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Greetings from the Chair!
Ramon Lopez
With spring 2006, we have a new Chair taking candidates, so the FEd can look forward to
over — Peggy McMahan Norris from Lawrence continued excellent leadership. My congratu-
Berkeley Lab will take the lead for the coming lations to the winners, and my thanks to all
year. The FEd also announced the results from who stood for election. Continued on page 2

this year’s election. We had a superb slate of
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The FEd depends on committed members to
carry forward the education agenda within the
APS. And I also would like to thank those
members of the FEd Executive Committee
whose terms have expired. I will serve one
more year as Past-Chair, and I will also serve
as Chair of the APS Committee on Education
(COE) through 2006.

In general, the COE provides education policy
input to the APS, with its members appointed
by the APS President, while the FEd is the
membership unit of the APS, and so takes the
leads in sessions and other “operational” edu-
cation activities, like sessions at meetings. Of
course, there is a lot of overlap between the
two bodies, but the close relationship between
the FEd and the COE that was institutionalized
just a couple of years ago. Now the Past-
Chair, Chair, and Chair-Elect automatically
serve on the COE. What is more, as of this
year the Chair of COE serves on the Physics
Policy Committee (PPC), which oversees the
efforts of the Washington Office. This ar-
rangement recognizes the need for education
issues to be considered when discussing APS
efforts to influence policy-makers in Washing-
ton. COE, working with FEd and PPC, intro-
duced a resolution to Council at the April
meeting calling for enhanced lobbying on be-
half of education. The resolution approved by
Council states that “High-quality education is
essential for the progress of science and for the
public understanding of its importance. To
help address this need, the American Physical
Society, through its Washington Office, will
advocate support of appropriately peer-
reviewed programs that foster and improve un-
dergraduate and graduate science education or
that seek to improve education of K-12 science
teachers.” This resolution will support more
targeted lobbying on behalf of education, espe-
cially discipline-based education research.
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Individual FEd members can also play an im-
portant role in the education debate. To get in-
volved, just write your congressional represen-
tatives. Urge them to support education fund-
ing, especially in the NSF. When you go to an
APS meeting, look for the booth set up by the
Public Affairs office where you can send a
template letter to your representatives and urge
support for science funding. If you are visiting
Washington, stop by your representative’s of-
fice and speak up in favor of investment in sci-
ence and science education. If you visit the
APS website you can find information that you
can use (look in Public Affairs), and you can
always refer to “Rising above the Gathering
Storm”  (www.nap.edu/catalog/11463.html),
the recently released National Academies of
Science report that calls for significant in-
creases in funding for both science and science
education.

Another way FEd members can get involved is
to help organize sessions at the APS meetings.
If you are interested, email your idea to the
program Chair, David Haase (see the FEd web-
page for contact info). We are always looking
for people who will do the work to put together
good sessions. At the March and April meet-
ings we had a number of excellent sessions.
From Physics Education Research, to prepar-
ing K-12 teachers, to innovations in Graduate
Education, FEd put on a range of session top-
ics. We also shared sessions with the Forum
on History in Physics, the Forum on Physics
and Society, and the Division of Nuclear Phys-
ics, among others. Another pleasant event that
took place at the March meeting was the pres-
entation of the new FEd Fellows during our
business meeting. In general, we intend to al-
ternate the FEd business meeting and reception
between the March and April meeting. We
hope that if you are attending you check to see
if the FEd reception is at your meeting. We

would love to see you there.
Continued on page 3
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The final thing that [ would like to report is
that we have reached our goal to endow the
Excellence in Physics Education Award. An
endowed award must raise $100,000 in order
to be established. We had a great response
from FEd members, the FEd itself matched
$30,000 in contributions, and a gift from the
Lounsbery Foundation put us over the top. 1
hope that many of our members will consider
nominating outstanding groups that have made
national contribution to physics education at
any level for this award. Wolfgang Christian,
who spearheaded the fund-
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raising effort, will Chair the first award com-
mittee.

So with the passing of the gavel we have a new
Chair. I have enjoyed my role in the FEd lead-
ership for the past few years, and I look for-
ward to the coming year as past-Chair (which
has the lightest duties!). I hope that some of
you reading this who have never run for office
in the FEd will consider doing so, and that you
will get as much out of the experience as |
have.

Ramon Lopez is Professor in the Department
of Physics and Space Sciences at the Florida
Institute of Technology in Melbourne, Florida
and Chair of the Forum on Education

What is the buoyant force on a block at the bottom of a

beaker of water?

Carl E. Mungan

Abstract

1 propose that buoyant force be generally defined as the negative of the total weight of the fluids that
are displaced, rather than as the net force exerted by fluid pressures on the surface of an object. In the
case of a body fully surrounded by fluids, these two definitions are equivalent. However, if the object
makes contact with a solid surface (such as the bottom of a beaker of liquid), only the first, volumetric
definition is well defined while the second definition ambiguously depends on how much fluid pene-

trates between the object and the solid surface

Several recent papers [1-3] have revived ques-
tions about the nature of the buoyant force on a
submerged object that is not fully surrounded
by fluid. Suppose it makes contact with a solid
surface, such as a rectangular block firmly
pressed to the bottom of a beaker of water. An
earlier pair of papers [4-5] suggests that in
such a case the buoyant force has been re-
moved. Others argue that while a buoyant force
still exists, its direction is now downward [6].

The logic behind both of these viewpoints is
evident, but which one is consistent with intro-
ductory physics textbooks? Open your favorite
text and see if it answers this question. You
will probably find that it does not. Conven-
tional books introduce buoyant force by con-
sidering an object suspended in a liquid (per-
haps by a string of negligible cross-sectional
area) so that it is fully surrounded by a single
fluid. Continued on page 4
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Alternatively the body is floating and is thus
surrounded by two fluids. But the question of
what happens when an object is only partly
surrounded by fluid is passed over in silence.

This silence leads to a nontrivial pedagogical
issue for introductory physics [7]. Consider
drawing a free-body diagram for a block on a
table including the effects of the atmosphere.
Should this diagram include a buoyant force
and, if so, in what direction [8]?

To resolve this ambiguity, we need to clarify
the definition of buoyant force [9]. Consider
the following model situation. A block of
lower density than a fluid is held down at the
bottom of a beaker of the fluid as a result of the
reduced pressure inside a suction cup [10] (or
thin o-ring) spanning the block’s bottom face.
The block has mass m and top and bottom sur-
faces of area 4, while the plastic of the suction
cup has negligible mass and volume. Define
Prop to be the fluid pressure at the depth of the

top surface of the block, and let Ppottom,inside
and Ppottom,outside be the fluid pressures at

the depth of the bottom surface of the block re-
spectively inside and outside the volume of
fluid enclosed by the suction cup. The exis-
tence of suction implies that

P bottom,inside < P bottom,outside-
The weight of the block is balanced by the dif-
ference in fluid forces on the bottom and top of
the block and by a normal force N exerted by
the semi-rigid side walls of the suction cup,
mg =N + APpottom,inside ~ 4P top- (1)
We can express the pressure inside the suction
cup as the difference between the pressure in
the surrounding fluid at the same depth and the
pressure differential across the membrane of
the suction cup,

P bottom,inside = P bottom,outside — AP.
This can be substituted into Eq. (1) to obtain
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mg=N+B—F, 2)
where the magnitude of the buoyant force B
has here been defined to be equal to the weight
of fluid displaced by the block, and F'= AAP is
the “holding” force due to the suction.

Although Egs. (1) and (2) are fully equivalent
and both contain exactly one upward and one
downward fluid force term, there are three ad-
vantages of the second equation over the first:
1. We can use Eq. (2) to immediately compute
the minimum force Fpy i, required to hold the

block down, by setting N = 0. One finds the in-
tuitively appealing result that it is equal to the
negative of the block’s apparent weight mg —
B. In contrast, the hold-down force is not ex-
plicit in Eq. (1).

2. We have separated the variation in fluid
pressure with depth from the pressure differen-
tial AP due to the suction. This is a pedagogi-
cally instructive distinction to make.

3. Equation (2) consistently defines the buoy-
ant force on an immersed object to be upward
and equal in magnitude to the weight of fluid
displaced, even when the object makes contact
with solid surfaces [11]. This definition re-
mains simple and unambiguous if AP is non-
Zero.

Equation (2) also holds for a block (of arbitrary
density) on a table, if we broaden F to include
not just the force resulting from suction, but
also from such effects as surface tension, cold
welding, and electrostatic surface charge inter-
actions when appropriate [12]. But usually
these effects are negligible. With that under-
standing, it is reasonable to ask students,
“What is the magnitude of the force required to
slowly lift the block?” A good first approxima-
tion is its weight mg. If the problem asks us to
account for the effects of the fluid environment
(such as the atmosphere) on an ordinary block,
the correct answer would then be its apparent
weight mg — B [13].

Continued on page 5
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It is only when there is a reasonable expecta-
tion that the block is somehow coupled or
sealed [14] to the table that one needs to in-
clude additional forces F. This is entirely
analogous to how projectiles are treated in in-
troductory physics: One initially takes them to
be in freefall. Subsequently a velocity-
dependent drag force can be added to account
for air resistance. But additional effects such as
lift are only modeled under special circum-
stances.
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scale while the block is submerged but before it
contacts the tray. If you now place the block on the
tray, the scale reading will be mg — B where B is the
weight of fluid displaced by the block. This neither
proves nor disproves that there is a buoyant force
on the block alone. For example, if fluid is
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squeezed out between the block and tray, the
downward fluid force on the block increases and
that on the tray decreases by exactly the same
amount. That is, the scale is actually sensitive to the
buoyant force on the combination of the block and
tray, but its reading results from the manner of tar-
ing. (For further discussion of methods of weighing
a block in contact with the bottom of a fluid, see
Ref. 3.)

[9] The integral of the fluid pressure over the sur-
face of a body could be sideways (e.g., on a sub-
merged block in contact with the wall of an aquar-
ium). Therefore taking that to be the general defini
tion of buoyant force would be misleading: A dic-
tionary defines “buoyant” to mean upward, as the
reader is invited to check. In any case such an inte-
gral cannot be evaluated if the extent of fluid seep-
age at the solid interface is unknown.

[10] Interestingly, the adhesion of many common
tapes results from suction, as discussed in R. Kun-
zig, “The physics of tape,” Discover 20, 27-29 (July
1999).

[11] Archimedes’ principle is deduced in R.E.
Vermillion, “Derivations of Archimedes’ princi-
ple,” Am. J. Phys. 59, 761-762 (1991) by consider-
ing the net change in the gravitational potential en-
ergy of both the fluid and block during a virtual
upward displacement of the block. No fluid need
initially be under the block for this derivation to
hold.

[12] For example, if fluid seepage under the block
can occur, so that suction cannot be sustained, then
some other effect such as a glue must exert force F
to hold down a block whose density is less than that
of the fluid. This is consistent with my analysis in
C.E. Mungan, “Reprise of a ‘Dense and tense
story’,” Phys. Teach. 42, 292-294 (2004).

[13] The effect of atmospheric buoyancy on scale
readings is memorably illustrated in H. Stokes and
W.D. Peterson, “Buoyancy of air: An attention-
grabbing demonstration,” Announcer 33, 94 (Sum-
mer 2003), as described on the web at
<http://stokes.byu.edu/alkaseltzer.html>.

[14] A striking demonstration of an object sealing
to a surface is the “Atmospheric Pressure Demon-
strator” currently sold by PASCO. It consists of a
rubber sheet (with a knob attached to its top) that
when slapped down onto a stool can be used to lift
it. Continued on page 6
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Carl E. Mungan is Assistant Professor of Phys-
ics at the U.S. Naval Academy in Annapolis,
Maryland. He can be reached via email at
mungan@usna.edu

A Ph.D. in Any Language: World Year of Physics Country

Profiles
A FGSA newsletter article

Ben Brown

So what does it take to be called “Doctor” the
world over? Is a D.Phil. the same as a Ph.D.?
Do students in China receive government sup-
port for a terminal degree in physics? How is
the traditional path to professorship in Ger-
many being challenged?

These questions (and many others) were re-
cently addressed by an American Physical So-
ciety Forum on Graduate Student Affairs
(FGSA) project to uncover the often over-
looked differences between graduate education
systems in the U.S. and other countries.

To honor the World Year of Physics in 2005,
FGSA embarked on a year-long project to
learn more about physics graduate study in
countries around the world. Young scientists
in a number of countries gave generously of
their time to prepare short articles summarizing
their path to a Ph.D. (or equivalent degree), as
well as describing some of the notable physics
research currently undertaken in their native
country. These country profiles can be read in
their entirety on the FGSA website at
[http://www.aps.org/units/fgsa/worldyearprofil
es.cfm].

Physics is an inherently international endeavor.
Historically, the diversity of physics research
programs in the U.S. has attracted students and
researchers from numerous countries. When I

first joined my doctoral research group at the
University of Rochester, I was one of only two
Americans in a group that included citizens
from Argentina, Brazil, France, Mexico, the
United Kingdom, and Poland. Yet aside from
lunch-time conversations, we students were
relatively unknowledgeable regarding the vari-
ety of graduate research experiences in coun-
tries outside our own.

