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At the 1969 Summer Meeting of the AAPT, held
this past June in St. Louis, Missouri, the Commission’s
Panel on the Preparation of Physics Teachers (PPPT)
organized cne morning session devoted entirely to in-
vited papers and open discussion on the recruitment
and preparation of high school physics teachers. The
invited talks were:

Ben A. Green, Jr., MIT—The Background

Robert B. Bennett, CCP—The Present: A Con-
ference Report

Meclba Phillips, U. of Chicago—Do Ve Really Need
More Physics Teachers?

Richard . Sands, U. of Michigan—Is there an Ex-
citation Energy?

E. Leonard Jossem, Ohio State U.—IWhere Do We
Go From Here?

1¥We were urged, by those attending this meeting, to use
the relatively rapid and wide circuiation of the CCP
Newsletter to publish these five talks in the hopes of
sustaining and expanding the considerable enthusiasm
and genuine concern generated by this session.

The Commission on College Physics has long been
concerned with secondary scheol physics problems and,
since its establishment by the Commission in May 1966,
the Panel on the Preparation of Physics Teachers (PPIT)
has devoted its cflorts toward translating thie concern
into programs for aclion within physics departments. In
June of 1967, the PPPT sponsored a week-long workshop
at the University of Minnesota which resulted in the
publication of the Commission’s widely distributed re-
port, “Preparing High School Physics Teachers” Along
with a review of pertinent statistical dala, the report pre-
sented a design for impiementing a teacher preparation
programn, outlined a threeleveled phyics curriculum lo
meet the various backgrounds and career goals of pro-
spective teachers, gave cxamplics of some ¢xisting pro-
graras, and made suggestiont for student recruilment.
The report has proven to be instrumental in awakening
members of the profession to there responsibility in as-
suring the existence of well trained high rchool physics
teachers and several universities are considering or have
alrcady begun programs.

To Jurther stimulate this adiance, the PPPT sponsored
a conference just prior lo this year's AAPT Summer
Meciing which brought together college and wniversity
representatives from institutions whick have vigorous
ongoing teacher preparation programs and others which
huve showrn promise in the establishment of such pro-
grams. Robert Benne vs article veutcws that conference.

For the [uturs, the Commission plans 1o publish a
revised version of ils report, “Preparing High School
Physics Teachers,” which is now ont of prinl. In advancs
of publication, we will gladly maintain & list of those
persons desiring copies.



The Background
Ben A. Green, Jr.

First, let me say that there are many people here to-
day whose qualifications to speak on the history of today’s
topic far exceed mine. While some of you have been
working on the supply of well-prepared high school
physics teachers for twenty years or more, my involve
ment with vhis problem began only two years ago when
1 was a stat member of the Commision oi College
Physics and John Fowler asked me to work with the
Pancl on the Preparation of Physics Teachers. At first,
I did so out nf a sense of duty. However, as the Panel
taught me the magnitude and seriousness of the prob-
lem, I was enlisted whole-heartedly into their attack on
it

Appointed in May of 1966, the Commission’s Panel on
the Preparation of Physics Teachers began their inquiry
into the problem by first collecting some backgrouni
data. They asked Tom Joyner, who preceded me as staft
liaison man, to make an informal survey of the univer-
sitics in the United States to find out what preservice
programs they were operating for pliysics teachers and
how many such teachers they produced per year.

The teplies to Tom’s inquiries gave the Panel its first
shock. We found that everybody had a problem, but
that nobody produced any teachers. To be more pre-
cise, we could find only two institution, out of the 1700
institutions of high-r learning in this country, which
produced more than ten physics teachers per year, and
only ten schools which produced at least five physics
teachers per year. We found that the largest, most re-
spected physics departments typically produced only one
physics teacher every five years.

\We were depressed even further to read in the NSF
repott, “Secondary School Science and Mathenatics

Ben A. Green, Jr. is now al the MIT Edweation Re-
scarch Cenler. After taking his Ph.D. at Johns
Hophint in 1956 he did applied physics for Bendix
Radio and melal physics research for Union Car-
bide. In 1961 ke joined Case Western Resenve
University, where his interest in programmed in-

struction fowrished alongside his work in (ow-
temperature calotimelry. He served on the stafl of
the CCP duning 196768 before joining the FRC.

Teachers, Characteristics and Service Loads,”! that, in
cflect, most people who teach physics in high school are
not prepared to do so by their college training. To be
specific, I will quote for you the fractios »f physics classes
taught by persons whose college transcripts show less
than 18 semester hours preparation in physics. But
fitst, cansider the corresponding statistics for the other
sciences. In biology, only 219 of classes are taught by
such underprepared teachers. In chemistry, the fraction is
$49,: in mathemativs (high school only) the fraction
is only 237, In physics. the traction is 669.

"This one statistic tells us several things. It tells us that
we should not be surprised to find that, for the most
part, high school physics is not well taught. It tells us
not to expect that new curricula for high school physics
will be, in themselves, dramatically cflective in increas-
ing the quality of the courses. It also helps us diagnose
part of the difficulty; the trouble it not with the high
school. While both poor salaries, which in the past have
prevented competent people from teaching at all, and
poor working conditions in the schools are obstacles to
the person who wants to teach physics, they are just as
inuch obstacles to the one who wants to teach chemistry.
Yet the chiemistry teacher is twice as likely to be prepared
at the 18 semester hour level or better. The trouble is
with physics.

As the Panel recovered from these bl ws and began
to consider what to do about it, other facts became ap-
parent. Consider the problem facing the high school
principal who must hite a physics teacher. The percent-
age of high sthool students who take physics has been
dropping for many years. Several years ago the fraction
taking physics was about 25. Now it is less than 2097,
and the trend shows no sign of slowing down. Low en-
roliments mecan that the prindpal cannot hire a person
to tcach only physics. Most people who tzach physics
must be primatily tcachers of something else. Accord.
ing to the NSF survey, only 49 of the physics teachers
taught only physics. The number who teach only one or
two classes of physics is 817%.

