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REFLECTIONS ON FORUM '85:
SCIENCE TEACHING

On October 10 and 11, 1985, some 300 people met in Washington,
D.C., to discuss the quality of school science teaching. They were drawn
by the promise of fresh analyses and a chance to reconsider familiar
problems in an imaginative cross-disciplinary way.

Forum '85: Science Teaching was organized to examine the forces
social, economic, political, and educationalthat influence the quality
and supply of science teachers in the United States. For the Forum,
project staff analyzed quantitative and qualitative data. Background
papers were commissioned to examine the issues and propose new
directions. At the national meeting, the diverse group of participants
responded to these analyses and proposals, and exchanged some of
their own. Their goal was to develop a better understanding of the
education system and how it could be restructured to improve science
teaching.

Forum discussion focused on four topics:
1) Values held by society, the scientific community, and the educa-

tion community, and the consequences for science teaching of
incongruities in these value systems.

2) Costs and benefits of alternative models for the professional
education of science teachers.

3) Economic and social circumstances of science teachers, and their
implications for the supply and quality of science teachers.

4) The social climate and organization of schools, and their in-
fluence on the effective use of science teachers.

Results of the Forum presentations and discussions are summarized
in the section of this chapter titled "Proposals for Action." Many of the
proposals will be familiar to readers who have struggled with these
issues. "Setting Priorities" extends the Forum discussions to examine
other considerations that contribute to the development of plans of
action. A systems approach to planning is illustrated in this section.
Central to the approach is careful analysis of the premises and con-
sequences of proposed actions; such analysis helps prevent prolifera-
tion of costly errors in our decentralized education system.

A Strategy for Analysis
and Planning

Establishing and maintaining an adequate supply of qualified sci-
ence teachers is a difficult task because it must be accomplished within a
complicated political and social system in which no single institution is
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responsible for maintaining the quality of science teachers. Proposals
for strengthening science teaching often lack coherence because they
ignore significant interactions among parts of the system. Institutions
within the system that influence the supply, demand, and quality of the
science teaching force are: 1) schools, where teachers practice their
profession; 2) universities, which educate teachers; and 3) state and
local governments, which set educational standards, certify teachers,
and determine conditions of employment. These institutions operate
in communities whose boundaries may be local, state, or national.

Although each institutional subsystem has a limited functional re-
sponsibility, they influence each nther. Specifying the nature of the
interactions is necessary to the planning process because an action
taken by one subsystem will have effects on the other subsystems; one
unit's solution may well create another unit's problem. For example,
many states have enacted legislation to increase graduation require-
ments in science. Local school districts charged with finding qualified
teachers for extra courses at a time when qualified scierce teachers are
in short supply will find the impact significant. Effects can be beneficial

as well; demand for new science teachers may influence colleges of
education to develop state-of-the-art science cher education pro-
grams.

Systems analysis highlights two important points: 1) while our educa-

tional problems are national in scope, their solution will depend ul-
timately on local action; and 2) poorly informed political action can
exacerbate educatimal problems rather than contributing to their
solution.

Expanding on the first point, national commissions may recommend
a particular action, but states and local school boards must implement
that recommendation. Local boards may decide that nationally-based
evidence is unconvincing, or that it is irrelevant in their communities.
They may lack financial resources. Or they may simply decide that
other issues take precedence. If local boards do take action, chances are
that the action will not be coordinated with neighboring districts or
states.

There are many illustrations of the second pointthe negative effect
of impetuous political actionin the recent history of education re-
form. The national study commissions trumpeted recommendations
on a grand scale, but many of their recommendations are, on careful
analysis, either unattainable or unlikely to have the intended outcome.
The rush by the states to beef up graduation requirements is another
example. The general conclusion to be drawn is that uninformed
political solutions to educational problems are unsatisfactory. National
reports and legislative action typically do not take educational and
economic constraints into consideration. Because they are politically
motivated, they sacrifice long-term solutions in favor of immediate,
incomplete, and occasionally perverse results.

4
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Setting Priorities
In spite of the opportunity for disagreement that such a complicated

education system engenders, deliberations at the Forum were remark-
ably free from discord. Premises and assumptions went unchallenged,
and with few exceptions participants received all recommendations for
action equally. There was unanimity in the ranks of the Foruma
unanimity that seems to have existed also in the conclusions of other
education commissions and committees. Given the apparent strength
of the accord within the scientific and science education communities
about what needs to be done, why are the problems of science educa-
tion so intractable?

First, agreement is easy when the stakes are low. What participants
proposed at the Forum were general recommendations, not specific
action plans. It is always easier to agree on generalities than specifics.
Also, the Forum deliberations were removed from the political and
economic constraints that exist in real life. When reforms are discussed
in the abstract, resources and reputations don't hang in the balance.
Agreement is affordable.

Second, accord isn't always beneficial to the process. Any proposal
merits serious review: Is it likely to have the intended effect? Will it be
cost-efficient? Might it produce harmful effects elsewhere in the sys-
tem? Critical examination of proposed recommendations helps pre-
vent inappropriate and costly action.

Third, resources available to improve a situation are not unlimited.
Consequently, responsible parti7:s need to choose among the proposed
actions and set priorities for implementation. The evidence and argu-
ments contained in the Forum speeches and background papers can
inform this process.

The kind of discussion that took place at the Forum is a highly useful
first step because it can develop a universe of possible policies and
actions. Those who are responsible for implementins reform pro-
grams, however, will want to review the proposals carefully to find a
combination of actions that will optimize improvement of science
teaching in their jurisdictions.

Some recommendations are immediately attractive because they are
conceptually simple. Others are forthrightly noxious. But there ought
to be overriding considerations: whether a proposal is likely to have the
desired effect; whether it will have negative side effects; and whether it
can be implementedthat is, whether it is economically feasible and
politically palatable. The first step in the assessment is close scrutiny of
the assumptions that underlie the proposal.

For example, consider the proposal advanced at the Forum to im-
prove science teacher quality by paying science teachers more. The
rationale is that schools have to compete with industry for the brightest
scientifically trained people, and to do that they have to offer salaries

5

14



that approach those offered by the private sector. At least eight pre-
mises precede this proposal:

1) People exist who would make better science teachers than some of
the ones we currently have, or are likely to have, given current
salaries.

2) These people are able to find work in the private sector.
3) They choose to work there primarily because of the financial

compensation.
4) If they were offered more money to teach than is currently the

case, they would choose to teach.
5) School districts can identify, from a pool of applicants, who will

make the best science teachers.
6) Only the most able applicants will be hired.
7) Those who are attracted by the money will stay.
8) The quality of science teaching depends more on the ability of

the individual teacher than it does on the environment in which
it occurs.

Even without collecting evidence, it is apparent that if an underlying
premise is false, the action probably will fail. Is it true thatbetter science
teachers can be found? If not, recruitment is a futile strategy and
money would be better spent retraining current teachers. Can they be
distinguished from all other applicants? If you can't identify who will
make the best science teachers, all the money in the world won't buy
improvement. Given the current hiring system and union contract'i,
will they be hired preferentially? Unless there is freedom to hire the
most qualified person for the position, regardless of seniority or of
other constraints, you may end up paying increased wages to the same
ineffective teachers.

Unfortunately, evidence that either supports or rejects these
assumptions is sparse, as it is for most of the issues connected with
science teacher quality and supply. Many of the studies that doexist are
flawed or incomplete. But they are citedsometimes erroneouslyas
evidence for this or that, because they are the only ones available. One
of the first conclusions this analysis reaches is that the quantity and
quality of research on science teachers, and teachers in general, needs
vast improvement.

A second conclusion is that for some premises validity comes by
degrees. For example, the validity of the premise, "If they were offered
more money to teach than is currently the case, they would choose to
teach," undoubtedly depends on how much more money is offered.
Some people come cl.eap, others demand a higher price. Would the
quality of people that a district attracts increase as the salary increases?
How much more would a district have to pay to improve science
teaching by x percent?

Finally, even if all the premises are found to be valid, it cannot be
assumed that a particular strategy will achieve the desired end. In the

6
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current example, offering higher salaries may well enable a district to
attract higher caliber science teachers. But will this have any appreci-
able effect on science teaching quality overall? In the short run, it may
not, because the district probably will be limited to filling vacancies as
they occur through attrition. (At the Forum, New York State com-
missioner of education Gordon Ambach placed the annual turnover
between 2% and 8%.) Over 10 or 15 years, however, if the policy were
implemented, average teaching quality would increase. The policy
would be appropriate for districts looking for a long-term solution, but
not for those seeking immediate results.

Once the proposal that raising science teachers' salaries will improve
science teaching quality has been confirmed, the focus shifts to the cost
and possible unanticipated consequences of implementing the action.
A possible consequence of paying science teachers more than other
teachers is bitterness and conflict among teachers and, more formally,
conflict with the teachers' union. Also, allocating more money for
salaries over a long period of time will mean that there is less money in
the budget to improve science laboratories or to purchase chemicals
and supplies. This may mean that the very teachers who are attracted
by the higher salaries will decide against taking jobs in the district
because laboratory facilities are inadequate. Might it not be wiser to
allocate some portion of available resources to salary, and some to
laboratory equipment and supplies? If so, how much to each?

Proposals for Action

A systems approach to analysis and planning is a useful tool, but its
contribution to effective planning is only as good as the proposals it is
used to consider. Discussions at the Forum included many of the same
proposals that have been advanced over the last few years. They are a
good starting point for looking at ways to keep science teaching current
with our r

Values

The values that society holds about science and education can con-
tribute to or impede the development of effective science teaching.
The papers prepared for the Forum by Peterson, Harvey and Mars-
den, and Graham and Fultz identify incongruences among the values
commonly held in the professional communities and in society at large.
Each paper makes the case that incongruent values contribute greatly
to the general problems of science education, and specifically to the
recruitment and retention of good people in science teaching.

7
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Peterson, for example, attributes the nation's recurring problems
with science and mathematics education to the incompatibility of the
intellectual skills that science and math instill with the habits of mind
valued by the American culture. America, he says:

is an egalitarian society where everyone stands on an equal
footing and where verbal acuity and personal expressive-
ness count for much in making one's way in the world. And
the American economy runs by the principles of the market-
place, an arena which demands high level bargaining and
negotiating skills. In such a society, the scientific method
and the order that mathematics imposes takes second place.
Unlike the ceaseless spontaneity of the United States, such
precision better suits the Japanese or European countries.