Across Europe, there is significant variety in
the path to the Ph.D. In Germany, students
seeking a doctorate first must complete a Di-
ploma Thesis---essentially a research thesis
masters degree. In the U.K. and France, a
Ph.D. (D.Phil. in the U.K.) is nominally three
years in length---extremely short compared to
the six-to-seven year average length of a Ph.D.
obtained in the U.S. This difference is in part a
result of the broadly differing philosophies of
the American and European undergraduate and
school-age educational systems. The European
system tends to emphasize academic speciali-
zation at an earlier age, while the American
system stresses exposure to a wide variety of
subjects. For example, British undergraduates
typically take courses exclusively in their ma-
jor subject, permitting a reduced emphasis on
formal coursework at the graduate level as

compared to the American system.
Continued on page 7



APS Forum On Education

Continued from page 6

In the rising technical powers of India and
China, governments are rapidly increasing the
resources devoted to science and engineering,
with clear benefits to students. In the span of
two decades, literally hundreds of new physics
and engineering doctoral programs have blos-
somed, producing graduates eager to contribute
to their country’s increasingly vital role in in-
ternational research and development efforts.
Recent publications such as Thomas Fried-
man’s The World Is Flat have stressed the ris-
ing influence of India and China as budding
technological powers. Clearly the number of
opportunities for physics graduate study in
these countries is in the ascendance.

Around the world, the influence of the close
cultural and governmental ties persisting after
colonialism are manifest in the similarities of
various graduate courses to the British and
French systems. Canada and South Africa, for
instance, allow entry to a Ph.D. course (nomi-
nally three years in length) only after comple-
tion of an M.Sc. or equivalent degree---
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essentially the same academic path required in
the U.K. Both of these countries have wit-
nessed impressive recent growth in research
opportunities for physics students.

The World Year of Physics has now passed
into memory. However, FGSA has an abiding
interest in promoting appreciation for the di-
versity of experiences of physics graduate stu-
dents. If you notice that your home country is
absent from the collection of country profiles
thus far, and would like to write a profile for
inclusion on the project homepage, please con-
tact the FGSA Secretary. Those interested in
addressing the needs of international students
and organizing the exchange of ideas between
FGSA and international student organizations
are encouraged to become involved in the
FGSA International Affairs Committee; con-
tact the FGSA Chair or Secretary for more in-
formation.

Ben Brown is Member at Large for the APS
Forum on Graduate Student Affairs. He can
be reached via e-mail at
blbrown@optics.rochester.edu

Tapping Physics Education Research for a Graduate-Level
Curriculum: A Novel Approach for a Ph.D. Qualifying Exam

Preparation Course

Warren Christensen and Larry Engelhardt

Introduction

Every summer a painful ritual is undertaken by
many would-be physicists in classrooms across
the country. A comprehensive written exami-
nation, although it has been modified or even
removed at certain institutions, is still a key
measure used by many schools to determine
who is qualified to continue on a quest for a

Ph.D. in physics. Over the last two years, the
authors of this article have created a Ph.D.
qualifying exam preparation course that util-
izes several research-proven methods.' These
methods include, but are not limited to, peer-
led instruction, training in problem-solving
skills, and the use of multiple representations.
The teaching of upper-level undergraduate and

introductory graduate physics content in this
Continued on page 8
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manner was not only engaging and interesting,
but also gave students an opportunity to im-
prove their understanding and, as is borne out
in our data, an improved chance to pass the
exam.

Exam Background

At Iowa State University (ISU), the physics
Ph.D. qualifying exam is administered in two
four-hour-long exams in a large lecture hall, on
a Tuesday and Thursday morning during the
same week, approximately 2 weeks before the
start of fall classes. The first exam, known as
the “Classical Exam,” covers questions on
Newtonian mechanics, Lagrangian mechanics,
electricity and magnetism, relativity, optics, as
well as qualitative questions about experiments
or scientific ideas. The “Modern Exam” (the
Thursday exam) includes problems on quan-
tum mechanics, condensed matter physics,
high energy physics, nuclear physics, and as-
trophysics, as well as other modern topics.

Problems range in difficulty from introductory
level concepts to advanced graduate material,
with most of the exam being at the advanced
undergraduate and first-year graduate school
level. Until recently, students were required to
pass both exams in the same year in order to
continue on with their studies. Now, however,
students can pass the two parts in subsequent
years and still continue toward their Ph.D.
Graduate students who are new to ISU, enter-
ing without a Masters degree, are expected to
pass the exam within their first two years, and
students entering with a Masters degree are ex-
pected to pass after one year. Those students
who fail to pass the exams in their allotted
number of attempts become ineligible to con-
tinue working towards a Ph.D. in physics at
ISU. In most cases, these students choose to
finish a Masters degree from the department
and then transfer to another department on
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campus or to another university in a similar
field of study.

Authors’ Background

We both entered graduate school having re-
ceived degrees in physics, but discovered that
we were unprepared for the breadth and depth
of the exam’s topics. Upon the recommenda-
tions of a graduate student who had previously
failed his two attempts to pass the qualifying
exam, we confined ourselves in a classroom
and collaboratively worked problems from old
qualifying exams for roughly 20-40 hours a
week for multiple months. Initially, we had
many questions regarding the material, and we
discovered that the answers to our questions
could not be efficiently found in textbooks.
We were provided solutions to these old exam
questions, but they were often limited to alge-
braic solutions with very little written explana-
tion. Thus, determining how or why we were
supposed to apply a certain method, and inter-
preting details about underlying assumptions or
approximations, was nearly impossible. We
found that discussing ideas between ourselves
was an effective method for studying but
lacked efficiency. What we really needed was
an “expert” to direct our conversations, leading
us not only to correct answers but to correct
understanding as well.

Not surprisingly, neither of us was successful
in passing the exam on our first attempt, al-
though the material that we encountered in fu-
ture courses became much more accessible and
comprehensible. The following summer, we
adopted a different approach that we believed
would improve the efficiency of our studying.
We focused our attention on the key concepts
behind each particular problem and strived to
look at a larger number of problems. We met
weekly with a larger group of people to discuss
specific worked problems, but also did a great

deal of independent studying.
Continued on page 9
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With these revisions incorporated into our
study tactics, we both passed the exam on our
second attempt, much to our own delight.

Course initiative

After an external review of the department and
several meetings between the department chair
and the graduate student body, it was obvious
that the qualifying exam and, in particular, the
lack of assistance in passing it, was a signifi-
cant cause of distress among graduate students.
The department chair thus determined that in-
struction directly focusing on the qualifying
exam was desired by the students, and he ap-
proached us with the idea of creating such a
course. Having painstakingly developed our
own successful study techniques, and being
familiar with proven pedagogical techniques
used in physics education research (PER), we
enthusiastically agreed.

Course structure

Our 12-week course covers a different subject
each week, alternating between topics in clas-
sical and modern physics. In a given week,
two class meetings occur. A one-hour intro-
duction to the material takes place early in the
week, and later in the week the students spend
two hours presenting the solutions to assigned
problems. In the first meeting, we introduce
the weekly topic in a brief PowerPoint® pres-
entation, lasting no more than 20 minutes. We
purposely minimize lecture instruction for the
following reasons: 1) Developing lecture in-
struction at an appropriate level for everyone
was impossible due to the diverse background
(and content knowledge) of our graduate stu-
dent population. 2) Although it has not been
rigorously tested at the graduate level, the PER
community has provided overwhelming evi-
dence that standard lecture instruction is not an
effective method of learning physics for the
majority of students.’
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The remainder of the first meeting has students
working in small groups, solving problems
from old qualifying exams. These specific
problems are chosen because they satisfy two
criteria: They are relatively straightforward,
and they clearly showcase the key aspects of
the weekly topic. At the conclusion of this
meeting, the students are assigned five prob-
lems which are to be presented during the sec-
ond class of the week. The second class pe-
riod, which lasts two hours, involves students
taking turns working problems out at the
board, spending 20-30 minutes per problem.
Each student leads a discussion of the solution,
responds to questions, and is asked to elaborate
on the concepts of a particular problem in vari-
ous ways that are discussed in the following
section.

Another key feature of our course was the ad-
ministration of full-scale practice exams to stu-
dents throughout the summer. One of the un-
derlying challenges of passing the exam is the
context in which it is taken: A four-hour time
limit, an 8 AM start time, and a formal test-
taking environment. This makes for a very dif-
ferent experience when compared with a stu-
dent’s typical problem-solving environment
(i.e., casually working problems often with
readily available resources). We therefore
schedule four different sets of exams that are
administered to students in a classroom, at
eight o’clock in the morning, on Tuesday and
Thursday mornings throughout the summer.
As one of our students stated, “They were quite
helpful in forcing me to sit through a full exam
early in the morning in cramped conditions.
The practice exams were also useful in that by
the time the real qualifying exam came by, it
was old hat and I was quite relaxed, which

helps.”
Continued on page 10
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Course Goals and Methods

Our primary goal for the course is quite sim-
ple: To enable students to pass the qualifying
exam. In order to succeed in this goal, there
are a number of strategies that we employ.
Some of these strategies are aimed at learning
physics, by developing both our students’ con-
ceptual understanding and their problem solv-
ing abilities. Other methods focus on prepara-
tion and test-taking tactics for the specific type
of exam for which they are studying. In this
section, we describe some of the specific
methods that we use, as well as our motivation
for choosing them.

Efficient and effective use of study time

Since the exam consists of solving written
problems, it seems obvious that the most ap-
propriate means of studying is also to solve
problems. However, we found that many stu-
dents relied primarily on reading physics books
to prepare for the exam. We therefore placed
an enormous emphasis on working problems,
both during the class hours and throughout the
rest of the week. Solving problems, however,
is quite challenging if one does not already
have a firm grasp of the different topics and
methods that should (and should not) be em-
ployed to solve the myriad of problems. Sim-
ply being told “work problems” can lead to
hours of painfully inefficient studying as we
discovered during our first summer of prepara-
tion.

The alternative, reading books, has the advan-
tage that one can easily make progress, but it is
a highly ineffective means of studying for this
type of exam.' The central strategies of our

"Perhaps an analogy might better explain
our idea: You and I are going to have a
swimming contest in three-month’s time. I
am going to spend that time reading all of
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course are therefore to provide the students
with summaries of the most relevant physics
content (in the form of our 20-minute presenta-
tions) and to provide immediate feedback on
their progress (in the remaining 160 minutes of
weekly class time). If we could focus students’
time on working problems in an open group
environment that allowed for immediate feed-
back, we were confident that we would give
them the best chance to succeed.

With this in mind, we set out to create an envi-
ronment in our class that would support stu-
dents discussing, critiquing, and assisting one
another. We had groups of students work
problems under the guidance of experienced
exam-takers (i.e. us), with rapid feedback re-
garding both their solutions and their solution
methods. While working problems, student
questions arise and are often redirected back to
the other class members, asking for volunteers
to explain certain techniques or ideas. This not
only helps answer the inquisitive student’s
question, but it also allows another student the
opportunity to explain his or her ideas, thereby
benefiting both students. In addition, other
members of the class become involved in the
process, commenting and asking further ques-
tions. Our role as peer-instructors (we are fel-
low graduate students) further facilitates these
discussions in that students do not hesitate to
engage us in healthy debate. Unlike the previ-
ous alternatives that we described, solving
challenging problems in this way is very efti-
cient, since in a class of fifteen graduate stu-
dents, Continued on page 11

the best books and articles about proper
swimming techniques. Meanwhile, you
will go to a pool and swim everyday for
three months. Who do you think will win
the race?



APS Forum On Education

Continued from page 10

someone almost always knows the answer or
method that should be used to solve the prob-
lem.

Pedagogical methods

We strive to build on student understanding
primarily via the student-student and student-
instructor interactions that occur while students
are solving problems. While these interactions
are present during the first meeting each week,
they truly flourish throughout the second meet-
ing when students are working problems at the
board. Instructor-led discussions cover all as-
pects relevant to the problem, with particular
emphasis placed on promoting problem-
solving skills. The ability to identify key ideas
and plan an efficient solution strategy is im-
perative for success on the exam. There is a
vast research base that supports the notion that
use of structured problem-solving strategies is
an effective means of developing student con-
ceptual understanding.” Additionally, we ex-
plore alternative contexts, alternative solution
methods, and how slight modifications to the
question would affect the solution. The goal is
to strengthen the understanding of the student
working at the board by challenging them to
think on their feet, while also eliciting ideas
from the class to paint a complete picture of
how each problem fits in with other concepts.

Another pedagogical technique that has been
shown to improve student conceptual under-
standing is the use of graphical and diagram-
matic representations,”’ both of which are often
required as a part of qualifying exam problems.
While initially we felt it was important to prac-
tice such skills to be prepared for these types of
questions, we subsequently realized that sub-
stantial knowledge can be gleaned from a
proper sketch, and that improved depth of un-
derstanding can result from analyzing it. Once
a sketch has been produced, questions concern-
ing limiting cases and points of interest (such
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as equilibria) are readily tractable. By using
graphical representations, peer-led instruction,
and a variety of other methods, we continually
refocus students' attention on their method of
approach to solving problems.