1363 Re of a sirvey by the Natikmal Asccintion of State
Directory of Teacher Fducation and Centifcation and the Ametican
Awociation fot the \dvancement of Science for the National Sciehce
Foandation. Revisad edition 1o be pablished in 1969




I won’t burden you with more gloomy statistics, The
situation looks bad; the solution must be complex. Any-
thing you pick out to work on is influenced by other
factors. Enrollments are down because the courses are
ecither 1o hard or too dull. The courses are poor be-
cause the teacher’s heart is with his own subject, not phys.
ics. And the school cannot afford a physics specialist
because the enrolinent is so low.

The Panel chose to attack the problem at a sensitive
noint—the university physics department, for it is the
department which wields influence as well as (and we
believe it should) prepares teachers. The Panel recog-
nized the conflict between concerns such as these and
those of a department’s recearch commitment, and the
fact that quicker rewards may be had for the fatter than
the former. Yet enlightened sclf-interest dictates that
something be done to improve the status of physics
within society and the society’s understanding of physics.
‘The Panel belicved that an appeal made on such terms
would lead to some acticn, (This optimism was not er-
tirely unfounded. Subsequent events iave proved en-
couraging.)

The Panel ordered the preparation of a report which
would sct forth the facts abeut the problem and which
would suggest things the departments can do. The report
was to serve mainly as ammunition, or backing, for peo-
ple who want to act but who must fight the upiitl pres.
tige hattle to get departmental support. In order to put
the report on Airm ground, the Panel convened a work-
shop of people from physics departments, from science
education departments, and from high schools to pro-
vide input for the report and to devise a plan by which
departments could introduce programs for teacher prep-
aration within their institutions and in cooperation with
their allies in education departments and in other
sciences. The workshop met at the University of Minne-
sota in June of 1967 and proposed the curricula which
were published in the PPPT report.? The report recom-
mended rot only what physics courses the teacher should
have, but it outlined seven houndary conditions which
any teacher program should meet:

. The program should prepare a teacher in at
least one other field, usually chemistry or matkematics.
This recommendation recognizes the fact that, for some
time to come, the physics teacher will be forced to teach
other subjects in most school systems.

2 It is not desirable to have teacher candidates
simply take the courses of the research-oriented bache-
lor's program. There are two reasons for this. The
teacher’s needs are differeat (he doesn't need to b able
to use Maxwell's equations or to make quantum mechar.
ical cakulations), requiting a wider background than
those of the rescarch man. Secondly, his interests are
differcnt. He is more interested in peeple than the re

.
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scarch man is, and his tolerance for lengthy problem
solutions is correspondingly less. In any event, the ex-
perience of departments who recommend their so-
called R-curriculum is that those who graduate from it
scldom enter the classroom.

3. The sequenee of courses will affect recruitment
and musi accomodate the likely sources of students.
Thus it must be possible to enler the program as late
as onc's junior year, and still get at least 18 semester
hours in physics as a minor subject.

4. The content of the physics courses should re-
fiect the needs of the physics teacher, This mean: more
attention must be given to elementary clectricity and
magnetism, in practice as well as in theory, and to elec.
tronics experience. It means less emphasis on mechanics
beyond the introductory level. It means emphasis on
modern physics at the descriptive level. And it means
giving some attention io engineering and technological
applications of physical idcas and laws.

5. The style of the courses should reflect the fact
that the teacher needs greater ability to explain physics
in words, as well as mathematics, than does the research
student,

6. A course in the history and philosophy of physics
should be included.

7. The program should include courses oficred at
the convenience of teachers in service. This means sum-
mer courses, Saterday courses and evening courses.

The report gives space to the design of a possible pro-
gram which has several entry points and thiee exits, a
ninor of 18 hours, a major of 24 hours and an advanced
program of 32 hours which should satis{ly the content
requiremerit for a master of arts in teaching. Most of
us felt that the advanced program would be closest to the
heaits of the academic physicists, but that the minor
program would have the greatest long range impact on
our problems.

This report was issuad in January 1968 and its pud
lication has had some of the eifects the Panel hoped it
would. Shortly after its publication, the University of
California at Berkeley adopted a program as have the
University of Maryland, the University of Texas, the
University of Masachusetts and  the University of
Georgia. More subtly, the report has come to the aid of
some people who have been trying to activate an interest
in the problem on the part of their colleagues. § was told
at this meeting of two instances in which the fact of the
report’s existence has enabled programs to go forward in
the face of previous resistance,

This progress represents a cettain amount of momen.
tum gained in a medium filled vith friction. 1 hope that
the subsequent actions of the Commission and, uli.
matuly, of the leadership of the physics community will
continue to strengthen this momentum through pub-
licity of leading examples, through recogrition of indi-
viduals who make contributions and through continued
public statements of support for these actavities.



The Present: A Conference Report
Robert B, Bennelt

Many of the past difficultics which Ben has described
as characteristic of the problem of recruiting high school
physics teachers are still with us today. On the Saturday
night and Sunday just prior to this meeting, the Com-
mission’s Pane! on the Preparation of Physics Teachers
(PPPT) sponsored a conference which brought together
representatives from about {omteen large universities
to share experiences from thar teacher education pro-
grams. Some of these instirutions have very active on-
going programs, some arc in the process of organizing
new programs and others have programs listed in their
catalog but only ocvasionally process a candidate. We
wanted to look at the experiences and difficulties and
share our ideas on these programs and, as Ben said,
“we alto hoped that we could overcome some of the
frictions and generate some momentum for more aclive
programs.”

To assure as broad a perspective as possible, we invited
several practicing high school teachers and 4 represent-
ative from both the physics and science cducation de-
partments of each univetsity. As background informaiion
we circulated a sunmnary of the responses we had received
from state department of cdvcation 1epreseniatives out-
tining the high school physics problem as they viewed
it.

The opening talk was given by Fletcher Watson, pro-
fessor of science education at Harvard University and a
director of Project Physics, a group which has done a
great deal of rescarch into the problem of preparing high
schod! physics teachers.

