom-
mend new standard usages that most textbooks,
articles and teachers would then use consistently?
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Promoting Science Teacher Edu-
cation at the Univ. of Kentucky

John E. Christopher, Sally A. Shafer and
Joseph P. Straley, Department of Physics &
Astronomy, University of Kentucky

Over the last decade, physicists at the University
of Kentucky have been devel oping courses for
pre-service and in-service teachers that promote
the inquiry approach to science teaching. For pre-
service teachers we offer PHY 160, a three-credit
courserequired of all pre-service elementary
teachers. The Physics by Inquiry texts of Profes-
sor Lillian McDermott, et a, are used extensively
in the standards-based and inquiry-oriented course
meeting six hours per week in a laboratory setting.
With support from the NSF through the Appala-
chian Mathematics-Science Partnership, similar
courses are being developed at other Kentucky
universities and colleges. Much of the leadership
for this project comes from University of Ken-
tucky science and mathematics departments in-
cluding the Department of Physics & Astronomy.
Better ways to help pre-serviceteachersistied to
better ways to help in-service teachers, and this
aspect of the NSF project involves summer insti-
tutes and follow-up mentoring.

The Virtual Workshop

CD-ROM

The emphasis is on @,' @%
learning through
hands-on activities

Small groups of teachers
workine on their own
schedule at their own site

'('D
l%ﬁ

Email for discussions and
answering questions

For in-service teachers, we also offer three one-
credit-hour physics courses for professional devel-
opment or graduate credit to intermediate and mid-
dle grade teachers (grades 4-9), on the topics
Light, Temperature and Heat, and Electricity and
Magnetism. The courses, developed with support

Summer 2004 Newsletter

page 5

from the fund for the Improvement of Postsecond-
ary Education, U. S. Department of Education,
emphasize content understanding of physics topics
important for teachers, and promote learning
through inquiry activities. Its dements are akit of
equipment, a manual of activities, a CD to provide
instruction, and the use of email to communicate
with theinstructors.

Hands-on activities and |earning through concrete
experiences play a central rolein these courses,
even though they are ddivered in a distance-
learning format. Much of theinstructional mate-
rial is directly transferable to participants class-
rooms. For previews of the courses and more de-
scription of how they work, visit http://www.pa.
uky.edu/sciworks/intro.htm.

Lab-Aids, Incis now rewriting these kits and ac-
tivitiesat U.K. for national distribution. Already
released are the modules Investigating Light and
Color and Spectrum; a third module Reflection
and Refraction isin the editorial process.

Students who have been taught by the teachers we
have trained are already beginning to arrive at the
university, and we are beginning to reap the bene-
fits of our efforts to improve teacher preparation.

Contact: Joseph P. Straley, Department of Phys-
ics & Astronomy, University of Kentucky, Lexing-
ton, KY 40506-0055, (859) 257-3197
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Practicing What | Preach
(with helpful references)

Gay Stewart

Of course, at University of Arkansas, we started
with a class for majors when we began trying to
improve our program. We had so few mgjors that
it was the class for engineers aswdl. With
“Implementing I nteractive L aboratory-Based
Learning Techniques in Second-Semester Intro-
ductory Physics’” (NSF DUE-9455732), we
wanted to improve the level of student learning,
confidence, and enjoyment of science, while main-
taining the resource level common to large institu-
tions (teaching assistants in labs, large lectures,
etc.)

The program has been very successful, based on
al available indicators. Student confidenceis up
and women in particular are as confident as men at
the end of the course. The confidenceis well
placed, with a strong correlation between confi-
dence and performance. Our graduation rates
went from less than four in the years before the
students taking this new course University Physics
Il (UPII) wereready to graduate, to >10 concur-
rent with our first UPII students graduating (http://
Educational Engineering.uark.edu). Since then, the
department made more changes, and we had 16
graduates last year, and 24 this year. Most of what
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we do is similar to what you would read about in
the SPIN-UP report. For information on successful
programs across the country, seethis report, one
of the outcomes of the APS/AAPT/AIP National
Task Force on Undergraduate Education: http://
www.aapt.org/Projects/ntfup.cfm

The State Department of Education liked what we
weredoing in our classes, so they gave us alittle
money to work on ajoint venture with our College
of Education. We used these resources to work
some UPIl material into a methods course, and
build a middlie level science teaching degree
around some proposed physics course revisions.

: When we first implemented the new UPII, it be-

came clear that the first and greatest need for edu-
cational reform to be embraced and sustained was
for our future faculty to be prepared to be as pro-
fessional about their roles as educators as their
roles as researchers. “ Shaping the Preparation of
Future Science and M athematics Faculty (DUE-
9813876) was the next NSF project in which we
got involved (http://www.aapt.org/Projects/pfpf.
cfm). New college faculty members may find
themselves preparing to teach a class for the first
time, with little or no guidance. The biggest com-
plaints employers have about those hired for
"pure” research positions involve interpersonal
skills. Also, more researchers are being called
upon to do outreach. Teaching and participating in
outreach activities devel op these skills, so every-
one benefits, not just the students in the introduc-
tory course. Our focus was to add these kinds of
activities to the graduate program, with the same
sort of mentoring that accompanies the devel op-
ment of research skills, without extending the time
needed to complete a degree. Also, a new masters
degree was developed for those that find them-
selves insufficiently motivated to do research, but
till loving physics, providing a route straight into
teaching for these students at very low resource
cost.

Of course, once you start wanting to get more, bet-

ter-prepared teachers out there, you need to have

the materials and the infrastructure to make it
(Continued on page 7)
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work. So, the University of Arkansas became a
Primary Program I nstitution of the Physics
Teacher Education Coalition (PhysTEC, NSF
PHY-0108787), http://www.phystec.org/), an
APS/AAPT/AIP program. PhysTEC provides dra-
matic improvement of science preparation of
physics, physical science, and el ementary teach-
ers, developing programs to work at awide range
of institutions. Results of the previous support
benefit all students, including future teachers, and
this grant allowed us to expand these efforts to al-
most every class, aswell as, to provide significant
mentoring for our majors considering a career in
teaching. Our students have a higher retention to
degree than the rest of the university. Thein-
creased number of majors has impacted almost
every aspect of the department. The students that
want to go on to graduate school are going on to
excellent programs where they do well, some go
right into industry, and some go to medical school
or law school; however, now about 10% of our
graduates go on to a career in K-12 teaching!

Gay B. Sewart, FEd Chair, is Associate Professor
of Physics at the University of Arkansasin Fa-
yetteville. Sheis Ste Director of the Physics
Teacher Education Coalition (PhysTEC), Director
of the University' s Physics Department Preparing
Future Faculty Program and Co-director of the
Arkansas Precision Education Group. She can be
reached at gstewart@uark.edu, phone (479) 575-
2408.

LINIVERSITY#ARKANSAS
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| nvention and Impact: Building
Excdlencein Undergraduate
STEM Education

A Report on a National Science Foundation
Course, Curriculum, and Laboratory | mprove-
ment Program Conference

PaulaR.L. Heron and Anne T. Durako Physics
Department, University of Washington Seattle,
WA

If studentsin your physics department submit pre-
class assignments over the web, collect datain
their laboratory sessions using force sensors and
motion detectors, useinfrared transmitters to par-
ticipate in interactive lectures, or complete col-
l[aborative exercises in recitation sections, chances
are good that they are benefiting from NSF invest-
ment in undergraduate education through the
Course, Curriculum, and Laboratory Improvement
(CCLI) program. Advances in teaching science,
technology, engineering and math (STEM) sup-
ported by the CCLI program werethe focus of an
April Conferencein the DC area entitled Invention
and Impact: Building Excellence in Undergradu-
ate STEM Education. The conference, jointly or-
ganized by NSF and the American Association for
the Advancement of Science, aimed to “inform the
national audience about learning environments,
course content, curricula, and educational prac-
tices that improve the learning and achievement of
undergraduate students.” In particular, the goals
were to:

e Share and demonstrate the eff ectiveness of
selected undergraduate STEM curricular
improvements and innovations,

e Facilitate cross-disciplinary communica-
tion of innovative curriculum idess;

o Foster interdisciplinary interest in emerg-
ing sciencefields; and

e Engagethelarger STEM community in
discussions about NSF' s future priorities
in undergraduate education.