The scope of the exam

A key feature of our course is the highly fo-
cused nature with which we present the mate-
rial. During our own exam preparation, we
spent a great deal of time determining what
types of questions are commonly asked in or-
der to improve the efficiency of our studying.
To specialize our course, (and to save our stu-
dents from unnecessarily investing similar
time) we meticulously cataloged and analyzed
the most common topics and problem-solving
methods that have been used in previous years
of the exam; we hence determined which top-
ics should be covered, and in which order. We
also provided our students with a detailed in-
ventory of all 26 years worth of old exam prob-
lems. Sorted primarily by topic, this resource
allows students who are looking to practice, for
instance, boundary value problems, to instantly
locate 19 previously asked qualifying exam
questions.

Language

A few weeks into the first summer of teaching
the course, we become aware that, at times,
students were misinterpreting portions of the
questions. This was sometimes as simple as
clarifying the distinctions among scientific
words (e.g., constant, uniform, invariant). Oc-
casionally confusion also arose when students
were trying to interpret the instructions in the
question, such as the difference between
“Write down ...”, “Determine...”, and “De-
rive...”. Students, particularly those who re-
ceived undergraduate educations outside the
United States, also had difficulties narrowing
the scope of particular problems. When dis-

cussing problems, Continued on page 12
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we therefore make a pointed effort to address
precisely what each question is asking and
what is required for the solution. While this
may seem trivial to some, considering the
timed nature of the exam it is important to fo-
cus students on doing the work that will yield
the most points. As one student remarked after
taking our course, “As a foreign student, lan-
guage is always a barrier... I need to be famil-
iar with the way they ask questions.”

Additional resources

We also highly recommend the series of books
titled “Major American Universities Ph. D.
Qualifying Questions and Solutions” (1998)°
as another resource for problems at the appro-
priate level. A set of these books was pur-
chased by the department and is on reserve for
the students. All other resources are made
available to the students online", and recently
the school produced CDs that contained all of
our course material, including PowerPoint®
files, the question inventory, and every qualify-
ing exam with its solutions in electronic format
going back to 1979.

"URL:http://www.public.iastate.edu/~wmchris/qual
-html

ii1) Note that the data presented in this sec-
tion were only given to the authors in
summary form in order to protect the con-
fidentiality of the results for those who
took the exams.
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Data

This past August, 37 Ph.D. hopefuls took at
least some portion of the qualifying exam. Of
these students, 17 were new arrivals at ISU
and, as such, had limited opportunities to at-
tend our summer preparatory course. Typi-
cally, these students have little to no chance of
passing the exam anyway, so we have removed
them from our data set. Furthermore, due to
the recent change in the passing requirements,
five students taking the exam only had to pass
one portion of the exam (all five did pass). By
also removing those five students from our
data, we are left with 15 students, eight of
whom regularly attended our course. To at-
tempt to assess the effectiveness of our course,
we have analyzed the performance of those 15
students.™

Continued on page 13
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O Regular Attendees (N = 8)

m Non-Attendees (N = 7)

Number of students
w

Passed 1 or More

Passed Both Failed

Figure 1. Student Qualifying Exam Performance

As shown in figure 1, five of the eight students
who attended class regularly passed at least
one of the exams, while only two out of seven
non-attendees passed. Although a higher per-
centage of our attendees passed, it was not ob-
vious whether this was as a result of having at-
tended our course, or if the students who at-

tended our course were already better prepared.

In an attempt to shed additional light on this is-
sue, we obtained the average scores that these
two groups achieved on the GRE Quantitative

and GRE Physics Exams which they took prior
to entering graduate school. These data, shown
in figure 2, suggests that our attendees were
unlikely to have had any type of pre-instruction
advantage. Given this very small sample of
students, it is impossible to claim any statisti-
cal significance with these findings. However,
we believe that these data suggest that our
course is successfully fulfilling its goal, that is,
to enable students to pass the qualifying exam.

Continued on page 14
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@ Regular Attendees (N = 8)
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Figure 2. Average GRE Quantitative and Physics Percentiles

Conclusions

We have developed a summer-long course
whose goal is to prepare graduate students for
the comprehensive written qualifying examina-
tion that is administered at [owa State Univer-
sity. This course is taught using pedagogical
methods from Physics Education Research that
have been proven to be effective at the intro-
ductory level, with a particular emphasis on ac-
tive learning and peer-led instruction. We also
teach efficient studying techniques and stress
their importance in order to drastically improve
our students’ chances of passing the exam in a
matter of mere weeks. Data are presented
which suggest that this course is indeed effec-
tive. We believe that this course could effec-
tively serve as a model, both for qualifying
exam preparation at other universities and for

GRE exam preparation for advanced under-
graduates.
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Graduating Educated Graduate Students

Edward Price and Noah Finkelstein

Academia appears to do a remarkable job at
producing the next generation of research fac-
ulty. The long-anticipated shortage of well-
qualified researchers has not appeared’. At the
same time, while there are calls to reform edu-
cational practices in college and university
classrooms, we are not broadly preparing our
future faculty to develop or implement these
now well-understood research-based educa-
tional practices.

The relative emphasis of research and teaching
in the preparation of future physicists is symp-
tomatic of the asymmetry between research
and teaching in the practice of current physi-
cists, in the attitudes and beliefs of physicists,
and in the hiring and promotion practices at the
most prestigious physics departments. The
physics community at-large considers teaching
and research to be separate endeavors: the gen-

eration of new understanding (research)
Continued on page 16
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and the transmission of old understanding
(teaching). In this view, the practice of teach-
ing and research share little more than physics
content and do not inform one another. In con-
trast, recent efforts in physics education sug-
gest an alternate characterization of teaching
(or learning); learning is the generation of un-
derstanding that is new to the student. In this
view, teaching and research complement, sup-
port, and enrich one another. Furthermore, by
taking teaching and learning as the focus of
scholarly activity, we place teaching and re-
search on equal footing. Extending this point
of view, we propose a vision of the profession
where education is part of the core conception
of being a physicist, and we focus on graduate
school as a critical experience in the prepara-
tion of future physicists. Graduate education is
a key point of leverage as we attempt to inte-
grate teaching and education research into the
broader physics culture.

During graduate school, physicists engage in
authentic research experiences, but most often
there is no corresponding apprenticeship re-
garding teaching and learning™*. By definition,
graduate preparation occurs in an institutional
context of Ph.D. granting universities. This
context informs the goals and practices of
graduate students and faculty, but our tradi-
tional preparation may be a mismatch for
graduates bound for institutional settings with
other goals and practices. We do not dispute
the need for institutions that emphasize re-
search, but wish to emphasize that the minority
of graduate students become faculty at institu-
tions similar to those in which they were
trained” *°. Such a focused emphasis on re-
search to the exclusion of other professional
characteristics has consequences for the entire
physics community. By extending the focus of
physics graduate school to include structured
attention to education, we may begin to give
education greater prominence and validate
education research and reform in physics, by
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physicists. In this way, we can begin to shift
the culture of physics to include education in
the core practice of physicists.

Relatively recent efforts have started to attend
to the development of graduate students more
broadly — to support their development as edu-
cators and professionals in physics — and to
support the development of the growing field
of physics education research (PER). While
there are many excellent model programs
which support the development of graduate
students, as TAs, as professional actors within
physics, and in PER, we examine two pro-
grams as University of Colorado and Univer-
sity of California, which are designed to couple
and to address each of these graduate roles.

Preparing Future Physics Faculty

In 1998, the American Association of Physics
Teachers (AAPT) funded Preparing Future
Physics Faculty (PFPF), a graduate program
designed to augment traditional training in re-
search. PFPF was a discipline-specific version
of Preparing Future Faculty, a program initi-
ated by the Council of Graduate Schools and
the Association of American Colleges and
Universities’. PFPF and PFF were responses to
calls for increased emphasis on preparation in
the areas of teaching and professional devel-
opment by the Association of American Uni-
versities and the National Academy of Sci-
ences™ . The University of California, San
Diego was one of the sites chosen for a PFPF
program. One of the authors [NF] was in-
volved with establishing the program; the other
[EP] is a former participant and director. The
program ran with external support until 2000,
and has since continued with the support of the
physics department and UCSD’s campus-wide

Center for Teaching Development.
Continued on page 17
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Initially, the PFF/PFPF program was intended

to reshape graduate preparation to "produce

students who are well prepared to meet the
needs of institutions that hire new faculty" by
including an emphasis on teaching and profes-
sional development’. Over the eight years of its
existence, the UCSD instantiation of the pro-
gram has undergone substantial changes and
evolved to address four goals:

e Preparing graduate students for their future
responsibilities as educators by promoting
awareness and understanding of PER;

e Raising awareness of differences in the
needs and opportunities at different aca-
demic institutions (i.e., community col-
leges, bachelor’s granting institutions, and
regional and research universities);

e Providing physics graduate students with
professional and career development in ar-
eas such as conducting a job search and
writing grant proposals;

e (Creating an environment where physics
graduate students discuss issues in the
physics community.

Graduate students participating in PFPF attend
weekly (or bi-weekly) seminars on topics relat-
ing to the goals discussed above. In addition to
weekly seminars, graduate students are en-
couraged to participate in a range of practice-
based activities: researching, developing cur-
ricula, and teaching. Research projects include
graduate students engaging in PER-based stud-
ies of local practice (such as examining in-
structor beliefs about teaching). Curricular de-
velopment often takes the form of graduate
students appropriating PER-based activities
and adopting them for local practice — for ex-
ample, graduate students have augmented the
complement of Interactive Lecture Demonstra-
tions'® (ILDs) running in the introductory se-
quence by building an RC circuit ILD (and
testing its effectiveness in the algebra-based
course). Finally, teaching practice is heavily
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a single topic to the rest of the PFPF seminar).
Subsequently, students engage in observations
and guest lectures in local introductory courses
and at partner institutions (community and
teaching colleges). Ultimately, several students
have become instructors- of- record, taking re-
sponsibility for designing and implementing a
full term class at these partner institutions. All
of these activities are supervised both locally
by the PFPF supervisors and at the host institu-
tions by practicing faculty. These activities
ground the seminar discussions in practical ex-
perience, making both more meaningful. The
scope of engagement (ranging from guest lec-
turing to teaching a course as instructor-of-
record) depends on the participant’s interests
and constraints. Guest lecturing is valuable ex-
perience with a small time commitment. On
the other hand, teaching a course provides a
more comprehensive experience but is a de-
manding undertaking. Our most successful par-
ticipant activities combine the best of both ap-
proaches by including a group planning com-
ponent and a modular workload. By involving
multiple participants, these programs achieve a
significant impact, yet require only modest ef-
fort from individual graduate students.

The program's tiered-participation model has
been remarkably robust through several
changes in program leadership. We attribute
this to three essential features: the involvement
of a program organizer, sustained graduate stu-
dent interest in the issues addressed by the
program, and a flexible format that allows the
program to reflect the participants' and organ-
izer's interests. Except for modest funding, of-
ficial administrative support has not been es-
sential, and in fact has lagged behind the bot-
tom-up support for the program. (Three years
ago, participation in the program was officially
recognized as fulfilling the departmental teach-
ing requirement; this year, for the first time,
the department officially recognized the organ-

izer's effort by granting teaching relief.)
Continued on pagel 8
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Following the initial framework developed at
UCSD, NF implemented a PFPF program two
years ago at the University of Colorado.” The
model's central framing — voluntary participa-
tion of graduate students in tiered levels of par-
ticipation — has remained the same. More on
the UCSD program can be found at
http://www.ctd.ucsd.edu/programs/pfpf/ and
the CU program at http://per.colorado.edu/pfpf

Teaching and Learning Physics.

Complementing the PFPF program is another
model for incorporating educational issues in
graduate preparation — a course in teaching and
learning physics that provides an intensive fo-
cus on physics education and physics educa-
tion research. Intended for graduate students
more focused on the study of education, the
course is formalized institutionally through
course credit; in contrast, the PFPF program
exists as a voluntary activity with little institu-
tional reward for graduate students. Initially
developed in 1998 at UCSD and subsequently
implemented in 2003 at CU, the physics course
Teaching and Learning Physics is structured
around three central components: study of
pedagogical issues (cognitive, psychological,
educational), study of physics content, and
practical experience teaching in the community
(both in local community and within the Uni-
versity). Each of these course components
complements the others by providing a differ-
ing perspective on the same area of inquiry.
For example, the same week that students read
studies documenting individuals' difficulties
with the electric field, the students study the
concept itself, and teach it to others. This
model has been demonstrated to increase stu

3 It is worth noting that of the four original sites,
two (University of Arkansas and UCSD) have oper-
ated continuously, and a third (University of Colo-
rado) was restarted after a hiatus.
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dent mastery of physics, proficiency at teach-
ing, and the likelihood that students engage in
future teaching experiences''. This course at-
tracts students to physics from all demographic
backgrounds, increases the number of physics
majors enrolling in teacher education, and
builds strong and sustainable ties between the
university and community partners.