While time will not permit us to review all of his
talk, 1 would like to bricRy examine a few of the points
that Dr. Watson raised for our consideration.

After taking his Ph.D. at the University of Ore-
gon in 1938, Robert B. Bennett began his teaching
career & Whitman College, where he served from
1957 1o 1963, laking a leave of absence in 1962 as
an NSF Science Faculty Fellow at the Ui iversity of
Washington. A UNESCO Exper! from 1964 to 1967,
D1, Bennett served o8 Seniot Leclurer in Fhysies at
the University College of Rhodesia and Nyasaland
in Rhodesia and at the University ofZambia. Cur-

recently Co-Director of PNACP and Associate Pro-
fessor of Physics al Central Washington State Col.
lege, he was on feave in 1968 to 1969 to the Uni.
versity of Maryland where he senved as o staff
physicist Jor the Commission on College Physics.
D1, Bennett's tescarch actinlics have been in the
fcld of collisions end aeronomy.
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Split Loads

We have two kinds of teachers involved with physics,
“the physics teacher and the teacher of physics.” By far,
the majority of the tes-hers is in the second category.
‘These are teachers whose primary interest is in some
other subject, but who, for administrative icasons, are
teaching one or two sections of physics, As Ben Green
has just reported, this is nat iew knowledge, However,
in physics circles it has not been given appropriate
emphasis. We must find a way (or ways) to face up lo
the fact that 809 of the teachers of physics do not con-
sider themselves as “physics teachers.”

Teacher “Development”

While some consideration was given to the question
of what constitutes reasonable preparation for teaching
physics, we did not try to construct a criculum, There
are some fine suggestions for two-ycar programs in the
report which Ben described. However, we were reminded
by Professor Watson that, “we should think in terms of
the development of the physics teacher and the four years
in the preservice program as just the beginning of the
development. We need -not try to give the students
everything during the first four years.” This development
may or shoukl take place in an integrated program hav-
ing both preservice and inservice components.

Dissemination

A very dificult problem which has plagued PSSC,
Project Physics, the new biology cutricula and the other
national cutricula, is how to cflectively disseminate both
the contemt and teaching style of any new program. If
itis dificult to disseminate a program at the kigh school
level, it is 2% least an order of magnitude more difficult
at the colicge level where we place very high priority on
our academic independence and our right to structure
our own courses. This, together with the limited time an
individual can devote to pedagogical innovation, makes
dissemination a high priority problem. While this con-
ference, and what we are deing here tight now, is aimaed
at just this problem, we need to find other aviy wes for
disseminating ideas and expericirces along these 1 nes.

The Multiplicity of Goals

Another pait of the problem is out tendency to lose
sight of the putpose of the pubtic school. Professor Wat.
son presented a chart which traced the distillation ~hich
occurs as students progress through the educational sys-
tem, all the way from the first grade to the PhD. The
chart showed approximately three million students at the
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first grade level, and ended with an output of 8,060
Ph.D.'s in scicnce (not just physics, but all science) . It is
clear that ecither our system is vay ineficient or, as I
think most of us believe, it seives a much broader pur-
pose than to produce Ph.Dus.

Negative Bias

Professor Watson also reminded us that, as a profes.
sional group, we denmonstrate a negative bias towards
teaching which is felt by and transmitted to our students.
In many departments, if a person decides to major in
physics and go into teaching, he is not well received by
the majority of the physics faculty members. As we com.
monly say, he becomes a “second class citizen.” This neg-
ative bias is something that we need 1o try to eliminate
if we are toimprove our recruitinent.

While Dr. Watson raised a number of additional
]oints to our attention, it was decided to focus on these
five problers in the group discussion and smaller work.
ing group sessions which composed the remainder of the
conference.

Despite the varying backgrounds of the participants
and the small working group stiuctures adopted ior this
conference, there weie a number of recurrent themes
which served 1o organire our cflorts. While the tot:l
impact of the conference discussions extends beyond
these individual themes, summarizing them should at
least reveal the tone of the conference~—where it is point.
ing and what this implies for physicists and physics
departments.

Of these several recutring themes, probably the most
familiar to all of us is the nced for the 1cvision of the
introductory course. While we certainly have heard this
complaint raised bel-re in the limited teims of course
conteny, it is obvious that any real consideration of the
problem must alse include a thorough teview of the
mode and style of our teaching. This is a much more
difbcult thing to get hold of. Our style of teaching can
aflect the attitudes of our students toward our subject,
as a teacher tends to teach as he was taught. The new
programs which are being introduced from elementary
through the senior high level tend to emphasize learning
through expericnce and observation. Yee, in college our
courses continue 10 be dominated by teacher presenta.
tion tather than student searching.

There is good evidence that we can povide studenis
with more effective learning experier res than we have
provided in the past. It will require a continuing cffont
on the pa-t of a substantial segment of college teachers
to accomplish a significant change in the pattern of in-
struction in physics. We noed to bring into our college
tuaching some examples of instruction wing the style of
teaching which our students are expexted to use when
they themseives begin to teach. This is hard to do; none
of us has experience in this kind of teaching and we,
100, tend to teach in the way that we are taught. Yet,
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of all the people involved in physics education, we
should feel the greatest responsibility for the prepara-
tion of the teachers of tomotrow.,

There are three things we need to look at in our in-
troductory course, both for our majurs and non-majors,
if we are going o sce any real improveinent: content,
mode and style of teaching, and the attitudes and bias
ronveyed both intentionally and unintentionally.

A second gencral theme was the need for a depart-
mental and a university commitment to teaching, to
cducation, and to the process of education. Such a com-
mitment would manifest itself by the nresence of stafl
who are concerned with this kind of problem and by
the preseice of mechanisms for recognizing such a staff
in terms of advancement and prestige. This is a very
scrious problem and a very difficult one for when a
decision is to be mzde on who is going te be promoted
or who receives tenure, especially when openings are
limited, we have a strong tendency to lean toward the
tesearch personnel. Again, while this conferente was
looking at the problems specifically in the corntext of
the large university, you will notice that these problems
tend to be universal. An appropriate commitment of this
kind will involve demands of money and space.