Peterson's conclusion is that the problems of math and science
education are so deeply rooted in the culture that they cannot be
changed by activities of the educational system.

Harvey and Marsden point to equality of opportunity and excellence
of achievement as American ideals in conflict, a conflict that creates
tensions in the teaching force. These tensions originate in the national
reports' recommendation that an elite corps of science teachers be
created, because the recommendation ignored the tradition of equity
that lies at the heart of the occupation. The conflict extends to the
curriculum. Should the schools teach pure science? Or science com-
bined with its applications and social consequences? The dilemma this
produces is that the brightest people may not be the most appropriate
choices for teaching a diversified science curriculum to the general
student body. Because we want to pursue both equity and excellence,
Harvey and Marsden conclude, it is more difficult for us to achieve
either.

This tone of pessimism, expressed in all three of the commissioned
papers, is grounded in the basic incongruities the authors perceive in
our society's values. Is it true, as these authors argue, that educational
reform is unlikely to occur without significant change in society's val-
ues? Congressman Gingrich offered some hope, expressing the belief
that it is difficult but not impossible to change values and align them
with the nation's current needs. Toward this end he offered two sug-
gestions: I) provide continuing education for adults in the scientific
method and in its relevant patterns of thought and discipline; and 2)
investigate the traditional values and family habits that lead Asian
Americans to learn math and science better than any other subgroup in
our culture.

Alternative Teacher Education

Forum participants, especially the practicing teachers and scientists,
favored a shift in teacher education and certification that would em-

8



phasize discipline knowledge and practical teaching skills, and de-
emphasize pedagogical thcory. Practicums and internships, supervised
by mentors and master teachers, were recommended for practice in the
art of teaching.

There was also support for alternative certification requirements
and procedures. Current credentialing methods were said to place too
much faith in input measures, such as credit hours, and to depend too
little on direct measures of knowledge and teaching ability. People
worried that the current requirements are too stringent, and for the
wrong reasons; the emphasis on education course work was feared to
influence some potentially good teachers to reject teaching careers. It
was suggested that ongoing professional evaluation can help reduce
the risk associated with innovative credentialing systems.

Professional development was also recommended to ensure continu-
ing science teacher cxcellence. Solid, graduate level courses in a
teacher's discipline were applauded. Participants called on universities
to schedule graduate courses at times when teachers can enroll (most
now take place during teachers' working hours), and on school districts
to grant and finance leave time. Paid sabbaticals were als j recom-
mended for teachers who need time to learn about advances in their
fields or develop new curricula.

Economic and Social Circumstances

Forum participants agreed that the total compensation package
offered to science teachers is inadequate to attract and retain top talent
in the science teaching force. They proposed that the most useful
action to attract talented teachers would be to raise salaries for science
and math teachers, so that schools can compete fairly with industry for
the brightest college graduates.

The discussions made clear, however, that improving the social
status and prestige of teaching is just as necessary to attract talented
teachers. The intrinsic satisfaction of helping students develop is often
cited by teachers as their primary motivation; if society does not reward
this important function, that satisfaction may diminish. The paper by
Harvey and Marsden notes that, sociologically, teachers occupy a sub-
professional niche that earns them less respect than true professionals,
althoug/..i it argues that teaching traditionally has been a route of
upward mobility.

The most concrete suggestion for both raising respect and provid-
ing science teRchers with real resources was to improve the integration
of science teachers into the scientific community. Professional and
scientific organizations were urged to grant teachers "first class citizen-
ship," to involve them in association activities, and to target activities to
their needs. In his presentation, Gordon Ambach hailed the empower-
ment that teachers derive from meaningful contact with their scientific

18
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colleagues. Several discussion groups advocated increased interaction
among science faculties at all levels, from elementary school through
college, by one-on-one contacts and regular meetings modeled on
county medical and bar societies. Three benefits were observed: solv-
ing science teaching problems at all levels; increasing the respect
accorded to science teachers; and integrating the science curriculum
across educational levels.

Social Climate and Organization of Schools

Participants at the Forum believe that the environment in which
science teachers teach is almost as important as the people who do the
teaching. They recommended that schools reinstate an educational
focus, so teachers don't have to compete for the students' attention.
More resources, such as better lab facilities, were recommended; so was
administrative support for productive teaching and learning environ-
ments, even when they encourage lively activity on the part of students.
Teachers who engage students' active participation in science should
be recognized, not criticized, for their teaching practices.

One recommendation was that unqualified teachers should not be
assigned to teach science classes, especially at the elementary and
middle school levels. The majority of discussants said that cancelling a
course or unit was preferable to allowing incompetent teaching to
jeopardize students' understanding, or worse, their appreciation, of
science. Some state administrators, however, said that science courses
should not be withheld from students who need the class to get into
college, regardless of teacher competence.

Complex Decisions for Complex Systems

Making decisions about the allocation of funds, time, and expertise
is, as the mathematicians would say, a nontrivial optimization problem.
The process requires determining each possibility's intrinsic worth,
trading off the costs and benefits of multiple options, and making
decisions about which ones to pursue and what portion of available
resources to allocate to them. Deciding whether a proposed action or
set of actions can be successfully pursued requires a separate, but no
less complex, analysis of the factors aiding or complicating
implementation.

What makes the problem even less trivial is that such decisions are
made throughout the system by operating units that function with little
consideration for their effects on others. An affluent district can attract
highly qualified science teachers to teach in well-equipped laboratories
at the expense of a less well-heeled district a few miles away, yet

10 19



students in both schools are expected to attain the same state-mandated
level of science competency. This is one kind of intrastate interaction.
Interstate interactions also occur. Salary incentives can boost supply in
one state by attracting teachers educated in a neighboring state. Many
examples exist of interactions between the states and national organiza-
tions. For example, standards for science teacher preparation set by
national associations are rendered ineffectual when state credentialing
boards and teacher educators choose to ignore them.

In Conclusion

Forum conversations produced a long list of recommendations not
unlike those generated by the many committees and colloquia that have
considered the problems of science education and education generally.
An unexamined list of recommendations, even if' highly creative, can-
not make much of a contribution to the improvement of science teach-
ing. How does such a list get turned into a plan for action?

One important step in the planning process is careful analysis and
assessment of recommendations. Which proposals are well-founded?
What is the likeliboc e. that the best-conceived recommendations can be
implemented? Another step is to optimize the allocation of resources to
those policies deemed most likely to be effective.

Where does responsibility for planning and implementation reside?
How do representatives from the many responsible institutions
cooperate so that their efforts do not undermine one another? How
will the necessary resources be obtained?

These questions have yet to be addressed in a coordinated fashion.
Efforts to improve science teaching can proceed along both substantive
and political lines. Thus far, most of the action has been political, with
far too little input from the education and scientific communities. It is
the responsibility of both these communities to make their message
well-reasor.ed and coherent.

The Forum project will continue to monitor the condition of science
teaching; Forum '88 will return to the topic. Your experiences with
planning and implementing programs to optimize science teaching will
be useful to that discussion. Please keep the Forum informed of your
work.

Audrey B. Champagne and Leslie E. Hornig
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Newt Gingrich, Member, U.S. House of Representatives
(RGA)

on science teaching in a global society

I appreciate very much the chance to be here. I just told Dean
Graham that I thought the height of optimism was to have a Director, a
Dean, and a Congressman as your opening round and think that you
are going to be done on time. I should say to all of you, by the way, to
help better focus where I come from that 1 am the Congressman who
represents the Atlanta airport, and one of the questions I always ask in
groups like this is how many of you have been through my district?
Raise your hand if you have been through the Atlanta airport. I once
had a guy at West Point yell from the back of the room, "Ask how many
people enjoyed it." But, we have 35,000 jobs there. And it's a very
positive thing for us when you can get scheduled through there so
feel free to come by and change planes as often as you can.

I was very, very honored to have a chance to come here. I am a
member of AAAS. I read Science magazine. I suspect I read about half
the issues a year. That and The Economist are the two magazines I read
most frequently. I think that Science is a very important contribution to
public education. I appreciate it very, very much. And, therefore, I was
very flattered with the idea that as a once-upon-a-time history teacher I
could drop in and say my piece. I'm also fascinated and impassioned in
my commitment to education. I have some fairly radical thoughts, and
I wanted to have this chance to talk to people who are professionals in
the field. So, I am going to run through what should be a book. I have
tried to compress it to an article. And today, for time reasons, it is going
to become an abstract. I am going to give you a very skeletal overview.
All of you have a booklist that we put out. It's the Conservative Oppor-
tunity Society Booklist. I particularly recommend the first book on the
list which my wife and I wrote. That is the one book we urge you to buy.
Although we think you should check the others out of the library at a
minimum. A couple of the ideas I am going to talk about are in the
book. So, for more detail you might want to go to it. I am going to go
through an outline and jump from point to point. It's a sequence of
thoughts so I hope that I won't be too incoherent.

First of all, science education from a public policy standpoint is
important. It's important economically. We need more scientists and
engineers. In the age of DNA and the computer, basic science knowl-
edge is as important as basic internal combustion and mechanical
engineering was in the age of steam. We have not really integrated that
into our thinking about what it means to be economically useful in the
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21st century. To understand public policy issues, science and the
scientific approach are increasingly important. Whether you are trying
to understand Three Mile Island, trying to understand whether we
should go toward nuclear power, trying to understand the risk factors
in, for example, the spread of A1DSin every one of those cases
understanding the scientific method and the framework of asking
intelligent questions arc important for every adult citizen.

Scientific illiteracy is a threat to the very survival of our free society. I

will say to you in passing, for example, that John Platt's superb article,
"Strong Inference," which is in a 1965 issue of Science is the most
powerful single article I have ever read as a public policymaker. And I
use the principles of strong infe-ence on a daily basis. I think that until
we learn how to translate the process of right behaviorthat is right
scientific behavior in the sense of how to ask questions that give you
choices which you can then testuntil that becomes a normal habit of
an early 21st century global community, we are going to have very
grave problems with where we are going.

In that sense, although many of yon, I think, think of yourselves as
educating people who are pre-adult, we have to confront the reality
that adults need science education and an understanding of the
scientific method as much as kidsand that because we don't do it well,

nowwe either have to resign ourselves, because of the length of time
generations take, to not getting around to it until the middle or late 21st
century or we have to figure out how we are going to catch up with all of
the people we missed in the last 50 years.