Particularly relevant, the course on teaching
and learning physics engages students in re-
search activities throughout — applying tools of
science to education. Student projects in the
course allow them to view the practices of
education, teaching and learning as scholarly
pursuits. The resultant projects have spanned
from developing after-school programs that in-
crease younger students' interest and acuity in
physics, to programs that study the role of gen-
der in the classroom. Several of these projects
have led to published work'> >, while others
have led to the creation of community partner-
ships that would not have otherwise existed
(such as the CU STOMP program or UCSD's
Fleet University). Other student research and
teaching efforts have been instrumental in the
implementation of educational reforms spurred
by faculty at the university. For example, at
CU, in order to implement Tutorials in Intro-
ductory Physics"* in our undergraduate
courses, we required an increased teacher: stu-
dent ratio. Students from the course on teach-
ing and learning physics provided critical hu-
man resources, while the Tutorials provided
real world examples of educational reforms
that graduate students could study. Each of
these activities provides students the opportu-
nity to engage in authentic educational prac-
tices, while also sending the message that these
activities are part of a physicist's pursuits.

Continued on page 19
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Outcomes and Discussion:

In the broadest sense, PFPF and Teaching and
Learning Physics represent attempts to address,
through graduate preparation, the asymmetry
between teaching and research by more fully
including education in the core practice of
physicists. While it should be clear that affect-
ing students’ choices and preparation is a long-
term endeavor, we may assess the preliminary
impact of these programs. First, it is worth
considering whether students choose to partici-
pate in these voluntary programs. In the gradu-
ate program, participation has increased since
its inception; starting with fewer than ten stu-
dents, the UCSD program now regularly sup-
ports twenty to twenty-five students. Over the
five to six year period of graduate studies, a
student is about as likely to participate in PFPF
as not. In the CU version of PFPF, average at-
tendance is roughly thirty graduate students
and over 100 individuals have participated. In
the course, Teaching and Learning Physics, ten
to fifteen students have participated annually
since its inception at UCSD, and in its first of-
fering at CU, 23 students enrolled. Graduate
students are clearly interested in engaging the
issues addressed in these programs, and there
are few other outlets for this interest’.

As measured by surveys of the participants,
each of these programs has been successful at
building bridges between physics and educa-
tion, and infusing physics education research
into traditional practices in physics. We have
surveyed PFPF participants on their attitudes
about the importance of teaching and what they
have learned from the program'”. While 18%
feel education it valued by the physics research
community, 94% of PFPF participants plan on
incorporating the results of PER in their own
teaching. Furthermore, former participants who
are now teaching report following through on
these intentions. Students enrolled in the
course on teaching and learning physics report
it to be among their most favored and useful
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courses. Evaluation of student understanding
of education reveal a shift from the more
transmissionist perspectives to a more progres-
sive, constructivist perspective''. The course
model has been employed elsewhere, and col-
leagues have conducted versions of this course
at five different research institutions.

Implementing these programs requires little
more than a motivated, capable person and
modest institutional support; considering the
impact, both programs are relatively easy to
implement. They are independent and modular,
but seemingly at their best when the programs
form a mutually-supportive continuum of in-
creasing level of engagement, allowing stu-
dents to participate at a level they find appro-
priate. Interactions between the programs lead
to benefits for both; for instance, PFPF creates
a pool of students interested in further study,
while Teaching and Learning Physics creates
'expert’ participants that enrich PFPF discus-
sions and activities. Institutional support is en-
sured by broad student interest, the value of the
programs' "products” (curriculum develop-
ment, instructional reform), and the benefits to
the graduate participants.

Conclusion

We have described two activities designed to
broaden physics graduate students' conception
of and preparation for their profession by fo-
cusing on education and education research.
These efforts are part of a broader goal of in-
cluding education as an essential part of what it
means to "be a physicist". Our experience sug-
gests that through participation in these pro-
grams, graduate students come to value educa-
tion more deeply as a core practice of physi-
cists. More broadly, these programs can lead to
similar shifts in local culture. While it is not
certain that these shifts will be sustained, by
creating layered and complementary programs

these changes are more robust.
Continued on page 20
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Though many graduate program reforms have
the intent of changing the preparation of
graduate students in order to support the
changing job market, it may turn out that
graduate students involved in the programs de-
scribed above will change the nature of the
discipline.
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A course on integrated approaches in physics education

Michael C. Wittmann and John R. Thompson

Abstract

We describe a course designed to teach future educators the different elements of physics education
research (PER), including: research into student learning, content knowledge from the perspective of
how it is learned, and reform-based curricula together with evidence of their effectiveness. Course
format includes equal parts of studying physics through proven curricula and discussion of research

results in the context of the PER literature.
PACS: 01.40Fk

Introduction

With the growth of physics education research
(PER) as a research field [1,2] and the ongo-
ing desire to improve teaching of introductory
physics courses using reform-based approaches
[3], there has been an opportunity to move be-
yond an apprenticeship model of learning
about PER toward a course-driven structure.
At the University of Maine, as part of our Mas-
ter of Science in Teaching program, we have
developed and taught two courses in “Inte-
grated Approaches in Physics Education.”
These are designed to teach physics content,
PER methods, and results of investigations into
student learning.

Course materials were inspired by conversa-
tions in 1999 and 2000 with Noah Finkelstein
(now at University of Colorado in Boulder).
Materials development was led by Michael
Wittmann, with assistance from Dewey
Dykstra (Boise State University), Nicole Gil-
lespie (now at the Knowles Science Teaching
Foundation), Rachel Scherr (University of
Maryland), and John Thompson, who later
joined the University of Maine and has since
modified the materials while teaching the
courses.

The goal of our course is to build a research-
based foundation for future teachers as they
move into teaching. We describe the origins of

the course and the activities that make up a
typical learning cycle. We also give one ex-
ample of student learning in the course, show-
ing the types of reasoning our future teachers
are capable of and how they use research re-
sults to guide their reasoning. We are engaged
in a large study to examine student learning of
PER results, though we do not report exten-
sively on these results in this paper.

Course Goals

Our objectives in designing the Integrated Ap-
proaches course are that practicing and future
teachers will: learn relevant physics content
knowledge at an appropriately deep level, be-
come familiar with “best practices” research-
based instructional materials, and gain insight
into how students think about physics through
education research into student learning and
curriculum effectiveness.

The goals of our course are consistent with
those of the Master of Science in Teaching
(MST) program sponsored by the University of
Maine Center for Science and Mathematics
Education Research. We wish for participants
to learn content in courses taught using re-
search-guided pedagogy and curricula, includ-
ing hands-on, inquiry-based methods. We of-
fer courses that integrate content and methods

learning.
Continued on page 22
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By taking such courses, students learn how to
design and conduct science and math education
research and are better able to interpret to the
results of this kind of research to benefit their
target population. They apply these ideas
when carrying out their own discipline-specific
education research projects as part of their
master’s thesis work.

The course exists under several constraints due
to the population targeted for the MST pro-
gram. We have designed the course to be rele-
vant to in-service physics teachers wanting ei-
ther a deeper understanding of the physics con-
tent they are teaching, experience and exposure
to physics education research, or research-
based pedagogical tools. Many from this
population are teaching “out of field,” and
have little physics background. Many of our
MST students are transitioning from careers in
science or engineering into careers in educa-
tion, and have little pedagogical content
knowledge (which we use to mean knowledge
about how to represent the content appropriate
to teaching) [4]. However, the course is also
taken by second- or third-year physics graduate
students who are doing PER for their Ph.D.
work or wishing to improve their teaching
skills as they prepare for careers in academia.
This population typically has not taught out-
side of teaching assistantships in college
courses. Finally, we have many MST students
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from other science and mathematics fields. As
a result, there is a great variety in physics
pedagogical content knowledge among our
students. The differences in these populations
have led to interesting discussions which illus-
trate the importance of both physics and peda-
gogical content knowledge for a complete un-
derstanding of PER results and implementa-
tions, as well as a deeper understanding of stu-
dent learning in physics.

Course Design

The Integrated Approaches courses are 3-credit
graduate courses that meet twice a week for a
total of 150 minutes. We teach content knowl-
edge, education research results, and research
methods using a three-tiered structure. Class
time is spent approximately equally on each of
the three elements of the course. A research
and development project is carried out in paral-
lel, primarily outside of class time.

We split each course into content-based units
in which we discuss leading curricula, the re-
search literature related to that material, and
emphasize one or two education research
methods. The fall and spring semester instruc-
tional units are presented in tables 1 and 2. In
addition to the primary curricula listed in the
tables, we also discuss curricula and instruc-
tional strategies such as Just-in-Time Teaching
[22] and Physlets [23]. The two courses are
designed to be independent of each other.

Continued on page 23
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Physics content

Curriculum emphasized

Research method

Electric circuits

Tutorials in Introductory
Physics[5] and materials from
Gutwill et al.[6]

Analysis of free response pre-
and post-test responses|7,8]

Kinematics

Activity-Based Tutori-
als[9.10], RealTime Phys-
ics[11], and Powerful Ideas in
Physical Science[12]

Free response questions, mul-
tiple-choice surveys (TUG-
K[13] and FMCEJ[16])

Forces and New-
ton’s Laws

Tutorials in Introductory
Physics[5] and UMaryland
“epistemological tutori-

als ’[14]

Multiple-choice surveys
(FCI[15] and FMCEJ16])

TABLE 1: First semester instructional units.

Physics content

Curriculum emphasized

Research method

Wave physics
and sound

Activity-Based Tutorials
[9,10] and Physics by Inquiry
(in development)

Student interviews [17], com-
paring multiple-choice to free
response questions [18]

Work-energy and
impulse-momentum

Tutorials in Introductory
Physics [5]

Student interviews [19], com-
paring multiple-choice to free
response questions [20]

Heat and tempera-
ture

UC Berkeley lab-tutorials and
Physics by Inquiry [21]

Classroom interactions, re-
search-based curriculum de-
velopment and modification

TABLE 2: Second semester instructional units.
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Having advanced science students work
through conceptually-oriented research-based
materials is a necessary component of many
teaching assistant preparation seminars. By
going through instructional materials, students
focus on conceptual understanding by building
simple models of physical phenomena and
looking to understand the physics that is taught
in a new way. In the process, students with
weak physics strengthen their content, while
those who are stronger see the physics from a
new point of view. Our course benefits the
students even more by having them work
through multiple instructional materials and
subsequently participate in classroom discus-

sions comparing the pros and cons of different
curricula. These discussions can be very help-
ful in teaching physics content and pedagogi-
cal content knowledge. For example, when
first presenting Newton’s Second Law, Real-
Time Physics [11] uses dynamic situations with
a single horizontal force while Tutorials in In-
troductory Physics [5] uses static situations
with many forces acting at once.

Curriculum discussions are guided by educa-
tion research results on a given topic. Students
read papers on student learning of a given

physics topic, evaluation of a given curriculum
Continued on page 24
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(in best cases, the one we are using to teach
content knowledge at the time), and ways in
which different models of student reasoning af-
fect curriculum design by researchers and de-
velopers. Because we choose papers directly
connected to the curricula we are studying,
students can gain deeper insight into the origin
of the instructional materials and the specific
issues that curriculum developers were hoping
to address. Because developers typically use
results beyond their own work, we have a rich
collection of literature to reach back to. We
usually assign influential and well-known pa-
pers in PER, typically found in the 1998 AJP
Resource Letter in PER [24] or more recent re-
sults as outlined in the Forum Fall 2005 News-
letter article [2]. We also include relevant pre-
prints or drafts of papers associated with ongo-
ing research as a way of promoting the idea of
PER as an active, growing, dynamic field.

Research methods are introduced by readings
from the PER literature, and students learn re-
search skills by carrying out research projects
in the course. Skills for developing research
tools such as written questions, surveys, and
interviews are developed during class time.
Students also spend class time practicing data
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analysis. For example, we introduce students
to the process of analyzing written free-
response questions by having them categorize
20 anonymous student responses to the “5
bulbs” question [7,8,25] (see Figure 1) — before
reading the research results on this question.
We have found that students unfamiliar with
the well known PER results will give wildly
varying (though meaningful, each in their own
way) interpretations of the data. By listening
to each other’s methods, comparing their work
to the literature, and discussing their interpreta-
tions, students develop a better sense of the
purpose and possibilities of research. Similar
activities are carried out when analyzing the
Force and Motion Concept Evaluation [13] or
the Test of Understanding Graphing — Kine-
matics [10]. Students are given data tables
with student responses and asked to build
models of student reasoning about specific
physics content. Furthermore, we have stu-
dents learn about and practice clinical inter-
view techniques in class before doing their
own interviews in their class-based research
projects. Finally, we have students analyze
video of students working in a classroom situa-
tion. By studying interactions in social groups
without teaching assistants, students can gain a
deeper perspective on learning in all elements
of a course.

o

g— E@)

FIG. 1: “5 bulbs” question. Students must rank the brightness of each bulb.
Correct response for ideal batteries and bulbs: A=D=E>B=C.

A final part of the course is to pull together
physics and pedagogical content knowledge,
understanding of research methodologies,
analysis skills, and research-based curriculum
design into research projects. These research
projects were originally done individually, but
are now done in small groups (2-4 students) as

either large, semester-long, projects or a series
of smaller projects, depending on the semester.
Typically, students carry out one cycle of a re-
search and development process. Building on

a literature review, students design interview

protocols and conduct individual interviews on
Continued on page 25
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a topic, use results to develop free-response
and multiple-choice surveys to get written data,
and analyze data from a relevant population to
gain perspective on student reasoning about a
given topic. Using their results, they must de-
sign a draft set of narrowly focused learning
materials that are appropriate to the data they
have gathered, the literature, and what is
known about learning in physics.