(Continued on page 8)
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As befits the highly interactive nature of many of
the educational innovations that were discussed,
the 400 participants spent most of the three-day
conference in workshops. Poster sessions pro-
vided plenty of opportunities for informal discus-
sions while plenary speakers touched on major
cross-cutting themes, including increasing diver-
sity among STEM majors and professionals, and
the challenges of creating and sustaining change
on aninstitutional level.

Several workshops featured innovative physics
curricula. Bob Beichner of North Carolina State
University demonstrated the SCALE-UP (Student
Centered Activities for Large Enrollment Under-
graduate Programs) approach; Evelyn Patterson of
the Air Force Academy introduced participants to
Just-in-Time Teaching; Priscilla Laws of Dickin-
son College explored the common roots of a col-
lection of activity-based undergraduate physics
materials; and UW physics undergraduate Anne
Durako and | led participants through an excerpt
from Tutorialsin Introductory Physics.

A number of posters featuring innovationsin
physics teaching reached a wide audience. Poster
presenters included Jane Flood and Diane Follet of
Muhlenberg College; Steve Thornton of UVa;
Marty Johnston of the University of St. Thomas,
Linda Fritz of Franklin and Marshall College; Te-
vian Dray and Corinne Manogue of Oregon State
University; Enrique Galvez and Charles Holbrow
of Colgate University; Kurt Hieggelke of Joliet
Junior Callege along with David Maloney of 1U-
PUI, Tom O'Kuma of Lee College and Steve
Kanim of New Mexico State University; Nancy
Beverly of Mercy College along with Robert
Fuller and Vicki Plano-Clark of the University of
Nebraska, Beth Ann Thacker of Texas Tech, and
Mark Plano Clark and Christopher Wentworth of
Doane College, Ruth Chabay and Bruce Sherwood
of North Caradlina State University; David Mdtzer
and Thomas Greenbowe of lowa State University;
Mario Belloni and Wolfgang Christian of David-
son College; and Ken Krane of Oregon State Uni-
versity.

Physics had a high profile at the Conference, in
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part dueto the plenary talk given by Eric Mazur of
Harvard. A temporary 400-unit personal response
system was installed for the talk that allowed all
attendees to experience interactive lecture tech-
niques first-hand. During his talk Mazur pre-
sented findings from several experiments in cogni-
tive psychology on human ability to discern visual
information, including figures in popular introduc-
tory physics textbooks. Audience members par-
ticipated in a few startling demonstrations that il-
lustrated Mazur’s main message: seeing isnot, in
fact, believing! Many attendees walked away with
arenewed sense of how students, even in the larg-
est lectures, can be engaged intellectually.

A unique feature of the conference was the pres-
ence of 40 undergraduate STEM majors who ac-
companied conference presenters. On thefinal
day of the conference, the students presented their
impressions of their education and made recom-
mendations. The students made a strong case for
involving undergraduates early and often in re-
search. Most cited interactions with individual
faculty as having played a critical role in their de-
cision to major ina STEM discipline and in form-
ing plans for the future. Theimpact of welcoming
undergraduates into their department and disci-
pline was clear.

Moreinformation can be found at http://www.
ccliconference.com/index.htm. Outcomes of the
conference will be published in the near future.
Ted Hodapp, Program Officer in the NSF Division
of Undergraduate Education (DUE), played a cen-
tral rolein envisioning and organizing the meet-
ing. Ted has been at NSF on leave from Hamline
University in Minnesota and sharing responsibility
for DUE physics and astronomy projects with
Duncan McBride for the past two years.
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Physics Research Presented for
Undergrads. On the Web and at
APS Meetings

David Ehrengtein,
American Physical Society

College physics students need more than textbook
physics. They need to hear about current research
becauseit revedls the excitement of new questions
and new discoveries. It also demonstrates that the
elementary principles from their physics courses
apply to experiments in today's labs. At the same
time, PhD's enjoy a dose of fun and easily-
digested physics from outside their specialty once
inawhile. For both of these audiences, we have
been serving up undergrad-level descriptions of
current research at APS's Physical Review Focus
web site (http://focus.aps.org) for the past six
years. | also organized a session at the APS April
meeting in Denver this year and will present a
similar one at next year's March meeting in Los
Angeles (please contact me to suggest speakers.)
My experience with writing and attending talks
has led me to some rules for communicating sci-
ence, which | describe at the end of this article.

On the web: Phys. Rev. Focus

http://www.focus.org

Physical Review Focus was originally conceived
by the APS as a sitefor physicists to learn about
hot research outside their specialty, so we could

write stories assuming PhD-level knowledge.
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Right? Wrong. Being brutally honest about what
most physicists remember about the Fermi surface
or isospin, | realized early on that we needed to go
down almost to the level of atypical college phys-
ics mgjor. Besides, most physicists don't want to
think too hard reading a short web story on a phys-
ics paper outside their specialty. They just want
the gist of the paper.

So | geared the site toward undergrads, an audi-
encethat usually gets little exposureto current re-
search in classes and textbooks. In fact, under-
grads are a sort of in-between and underserved au-
dience: they can go beyond the level of New Sci-
entist but aren't ready for Physics Today. And pre-
senting current research at their level seems like
an ideal way to get them excited about physics,
especially if the coursaework isn't proving exciting
enough. | hope that college physics teachers can
use the site to point out connections between top-
ics in the physics curriculum and the latest re-
search results in Physical Review Letters (PRL.)
(Thereis also an e-mail list that delivers weekly
summaries of Focus stories, so students and teach-
ers can keep up with the latest stories.)

| choose papers “ of interest to outsiders.” That of-
ten means papers that are counter-intuitive, com-
bine multiplefields, have some *“cool” device ap-
plication, relateto “ everyday physics,” or relate to
traditional undergrad-level physics problems. And
of course, they can't be too hard to explain. These
characteristics appeal to non-specialist PhD’s but
also to physics students and even journalists.

(Continued on page 10)
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My writersand | try to write like journalists, not
scientists. Wetry to avoid not only jargon, but also
many of the abstract concepts that physicists find
useful but readers find difficult, like the “energy
landscape’ picture. In this view of a system’s en-
ergy, hills and valleys represent energy maxima
and minima encountered as one varies some sys-
tem parameters. Therejust isn't space in 500-600
words to describe this seemingly simple concept
adequately. Instead, we rely heavily upon intuitive
mental images, which can often do much of the
work for us. We stick with “real” space and forces,
rather than the energy space.

Baby picture. A sodium ion with six chlo-
ride neighbors (light gray) may be the
first step in crystallizing salt from salt
water, according to a computer simula-
tion. Past simulations haven't been able
to capture the extremely rare events in
the first moments of crystal formation.
See story at http://focus.aps.org/story/
v13/st5. (From D. Zahn, Phys. Rev.
Lett. 92, 040801(2004).)
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One example of avoiding the energy landscape ap-
pearsin a story from 4 February 2004 (http://
focus.aps.org/story/v13/st5). The new computer
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technique we described could simulate the exceed-
ingly rare early eventsin the formation of a salt
crystal from salt water. We chose to discuss

“ segquences of water molecule motions” that bring
a sodium ion and a chloride together, rather than
“paths the system takes through the energy land-
scape’ leading from one valley to another, which
was the authors’ view of the problem. Whileit's
visual, the energy landscape doesn’t give you an
intuitive sense of what is happening, especialy if
you' re a student--or physicist--not used to thinking
in that world.

At APS Mestings

Attending an APS meeting can be hard on your
brain, so just imagine how the handful of under-
graduate students at the meetings fedl. They are
genuinely excited to be at such a prestigious phys-
ics conference, yet they have a hard time under-
standing the talks. They probably don't realize that
the PhD’s don't understand a lot of what they

hear, ether. To help both groups, | invited four
excellent communicators to speak at the APS
April meeting in Denver in a Forum on Education

i session on presenting research at the undergrad

level (http://www.aps.org/meet/ APRO4/baps/toc.
html#SessJ14). | plan to organize a similar session
for the March meeting in Los Angeles (and would
wel come suggestions for good speakers.)