Ralph Lefler of Purdue gave us 4 vary useful picture
of what a commited department czn do. Purdue has
had an outstanding record of high school teacher pro-
duction for many years. Lefier identified as the primary
ingtedient of success the strong support of the depat.
ment and the chairman. The Purdue faculty has been
willing over the years to teach the special courses for
the ligh school teachers. There is university support
also. Puirdue has organized a Teacher Education Coun.
cil, and the Dean of Teacher Education has a position,
with influence at least, comparable to a Dean o! the
Graduate School. He chairs the Council, reports directly
to the President of the University, and interacts strongly
in the desigh of the statewide programs and standards,

Perhaps even stronger evidence of the commitment 10
the program is the existence of a teacher workshop—a
room with petiodicals for reading, with examples of
teaching equipment, ¢tc. But mainly it is a room which
gives a focus, a hume, to the prospective teacher ot to
the teturning practitioner. Its continuing existerce, in
the face of need for research space, tays what nexds to
be said about priotities,

It was the view of the patticipants that what is needed
in a large department is an interacting and committed
grou|y, analogous to the rescarch gioups, which would
form a critical mass of people in the physics depatiment
whote primary interest is the pedagogical problems asso-
viated with physics instruction. While they would werk
tlostly with the people in science education, it is im.
portant that this group be in the physics department
where they will be interacting with the whole depare.
ment. They would not take over the teaching of the

(continwed on pagr 9)
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Do We Really Need More Physics Teachers?
Melba Phillips

The number of bachelor’s degrees granted per year in
physics began to level off about 1962, while the number
of advanced degrces continued to rise, although less
rapidly than before. The demand for professional phys-
icists, however, has begun to decline. According to the
AP Placement Service, the number of registrants {or
jobs at the Annual Mceting rose from 893 in 1967 to
1,285 in 1969, wheteas the number of specific jobs listed
weat {rom a high of 617 o 234 We learn in the March
(1969) issue of Physics Today that a smvey of last June
Ph.D.’s, conducied in the summer of 1968, showed that
29.59, of them had then reccived no job offers, and that
another 32.69 had only one offer. Of the Master's de-
gree recipients, nearly 4097 had not been offered a job
in the summer. Jt becomes quite apparent thae physicists
are no longer in very short supply.

While we know that physics majois, and hence physics
Ph.D.’s, begin by studying physics in high school, there
seems to be no demand for physics which would justify
an all out campaign for moic physics teachers.

The question is whether the chicl role of physics
teachers at the high school and college level is the pro-
duction of professional physidists. We often ad as il it
were; a measute of teacher success is commonly the
number of his students who become PhoiV's. We tend
to teach as il that were our most impottant aim, even
though not more than a handful of high school physics
students will {or should) do graduate work in tae
subject.t

The awakening and encouragement of scientific tatent
will of tomnse continue to be an impoitant frature of
teaching, and clementary physics lea.'s to rarears in
other scicnces, patticulatly enginecting and chemistry.
But there scems to be no very critical shortage of per-

1A 1967 survey of physics teachers in Blinois revealed that 2p.

provimately one third of them do not think physics is usclul por
general edwcation!

Melba Phillips served as a commissionies on the
Commission on College Physics from 1960 to 1968
and is crxrently a member of its Panel on the Prep-
aration of Physics Teachers. After receiving her
PhD. from the University of California, she
tanght at the University of California, Brooklyn

College and the University of Minnesola before

coming lo her present position as Professor of Phys-

ics ot the Unitersity of Chicago. Ske is co-anthor

of the widely Anown text Classical Electticity and

Magnetism with WV, K. H. Panofihy. She served es

President of the 44PT in 1966 and received ils
@ tingwished Service Citation in 1963
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sonnel in these allied sciences, cither.

In what terms, then, is there a deniand for well-
qualified 1eachiers from the schools themselves? The larg:
est high school in Illinois, with an entrollment of 5,000,
is said to have had thirty students in physics in 1967.
Most schools cannot use a physics teacher to teach
physics, as there is simply not enough plsics teaching
to keep him busy. It has been pointed out (probably
with justification) that many schools prefer low-level
prepaation in physics teacheis, partially because such
teachers are less demanding of equipment. Certainly
very few school administiations are willing to provide
the time and money required for continued improve-
ment, cither in professional competence or in facilities
and equipmeat.

So, then, are we attempting to recruit superior physics
teachets to teach nonscientists more physics whether
they want it or not? And we must admit that many stu.
dents do not want it. By the tin:e they reach the twelfth
grade, they are already “turned off science, especially
physical science,

A good argument {an be made to the effect that there
ate much more urgunt needs than to know physics; the
aitical problems peaple face are social and economic
rather than scientific, and the technological aspects ol
modein society have outrun progress in other arcas. We
live fonger and faster, but without puipose, so that how
to spend Teisure time, and what to do with our extra
years, have become the serious problems. Not that the
benehits of technology are equably distiibuted; there is
hunger in the midst of food swpluses, poverty in the
midst of affuence. Technolegy has enablad us 1o increase
production so as ta make unnecessary much physical
labor, even though a large fraction of this production
is for military rather than civilian purposes. Technology
has ercded our old fashioned valucs—the sanclity of the
family, hard work, courage in the face of adversity or
the endwring of discomfort. 1t is no longer necessary or
desitable 10 be brave under physicat hardship, since
the hardships are not necessary. There is of course the
war, but that only proves the point: the mest unpopulat
war in American history is made possible only by tech-
nology. Morcover, technology, based largely on physice,
has made i1 possible to destroy all human life on Eatth,
many times over. And, it is argued, we as ordinary citi-
rens have no control over these malighant fruits of
science. Perhaps only the young tend to equate science
so explicitly with the “military-indusuial establich-
ment,” but oldsters atso fail to see relevance in science
for solving serious problems of society.

