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I. INTB ODUCTION

It has often been remarked that the decentralized character of the educational
systc -11 in the United States constitutes one of its greatest weaknesses as well as
one of its greatest strengths. Whil ? such statements have usually referred to
difficulties in insuring fair and consistent administration among the rich variety
of its component parts, the same observation also holds for efforts to describe the
education system and analyze its inner workings. The very diversity that engen-
ders a wealth of innovative ideas and varied practices also makes it an extremely
complex system to confront and understand (much less plan for) as a whole. The
absence of a centralized administrative structure removes the natural locus for a
compendium of system-wide data, and makes consistency of data definition and
standardi ration of data collection much more difficult to ensure. Against this
background, the care and expense required to assemble reliable information has
severely limited the scope and detail that nationwide quantitative studies can
practically encompass. Wide-ranging and in-depth studies of "specialty" areas
with relatively small enrollments like physics are very rare

The American Institute of Physics' 1986-87 Nationwide Survey of Secondary
School Teachers of Physics was undertaken on behalf of its member societies and
especially the American Association of Physics Teachers, to develop current
baseline data on all secondary school teachers of physics in the United States.
including those teaching in parochial ar d non-religiously-affiliated private
schools. The study was designed to elicit information from occasional teachers of
physics as well as those teachers who specialize in the subject. The survey instru-
ment was developed as a collaborative effort of the AAPT and the AIP, and was
pretested on a sample of several hundred AAPT members.

In terms of content, the survey focuses on the individual background charac-
teristics of teachers, their conditions of employment, their professional develop-
ment interests and activities, and their approaches to and experiences in physics
teaching. Information has also been obtained on the structure of physics pro-
grams in secondary schools across the nation, including variations in the avail-
ability of physics classes and the breadth of courses offered across widely differ-
ing types of schools.

The view that a well-trained and scientifically literate population is needed to
ensure the future economic "competitiveness" and socio-politicai health of our
society has gained wide currency in recent years. As one writer put it recently in
an article appearing in a major newspaper, "Citizens are routinely finding them-
selves facing decisions that require scientific judgments . . .But there is uneasi-
ness that many Americans are iil equipped by their science educations to make
such decisions intelligently."") Another commentator, taking note of the recent-
ly renewed emphasis in the National Science Foundation on pre-college science
education, observed that "In the post-Sputnik push, the focus was on students
heading for careers in science, engineering, or mathematics. This time, . . .a
broader aim is to increase the scientific literacy of the workforce." (2) (A fuller
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exposition of this viewpoint can be found in numerous other places, for example,
Holton (1986) and Kearns and Doyle (1987). However, there are still strong
voicesfor instance, Shamos (1988)arguing for the opposing point of view).

Partly in response to this renewed emphasis on science education and science
literacy, this study was undertaken with theexpectation that the findings would
prove to be valuable in tracking progress towards these broad objectives at a time
when physics teachers are becoming an ever-scarcer national resource. It is
hoped that this study and its follow-ups will aid in monitoring the impact of
current and future changes in high school graduation requirements and teacher
certification on the levels of supply and demand for high school physics teachers,
as well as on the level and scope of the material being presented to students in
different types of physics courses. Most importantly, we hope that this study will
prove helpful to the almost twenty thousand teachers of physics scattered
throughout this nation's high schools. It is they who made this research effort
possible, and gave it substance. If we can, in return, help to provide them with a
better sense of the "big picture," and offer them information which can help
guide their ongoing efforts to extend and upgrade the level of physics education in
the high schools, we will consider this to have been a job well done. For, in the last
analysis, it is the teachers, individually and through professional organizations
such as the AAPT and the National Science Teachers Association, who will de-
cide how the information brought to light in this study might best be used to
further physics instruction in the secondary schools.

The first three sections of this report contain background material for the
study. Section II takes a brief look at some of the recent studies that have gath-
ered data on high school physics teaching, data against which we can make rough
comparisons with our own findings. Section III provides a short outline of the
methodology employed in carrying out this si udy, with a more detailed presenta-
tions saved for Appendix A. Attention then shifts to a discussion of the findings
themselves, as we present, in Section IV, an overview of the contours of physics
instruction at the secondary school level across the United States, with a special
focus on public schools.

The following four sections shift the spotlight to th' people who actually teach
physics in this nation's high schools. Section V offers a summary profile of the
teachers who completed our survey, while Section VI looks more closely at teach-
ers' salary levels, job satisfaction and career plans. Section VII explores the sub-
jective side of the physics teaching experiencethe objectives pursued, the prob-
lems encountered, and the attitudes held concerning several rather controversial
proposals that have been aired recently. Section VIII rounds out the picture pre
sented of teachers by comparing the attributes ofmen and women in our sample,
in addition to comparisons of newer versus more senior teachers and of those
specializing in physics teaching as against those concentrating on other fields
who were brought in to teach physics.

2 1 0 American Institute of Physics



In Section IX, the focus turns to the structure of the schools' physics curricula,
comparing the different types and levels of courses offered, and honing in on the
characteristics of the regular first-year course, oN arwhelmingly the most widely
taught. Section X returns to physics education outside the public school system,
highlighting the similarities and differences in approach between public ,chocls
and parochial and private academies. Finally, Section XI offers sorr^ concluding
remarks on the state of physics in the high schools, stepping back to consider the
"big picture," taking a look at the standing of the United States in some very
preliminary comparative findings derived from a recent international study, and
mapping out some issues that appear ripe for further analysis it future studies.

II. EARLIER RESEARCH INTO SECONDARY SCHOOL
PHYSICS TEACHING

Given the fractionalized character of tLe U.S. educational system and the conse-
quent problems and expense in studying it, it is hardly surprising that much of
the previous research focusing on high school physics has employed anecdotal
evidence or qualitative surveys for curriculum reviews or explorations of teach-
ers' experiences and pedagogical techniques. Of those few studies that have
aimed at statistical representativeness, most have relied on data gathered by the
U.S. Department of Education (formerly Health, Education and Welfare), the
National Science Foundation, and other gove "nment agencies. Unfortunately,
government surveys that tried to cover all aspects of public education rarely
devoted much space to low-enrollment specialties such as physics. Studies relying
on these government& data bases were thus often forced to trade depth for
breadth. Still, based on government data collected over many years, baseline
historical information on secondary school physics instruction was compiled and
included in a broader statistical handbook on the profession as a /hole published
in 1964 by the AIP's Department of Manpower Studies, data which will permit
some rough historical comparisons at various points in this report.

More recent data collected by government agencies has shown greater prom-
ise. Especially worthy of note is a massive longitudinal data base, known as High
School and Beyond, that is currently being assembled from repeated surveys of
high school students (including post-graduation follow-ups) by the Department of
Education's Naticnal Center for Education Statistics. While that data set encom-
passes all subject areas, its scope permits some detail even at the subject level of
analysis. The AIP's Education and Employment Statistics Division is currently
working on a ri analysis of the patterns of student enrollment in high school
science and mathematics courses. The study employs da';a gathered in the High
School and Beyond 1980 panel of surveys of high school seniors and closely com-
plements the analysis based on teacher responses presented here.

There are a number of other studies relying on government data, mostly cov-
ering all the natural sciences (and often mathematics as well), that have included
Pections on high school physics. But these efforts have by and large been limited
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by the coverage and quality problems typically encountered in national data sets
of this type. Many researchers have been dissatisfied with the commensurability
of the data gathered at the federal level from state and local sources. (Others have
bemoaned the almost total lack of statistically-reliable data on private and paro-
chial schools.) Several have been impelled by their dissatisfaction with govern-
ment compilations to conduct separate surveys of their own. Air mg the more
recent of these re.;earch efforts, we look to the 1977 NSF-supported National
Survey of Science and Mathematics Education conducted by Weiss, and its 1985

follow-up, for comparisons with our own findings. Still Weiss's school surveys also
focused on science education as a whole, and asked only the broadest questions
about physics as a separate subject area.

Another important stir vey including questions on physics teaching was con-
ducted by Bill Aldridge of the National Science Teachers' Association in 1985-86.

While a number of methodological issues (including problems with the response
rate and with the completeness of the original list from which the sample was
chosen) cloud the question of generalizability of the findings, the NSTA question-
naire included several items that closely paralleled questions employed in our
own survey, and approached the definition of teacher of physics in a way that
makes comparison with our findings relatively easy. Thus, the NSTA results,
along with the Weiss studies and AIP's own analysis of the High School and
Beyond data base, constitute the primary background against which the figures
reported below will be compared where appropriate. In addition, a number of
studies of physics teachers and physics curricula have been carried out at the
state levelnotably, New Jersey, Wisconsin and Rhode Island, in recent years.
The results of these efforts can also be used for comparison where feasible, keep-
ing in mind the small sample sizes and other problems of commensurability. By
these means we hope to be able to present not merely a cross-sectional view of the
current state of physics education in the U .S., but also a sense of its history and its
future directions, as well as a hint of the results that different approaches might
yield.

Cross-national comparisons would also have been of immense value in trying
to assess the relative value of different approaches to physics teaching. However,
differences in educational structures make such comparisons very difficult. One
recent study that attempted to surmount these difficulties was the International
Association for the Evaluation of Educational Achievement's Second Interna-
tional Science Study, begun in 1980 and just reaching publication now. Unfortu-
nately, this study chose to test only students enrolled in the second year of high
school physics, a group which in the United States is too small to allow detailed
statistically-meaningful comparative analysis with our data. Nevertheless, lim-
ited comparisons can be drawn to allow a rough evaluation of the overall health
and quality of physics instruction in our own country, relative to the other na-
tions surveyed. (For further discussion, see Section XI.)

4 American Institute of Physics
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III. SURVEY METHODOLOGY
The initial task confronting the AIP wheli it prepared to carry out the survey was
to develop a complete and up-to-date list of physics teachers from which a sample
could be selected. The strategy used was to conduct a brief initial survey of high
school principals to ascertain which schools had physics programs and the names
of the physics teachers for those that did. From a well-regarded list of 23,161
schools with a twelfth grade maintained by the educational data firm of Quality
Educational Data, Inc. (QED), we selected a sample of 3631 schools, stratified by
.size of school, type of affiliation (public, parochial or private), and geographic
region, and then differentially sampled to ensure adequate representation of
parochial schools and the largest public schools. After removing 153 schools
which were found to have been improperly classified or had closed down, there
remained a final sample of 3478 schools, representing a total estimated popula-
tion of 21,700 public, Catholic and private schools across the nation which had a
twelfth grade. Using QED data, corrected by information gathered from respond-
ing teachers wherever appropriate, we estimate that the population of schools
had a total enrollment of 14 million students in the Spring of 1987, close to 3
million of whom were seniors, a figure that accords well with data available from
other sources, for example, NCES' Digest of Education Statistics. (See Appendix
A for a more complete discussion of the methodology used in this study.)

Our i Aitial inquiry yielded responses from 3472 schools, with only six princi-
pals declining to participate in the st'idy. Data from this query showed that 73%
of these schools offered classes in physics that year, and another 9% taught it the
previous year. (Weiss (1987: Table 6) found an almost identical percentage of
schools offering physics for the 1985-86 school year.] The 18% of schools without
physics classes were largely concentrated among schools with small enrollments.
Thus 2.8 million seniors, or 93% of all seniors, attended schools which offered
classes in physics in 1986-87. Of the 3301 teachers who were listed by the princi-
pals of these schools as teaching physics classes in the spring of 1987, just over
75% completed our survey questionnaire. Follow-up telephone calls to non-re-
sponding teachers produced data en physics classes and enrollments for a few
percent more. (Non-respondents seem to match respondents very closely an dis-
tributions across the key scnool-level variables, including enrollment size and
school type.) In order to derive the estimates for the entire population of ochools
presented in Table 1, we supplied wr:*ghted means, stratified by school type and
size, for tnose cases where our data was incomplete. In all other instan ;ts, except
as noted, dr 'I are reported in percentages and reflect the answers of responding
teachers only.

Physics in the High Schools 5



IV. OVERVIEW OF SECONDARY SCHOOL PHYSICS
INSTRUCTION IN THE UNITED STATES

"The root of the problem rests in the way our society views educa-
tion as a whole. We are not geared toward material which might re-

quire thought and patient toil. Therefore many young people are
steered away from the sciences . . . Japan plcces a high value on educa-

tion. In 12 years . . . as a teacher, I have yet to seeour society put such
dedication toward education."