The speakers discussed complex systemsin na-
ture, ultrafast lasers, “taming” francium, and
“asymptotic slavery” in high-temperature super-
conductors. Each speaker had had his or her work
highlighted on the Focus web site or on AIP's
Physics News Update (http://www.aip.org/pnu).
The students present learned about some fascinat-
ing areas of physics, and the PhD’s probably
learned more than they would have at a typical
colloguium-style talk aimed at physicists. During
the Q& A, | asked the speakers about the chal-
lenges of speaking at such alow level, and it was
clear that to do it well isalot harder than it looks.
It means avoiding almost all the math, but more
importantly, paring down the topics to a some-

times painful minimum of information.
(Continued on page 11)
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Rulesfor Presenting Science to Students and
Others

My rules for communicating science apply to
teaching physics, telling a physicist friend about
your latest results, or even explaining your work to
your next-door neighbor.

Rule 1: No one knows as much as you think.

Y ou can never talk “too low” to your audience. In
fact, most people are flattered when you say things
they already know.

Rule 2: No one has the attention span you ex-
pect. The most common mistake in speaking to
non-scientists is not using too much jargon but
saying too much. Usually half of what you want to
say is enough, as anyone who has accidentally
bored a non-scientist with along answer to an in-
nocent science question knows.

Rule 3: No one cares about as many details as
you do. Thereis always a temptation to go on to
what you consider the “most interesting” part of
an explanation, even though the background up to
that point is often enough for your audience. Think
of those colloquia where thefirst or second slide
was enough for you, or papers where the abstract
was all you needed to know.

| hope you will seetheserulesin action on the Fo-
cus web site and at the March meeting session
next year.

David Ehrenstein isthe Editor of Physical Review
Focus (http://focus.aps.org/) and can be reached
at ehrenste@aps.org.
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ComPADRE and the Toolsfor
Sharing Teaching and L earning
Resour ces

Bruce Mason, University of Oklahoma
ComPADRE Principal Investigator and
AAPT Electronic Publications Editor

Warren Hein, Associate Executive Director,
AAPT

Consider yoursdlf in one of the following situa-
tions:

Y ou must teach ajunior level quantum me-
chanics coursefor thefirst timein many years.
Y ou need new approaches to the topic, anima-
tions and simulations to help students develop
an understanding of concepts, and research
results that apply the material being studied.

Y ou have a CCLI project for introductory
electricity and magnetism that combines inter-
active labs and online exercises and discus-
sion. Initial assessments have been positive,
and you want to deliver it to a wider audience
for testing, feedback, and becauseit’s very
good.

Y ou are the outreach coordinator for are-
search center where your scientists and high
school physics teachers created materials that
bring research experiences into the classroom.
These work well locally and you wish to dis-
seminate this material to a much wider audi-
ence.

In al these cases, you probably turn to experi-
enced colleagues, to point you to places to find or
distribute resources, and the web. The ComPA-
DRE project (Communities for Physics and As-
tronomy Digital Resources for Education), a col-
laboration of the AAPT, APS, AAS, and AIP/SPS,
is designed to provide the resources, tools, and
“gpace’ to help meet these needs.

(Continued on page 12)
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What isadigital library?

ComPADRE (http://www.compadre.org) is a part
of the NSF-DUE (Division of Undergraduate Edu-
cation) National Science Digital Library (NSDL)
program. This program supports the creation of
collections for educational materials, services for
users of these collections, research studying the
collections, and the construction of a*“Core’ digi-
tal library that integrates all these efforts. A prob-
lem with digital librariesis the many different
concepts that users may have about them. Al-
though they vary quite a bit, digital libraries tend
to have several characteristics in common. They
are online, providing wide access to resources;
they are distributed with both local materials and
links to materials across the web; they are actively
organized and maintained to meet specific needs;
and they are more than just lists of links, providing
services and tools that help users be more produc-
tive

ComPADRE is both distributed and centralized. It
is building multiple community-focused resource
collections with the help of central support and
services, analogous to the services provided by a
professional society to publish diverse research
journals. The focused ComPADRE collections ad-
dress the needs of learning communities for qual-
ity resources selected and organized specifically
for, and by, their members. These collections
speak the users' language. They contain, for exam-
ple, interactive simulations, novel curricula, and
education research for teachers and students of a
specific course. Building each of these collections
from scratch would result in a great deal of repeti-
tion and waste. The ComPADRE central services
streamlines and simplifies new collection creation
by providing, out of the box, the information ar-
chitecture, editorial processes, and user interface,
communication, and organizational tools needed
to make a collection run.

A common question asked when ComPADRE is
discussed is: “Why can’'t | just use Google?’
ComPADRE does not replace Google, but pro-
vides a different sort of information. There-
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sources found on ComPADRE have been specifi-
cally sdected for education, reviewed, and put into
context of subject, user type, and use. The experi-
ence of others, both editors and general users, adds
value to the resources in ComPADRE.

ComPADRE Caoallections

There are currently five community collections
and one central repository interface:

* The Physical Sciences Resource Center
(PSRC) (http://www.compadre.org/psrc) pro-
vides access to the full ComPADRE database.
Thisis an updated, database driven version of
a service provided by the AAPT for the past
Six years.

» The SPS-sponsored collection for physics and

astronomy students, The Nucleus, (http://

www.compadre.org/student) provides anin-
formation exchange, avirtual student lounge,

aresearch opportunity bulletin board, and a

showcase for compelling web resources. Itis

designed for and by undergraduate physics
and astronomy majors.

The Quantum Exchange (http://www.

compadre.org/quantum) is a collection for

teachers of quantum mechanics and modern
physics. It augments standard textbooks with
illustrations and simulations, tutorials, curric-
ula, and relevant education research.

The APS-sponsored collection of resources for

the general public, Physics-to-Go, (http://

www.compadre.org/informal) is built for those
needing physics resources outside of formal
educational settings. This collection includes
virtual hands-on experiences with physics and
astronomy, accounts of recent physics and as-
tronomy research written for the general pub-
lic, and information about physics road shows.

* The AAS-sponsored “ Astronomy 101" collec-
tion, AstronomyCenter.org, (in testing at
http://staging.compadre.org/astronomy) is a
portal for teachers and students of introductory
college-level astronomy. It contains links to
activities, demonstrations, tutorials, images,
raw data, lecture notes, assessments, news

items, and curricula. Peer review of items will
(Continued on page 13)
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be an important aspect of this collection.

» The AAPT-sponsored collection for pre-
college teachers, The Physics Front, (soon to
be available) will focus initially on high
school physics and the needs of new and
crossover physics teachers. The language and
organization of the collection are designed to
be understandable to these new teachers.
Along with lesson plans, student activities,
and labs, this collection will highlight formal
and informal professional development oppor-
tunities.

The ComPADRE Tools

The use of these collections, and the building of
community around them, requires tools for users
and editors. Users of ComPADRE can search or
browse through the records in the database, and
sort or filter theresultsto find what they need.
Moreimportantly, members (registration is free)
can participate by recommending items and add-
ing comments to the collections. Members also
can organize materials through an online Filing
Cabinet for later use. Editors have the tools and
support needed to add materials to the collections,
organize materials through annotations and by in-
ter-relating resources, and to manage an online
Peer Review process. Of coursg, al of thesetools
rely on the database and information infrastructure
(metatagging) for all of ComPADRE. All these
tools are being evaluated by users and continually
improved by ComPADRE staff.

Future Developments

The most important technical development cur-
rently under way is the creation of arepository.
Thiswill allow ComPADRE, with the approval of
author(s), to directly deliver materials to users.
Theseresources, that might need more rdiable
hosting, will be available either from ComPADRE
or fromthe original site. Thiswill also providea
place for materials that an author may want to re-
main available but can no longer support. A re-
lated development is alink checker that will regu-
larly search the database for links that are no
longer available or with pages that have changed

Summer 2004 Newsletter

page 13

significantly. Attempts will be madeto find and
update materials with broken links, vital for pro-
viding reliable and useful collections.