On the other hand, the existence of problems is clearly



related to the quickening pace of science and technology.
For example, a lifctime has become long in more ways
than mere chronology: very few people in the future
wiil be able to spend an entire working career with a
single set of skills. Science has destroyed stability in
almost every aspect of our lives,

Of course it may be argued that technology is the 1eal
culptit, and that pure sdience is above all that, to be
studied for intellectual and cultural enjoyment—in the
vernacular, for fun. But apprediation of the symmetries
and asymmetries of physics is a taste acquired only
with considerable cflort, and for many it may not seem
worth the price. As for science not being at all respon.
sible for technelogy, that is a fiction quite impossible
to defend.

In short, science and technology have created many
problems, and problems continue to be created. Stand.
ard examples are pollution of the air, water and soil,
insecticides, detergenis, destruction of our protective
ionosphere, all quite in addition to weaponry, with its
vast overkill capability,

\Why noi, then, dedare a moratorium, i.e., stop doing
reseatch, stop developing technology, and let socicty
catch up?

This proposal, already familiar in the 30's, is raised
by nonscientists with sufficicut frequency to suggest that
it is rather widely supported. Sometimes it is 1estricted
to a motatorivm on rescarch whicl might have harmful
applications. (As if one could always telll) One thinks
immediately of King Canute, but it must be admitied
that science and technology are and have always been
subject to more social control than the waves of the
sca. This control has been hapharard, and chaacterized
by lamentable Jack of foresight. In many areas we have
been witless, and, while not willlully evil, have Ict
avarice play a significant role, Those who maintain tha,
science and technology are used primatily lor war and
profits have something ol a point. You miay remember
that Frands Bacon said «icnee should be pursued “for
the gloty of God and the relicf of man’s estate.” But the
technelogical exploitation of knowledge and natute has
not always contributed to the telicl of man's estate, and
we are told it should have been stopped long ago.

low long ago? Apart from a few elitist intellecinals
who make capital of being antiscientific, most people
will 2dmit to the disadvantages of living in the Golden
Ages of the past, whether Greck or Flirabethan or other,
once they remember the plight of the average peison in
thote ages. In fact, 1 have never succeded in pinning
down a date when the moratotium saould have occurred
except as “before the atom bomb.™

In another sense, the moratotium on rescarch and
development i3 just as impossible as Canute’s stopping
the waves. The economic affluence generated by tech
nology is hardly to be cut off by vote of thase who have
achieved it. Wherhet the coming generation will main-

tlain this attitude belongs 10 the puniew of the next
LS

speaker, but even those who despise afuence must ad:
mit that the technical possibility of alleviating painful
poverty and hunger should be maintained, But why
should everybody have to know any science for that?

So, apart from a few people who can help satisfy the
avid curiosity of those who naturally love science and
cannot be kept from working at it, why strive to recruit
more physics teachers?

In my opinion, of course, we do need many more
better-prepared physics teachers, and we should some-
how increase the demand from high school students
so that every one of them well be kept busy. There
should be more kinds of physics courses, at different
levels, so that more students will learn more physics
and the life of a physics teacher will be more varied and
interesting.

But I have not been dishonest. Scicnce and technology
have given rise to enormous problems, without offering
many hints toward possible solutions, and physics has
not been backward in contributing such problems, In
this audience 1 hardly need argue tne impossibility of
a moratorium on science, but we must confess there is
no guarantee more physics will result in a more rational
and gencrally beneficial utiliration of physics. Again,
then, why campaign for mote physics teachers?

My answeis to this question, while fervent, are halting
and incomplete, and 1 am sure the discussion period will
supply othets, But let me start. In addition to the very
genuine conttibution of high school and other elemen:
taty teaching to the subsequent achievements of profes:
sional scientists, there are growing responsibilitics toward
preparing fntme technical personnel. We are only be-
ginning to take an intevest in this fickd. Even more frus-
trating is the problem ol trying to raise the scientific
litcracy of a now teo completely nonscientific public.
(Our past president, £, U. Condon, has in connection
with his studs of UFO's noted that more than 10,000
people in the United States make a living out of astrol-
ogy, whercas the number of professional astronomers is
about 2,000.) To a great extenl, people are cotrect in
saying they have no control mver poiicies related to sci-
cnce and, it may be argued that a smattering of wicnce
would be of no ute for judgirg whether a given policy
is good or bad. But at preseat most people are simply
apathetic, and this apathy would surcly be dispelled if
they knew something of the nature of scientific evidence,
ot the lack of it. And we must catch people young it
we are to simultancously convey this attitude and nour-
ish their native curiosity and interest in the wientific
aspects of things about 1e It is, 1 think, cs«ntial that
physics teachers should reach students well before the
twellth grade level, whether in courses explicitly called
physics ot not,

The intstimable value of physics teachers as & bridge
between the frontiers of science and young people is

one thing and we have, for 2 long time, talked of the
(continwed on page 11}



Is There an Excitation Energy?
Richard H. Sands

Various scientific and governmental agencies bere and
abroad, including the ATP, have conducied surveys which
attest to the serious decline in interest in the physical
sciences among the pacsent younger generation. Some
of these collected statistics have been presented o you
hewe. Itis not the purpose of this paper to speak to the
reasons for this overall decline, but rather to expound
the prevalent attitudes of the younger generation as they
pertain to their choice of carcers in physics and physics
teaching.

Their giievances—ranging from Vietnam and racism
to adult hypociisy—have been voiced loudly and clearly.
Viewing both their surroundings and their Tuture with
a sense of frustration and, in many cases, despair, they
see that “our citics are in decay; our universities are in
ehans; ounr poor are hungry. And yc our moncy and
our encrgies are expended wpon war and the perpetua-
tion of war.”