Learning in a Typical Instructional Unit

We outline one instruction unit from Table 1 in
detail, including data on student’s learning of
pedagogical content knowledge in the course.
In the electric circuits unit, we emphasized ma-
terials from the Tutorials in Introductory Phys-
ics [2] while reading papers related to the crea-
tion of the curriculum materials [4,5] and de-
veloping skills in analyzing student written re-
sponses on the associated pretest questions.

Before instruction, students must answer the “5
bulbs” question (Figure 1) and discuss — pre-
dict, one might say — what an “ideal incorrect
student” might answer in a similar situation.
An incorrect student response would match re-
sults from the research literature and be self-
consistent throughout the response (though, of
course, students aren’t always consistent when
giving wrong answers). In addition to content
instruction, students are given a stack of
anonymous student pretest responses to the “5
bulbs” question and asked to categorize student
understanding. They are not given suggestions
on categories and are asked not to read any lit-
erature before undertaking the task. One class
period is spent on discussions of different cate-
gorizations. In three years of instruction with
more than 20 students, we have discussed more
than 15 different kinds of categorizations, with
variations including: single- or double-
counting responses, looking for what students
do right compared to what they do wrong,
tabulating all responses independently of what
model might have driven their reasoning, and
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finding different ways of interpreting incorrect
answers. Not all the categorizations are cor-
rect, as can be imagined with students learning
the material and the method the first time. In
sum, we teach and test whether students them-
selves learn the correct physics concepts and
whether they can predict, analyze, and classify
incorrect reasoning they are likely to encounter
when teaching. (In later parts of the course, we
also ask students to suggest, design, or critique
instructional materials which address typical
incorrect responses.)

Class sizes are typically small (between 6 and
10 students) with roughly 3/4 physics special-
ists and 1/4 in-service teachers. It is often use-
ful to break up data according to the student
background. We present data compiled from
two semesters with a total of 13 students. Of
the 9 physics students, all got the “5 bulbs”
question correct, while only 1 of 4 non-physics
students did. Only 6 of the 13 were asked for
an “ideal incorrect student” response. Answers
given included current being “used up,” a con-
stant current model, or bulbs closer to the bat-
tery being brighter. Notably, students in the
class who were themselves wrong had far less
explicit incorrect answers to give. Unsurpris-
ingly, we regularly find that students without
deep content knowledge in the form of concep-
tual understanding are rarely able to predict in-
correct reasoning they might encounter in a
classroom and do now know how to address it
when they do encounter it.

In a slight modification to the original “5
bulbs” pretest question, Bradley S. Ambrose at
Grand Valley State University has added a
question that asks students to rank the current
through the battery in each of the three circuits
in Figure 1. We have anonymous data from
questions asked using his modifications. The
“current question” was not given to the stu-
dents in our course when they first took the
pretest. Instead, our students were asked to

analyze five anonymous student pretest
Continued on page 26



APS Forum On Education

Continued from page 25

responses to the extended ““5 bulbs” question
on a take-home exam. As part of their re-
sponse, they had to discuss the purpose of the
“current question,” namely what insight the
question gives into student reasoning that was
not already apparent in the original question.
(They also had to analyze student responses to
each question and discuss consistency of stu-
dent responses as part of the take-home test.)

Student responses illustrate the types of learn-
ing we wish them to attain. A biology student
with little background in physics stated:
[The current question] gives insight
into whether or not the students truly
consider the battery as a constant cur-
rent source. The correct ranking of B
and C being equal, but dimmer than A
because current is “shared” might not
fully bring forth the idea of the battery
as a constant current source. This is
shown in the answers of Student 5. ...
Although Student 1 shows a similar idea
in question 1 that the battery is a con-
stant current source and doesn’t state it
explicitly, the answer given to question
2 confirms the model.
Note that the student compares two student re-
sponses to illustrate the value of the question in
giving a more complete interpretation of stu-
dent thinking. A physics student (familiar with
Tutorials but not the unit on circuits) stated:
[The current question] is useful in pry-
ing reasoning from the students. By
asking what is happening at the battery,
it is far easier to elicit a clear “constant
current” model, if that is indeed a
model which the student uses. It also
allows us to discover if a student is
thinking holistically or piece-wise, by
comparing what the student believes is
going on in the battery to ... the rest of
the circuit.
In this response, the difference between holis-
tic or piece-wise analysis of the circuit is
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pointed out. In both examples, we find that
students after instruction are able to carefully
interpret student reasoning in a way that is use-
ful for interpreting curriculum materials and
facilitation of student learning.

We have similar results from all the course
units, in which students who begin the course
with little or no content or pedagogical content
knowledge attain a much deeper insight into
student reasoning (both correct and incorrect)
and how to affect student learning in the class-
room. In each situation, we find that correct
understanding of the physics is necessary be-
fore pedagogical content knowledge can be
applied well.
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Development of a Comprehensive Physics Program at a
non-traditional upper-level undergraduate and graduate

small university

David Garrison

Abstract.

As more students and universities become involved in life-long learning, it will become more important
to develop physics programs which can cater to nontraditional students. We describe the development
of a Physics Master’s degree program at the University of Houston Clear Lake. This is a non-
traditional university which only serves students at the Junior, Senior and Master’s degree levels and
had not previously developed a physics program throughout its thirty-year history. We show how we
were able to establish a graduate physics degree in less than three years using community resources
and effective marketing techniques although no significant university funds were committed towards

the development of this program.
PACS numbers: 01.40.-d,01.40.Fk,01.40.G

Introduction

The University of Houston Clear Lake
(UHCL) is a non-traditional upper-level under-
graduate and graduate university. The univer-
sity was established as a commuter campus for
the University of Houston system, southeast of
Houston near Clear Lake and the Johnson
Space Center (JSC). About half of the univer-
sity’s students take classes part-time. The aver-
age age of undergraduates is thirty years old
while the average age of graduate students is
thirty-two. Beginning in the fall of 2002, we
began the development of the university’s first
physics degree, an M.S. in Physics. The degree
officially began operations in fall of 2004. Cur-
rently, the program teaches approximately
forty to fifty graduate students per semester
and graduated seven majors within its first year
of its operation. Unlike most physics programs,
almost all of our classes are offered in the eve-
nings and a majority of our students work full-
time. Many of these students have backgrounds
in engineering and some hold advanced de-
grees. There is not currently an undergraduate
Physics degree being offered at UHCL.

History

The University of Houston Clear Lake was
founded in 1974 near NASA JSC in Houston
Texas. During the planning stages, it was de-
cided that the university would have no fresh-
men, sophomore or Ph.D. students. Most of the
university’s undergraduates transfer from local
community colleges while many of its master’s
degree students work full-time in the local
aerospace and petroleum industries. As of
2005, the university had yet to employ a pro-
vost or president with a background in science
or engineering. Also, although the University
is located in the heart of Houston’s high-tech
sector, the School of Science and Computer
Engineering is the smallest of the university’s
four schools.

UHCL was originally structured with interdis-
ciplinary divisions as opposed to large aca-
demic departments. The division handles many
of the functions traditionally supported at the
department level. Within these divisions there
are several academic programs.

Continued on page 29
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One of the original programs within the Natu-
ral Science division was the Physical Sciences
program, a precursor to our Physics program.
A major drawback to interdisciplinary pro-
grams, such as Physical Sciences, is that they
do not always allow for advanced specialized
research in a particular discipline or for the hir-
ing of a critical mass of faculty within a spe-
cific discipline. As a result, by 2002, the
Physical Sciences program, which originally
consisted of faculty with backgrounds in Phys-
ics, Astronomy, Environmental Science, Geol-
ogy and Chemistry, was reduced to a single
faculty member whose focus was Planetary
Science.

Many problems existed in the Physical Sci-
ences program in 2002. Several students ap-
plied for the program but never attended
classes. These students were given incentives
at their place of employment for being enrolled
in a technical master’s degree program, but re-
ceived little or no incentive to graduate. Ad-
vanced courses in physics were either not be-
ing taught or were only taught at a very low
level because there was no requirement for
students to take core physics courses. The core
courses were not being taught regularly. There
was very little on-campus research in Physics
or Astronomy. Enrollment was declining and
student satisfaction was low. As a result, the
program was on the verge of either being
closed down or dramatically changed.

Curriculum Development

The first challenge in developing a Physics
program was to find a focus. An online survey
was developed and distributed to potential stu-
dents in the Aerospace and Petrochemical in-
dustries as well as to students at the local
community colleges. Distribution was handled
using a combination of electronic newsletters
and direct contact with human resources per-
sonnel at each institution. The strongest re-
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industry, both potential students and employers
responded. They wanted a program that could
prepare students with engineering backgrounds
for Ph.D. study in Physics, Astronomy or re-
lated areas while at the same time being useful
for broadening the technical backgrounds of
practicing engineers. Because of this response
we decided to forgo development of a Bache-
lors program and start with a Master of Physics
degree. The Physical Sciences M.S. was to be
phased out, as all its resources would be trans-
ferred to the new M.S. in Physics program.
However, the B.S. in Physical Sciences re-
mained and is being retooled to support the
M.S. in Physics. We are currently in the proc-
ess of expanding our undergraduate program to
better serve students who are in need of prepa-
ration to enter the Physics M.S. program.

The most diifficult part of developing the cur-
riculum for this degree was working within the
restrictions of the part-time students. Almost
all classes are taught in the evenings and group
learning is often used to maximize the effec-
tiveness of the students’ time. Using the survey
data, we developed a curriculum consisting of
five core courses: Mathematical Methods in
Physics 1, Classical Mechanics, Quantum Me-
chanics, Electrodynamics and Statistical Me-
chanics & Thermodynamics with advanced ar-
eas of study in Orbital Mechanics, Astronomy,
Plasma Physics and Relativity. The degree
consists of thirty-six credit hours providing a
balance of core courses, advanced courses and
research. Although we included both a thesis
and non-thesis option, the majority of our part-
time students (who make-up over ninety per-
cent of the program’s student body) choose the
non-thesis option. The capstone experience for
the non-thesis option consists of at least one
semester of independent study research and a
Research Project and Seminar class where stu-
dents are taught how to write and publish sci-
entific papers and give oral presentations of

their research. Continued on page 30
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Because of the immediate popularity of this
program among working students, we devel-
oped a Professional Physics concentration fo-
cusing on the training of project managers.
This plan of study uses the physics core to pro-
vide students with the broad technical back-
ground needed by project managers, while the
Systems Engineering and Management pro-
grams provide business and organizational
training. This concentration was developed
thanks to a grant from the Council of Graduate
Schools and the Alfred P. Sloan Foundation
and follows the Professional Science Master’s
(PSM) degree standard.

Building Infrastructure

In order to function as a physics program we
needed three things; students capable of con-
tributing to research, research facilities and re-
search projects. In 2002, very few resources
existed in the Physical Sciences program. As
the curriculum for the physics program was be-
ing developed and approved, we began training
students to participate in research. The money
to buy all the necessary research facilities was
not available, so we had to build and develop
them using freely available resources. External
collaborators were not difficult to find due to
our close proximity to JSC. However, JSC is
primarily an operations center with very little
fundamental physics research. We found that
the best way to stimulate research collabora-
tions and develop project ideas was by using
seminars. This effectively made the UHCL
Physics program a focal point for fundamental
Physics and Space Science related research in
the JSC community. The seminars then lead to
research collaborations and became a powerful
tool for recruiting students.

Recruiting Students

Recruiting students was done through both tra-
ditional and non-traditional means. As part of
the needs assessment survey, respondents en-
tered their email addresses to identify them as
individual respondents. This became the basis
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for an electronic distribution list of information
on the developing physics program. Whenever
the physics faculty gave a seminar or talk, eve-
ryone in attendance give their email address for
inclusion on the list. Over time the list grew to
several hundred people and many of them
eventually became students. We also adver-
tised the program at face-to-face events such as
open houses and educational fairs. We found
that a clear majority of the people who eventu-
ally became students had some direct contact
with our faculty before joining the program.
Eventually, word-of-mouth from graduating or
current students, became just as effective for
recruiting new students. To a lesser extent we
also used websites and print advertisements,
such as brochures and posters. These were not
nearly as effective as the face-to-face recruit-
ing, because potential students in the program
tended to have many questions, which could
only be answered by program faculty. As a re-
sult of this recruiting effort, graduate enroll-
ment in physics and astronomy grew from
around ten to as many as fifty students per long
semester.

Initiating Research

In order to initiate a research program, we had
to develop our on-campus research facilities.
As a Physical Sciences program, we only had
one wet laboratory which was being used for
planetary science research and a teaching lab
which was being shared with the Biological
Sciences program. We needed to build a mod-
ern research laboratory but lacked the financial
resources to do so. In order to do this, we de-
cided to focus all on-campus research in the
program on theoretical and computational
work. The physics program then partnered with
a laboratory at JSC that did experimental
plasma physics and we began planning for the
development of a remote observatory. This was
all done under the assumption that would not
receive additional space or funding from the
university for laboratory development in the

near future. Continued on page 31
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We built a computational physics lab, using the
space formerly occupied by the planetary sci-
ence lab. We utilized retired campus com-
puters, now running Linux, as our primary
computational architecture. We also acquired
two Beowulf clusters, a 12-processor cluster
built by a student and a 96-processor system
donated by the Texas Educational Grid project.