ComPADRE growth involves both the addition of
resources to current collections and the construc-
tion of new collections. ComPADRE isworking
with members of the PER community to provide
an online annotated bibliography for thefield.
There are plans to add collections for the standard
junior, senior, and introductory graduate classesin
physics and astronomy, as well as unique or
emerging topics. There are plans to extend the
pre-college resources to conceptual physics
courses, middle school, and then K-5. Collabora-
tions will be pursued with authors, organizations,
and other digital libraries. All of this growth is
meant to provide more and better resources to the
users.

The foundations for ComPADRE are constructed
and thetools are available for use. The collections
can be accessed, resources discovered, and materi-
alsadded. The success of the effort will depend,
in large part, on the users and uses of the collec-
tions. Recommendations for materials to include
in the collections, both from authors and the user
community, are vital for growth. Comments from
the user community will help others better under-
stand and use the resources. Reviewers, associate
editors, and editors of new collections are needed
to ensure quality resources and collections. The
ComPADRE staff and the supporting societies
welcome your suggestions and participation.

s comPADRE

FEDERATED SEARCH  » COLLECTIONS ' »SUBMIT MATERIALS  » ABOUT comPADRE
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» LOGIN
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TheAmerican Institute of Phys-
Ics Supports Education Efforts
in Many Ways

Jack G. Hehn, Director, Education

It is apleasurefor meto work with the APS Fo-
rum on Education (FEd) to help make our commu-
nity more aware of the many education efforts be-
ing undertaken predominately by scientists and
engineers who volunteer their time and effort out
of atrue concern for the future of our scientific
enterprise. The coursethat sciencein America
takes is deeply dependent on theintellectual and
skill base of the technological workforce and the
attitudes about science of voters and decision mak-
ers. The effectiveness of the global educational
systems that build the capacity of the labor pool
plays acritical rolein our future. Theseinterests
drive several cross-cutting issues in professional
or learned organizations: (1) efforts to continually
develop the talents and skills of the membership
(Professional Development and Certification), (2)
efforts to increase the quality and quantity of edu-
cational experiences for students (Preschool
through PhD) in science, technology, engineering,
and mathematics (STEM), (3) efforts to provide
STEM outreach programs for the general public,
(4) effortsto increase the diversity of the STEM
workforce, and (5) efforts to positively influence
public policy and increase support for STEM.

AlPis afederation of ten Member Societies
(http://www.aip.org/ai p/societies.html)
representing a wide spectrum of the physical sci-
ences. AlP supportstheir efforts with print and e-
publishing services, aswell as arange of member-
ship services and physics-related resources. In
these ways AIP is able to amplify its Member So-
cieties' common activities and create a united front
to achieve shared goals. AlIP carries out the pro-
gram services primarily through the AIP Physics
Resources Center (PRC) with five divisions: the
Center for the History of Physics, the Statistical
Research Center, the Media and Government Re-
lations Division, the Career Services Division, and
the Education Division. (http://www.aip.org/
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resources.html)

The Education Division provides information and
services for students, alumni, academic depart-
ments, and corporate research interests in the
physics and allied science communities. It also
acts as a catalyst for the efforts of the AIP Mem-
ber Societies associated with education and human
resources. The mission of the division is stated as
follows:

LINRARARANNANNANNANNANNANANA,

Support the highest quality science educa-
tion for all students. To provide student
services and support programs within the
broad physics community that will identify,
promote, and enhance high-quality, student-
centered, and societal-reevant educational
practices and initiatives that positively
impact students and their learning of
physics, astronomy, and allied sciences and
technol ogy.

PLLPLLPLLLLLLLLLPL IS
AN

NPPPAPLLLPLLPLLPLLLPLLL LS PSS

AIP directly supports three “ other member organi-
zations:” the Society of Physics Students (SPS),
Sigma Pi Sigma, the National Physics Honor Soci-
ety, and the Corporate Associates program (http://
www.aip.org/education). AlP staff members
maintain close and productive relationships with
severa federal agencies and Congressional inter-
ests that support the STEM enterprise and with
other national umbrella organizations with mutual
interests.

The Society of Physics Students (SPS) isa profes-
sional association explicitly designed for students
and their mentors. Membership, through colle-
giate chapters, is open to anyoneinterested in
physics. SPS offers awards programs, outreach
opportunities, social activities, and extensive web
services, encouraging a diverse population of stu-
dents to study physics. SPS has over 700 chapters
oh campuses across the country. About 5,000 na-
tional members and thousands more local mem-

(Continued on page 15)
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bers take part in chapter activities each year
(http://mwww.spsnational .org/). Within SPSis
Sigma Pi Sigma, the national physics honor soci-
ety, which inducts members on the basis of out-
standing academic achievement. There are 450
chapters of Sigma Pi Sigma, with over 75,000 in-
ductees throughout its history (http://www.
sigmapisigma.org/). Y ou may want to learn more
about the 2004 Quadrennial Congress of Sigma Pi
Sigma that will meet with the APS 4-Corners Sec-
tion. (http://www.sigmapisigma.org/congress.htm)

The AIP Corporate Associates program serves the
industrial physics community by improving the
effectiveness of people and organizations in ad-
vancing corporate goals through the use of phys-
ics; and it facilitates interaction between the indus-
trial, academic, and federal segments of the larger
physics community. The Corporate Associates
program sponsors the annual Industrial Physics
Forums that examine relevant interests of industry,
policy issues, and cutting-edge research. (http://
www.aip.org/ca/2004/04mtg.htm).

Each AIP Member Society has one or more com-
mittees, councils, or forathat focus on education
and human resources issues. Some organizations
have professional staff dedicated to work on edu-
cation and human resources issues. AlP works
hard to support the projects and programs of its
Member Societies including consultation and di-
rect help in proposing and securing extramural
funding and managing large projects. Examples
of large scale efforts include PhysTEC (The Phys-
ics Teacher Education Coalition) lead by APS;
ComPADRE (the Community of Physics and As-
tronomy Digital Resources in Education) lead by
AAPT, the National Task Force on Undergraduate
Physics (NTFUP) and its report entitled “ SpinUP,”
and the Joint Society Conference on Increasing
Diversity in the Earth and Space Sciences
(IDEaSS Conference) lead by AGU.

The AIP Liaison Committee on Physics Education
meets annually to provide a forum to shareinfor-
mation and examine mutual benefits of overlap-
ping goals and learn from shared experiences
(http://www.aip.org/handbook/educ_lia.htm). The
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committee is always pleased to hear about the
wide variety of education and outreach efforts of
APS including those of the FEd. Prepared for
APS FEd members, the following set of articles
provides information about and promotes aware-
ness of efforts and successes in four AIP Member
Societies other than APS. These are examples of
the many excellent projects, services, products,
and programs that you might find by exploring the
websites and publications of al ten AIP Member
Societies.

| hope that you will learn about various programs
from these articles, be encouraged to learn about
other programs from professional organizations,
and be encouraged to work with the APS FEd in
collaborative efforts. Please contact me at the
AIP Education Division (jhehn@aip.org) with
comments or questions when you think that | can
help.

ASA Education and Outreach

Thomas D. Rossing and Uwe J. Hansen

The Acoustical Society of America, one of 12
member societies in the American I nstitute of
Physics, was founded in 1929 at the Bell Tele-
phone Laboratories in New York City. Its 7000
members represent all fields of acoustics. It holds
general meetings every spring and fall, and it re-
cently celebrated its 75™ anniversary by meeting in
New Y ork, whereit was founded. From its begin-
ning the ASA has had strong ties with education.

Sessions on Acoustics Education

The Committee on Education in Acoustics ar-
ranges special sessions on acoustics education at
nearly every meeting of the Society. Often these
sessions are co-sponsored by one of the technical
committees (co-sponsorship by musical acoustics
and architectural acoustics appear to have been the
most common). These sessions have focussed on
awiderange of activities in acoustics education.
We mention examples of afew of these.

(Continued on page 16)



APS Forum on Education

(Continued from page 15)

Laboratory experiments in acoustics. Scienceis
best taught (and learned) by hands-on experience.

“I hear, | forget. | see, | remember. | do, | un-
derstand.”