Life magazine, in the June 20, 1969 issue, published
excerpts from several baccalaureate addresses delivered
by this year's valedictorians and elected student leaders
which paraphrase and clucidate those frustrations and
concerns in detail. To continre quoting from one such
address by William M. Thompson of Yale University:
Moast of us are plagued by the pain of an uncertain fu.
ture and the prospect of fighting in a war which cannot
be supported . . . The war must end now; and the ficht
for our cities, for aur nation, for our people must begin,
A member of the faiter sex, Miss Stephanie Mills of
Mills College said: e have horribly disfigured this
planct, ungrateful and shartsighted animals that we are.
Gur fronticr spirit involies no reverence for any forms
of life other than our own, and now 1we are cven threat-
ening ourscloes with the wltimate disrespeet of suicids.
Mr. Ira Magariner of Brown University dlosed with these
wonds: 11'e should lose sleep not ont of fear of our cco-
nomic secutily or our property decause the Negroes are
tioting again. Bul we should lose slecp because we are
doing things that eve utong and we're allowing things
that ure wrong to gn on in our sociely and we'se accept.
ing them.

af
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What, you may ask, does all this have to do with
physics and physics teaching? Just this: many of those
students who think analytically are applying their minds
to the social sciences, law, economics, medicine anid the
humanities rather than to the physical sciences. They
have shifted their interest to these disciplines because
they sce them as needing their efforts. The problems of
the poor and the aises in the cities a2 crying for solu-
tions. Not only do our young find a challenge in these
arcas, but they see these problems as urgent and de-
manding of their attention. Physics and chemistry are
viewed by many as being centered on the creation of
destructive instroments which are the cause of their

‘problems. To the moie charitable, solutions for the

problems of sacial concem have a much greater urgency
than do solutions for the probleris on the forelront of
physical s:icnce.

These actions should not be interpreted as a “flight
from science.” The best thing that could happen would
be for the scientist to tackle the problems of the cities.
Those of us in the physical sciences have long contended
that what the social scienmces needed most was more
“science.” Well, as it would ‘appear that this is what
is about to happen, or can happen with our help, we
should all tejoice. To be sute, this has deep implica-
tions: jobs for the physical scientist will be fewer and
monics will be scatcer, But that is not the direct concern
of this «wsion, for we ate speaking to the problems of
sccondary schoal physics courses and teachers. In that
regand, in my mind, the outlook is brighter.

In awcwing the future, fet ue bear in mind that our
youth are asking solely for “relevaney™ in their ¢duca-
tion and in their chosen careers. If it can be demonttrated
that phydcs has much to offer toward the solutions of
many of the problems of our socicty as we contend, then
our curollments will go up. Likewite, if the slight ac.
quaintances which students find with physics as high
schoolers can be placed in proper perspective for them
in rcgands to their view of the world, and their under-
standing of that world, then again physics will be tele-
vant and desitable. Theee is not the slightest doubt in
my mind, ot in yours, but that physics is at least as
great a patt of a literal education today as it was in the
late 18%00°s, when every school child ook it

Thete have been many artickes appearing in out na-
tional mxgarines on this subject. 1 quote from one by
Donald Cowan of the University of Dallas which ap-
pears in the March "68 jwue of The Physics Teacher:
Physics has the job, probably more than any other disci-
pline in oxt day, of prowiding the innoretors for sotiely,
thase people who will penetrate the barriers of the un-



known and alter the paths of history. This task is the
most important we have,

The problem, as I'see it, is that we have been shirking
our duties; we have been teaching stercotyped and sterile
phiysics cousses in high school and in college, speaking
only to the prospective Ph.D. in physics, and ignocing
completely the question «f relevancy, We are being
called down for it by the * .unger generation in no un-
certain terms, and it is time we awakened to our iec-
sponsibilities. Wc¢ are being forced to prepare good
teachiers for the secondary schools and to provide good
teaching in the universities, or suffer the conscquences.

When asked to address 4 recent American Asscciation
for the Advancement of Science aceting in Datlas on
this subject, Miss Katherine Swartz. a young student and
the daughter of onc of unr colleagues, concluded as
follows:

Thus the problam ifacing the scientific commun.
ity concerned abour the "fight from science” by
today’s students is two ‘uld. They must make the
teaching of science in the sccondary schools more
exciting and relevant to students interested in the
humanitics, so the students will have an under-
standing of science and! it methods, And they must
make basic research in the physical sciences more
exciting and relevant 1 roday’s society while at the
same time encouraging the use of the scientific ap-
proach in the social sicnct s The solutions te these
problems are not cas. but, as a member of the
gencration for whon the solutions are needed, 1
find the idea of solviug these problems to be an
exciting and challei =5 2 one,

Onc of the major chara - istics of today's yoyth is
this quest for a cause to <ha a:ion, We must build upon
this sense of dedication . . «ire which pervades our
youth and give them reaw.. » believe that physics, and
physics teaching, are 1cdo. t . the needs of our socicty.

In summary, you will notice that the younger gencra-
tion is not telling us anytking we didn't already know
ior do they presume to be), but they are relating it
with a sense of wrgency which caanot be ignored. We
all applaud the “impatient young man,” and he is, after
all, nothing new. What is new is the fact that we find
ourselves for pethaps the first time as an older genera-
tion haing to respond to that sense of urgency, not be-
caute of anything the younger generation has -Jone, but
rather because of our situation: we are faced with the
prospect of mass famine because of overpopulation, with
the prospect of mass extinction by pollution of our en-
vironment, with the prospect of mass suicide by nuclear
ho'dcaust, with the protpect of mass rebellion, if not
genocide, by our failure to understand and help our
fellow man. We know better than anyone that the phys.
ical sciences can and must help in the solutions of many
of these problems; we also know that the social wiencos
must be developed {utther if solutions to other of these
problems are to be found.
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Why, then, are we where we are? Why haven't we
responded by teaching mere relevant science courses?
Why do we continue in our present state? From where
is the required excitation eneigy to come? The answers
to these and other questions must be supplied by us.
If we do not kinow the source which must supply the
excitation, then we are indeed in trouble.

By the exercise of a great deal of self discipline, I
will 1efrain from stating my own answers to these ques-
tions for fear that they are only partial and will preju-
dice the discussion to follow, 1 don’t believe that any
of .- kinows all of the answers to this dilemma which
we tice, but some of these answers have been alluded
to by a few of the speakers yesterday and texlay. The
question which causes me the most concern is the one
used for the title to my remarks: Is there an excitation
cnergy?