I would argue that a part of continuing education for adults is the
scientific method and the patterns of thought and discipline that are
part of the scientific method. Alvin Toffler, in particular, has made the
point eloquently that cultural education is vocational education if you
are making the transition from an assembly line industry to a knowl-
edge industry. One of the reasons that it is so difficult right now for
adults in their forties to make a shift from autos and steel to working in
a knowledge industry is that is a cultural value habit shift, not a voca-
tional shift. And there are underlying patterns of thought and self-
discipline that are key to that.

I would suggest to you that yesterday's William Raspberry column
on the cultural values of learningthat is, the culture of work, the
culture of discipline, the culture of doing homeworkis ex-
traordinarily important and is something that conservatives have been
inarticulate and incoherent in trying to say for 40 years. Similarly,
today's article on page 1 of the Washington Post about Asian Americans
as model learners is important. Our goal in life should not be to figure
out how to get the Asian Americans to be more like the liberal welfare
state. Our goal should be to figure out what the underlying traditional
value and family habits are that lead Asian Americans to learn math
and science better than any other subgroup in this culture.
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The key to real change in scientific literacy for Americans involves
five paradigm shifts. Now, obviously I am deeply indebted to Kuhn's
structure of scientific revolutions, which may or may not be accurate
history but is remarkably useful thought. I mean very often we can be
grateful that somebody figured something out even if they were wrong
in the reason why they figured it out. And, I am not going to argue with
people who know more than I do, whether or not, in fact, the New-
tonian revolution occurred the way Kuhn said it did or the way a recent
volume that just came outwhich I borrowed from the Library of
Congress because it was reviewed in Sciencedescribes the way revolu-
tions in science occur.

Let me suggest to you a concept which is the one thing I would hope
you will write down today and then if you get real excited you can write
down the five shifts later. It's a concept that I want to walk through and
I want to tell you in advance that it is based in part on Kuhn and in part
on military and business thinking about how you plan in the long run.
The concept is very simple. It is that all human activity occurs at four
levels. You have to have four lines to write thisit's a hierarchy. The
bottom line is tactics. What do you do every day. (I walk in a classroom
and I write on a blackboard.) The level above that is operations. How do
you package your tactics into a program. (I teach Physics I.) The level
above that is strategy. What do you hope to accomplish with a series of
operations? (We hope to produce physics majors.) The level above that
is vision. What do you think you are trying to accomplish?

In education, probably, Eliot's vision of Harvard is as good an ex-
ample of vision-level leadership that took 40 years to implement as any
single vision in modern time. The rise of graduate education, the
transference to America of the German vision of graduate education of
the 1880s and 1890s would be another example, Johns Hopkins in that
case. The best place to study this in the business world is Alfred Sloan's
memoir of his years at General Motors and his two chapters on how
they rethought GM when it was going bankrupt in 1921. They started
by rethinking America and they concluded that America was getting
richer and that when it got richer, by definition the automobile would
cease to be transportation and would become status. That's a vision-
level concept.

Henry Ford defined the automobile as transportation which is why
he built the Model T in any color as long as it was black. General Motors
decided that as we got richer, we'd start to buy status and that we would
have a very high value in proving to our relatives that we were rising
and we would do so in the GM plan by buying a General Motors car.
That required them to do three things. They invented the annual
model change, which was an enormous engineering achievement.
Second, they consciously positioned the market so you always bought
"up" from a Ford product to a GM product. You went from Ford to
Chevrolet. You went from Mercury to Oldsmobile. You went from
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Lincoln to Cadillac. Third, they literally invented the authorized used
car dealership because it turned out that once you owned a car, even if
you got a promotion, if you couldn't get rid of t he car, you rouldn't buy
a better one. Now these are strategics of change that made General
Motors the dominant industrial corporation in the 20th century. You

see a little bit of the same pattern in Ray Kroc's book, Grinding Ii Oui.
To get a good vision-level sense of where we ought to go, I would

suggest you read two books by Peter Drucker, onc of which is on our
booklist, The Age of Discontinuities, now 15 years old and still relevant
which is a sign of how little we've changed and how important vision

level books are. The second is his newest book, Innovation and Entrepre-
neurship, which is the best single book to read if you want to understand
how to changc where you arc at. It is a superb work on how to
reorganize and rethink and run experiments, and emphasizes what
terribly hard work it is. In addition, I would recommend, if you're
serious about this level of thought, that you read Bolding's The Meaning

of Me 20th Century, Daniel Bell's The Post-Industrial Society, Toffler's The

Third Wave, and Naisbitt's Megatrends.
When you read those you will get the sense that we are as a culture

going through a vision-level change which all of you sort of know in
that we are moving from what I would call an assembly-line industrial
society to an information industrial society. I emphasize wc are not
deindustrializing the human race. This is nonsense. It's iike saying we
have deagriculturalized the human race because most of us den't work
on farms. We, in fact, don't work on farms because they are now so
productive that most of us don't need to work on farms and can go do
something else. In fact, have to go do something else.

In the same context, I'm suggesting to you, for our own thought
processes, it helps to think about shifting from an assembly line in-
dustrial society to an information industrial society, and drop all this
nonsense about service industries. Service industries are buying McDo-
nald's hamburgers or getting your hair cut. What you do is not a service
industry. It is an increase of human productivity by the application of
knowledge. A very big difference. If you read Adam Smith's, The
Wealth of Nations, you will see that he describes rises in productivity by
knowledge as the most valuable and most expensive ofall investments.
But Adam Smith, in fact, is not a Iaissez-faireian. He believed very
deeply in public tducation.

In that framework, let me suggest to you then that the problem we
face in education at every level, and it applies to science education as a
subset, is that we have inherited an enormous cultural, professional,
and bureaucratic model that we call public education in the broadest
sense, but this applies to the private schools, virtually all of which are
simply built on the same paradigm, which is an 1840s invention. It is a
textbook-, blackboard-, teacher-dominated environment that treats
grades by age and credentialing as though they had meaning. Now, all
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of those are obsolete. The underlying question is how good is the
professional cast going to be at maintaining an obsolete system by sheer
power and how good are the political unions going to be at grabbing
resources by shccr power? None of that has anything to do with the real
world, except, of course, in the short run, at a tactical awl operationallevel the real world is what you can gauge.

In the long run, I would suggest to you that if you are really honest
and you really look at Platt's concepts, and you read Kuhn and you readthose other books, you will comc to thc conclusion that the two great
questions arc: (1) what is the model of learning in the 21st century, and(2) how do we manage the transition to it. And that 99.9% of what we
arc currently doing is, in fact, simply tactical and operational bandaids
on a vision that is now essentially out of datc.

In that framework, let me suggest five specific paradigm shifts. Thisis the only other thing you may want to write down. I don't have time toexplain them in much detail. The first is from teaching to learning.
Public education in the 1840s model was a teacher-dominated environ-ment. Almost all knowledge workers arc by definition internally driven
and want the data they want at a faster rate than teachers can codify it.So, it becomes a market-oriented function of you looking for whereyou find the knowledge, not you waiting for the teacher to ramble
through the point that you want. That's why, for example, almost noadults voluntarily go to school if they can avoid it. You have to require
certification to get people to go back to school because going to school is
a remarkably inefficient way of learning. You learn what you intend
from people who are mentors, by apprenticing yourself, by going to thelibrary, by using videotapes, by using computer systems, but by having
the learner direct the process, not the teacher. That firstif you justthink that one throughthat's radical enough, it probably wipes outmost of modern education.

The second one which puts the cap on it is we have got to shift, ifwe're going to survive in a competitive world, we have got to shift fromcredentialing to achievement. The best student I ever had is now
working in the White House, was my Administrative Assistant, wrote apaper on foreign policy that marginally changed American politics,and is five hours short from graduating from West Georgia College.He would clearly not be allowed to teach in any public school system in
America today. Yet he is a national class writer. That's nonsense. That'sjust stupid. The society that voluntarily punishes itself like that is justincredibly dumb.

We prop up the dumbness in the name of professionalism and in the
name of trade unions but, in fact, it's just dumb. And we can't afford it.It's also incredibly dangerous because people come to believe in the
credentials. If we decide to have malpractice for education and make it
personally liable, which after all is the other half of being a pro-fessional, then I think you will instantly expose the sham we are living
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under because education in its current form is not a profession. It is a
bureaucracy. And there are very few teachers who would be willing to

say, "Yes, I am a professional. Pay me what I'm worth, and if I fail, you

can sue me for malpractice." Now, you go out and test that one in
the marketplace, but I think you'll find there are very few people who
will accept that tradeoff, which is the central test of professions.

Third, we have got to move from age-graded to lifetime learning. If I
see an illiterate at 40, that person should be in first grade, and, in fact,
back when people arrived as immigrants, that was the norm. I just
recently read a fascinating novel called The Auerbach Inheritance which is

about being Jewish in New York City at the turn ofthe jcentury. When
you read from the perspective of the immigrant what it meant to
become American, it meant you did what made sense. And if you didn't
know how to read English, you went to the first grade, and if that meant
you were 27 years old in the first grade, that was all right. That's where
you were in life. And if you learned fast enough, you didn't have to stay
in the first grade all year. If you didn't learn fast enough, you got to stay
in the first grade a long time.

We have just made nonsense out of this concept of grades. Both of
my daughters spent their entire senior year in high school purely for
social reasons. Learned nothing. Cheerfully learned nothing. Let me
tell you, that is degrading the concept of education. It is a waste of a
year of their productive life and it's stupid.