Laboratory instruction has always been an impor-
tant part of physics teaching, and the teaching of
acoustics is certainly no exception. The Commit-
tee on Education in Acoustics has arranged several
successful sessions at ASA mesetings on laboratory
experiments in acoustics. For example, a session
in 1985 featured personal computers for laboratory
instruction, while a session in 1987 focussed on
project laboratories. Sessions in 1993 and 1999
dealt with undergraduate laboratory experiments
in acoustics, while a session in 2001 looked at
low-cost |aboratory experiments.

Demonstration experiments in acoustics. Demon-
stration experiments rank next to hands-on labora-
tory experience as effective ways to learn acous-
tics and vibrational physics. From thetime of Py-
thagoras, demonstration experiments have been
used to demonstrate acoustical phenomena. Fara-
day and Hemholtz and Rayleigh and Tyndall were
famous demonstrators. Sessions on demonstration
experiments in acoustics often draw standing-
room-only crowds.
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Styrofoam balls levitated in a sound field

Session on acoustics demonstration experi-
ments at an ASA meeting

At the 141% meeting in Chicago (2001), Tom
Rossing and Uwe Hansen presented a tutorial lec-
ture on Demonstration Experiments in Acoustics,
at which a group of Chicago-area physics teachers
joined ASA regulars in doing acoustics demon-
stration experiments in rapid succession.

Take-Fives At these sessions, which have become
very popular, participants present short demonstra-
tion experiments, videos, or innovative ideas for
teaching acoustics. Theterm “take-fives,” bor-
rowed from physics teacher meetings, refersto the
5-minute time limit imposed on the speakersin
order to maintain the pace of the session. The

Chicago-area physics teachers participate in
an ASA tutorial on demonstration experi-
ments in acoustics

(Continued on page 17)
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popularity of take-five sessions results partly from
their spontaneity, and most attendees agree that
they return home with new teaching ideas aswell
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as enthusiasm to try
them out.

ASA reaches out
to high school stu-
dents

Outreach to high
school students has
become an impor-
tant activity of the
Acoustical Society
of America. Special sessions for high school stu-
dents are now frequently scheduled at ASA meet-
ings. Sometimes they are sessions at which acous-
tics demonstration experiments of particular inter-
est to high school students are presented (although
these sessions are well attended by ASA members
aswell!). Sometimes they involve hands-on ex-
periments that high school students can perform
with advice from ASA members acting as docents.

Since ASA meetings are often held in large cities,
it has been particularly effective to invite students

High school students observe longitudinal
waves in a rod
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High school students observe Chladni figures

from inner city high schools with large numbers of
minority students. Special effort has been made to
have femal e and minority members of ASA as do-
cents. Sometimes a pizza lunch is provided by
ASA. At some future date, we hopeto hear ates
timonial from an acoustician whaose first contact
with acoustics came by visiting such a session at
an ASA mesting.

In addition to inviting high school students to
hands-on sessions, we have taken demonstrations
into high school classrooms. These class visits
usually take the form of an introductory acoustics
lesson with numerous demonstrations designed to
augment regular physics curricula. Principles fre-
guently demonstrated include resonances on
stretched strings and in air columns, normal mode
vibrations on platesillustrated with Chladni pat-
terns, and spectral analysis and synthesis. One
such visit was conducted during the 147th ASA
meeting in May 2004 in New Y ork in the context
of the 75th Anniversary celebration with a very
successful visit to a science class of the Profes-
sional Performing Arts School in Manhattan.

Wor kshops for teachers

The ASA Technical Committee on Musical
Acoustics (TCMA) has sponsored a series of
workshops for high school teachers and for ele-
mentary school teachers. Support has come from
the Department of Education by way of

“Eisenhower” grants as well as from ASA in the
(Continued on page 18)




APS Forum on Education

(Continued from page 17)

form of technical initiatives. Uwe Hansen and
other members of TCMA have organized these
very successful workshops.

Emphasis at the high school teacher workshops is
on construction of inexpensive equipment for do-
ing laboratory and demonstration experiments on
sound. For example, teachers build their own
monochords and air column resonators, using pre-
cut lumber, do experiments with this equipment,
and take it home for usein their own classes. In
one workshop, the teachers used computer-based
data acquisition systems to do spectral analysis of
sound. Some of these workshops have been held
in conjunction with ASA mesetings, some at uni-
versities (University of Maryland, University of
Houston, Brigham Y oung University, and Indiana
State University), and somein local school dis-
tricts.

The workshops for elementary grade and middie
school teachers have emphasized using music asa
vehicle to introduce science conceptsin the class-
room. Basic acoustical principles are presented,
followed by a session on practical classroom ap-
plications using tools given to the teachers to take
back to their schools. Thetools have included a
spring and slinky for wave demonstrations, a
monochord to relate the harmonic series to audible
tones, an air column resonance device, a sdf-
resonant tuning for, and a corrugated whirling tube
resonator. Workshop venues have included ASA
meetings, state science teacher conventions, local
schooal districts, and universities. Over a dozen

of such workshops have been held over thelast ten
years.

ECHOES

One of the authors (TDR) edits ECHOES, a quar-
terly newdletter, for the ASA. ECHOESamsto
keep ASA members informed about acoustics
news, but it also reaches out to students and to the
general public. ECHOES s sent to schools and
teachers that request it, and it is also available
online at http://asa.aip.org/echoes.html.
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T her moacoustics and sonoluminescence

Two interesting acoustical phenomena that have
been in the news recently are thermoacoustics and
sonoluminescence. Thermoacoustics deals with
the conversion of heat to sound and vice versa.
Thermoacoustic engines and refrigerators use
acoustical components and networks to produce
mechanical power or to pump heat, or both, with-
out the use of traditional mechanical contrivances
such as pistons, linkages, and valves. Ther-
moacoustic refrigerators have been developed for
NASA to usein spaceand for Ben & Jerry’sto
freezeice creamin an environmentally friendly
way.

In the Summer 2000 issue of ECHOES, Penn State
physicists Steven Garrett and Reh-lin Chen de-
scribed a simple thermoacoustic engine kit, easily
constructed by high school students that would use
heat to generate sound. How many of these
“acoustic lasers,” asthey called their device have
been built in high school science classes is any-
one' s guess. At the moment, no thermoacoustic
ice cream freezer kits are available.

Sonoluminescence is the conversion of sound into
light. It isamysterious processin which sound
waves aimed at a container of liquid nucleate,
grow, and collapse gas-filled bubbles to create ul-
trashort light flashes. The violent collapse of the
bubbles is associated with temperatures that mo-
mentarily exceed those of the sun. According to a
report in Science in 2002, scientists at the Oak
Ridge National Laboratory saw evidence of nu-
clear fusionin asmall cylinder of deuterated ace-
tone by means of sonoluminescence.

A physics apparatus company (TeachSpin) now
sells a sonoluminescence apparatus for usein stu-
dent physics laboratories.

Audio and video materials

The ASA co-sponsored (with the Institute for Per-
ception Research and Northern Illinois University)
production of a Compact Disc with 39 auditory

demonstrations designed for teaching the science
(Continued on page 19)
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of hearing and perception. This CD iswidely used
in the teaching of musical acoustics (physics of
music), hearing, and perception.

ASA also has produced several videotapes for
teaching speech acoustics. A three-tape set on
speech production includes demonstrations of use
of MRI, ultrasound, and velotrace in speech acous-
tics. A video on Speech Perception includes dem-
onstrations of spoken language processing, pho-
netic interpretation, developmental speech percep-
tion, and cross-modal speech recognition.

Thomas Rossing is Professor Emeritus of Physics
at Northern Illinois University. Heisa Fellow of
AA aswell as APS and editsthefall issue of the
Forum on Education newsletter. Uwe Hansen is
Professor Emeritus of Physics at Indiana Sate
University. Heisa Fellow of ASA and chairsits
Committee on Education in Acoustics.

Optics Education — Hands-On
Opticsand More!