6

A physics teacher from Pennsylvania

4
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The responsesresponses we received to our teacher survey and the brief query addressed
to school principals indicate that there were 17,900 teachers with physics assign-
ments, teaching a total of 35,200 physics classes, in the 15,800 high schools offer-
ing physics as part of their curriculum during the 1987 spring semester. There
were 623,600 students enrolled in these classes (some 21% of the seniors attend-
ing those schools and about 20% of all seniors). As a check, this figure is almost
identical to the mean of responding teachers' estimates of the number of graduat-
ing seniors at their schools who will have taken at least one physics class by the
time of their graduation.

Corresponding figures from the 1985-86 NSTA study were 19,000 physics
teachers and 32,200 physics classes.(3) In the 1980 High School and Beyond Study,
550,000, or 18%, of the seniors interviewed said that they had taken or were
taking physics.(4) Finally, the National Assessment for Education Progress study,
conducted by the Education Commission of the States, found 487,000 students
enrollee in high school physics courses in 1976-77, or 15% of attending seniors
that year, while the follow-up Science Assessment and Research Project reported
comparable figures of 504,000, or 17%, in 1981-82.(5) It should be noted that such
discrepancies in percentages and numbers may well reflect different methodolo-
gies and definitions rather than meaningful differences in the data or trends over
time. Rough support for such a conclusion might be drawn from the fact that
reported figures for total enrollment in physics and the proportion of high school
students taking a physics course seem to have been remarkably stable over the
last several decades. AIP (1964: Figure 1) found 16,700 physics teachers and
400,000 students enrolled in high school physics in the late 1950s, and reported
(1964: Figure 3) that the percentage of seniors taking physics stayed around the
20-25% range throughout the 1950s and early 1960s. Table 1 presents the esti-
mated population parameters for physics, based on our own data, broken down by

type of course.

Physics in the High Schools 1
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By far the strongest association with whether physics is offered or not, and
how frequently it is taught where it is offered, is school enrollment size. The
extent of this association is reflected in Table 2 below. School size is also strongly
related to type of school affiliation, with Catholic and especially private schools
heavily concentrated among the smaller schools. Once the size differences are
taken into account, the pattern of physics offering seems to be quite similar
among schools of different types. Thus, physics is less likely to be offered only
among the smallest schools in each categorynearly all of the remaining schools
offer physics at least every other year. Among public schools, once senior class
size rises to 200, physics is taught every year in virtually all schools. As a result,
only 3% of public school seniors (and 4% of all seniors) attend schools where
physics is not part of the curriculum, either on an every-year or an alternating-
year basis (see Figure 1).

8
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FIGURE 1, PHYSICS AVAILABILITY FOR SCHOOLS AND
STUDENTS (all 3472 schools).

Proportion of schools where Proportion of seniors at schools
physics is taught: where physics is taught:

Every
year 66%

Alternate
years 17%

Rarely or never 18%

Every
year 91%

:,:::::: ...:,...
Alternate
years 5%

Rarely or
rever 4%

Even in rural areas, where the smallest public schools are overwhelmingly
concentrated, over 90% of the students attend schools where physics is taught
either every year or every other year. In view of the interaction between school
size and type, and the overwhelming dominance of public schools in terms of
overall enrollment (with 90% of all seniors), many of the subsequent tables in this
sectionespecially those dealing with variables that show a significant correla-
tion with sizewill focus on public schools only, and a more complete discussion
of physics education in parochial and private schools will be relegated to Section
X below.

But while school size, above a certain enrollment level, seems to make little
difference in terms of the presence of physics classes, it plays a large role in
detern ining the extent and the breadth of high school physics programs. Table 3
shows that 82% of public high schools, with 67% of the seniors, offer only the
regular first-year course in physics and/or physics for non-science students. But
when we confine ourselves to just the largest schoolsthose with senior classes of
500 or moreover half are able to provide accelerated courses in physics, as well.
Even more than sheer enrollment size alone, it is the presence of multiple physics
teachers (itself, of course, strongly associated with school size) that seems to go
along with the specialization entailed in a more diverse physics curriculum (see
Figure 2).

As noted earlier, it turns out that the smallest public schools are overwhelm-
ingly concentrated in the rural areas of the country (almost 90% of the public
schools with fewer than 50 seniors are classsified as rural by QED), and especially

Physics in the High Schools 9
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in the thinly populated states west of the Mississippi River (over 75%). What is
more, the sparse school age population forces most of these schools to cover abroad range of grade levelsone-quarter of the rural schools include grades one
through twelve, while another quarter have combined the junior and senior high
grades. (In contrast, only 15% ofurban and suburban public schools with twelfth
grade includ, elementary or junior high grades as well). With such small enroll-
ments and with their resources spread thin over many age groups, it is not sur-
prising that virtually none of the rural schools offers a physics curriculum that
goes beyond the basic first-year course. Indeed, given the fact that in many of
these schools, the total number of seniors is smaller than the average class size in
most urban and suburban high schools, it is to their credit that such a large
proportion have committed themselves to managing that much.

FIGURE 2. BREADTH OF CURRICULUM BY NUMBER OF PHYSICS
TEACHERS (1520 public schools offering physics with all teachers responding)

Introductory
physics
only (88%)

10

One Teacher

Intro, honors &
other advanced
classes (46%)

Intro & honors
classes (6%)

Intro, honors &
other advanced
classes (6%)

Two or more teachers

Introductory
physics
only (25%)

Intro & honors
classes (30%)
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Table 4 presents basic descriptive findings for a number of additional aspects
of the physics programs at public high schools. [Table 4 represents the 1603 cases
(78%) out of the sample total of 2051 public high schools with physics where at
least one teacher responded to the survey.] The figures on minimum graduation
requirements in science closely mirror the findings from the Public High School
Graduation Requirements survey of school districts, conducted in 1985 for the
Office of Educational Research and Improvement of the U.S. Department of Edu-
cation. That report noted the recent trend toward rising requirements, largely in
response to the National Commission on Excellence in Education's Nation at
Risk study three years earlier. The slightly higher level of requirements found in
our own survey may reflect additional requirements added on by individual
schools. It is also worth noting that the 15% of sample schools where the teachers
reported the presence of a formal program to increase physics enrollments did
not seem to attract substantially more students to physics than schools without
such programs.

Turning to a closer examination of the 12% of public schools where teachers
report that minority group students comprise over half the total enrollment, we
find that, as expected, these schools tend to be somewhat larger and more concen-
trated in urban areas than schools with white majorities. There are also a fair
number of smaller schools with minority concentrations scattered across the
South and Pacific regions of the country, where substantial numbers of Black and
Hispanic Americans, respectively, still live outside of major cities. Interestingly,
the findings suggest that, in some respects, many schools with large minority
enrollments seem relatively well-positioned to offer an extensive program in
physics. Minimum graduation requirements in science at these schools are, on
the average, slightly higher than they are at mostly white sell(' pls. Teacher sala-
ries are comparable, and slightly higher budgets are allotted per physics class for
equipment and supplies. In addition, a somewhat greater choice of physics-relat-
ed extracurricular activities are available to individual students and to classes
(although this may be partly an artifact of the larger average school size among
schools with predominantly minority-group students). Moreover, teachers at
these schools report feeling better prepared than their counterparts at other
schools to deal with interpersonal relations vis-à-vis their students. (Unfortu-
nately, the questionnaire did not ask teachers about their own ethnic status.)

Nevertheless, these same schools seem to show the effect of the economic and
academic disadvantages suffered by their communities. Teachers report fewer
studs_ ts going on to college, and are more likely to complain about inadequate
preparation in reading and especially mathematics among their physics stu-
denth. More teachers also cite the lack of parental involvement and community
support at. a problem in their physics teaching. And, most importantly for our
study, the proportion of students enrolling in physics is lower. When we focus in
on schools located in metropolitan areas (where almost three-fourths of the
schools with predominantly minority-group enrollments are located), the percen-
tage of students taking physics in schools with fewer than 5% minority enroll-
ment is about 40% higher than in schools where more than half of the students
belong to minority groups. The findings here would seem to support those found
elsewhere (e.g., Koretz,1987) which suggest that the obstacles to full educational
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equality have deep roots in historical experience and social structure, and are not
likely to be overcome simply by further raising academic requirements or cur-
rent expenditures, although these may be necessary ingredients in a long-term
process of change.

Differences in the contours of physics instruction show up in the data not only
among schools of varying racial composition, but also between different

12 0 -)
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geographic regions of the country. Not unexpectedly, the contrasts are strongest
between the states in the southeastern quadrant of the nation (with the exception
of Virginia and Florida) and the rest of the nation. Schools in these states pay
lower salaries to their physics teachers, hire teachers with fewer college physics
courses in their background, are more likely to use teachers whose primary field
is in another discipline to teach physics, and allocate less money per physics class
for supplies and equipment. Similarly, while schools outside the South are, on
average, only slightly bigger than their so,- hem counterpar* 'ley are much
more likely to offer physics courses bey, ..d the basic introductory class. Almost
twice as many northern and western schools send at least 70% of their graduates
on to college. And, most importantly for the discussion here, public schools in the
North and West enroll 20% of their students in physics, while the comparable
figure for the South is only 13%.

On the other hand, there were a few findings that seemed to run in a direction
opposite to the one just discussed. Respondents from southern states offered a
greater variety of physics-related extracurricular class activities than was re-
ported by teachers in other sections of the country. Even more striking, southern
schools turned out to have slightly higher minimum graduation requirements in
science than northern and western schoolsa finding similar to that reported in
the study on public high school graduation requirements cited above. These
changes in science requirements are of recent vintageaccording to the New
York Times (8/10/87:A-14), "As recently as 1980,10 of the 15 states that belong to
the Southern Regional Education Board required no science or only one year of it
in high school; today every state requires at least two years, some three years, of
science." It may thus well turn out that these i ecent reforms will, over the coming
years, serve to reduce the regional differences in physics enrollments just de-
scribed.

The above paragraphs lay out the extent, and basic structure of the physics
programs that are available to high school students. But it is quite another mat-
ter to look at who actually takes physics. As noted earlier, through two indepen-
dent items in our questionnaire, we were able to estimate that only 20% of high
school graduates (and only 19% of those from public high schools) have taken a
physics course by their senior year. Curiously, while larger schools are much
more likely to offer physics than smaller schools, there is no such difference in
physics enrollment percentages among public schools that do offer the subject. In
fact, there is a slight tendency for the largest public schools to have a lower
proportion of students enrolled in physics than their smaller counterparts. This
is unexpect ?..1, especially since, as noted above, it is precisely among the biggest
schools that physics programs tend to be the most diverse and thus should be most
capable of tailoring courses to the needs of different groups of students. Table 5
illustrates that the breadth of the physics curriculum does indeed have a substan-
tial effect on the size of student enrollments in the subject. Controlling for this
factor brings to the surface an even more pronounced decline in the proportion of
students taking physics as school size increases.

Like the interaction with school size, the relationships between physics en-
rollments and other structural characteristics of schools also turn out to be as
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complex as they are important for understanding the underlying character of
physics education in our society. For example, we already noted that schools in
the southern quadrant of the nation enroll substantially fewer students in phys-
ics than northern or western schools do, as do schools with heavy minority group
enrollments relative to all-white schools. When we take these two factorsre-
gion and racein conjunction, however, it turns out that they interact in a com-
plex fashion. The real difference between the south and the rest of the nation
resides almost entirely in the schools with white majorities, while students at
schools with predominantly minority enrollments exhibit similar proportions of
students taking physics regardless of location. In fact, although minority schools
in the north and west show a lower proportion taking physics than schools with
white majorities, in the south the relationship isactually reversed, with schools
that are composed primarily of minority-group students reporting comparable or
even slightly higher enrollments than predominantly white schools. While it
might be argued that this finding is an artifact of the fact that a higher proportion
of southern schools are located in rural settings, it turns out that the relationship
holds regardless of whether urban or rural schools are considered.

Finally, it is likely that one of the common threads running beneath the con-
trasts by region, racial composition, and urban/rural setting is social class. While
it was virtually impossible to obtain an accurate reading of the average socio-
economic standing of students from a survey of teachers, the question regarding
proportion of graduates going on to college might be taken as an extremely rough
stand-in for the overall socio-economic level of the student body. (Since it ap-
peared rare that physics was a required course even in those schools where virtu-
ally all seniors went on to higher studies, it seemed reasonable to assume that
physics-taking a tid matriculation into college were measures that were free to
vary independer. tly.) As it happens, there was a strong overall association be-
tween percentage going on to college and percentage taking physics, and it held
for schools from both rural and metropolitan settings as well as for schools of
varying minority composition. (Curiously, however, the relationship did not hold
for schools in the South, although it was strong among schools throughout the
rest of the country.) These rough indications suggest that these four interrelated
factorsrace, region, metropolitan setting, and social classprobably have a
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significant independent impact and an even stronger conjoint influence on the
size of physics enrollments across the nation. Confirmation of this conclusion and
fuller specification of the interaction between the factors will have to await the
introduction of more precise measures of student socio-economic standing in fol-
low-up studies.