Our part-time students work well in theoretical
and computational research. They appreciate
the flexibility that it gives them to work on re-
search within the constraints of their schedules.
This model also allows us the opportunity to
build a synergistic team of faculty who can
share equipment as well as ideas. Under the
Physical Science program, students were more
likely to do research on their own or with ad-
junct faculty while under the new Physics pro-
gram they tend to work more with full-time
faculty. This has resulted in a major improve-
ment in the quality of the research being per-
formed. Students are beginning to author or co-
author research papers in refereed journals,
something that was unheard of under the
Physical Sciences program.

Discussion

So far the Physics program has been a major
success in terms of enrollment growth, student
satisfaction and research productivity. Al-
though there was no significant initial financial
commitment from the university to help with
the development of the program, there has
been an overall improvement in the quality of
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education. Given that UHCL is a historically
non-technical university with limited financial
resources does not make all this easy. The big-
gest problem the program faces is the lack of
full-time faculty. Although enrollment has
more than doubled and research activity as in-
creased dramatically, we still have only four
FTE faculty and rely very heavily on adjuncts
to teach at all levels. Because of this, we
worked on ways to use adjunct faculty from
JSC and elsewhere to make up for our lack of
full-time faculty. The result was only partially
successful. As a result, we are currently search-
ing for more full-time faculty.
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A Note from the Teacher Preparation Section Editor

Chance Hoellwarth

In the last few issues, we have made the case
that future physics teachers have different
needs than typical physics majors. In the sum-
mer newsletter
(http://www.aps.org/units/fed/newsletters/sum
mer2005/index.html), McDermott, Heron, and
Shaffer made the case that K-12 teachers need
special courses, in addition to their content
courses, that address their special needs. Then
in the fall issue
(http://www.aps.org/units/fed/newsletters/fall2
005/index.html), we heard from four institu-
tions that not only designed special courses for
future teachers, but also designed special pro-
grams for their future teachers. This month I
would like to continue in that vein and share
with you two more programs designed espe-
cially for future physics teachers.

Ed van den Berg will tell us about a teacher
preparation program that he helped develop at
the University of San Carlos (located in the
Philippines), which highlights the fact that

many of the features we heard about last issue
(specially designed programs, recruitment,
etc.) are important and transferable, even to
other countries.

Dan Maclsaac will tell us about alternative cer-
tification, which refers to the re-certification of
teachers from different disciplines and/or peo-
ple making career changes into teaching from
technical fields, and describe the program at
The State University of New York (SUNY)—
Buffalo State College designed especially for
this group. You may not have heard anything
about alternative certification, but the group of
people interested in it have the potential to be-
come new physics teachers At any rate, the
program itself has features that might work at
your institution.

Chance Hoellwarth is Associate Professor of
Physics at California Polytechnic State Uni-
versity (Cal Poly), SanLuis Obispo.
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A Physics Teacher Education Program in the Philippines

Ed van den Berg, Jocelyn Locaylocay and Marilou Gallos

Introduction

Many high-income countries experience great
difficulty in attracting talented young people
into physics teacher education (e.g. Smithers &
Robinson, 2005). The USA and Canada even
recruit science teachers in the Philippines
which itself experiences a serious shortage of
qualified and competent physics teachers. How
can one develop an exemplary physics teacher
education program and attract a critical mass of
students? The Philippine program described
below increased its enrollment from 1 to 30
students per year and provides some answers to
this question.

The Philippines is an island archipelago with
84 million inhabitants in SE Asia. It was a
Spanish colony for about 350 years and then an
American colony until 1946. The US estab-
lished an education system for all, which was
functioning quite well at the time of independ-
ence (1946) but has declined in quality since
(Philippine Congress, 1993; TIMSS, 1999).

The Philippine High School covers grades 7 -
10. The science curriculum consists of General
Science (mostly Earth Science plus some Phys-
ics) in grade 7, Biology in grade 8, Chemistry
in grade 9, and Physics in grade 10. Higher
Education starts after grade 10 instead of grade
12. Nationwide only 8% of the Physics teach-
ers majored in Physics and about 20% of the
Chemistry teachers majored in Chemistry. The
other Physics and Chemistry teachers majored
in subjects such as Mathematics, English, So-
cial Science and Physical Education, and are
forced to teach Physics or Chemistry. Even
General Science teachers are often poorly pre-
pared to teach Physics, as non-physicists often
teach college level physics. As a result much
High School physics teaching is superficial,
memory oriented, frequently erroneous, inef-

fective and boring (Berg et al, 1998; Somerset
et al, 1999).

Few universities offer a major in Physics or
Chemistry teacher education because they lack
laboratory facilities and qualified instructors.
Most universities, which do have teacher edu-
cation courses, have enrollments in the single
digits. Thus Physics pre-service students enroll
in whichever physics courses are offered (usu-
ally engineering physics) and then take teach-
ing methods courses together with students of
other subjects such as English, Social Studies,
and Mathematics.

Through a cooperation program with the Free
University (Amsterdam), financed by the Neth-
erlands' Government, The University of San
Carlos (USC, Cebu City, Philippines) invested
in science teacher education. A deliberate
choice was made to focus on pre-service
teacher education and on recruiting a critical
mass of 30 students per year. World-wide ex-
perience shows that several weeks of in-service
teacher education does not lead to major im-
provements in teaching, particularly if the main
problem of teachers is weak subject matter
knowledge. Science concepts take years to de-
velop, just like trees. The key issues identified
in developing viable pre-service programs
were: a) promotion and recruitment of stu-
dents; b) the development of special science
courses for prospective teachers; c) the devel-
opment of science education courses which are
subject specific; and d) support graduates in
their first years of teaching and professional
development.

Continued on page 34
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Promotion and recruitment

The first step in producing better teachers is to
attract top students for pre-service program.
Every year we run a massive promotion cam-
paign. Lecturers visits High Schools with a
show of Physics and Chemistry experiments.
Philippine students take great interest in the
shows and it is easy to maintain attention of
100 - 200 students. Schools near the university
are invited to semi-annual science exhibitions
put on by pre-service students. The shows and
the exhibitions do stimulate student interest
and many take the selection test (500 - 800 an-
nually). Only 10% pass and are interviewed.
Of these, about half enroll making for an an-
nual admission of about 30 students. The typi-
cal enrollment before the project was about 1
student per year.

Many students initially want to become engi-
neers, lawyers or accountants, not teachers.
They enter the program because of the scholar-
ships and the possibility to go to the best uni-
versity in the province rather than a 2™ or 3™
rate one. Through the block sections in Physics
and Physics Education courses, the group at-
mospheres, and the inspiring dedication of lec-
turers, most students eventually commit them-
selves to a teaching career.

Science courses: Making science and
mathematics interesting

Once you have top students, you have to keep
them by offering an attractive program. This
matches neatly with our first priority for im-
proving Philippine science and mathematics
teaching: to make lessons more interesting.

Seventy percent of the Physics and Chemistry
teachers in our region are teaching more than
one subject, so we opted for a Physics-
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Chemistry and a Physics-Mathematics teacher
education program. The Physics is offered in
one block section for the two programs to-
gether, while Chemistry and Mathematics are
taken together with the BSc in these respective
subjects so that class size is still about 30. An
added advantage of the teacher education dou-
ble science major is that the total number of
required credits in science courses remains be-
low a BSc program such as BSc Physics, so
prospective teachers cannot apply for industry
jobs. Many science experts will consider this a
“questionable” advantage, however we devel-
oped a Masters program for the alumni that in-
cludes more physics content (see below).

Science teacher education students will teach
the way they were taught in science courses,
not how they were told to teach in science
methods courses. That is why the science
courses are more crucial as teacher prepara-
tion than the methods courses: the science
courses should be exemplary for the future
teachers. They should have a stronger concep-
tual emphasis (McDermott, 1990). All science
courses try to model teaching methods, which
are possible and interesting, yet currently un-
usual, in the crowded and resource-poor Phil-
ippine High Schools. This has necessitated ex-
tensive redesigning of existing courses and in-
class coaching of lecturers through team teach-
ing.

The program starts with one semester of phys-
ics based on Hewitt's Conceptual Physics
(1998) and in the spirit of that book presents
many everyday examples of physics, exciting
demonstrations, activities, and lots of reason-
ing. Students find it interesting and frequently
read chapters other than the ones being taught.
Laboratory work and theory are integrated in
1 and 2" semester. In the second and third
semester an Algebra-based Physics text is used

but we frequently use questions and readings
Continued on page 35
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from Conceptual Physics as well. In the fourth
semester we switch to calculus based Univer-
sity Physics of Freedman and Young (1996).
All these books are available in low-priced
Philippine black & white editions. Although
simple experiments with everyday objects are
much emphasized, students also learn to work
with modern science equipment and computer-
based experiments. The Departments of Chem-
istry and Mathematics assign their best lectur-
ers to the program and offer varied courses as
well. Throughout exciting demonstrations,
non-cookbook laboratory activities, and small
research projects keep students stimulated and
interested. Most science courses emphasize
linking of science concepts with everyday phe-
nomena. Instead of an abstract and deductive
introduction of concepts, many lecturers try
(and were trained) to introduce new concepts
inductively through experiments, demonstra-
tions, examples, and visualizations.

Pedagogical content knowledge, the heart of
the matter

A series of four courses taught by Physics and
Chemistry faculty provides a subject-specific
introduction to teaching Science. A first course
emphasizes interactive presentations and dem-
onstrations and culminates in a small exhibi-
tion of science experiments to train demonstra-
tion and explanation skills. A second course
focuses on selection and preparation of lesson
materials, includes a first school teaching ex-
perience, and culminates in a large exhibition
and science show. The first batch of students
initiated a science theater tradition. Since then
students in this course write and perform a play
as well with a plot that involves many science
experiments. The enthusiastic reactions of au-
diences reinforce the motivation of the pro-
spective teachers. A third course is on Alterna-
tive Conceptions in Physics and Remediation
and focuses on typical learning problems in the
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different branches of physics including diag-
nostic assessment and teacher feedback. The
fourth course is on Assessment in Science,
which amongst others provides an opportunity
to revisit the nasty scientific details in school
science. Throughout emphasis is on teaching
methods, which are realistic in Philippine High
Schools: 50 - 70 students per class, heat, noise,
and lack of textbooks and of laboratory equip-
ment. This means interactive plenary demon-
strations (Liem, 1987) combined with individ-
ual and small group work during the lessons
rather than lecturing and dictation, which are
so common (Berg et al, 1998). In these 4
courses physics gets a lot more attention than
chemistry and mathematics. Therefore there is
still a specialized Chemistry Education course
(for PC majors) and two Mathematics Educa-
tion courses (for PM majors). In the final year
there is one semester of full-time student teach-
ing split in two 8-week periods, each at a dif-
ferent schools In spite of model lessons in their
science courses and emphasis on interactive
and creative subject-specific methods, many
students initially revert to the boring and inef-
fective teaching they experienced in their own
high school before. Through intensive guid-
ance from their university supervisors (science
lecturers) students improve and develop
quickly.

Placement and aftercare

All graduates are required to teach for at least 4
years in Philippine schools. During that time
they cannot obtain a passport. Our Dean works
closely with the Regional Education Office and
with public and private schools in order to
place students in High Schools and if possible
in pairs so they can assist each other during the
difficult first years of teaching. Our first batch
established a good name and since then alumni

have been much in demand.
Continued on page 36
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The most critical period for the development of
teachers' classroom practice is the first two
years after graduation (Eraut, 2000) when they
learn classroom management skills and gain
mastery of the basics of teaching. We try to
support them through occasional alumni meet-
ings and extensive networking between
alumni. Only after the first years can new
teachers start applying the varied teaching
strategies and skills they learned in their pre-
service program. However, many may tend to
adopt the more traditional teaching practices of
senior colleagues, and assume that the new
methodologies, which did not work for them in
the first year of teaching, will never work.
Therefore within two years, new teachers
might benefit from a professional development
program. A concrete method of sustaining
long-term professional development in a pri-
vate university is through a Masters program
where expenses are covered by tuition. There
was a Masters program but it suffered from
poor quality control. The Masters program was
revamped, better tailored to the needs of teach-
ers, and designed to include a no-thesis option.
Enrollment immediately increased. In 2004
about 40 of the then 139 alumni were enrolled.
Many alumni are eager to advance their cre-
dentials before starting families. The science
component of the Masters program requires a
BSc or beyond level in several courses.

Support and faculty development

The following forms of outside support have
been received during the development of the
program: The Philippine Department of Sci-
ence and Technology (DOST) donated science
equipment, student scholarships, and faculty
scholarships. The Philippine Commission on
Higher Education has provided student schol-
arships. The University of San Carlos provided
a new building and laboratories. The Dutch
Government through the Free University pro-
vided funds for equipment and facilities, a |
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long-term consultant (6% years for physics
education and 2 years for mathematics educa-
tion), short-term consultants, and short courses
for faculty.