Trapping young black males into a school at 14 is dumb if they want

to go out and earn a livingif you could then set up a society where at
25, when they are tired of doing really dirty work, they go back to
school to learn because they are now mature enough. But we have got
this whole thing messed up so that they fit our habits. And then we fail,

and then we wonder why we fail and then we try to coerce them more.
And then when we totally fail, we say, "Well now they are adults, so we

can't do anything with them."
Claude Pepper is 81 and recently became an anti-communist. A

fundamental change in his whole behavior style. Claude is now actively

more anti-communist than George Shultz. It's bizarre. He just in-

troduced a bill to send aid to Savimbi in Angola. He authored the
amendment to repeal the Clark Amendment, which had stopped aid to
Angola. Claude Pepper has changed largely because he has a lot of
Cubans who have been educating him in his district and he is a good
politician. But he is learning at 81. Ronald Reagan learns some at 74.
That is more than a lot of us can say ..... any age. Alright? So I'm just
suggesting to all of you, if Reagan can learn at 7 and Pepper can learn
at 81, maybe the model we have adopted of age gradation is essentially
wrong. Maybe people ought to learn all of their lives and we ought to
design a learning system that would be publicly financed, but not
necessar::1 bureaucratic that would allow people to learn at the point at
which they need to
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Fourth, we have to invent contextual learningsystems. I spent all day
yesterday in a conference that the Center for Strategic and Inter-
national Studies set up to look at the news media and terrorism. And,
Fred Friendly, the man who, along with Edward R. Murrow, invented
modern television news and carried it, I think, to its peak, was there. He
is now 70. Friendly said the greatest problem in the modern news is the
lack of context. It occurred to me that he is exactly right. Not only do we
want to learn facts, but when an event occurs we want to learn about the
event contextually.

i spent an hour and a half this week with the Acting Head of the
Centers for Disease Control discussing contextually AIDSas a tropical
disease both in its Zaireian and its American context. I had to know a
heck of a lot to be able to ask him the right questions and to have the
questions have any meaning. What we tend to forget is that data
without context is gibberish. We have never thought through very
much how to give people bites of context that are total. It's almost like
having a vitamin pill that's a total vitamin pill. When I want to know a
scientific answer, I want to know the total contextual framework of how
to think about it, what it is, and what does it fi; into.

Finally, five,and, again, this is one I know in my gut is right. I know
that what I am about to say to you is exactly right. I'm not sure what it
means, and I think we mostly mistranslate it. It is terribly important
that we learn how to get people to understand doing science. Okay?
And this does not mean going in and playing with chemicals for two
hours. It is a way of approaching data. It's a way of thinking. It's a way
of being. At least this is my impression. I am not a scientist. I'm just a
history buff, but my impression is from having taught environmental
studies as an interdisciplinary course and having helped developed it, I
worked with physicists and biologists and chemists and a lot of other
strange people. Strange included sociologists, philosophers, etc.
historians have this general sense that ifyou don't immerse yourself in
archives, you're weird. My feeling was that the people I knew who were
good at science did science. It wasn't an abstract thought process. It
wasn't a memorization process. It was a way of being. I mean they
approached everything with a scientific method. I'm not sure what they
were like on a date, but that was a way of thinking and doing.

And it breaks down into subsets. One of closest friends is a physicist
who thought that his chemistry friends were genuinely strange. Be-
cause physicirzs and chemists have a different rhythm of approaching
data. I'm jut,-. saying to you that my fifth paradigm shift is we have learn
how to do science, not just how to describe it or how to teach it in
context.

I apologize for running quite so long, but as I said I wanted to lay the
whole abstract out. Thank you.
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George Pimentel, Director, Laboratory of Chemical
Biodynamics, University of California, Berkeley

a chemist's view of science teaching

I found one thought that Congressman Gingrich placed in our
minds particularly interesting and that was to ask whether pro-
fessionals shouldn't regard malpractice as part of their professional
package. I think it would be interesting to ask Congress whether they
would be willing to pass a law that identified them as professionals with
malpractice as one of the criteria.

When I first was asked by Jim Rutherford whether I would come and
participate today, I indicated a little reluctance to come. I suggested
that you would expect me to say something intelligent and Jim knows
that isn't easy for me. And he said, "Quite the opposite, George. We
want you to be yourself. We won't expect anything intelligent. Just
display your biases as you normally do and provoke people." Now I
think that you already got a start in the provocative direction with
Congressman Gingrich and, again, he'll be a hard act to follow, but I'm
going to follow Jim's instructions and do what comes naturally. So if it
doesn't sound int,Aligent, you'll know that I wasn't expected to sound
intelligent. I wos ,r..pected to sou, d biased and provocative.

In any event, going to begin by offending my hosts who invited
me by disagreeing wkh some of the things they have said. Both Bill
Carey and Audrey Champagne. Bill Carey said in the call to this
meeting that we should anticipate future trends and needs so that 25
years from now we'll have an entirely new set of problems before us and
we will be back together again wondering how are we going to solve
these problems. I think that what's important to recognize is that we
have some special problems today that we've got to solve and they're
different from what they were 25 years ago. So we're going to be here
25 years from now, Bill, and, as you say, we'll have to be in a much
bigger hall no matter how much we accomplish on today's problems.

Now what did Audrey say that I'm going to disagree with? She said
that a crisis is very inefficient. Now I think that is quite wrong. We need
crises in this country. Unfortunately, it seems that we can only get
attention to some of our problems with crises. I don't advocate that; I
just state it as a fact. And we have now reached a point at which people
have recognized the difficulties we are facing in education, all the more
critical in an industrialized society with many of the problems identi-
fied in a global sense by Congressman Gingrich. We have had these
problems for some time now, but we have the beneficial situation that it
is now recognized as a crisis and we must take advantage of that. We
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don't necessarily have to do what the people who are panicked about it
say, but let's do something. Let's take advantage of the crisis and count
our blessings.

Well, let me talk a little more about my disagreement with Bill Carey
about how 25 years from now we won't be asking the same questions
and singing the same laments. That takes me back 25 years to the I 960sand our attempts to do something at that time about what was recog-
nized then as a crisis in science education. What I want to argue is thatthe crisis is different today. What we did at that time was address a
problem as seen by society that, by golly, the Soviets had something up
there in space and we didn't! What we needed to do was address our
science educational system so that we could have better chemists, better
physicists, better engineers, and then we'd get something up there too.That was very much on people's minds, and what we tried to dothoseof us who tried to respond to this challengewas see if we couldn't
improve very much the education of those then taking science courses,and that represented a very select group of students. They were, first,
those students whose academic performance placed them in the tophalf of the student kulation, and secondly, they were those whoopted to take science.

Our problem today is the recognition that all of society needs to be
more scientifically literate. Our challenge is not directed at that science-
oriented group but rather at the rest of them, the rest of our students
who also must live in an industrialized society. They must participate in
a democratic society in making our technological decisions in their own
behalf and in everyone's behalf. They vote as well as everyone else.
They must do so with some judgment. They must evaluate the per-
formance of their representatives with some perspective, and that
requires an increase in scientific literacy. And, believe me, this is a
group that's very much more difficult to address than the ones who opt
to take science, who come in already with some motivation.

So, that's what I think is so different today. It causes me to address
first one of the questions that you are going to be discussing this
afternoon, the question of what policy options face us. One of the
policy options that faces us requires that we pass from the global view
now to a microscopic view. What should we do today? I'm at the tactics
level in talking about how to address this problem which has been
defined as a crisis but which I think has been around for quite a while, a
decade or so. This first policy option that I think we face, which is a
tactical one, is how should we target efforts, or slzould we target efforts?

My answerand this is exposing biasesis that yes, we should target
our efforts. We should definitely give special attention to those levels of
science education at which we can best focus on the difficulty of
addressing this new audience. It is in the sense that 25 years ago that
wasn't the audience we were trying to address and there is plenty of
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evidence that we did quite well for the audience we did try to address.
This other group has to be approached in a very different way and a
way that isn't so easy. In any event, I say yes, we should target our
efforts and we should do so at the middle school level. That will
pervade everything I say.

Why the middle school? Well, in the first place it's not K-6, it's

middle school. It's not high school. That immediately represents some
sort of a selection process. I identify the middle school as the highest

leverage spot in our educational system to do something about what I

have represented as our immediate problem. First, it offers high lever-

age because we have there a level of education at which the student

cannot opt out. We have an opportunity to catch everyone. Secondly,

we have in that classroom lots c.f.+ ndividuals we would like not to receive

the imprint of a society that to.ncls to define for certain individuals, by

reason of race or sex or wha!tver, that science is not for them, or math

is not for them. Let's get them first and get them implanted with the

idea that sciencc is fun and it is for them. It's for everyone. That's just

the right place to do it.
Now, why not K-6? Now I'm again telling you my biases. In impor-

tant ways, the teacher population of K-6 differs from that in the

middle school. And, of course, that in the middle school differs from

that in the high school. And I feel that addressing the problem of

science education at the middle school involves a cadre of teachers

where we have the most chance to make big advances. At the F-6 level,

there are many other aspects to education that are facing that teacher

that may make it much more difficult to improve the science com-
ponent, so, I am willing to postpone that and focus efforts onto the

middle school level.
Now a second issue that we face, which I regard as a policy issue, is

the balance between addressing the needs of our existing science
teachers versus new teachers. Notice that I'm talking about balance, not
eliminating activities in any of these arenas, but rather giving certain

ones a deliberate preference. And I think that we should very definitely

try to address the needs of the existing cadre of teachers. There are
very many of them out there teaching middle school science and they

have very great needs.
Now, how do I know that? Well, I have participated myself this

summer in an NSF-sponsored institute for middle school teachers, and

so I bring to this discussion some immediate experience. I don't mean

to say that you don't have equally interesting or important experience,
but at least I'm talking about some things that we tried to do and some

outcomes of that experiment.
In the first place, let me tell you what we tried to do. This was an

institute in which the leadership on a day-to-day basis was by a pair of

master teachers, Penny Moore, who is a very successful high school
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teacher with junior high school teaching experience, and Jerry Smet-
7,1-, an outstanding junior high school science teacher. Those were the
p- .)le who were on the day-to-day firing line and the ones who

anized the group and decided specifically what would be done. I
make that point as a crucial one: The leadership in this institute was in
the hands of people with classroom experience at the middle school
level. And now I'm going to read some of the things that appeared in
our application to NSF to indicate what we wanted to do: "The teachers
will participate full-time four weeks in the summer. During these four
weeks, mornings will include lectures and question-answer periods
with university professors specially chosen for teaching skills and inter-
est in teaching at this level. These lectures would present a cohesive,
interdisciplinary, carefully sequenced body of scientific knowledge."