There are also hints in the data that high schools may be in the process of
becoming inci easingly polarized in terms of the size and health of their physics
programs. Those high schools where teachers reported a decrease in physics en-
rollments over the past five years showed average enrollments at levels that were
substantially below those schools where teachers noted stable or increasing en-
rollments. To the extent that teachers' observations on enrollment change reflect
an ongoing process rather than a completed one, it may signal the growth of even
greater disparities over the coming years.

The results just discussed, while raising as many questions as they answer,
address the questions that lie at the heart of this inquiry. Pinpointing the differ-
ences between the four-fifths of high school students who never take physics and
the fifth who do leads directly into the issue of physics literacy in the population
(and the electorate) as a whole. Similarly, focusing on the reasons why the bulk of
students who do take physics have only the basic introductory course available to
them brings up questions of background and preparation among the pool of stu-
dents from which most future college physics majors (and many future physics
teachers) are drawn. [AIP's own surveys of physics bachelors degree recipients
(Ellis,1988:Table III) and physics graduate students (Ellis,1987:Table I) found
that 88% and 93%, respectively, had taken physics in high school. However, only
16% of the former had had the advanced placement high school course.] We will
return to examine these issues more fully below, after we have had a chance to
review the data on teacher characteristic:.
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V. DEMOGRAPHIC PROFILE OF HIGH SCHOOL PHYSICS
TEACHERS

"We are a strange breed of '--2re birds.' No one ever quite knows
what to do with us, but any one of us who are good teachers plus good

scientists are worth our weight in gold."
A physics teacher from Pennsylvania

Of the 3301 physics teachers whose names were supplied by the high schoolswhere physics was taught during the 1986-87 academic year, 2485 completedAIP's 12-page questionnaire. Based on these responses, the follPwing pictureemerges:

16

More than three-fourths of the respondents were male (a proportion
similar to that found in the NSTA study), and respondents had a medi-
an age of 41 and 15 years teaching experience. [Weiss (1987:Table 36)
reports comparable findings in age and teaching experience for all
high school science teachers.] We found a slight tendency for women
teachers to be concentrated in smaller schools and in Catholic schools,
and for teachers with the least overall teaching experience to be clus-
tered in smaller schools. (See Section VIII for related findings on sala-
ry levels and retirement plans.)

Respondents had an average of ten years' experience teaching high
school physics. About one-half (47%) of the teachers have taught phys-ics as long as any other subject in their secondary school teaching
career, with the proportion being notably higher in larger schools.

Turning to the academic credentials of teachers in the sample, we
found that almost two-thirds of the respondents held graduate de-
grees. [Again, this was a similar proportion to that found by Weiss
(1987:Table 38) for all science teache s, and a somewhat higher pro-
portion than holds for all pre-college teachers nationwide (Evange-
lauf,1987:A-50).] However, only about one-fourth of the respondentsin our study appear to have actually earned a degree in physics, in-
cluding 11% with a graduate degree in the subject. (Problems with the
question on academic background, including teachers listing multiple
majors or areas of specialization, mean that these findings should be
interpreted with caution, and that the proportion who actually hold
degrees in physics may be lower than reported.)

Still, those teachers without physics degrees reported taking an aver-
age of about five semester-length college courses in the field. Once
again, teachers who earned a degree in physics and those with the
most extensive course background in physics tend to be overrepre-
sented in the larger schools.
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In addition to academic background, on:.- quarter of the teachers re-
ported having had non-academic physics-related work experience.
The mean duration of this experience was almost six years.

Despite the respondents' years of experience with physics teaching
and their academic backgrounds, however, few could accurately de-
scribe their careers as being primarily devoted to the field. For exam-
ple, some 70% report having begun their teaching career in a special-
ty other than physics. (The other initial specialties by far most
frequently mentioned were math, chemistry, and biology, cited by
20%, 19% and 17% of the teachers, respectively.)

Even more striking, only 13% of the respondents had teaching assign-
ments in physics alone last year. A similar number concentrated more
on physics than on other subjects, while another 9% divided their time
equally between physics and another primary field. The remaining
teachers, almost two-thirds of the total, had their primary concentra-
tion of current classes in a field other than physics. Chemistry (21%),
math (16%), and general and physical science (17%) were the concen-
trations from which teachers wt -e most likely to be recruited for phys-
ics assignments. The distributiod of subjects in physics teachers' cur-
rent loads found in our own data was very similar to that reported in
the NSTA study (Aldridge, 1986: Appendix I).

Along the same lines, the NSTA figure for the proportion of physics
teachers with only one or two classes in physics (83%) was relatively
close to our own figure of 76%. That this is a situation of long standing
c- I be seen in the fact that a similar percentage (81%) was reported in
the AIP handbook on physics education (1964:16) a quarter century
ago. As that report noted then, the inability to specialize in the field
cannot help but have an influence on the training and career plans of
prospective physics teachers. As they put it, "The student interested
in teaching physics cannot concentrate in this field as much as he [sic]
might like, because he must be prepared to spend most of his time
teaching some other subjects....Most teachers specialize in some other
subject and then take the minimum number of courses which will
allow them to teach physics."

As we noted earlier, the fractionalized character of most respondents'
teaching loads can be accounted for in large measure by the relatively
small size of student enrollments in physics. Further evidence for this
conclusion can be seen in the rather strong relationship between sub-
ject concentration and overall school size (see Figure 3). In contrast to
the 13% figure for all teachers, in the largest schools almost half the
physics teachers taught physics exclusively, while another quarter
had most of their course assignments in physics. On the other hand,
fewer than one physics teacher in twenty working at the smallest
schools taught mostly or only physics.
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FIGURE 3. CONCENTRATION OF CURRENT TEACHER CLASS
ASSIGNMENTS IN PHYSICS
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This brings us to the rather sticky issue of certification. In response to the item
on certification in the questionnaire, 68% of the teachers reported that they were
certified to teach physics, while 6% have provisional certification. (Another 6%
state that they are certified in physical science, and most of the remaining 20% of
the teachers have certification in mathematics or other sciences.) Unfortunately,
teacher certification regulations vary widely from state to state. Some states do
not have a separate certification category in physics, but rather lump all of the
physical sciences (or even all of the sciences taught in secondary school) together.
Private and parochial schools also have markedly different regulations govern-
ing certification than the public schools. In light of this, it is unlikely that all of
the teachers responded on the same basisin particular, some may have consid-
ered certification to teach physics to be part of their broader certification in
secondary school science.

Thus, in order to get some idea of the extent to which a teacher's career has
been characterized by a specialization in physics, we constructed a measure that
was independent of the certification item, depending insteadon both initial train-
ing or specialization in the field and on substantial teaching experience over the
course of the teacher's career. In order to qualify as specialists by this measure,
teachers would either had to have earned a degree in physics or have started off
their teaching career with physics as their specialty, and would subsequently had
to have taught physics as long or longer than any other subject, or else have
taught physics in at least two-thirds of the years spanning their career.

Data from AIP's 1986-87 survey of physics bachelors degree recipients (Ellis,
1988: Table VIII) indicate that, of the 39% of physics undergraduates going di-
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rectly into employment, only about 6% choose high school teaching. Some of the
explanation for this small percentage may be found in the fact that the $18,000
per year median starting salary these teachers report is well below the salary
levels ot their counterparts going into other types of employment. This is in part
the product of a sitution in which, over the previous decade, starting salaries for
the latter group more than doubled, while starting salaries for physics bachelors
recipients entering high school teaching increased by only 44%. Even more strik-
ing, AIP's 1985 Salary Report for members of affiliated societies shows that even
after more than twenty years experience, the median salary of society members
with Masters degrees who teach high school physics does not equal the median
earnings level of Masters recipients who are just out of school and beginning
physics careers in private industry (Skelton et a/.,1987: Table 19).

While this situation works to limit the number of high school physics teachers
who have actually earned an academic degree in physics, it should be recognized
that there are many teachers with little ',.. ,rmal accreditation who nevertheless
have spent numerous years teaching physics and who have by experience ac-
quind considerabl2 mastery of the field and the methods of teaching it. In onier
to accommodate this group, a second category of "career physics teacher" was
created, encompassing teachers whose dwree and initial specialty was in an-
other field, but who have taught high school physics for ten or more years or for at
least two-thirds of their teaching careers. The remaining teachers were those
who by both training and experience had specialized in other fields, and who have
been "drafted" into the ranks of teachers of physics on only an occasional basis.

It turns out that about one-third of the teachers with physics classes fall into
each of these categories (see Figure 4). Among the "draftees," the largest propor-
tion (30%) come from math teaching backgrounds, while 23% are biology teach-
ers, 22% are drawn from chemistry, and 21% come from the other physical sci-
ences (including the junior high school level science courses). Only 1% of all
physics teachers (4% of the "draftee" category) are clearly recruited from all
other subject areas combined, although there are an additional 11% whose back-
grounds straddle more than one subject area, and thus cannot be unambiguously
fitted into any of the categories.

P"
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FIGURE 4. ktilEAS OF SPECIALIZATION OF HIGH SCHOOL
TEACHERS OF PHYSICS
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VI. PHYSICS TEACHING AS A PROFESSION

"I actively discourage students of mine from consideringscience
education as a career. The low pay, lack of recognition, poor

opportunity for advancement, and inherent job frustrations make
science teaching, in my opinion, a poor choice for someone just leaving

college."

"We should advertise the value of physics teaching not only as an
intellectual pursuit, butas a marvelous lifestyle! It's FUN!!"

It is widely accepted that secondary school science teachers face a professional
situation in which they have to master two different sets of skillspedagogical
techniques and scientific knowledgeand use them in often inhospitable circum-
stances in exchange for a salary far below the average for professionals with
equivalent training in related fields, as well as career opportunities which are
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limited at best. AIP's physics teacher survey contained a number of items with
direct bearing on the teachers' experience and assessment of their professional
careers.

A small but not insignificant proportion (21%) of the respondents has
taken on administrative duties in addition tc the demands of teaching.
While these tasks range from school computer coordinator to princi-
pal, about 60% of these teacher-administrators are concentrated in
one positionscience department chairperson. Private and Catholic
school teachers were somewhat more likely to fill an administrative
role than their public school counterparts.

A much larger numberalmost two-thirds--of the teachers have also
taken on responsibility for supervising a wide range of student extra
curricular activities. Twenty-three percent of the respondents were
class sponsors. 16% sponsored one or more scif nce clubs, and, perhaps
most surprising, 18% supervised athletic tep a's.

The mean full-time, academic-year salary for respondents was
$25,400. Public school teachers received, on average, substantially
higher salaries than teachers in private and Catholic schools. (Clergy
receiving small stipends and "religious salaries" were excluded from
the latter.) There was an even stronger positive association between
salary and enrollment size, with teachers working at the largest
schoolsthose with more than 500 seniorsreceiving two-and-a-half
times the salary of those at the smalle3t schools (see Figure 5). These
results held despite the finding on administrative functions reported
in the previous paragraph and the fact that administrators tended to
have somewhat higher salaries than those with only teaching duties.
(See Section VIII for further discussion on salary.)

On the whole, respondents indicated that they were largely self-sup-
porting. On average, teachers reported that their school salary con-
tributed 70% of their total household income. In addition, about three-
quarters of the respondents reported earning income from one or
more other sources. (For the percentages reporting income from the
different sources specified in the instrument, see Table 6.)

There was an overwhelmingly favorable response to an item about
overall career satisfaction, although this finding should be taken with
a grai i of salt, since it has been frequently shown that such global
queries on satisfaction almost invariably produce more positive re-
sponses than questions referring more concretely to specific aspects of
a job or an experience. This being said, it turned out that three-quar-
ters of the respondents rated themselves as satisfied or highly satis-
fied with their teaching career, while most of the remaining fourth
reported mixed feelings, and only a few teachers expressed outright
dissatisfaction. (Almost identical figures, derived from a slightly dif-
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ferent scale, were reported by the Department of Education's Center
for Educational Statistics, based on data collected from teachers gen-
erally in a 1985 Harris poll conducted for the Metropolitan Life Insur-
ance Company.) It is interesting to note, especially in light of the sala-
ry results, that teachers at public schools and large schools expressed
the highest levels of dissatisfaction.