Jason Briggs, Optical Society of America
Education Program Manager

Mission

The mission of the Optical Society of
America (OSA) isto promote the genera-
tion, application and archiving of knowl-
edge in optics and photonics and to dis-
seminate this knowledge worldwide. OSA
was organized in 1916 to increase and dif-
fuse the knowledge of optics, pure and ap-

plied; to promote the common interests of
investigators of optical problems, of de-
signers and of users of optical apparatus of
al kinds; and to encourage cooperation
among them. The purposes of the organiza-
tion are scientific, technical and educa-
tional.
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Education Portfolio

The organization’s activities work to raise the
level of understanding and awareness about optics
in a number of areas:

e Elementary, secondary and post-
secondary education

e Education policy and public awareness

e Qutreach and academic preparation

e Professional development

As of September 2003, OSA was funded by the
National Science Foundation (NSF) to launch a
collaborative optics education program linking the
professional optics and the informal education
communities to reach under-represented middle
school cohortsin science and technology.

The Hands-On Optics (HOO)* program is a unique
informal science program that brings together two
professional societies (SPIE - The International
Society for Optical Engineering and OSA - Opti-
cal Society of America), amathematics and sci-
ence education program serving educationally dis-
advantaged students (MESA - Mathematics, Engi-
neering, Science Achievement), and a national ob-
servatory (NOAO - National Optical Astronomy
Observatory) to provide a new model for informal
science education activities in optics.

HOO Project Goals

The primary goals of Hands-On Optics are to:

e Createlinks from the professional optics
community to the informal science educa-
tion community.

e Reach underrepresented middle school
cohortsin science and technology, and
connect with their parents and teachers,
school districts and communities.

e Provide opportunities for the target popu-
lations to succeed in collaborative learning
and problem solving through inquiry-
based, hands-on applications of optical
and engineering skills and knowledge.

e Increase science and technology knowl-

(Continued on page 20)
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edge for students, and increase awareness
of optics as adiscipline and career that
crosscuts numerous fields.

"We are going to go into those areas where kids
don't have access," HOO PI Anthony Johnson ex-
plains to Physics Today, "Y ou've been hearing
about the 50th anniversary of Brown v. Board of
Education" — the 1954 Supreme Court decision
to integrate schools — "and just how separate and
unequal it still is. I've been doing this for years,
but it's great that we've been ableto set up amore
formal structure.”

Targeting kids before high schodl is key, Johnson
adds. "A few years ago, | was in Detroit and gave
aseminar at an inner city high school. Their eyes
glazed over. After they hustled out, two young la-
dies snuck back into the auditorium. They didn't
want their peers to know they wereinterested in
the science. It wasn't cool to be smart. Then | gave
the sametalk at an elementary school. The bright
young faces were all excited. That's the difference
between high school and elementary schooal."

Resour ce Agents

SPIE and OSA are tapping into the thousands of
industry, college, and university professionals who
make up society membership in the geographic
areas where the MESA teacher trainings and pro-
gram rollout will take place. The societies arere-
cruiting Optics Resource Agents (volunteers) from
both individual member rosters and corporate part-
ners. The program’'sfirst Intensive Training I nsti-
tute for Resource Agents and teachers from South-
ern California and Washington State will be held
July 9-11 at the University of Southern Californi

For this summer's Intensive Training Institute, a
minimum of 15 volunteers are expected to partici-
pate; additional volunteer members will be
matched, one per teacher, at each MESA HOO
site. Other volunteers will beinvited to contribute
by participating in Saturday Academies, Industry
Shadow Days, career awareness events and on lo-
cal industry advisory boards.
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It is this resource that the societies bring to the
program that makes it valuable, to teachers, stu-
dents and parents. Most soci eties have engaged
their respective memberships in various education
or outreach activities. However, thetraining and
support systems provided to the volunteers are
based on best practices from the successful NSF-
supported program Project ASTRO (http://www.
astrosoci ety.org/education/astro/project_astro.
html). Project ASTRO improves the teaching of
astronomy and physical sciencein 4-9th grade
classrooms, and in youth groups, by linking pro-
fessional and amateur astronomers with local edu-
cators.

Training and Development

The July 9-11" 2004 training will be held under
the sponsorship of MESA of California with help
from the USC Department of Electrical Engineer-
ing. This professional development experience
will increase the content knowledge of the teach-
ers and will also help the teachers with optics
teaching pedagogy. More importantly, it will give
the teachers a strong sense of the playful, explora-
tory atmosphere we are trying to create in the
HOO modules. During the workshop, HOO teach-
erswill interact with the three modules in much
the same way as the students will.

The optics volunteers will receive training on
working in schools and on the nature of science
teaching today, including some material on the
National Science Education Standards. The volun-
teerswill learn how to effectively interact with
students in ways that support HOO educators and
will receive a draft copy of the HOO “How To”
manual describing a number of different educa-
tional situations and giving advice for the volun-
teer in these situations.

A major goal of the workshop isto develop are-
spectful and collegial relationship between the
volunteer and educator. To achieve this goal, the
partners will interact and work together on the
modules as well as participate together in the so-
cial settings of the workshop. The building of mu-

tual understanding and respect in the educator/
(Continued on page 21)
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volunteer partnership is critical for the long-term
success of the project.

Project Outcomes

By leveraging the existing infrastructure at 12 di-
verse MESA host sites in Californiaand in six
other states with successful MESA programs the
HOO program will gain a “jump-start” in reaching
the target audience. HOO also will reach other stu-
dents by disseminating the project to science-
technology centers, other informal learning envi-
ronments and service providers and through both
optics societies many volunteer outreach programs
nationwide.

Access to optics will be created for tens of thou-
sands of students by the end of program year 3
(now in year 1), of which over 80% of the students
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will be from traditionally underserved groupsin
science and engineering. Also by year 3, alliance
formation and sustainability among the stake-
holders, education institutions and optics and op-
tics-related companies will be strengthened to pro-
mote ongoing joint action in informal optics sci-
ence education.

If you areinterested in learning more about the
HOO program, the Web site (www.Hands-On-
Optics.org) affiliated with the program is dueto
launch by the end of August 2004. Please also fed
free to contact Jason Briggs (OSA Education
Program Manager) at jbrigg@osa.org.

Note
1. Thismaterial is based upon work supported by The

Nationa Science Foundation under Grant No. ESl -
0307949

- Students assembling a Newtonian reflecting telescope as part of a

MESA science competition

MESA pay

004
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Education Activities of the
American Astronomical Society

Susana E. Deustua
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The primary education mission of the
American Astronomical Society (AAS) is
to optimize the contributions of the AAS
and its members to ensure that under-
graduate and graduate programs in as-
tronomy and astrophysics prepare not
only the next generation of professional
astronomers but also broadly trained indi-
viduals with strong technical and scien-
tific backgrounds; to provide encourage-
ment and to broaden educational opportu-
nities and enhance science literacy for all
with particular attention to underserved
groups in the physical sciences
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Within the Society, and more widely in the astro-
nomical community, the AAS advocates greater
attention to, encouragement of and rewards for ex-
cellencein research on teaching and learning in as-
tronomy and in astronomy education. Addition-
aly, the AASis an advocate for astronomy and as-
tronomy education in national and state education
forums, to funding agencies, and to the scientific
and education communities.

The education activities of the AAS are thus geared
toward meeting these goals — from the Bok
Awards, which aim to encourage young scholarsin
the pursuit of a science career, to sponsoring work-
shops that enable new faculty to hone their teach-
ing skills. Following is a description of some of
the education programs of the Society.

The Priscilla and Bart Bok Awar ds and the
Richard D. Lines Special Award

The Priscilla and Bart Bok Awards (First and Sec-
ond Awards) are presented annually by the AAS
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and the Astronomical Society of the Pacific (ASP)
for outstanding astronomical research projects at
theannual Intel International Science and Engi-
neering Fair (ISEF) for high school students. The
Richard D. Lines Special Award is presented annu-
aly by the International Amateur-Professional Pho-
toelectric Photometry (IAPPP) at the ISEF. These
awards are administered by the AAS on behalf of
the AAS, the ASP and the IAPPP, and are funded
by the National Science Foundation’s Astronomy
Division Special Programs. The main criterion for
selecting the two Bok Awards is scientific merit.
Observational, instrumental or theoretical projects
areall digible, asareinterdisciplinary projectsin-
volving Physics, Math, Computer Sciences, Engi-
neering, etc. Although scientific merit is the pri-
mary criterion for the Lines Award, aproject is
sought which best reflects both the mission of the
| APPP (collaboration between amateurs, students,
and/or professionals) as well as excelencein ob-
servational and/or instrumental astronomy. Most
of the young recipients of these awards go on to
major in Science, Technology, Engineering or
Mathematics, and often abtain graduate degrees.