I considered this last idea to be the most important part of that
summer institute. This part was intended to deepen the understanding
and feeling of confidence of the teachers in the subject matter they
were dealing with. We concentrAed on two key words: If we could
increase the teachers' confidence and competence with the subject matter,
we would have achieved a lot. But that was only half of the course. In
addition, exciting guest lecturers were going to present highlights of
current research. These might be called inspirational lectures. But
afternoons were to be spent on specially designed laboratory projects
which the teachers could take back to the classroom to offer to their
students. This was the sugar coating for the morningpart; to give these
teachers something they could really take back to the classroom so that
they would feel that the institute pumped up their teaching in an actual
day-to-day way. These lab sessions would also review fundamental
laboratory techniques and present an overview of resources and mate-
rials appropriate for junior high school classrooms, including compu-
ter software. And then, we had a program for testing howthese things
went the next year.

But I want to conclude this discussion about this proposal by return-
ing to our philosophy. Here rm trying to tell you what I think we
should be trying to accomplish at this level. We put aside the natural
reflex tendency to move toward a three-year, tightly structured course
at the middle school level built around a specified syllabus of topics to
be covered and enforced by an achievement exam that tries to in-
vestigate the teacher's success in conveying acquaintance with pre-
scribed topics.

Instead, we try to prepare the teacher to encourage student in-
quisitiveness, exercise of judgment, determination of relevance, and
desire to learn more. The junior high school teacher who can do this
for most of the students will have accomplished much more than can be
measured by any statewide or national test yet written. These students
will be ready and eager to move on to science classes at a more mature
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level, where the systematic and efficient textbook approach to science
teaching can be used. That's what we had in mind. That's what we
wanted to try to do.

What actually happened? Well, in the first place, because of inescap-
able but unfortunate delays in the process of winning our grant, we
found out that we had permission to go ahead from NSF rather late in
the spring. And the upshot of this was that we didn't have the opportu-
nity to select from a fairly large number of applicants to obtain a middle

cut of teachers, that was our intentnot to get the very best, the ones
with the best preparation, nor the ones who are in most desperate
shape, but the middle cut. We wanted to find out where the middle is,
in terms of preparation. We didn't get that option. Instead, we took
most of the people who applied. And I suspect that the outcome meant
that we had a cross-section and of course there's some value in that. But

it made it more difficult for us.
The first thing we learned was the obvious thing. The teachers were

in a state of euphoria over the whole experience. They were thrilled to

come to a place like Berkeley to hear university professors talking to

them with real respect and concern about their problems and interests
and, of course, also to get some new experiences they could take back to

use in their classrooms. Oh, and incidentally, there was remuneration.
We paid these people to come. We didn't ask that their district or that
they themselves pay out of their own pocket. We let them know that we

were pleased to have them come and receive a normal professional
remuneration for doing something in the service of the profession.

In any event, I think that they were so euphoric that they were
uncritical, and it was difficult to learn by asking them whether we were
doing the right thing. And I will say in summary that in the afternoons I
think we did just the right thing. In the mornings, when we had lectures
by university professors, I think we got a comeuppance.

Now, you must remember that all of the lectures were selected
because they were very good and were of significant concern for this
particular group of teachers. What we found was this. First, the biology
lectures, entirely descriptive material, all on the central nervous system
and beautifully presented by Marian Diamond, went over like gang-
busters. They really loved this. In particular, this is the area in which
they felt most comfortable. It was purely descriptive and it dealt with
physiology. This was subject matter they felt comfortable with.

Next on this listthis is not the sequence in which we presented
things, but I'm putting these in a hierarchical list going downward in
success. Physics was next most successful and the question is why? My
goodness, this is the most mathematical and most quantitative. I think

the reason is because physics is authoritarian, it's doctrinaire and it's

deductive. You just have a bunch ofrules that somebody on high tells

you and you follow the rules and nature behaves. If Einstein said that
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E = mc2, it's got to be, and the only important thing is to get nature to
show that it's listening to Einstein.

Well, what about chemistry? Well, I tried to present chemistry as an
experimental arm analytical science. I tried to get the people to think
about the concepts that they are teaching. To my dismay, there were
two outcomes. First, they seemed to find chemistry the most difficult
subject they were confronted with. And number two, they thought the
textbook was far too difficult. The textbook was Chem Study, the high
school textbook. Now, it may be that some of the people who said that
the textbook was too difficult did not realize that we had selected the
textbook to add to the depth of their understanding. But in any event,
the suggestion was made by several of these teachers that we should
change the textbook to something easier. That really threw me, that
middle school science teachers found a high school textbook too dif-
ficult!

Let me give you one exinple of the kinds of things that we did and
the response that we got from some of the teachers. We felt that
temperature measurement was an important concept to introduce at
the middle school level. This would give the students an opportunity to
make measurements and to do something quantitative and, hopefully,
understand the concept better. With that in mind, we rejected the
computer-based approach. It turns out that some computer companies
sell things called thermoprobes, complete with a little PC and a color
printout. As you put the thermoprobe into a sample whose tempera-
ture is changing, you see an automatic graph drawn that shows a
temperature vstime plot and records the temperature to five signifi-
cant figures. In my view, by using this system you can avoid all of the
purposes of the experiment, which are to have the students understand
conceptually what they're doing, to collect the information in the form
of measured data, and then to manipulate it.

That's what we didn't do. What we did instead, both in the laboratory
and in lecture demonstration, was have the teachers make thermo-
meters. They made thermometers from small Erlenmeyer flasks, fill-
ing one with water and another with mercury. Then a tube is added
with a tight stopper. Now you could immerse this homemade thermo-
meter in a temperature bath, watch the level and make measurements
on it. Then we added a third thermometer, full of gas, of course with a
manometer to close the system. Next, we divided the class into three
sections. One section worked only with the water thermometer, one
with the mercury, and one with the gas thermometer.

First, each individual calibrated their thermometer at two common
reference points, the freezing point of water and the boiling point of
ethanol. There were two reasons for picking ethanol. One was to
awaken them to the fact that it's an arbitrary decision how you calibrate
a thermometer. More important, we wanted to use water as one of the
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thermometer liquids, so we couldn't ca'ibrate it at its boiling point. So,
two different points, and each with a pedagogical value to it.

To return to the experiment, each group calibrated one of the three
thermometers and then proceeded to measure an intermediate tem-
perature, a bath of water at room temperature. This permitted them to
establish a scale-0 to 100from the ice point to boiling point of
alcohol-100 equal spacesso they could assign a temperature to
room temperature. And of course we had each one of these three
groups use the same bath so they all knew they were measuring the
same temperature.

First thing they did was by groups decide what's the answer, and of
course immediately they are confronted with uncertainty because they
didn't all get the same answer. Each teacher got his or her slightly
different personalized answer and the group had to cope with un-
certainty. So by the time the three groups came together as a class and
compared results, each group had a plus or minus on their answer.
What they discovered then was that the people who measured the
temperature with mercury got 19.5 degrees, plus or minus let's say half
a degree; the ones who measured it with the gas thermometer got 20.5,
plus or minus three-tenths of a degree, different from the mercury
thermometer and outside of the uncertainty limits. But the third group
with the water thermometer temperature got 6.6 degrees, plus or
minus about one degree.

Immediately, the question is what's the significance of that big dif-
ference from the other two thermometers. Of course this reached the
purpose of the experimentto show what the concept of temperature
is all about and how we measure it. How do we &Tide which one of
these thermometers is right? Well let me tell you the teachers' response
to that experiment. For many teachers, it was very unwelcome news
that you get a diEerent temperature with a different thermometer.
That was by no means something that was greeted with great joy. They
decided that chemistry is difficult.

I conclude that what we learned about this experience, is that these
middle school teachers do have grave needs of depth and understand-
ing of the science that they are trying to teach. That's why I think we
should target our efforts toward this group of teachers. It's the highest
leverage opportunity we have and we should concentrate on the con-
tent, the subject matter they have to deal with. That may be con-
troversial to many of you who feel it's how you teach and how attentive
you are to the student's development. But I don't think that's where the
teacher's weakness is. I think the weakness is the teacher's confidence
and competence with the subject matter. Anyway, I want to thank you all
for letting me come today. I appreciate it; you're working in a very
good cause. Thank you very much.
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Patricia A. Graham, Dean, Harvard Graduate School of
Education

on producing " curriculum-proof' teachers

My co-author, Michael Fultz, and I took the title of "Curriculum-
Proof Teachers in Science Education" from our discussions about
teacher-proof curriculum. Both of us appreciate enormously the
enduring legacy in science education bequeathed to us by Fletcher
Watson who was professor of science education at Harvard for a good
many years.

Let me begin by reflecting on our perspective on teachers in science
education. First, we believe that the excellent preparation of teachers is
a necessary but not a sufficient condition for teacher effectiveness. In
fact, the brunt of our argument is that preparation by itself is not the
determining variable in teacher effectiveness in science or in any other
field. We make this argument despite the fact that both of us are
affiliated with a school of education and schools of education have
traditionally argued, and states have agreed with them, that attendance
in education courses was required for prospective teachers. We donot
demean the significance of importance of academic work in education.
In fact, we believe that improved pedagogical effectiveness is absolute-
ly essential for teachers. But all of us undoubtedly recall teachers who
knew their subject well but who were incapable of communicating its
mysteries. Our argument is that without improved working conditions
for teachers, without more able and diverse people entering the teach-
ing ranks, and without community consensus about the academic goals
of education, teacher preparationno matter how marvelousis in-
adequate to ensure teacher effectiveness. Thus, those of us who seek
better teaching in science and in other fields must simultaneously
address four issues: (1) working conditions; (2) more diverse and
nontraditional people entering the teaching field; (3) preparation and
certification; and (4) community consensus.

Second, we focus on teachers generally since the issues that affect
science teachers similarly affect other teachers; but there are two prin-
cipal differences that are salient to science instruction. First, science
teachers have more opportunities to leave teaching for lucrative posi-
tions outside education than do most other teachers; hence, the issue of
attracting and retaining able persons to science teaching is especially
critical. Second, (this is a point that George Pimentel mentioned as well)
science, particularly in the high school, often has been oriented to the
able student, not the average one. But present critiques of education in
the United States have emphasized the inadequacies of instruction to
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and learning by the average student. For science teachers who have
frequently found their most stimulating students in their college-
bound classes, this new requirement to attend to the educational needs
of nonscience-orientcd students is especially difficult. If science
teachers arc to work effectively with these other students, much more
attention needs to be given to pedagogy, and full and unqualified
support for their endeavor will be needed that has either been
ambiguous or lacking in the past.