One-third of the respondents indicated that they planned to continue
their high school teaching career right up to retirement, and half indi-
cated they would prole 9bly do so, while the remaining sixth reported
that they would probably not stay with teaching. Teachers in public
schools and larger schools were somewhat more likely to plan to re-
main as teachers, a pattern that seemed consonant with their higher
salaries but appeared to clash with their higher levels of dissatisfac-
tion. In a related question, 34% of the respondents reported that they
were currently considering a career change, although they weren't
actively pursuing an alternative at the moment, while another 6%
indicated that they were actively working on such a change. Unlike
the question on retirement, there was little variation here by school
type or size.

FIGURE 5. MEDIAN BASE SALARIES OF PHYSICS TEACHERS BY
SIZE AND TYPE OF SCHOOL (in thousands of dollars)
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Given that salary levels are strongly related to seniority, an attempt was made to
look at differences in earnings above a certain base level after adjusting for years
of teaching experience. In light of different compensation patterns between
schools of different types, we decided to focus more closely on public schools.
(Since the questionnaires did not ask teachers about their initial salaries when
entering teaching, the new salary measure corrected for seniority was not able to
separate the effects of different starting salaries and subsequent average annual
rates of increase.) Not unexpectedly, teachers with graduate degrees (and
especially the few holding PhD's) show higher earning levels on the new measure
than their counterparts with similar years of experience who hold only the
bachelors degree. Furthermore, teachers with a strong academic background in
physics seem to do better than teachers with physics classes whose training was
primarily in another field. While we have no direct measure of the socio-economic
level of the school community, it turns out that suburban schools pay higher
salaries for teachers with comparable experience than do urban and especially
rural schools. The same finding holds for larger schools and schools which send a
high proportion of their graduates onto college, relative to smaller and less
academically favored schools. Finally, it is worth noting that the public schools
which favor their physics teachers with the highest salary increases also tend to
enroll the highest proportion of students in physics.
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VII. THE QUALITY OF TEACHING! ATTITUDES,
OBJECTIVES, AND PROBLEMS

"...upon my arrival this year to teach physics, I found lab equipment
for physics was practically non-existent."

"In my seven years here I have met with muchsatisfaction and a fair
amount of success in building up theprogram. I have a great deal of

support and respect from the administration."

24
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The questionnaire devoted considerable space to trying to tap into the teach-
ers' qualitative sense of achievement and difficulty as well as the more structured
and formal aspects of the physics teacher's job. Teachers were asked to rate a list
of 19 common17, encountered problems in physics teaching in terms of their own
experience, and to rank their top three teaching objectives out of a list of nine.
Table 7 lists the six problems which stood out as being cited most frequently and
being viewed as most serious: three involve the tools teachers are given to teach
with, two revolve around the qualities of the students being taught, and one
echoes the familiar complaint of all teachers regarding insufficient preparation
time, especially relevant in physics because of laboratory preparation.

In contrast to the commonly cited problems in Table 7, very few teachers
reportek. nat they had difficulties maintaining student discipline, or that they
had problems with class size or with the quality of the textbooks they used (see
section IX for further discussion). Overall, teachers who felt they had less influ-
ence over different aspects of their teaching functiot tended to report greater
numbers of serious problems than teachers who felt they had more control over
their work. Teachers reporting more serious problems were also, predictably, far
more likely to express overall dissatisfaction with their teaching careers, and
were also somewhat more likely to plan to qu' t teaching prior to retirement. The
group reporting the greatest number J: serious problems was also weighted
towards younger teachers, especially those in the first five years of their careers.

It is also noteworthy that public school teachers reported more serious prob-
lems than teachers in Catholic or private schools. The largest differences were in
items regarding percei bred Support public school teachers reported a more dis-
turbing lack of support from school administrators, parents and especially com-
munity members. They also complained more about lack of student interest in
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physics, and lack of school encouragement for science instruction. Finally, public
sch,,o1 teachers were more likely than private or Catholic school teachers to men-
tion low enrollments in physics as a serious problem, a perception that will find
corroboration in the figures on percent of students enrolled in physics in schools
of different types in Section X below.

Table 8 presents the relative rankings of the nine objectives teachers were
asked to rank. The two objectives to which teachers most often gave priority both
focused on teaching the basics rather than on transmitting sophisticated materi-
al to advanced students. A third, less strongly stressed, illustrated teachers' ef-
forts to respond to the lack of students' math background cited in the problems
list.

Teachers were also asked about the extent to which they felt they had influ-
ence over three differen', aspects of their physics teaching activity. As illustrated
in Table 9, respondents generally indicated a strong sense of control over these
aspects of their work.
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But while these overall levels of perceived influence may appear to be rela-
tively high, there is a good deal of variation among schools of different types and
in different geographical settings. In states like New York, where responding
teachers reported average levels of influence far below the national norms re-
flected in Table 9, a state-wide education policy task force recognized lack of
teacher influence as a major problem, aid concluded that schools need to be
"restructured to give teachers a greater decision-making role in areas ranging
from textbook selection to hiring practices" (New York Times, 3/11/88: B4).

The questionnaire also devoted considerable space to probing the variety and
extent of teachers' professional activities outside of school. Asked about where
they turned to keep up with current developments in the field of physics and in
physics education, teachers overwhelmingly cited scientific journals (79%) and
the mass media (70%) in general. Somewhat smaller numbers reported availing
themselves of professional meetings, school-year workshops and summer science
institutes to keep current in the field (although a high proportion of those attend-
ing summer institutes indicated that the information they had gleaned there had
proved especially helpful in subsequent teaching). At the other extreme, a very
small percentage turned to school science specialists at the state or district level,
and few of those who did reported finding them especially helpful.

Given the importance of scientific journals as sources of informatio- the
questionnaire asked teachers to indicate whether they were regular readers of
eleven magazines and journals spanning physics, science education, and general
interest science. Periodicals in this last category, especially Discover (cited by
45% of the teachers) and Scientific American (cited by 40%), turned out to be
most widely read. Close behind, and especially helpful in the physics classroom,
was The Physics Teacher, published by the American Association of Physics
Teachers. Of the journals listed, Physics Today, Science, Science Digest, The
Science Teacher, and Science News were each cited by 20% to 25% of the respon-
dents.
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Attendance at professional meetings, institutes and workshops also came in
for greater scrutiny on the questionnaire. Just over half the respondents reported
attending professional meetings over the preceding two years, with the averagebeing a bit higher than one meeting per year. Almost as high a proportion attend-
ed science workshops during the course of the school year, and again the average
was just over one workshop a year. Fewer respondents (30%) had enrolled in
summer science institutes or workshops during the prior twenty-four months. All
in all, about 70% of the respondents had attended at least one of these forums
during that time period. Seven out of eight teachers attending these functions
received some form of support or compensation for their activities. Forms which
such support took included:

released time from teaching (61% of respondents);

reimbursement for travel or per diem expenses (46%);

professional growth credits (34%);

stipend from non-school sources (27%);

stipend from respondents' school or school district (19%).

Table 10 indicates the range of professional organizations with which respon-
dents maintained affiliation, as well as the average level of involvement with
each organization. Included in the "other organizations" category was The
American Physical Societyas it turned out, only 1% of the responding teachers
reported membership in APS, and virtually all of them described themselves as
inactive. About 20% of the respondents did not listany organizational affiliation.
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Finally, the questioNnaire asked teachers to describe the extent of their per-
sonal and professional contact with colleagues in and out of school. Table 11
shows their responses, as well as the proportion desiring greater contact with
each group. Predictably, interaction is greatest with fellow teachers inside the
respondents' own schools. That level of interaction falls off sharply, and the de-
sire for greater contact rises concomitantly, vis-a-vis academic counterparts in
other high schools and in higher education. The degree of contact is weakest with
scientists working in a non-academic setting, and it is also with this group that
the desire to increase contacts is strongest.

k

We went on to examine the impact of involvement in professional develop-
ment activities on contact with colleagues working in other settings. Not surpris-
ingly, attendance at professional meetings, school-year workshops and summer
institutes seems to make a significant difference in the level of such contact.
Attendance at professional meetings brings the greatest increases in contact
with science teachers at both the high school and college level. School year work-
shops were associated with greater contact only with other high school teachers,
while summer workshops and institutes appeared to have an impact especially
on interaction with college and university faculty.

Another predictable influence on extent of contacts is organizational mem-
bership. Belonging to professional groups like the National Science Teachers
Association and especially the American Association of Physics Teachers has a
significant impact on levels of interchange with physics or other science teachers
at other high schools. In the case of AAPT, members were also somewhat more
likely to report greater frequency of contact with counterparts at the post-second-
ary level.

Table 12 presents respondents' reactions to five controversial policy or pro-
gram proposals that have been forwarded from various quarters in recent years.
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[For example, the New York State Task Force on the Teaching Profession whose
report was cited earlier in this section also, according to the New York Times
(3/11/88:B-1), considered "a requirement that all prospective teachers pass an
examination on the subjects they would teach."] Not surprisingly, teachers were
in general more favorably disposed to proposals that would improve their work-
ing conditions or bring them recognition than they were towards proposals that
could jeopardize their certification or introduce competitors for their jobs. Never-
theless, it is worth noting that almost as many teachers seemed to favor compe-
tency tests for themselves and their present colleagues as registered opposition to
the idea. [Weiss (1987:Table 74) found that similar proportions of high school
science teachers expressed agreement with the proposals for competency tests for
experienced teachers and for supplementary pay. She found a slightly higher
percentage favoring competency tests for prospective teachers.]
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VIII. GENDER, SPECIALIZATION AND SENIORITY:
IMPENDING CHANGES IN THE RANKS

"I have found my students increasingly interested in physics, yet have
encountered problems with male faculty who find it difficult to relate

to a woman in science, let alone chemistry or physics."

A teacher from Wisconsin

"I have been pressed into teaching physics on an emergency basis. Even
so I am better able to do so ihan my predecessor, who lacked any physics

background. I am appalled that I have been allowed to teach physics
with such poor preparation."

.1' iysics teacher from a midwestern high school

The previous three sections offer a broad descriptive outline of the corps of
secondary school physics teachers in this country, but they only hint at the link-
ages to broader social ar d educational structures that may help us to understand
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why physics teachers have the characteristics they do. For example, our findings
suggest that somewhere around one-quarter of physics teachers are women, de-
spite the fact that, for high school teachers as a whole, the figure is closer to 50%.
This is not so surprising, given the historical patternresulting from discrimina-
tion and the force of social traditionwhich kept many women from pursuing or
even considering a career in physics or the other "hard" sciences. There is some
evidence that changes in these patterns are beginning to occur. Nevertheless, it is
the patterns themselves that currently dominate the landscape, and will contin-
ue to do so for some time to come. Given the wide recognition of the shortage of
qualified physics teachers [Weiss (1987: Table 72), for instance, found that almost
three-quarters of the principals in her sample reported difficulty in finding quali-
fied physics teachers to fill vacancies], it is important to recognize and remove the
obstacles to broad and effective recruitment of the best potential candidates.
(While the questionnaire did not ask teachers to identify their ethnic origins,
similar observations would probably be in order regarding minority group teach-
ers as well.)

GENDER DIFFERENCES

Table 13 presents the distributions of a number of variables for the group of 2485
responding teachers, broken out by gender. Clearly, the fact that women consti-
tute a substantially larger proportion of younger techers and teachers with less
seniority seems to promise that the proportion of female physics teachers should
rise steadily over time, although the possible effect of different career patterns
(e.g., greater attrition in middle years or earlier r' ;;irement) could work to alter
the rate of increase.

Table 13 reiterates the rather large salary differential (approximately 20%)
between male and female physics teachers, which had been briefly mentioned in
an earlier section. However, the just-mentioned difference in seniority levels,
reflecting the greater gender imbalance among physics teaches in earlier dec-
ades, accounts for about half of the salary differential. Virtually all the rest can
be accounted for by the disproportionate concentration of women in Catholic
schools (also shown in Table 13), where salaries tend to be substantially lower,
and by the curious concentration of women teachen; in the low-waged regions of
the South. Another part of the explanation for the salary difference may be found
in the smaller proportion of female physics teachers with administrative titles in
addition to their teaching appointments.

Another finding on earnings that seems worth noting is the relatively moder-
ate difference between women and men in the percentage of household income
provided by the respondents' salary. This undoubtedly reflects not only the cor
trast in salaries between male and female physics teachers just discussed, but
also, given the larger differentials that prevail in the overall economy, the differ-
ences in occupations and salaries of the teachers' spouses. It suggests that, at
least in physics teaching, men and women are on similar footing in terms of
reliance on their own earning power.