Faculty development in the project was fo-
cused on gaining knowledge of typical Philip-
pine classroom conditions, on developing
pedagogic content knowledge, and on coaching
lecturers to improve teaching. This was ac-
complished through Masters and PhD studies
with research closely linked to the develop-
ment of courses and teaching strategies for the
science courses for teacher education, through
team teaching in physics and physics education
courses, and through joint course development.
One Physics lecturer trained for 6 months with
Fred Goldberg in San Diego and then imple-
mented a Constructing Physics Understanding
optics unit with extensive monitoring of con-
ceptual development of individual students
(Rosaroso & Berg, 2003). Teacher education
students vividly remembered the intensive rea-
soning about concepts two years after the ex-
perience.

Copying the Experience

The promotion and recruitment campaigns
would do well in low-income countries as for
many students the scholarship is the only way
of continuing their studies. In high-income
countries it may not work, as there are many
other ways of getting into more attractive and
high status studies. However, just like in the
Philippines, high-income countries have to in-
vest heavily in promotion and recruitment and
once a program is running, its students can take
part in this. The important message is that one
should strive for a critical number (20 — 30 per
year) of students and thus concentrate physics
teacher education programs at only a few uni-
versities per country. In that way one can cre-
ate the needed special physics and physics edu-

cation courses. Continued on page 37
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Alternatively different institutions with small
numbers of physics teacher education students
could cooperate and organize a joint intensive
summer program which emphasizes physics
pedagogy and teaching ideas. A large invest-
ment in one program is better than spreading
investment over many programs with sub-
critical mass. In the US one might want to fo-
cus recruitment on freshmen and sophomores
rather than on High School students.
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A New Model Alternative Certification Program For High

School Physics Teachers

Dan Maclsaac, Joe Zawicki, Kathleen Falconer, David Henry and Dewayne Beery

We describe the development and deployment
of a model graduate level alternative certifica-
tion program for physics teachers at SUNY-
Buffalo State College. The Masters of Science
Education (Physics with NYSED Transitional
B Certification) program accommodates sci-
ence and engineering professionals with ap-
propriate bachelors degrees who wish to
change career paths into physics teaching. The
alternative certification program is distinctive
in that candidates minimize their income dis-
ruption and bypass student teaching through an
intensive full time Spring-Summer introduc-
tory component leading to NYSED Transi-
tional B Certification, followed by paid, men-
tored teaching employment and evening
coursework for two calendar years. This alter-
native certification program is made possible
through intensive physics teachers' summer
academy courses, supplemented by regular
semester evening course and online offerings.
Courses are shared with a second new program
- the Masters of Science Education (Physics),
which serves already certified science teachers
(usually in subjects other than physics) who
wish to obtain a master's degree for permanent
teacher certification and usually teacher certifi-
cation in a second discipline -- physics.

Alternative Teacher Certification

Alternative certification refers to a teacher cer-
tification program that differs from standard
college programs of teacher preparation, usu-
ally by avoiding the extended guided field ex-
perience of student teaching. Alternative certi-
fication is frequently insufficiently discrimi-

nated with emergency certification, which usu-
ally refers to a complete waiver of any teacher
preparation to obtain a teacher who is other-
wise unavailable. Other certification routes in-
termediate to these exist, particularly individ-
ual (transcript) evaluation in NY.

Although problematic, alternative certification
programs can be done well, and can provide a
viable pathway to physics teacher preparation.
Alternative certification program candidates
bring uniquely attractive backgrounds and in-
terests to address needs for under-represented
teachers sought by schools. Alternative certifi-
cation programs can address needs not ade-
quately met by traditional programs.

Overview of the Two Buffalo State College
M.S.Ed. (Physics) Programs

The M.S.Ed. (Physics) programs are summa-
rized in Figure 2. Admissions require either
current NYSED secondary science certification
(the right hand side of Figure 2), or for alterna-
tive certification (the left hand side of Figure
2), a bachelor's degree meeting NYSED lan-
guage and content requirements for physics
certification, and successful completion of the
NYSED state teacher competency examina-
tions (LAST and the Physics Content Subject
Test) required for physics teacher certification.
Certified participants do not have to take any
additional education courses or workshops,
unlike alternative certification candidates who

must take an early field experience and some
Continued on page 39
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education courses before they can be awarded
the Transitional B certification and can accept
classroom employment.

Alternative certification candidates typically
complete their initial employment require-
ments through full-time enrollment in the
spring semester, followed by an intensive
summer academy, then teach the following
school year under Transitional B certification
under both SUNY - Buffalo State College
Physics mentorship and an intense LEA induc-
tion program. Alternative certification candi-
dates can be in the classroom employed as full-
time transitionally licensed teachers after as lit-
tle as two semesters of full time student study
(one spring and one summer semester), and we
have had several candidates succeed with this
arrangement.

During the regular academic year, M.S.Ed.
(Physics) candidates also take some combina-
tion of evening and distance education courses.
Although coursework for the alternative certi-
fication program can be completed in the fol-
lowing summer academy, the NYSED Transi-
tional B certification agreement requires a
minimum of one full year of intensively men-
tored teaching experience for regular teacher
licensure.

M.S.Ed. (Physics) program candidates who are
already NYSED certified in another subject
can add physics certification and complete
their program in about four semesters if they
enroll in two successive summer academies to-
gether with the regular fall and spring semester
evening and web courses. Each summer, 18
credits of summer academy courses are offered
for teachers (including six credits for K-8
teachers), with a minimum of 6 credits of eve-
ning classes (9 cr. this academic year) between
regular Fall and Spring semesters. We have
also placed some few of these offerings online
as appropriate (E.g. PHY 500 and PHY690)

Spring 2006 Newsletter

page 39

and we are creating online support materials
(and local tutorials) for NYSED Physics CST
exam preparation. This greatly extends state-
wide reach for our coalition and meets teacher
demands. We accept transfer credit and some
of our downstate candidates have taken some
of the online course offerings for graduate
credit in physics from the NTEN/NSTA and
University of Virginia programs in particular
(NTEN, 2004; University of Virginia, 2004).

The graduate physics courses for these pro-
grams include a mixture of undergraduate
physics content and graduate level physics
pedagogical content knowledge (physics and
science education research PER and SER find-
ings, and science teaching methods), presented
at an undergraduate mathematical level. Phys-
ics content is largely shaped by research find-
ings and state requirements, and frequently de-
parts from traditional physics course curricula
— for instance there is essentially no treatment
of thermodynamics, while there is a significant
treatment of modern physics dictated by the
state via PER-informed curricula.

The two 600-level summer academy courses
are particularly intensive fifteen day work-
shops modeled after the nationally renowned
Modeling Physics workshops held at Arizona
State University — in each course approxi-
mately thirty participants work through PER-
informed curricular activities in both student
and teacher roles. Besides Hestenes' distin-
guished and well-researched Modeling Physics
curriculum, activities from the AAPT's Power-
ful Ideas in Physical Science (PIPS) and Gold-
berg's Constructing Physics Understanding
(CPU) curricula also inform these workshops
(Wells, Hestenes & Swackhamer, 1995; Heste-
nes, 1987, 1993; Modeling Physics Group,
2004; AAPT, 2004; Goldberg 2000). PHY510
is a locally developed workshop course origi-
nally intended to support new teachers who
were assigned to teach physics without physics

certification, Continued on page 40
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M.S.Ed.-Physics at BSC

http://physicsed.buffalostate edu/programs/MSEDPgms html

The M.S.Ed.-Physics degree programs at SUNY - Buffalo State College
Dr. Dan Maclsaac (716) 878-3802 <macisadl@buffalostate edu= <http-//PhysicsEd BuffaloState Edu/=

M5 Ed -Physics (NY Alt Cert via Trans B)
Cert for Science/Tech/Engg professionals

Program Physics or related bachelor's degree
admission -

requirements 3.0GPA
18 cr of non-physics science
language reqg
NYS Tehr Cert Ex (LAST & Physics CST)
3 written references & interview

Coursework all courses 3cr unless indicated

Seminar (3cr)

PHY300: Physics Education Research Semiunar Jer
Physics Teaching Methods (Ger)

PHY3510: Process Skills in Physics Teaching (6 cr) Ger

w/ 40h early field experience grades 7-12 T

Physics Content w/Model Pedagogy (12ecr)
PHY620: Powerful Ideas & Quantitative Modeling: Force,
Motion and Energy (6er)
PHY622: Powerful Ideas & Quantitative Modeling:
Electricity and Magnetism (Ger)
Project (3cr)
PHY690: Research Project Jer
Electives (6/9er)
PHYS518: Wave Phenomena and Optics Ber
PHY3520: Modern Physics
PHY325: Nuclear and Particle Physics
PHY616: Advanced Dynamics
PHY618: Advanced Electricity and Magnetism [
SCI527: Current Topics in Science
SCI632: Cumricular Trends in Science Teaching in the
Secondary School
SCI664: Teaching Science with Media
SCIG8S: Evaluation in Science Education
Or other courses by advisement
NYSED Teacher Cert Requirements (15¢r)
EXES00 or EXEG00: Exceptional Education Jer
EDF503 or EDF529: Educ/Adolescent Psychology Jer
EDU417: Adolescent Literacy Jer
plus one of
EDU416: Teaching Literacy in Middle and Secondary
Schools
EDUG09: Improving Reading in the Content Areas
PHY502: NYSED 52.21(b)(3)(xvii)-regulated college
mentored physics teaching experience
paid employment for one year under NYSED Transitional B
Certification

Ger

Jer

3er

Total number of required credits: 45cr

M.5.Ed -Physics (usually 2nd NY Cert)
STEM teacher certifies to physics

NYS certification in a secondary science
2.5GPA
n/a
n/a
n/a
3 written references & interview
E =evening course
O = online course
5 = summer academy

Jer O (Spr)
Ger S (all)
NE. by arrangement

Ger S (even years)

Ger S (odd years)

Jer O (Fall)

Qer E (Fall / Spr rotation)

E (Fall / Spr rotation)
E (Fall / Spr rotation)
E (Fall / Spr rotation)
E (Fall / Spr rotation)
E (Fall / Spr rotation)

E (Fall / Spr rotation)

E (Fall / Spr rotation)
E (Fall / Spr rotation)

NE E (all semesters)
NE. E (rotatiom)
NE E (rotatiom)
NR E (all)

E (rotatiom)
NR

by arrangement
33cr

Figure 2: The M.S.Ed.-- Physics programs at SUNY- Buffalo State College.

Continued on page 41
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and focuses on meeting NY SED requirements
through activities NY master physics teachers
have selected on an ad-hoc basis, leavened
with formal PER and SER touchstone activi-
ties.

Finally, though not accepted for M.S.Ed. -
Physics program core credit, the summer acad-
emy includes at least one offering for K-8
teachers of physics, usually PHY 507, a course
dedicated to the appropriate NYSED standards
incorporating the above curricula plus Gold-
berg's Physics for Elementary Teachers (Gold-
berg, 2004) curriculum activities, and fre-
quently incorporating a PER or SER compo-
nent by blocking it with a second graduate
course in science curriculum research for K-8
teachers, EDU671.

The other two notably unique courses are
PHY500 --an online seminar of PER readings
and findings, and PHY 690 -- a terminal mas-
ters' project producing a manuscript contribut-
ing to the physics teaching community, most of
which are web-published, but some 40% of
which have been published in peer reviewed
practitioners literature for physics teachers.
This last course is particularly challenging for
instructor and candidates, but very rewarding.
These last two, together with several topical
courses, are offered during the Fall and Spring
semesters.

Lessons Learned

There has been considerable demand for our
M.S.Ed. (Physics) programs. We have stabi-
lized our program size at approximately forty
candidates by restricting acceptances to only
the best qualified and most likely applicants.
Since the programs were inaugurated in fall
and summer 2002, eleven candidates have
graduated, with four more to graduate shortly.
About two thirds of our candidates are certified
working teachers who are seeking either certi-
fication to physics and/or a permanent license,
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with a small few candidates who don't require
physics certification or a masters' degree for
permanent certification who are simply im-
proving their physics teaching skills. The re-
maining third of the candidates are alternative
certification students. The Physics Teachers'
Summer Academy acts as a recruiter for the
M.S.Ed. (Physics) programs, attracting be-
tween ninety and seventy teachers each sum-
mer to the SUNY- Buffalo State College cam-
pus, with another twenty-five to fifty teachers
attending the monthly Saturday morning alli-
ance meetings of the Western New York Phys-
ics Teachers' Alliance (WNYPTA, 2003) sup-
plementing the recruiting pool and candidate
support network.

The non-certification M.S.Ed. (Physics) candi-
dates are mostly (65%) HS science and math
teachers seeking certification in physics, with
some (30%) already holding initial physics cer-
tification and a small number (5%) of elemen-
tary and middle school teachers (usually those
with minors in physics) seeking secondary
physics certification. Second subject certifica-
tion for science teachers via a discipline-
specific masters degree intended for teachers is
growing common and greatly improves em-
ployment flexibility for NY science teachers.
A very few certified candidates have no
NYSED need for another masters' degree and
simply want to improve their physics teaching;
we tend to attract these candidates to satisfy
their NYSED graduate physics content credit
requirements or to attend physics alliance
meetings, and they sometimes stay for the re-
formed teaching and student-centered peda-
gogy. Although we have only two minority
candidates to date, we have almost 20%
women and we are trying to recruit both popu-
lations. We are particularly pleased to have
candidates who are working teachers in urban,
high-needs school settings, including several

building new physics programs at their schools.
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We hope to have these candidates support fu-
ture recruiting of undergraduate student and
graduate student physics and physics education
candidates from amongst their own students
and colleagues.