Let me go over the central arguments. The first deals with the notion
of crisis in the schools, another point that George Pimcntel addressed.
There is public crisis right now about education and those of us who are
concerned with education arc wise to get on the bandwagon. Yes there
is a crisis, and we should improve science teaching in schools. Of course
I will take the pledge for the need for improvement in the schools. But
we also must recognize that the learning conditions of children in our
schools today are significantly improved over those in the past and that
one of the reasons that the critique is so intense is that the public is
vastly better educated now than it used to be and can take us educators
on much better. For example, in 1950, only 6% of American adults
were college graduates; today the figure is well over a third. In 1950,
only 18% of American adults were high school graduates; today, 70%.
That means that in 1950 most people felt ill at ease criticizing what went
on in the high schools. Now most people feel very much at ease in
criticizing an institution with which they have had experience.

Let me give another example, one from National Assessment of
Educational Progress (NAEP) data. NAEP has now been operating
since 1971 and recently published the first data I have seen that show
student performance over timethat is, data for 9-year-olds, 13-year-
olds, and 17-year-olds in a range of subjects since 1971. The single
finding that seems most important is that there is no test score for 1985
that is lower than it was in 1971. Every score is up. Does that mean we
can sit back and say that everything is fine? Absolutely not, but in the
midst of this perception of crisis, we must remember that we have been
doing some things not so badly. The student group that seems to be
most in need of attention is not the gifted/talented or the academically
able or the group at the bottom, whose needs are now being addressed
more satisfactorily than they were 25 or 50 years ago. Rather, it's what I
call the majority in the middle. When Jerry Zacharias talks about the
majority in the middle, he says it's 80%. Whether it's the 80% majority
in the middle or whether it is some smaller fraction, it is those in the
middle. When I say middle, I am using that term in two ways. One is the
middle of what we might think of as an academic distribution in terms
of achievement, but also in terms of age because again I agree with the
notion of putting the emphasis on the middle school. The evidence is
that the primary schools and the lower elementary youngsters are
doing quite well, even the ones in the middle there. But it is the
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distribution in the middle, not those who adjust easily to school, but
those who arc just sort or therethey are the ones for whom the
greatest problems exist.

We need to talk first of all about working conditions. As presently
defined for teachers, working conditions are intolerable, Nobody can
be expected to do well with thc working conditions that we now face,
and I include salary among those conditions. My irresponsible, one-
line solution to the working condition problem is to have all administra-
tors in each school district teach at least one class a day.

Second, we need to forget about recruiting the ex-milkmaids who
used to populate our classroom and whom we still look to as a primary
source of new teachers. By this I mean young women, like me, who
grow up in the middle west, go to college, get engaged or married and
realize that teaching will work out well with family life and hence go
into teaching. We need people who have had greater experience with
the real world, particularly people who have had experience working
in fields in which they have used science, technology, and mathematics;
people who say to a classroom of uninterested eight graders why it is
useful to know mathematics. We need to recruit more of those nontra-
ditional people to our classrooms.

At Harvard we are now in our fourth year of a program of mid-
career math-science teachers for whom the average age is somewhere
in the 50s. The program is limited to 20 people a year, and last year we
had 600 applicants. Their average score on the GRE quantitative puts
them in the top 90th percentile. These are intelligent people who look
forward to teaching math and science in grades five through twelve
and who are doing so on the basis of the evidence thus far. I am also
enthusiastic about the prospects of a teaching career for the idealistic
undergraduate biology major who is undecided between going to
medical school, earning a Ph.D. in biochemistry, or something else. Let
that youngster teach in the schools for three to five years with a little
preparation while he or she decides what to do next. We need to give
them some preparation, but we need to make it much easier for
undergraduates to go into public school teaching for a brief time. In an
earlier era, families sent their childrenwho had completed their studies
for a "wanderjahr" in Europe. Why not have them spend that year in
the public schools at public expense?

In the area of preparation and certification I agree vigorously with
the argument for competence and confidence made earlier. Our paper
contains a nice quotation from Robert Apfel, from the mechanical
engineering department at Yale, who talks about how science might be
taught better at the elementary level.

Finally, without community consensus on academic goals, all of our
efforts will be lost. We have an urgent and desperate need to makeour
case to the public that the needs ofour society in the future are for all of
our citizens to be well-educated and thatwe can deliver on that mission.
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Neither we nor the public have made that case sufficiently yet. Some-
times we educators have not made it because we have been afraid that
perhaps we could not deliver with all the students. But that is our task,
and therefore we must.

In conclusion, we would argue that the basic task of teachers is to
nurture and to enhance the wit and the character of the young. Few
adult jobs are more challenging or more important than that. Hence,
we can be cautiously optimistic about the willinolu,1:4 3i WW1 !.nt
the necessity to change teachers' working ci It I rage able
people, both traditional and nontradition:d, to teach, to urge colleges
and universities to help teachers become truly pedagogically effective,
thus justifying a change from a bad ideathe old child-centered
schoolto a new, good ideateacher-centered mliool, t;.it I+ obliga-
tion of the teacher to enhance the learning of all the children.
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Pamela Surko, Member ofthe Technical Stl, AT&T Bell
Laboratories, and President, Association of omen in
Science

on science teaching in a technological world

I'm going to talk about what I would like to see school science bring to
artificial intelligence (AI). After that, I'll talk a little bit about what we're
bi inging to you.

I really feel strongly that the best preparation for work with AI is
math, math, and math. What I discovered when I came into this field
from another fieldphysicswas that my math background was in-
adequate. Can you believe that? I have a Ph.D. in physics and I didn't
know enough math. And the surprising thing was that a lot of the math
I needed I could have learned in middle school.

The other thing we really need is those creative problem- solving
abilities. Not only, once given a problem, knowing how to go about
deciding how to solve it, but the harder skill: given a murky situation,
knowing what's a good question to ask, and then knowing how to find
the answer. Those things typically come out of the math classes.

Communications skills are very important to Al because part of the
business of building expert systems is interviewing experts, talking to
people, communicating. And if you're a software engineer, you cer-
tainly have to be somebody who can work in a group.

I put computer awareness last, and you may find that a little bit
surprising, but the other things are so much more important. The fact
that we do have more computerawareness in our schools is very good
and I am really glad to see it. But if I had to give up the problem-solving
skills or some of the math in order to get computer awareness, I would
give the computer awareness away.

Here's what I mean by broad math background, and this is just my
own view of what I've needed to do my job. First of all, we need the
number crunching stuffarithmetic--and then theabstractions--the
algebra, the calculus, the geometryplane geometry and solid geomet-
ry. I need a lot of set theory, particularly axiomatic set theory and I'm
old enough so I didn't get it in middle school. My kids did get at least
some. What I didn't see my children getting (they've just recently
graduated from high school now, so they went through middle school
some four or so years ago) was any graph theory, they didn't get any
logic, and they only got a few days of probability theory. Those are all
things that I really need in my work and it was somewhat embarrassing
to have to go back and learn things that I really could have learnedat
the middle school level. I'm not talking about really sophisticated,
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graduate level mathematics here. I'm toiking about the general in-
troduction. And a lot of these concepts are non-numerical, and they
can be taught at almost any grak3e level at some levei of sophistication,
as you folks know.

Of course, I have t 2ut in the statement that since math, math, math
is so important, the fact that we're turning people offboth boys and
girls, of course, but particularly girls, in the middle schoolI really
worry about that a lot. And I also know from talking to educators, at
least in the state of New Jersey, that it's not all the educators' fault, it's a
societal influence. In some cases, you have to overcome the effects of
the parents. In particular, the number of women engineers now is only

a few percent. And certainly I think that half the bCight people who
could be engineers are female. Ditto for minorities.

I wanted to say a few things about computer awareness too. I'm really
glad to see computers in the classroom, but I would really like to
emphasize that they should be there to teach the reasoning skillsto be
used as a tool rather than an end in itself. It's not important to teach the
young child all the ins and outs of the syntax of BASIC or UNIX or
MS-DOS. The languages and operating systems come and go. Every
project I do I learn at least one computer language. Once you've
learned one, it's not hard to learn another. Syntax is trivial because it
doesn't require any deep thought. It just requires remembering.
What's really important is to teach those children how to consider a
problem at various levels of abstraction: to make chains of reasoning
ever more and more complicated. I've never used Logo in a classroom
situation, but I did watch some kids using it once and I thought that the
session seemed to be teaching them exactly the kinds of things that I
thought that they needed to know.

Since software engineering is a teamwork effort, this seems like an
ideal place to bring teamwork into the schools. There are very few
places where you get a chance to do a project in a team. At least that was
true in my kids' education. And this is an ideal place, particularly if
your computers tend to be scarce resources anyway. Sit two or three
kids down in front of a terminal and have them solve a problem
together. I just want to make one parenthetical comment about the role
of games in classrooms. I'm glad to see some games in classrooms. It's
nice to have people introduced to computer., in a very non-threatening
way and it's nice that the computer is a -fewardfor doing other work
well, but we do have to be a bit careful with our choice of games.
Because if a little fourth grade girl doesn't enjoy clubbing trolls over the
head, then we don't want to give her the message that she doesn't enjoy
computers. And a child who doesn't have good eye-hand coordination
shouldn't feel that he can't succeed with computers. We have to be
really careful when choosing games that we're not rewarding just
aggression and eye-hand coordination. As someone who doesn't enjoy
clubbing trolls and who has rotten eye-hand coordination, I'm still a
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very good software engineer. You really don't need either of those
skills.

must say, by the way, that of the arcade-type games, Pac-Man is
probably about the best from the point of view of aggression. It seems
that the kids view it more like eating popcorn and that little thing that's
going along doing the munching doesn't really seem to have any
gender, independent of whether it's Ms. Pac-Man or Pac-Man.

Nov I get to my other topic: what AI should be bringing to school
science. A lot of what's already in the classroom is really great stuff.
There is some of it that is afready artificial intelligence. Much of it is
not. 77-:at doesn't mean it's not good. Artificial intelligence is a technol-
ogy ;1-.:2 requires a lot of computer cycles. It's expensive. So if you can
d. ever you want to do .without it, you should, if you want the
bigge..1 'aang for your bucks.