Other reflections of the traditonal mechanisms that worked to discourage
women from entering physics or physics teaching can be seen in comparison of
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background and training characteristics across gender lines. Women physics
teachers are about half as likely as their male counterparts to have earned a
degree in physit..s or to have had physics-related work experience. They are also
half as likely to have begun their teachingcareer with physics as their specialty.
Fully half of them, as against only about a quarter of their male colleagues, meet
the criteria for having been "drafted" into teaching physics that were referred to
earlier in this report. It is small wonder then that three times as many female as
male teachers find the fact that physics is not their primary area to be a serious
problem in their work.

SPECIALIZATION IN PHYSICS TEACHING

Focusing in more closely on the specialization measure, which, it will be remembered,
depends equally on initial training aad subsequent physics teaching experience, we find
the eApected large differences in knowledge and confidence, but surprisingly few differ-
ences in apnroaches to or attitudes about physics teaching. As illustrated in Figure 6, well
over half ': the "specialists" regh.d themselves as "extremely weli prepared" in basic
phys: -;s miowledge, while only about a third of the "career" physics teachers, who !eat A
much of their physics "on the job," and fewer than one in five of the "draftees," could say
the same
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FIGURE a. PERCENTAGE OF TEACHERS REGARDING THEMSELVES
AS EXTREMELY WELL PREPARED IN BASIC PHYSICS KNOWLEDGE

31%

Specialists Career
teachers

18%

Draftees

Among the draftees, there are sizable differences in the degree to which respondents
feel secure with their basic physics preparation, depending on the field of primary
specialty. Teachers with a concentration in freshmen-level physical science, along with
the few specializing in high-scho earth and space science, feel most confident about their
physics background, followed in order by math teachers, chemistry teachers and biology
teachers. (however, it is also worth noting that only 4% of the draftees put themselves at
the extreme of being "not sufficiently prepared" in basic physics. Similarly, only 13%
reported that the fact that physics was not their primary specialty constituted a serious
problem in their teaching.) There is a tendency for the physics "specialists" to have more
of their teaching load concentrated in physics, and to teach more of the advanced courses,
than the teachers with less formal physics training. However, the latter finding may also
result in part from the fact that the specialists are more heavily concentrated in the larger
schools, where larger enrollments permit more advanced courses to be offered.

It follows from the definition of the categories that the specialist group has taken far
more college-level courses in physics than either of the other two groups. What is
especially interesting, however, is that the aifference between the group of "career"
physics teachers and the group of "draftees" is rather small. This suggests that the
differences found between these two groups in the sense of preparation and the degree to
which teaching outside one's specialty area is viewed as a pi fblem, is probably almost
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entirely accounted for by the difference in years of physics teaching experience. It is "on
the job" training, rather than formal education, which, while not bringing the career
teachers up to the preparation level of the formally trained specialists, seems to have made
a substantial difference in the degree of confidence in physics knowledge relative to
teachers who are only infrequently called upon to teach physics. However, it should be
noted that the National Science Foundation has recently resumed funding local summer
institutes specifically geared toward high school teachers who regularly teach physics but
have never earned a degree in the field. These initiatives provide an innovative way to
upgrade the formal training of "career" teachers At the same time, they will also serve to
widen the gap between "career" teachers and "draftees," who are largely ineligible for
such programs precisely because they do not regularly teach physics. Some of these
in ,itutes are quite extensivefor example, one, in upstate New York, spans several weeks
over two consecutive summers and a number of meetings during the intervening year, and
provides participants with graduatt credit as well as stipends.

Perhaps the most interesting findings that emerge from the comparison of teachers at
these three levels of specialization a, defined here are those that show little or no contrast
between the three groups. There seems to be little difference in the degree of influence
teachers in the three categories report having over the type of courses offered, the material
they cover in their classes, or the textbooks used. Teachers in the three categories appear to
have no significant differences in the objectives they pursue in physics teachingteachers
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who have formal training in physics and who have devoted their entire career to teaching it
do not rank such objectives as "motivating students to continue physics studies,"
"preparing students for advanced placement tests," or "covering the material necessary to
prepare students for further coursework in physics" any higher than teachers from either
of the other two groups. There is similarly no significant difference in overall levels of
career satisfaction among the three groups. F many, "draftees" seem to t,e more highly
concentrated in schools located the south, but there was no significant difference in the
distribution of the three type. of teachers in schools with varying concentrations of
minority-group students.

AGE AND SENIORITY

In addition to concerns about the training and experience of high school physics teachers
and about the gender imbalance among the ranks of teachers, a good deal of attention has
been given to fears over the possible aging of the teacher corps. Such concern is relevant
not merely to the general issue of aging (given a median age for teachers of 41 and an
average of 15 years already in teaching), and its implications for replacement and regen-
eration of this group of teachers, but also to the issue of wheth . differences between older
and younger teachers will slowly lead to ,ut ,:antial changes in the overall characteristics
of the teacher corps.

In fact, we have already looked at one difference between younger and older teachers
that seems to have positive implications the fact that them. are three times as many
women among teach- with less than ten years experience as there are among teachers
with 20 or more y teaching suggests that the gender imbalance discussed earlier
should, other t hinc, .g equal, diminish with the passage of time. Other contrasts be-
tween younger find older teachers, however, suggest that there are other forces at work
that carry less posii:ve implications. Thus, as illustrated in Table 15, a much larger pro-
portion of the newer recruits plan to leave teaching prior to retirementit appears that
the more seniority a teacher has, the more likely :le or she is to plan to hold on until
retirement. [However, t should also be noted tha, it is only among teachers with five or
fewer years experience that the proportion activel:' pursuing a career change rises to even
one-in-eight. This accords well with recent indications (Evangelauf,1987) that, for teach-
ers of all types, by f:Ar the highest rate of attrition takes place during the initial years.]

A number of other differences be omen older and younger teachers appear to be noth-
ing more than artifacts of increasing experience and seniority, and to bode no major
changes as recently entering cohorts age and their more senior colleagues retire. Thus,
results in Table 15 showing that younger teachers report l'tss influence over the type of
physics courses offered at their school and over the choice of physics texts in their courses,
feel more isolated from other Itgh school teachers, are able to find slightly fewersources of
professional support, and are less likely to have earned a graduate degree to this point,
could potentially imply long-term changes in the corps oc physics teachers, but are much
more likely to be chews that modulate like waves over the course of each individual
career, leaving the overall contours of the group unchanged. (The only way to definitively
determine the extent to which II' s is true would be to conduct a longitudinal survey,
looking at individual teachers at a numoer of points along the course of their career.)
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But there are other differences that may also reflect real and permanent changes in
cohort characteristics. Teachers with 20 years or more experience who have earned a
graduate degree are almost twice as likely as their younger colleagues with graduate
degrees to have earned that degree in physics. This finding may have something to do with
Clanging patterns of teacher educationthe group with 20 or more years teaching experi
ence are somewhat more likely than newer teachers to have earned their bachelors degree
in education, and then have gone on to a masters in a specialty subject area, while more
recent entrants into the teaching ranks appear to have more often major.:d in specialty
areas as undergraduates, and then to have pursued (or currently be in the process of
pursuing) graduate degrees in education. In part, this may be a product of the "disrepute"
into which the undergraduate education degree has fallen in recent years. In the most
extreme cast, proposals have surfaced in the past few years from such quarters as the
Carnegie Corporation of New York, one national association of education school deans,
and a City University of New York task force on teacher education, to abolish altogether
the practice of granting undergraduate degrees in education (New York Times,
10/5/87.B-1). It is also possible that the changing academic degree profilemay reflect the
later timing of the younger cohorts' decisions *o make teaching their career.

Finally, the overall differences in the teacher cohorts' levels of training may also signal
a more general loosening of requirements for physics teachers in the face of an increasing
shortage of qualified candidates. As one recent newspaper article (New York Times,
4/12/88:1' -21) notes, while on the one hand almost all states have in recent years institut-
ed formal competency testing for entering teachers, they have on the other hand relaxed
certification requirements in fields with shortages, allowing "emergency" certification in
many areas for teachers with only minimal backgrounds. To the extent that such a loosen-
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ing of requirements has occurred, the finding that older teachers report somewhat higher
levels of confidence in their basic physics training may mirror a real and continuing
difference in levels of preparation, rather than merely reflecting the confidence that comes
from years of experience.

Another finding that emerges in Tables 15 and 16 is that older teachers seem to be
somewhat more "laboratory-oriented," devoting slightly more class time to labs and rat-
ing themselves as better prepared in techniques for teaching labs ( which may relate to the
prevalence of experience with NSF-sponsored summer science institutes during ti e 1960s
and early 1970s). Another contrast worth noting is that the newest group of teachers
(those with fewer than 5 years experience) are much i_nore likely to have had another
career (but not physics-related work experience) prior to entering teaching. All in all, for
those who are most concerned about the level of qualikations and physics training, the
apparent aging of the teacher corps and the differences that stand out between the younger
and older teachers do not seem to offer much emouragement.

Finally, over 700 of the teachers added their own handwritten comments in the space
provided for that purpose at the end of the questionnaire. While some respondents wrote
only a line or two, most went to substantial efforts, often writing a page or more, with a few
adding typewritten letters or additional pages to allow more room. We opened each sec-
tion above with an excerpt from one of these longer commentaries, hoping to communi-
cate a flavor of the strength with which many of the feelings about the topics addressed in
those sections wei-e imbued. It is impossible to give more than an impressionistic sense of
the overall content of these comments here, although the body of all these responses
constitutes a resource that can, through further analysis, yield the kind of insight and
understanding that the quantitative analysis of the rest of the questionnaire cannot pro-
vide. However, there were a number of themes that cropped up repeatedly in these com-
ments, and it seems appropriate to end our discussion of the findings on teachers and their
experiences with a brief outline of these. Among the most common threads were:

1. a sense of satisfaction and attachment to physics as a disciplinemany teachers
mentioned a Love of the subject matter they taught, cilid a feeling of excitement and
gratification at being able to pass it on to their Students;

2. a feeling of isolation, especially from other physics teachers and physics profession-
alsteachers felt a lack of emotional support and camaraderie, as well as missing
the chance to exchange ideas and techniques for use in the classroom;

3. as far as the latter was concerned, many teachers bemoaned the lack of forums and
institutes where they could polish their skills acid fill in gaps in their physics knowl-
edge, as well as keep up with new developments in the field. Older teachers who had
attended NSF-sponsored summer institutes in years past were especially emphatic
about the importance these institutes had held for them, both in gaining new in-
sights into physi:s and physics instruction, and in general for "recharging their
batteries";

4. a number of teachers expres:..ed gratitude for an older teacher in their school or
district who served as met for and resourcesome saki . at if it hadn't been for the
help and influence of these senior colleagues, they would have quit teach'. 1g, or at
least quit teaching physics, in their first few years;
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5. there was widespread frustration with low pay and lack of recognition and support
from school and district administrators. Teachers complained especially about the
time pressurethe lack of recognition that they needed extra time, and relief fn in
class assignments, to prepare laboratories, the distraction of peripheral tasks such as
lunchroom duty, hall monitoring, study hall assignments, and so forth;

6. bitter complaints from many of the teachers drafted from other specialities over how
they had been forced into taking the physics assignment against their will. Some of
these teachers reported that being put into the position of teaching material in which
they were not well-prepared was offensive to theirsense of professionalisma num-
ber said it would drive them out of teaching altogether. Others seemed determined
to persist, but expressed despair over ever getting proper training;

7. finally, a number of teachers commented on the questionnaire itself. A few con-
dewed it as a waste of time, or predicted that it would merely be used by the
"physics-teaching establishment" to reinforce their distorted and elitist preconcep-
tions. Some made practical suggestions for changes or additions, pointing out in-
stances of poorly worded questions or topics that had been overlooked. But many
simply expressed gratitude that "someone was finally willing to listen" to the expe-
rience of the teachers in the trenches, regardless of their official professional creden-
tials.
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IX. PRELIMINARY FINDINGS ON PHYSICS COURSES

"My course was basically science for non-science types; none of my stu-
dents expect ever again to study physics, and a goal of the course was to
teach them ,tot to be intimidated by formulae and scientific language,

but to jump in and learn their way around."