The remaining third of our M.S.Ed. (Physics)
candidates and graduates (sixteen) are career-
switching technical professionals; of these all
save three (77%) hold bachelors' degrees in
various fields of engineering. Most are young
men who have practiced engineering for sev-
eral years and are seeking more rewarding ca-
reers with greater employment stability. The
other three include two alternative certification
(AC) candidates with a B.S. in physics and a
Ph.D. physicist switching careers to teaching.
Our AC candidates are usually altruistic and
reflective about their reasons for career change
(we are not admitting simple economic refu-
gees), and some have worked as substitute
teachers, which is something we strongly en-
courage. Our AC candidates are almost univer-
sally looking to move directly into the class-
room as quickly as possible, want to minimize
their time in university classrooms and want to
minimize the financial disruptions due to full
time student enrollment. One exception to this
is still working as an engineer and taking one
program course per semester. They are fre-
quently particularly hostile to education
coursework, which can be problematic. Like
many traditionally prepared teacher candidates,
they also resent the unpaid-while-paying-
tuition nature of traditional student teaching.

Alternative certification programs incorporat-
ing physics content for these individuals are
quite rare, though these candidates could read-
ily locate other certification programs without
physics content such as an M.Ed. or M.S.Ed.
(Science) or a post-baccalaureate non-degree
program in general science teaching, and we
don't believe we are cannibalizing such pro-
grams. Only one AC candidate holds a Buffalo
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State Physics department undergraduate de-
gree. We have seen that our alternative certifi-
cation candidates present unique issues in
physics teacher education; our candidates
sometimes hold inappropriately optimistic es-
timations of their subject expertise and strong,
under-informed and inappropriate preconcep-
tions of good teaching practices. A reflective
exposure to SER and PER instruments and lit-
erature, and explicit instruction via student-
centered constructivist reformed teaching
methods helps most of them address these is-
sues, though three have simply left our pro-
gram, partially due to a lack of interest and
willingness to change these views, which has
been noted in the AC literature (Koballa,
Glynn, Upson & Coleman, 2005) . Abd-El-
Khalick (2003) has referred this as the expert-
novice-expert problem; AC candidates need to
recognize that their expertise in one area does-
n't map onto a new subject area before they can
progress in their development as teachers.
Traditional undergraduate teachers in prepara-
tion move through a novice-expert develop-
ment cycle (often holding naive images of
good teaching), and experienced teachers from
other science disciplines may need to move
through a different kind of expert-novice-
expert developmental sequence with regard to
acquiring new pedagogical skills in inquiry-
based, student-centered, constructivist (re-
formed) teaching (Maclsaac, Sawada & Fal-
coner, 2001; Maclsaac & Falconer, 2002).

Because the AC candidates require monthly
observation visits from a faculty member for a
year and incumbent travel time, the program is
currently limited to a small number of AC can-
didates (we are hiring local master physics
teachers to help supervise), and we no longer
advertise the AC program except by word of
mouth and posters at state science conferences.
We do advertise the non-certification program
in yearly mailings to physics departments and

high schools statewide.
Continued on page 43
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We currently have three out-of-state candidates,
and a few (less than 5%) out-of-state Summer
Academy registrants every summer.

These forty-odd candidates represent maxi-
mum capacity for a program dedicating ap-
proximately 1.0-1.5 FTE year round faculty
without research release (three graduate
courses each semester year round). To staff
these programs at SUNY-BSC, one new full-
time faculty member was hired and is sup-
ported by another from physics, and faculty
from two other departments to teach these
course offerings. In particular, the summer
academy courses require additional instruc-
tional personnel, both BSC faculty and master
physics teachers, making the programs ex-
tremely faculty time intensive. Despite receiv-
ing NSF supplementary funding (for candidate
scholarships and support), the M.S.Ed. (Phys-
ics) program courses alone are run on a cost-
recovery basis; BSC makes money on the
summer academy courses in particular (six
graduate credits of in-state tuition cost ap-
proximately $1800). Summer academy
courses routinely fill to capacity and students
are turned away. SUNY - Buffalo State Col-
lege is historically a teacher preparation insti-
tution, famed for preparing high-quality teach-
ers, and successfully competes with over a
dozen regional teacher preparation institutions.
BSC has no other graduate programs in physics,
due to the close proximity of SUNY University
at Buffalo which has a complete offering of
physics graduate programs and is the Western
New York regional flagship institute for phys-
ics research. As a result of the success in these
endeavors, the M.S.Ed. (Physics) programs and
associated activity (the Summer Physics Teach-
ers' Academy and the Western New York Phys-
ics Teachers' Alliance) are viewed with con-
siderable institutional pride, and we consider
these as institutionalized.
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Browsing the journals

Thomas D. Rossing

. The National Science Board has
formed a blue-ribbon panel on improving
student achievement at the elementary,
secondary, and undergraduate levels, according
to a report in the 7 April issue of Science. The
15-member commission, to be appointed in
mid-May, will, hopefully, produce an “action
plan” covering needed improvements in
curricula, teacher training, and evaluation. It
will also describe the appropriate role for NSF
and its Education and Human Resources
directorate, which currently has a budget of
some $800 million. Whatever they decide,
observers say, panel members will also need to
sell their advice since federal intervention is
often viewed as controversial by local and state
governments.

. “Pseudoscience” is the title of a
thoughtful editorial in the April issue of The
Physics Teacher. Nearly half of our students
can’t distinguish between science and
pseudoscience. Data show, for instance, that
around 40% of high school graduates admit to
believing in astrology. At least as many
believe in paranormal phenomena such as
telepathy and extraterrestrial visitations. What
has gotten our attention are the recent efforts to
require the teaching of pseudoscience, such as
creative design, in science classes. Over the
years we have learned a great deal about ways
of teaching that dispel all sorts of student
misconceptions. We should now begin to
direct more of our effort and expertise toward
pseudoscience.

. Contrary to popular belief, many well-
prepared underrepresented minority students,
including both men and women, are interested
in pursuing scientific or engineering careers,
according to a forum article in the 31 March is
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sue of Science. In 2005, the same percentage
(44%) of African-American and Caucasian
college-bound high school students indicated
their intent to major in science and engineering
fields. Many students with high SAT scores,
impressive grades, and success in high school
leave the college science pipeline, but the loss
is disproportionately high among women and
minorities. Thus other factors, such as cultural
isolation, motivation and performance
vulnerability must be causing underrepresented
minority students from continuing in science
and engineering.

o The Meyerhoff Scholars Program
focuses on producing bachelor’s degree recipi-
ents, particularly African-Americans, who go
on to doctoral programs in science and engi-
neering.

. “Putting children off physics” is the
title of an article in the November issue of
Physics World that discusses some of the short
comings of textbooks. The author believes
that inadequate textbooks are partly to blame
for the steady decline in the number of pupils
taking physics at school. The blame for the
deficiencies, she notes, should perhaps be
directed less to the authors of the textbooks
than to the peculiarities of the curriculum. The
sensible desire to give pupils a greater general
understanding of astronomy, geology and
environmental problems is in danger of
elbowing out explanations of basic physics.

o “Is the (NSF) Education Directorate
Headed for a Failing Grade?” asks an article in
the 24 February issue of Science. Although
President Bush told science students in Dallas
that the United States “needs a workforce

strong in engineering and science and physics”
Continued on page 47



APS Forum On Education

Continued from page 46

to remain the world’s top economic power,
three days later he unveiled a 2007 budget
request that would cut—for the third straight
year—a program at NSF aimed at doing
exactly that. The decline of the Math and
Science Partnerships program is one of many
problems facing NSF’s Education and Human
Resources (EHR) directorate. EHR has been
run for more than a year by a temporary head
after its top official, Judith Ramaley, was
denied an opportunity to stay on. (See
following item).

. In the 7 April issue of Science is a
letter to the editor from Bruce Alberts, former
president of the National Academy of Science,
entitled “Evaluating Education Effectiveness.”
The letter is an attempt to clear up a
misconception readers might derive from the
News Focus story “Is the education directorate
headed for a failing grade?” (see previous
item) which appeared in the February issue. In
the story Alberts is quoted as saying “Maybe
NSF education programs need to be rethought.
” In fact, Alberts points out that he believes
that NSF education programs have been
instrumental in creating a series of outstanding
curricula for school science. He wanted to
suggest that NSF rethink its requirement for
formal project evaluations with greater
attention to what does and does not work, and
why. He also questioned an NSF tradition of
discontinuing even the best programs after 5
years with the expectation that school districts
(or others) will be able to cover the expense of
continuing the programs thereafter.

. An article in the 26 March issue of The
New York Times reports that a survey to be
released later this week on narrowing the
curriculum finds that since No Child Left
Behind was passed in 2001, 71% of the
nation’s 15,000 school districts have reduced
the hours of instructional time in history,
science, music, and other subjects to open up
more time for reading and math. “The intense
focus on the two basic skills is a sea change in
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American instructional practice, with many
schools that once offered rich curriculums now
systematically trimming courses like social
studies, science and art,” writes reporter Sam
Dillon. The article reports the many ways
district administrators are attempting to shore
up their math and reading instruction, often
barring students from taking anything but these
subjects.

o Twenty-five foreign graduate students
in science and engineering will receive
generous scholarships under a new U.S.
program designed to dispel fears that tighter
security following 9/11 has discouraged the
world’s best and brightest from studying in the
United States, according to a story in the 27
January issue of Science. The Fulbright Award
s program takes the name of the prestigious
intellectual exchange program between the
United States and some 150 countries begun
after World War II. The awards are part of

a proposed spending boost for academic
exchanges in the president’s 2007 budget
request to Congress. Students will be chosen
in a global competition rather than through the
traditional bilateral agreements and they will
be funded for longer than the typical 3 years.

. The April issue of American Journal
of Physics is a theme issue on Teaching
Electricity and Magnetism. It includes papers
on experiments in electricity and magnetism,
electromagnetic radiation, theoretical aspects
of electricity and magnetism, curriculum
development in electricity and magnetism, and
problems in electricity and magnetism as well
as an editorial by the editors of the issue.

o The author of a book written to help
high school students improve their math SAT
scores was one of 11 recipients honored with a
n IEEE Educational Activities Board Award in
November, according to the 4 January issue of
The Institute Online. Philip Keller, a physics a

nd math teacher at Holmdel High School in
Continued on page 48
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New Jersey, received one of three Pre-
university Educator Awards for “inspiring a
generation of students to excel in science, math
ematics, and engineering. Keller also
developed many simulations for the award-
winning educational software program,
Interactive Physics.

. A promised 10-year doubling for NSF,
NIST, and energy research would be offset by
no growth for NIH and NASA in President
Bush’s spending request for 2007, according to
an article in the 10 February issue of Science.
In a lean budget year, says presidential science
adviser John Marburger, scientists should be
grateful for any increases. The 14% rise at the
DOE Office of Science and the 7.9% boost for
NSF, he says, represent “high-priority areas...
.that will create technologies to improve U.S.
competitiveness.”

. John Rigden, former chair of the APS
Forum on the History of Physics, was asked
“What are three best popular-science books?”’
His selections, according to the Shelf life
column in the October issue of Physics World,
were Arthur Koestler’s The Sleepwalkers,
Steven Weinberg’s The First Three Minutes,
and Thomas Kuhn’s The Copernican
Revolution. In response to the question “What
science books are you currently reading?”’
Rigden cited Philip Kitcher’s Science, Truth,
and Democracy. “1 just finished J. Robert
Oppenheimer: The American Prometheus by
Kai Bird and Martin Sherwin, and am now
reading The Evolution-Creation Struggle by

Spring 2006 Newsletter

page 48

Michael Ruse,” he said.

o Foreign students flooded U.S. graduate
schools with applications this winter,
reversing a 2-year decline, according to a story
in the 31 March issue of Science. The annual s
urvey by the Council of Graduate Schools
found that international graduate applications
for the 2006-07 academic year rose by 11%
over the previous year, with particularly
significant increases in Chinese and Indian
applicants. All fields enjoyed a boost,
although life sciences and engineering led the
way with 16% and 17% increases, respectively
University administrators have blamed the 200
3-05 downturn in large part on tighter
immigration policies following the 2001
terrorist attacks and perceptions that the United
States was less welcoming of foreigners. How
ever, applications from Middle Eastern
students have risen steadily for the past 3
years, by 4%, 7%, and 4%. Many institutions
have strengthened their recruiting efforts.

o EuroPhysicsFun, an alliance of 18
European member groups, has received
funding from the European Union (EU)
according to the March 17 edition of their
newsletter. EuroPhysicsFun (http://www.euro
physicsfun.org/home.php?pageid=3) arranges
physics demonstrations in Europe and
elsewhere, and their newsletter has many good
ideas for demonstration experiments.

Thomas Rossing is Distinguished Professor
Emeritus of Physics at Northern Illinois Uni-
versity. He is a Fellow of ASA, AAAS, and
IEEE as well as APS and edits the fall issue of
the Forum on Education newsletter.
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