The Harlow Shapley Visiting L ectur eshipsin
Astronomy

The Harlow Shapley Visiting L ectureships provide
any host undergraduate institution: community
colleges, teacher colleges, liberal arts colleges and
non-research universities, and institutions not offer-
ing an astronomical degree with a program of two
day visits by professional astronomers. Visiting
professors can contribute to the host institution's
academic program and intellectual environment in
many different ways from teaching a variety of
classesin physical, mathematical and general sci-
ences, aswell as astronomy to giving popular pub-
lic addresses. The level of these presentations
range from the elementary and non-mathematical
to the advanced and technical. Ininformal discus-
sions, the visitors can advise students on possible
future scientific careers and can discuss teaching
and curriculum problems with faculty members,
deans and administrators. Talks at local secondary

schools are also encouraged as part of the visit.
(Continued on page 23)
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Workshop for New Faculty in
Physics and Astronomy

The American Association of Physics Teachers
(AAPT), in conjunction with the American Astro-
nomical Society (AAS) and the American Physical
Society (APS), hold a workshop for new physics
and astronomy faculty membersin November each
year a the American Center for Physics. Now in its
eighth year, this annual conference helps new fac-
ulty understand how students learn physics and as-
tronomy and suggests how this information can im-
pact a new professor's teaching methods. The
workshop is funded by the National Science Foun-
dation's Division of Undergraduate Education. De-
partment chairs submit nominations of faculty to
attend the workshop.

ComPADRE (Communities for Physicsand As-
tronomy Digital Resour cesin Education)

ComPADRE is a network of well-organized digital
collections of high-quality educational materialsin
physics and astronomy. This project is the coopera-
tive effort of the American Association of Physics
Teachers, the American Astronomical Society, the
American Institute of Physics and the American
Physical Society. Funding is provided by the Na-
tional Science Foundation as a part of the National
Science Digital Library project.

ComPADRE currently houses six collections of
materials, connecting awide range of digital re-
sources including curricular materials, digital li-
braries and onlinejournals. Theseinitial collections
arethe 1) PSRC (Physical Science Resource Cen-
ter) which is the general or central collection for
ComPADRE, 2) The Nucleus, a collection by and
for the AlP/Society of Physics Students which pro-
vides physics and astronomy resources for under-
graduates; 3) Physicsto Go alibrary of informal
science websites, 4) Quantum Exchange, a web-
based repository of resources for teachers of quan-
tum and modern physics, 5) Astronomy Center, a
web-based repository of resources compiled to as-
sist in the teaching of a collegiate level Introduc-
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tory Astronomy course. The materials on this site
are seected by the Editor and the Astronomy Cen-
ter Editorial Board for being high quality educa-
tional resources and are peer reviewed for content,
usability and quality, and 6) The Physics Front, a
digital library for all secondary school physics
teachers. ComPADRE collaborates with projects
like MERLOT and groups like the Physics Educa-
tion Research community to help create digital re-
sources for those communities. Seethearticle by
Bruce Mason and Warren Hein in thisissue.

Education Prize

The AAS Education Prize recognizes outstanding
contributions to the education of the public, stu-
dents and/or the next generation of professional as-
tronomers. This prize superseded the Annenberg
Prizein 2001 and is awarded annually. Recipients
have been Frank D. Drake (2001), Michad Zeilik
(2002), Jay M. Pasachoff (2003), and the most re-
cent is Owen Gingerich (2004).

Publications

Additionally, the Society has several publications,
al available online. Theseinclude A New Uni-
verse to Explore: Careersin Astronomy, for high
school students and undergraduates, An Ancient
Universe: How Astronomers Know the Vast Scale
of Cosmic Time, a primer on cosmic evolution for
pre-college science teachers and co-published with
the Astronomical Society of the Pacific and Goals
For “ Astro 101: Report On A Workshop For As-
tronomy Department Leaders, now published in the
Astronomy Education Review at http://aer.noao.
edu.

Further information about the AAS education pro-
jects can befound at http://education.aas.org, or
contact Dr. Susana E. Deustua, Director of Educa-
tional Activities at deustua@aas.org.
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Education and Outreach Pro-
grams at the American Geo-
physical Union: Strategic I nvest-
ment for Maximum | mpact!

Jill Karsten

The AGU is aglobal network of nearly 40,000
Earth and space scientists from 130 countries. Our
membership is dominated by scientists in the aca-
demic and government sectors and almost one-
third of them work outside of the United States.
Not surprisingly, “job one” at AGU is the business
of supporting scientific research, through peer-
reviewed publications and annual meetings for the
scientific community to gather and share their re-
sultsand ideas. Although education and outreach
programs at AGU areréatively small in compari-
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30in 1995 to 396 in 2003. A large part of this
growth is likely dueto the increasing pressure ap-
plied by federal funding agencies for the research
community to consider the broader impacts of
their research projects; ED sessions provide a
great venue for showcasing these activities.

AGU has also made ED session papers exempt
from its rule limiting abstract authors to one first-
author contribution, thus enabling scientists to dis-
play the products of both their technical and edu-
cation/outreach efforts at the same mesting.

Recent ED sessions have covered a wide range of
topics, from enhancing K-12 education through
partnerships with universities to identifying best
practices for integrating research and education at
the undergraduate level; from exploring the use of
innovative technology in teaching geosciences to
using the insights from cognitive research on how
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grams that capitalize on our main re-
sources—our global network of scien-
tists and access to cutting-edge research. These
efforts have been greatly enhanced through lever-
aging of resources in partnership with other or-
ganizations serving the physical sciences commu-
nity.

AGU offers several programs aimed at strengthen-
ing teaching and research in geoscience depart-
ments. Chief among these has been dissemination
of “best practices” and new strategies through spe-
cia conferences, workshaps, and education-
themed (ED) sessions at our annual meetings. In
the past decade, the number of ED session papers
submitted to the Fall AGU Mesting (which now
attracts 10,000 scientists) has grown from under

people learn science in devel oping effective sci-
ence COUrses.

Recent studies (e.g., Weiss & al., 2002) have dem-
onstrated that secondary Earth science teachers
have the weakest training in their subject, when
compared with teachers from the other natural sci-
ences. Thisreality has prompted AGU to offer
Geophysical I nformation for Teachers (GIFT)
Wor kshops that help to strengthen the content
knowledge of Earth science teachers and provide
them with resources which facilitate teaching
(Continued on page 25)
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Field Trip to the Geys

|

Bright STaRS students from the SF ROCKS! program at San Francisco State Uni-
versity presenting their results at the 2003 Fall AGU Meeting

(Continued from page 24)

these concepts in the classroom. GIFT Work-
shops, which are held in conjunction with annual
AGU meetings, bring scientists attending the
meeting together with teachers from local schools
for a day-and-a-half program of scientific presen-
tations and related hands-on activities. The teach-
ers are also given complimentary meeting badges
that allow them to attend technical sessions and
the exhibit hall on the second afternoon of the
workshop. Recent GIFT Workshops have focused
on climate change research in the sensitive polar
regions and mid-ocean ridge research; this latter
workshop included an exercise to build your own
remotely-operated vehicle which the teachers
tested in the hotel swimming pool!

Although AGU has a significant student member-
ship (~17% are undergraduates or graduate stu-

dents), the median age of the AGU membership
has increased over the past decade and is now 45
yearsold. Fostering the next generation of geo-
scientists and recruiting the * best and brightest” of
the entire talent pool available has become anin-
creasingly important focus for AGU’ s education
and outreach programs. With the completion of a
comprehensive Diversity Plan for AGU in May
2002, CEHR has identified several new initiatives
for increasing the participation of underrepre-
sented groups in the Earth and space sciences.
[see http://www.agu.org/sci_soc/education/
diversity.html]. Two programs are particularly
noteworthy.