The kinds of things that are in most classrooms today are what I
would call adaptive systms. That is, the tomputer administers a pre-
test to the student. There arr.: maybe a half a dozen different choices at
that point based on what the child does on that pre-test, and so then
there are canned sets of instructional material and drill based on the
pre-test, and then the child takes a post-test. So, it's much more
tailored than an individual classroom teacher could be, simply because
you can go throt:gh this cycle at every small chunk in the curriculum
and each one is tailored to an individual child. I consider that this is a
really nice way to do drill. And it certainly is much more efficient than
having the classroom teacher give one drill and then having to grade
them all as well. But it isn't artificial intelligence.

Let me describe what will come. Notice that we're talking about the
fuzure tense here, and I think it's 10 to 20 years down the pike. I don't
honestly know whether I'm optimistic or pessimistic. I tend to be
pessimistic usually. But I think I may be optimistic in this case. What
intelligent tutoring really means is that the computer program enters a
dialogue with the student. The computer program knows not only the
subject area that's being tutored, but, as the communications occur,
builds up a model, a view of the student's current state of knowledge. It
has rules in it about how to teach and it has strategies in it for how to
communicate. And it's more like one-on-one tutoring than classroom
drill or classroom tutoring. It's also not real easy to do and we haven't
solved all the research problems yet.

I'm going to talk about each of those four areas a little bit mor in
detail. First, material dealing with the lesson's subject area. This cle I
think is probably the easiest one to actually build: knowledge about a
subject area. You have a combination of "cookbook knowledge." That's
not demeaning; what that means is sets of facts, the information that
the student needs to acquire. Of course, they need to be organized in
some :::easonable way because that's part of the way we learn. And you
alsu ne;:d what we call deep knowledge, which means the kind of

35

42



reasoning that you're going to do and you want your students to learn
to do, from first principles.

Now the tricky part in this business is trying to figure out whether the
student's answer is really right. Here's an example. Suppose that we're
talking about a tutor that's teaching somebody how to debug electrical
systems and the expected response is that the resistor RI now has
infinite resistance. Suppose your student says "RI opened." Well, now
that's a fairly easy one because opened is almost a direct synonym to
"infinite resistance." What it means is that somehow the resistor has
fallen into two pieces and there's no clectrical path at all. That means
that there is infinite resistance, and so it's relatively straightforward for
a tutoring system to understand that open means the same as infinite
resistance.

But how about the somewhat more experienced student or creative
student who says "R1 fried"? Now that's slang, but it's absolutely com-
mon slang, and it also has some more physics orelectronics built into it.
What fried means to this student is that, at some time in the past, that
resistor got more current through it than it should have. As a conse-
quence, it heated up so much that it actuallyvaporizedwe say fried
and it is now open.

So what that student has done is provided more knowledge. That's
actually a more sophisticated answer than just "open" or "infinite
resistance," and the tutor has got to be able to understand that. One of
the most difficult things to worry about in these computer programs is
how not to squelch the creative. And also how not to miss the right
answers that are just slightly atypical.

The next area is hard: trying to infer what the student's state of
knowledge is from the conversations that are held between the student
and the tutoring program. Determining exactly what the student
knows and doesn't know is very difficult. The number of things that
you say back and forth is relatively small. The student herself doesn't
know what she doesn't know. So it's extrewely difficult to decide what
that frontier of knowledge is. And yet, you have to know that in order
to be able to tutor effectively.

In addition, there are the other problems of unspoken questions and
unspoken confusions and unspoken misconceptions. For example, a
tutor is built for an airline, and it sits in a terminal and gives informa-
tion. A passenger comes up and types, "Is this the gate for the flight to
Atlanta?" and the tutor says, "No, you need gate 66. The flight departs
at 6:35 p.m." Okay. If the answer had been "yes" to "Is this the gate to
Atlanta?" then the tutor would have known that it didn't need to
provide any other information. "Yes" was enough. Since "No" was the
answer, the tutor understands that there are two other unspoken
questions, not only "Is this the right gate?" but "If this is the wrong gate,
which one is the right gate?" and "Am I in real trouble?" So it says, "The
right gate is this one and go there."
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That's one of the differences that you're going to see as these in-
telligent tutors replace the adaptive systems. An adaptive system would
have had to say "No," and then the customer would have had to type,
"Then what is the right gate for Atlanta?" And, of course, unspoken
confusions and misconceptions are real lulus to understand because
the students don't know themselves.

Here's an example of a session. This one actually happens to be a
human tutor with a student who's trying to learn geography, and there
are some features in here that we try to put into the intelligent tutor
programs. Tutor says, "Do you think it rains much in Oregon?" and the
student says "No," and the tutor says, "Why not?" and the student says,
"Because all the neighboring states are dry," and the tutor says, "That's
right, but you can't generalize. Actually it rains quite a lot in Oregon.
Can you give a guess why?"

Let's go back to the beginning now. Tutor says, "Do you think it rains
much in Oregon?" and the student says "No." If this were an adaptive
system, certainly the program at this point would say, "That's wrong."
This tutor, on the other hand, chooses not to rap the student on the
knuckles at this point, but to interrogate a little more to find out the
cause of the misconcepdon; to try to figure out how the student's world
view differs from the tutor's world view. So she says, "Why not?" And
the student says, "Because the neighboring states are dry." Now, from
this interchange the tutor has got to infer that the student is making a
generalization and that the generalization is incorrect. The tutor at that
point essentially interrupts the conversation and says, "You're wrong,"
and suggests something else to try that gives the student a hint: she says,
"Think about mountains and oceans and things like that." It's a much
more sophisticated kind of interaction than the kind of thing you can
do with canned responses.

It's also nice because what you're really doing is trying tobring the
student's view of the subject matter into accord with your own without
stopping at every single question and making sure that the student has
given the right answer. That's what human tutors do. They don't
require that the answer to every question be right. They simply de-
mand that by the time the session is finished that all of the important
knowledge and reasoning strategies are correct. It's much less
threatening to the student.

The next area is communication, the part of the program that does
the talking with the student. It's really hard to understand what the
student is saying.

This is the standard example for why natural language parsing and
understanding is really hard. Here's a sentence: Time flies like an
arrow. You are now going to write a computer program that's going to
understand that. Well, that's not too bad. It's a little poetic, but it's a
very simple sentence grammatically and you know that any under-
standing program you have has got to have all the rhetorical devices
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built in: simile, metaphor, and all that sort of thing.
Here's another sentence. Fruit flies like an apple. Okay? There's a

whole lot of ambiguity in natural language and a whole lot of context
that comes from common sense. This does not mean that fruit takes
wing like an apple, this means that if you look on old apples, you're
going to find fruit flies. And flies is not a verb here although it was a
verb in the first sentence, and like is a verb here and it wasn't a verb in
the sentence. It's not as easy as you think to understand the meaning of
natural language, even though it's fairly easy to figure out what most of
the parts of speech are.

Here's another example of why it's hard to deal with natural lan-
guage. This one's a really easy sentence: I dropped an egg on the floor
and it broke. What does it refer to? Does it refer to the egg or the floor?
You all knew that it referred to the egg but that's because you've got a
tremendously sophisticated knowledge of strength of materials and
Newton's laws of gravity. The natural language processor, if it's going
to understand that sentence, has to have all that information, too. It's
really hard to do natural language. And, unfortunately folks have been
promising to parse natural language for lots of years, at least ten, and I
think that that's going to be the limiting factor on getting tutors that
work. There are strategies for making intelligent tutors that don't
require natural language, that is, things where you give students
menusyou know, choices of this and that but then it tends to get
very fragmented again, and it's really not the kind of intelligent tutor-
ing that you want.

Another thing an intelligent tutor has to have in it is the strategies of
how to teach: how to decide what the appropriate issues are in a
particular domain and how to focus on them effectively; the level of
discourse; the level of abstraction vs. detail; the level of sophistication
that you need for this particular student; various teaching strategies;
Socratic method; entrapment. (You keep a student on a line of reason-
ing until he reaches a conclusion he knows is wrong, in order to
demonstrate that a hypothesis was wrong back at the beginning.) Even
simple matters, like when to interrupt to say, "No, you're wrong," when
to repeat material, all that has to be built into an intelligent tutor.

I think, by the way, that one of the fringe benefits that's going to
come out of intelligent tutoring is the fact that we will have to put
teaching under a microscope. Computers are really very demanding;
absolutely every last detail has to be investigated in order to make a
program that works. That means that we're going to need the kind of
sc-utiny on how to teach that perhaps hasn't existed.

Here's what I think the prospects for intelligent tutors are. I think, of
course, that there will be a gradual phasing of the computer-aided
instruction you see now, which is by and large adaptive, into more and
more intelligent kinds of tutors. The high-powered ones are, I am sure,
ten years away and my guess is probably they're 20. One of the things
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you might like to know is, what's the quality of these things going to belike? Are they likely to be really useful and are they going to supplantthe classroom teacher?
If I look at the way expert systems have permeated the market, Ithink what we will probably find is something very similar to that. Tintis, the quality of these things tend to be high, and they tend to berelatively expensive, but usually the marketcan bear it. They're doing ajob that's so expensive to do anyway that it doesn't matter that they costa bit.
Let me explain to you why expert systems quality is high at Bell Labs.For the expert systems we build, we interview two or three of the verybest cable experts in the United States, and we really interview thedaylights out of those poor folks. By the time it's done, we've done areasonably good job of capturing a tremendous amount of their knowl-edge.

Now, our program doesn't do as well as they do, but our programdoes better than the average cable analyst in the telephone companies,and I think that's probably what's going to happen with intelligent
tutors. People will workvery hard with absolutely thevery best teachersin the United States and the quality of the resulting products willprobably be such that they 1ll do about as well as the average teacher.They won't do as well as the teachers that taught the tutors, but they willdo fairly well.

Now what I really hope is that there will be hundreds of companiesbuilding intelligent tutors, and that you have 70 or 80 different pro-grams to choose from when it's time to make a purchase. I really hopethat school districts buy from a lot of different companies, because onething I really worry about is having one intelligent tutor programbecome ubiquitous. Because suppose there's a subtle bias in this pro-gram and it squelches a particular kind of creativity? Well, of course,human tutors will tend to squelch certain kinds of creativity; depend-ing on your personality you either encourage or don't encouragecertain kinds of creativity. But I really don't want the child who mightbe discouraged for one year by one human being discouraged insteadfor eight years running because the same program is in all his class-
rooms for his entire years ofschool. I really hope that we have lots andlots cf these things, and also that school districts buy loti and lots ofdifferent kinds of them.