A Florida teacher

The 2485 respondents to the survey taught a total of 5044 physics classes and had 3164
preparations (separate courses) during the Spring 1987 term. On a weighted basis, this
works out to an average of 1.9 physics classes and 1.2 physics preparations per teacher.
The distribution of assignments among teachers and data on the amount of lab time and
homework assigned for each type of course are presented in Table 17. Data on the text-
books that were most widely used in each type of course, and the quality ratings each of
these received by the teachers, are presented in Table 18. In general, teachers seemed to be
quite sat'sfied with the textbooks they usedratings were reiatively high across the board,
and when asked whether they found textbook quality to be a problem in their teaching,
65% said no, and only 5% rated it as a serious problem. On the whole, texts used mainly in
accelerated or advanced courses, where more sophisticated material can be handled, re-
ceived better ratings than texts used primarily in introductory courses. It is also important
to bear in mind that texts are normally geared to a specific level of instruction, and that low
ratings may result from the misuse of a book in a given course, as well as from its actlial
intrinsic merit.
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Finally, given the preponderance of regular first-year physics courses, we asked
teachers to go into more detail concerning what topics they covered and how
much class time was allocated to each. In terms of seven broad areas, teachers
with first-year physics classes reported spending an average of 35% of the time on
topics in mechanics, 18% on optics and waves, 16% on electricity and magnetism,
12% on heat and kinetic energy, 8% on measurement and math skills, 7% on
topics iii modern physics, and 4% on a broad array of other issues.

4
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For comparison purposes, Table 19 provides a further breakdown of these
areas into specific subtopics, and indicates the proportion of teachers covering
each of the latter in their regular first-year classes. Pfeiffenberger and Wheeler
(1984) conducted a study of high school physics courses in 1983, which included an
item on course content that was identical to the one used here, with the exception
that their list did not include "measurement and math skills" or "other topics" as
categories. Even taking this into account, the responses they received were very
close to our ownthey reported a mean of 36% of course time devoted t ) mechan-
ics, 20% each to electricity/magnetism and optics/waves, 13% to heat and kinet-
ic energy. and 9% to modern physics. It is also worth noting that their findings for
the mean and mediam number of students per school enrolled in first-year phys-
ics-32.7 and 17.5, respectivelyagree closely with our own corresponding fig-
ures of 30 and 20.

X. PHYSICS EDUCATION OUTSIDE THEPUBLIC SCHOOLS

"I was an...Assistant Principal and ScienceSupervisor [in a major
urban public school system]... for 17years. Present school is very

different from my previous experience. Small, all girls parochial high
school. St:.:dents must pass an entrance exam for admission.

Intelligent, highly motivated, disciplineda pleasure to teach."
Parochial school teacher from an East Coast city
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In Section IV above, a number of findings were discussed for public schools
only. Given the strong association between school size and type of religious affili-
ation, this was done in order to keep the textual and tabular presentation of the
data straightforward, minimizing control variables and interaction effects. It
was felt that, given the overwhelming predominance of students in public
schools, this could be done without severely distorting the picture of secondary
school physics education in this country. In this section, we will turn back to
differences between different types of schools, to see whether the contrasts sug-
gest alternative approaches to physics education that analysis of the more homo-
geneous public sector might not reveal.

The original school list from which the sample was drawn classified schools
into three categories by type of affiliationpublic, Catholic, and private. As we
noted earlier, the category of private schools seems to be furthest from public
schools in terms of structural characteristics, and to exhibit the greatest internal
heterogeneity of the three types. Unfortunately, neither the questionnaire nor
the data elicited by QED contained items that would serve to further delineate
school affiliation within the private school category, thus turning it into a kind of
catch-all for non-public and non-Catholic schools. However, given that the school
name seemed to reliably indicate the presence of religious affiliation in many
cases, we made an attempt to classify private schools still further on that basis.
Telephone contact was made with the school in ambiguous cases, and was used to
check the accuracy of the classification in a small proportion of seemingly unam-
biguous cases as well. The results of this effort are presented in Tablc 20.

In gene; al, the "mainstream Protestant" affiliation included high sal' )1s
(primarily Lutheran and Episcopalian schools) which have tried to mirror, albeit
on a smaller scale, the uniform approach and consistent character of the Catholic
education system in this country. Given this conclusion and the small number of
Protestant-affiliated schools, it was decided to classify them with the Catholic
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schools as "mainstream religious high schools." Similarly, in light of the fact that
most of the Jewish schools were Orthodox in their religious orientation, it was
decided to combine these schools with the Fundamentalist Christian schools (Bi-
ble Schools) to create a category of "fundamentalist religious schools." Twelve
schools could not be easily classified into these categories, and so were excluded
from the analysis.

Following this reclassification, the two subgroups that emerge from the for-
mer private school category exhibit a number of structural similarities but seem
to stand on opposite ends of the academic spectrum, at least as far as physics
instruction is concerned. Thus both the fundamentalist religious schools and the
private schools without religious affiliation are substantially smaller than either
the public schools or the schonls affiliated with "mainstream" religious group-
ings. Similarly, while almost two-thirds of the public schools and over three-
fourths of the mainstream religious schools focus on only the high school grades,
only a small fraction of non-religiously affiliated and fundamentalist schools do
likewise. Yet, despite these similarities, a substantial proportion of the private
schools with no religious affiliation offer physics every year, while the percentage
for fundamentalist schools is much smaller, even when school size is held con-
stant. Overall, as shown in Table 21, the apparent lower priority placed on phys-
ics inst ..ction at many fundamentalist schools, coupled with the fact that these
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schools are especially concentrated among the tiniest schools in the sample, adds
up to a situation in which over 60% of these schools do not offer physics at all, as
'against 31% of the secular private schools, and an even smaller proportion of the
larger "mainstteam religious" schools and public schools.

Even comparing the relatively "elite" group of fundamentalist religious
schools which did offer physics in 1987 to schools from the other categories offer-
ing physics (cases which are far more representative of their respective groups),
we find that differences abound. Once again, as Table 22 makes clear, the funda-
mentalist religious schools and the secular private schools seem to stand on oppo-
site ends of the spectrum. Despite their much smaller size, the latter schools offer,
on average, a slightly higher number of physics classes than do the public or
mainstream religious schools, while virtually all of the fundamentalist schools
that do have physics offer only one class in try, subject. Similarly, despite their
size, a sub3tantially higher proportion of secular private schools with physics
have multiple physics teachers than is the case for public and mainstream reli-
gious schools, while, with only one exception, no fundamentalist sch --f:1 in our
sample has more than one physics teacher. Furthermore, while none of the fun-
damentalist schc , Is offer courses beyond introductory physics, the propoi lion of
the secular private schools with physics programs which offer second-year or
advanced placement courses in physics is twice as high as the proportion of public
or mainstream religious schools offering those advanced courses.

Not only are the secular private schools and the fundamentalist schools wide-
ly divergent in terms of the extent and structure of their physics programs, they
are also different in terms of the personnel staffing those programs. About half of
the faculty at secular private schools, as agair st just over a third of the public and
mainstrei In religious school teachers, fit into our "specialist" category as defined
in Section V above. The comparable figure for fundamentalist schools is one-
sixth, and well over half the teachers at these schools fall into the "draftee"
category delineated earlier.

A similar finding holds true for academic backgroundteachers from the
secular private schools have taken slightly more college physics courses than the
average, while teachers from the fundamentalist schools have substantially few-
er. Moreover, more than a third of the former group have degrees in physics, as
against just over a fourth of the public and mainstream religious teachers, and
about a sixth of the fundamentalist school teac' Lers. In terms of general academic
attainment, a larger proportion o, hese teaching physics in the secular private
schools have earned a Ph.D. than is the case for teachers at the other types of
schools. Non-religious private school teachers also have substantially more mon-
ey per physics class available to them for supplies and equipment, and, again
despite lower overall enrollments, make more types of physics-related extra-
curricular activities available to their students than do teachers at other schools.

The picture of physics instruction that thus emerges from the findings shows
some relatively sharp contrasts. On one extreme, the small secular private
schools seem tc form an elite in terms of their commitment to high-quality phys-
ics instruction, and in terms of the personnel and budgetary resources they pro-
vide for that purpose. In spite of their limited size, a relatively broad physics
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curriculum is offered, and a substantially greater proportion of students are en-
rolled in advanced physics courses. Finally, those hired to teach these courses
tend ,o be better trained, better equipped, and find fewer serious problems ham-
pering their teaching efforts. On the other hand, many fundamentalist religious
schools do not offer physi and even where it is offered, only the basic introduc-
tory courr?, is available. More often than not, the course is given by a teacher who
has only a minimal background in physics.

In between these extremes stand the much larger and more numerous main-
stream religious and public institutions. Given their large enrollments, it is per-
haps not surprising th at 90% of the schools in both categories offer physics at
least every other year But, once size is controlled for, it turns out that, like the
secular private academies, the parochial schools also seem to place more stress on
physics education than does the group of public schools, taken as a whole. For
example, a higher proportion of mainstream religious schools than public schools
of comparable size offer advanced physics in addition to the basic introductory
course. And, most significantly, public schools with physics enroll a substantially
smaller average proportion of their students in physics than do schools with phys-
ics in the other three categories. While almost one half of the secular private
school graduates have taken physics, along with a third of the parochial school
graduates and a similar fraction of the minority of fundamentalist schools which
offer courses in the subject, the comparable proportion for public school gradu-
ates is less fAan one in five. Put another way, the non-public schools, taken to-
gether, have 10% of the nation's high school seniors, but 16% of the country's
.sigh school physics enrollments. [This relationship appears to be stable over
timeAIP (1964:2) reported an almost identical fraction of the nation's physics
enrollments in non-public schools twenty-five years earlier.] Of the 82 schools in
cur sample where physics was offered and where less than 5% of the senior class
graduates having taken a course in the subject, all but one are public schools.
Furthermore, it is worth noting that, among this group, inner city schools with
predominantly minority enrollments are heavily over-represented.

Part of the explanation for this finding undoubtedly lies in the relative selec-
tivity, and self-selection of students, among the different types of schools. Schools
in all three of the non-public categories charge tuition, while public schools, of
course, are free. This in itself may give rise to a situation where students in
private and parochial schools, and especially those in the secular school group
where tuition rates are often highest, tend to be drawn from higher socio-econom-
ic levels than public school students, on average. In this regard, it is worth noting
that teachers from the three non-public categories report that these schools send
the overwhelming majority of their students on to college, while public school
teachers indicate that the proportion in their schools averages under half. (The
1980 High School and Beyond study reported identical figures for public school
and slightly lower ones 'or private schools.) Put another way, 85% of the non-
public schools, but only 18% of the public schools, in the sample sent at least 70%
of their graduates on to college. And, as noted earlier, the proportion of students
going on to college is one of the most powerful covariates of the percentage of
students enrolling in physics among schools of all types.
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There are other indications that private and parochial schools lay heavier
stress on acade ics, and especially science, in their curricula than public schools
do. Despite the recent movement towards more rigorous graduation require-
ments in public schools in many states, public school teachers in our sample still
reported science requirements that were significantly below the average for
schools in the other three categories. Thus, while about 40% of the non-public
schools require 3 or 4 years of science, only 20% of the public schools do likewise.
It is likely that this is at least partly related to the relative flexibility that the
administrations of non-public schools and school systems have in setting gradua-
tion requirements and academic policy in general, relative to the more con-
strained quasi-legislative process to which public schlols must respond on a dis-
trict-by-district and state-by-state level. In similar fashion, non-,: ublic schools
can be somewhat selective in their choice of students and academic orientation,
while public schools are committed to a..cepting all "comers" and must gear mini-
mum graduation requirements accordingly. Finally, public schools are subject to
an involved budgetary process, which, while at times providing more funding,
may limit their flexibility in hiring personnel and allocating funds to subject
areas which may be in need of special emphasis.
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XI. CONCLUSION

"I am appalled at the track of science education [in the United States]
just in terms of the number of years that a subject is taken. How can

physics be taught in a year to any depth? Worse is the fact that so many
U.S. students pass through high school and into the world with no

idea of physics."
A teacher trained in England
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The discussion in the previous section suggests that there are three primary
sets of factors which, through mutual reinforcement, combine to shape the char-
acter and delineate the breadth of high school physics programs. The first of these
can be summed up as the commitment of the school administration to quality
science instruction, reflected in policies regarding number of years of science
requirea for graduation, the academic rigor of the curriculum as a whole (espe-
cially its orientation towards preparing students for further, host-secondary
schooling), and the background and training of the faculty hired to translate this
orientation into education. The second set of factcLs, also all intertwined with
each other, revolves about the character of the schoolits size, its regional loca-
tion, and its setting in a metropolitan or rural area. The third set of factors in-
volve the demographic character of the student body especially its socio-eco-
nomic level and racial and ethnic cornposition. In general, each of these sets of
factors has only a moderate effect when taken alone, but they appear to have a
powerful influence when operating in tandem.