In June 2003, AGU co-sponsored a Joint Society
Conference on Increasing Diversity in the Earth

and Space Sciences (I DEaSS Conference), which
(Continued on page 26)
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brought together representatives from 26 different
societies and organizations to discuss the commu-
nity-wide problem of increasing diversity. [see
http://www.agu.org/sci_soc/education/jsc/]. One
outcome of the IDEaSS Conference was a Resolu-
tion to collaborate which has to date been en-
dorsed by several leading organizations in addition
to AGU, including the American M eteorol ogical
Society, Association of Women Geoscientists, Na-
tional Association of Geoscience Teachers, and
Houston Geological Society.

The second main diversity program, Bright
STaRS (Students Training as Resear ch Scien-
tists), is a day-long program for high schoal stu-
dents involved with after-school and summer geo-
sciences-related research experiences in their local
communities. About 45 students, mainly from un-
derrepresented communities, are invited to submit
abstracts on their research and attend the meeting.
The students present their results during a special
afternoon poster session and the abstracts are pub-
lished in the meeting abstract volume. In a dedi-
cated morning symposium, the students learn
about the breadth and excitement of research in
the Earth and space sciences from prominent sci-
entists attending the meeting.

Future directions for AGU and CEHR will include
a new outreach web site that will provide less
technical synopses of current AGU publications,
thereby making some of the most recent research
in the Earth and space sciences more immediately
accessible to the general public. CEHR also hopes
to expand its education and outreach offerings in
ways that better serve the diverse needs of itsin-
ternational membership. Thiswill not be an easy
task, given that most educational decisions are de-
veloped locally, thus making it hard to utilize “one
sizefitsall” strategies. Welook forward to con-
tinuing our tradition of partnering with other sci-
entific societiesin identifying practical and effec-
tive solutions for achieving that goal.

Refer ence:

WEeiss, |.R., “2000 National Survey of Science and
Mathematics Education: Status of Secondary School
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Earth Science Teaching,” Horizon Research, 2002.

Jill Karsten isthe Manager of Education and Ca-
reer Services at the American Geophysical Union.
Prior to joining AGU staff in the Fall of 2001,
She was a member of the research faculty in the
Department of Geology and Geophysics at the
University of Hawaii at Manoa for twelve years,
and served as a Program Officer in the Marine
Geology and Geophysics program at the Office of
Naval Research for oneyear. Her researchinter-
ests are focused on tectonic and volcanic proc-
esses of mid-ocean ridge systems. Sheis currently
a member of the National Advisory Board for the
Centers for Ocean Science Education Excellence
(COSEE) and the American Geological Ingtitute's
Education Advisory Committee. She can be
reached at jkarsten@agu.org.

Browsing the Jour nals
Thomas D. Rossing

e The April issue of American Journal of Phys-
icsisa“themeissue’ devoted to Classical Me-
chanics and Nonlinear Dynamics. Theissue
begins with a brief introduction by the editors,
followed by a paper “Sea gulls, butterflies,
and grasshoppers: A brief history of the but-
terfly effect in nonlinear dynamics.” Two pa-
pers discuss conservation laws, and four pa-
pers discuss curriculum development and
physics education research. Pendula and os-
cillators are discussed, along with chactic
electronic circuits.

e “Scientific Teaching” isthetitle of aforum
articlein the 23 April issue of Science. The
article traces some of the changesin science
teaching that have occurred in recent years,
especially since the publication of the AAAS
1989 report “ Science for all Americans,”
along with recommendations for moving the
so-called revolution forward. Active partici-
pation in lectures and discovery-based labora-
tories helps students develap the habits of

(Continued on page 27)
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mind that drive science. Eveninlargeintro-
ductory classes, with enrollments approaching
1000 students, scientific teaching is possible,
the paper argues; many courses have replaced
lectures with other activities.

The U.S. Department of Education recently
released guidance on parental involvement to
help states, school districts and schools ensure
that parents have the information they need to
help improve their child’ s academic achieve-
ment, according to the June issue of The
Achiever, apublication of the DOE. An
online copy of the guidance is available at
www. ed.gov/programg/titleiparta/
parentinvguid.daoc.

The United States faces a major shortage of
scientists because too few Americans are en-
tering technical fields, according to a story in
the May 5 New York Times. Furthermore, in-
ternational competition is heating up for bright
foreigners who oncefilled the gap, according
to the National Science Board. The Board is-
sued a report “ An Emerging and Critical Prob-
lem of the Science and Engineering Labor
Force” as a companion to “ Science and Engi-
neering Indicators 2004.” Both reports were
released by the National Science Foundation.
The United States ranks 17" among the na-
tions surveyed in the share of its 18-to-24-year
olds who earn natural science and engineering
degrees, behind Taiwan, South Korea, Ireland,
and Italy. In 1975, it was third. Thereport
indicates that 38 percent of the nation’s scien-
tists and engineers with doctorates are now
foreign born.

“Teaching Special Rdativity Using Wavelets”
isthetitle of a paper by Wolfgang Christian
and his colleagues in the May issue of The
Physics Teacher. Because special relativity
focuses on abstract concepts, the visualization
that Physlet-based material providesis espe-
cidly valuable. Earlier papers discussed the
use of Physlet-based exercises to teach optics
and quantum mechanics.
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A special section in the January issue of Phys-
ics World entitled “New Dimensions in Edu-
cation” has several interesting articles such as
“Should physics be more €litist?’
“Challenging the next generation,” Science
education for the 21% century,” “Back to the
future” “A PhD isfor life,” and “Physics edu-
cation research: the key to student learning.:
Several well-known physics teachers, includ-
ing Paul Hewitt (former boxer, uranium pros-
pector, and cartoonist), include short essays on
their own education.

“Beyond PowerPoint,” an articlein the June
issue of Syllabus, discusses some shortcom-
ings of eectronic dlides that tend to prescript a
lecture and make it difficult to adapt the pres-
entation to the audience. Animportant part of
lecturing is adjusting material in responseto
audience reactions and devel oping spontane-
ous examples and explanations to clarify and
expand on topics. Systems have now been de-
veloped that allow writing on top of dlides by
using tablet PC astheinstructor device. An
interesting comment on PowerPoint teaching
isgivenin an editorial in the March issue of
The Physics Teacher.

Some interesting observations on the physics
of bicyclesis discussed in a paper entitled
“Whesdlies and Headers, or How to Keep Both
Bicycle Wheels on the Ground” in the January
issue of The Physics Teacher.

The novels of J.R.R.Tolkien, including the
Lord of the Ringstrilogy can help to make
physics compelling for science-phobic stu-
dents, according to a note in the May issue of
Physics World. Tolkien, who has captured the
attention of fantasy buffs and moviegoers, in-
vented his own constellations, some of which
correspond to actual star groupings.

The March issue of Physics Education has a

special feature on Physics and Archaeol ogy.

Included are articles on archaeomagnetic dat-
(Continued on page 28)
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Executive Committee of the Forum on Education

ing, measuring radiocarbon from archaeol ogi-
cal samples, the neutron asatool in archae-
ology, the scanning electron microscope, free
drying of wet materials, and modeling resis-
tive surveys.

“The nature and status of string theory” isthe
title of a Resource Letter in the June issue of
American Journal of Physics. The letter rec-
ommends popular books, web sites, and popu-
lar articles, as well as advanced undergraduate
material. There are sections on such subjects
as branes (which the author calls the “ most
exciting development in string theory from the
last decade), black holes, tachyon condensa-
tion, orbifolds, Calabi-Yau manifolds, and the
holographic principle.

The 2001 education reform bill, known as the
No Child Left Behind Act, requires school dis-
tricts to offer programs shown to be effective
through “ scientifically based research.” How-
ever, no program has yet met that rigorous
standard because none has been scientifically
evaluated and shown to be effective, accord-
ing to an editorial in 11 June issue of Science.
Many programs may be doing a terrific job of
helping children, but there' s no way to tell,
scientifically. Two recent reports, one by the
National Research Council (NRC) and one by
a public-private consortium known as Build-
ing Engineering and Science Talent (BEST)
point out some of the difficulties in scientific
evaluation of programs.

Some interesting statistics from advertising
are quoted on the “ Feedback” pagein the 12
June issue of New Scientist. One catalog of -
ferslow-energy light bulbs, which use “400
per cent lessenergy.” Another advertises pep-
perami sausages with 108% pork among its
ingredients. The column also tells us that one
light year is 4.70279985x10™ furlongs.
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