1 hope de:perately that the answer is afirmative,

{Rennell, continued from page 3)
clementary courses or the introductery courses, 2lthough

they likely will be deeply conceined with them. They
would have teaching assignments as the other phsyicists
do, However, their arca of specialty might be in develop-
ing and testing ourse materials, for example, computer
awisted instiaction materials, or in some other phase
of instructional tescarch, They would be supported, re-
warded, and advanced for their educational specialtics.

Although many participants expressed agreement with
the need for such groups, they alwo felt the nced to
generate professional support tor such a group by, fer
instance, a statement by the profession through the gov-
crning boards of such national bodies as AAPT, CCP,
or APS.

Recruitment of candidate: is a very important part
of any program and there is a good discussion of this
in the panel repoat. Picsent in this 1epoit and reem.
phasized again in this confcrence was the impottance
of personal faculty contact with the prospective teachers.
We will want to watch the Georgia exparimient in this
connertion as they are now doing preliminary screening
of the students by computer.

Another suggestion telated to 1ectuiiment tvas that
we provide students with carly practice teaching experi
ence, perhaps through participation in high school visi-
tation or through some othtr activity associaied with
our coune. Al connected with this problem of reauit
ment is the condideration of geographical factors. Per-
haps our greatest cflorts to recruit new teachers should
be focused on students from those arcas, rutal ones in
particular, which are experiencing teacher shottages, as.
in all probability, it is these schools which will be hiring
the future graduate of eur teacher training programs,

The conlerence’s consideration of preservice programs
is the final item that 1 want to teview hore. Oue type
of prestavice program is the “one-shot™ program which

(continwed on page 11)
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Where Do We Go From Here?

E. Leonard Jossem

The presentation of the problems of physics teaching
and physics teachers by our speakers, and the discus.
sion of these problems by our audience this morning,
have been both wideranging and detailed. So I find
it no easy task to try in a few minutes to sum up all
that has been said.

It seems to me that in many ways the principal prob-
lems we have been discussing are related to those which
are faced Dy society as a whole. As has already been
noted, they are the problems of specialization and aliena.
tion. We seem to be telling ourselves that we are doing
reasonably well in turning out professional physicists
devoted to the work of extending the frontiers of our
subject, but not very well otherwise. You have heard

this problem set forth in many different ways. The sta-

tistics are jolting, as are the student points of view which
were reported earlier.

‘There is not much that I can add here except, per-
haps, to note that this is not exclusively an American
phenomenon. It seems to be international in scope. Some
of you may have seen the article by John R. Baker on
American Physics Curriculum Projects which appeared
in Contemporary Physics last year [Vol. 8, pp. 399-418,
1968]. He discusses there some of the enrollment statis-
tics which we have heard this morning and ¢oes on to
say: It is interesting to note thet we have a similar posi-
tion in this country {i. e., the United Kingdom). Much
has been written and spoken recently on the decreasing
percentage of six-formers taking physics and on the short-
fall of students in physics undergraduate depariments.

After having reviewed the American scene and dis-
cussing some of the inferences he draws from it, Baker
concludes by saying: Many of the actions suggested above
us a resull of a consideration of the American scene
would appear to be ronsistent with the recommendations
of the '‘Dainton Report'. In particular we may note:

1. There should be a broad span of studies in the
sixth form of schools, and irreversible decisions
for c¢ against science, engineering, and tech-
nology should be postponed as late as possible.

3. Breadth, humanity and up-to-dateness must be

E. Leonard Jossem is Professor and Chairman of
the Depariment of Physics at The Ohio State Uni.
versily. A Covnell Ph.D., his research work and
interests are in the field of x-ray spectroscopy and
solid state physics. He has been Chairman of the
Commission on College Physics since 1966, and is a

member of the National Aduvisery Council on Edu-
cation Professions Development, the 4.1.P. Advisory
Council on Education and Manpower, and the
Council of the A.A.AS.
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inlused into the science curriculum and its

teaching.

4. Schools and Local Education Authorities :hould
take steps to insure that within the next five
years thi majority of pupils in secondary edu-
cation should come into early contact with good
science teaching.

6. The participation of teachers in in-service
courses should be encouraged; financial incen-
tives should be provided and flexible arrange-
ments for replacement should be developed; the
need is especially great in science and tech-
nology.

9. ... advances in educational technolegy should
be fully exploitcid in the teaching of science
and mathematics . . .! :

You will easily recognize the counterparts of these
suggestions in the discussion we have had here. In many
respects, then, we share our problems with colleagues
in other countries.

A mathematician friend of mine is fond of saying
that the easiest way to solve a complex mathematical
problem is to guess the solution and then show that
it is correct. In very complex situations this may indeed
be nearly the only way to arrive at a solution, but it
does require great insight. Finding solutions to our
problems, it seems to me, also calls for deep insight into
their nature and causes. Why don't more students take
more physics? What turns them oftf? We have heard
many partial answers to these questions, and I would
like only to remind you that the situation is very com-
plex. It involves, among other factors, the nature of
the instructional materials we use and how we present
them; the views we have of our students—what they
are interested in and what their capabilities are; our
own views of what physics is all about and what its
relation is to the world and to our fellow men. To
these we must add the actual overall shortage of good
teachers and the geographic imbalance in their distri:
bution—the problems about which we have been mainly
speaking today.

We have been reminded as well that there is inore
to being a good teacher than just knowing the subject
matter well, though clearly that is a primary require-
meng; that we need at all levels to provide more kinds
of instruction for more kinds of students, and that the
social system of which we are a part has many strong
feedback loops—what happens in one segment may in-
fluence the whole. The attitudes that the teacher of

, Mnguiry into the Flow of Candidates in Science and Technology
into Higher Education, Cmd. 3541, HMSO, 1968.
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physics takes towards his subject influence the attitudes
of his students toward it—those students who later be-
come members of school bourds and legislatures, as
well as those who become the new teachcrs in elementary
and secondary schools and in colleges and universities.
Again, we are remiuded that this is a problem for the
entire physics community; that each of us, whatever role
we may play, is necessarily involved and has a vital in-
terest in the continuing improvement of physics instruc-
tion.