Smaller secondary schools which make a strong commitment to physics and
science education in general appear to be able to maintain a robust and high
quality program in the subjectthis can best be seen among the parochial and
especially the non-religiously affiliated private schools. But, Tor the 90% of stu-
dents enrolled in the public schools, the character of the physics programin
terms of the breadth and depth of the curriculum and th- backgroundand train-
ing of the teachersseems very sensitive to the magnitude of em ailment in the
subject. Small school size, low graduation requirements in science, students who
have received poor backgrounds in science and mathematics in earlier grades
and who have low educational aspirations, all combine to keep absolute enroll-
ment levels in physics low. Small enrollments, in turn limit the variety of classes
which can be offered, usually restricting the physics curriculum to the basic in-
troductory class. They also limit the number of classes in all but the biggest
schools, forcing the teacher to accept assignments in other areas to fill out his ch
her roster or, perhaps more often, causing a teacher from another specialty to be
"drafted" into teaching physics, frequently with little background in and enthu-
siasm for the subject.

Low enrollments can thus be pictured as operating in a way that serves to set
up a pair of intertwined vicious circles. The scarcity of sc ools where a teacher
can devote herself or himself to physics probably works to discourage some pro-
spective teachers from choosing the field as their area of specialization. This
situation, combined with the widely recognized fact that high school teaching is
one of the least remunerative and prestigious alternatives facing college physics
majors upon graduation, limits the number of physics specialists going into high
school teaching. The co! obination of these two factors only serves to further in-
crease the number of schools which must "draft" teachers from other specialtie,,
to teach the one or two physics courses they are able to offer. Secc nd. the prospect
of taking physics from an unenthusiastic and undertrained "draftee," combined
with the course's reputation as an academically-diffic- ilt subject, probably dis-
courages many students from taking it, further reducing enrollments.

While the above discussion lays out the effects of low enrollmentseffects
which may serve to reinforce itthe primary mechanism that sets physics enroll-
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ments at low levels to begin with and functions to keep them there emerges as an
unintended byproduct of two long-standing educational practices. First, flowing
from the tradition in the United States of universal education, which in recent
years has extended to encouraging a high proportion of students to stay in high
school through graduation, minimum graduation requirements have been set
low. In science, this translates into a requirement of one or two years in the
o 'erwhelming majority of states and districts. Even with the recent emphasis on
upgrading requirements, only a handful of states require as many as three years
of science from grades nine to twelve, and virtually no schools require four years.

On the other hand, physics has traditionally been offered as the last course in
the sequence: physical science, biology, chemistry, physics. In fewer than 5% of
the public schools in our sample did teachers report that physics was normally
offered prior to chemistry. The rationale for the standard sequence was that
physics, as it was traditionally taught, required more sophisticated mathematics
th n the other courses. Leaving it to last allowed students taking it to gain the
broadest background in math prior to enrolling. However, the conjunction of
these two practices meant that, in contrast to biologyand even chemistry in
schools requiring three years of sciencephysics became, for all intents and pur-
poses, an elective course for those students who follow the standard sequencing.
Given its "hard" r-putation, and the fact that many advanced math courses are
also treated in essence as electives, it is small wonder that physics is shunned by
the vast majority students, with the effects detailed above.

Whether or not it is "proper" that only a small fraction of high school students
in the United States completes a course in physics prior to graduation is an issue
that has already seen wide discussion, and goes to the heart of disputes over basic
academic policy and the place of science education in this country. Many school
districts have chosen the option of concentrating their best science students in
special magnet schools, where personnel and budgetary resources can be concen-
trated and instruction of the highest quality pursued. As Wilson and ingoldsby
(1983:53) point out, these schools "...provide some illustration of what can be done
with the best students in a controlled environment that emphasizes science and
attenuates much of the distractions faced by science students at other schools."
Some states, notably North Carolina and Maryland, have gone so far as to set up
single residential science high school for the state, which offers "free room, board
and advanced study to the state's top [science] students." (Washington Post, 8/
22/87:D-1) T._?, resources at these schools can be considerable Oleck (1987:24)
reports that in North Carolina's School of Science and Mathematics, "The phys-
ics department alone boasts Ph.D.'s in astro-, bio-, solid-state and theoretical
physics." However, concern has been voiced in other quarters over the effects
such an approach might have for the level of science instruction in the high
schools and among the students who are not so favored. A recent study of the
National Science Foundation's proper role in pre-college science education com-
missioned by the T.J.S. Congress , concluded that "...NSF's mandate at the K-12
level shou.... be to enlarge the pool of science learners rather than to offer oppor-
tunities for the most able students to embark on a scientific career." (Roth-
man,1987:7)
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It is not our intention to add another voice to the debate here. But it is appro-
priate to recognize that, regardless of whether it is felt the present approach is
the optimal one or not, or even whether alternative policies are possible to put in
practice, the current situation has implications not only for the number of stu-
dents taking physics, but also for the level of instruction experienced by those
who do enroll. As we have endeavored to show in the previous paragrapi- s, low
enrollments effect the variety of courses and the qualifications of the instructors
available to those students whose interest and background propel them to sign
up. Our findings have reinforced the commonsense notion that it is precisely
those schools whicn enroll a high proportion of their students in introductory
physics which are more likely to be able to hire physics specialists and to offer
advanced placement and second year courses in the field.

It would be instructive here to return to the experience of other countries. As
noted in the Second Internatior al Science Study Report, Science Achievement in
Seven een Countries: A Preliminary Report, most other countries retain a much
smaller proportion of their students in secondary school. But those that are re-
tained face much more rigorous requirementsscience requirements typically
extend across all years of the grades equivalent to our high schoci, and physics is
one of the courses required of all the students. In fact, in some countries a high
proportion of students take two years of physics, while in others students must
take a number of years of combined science courses prior to graduation, courses
which include heavy doses of physics (see also Klein and Rutherford, 1985:149).

The u. shot of all this is that, in all but one of the countries surveyed, a larger
proportion of all high school age youth is exposed to a second -year course in
physics th In the 1% who are currently so exposed in the U.S. (It should be noted
that their target population of 28,722 students taking advanced placement or
second-year physics in the U.S. corresponds quite closely to our own estimate of
25,200 from Table 1. For comparison purposes, the Educational Testing Service
reports that a total of 12,700 students sat for all versions of the 1987 advanced
placement test in physics, and Pfeiffenberger and Wheeler (1984:574) included
an estimate from the College Board indicating that the number of students tak-
ing the SAT Physics Achievement Test has remained in the 14,000-18,000 range
throughout the previous eleven years.) Even more startling, performance tests
administered to these advanced and second year physics students as part of the
study resulted in scores that placed U.S. students, the "cream of the crop" in this
country's high school physics programs, near the bottom of the international
ladder in terms of physics knowledge. (One possible caveat is that A.P. physics
students in the U.S. may be taking physics for the first time, while in some of the
countries covered, the target population was restricted to students in their final
year of secondary school who were enrolled in a second-year physics course.) The
study's authors acknowledged problems with the comparability and use of some
questions for students in this country. Still, it is striking that almost 90% of the
schools in the United States had mean scores lower than the average of physics
students in their final year at the poorest performing secondary school in Hong
Kong, the country with the best overall scores. The report also notes (IEA,1988:4)
that test scores for all sciences, and presumably physics as well, showed greater
variability from school to school in the U.S. than was the case in all but four of the
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other countries. As Walsh (1988:1237) put it in an article entiled "U.S. Science
Students Near Foot of Class" in the journal Science, the report showed that,
unlike most other industrialized countries, "...the U.S. pattern conformed to that
of developing countries where sharp contrasts between elite schools and others
are common."

In their discussion, the study's authors stressed the contrast between the
highly varying availability of and instructional approach to high school level
physics in this country, and the more highly regulated and consistent programs
available hi most of the other nations surveyed. While confirmation is not possi-
ble either in that study or in our own, it would appear to be a plausible hypothesis
for further investigation that linkages e-4;ist between the breadth of secondary
school physics programs (in the sense of proportion of students enrolled) and the
depth of those programs, in terms of the sophistication of material taughtand
learned. Rather than being competing goals, it would appear that the approach
which focuses on promoting science literacy for a wide proportion of students,
and the approach that emphasizes high-level instruction for the ablest and most
interested students, are actually complimentary strategies for improving physics
instruction in our nation's high schools. Further substantiation for this conclu-
sion comes from the Klein and Rutherford study (1985:4) which found that, in
contrast to the U.S., Japan, East Germany and *lie Soviet Union all "...appear to
provide a fairly vigorous scientific and technological education to more than 90%
of their youngsters while continuing to find and educate students of high talent to
carry on the scientific and technological activities of the future These examples
suggest that a scientific elite does not have to be produced at the expense of the
rest of the population, nor does the elite have to be sacrificed in order to achieve
mass education."

However, it is undoubtedly also true, as the IEA authors take pains to point
out, that the factors accounting for the diffe,nces in the breadth and level of
sophistication of physics programs in various countries are deeply rooted in the
nations' educational and social structures. The authors of that study found differ-
ences in performance on science comprehension tests that reached back into the
junior high and even the elementary grade levels. Preliminary analysis of the
High School and Beyond data from U.S. high schools confirms the intimate link
between science instruction and the acquisition of skills in related academic
fields such as mathematics and even reading. And our own findings suggest that
variations in physics instruction a: e related to structural factors such as the
ethnic and socio-economic composition of the student body and the regional and
metropolitan grafting of the school, as well as to more proximate factors such as
funding for equipment and supplies or the background of instructors. Neverthe-
less, in light of the decentralized character of the U.S. educational system that we
noted at the outset of this report, it must be recognized that the major impetus for
improvement must come from the state and local level, and ultimately from the
ranks of the teachers tl.omselves, for it is at that level that the clearest sense of
the promises and potential pitfalls of new initiatives resides.

There is a wealth of information in AIP's High School Physics Teacher Survey
even beyond what has been discussed above. Some of tnat data will form the basis
for future reports that will examine particular groups and issues more closely.
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There is still a pressing need to understand more clearly why certain schools are
able to achieve considerable success in maintaining quality physics programs,
while others fall far short of what their resources will nermit. And beyond the
issue of variation between schools lies the question of how s-.cisfactory is the
overall level of physics enrollments in th' 3 country's secondary schools, in terms
of projected national academic and job market needs. Other, still broader ques-
tions are even more political in character, such as whether it is more appropriate
to emphasize science literacy among the broad ranks of students who will not end
up making physics their career, or whether it is better to concentrate on giving
more of a headstart to future professionals. Neither this nor any other study can
"answer" such questions, but careful analysis can well serve to provide a solid
background and pinpoint the areas in which answers may be sought.

APPENDIX A. SURVEY METHODOLOGY
The initial work leading up to AIP's 1986-87 Survey of Secondary School

Teachers of Physics began in 1985. In that year, a series of meetings between AIP
staff and representatives of the American Association of Physics Teachers led to
the construction of a preliminary survey instrument. Contributions to question-
naire design were also elicited from a number of other sources, including Dr. Iris
Weiss, then of Research Triangle Institute. In several instances, items from Dr.
Weiss's 1977 Survey of Science and Mathematics Edr.eation served as models for
items on the AIP questionnaire, in order to facilitate efforts at comparison and
replication. The resulting questionnaire was pretested on a sample of over 200
AAPT members early in the following year. Revisions to the survey instrument
were made in later 1986 and early 1987, based on the pretest experience and on
comments from pretest participants.

At the same time as the pretest results were being processed, the research
universe for the nationwide survey was defined, and a sampling procedure was
designed Ly AIP staff, in consultation with staff members from RTI. Our survey
universe consisted of 23,161 schools containing a twelfth grade class that were
included in the master list of schools maintained by Quality Educational Data,
Inc. (QED), an educational data resource firm. Our initial sample was stratified
by school type and average grade size and then disproportionately sampled, in
order to ensure adequate representation from Catholic schools and large public
schools. Proportional stratification by geographic region was also used to ensure
sufficient representation from all sections of the nation.

The rationale for stratified sampling derived from the assumption that the
biggest schools, while fewer in number than the smaller schools, probably con-
tained the largest number of physics enrollees and the most varied physics cur-
ricula. Furthermore, the overall number of Catholic schools was low, and these
too tended to be larger than other non-public schools. We therefore randomly
sampled 30% of all public schools with an average of more than 500 students per
grade, as well as all Catholic schools regardless of size. For the numerically much
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larger categories of public schools with an average of fewer than 50 students per
grade and private schools with an average of fewer than 10, our sampling propor-
tion waf, only six percent. All other categories were sampled at an 18% rate
(generating a sufficient number of cases in each cell of the sampling frame to
permit detailed yet reliable analysis), yielding a total initial sample of 3631
schools (15.67% of the target population), distributed as shown in Table A-1.

As important ac the pretesting and the design of the sampling procedure in
the ultimate success of the study were the efforts made to ensure cooperation and
interest at all levels of the educational administration structure. (Again,
valuable help was obtained at this key stage from Dr. Iris Weiss, who shared the
experiences from her own prior survey efforts.) In the Fall of 1986, letters were
sent to the members of the Council of Chief State School Officers and to all fifty
State Science Supervisors, informing them of the goals ?rid the needs of the
upcoming study. This was followed by a mailing to all 2100 Superintendents of
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the public school districts which contained schools in our sample. In addition, the
heads of more than a score of private and parochial school organizations were
contacted. In ever a dozen cases, special state- or district-level applications were
completed to comply with local requirements for conducting educational
research. The response at all these levels were overwhelmingly positive and
encouraging, and cooperation was ultimately secured in every instance.

In December 1986, a mailing was sent out to the principal of each of the
sample schools, inquiring as to whether physics was offered at the school dui ing
the current (1986-87) or previous school year, and asking for the names of all
faculty teaching physics classes during the current year. Three mail waves
yielded usable responses from 2952 principals, or 81.3% of the total. Telep:ione
calls to ascertain the desired information were then made to the remaining 679
schools, yielding 520 usable responses. A further 131 schools on the QED list were
found either to have been:

a) schools that did not meet the population definition because they did not go
up through the twelfth grade (98);

b) schools that had closed prior to the beghl ping of the 1986-87 academic year
(24); or

c) duplicate listings of schools already included in the sample (9).

Removing these 131 schools left an interim sample of 3500 schools. Twenty-
two additional schools, while not definitively ruled out of the sample, did not
respond to repeated mail and telephone inquiries. In six of these cases, it was
ascertained that the school had indeed closed, but the date of closure was not
determined. In five cases, mail was returned as undeliverable, and the telephone
had been disconnected as well. In three cases, mailed queries were likewise
returned, but a phone number was still listed, although repeated calls obtained
no response. In the remaining eight cases, mail was not returned, but the
telephone was listed as disconnected. Given the lack of mailing address and/or
telephone number in the middle of the academic year, we felt safe in assuming
that these schools had also closed down, although we could not say with certainty
that they had closed prior to the beginning of the 1986-87 academic year.

The rationale for including these twenty-two schools in the sample would be
that they would serve as a rough stand-in for currently operating schools that
opened between the time that the QED list was drawn up and the point at which
our first teacher mailing was sent out. It is, however, unlikely that schools open
after the beginning of the academic year, even though financial and ,ther
problems may force some schools to close prior to the end of the year. Even if they
were to be included in the sample, data available from the original QED listing
show( d that most of these 22 schools were in the smallest size category (all except
one of the .2 had an average of less than fifty students per grade), and the vast
majority (19 out of 22) were private academies, mostly affiliated with
fundamentalist Christian religious groups.

Moreover, there was a marked pattern to the timing of principal responses to
our queries, with principals of schools offering physics tending tc respond earlier
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than principals of schools without physics. Thus, only 9% of the principals
responding to the first mailing reported that their schools did not offer physics in
1986-87, while 17% of those responding to the second wave reported likewise. In
the final mail wave, the percentage reporting no physics rose to 28%, and almost
one-half (48%) of those who were finally reached by the telephone follow-up did
not have physics in 1986-87. Given the size and type distribution of these 22 non-
responding schools, and assuming that, if they had finally responded, their
physics-offering profile would have most resembled the schools which did not
respond until the telephone inquiry, we estimate that, even if all of these schools
were in fact op- ... and had a twelfth grade, only about seven of them were likely to
have offered physics in 1986-87, and that each of those schools were likely to have
had only one physics teacher apiece.

However, in view of the likelihood that these schools were not operating
throughout the academic year, and that no new schools had opened after the start
of the year, we felt justified in excluding these schools from our sample, leavinga
final figure of 3478 Schools that were operating in 1986-87 and went up through
the twelfth grade. Table A-2 provides the unweighted distribution of these
schools by average grade size and by type of affiliation.

Six principals in this group declined to allow their schools to participate in the
study, giving us a response rate for schools of 99.8% with no substitution of cases.
From the size and affiliation characteristics of the six non-participating schools,
we can make a rough estimate that these schools appear likely to have contained
no more than four teachers with physics classes, giving us an estimated total
"coverage" of all teachers of ph:, sits in our sample schools of 99.9%, close enough
to 100% to be considered virtually complete. The 3472 responding schools
included 2846 which offered classes in physics. The principals at these schools
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gave us the names of a total of 3301 teachers who taught physics classes.
Following three mail waves and a telephone follow-up, 2485 of these teachers, or
just over 75%, completed the twelve-page questionnaire.

Putting aside the issue of response bias for a moment, even if all principals
and all teachers had responded to our surveys, our estimates of the
characteristics of the population they were chosen to represent would still be
subject to sampling error. Most of the findings discussed in this report are
presented in the form of simple proportions of schools or teachers (indicating the
percentage of the sample, or a subgroup of the simple, falling into a particular
category of a given variable). The estimated size of the sampling error of a
proportion for a simple random sample varies with the magnitude of the
particular proportion in question and the size of the sample or subsample under
examination, and is given by the formula,

S = (P(1 P))"2.
n

For example, if we had selected a simple random sample, the estimate of
sampling error for our finding that 66% of our sample schools offer physics every
year would be given by

S =( 0.66(1 0.66) )1'2

3472

The confidence interval for this estimate is given by ± Zs, where Z is the
confidence coefficient. At the 95% confidence level used in this study, Z = 1.96
and the confidence interval for the finding that 66% of the schools offer physics
every year would be ± 1.6%. In otl--.1- words, if we drew repeated samples of
schools and posed the same question Lo the principals each time, we would expect
that 95% of the time we would come up with a proport ion offering physics every
year that fell within the range of 66% ± 1.6%, of 64.4% to 67.6%.

The stratified sampling procedure used here yields error estimates that will
vary slightly from thcse generated by a simple random sampling and described
by the above formula. Stratification prior to sampling by itself generally reduces
sampling error somewhat, while disproportionate sampling of strata tends to
heighten it, relative to a proportional sample of the same size (varying, of course,
with the degree of disproportionality). Overall, the extent of the differences for
the procedure employed here are likely to be quite small. The same holds true for
findings involving medians, where the formula appropriate to simple random
samples at the 95% confidence level yields an interval of

± 1. ou (-25chic 0.)"2
n

as well as for findings involving means, where the corresponding interval is
defined by ± 1.96s/(n)", where s is the standard deviation of the distribution.
(The finite population correction factor will be negligible due to the relatively
large sample and low sampling rate, and has been omitted from the calculations
above.) Finally, it should hr noted that differences in means, medians, and
proportions were generally made the focus of discussion in the body of the report
only when they were substantial as well as merely statistically significant.
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The level cf sampling error present in our estimates for finding derived front
teachers responses is 11.:ely to be further compounded by the clustered sampling
approach we employed, in which we sampled schools and then took a census of
physics teachers at those schools. The inerea.. error, relative to the levels likely
if we had been able to sample from a pre-existing list of all physics teachers across
the country, derives from the potential effect ofa higher degree of homogeneity
for many of our key variables among respondents at multi-teacher schools. Sin(
the vast bulk of respondents were the only physics teacher at their school, the
overall impact of the heightened homogeneity of responses is likely to be small,
but where we focus on multi-teacher schools, the impact rila;,, be mmewhat
greater. In addition, there is higher risk of contamination at these schools, where
teachers had more opportunity to discuss the survey and i heir responses to
specific questions with colleagues.

In addition to error arising from the design of the sampling procedure, our
findings may reflect a bias re. liting from systematic differences between the
teachers who responded to the survey and those who didn't. Needless to say,
respL,nse bias does not figure in as a problem for estimates regarding the
population of schools that are derived from variables taken from the original
QED data base. Similary, the almost 100% response from principals rules out the
possibility of meaningful response bias for our estimate of the number of schools
offering physics annually or in alternate years, or the proportion of students
attending the schools in these categories. But the presence of such sources of data
for all schools in the sample gives us a convenient way of examining some of the
attrioutes of the schools which contained teachers who did not respond to the
survey, and comparing these to the characteristics of the schools employing those
teachers who did respond. This is done to try to get some idea as to whether
systematic differences between the two gco ,ps make our findings which are
derived from items in the questionnaire (and thus solely dependent on teachers
who responded) less, representative of the teacher sample as a whole. Thus Tal.,ie
A-3 presents comparisons of the schools at which respondent my' n-
respondents taught.

In general, the differences evidenced in the table are either not statistical by
significant, or are significant but slight. Among the variables which showed no
significant difference were the urban, suburban or rural setting of the school, the
number of teachers having physics classes in the Spring of 1987, or the frequency
with which physics is offered at the school. On the other hand, non-respondents
were slightly more likely than respondents to come from private schools, from
schools in states located in the Middle Atlantic, Southern ' tlantic, or EP Soutl.
Central regions of the country, and from schools which combined primary and
secondary grade levels. Finally, while respondents from schools in different size
categories showed slight differences in response rate, these differences were not
systematic by size. Overall, there was no statistically significant difference in the
average number of students per grade for respondents' and non-respondents'
schools.

Data on most of the variables with which we were concerned were, of course,
not available on the QED databasehence the need for the survey. By the same
token, however, data on these variables is not available for non-respondents, and

62 American Institute of Physics

70



thus we have no way short of conducting a separate survey of non-respondents, of
ascertaining the extent to which response bias skews our findings involving these
attributes. One method often used to provide a rough estimate of the possible
presence of such response bias is to compare the characteristics of early and late
responders, using the latter group as a surrogate for non-respondents in the
sample. Such an approa,1 has obvious imperfections, in that there may be
systematic differences (or, for that matter, similarities) between those who
ultimately respond and those who don't which are not present in comparisons of
early and late respondents. I' werilleless, such a technique is often employed as a
supplement to the type of direct comparisons which we have made in Table A-3
above. (See, for example, the National Research Council's 1981 Profile of Science,
Engineering and Humanities Doctorates in the United States, Appendix G.)

In the case of our own survey, we divided respondents into those who
responded to the first wave mailing, those who responded after postcard
reminders were mailed out some five weeks later, those who responded to the
second mail wave, sent out three weeks after the reminder, and those who only
re,urned their questionnaire after follow-up telephoi, e calls were made starting
about three weeks after the second wave was mailed out. Comparisons of these
four groupings of respondents are presented in Table A-4.
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As evidenced in the table, with only one exception, no statistically significant
differences were found between early and late responders. That one exception
was highest degree earned, with early respondents being slightly more likely
than late respondents to have earned a graduate degree. All in all, the results in
Tables A-3 and A-4 suggest that the response bias for this study is slight, implying
that the 75% of the teachers in our sample who did complete and return the
questionnaire are substantially, though certainly not entirely, representative of
the entire sample of 3301 teachers with physics classes.

It should also be recognized that other sources of error are likely to be present
in the survey, and that these may well be as great or greater than either response
bias or sampling error. Such sources include:

a) inacuracies and incompleteness in the original population listing of schools
obtained from QED;

b) inaccuracies in the listing of current physics teachers provided by princi-
pals;

c) response errors arising from poorly worded questionnaire items, poorly-
constructed or unduly complex items, or items requiring extensive recall of
past experiences;

d) errors in coding or mistakes in interpreting responses to open-ended ques-
tions; and

e) mistakes in data entry and in computation.

Every effort was made to double check answers against other items and
against external sources of data wherever discrepancies arose. For example, the
listings of ph ics teachers by principals were compared toresponses by teachers
to an item asking for the number of other physics teachers at their school. Re-
sponses that differed from the answer given by the principal of that school were
double-checked by telephone. Nevertheless, error from all these sources is un-
doubtedly present in the data from which the findings were derived. In most
instances, the accuracy of answers were impossible to cross-check. (ror example,
while the vast bulk of teachers filled out and returned their questionnaires dur-
ing the Spring term of 1987, f' bout 10% waited until after the summer recess to
return theirs. Some of the responsesfor instance, items on problems encoun-
tered or objectives pursued in teachingmay be especially sensitive to the pres-
sures of work, and may look different from the vantage point of summer than
they do during the school year.) Error from sources such as this cannot be deter-
mined with accuracy, and this requires that all findings be interpreted with cau-
tion Replication in follow-tip studies will help to permit a better gauging of the
accuracy and reliabil': of the initial findings reported here.
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