This being the case, I believe that no one of us can
afford to “leave it to George to do”, There is something
that each of us can and should do to help. Our great
diversity, which is nartly a problem, but also, in my
view, a large part of our strength, would indicate that
the answer to the question, “Where do we go from
here?,” probably depends on who “we” happen to be.
Probably we each need to do somewhat different things.
But we all need to work in cooperation and in a com-
mon general direction, and we all need to find or invent
ways to facilitate our doirig so. In this connection I
would mention the work that has been done in setting
up Regional Physics Associations. There are a few such
now in existence and, as you know, a discussion of their
activities is programmed for later in this meeting. I
believe that their experiences hold valuable lessons for
us. I would call your attention also to the work being
done in sewting up Insiructional Resources Centers and
to some oi the new National Science Foundation pro-
grams. The NSF Cocnerative College-5chool Science Pro-
grams, for example, provides another interesting attack
on our problems of getting good teachers.

Finally, you have heard, and 1 will not repeat, many
suggestions of things that college and university depart-
ments of physics and of education might do. Suggestions
for new teacher training curricula, for more active re-
cruitment, for better pre-service and in-service programs.
Again, the requirements of diversity mean that we need
to remain open minded and flexible in our approaches,
to be willing to plan, to try, to discard, and to try again.
But mostly to keep at it. In some respects the problem
we face js a bit like housekeeping in that it is a con-
tinuing one. Much of the work is not at all glamorous,
but it needs to be done. We have to prepare the in-
tellectual fcod in an appetizing form, and we have to
keep our intellectual houses clean and attractive every
day. If we get lazy or careless about what we do, no
one will want to consume what we offer and they will
move out of the house of science.

It has been some hundred and fifty years since Wil-
liam Blake said: He who would do good to another
must do it in Minute Particulars, So perhaps one answer
to the question of where we go from here may be to
go back home and cooperatively attend to the many
Minute Particulars we must take care of to put our
collective house in better order.

e -
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Materials For a Radar Ranging Exveriment

We call your attention to the offer made in the
article “Materials for a Radar Ranging Experiment,”
J. M. Fowler, Amer. ]. Phys. 37, 712 (July 1969).
The CCP is offering at cost a stereo tape of data for
a measurement of the Earth-Moon distance. Th» experi-
ment was performed for us by J. V. Evans of the Lin-
coln Laboratory. A train of 23 ¢m radar pulses was
reflected from the moon and the echoes recorded. The
sterco tape has a pulse on one track which is synchro-
nized with the outgoing pulse and the echo pulse is
recorded on another track. The tape and slides are of-
fered at a cost which will depend on the number of
orders, but will be in the neighborhood of $3.00. See
the AJP article noted above for further details.

L - . _________________________________________ ]
(Bennett, continued from page 9)

is aimed at stimulation. We have had these in the past,
and should continue them in the future as a means to
treat a special topic and to build up the teacher's en-
thusiasm,

Another type of program, the “retread”’ type of in-
service program, has also been in existence for a while
now. These are generally institutes ¢ r the person who
did not start as a physics teacher, who is now teaching
in physics with little or no physics background, and who
wants more physics so he can handle his classes better.
These “retread” programs have also been a major mech-
anism in the dissemination of new curii.ular materials
and are appropriate for mature teachers who took their
training prior to the development of the new curricutum.
Unlortunately, it is rather common that new graduates
must immediately take a “‘retread” program hecause
tiie colleges are not introducing these new curricular
matet.«ls into their teacher training programs. This
point was mentioned earlier, when it was noted that the
style of our teachng should be compatible with the kind
of teaching we would like to see our students do.

What we need, however, is another kind of inservice
program, which is not so random in its clientele. If we
are to serve as the second half of the teacher develop-
ment program described by Dr. Watson, we need an
integrated preservice-inservice program which encour-
ages the teacher to continue systematic developments in
hoth subject matter and teaching skills during the initial
years of his teaching career. Certainly, such a “teacher
development” progran will require a physics course
which is designed and taught in a manner appropriate
to the school teacher, Our traditional courses and teach-
ing will not do.

The development of really new courses and new teach-
ing patterns is hard and time-consuming work, Indi-
vidually, we are not likely to affect the status quo,
However, if a number of departiments can be encouraged
to establish “critical mass” groups as described above,
maybe we will get something started.
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“scholar-teacher” as the ideal. We should add, I believe,
sora “thing that connotes awareness of the social context,
the relation of science and technology to our hves at
various levels, We can hardly become experts in the
sociology of science (in fact, there are very few such
experts), but we must more explicitly admit the exist-
ence of the kind of problems I have mentioned. Our
failure to take into account the ill as well as the good
resulting from the applications of science is one (of
course not the only) reason for the lack of intere:t in
school science, To increase that interest is our chiet
goal; not so that people should indiscriminately urge
their congressman to allocate more federal money for
research, but thai they should, with some confidence,
share social responsibility for improved national (and
local) policy in science and technology. Chiefly for this
reason, it seems to me, we must increase and improve
the study of physics at every level. And for this we really
do need many more physics teachers!

e ————— TR,
COMMISSION COMINGS ...

... AND GOINGS

As in the past, the beginiing of a new academic year
brings changes in the Commission staff. Staf Physicist
Dr, Robert B. Bennett has returned to Central Wash-
ington State College where he will both teach and
co-direct the Pacific Northwest Association for College
Physics (PNACP). Staft Physicist Dv. Philip DiLavore
has left 1o take on the duties of Associate Chairman of
the Physics Department at the University of Maryland.
Dr. Gregory Edwards has left his position as Associate
Staft Physicist to join the College Science Curriculum
Improvement Program in the Division of Undergraduate
Education in Science at the NSF. We wish them well
and take this opportunity to publicly thank them for
their many contributions to the CCP.
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