Very quickly, just a little bit about expert systems. These are alreadyhere and are coming onto the marketplace now. They're easier to dothan intelligent tutors. What you take is a small area of expertise andmodel it as "if this, then do that" kinds of rules that replicate an expert'sperformance in a very limited area. Because they're coming into pop-ularity in almost every area of the marketplace, I can't imagine thatthey wouldn't be coming in education as well. Here are some thoughtsabout where you could use them.
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I was just talking to someone from the New Jersey Education

Association who was telling me about a wonderful new program called

"Art and Mathematics." It's designed to teach certain spatial relation-

ship skills in the art classroom that are necessary before you start doing

plane geometry. The question is, at what level should this be done, and

does a particular group of students need it? The person spent a couple

days studying test results and decided that yes, it was good for this

particular age group.
Now, that kind ofsophisticated analysis of a test is something that an

expert system could do. Give it a question and it will go look at the data

base and understand how to get the data out, and it understands how to

do all the queries and that sortof thing. There are lots of opportunities

for use in classroom administ.ration. Anytime you have a human being

sitting down with a lot of paper on their desk, probably that's a candi-

date for an expert system. There may be better ways to schedule

classrooms, schedule exams, or get kids' junior high school schedules

straightened out. There are algorithms for doing this in part, but the

true optimization problem is a real lulu and it would be amenable to

expert systems.
I think what's going to be really nice are some of the fringe benefits of

AI research, because much of AI research is linked to cognitive psy-

chology. One of the ways to make a program do something interesting

is to try to figure out how humans do it, so we're very closely linked to

cognitive psychology. We also have the advantage of being glamorous

and well-funded, so there might be some very good spill-over. Another

thing is that in building an expert system, just the very fact that you

have to sit down and evaluate a particular task such as teaching in such a

very detailed way is bound to havewe've already found that it does

havepositive benefits, even if you never build the expert system. The

fact that you sat down and learned more about the domain than you

ever have before and codified itput it down in a well-organized

fashionthat in itself is a tremendous benefit. We've seen that already

in medical diagnostic expert systems; more is understood now about

how good diagnosticians diagnose than before, and I think that the

same thing will happen with intelligent tut..ring. We may actually learn

something more about how kids learn about how good teachers

teach.
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Edward Harvey, Professor of Sociology, Ontario Institute
for Studies in Education

a sociological perspective on teaching and the
conflicting ideals of American culture

Today you are going to get a view from outsideoutside in terms of
the discipline, because I am a sociologist, not a science educator, and
Aso outside of the country, because I am from Canada. I hope that the
externality of my comments will add to their interest and provocative-
ness.

The reality is that we are living today in an age of change. One of the
best books to come along in recent years is Robert Wright's seminal
work, The Next American Frontier. It states clearly and straightforwardly
that the great engine of American economic growthstandardized
mass productionhas come to an end. The future belongs to high
technology, flexibility, creative teams. International competition has
never been tougher. Sometime in the next five years the Japanese will
account for over 50% of all automotive production in the world. That
used to be the very backbone of the American economy. Our political
leaders realize these problems, although perhaps they don't always
respond to them as quickly as we might wish.

There is a general level of concern in your nation today, as there is in
ours, about how we are going to respond to these new pressures of
technology, international competition and associated patterns. Part of
this anxiety, part of this search for solutions ramifies into ecNcation,
particularly science education, because science education is so fun-
damental, so central, and so critical to developing a society that can be
internationally competitive and technologically at the cutting edge.

We know that there is much gloomy news out there, that U.S.
students are learning less and learning what they do learn less well; and
the question is what to do about this. I would like to offer some
comments in three broad issue areas. First, to what extent is science
teaching a profession or to what extent should it become more of a
profession? Second, what are some of the principal debates on science
education in the United States today. Third, what's the future for
science education?

As we know, there have been a number of recent reports, such as A
Nation at Risk and reports from other influential groups, that have
raised important questions about the quality of school teaching in
America, and, in particular, science teaching. Paul E. Peterson of the
Brookings Institution, who is also participating in this conference, has
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commented that with some exceptions these various studies do not
really address the most difficult conceptual and political issues.

We agree with Peterson's criticisms. In particular, we think that there
are two issues that need to be addressed in conceptual terms,
notwithstanding the general absence in these reports of practical and

concrete recommendations about how to improve science teaching.
The conceptual problems are the proper historical and cultural context
of teaching and the school system in America, and the need to analyze
the occupational structure of teaching in America.

On the first issue, an analysis of the teaching occupation shows a
major contradiction in the objectives bestowed on the public school
system in American society. That contradiction is between the produc-
tion of excellence on the one hand, and the mass production of social
mobility and open, equal opportunity on the other. That contradiction
is at the heart of the debate about science education.

Let me quote from the recent report of the National Science Board
Commission: "By 1995, the nation must provide for all its youth the
level of mathematics, science, and technology education that is the
finest in the world without sacrificing the American birthright of
personal choice, equity, and opportunity." In our view, such objectives
bcg the questions not only of how so much is to be achieved, as Peterson
points out, but the dynamics of a class divided society that wants a
technocratic elite. The commission says, "Excellence and elitism are not
synonymous," and then, to put it charitably, it buries its head in the
sand.

The second issue relates to the question of whether or not the needs
of science education would be well served ifteaching and teachers were
to become more professionalized.

Now, is teaching a profession? Quite literally, that question has
dominated the literature on studies of teaching and education in the
United States since dr 19th century. ft's an importantquestion not so
much because of the content of teaching as because of the community
appreciation of this term "professional."

In the United States being called a professional evokes high status for
the occupational group so labeled and high esteem for the individual
who approaches work professionally, no matter what the occupation.
The idea of being able to combine service to the communityand success
in one's personal life is the quintessence of a profession. In short, being
or becoming a professional is inextricably linked to the American ideals
of democracy and social mobility.

As we have pointed out in our paper, there are various models or
ways of analyzing and assessing when an occupation is a profession and
when it is not. One of the influential models of what constitutes a
professional occupation is called the trait model. It looks at a variety of
thingsfor example, an abstract body of theory or esoteric knowledge
upon which the practice of the occupation is based; a long period of
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training, typically in a university, through which this expertise is ac-
quired; the ideal of service to the community; certification and practice
procedures and guidelines that are established by the profession itself;
and an enormous amount of autonomy in determining how the profes-
sion will go about its work and police itself.

This kind of freedom and individuality, which characterizes the
classic professions like medicine and law, is the antithesis of bureau-
cratic jobs or bureaucratically regulated employment. We all know
what bureaucracy is, especially if we're from Washington, and
although bureaucracy is an efficient way of socially organizing work, it
is not personal or individualisticelements that are very much central
to the concept of the professions.

In terms of the trait model, teaching doesn't have all the traits and is
an occupation that in recent years has become increasingly bureaucra-
tized. In this sense, it is at best a semiprofession.

Another focus is who controls the relationship between the pro-
fessional and the client. Once again, if we examine teaching, we find
that much of the way in which teachers carry out their mission is, in fact,
determined by others: by school boards, by departments of education,
or by other external authorities. So, although it is true that a teacher has
a certain moral authority and a certain autonomy within the setting of
the classroom, that moral authority and autonomy are confined to
narrow channels compared with some of the more powerful, tradi-
tionally established professions.

Nevertheless, teaching as an occupation has provided an opportu-nity for many people to move upward socially. In the United States the
professions are generally highly regarded. They are specialized en-
claves of excellence and expertise and are at the top of the social ladder.
So, it's hardly surprising that teachers seek to advance their occupa-
tional interests in terms of this professional model. As Albert Shanker,
president of the American Federation of Teachers, recently stated,

bright young college students are not going to come into our
schools to teach unless they are treated as professionals. If
we are to achieve that professionalism we have to take a step
beyond collective bargaining. Not to abandon it, but tb build
on it. To develop new processes, new institutions, new pro-
cedures which will bring us what teachers want in addition
to what we get from collective bargainingto wit, status,
dignity, a voice in professional matters, and the compensa-
tion of a professional.

Let me try to sum up this debate on professionalism. It's our argu-
ment that in the various reports to which I've alluded the foundation
report, A Nation at Risk, and so onthe central contradictions between
excellence in mathematics and science education and the American
birthright for mobility and opportunity have not been faced either in
the recommendations for teacher training or in the analysis of teachers
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95 a professional group. Through ou. analysis of the different models
of the professions in America we have focused on several matters that
are central to the current debate.

First, there's no such thing as a profession in any fixed way, only as an

occupational group in relationship to other groups. In addition, the
central dilemma facing science teachers and all teachers is the same as
the central contradiction of American society: The unresolved desire
to be both equal and excellent, to be open to everyone and to still
produce the best. How to accomplish these goals has 110t been ex-
amined, but has been thrust upon the educational system without the
provision of the resources or autonomy necessary to do it.

Are teachers professionals? We conclude that it is neither here nor
there whether teachers are professionals. They are a strongly organ-
ized, powerful group rendering an essential service that lies at the heart
of a democratic society. The current priority put on becoming more
professional by the teachers' unions is more of a labor market strategy
and a desire for increased power than a useful means of resolving the
reforms of education for the.2Ist century and the post-industrial age.

Now I would like to comment on our concerns regarding the debates
on science education. A Nation at Risk and some of the other reports are
written in highly dramatic language, evoking feelings of nationalism
and international competitiveness. The language of the reports, and
their recommendations for better mathematics and science education
for all American students, seem to be a call to national unity and
mobilization rather than recommendations for implementation.

Another report, The Nation Responds, takes a quite different
approach, emphasizing the national will, the funding commitments,
and the state-by-state efforts at reform. There is a serious disjunction
here. A Nation at Risk argues the need for better citizens to r:reserve
democracy and world leadership. The Nation Responds calls ft better
communicators, scientists and technologists, in order to be mar.- i-
petitive in a world where, as the report says, there is a redistribt:,..
trained capability throughout the globe.

For scientists, especially, the spread of ideas through mathematics
and international science is crucial. Most are aware that national com-
placency has sidetracked entire civilizations in terms of science de-
velopment, but, as its critics have pointed out, organizational innova-
tion does not characterize The Nation Responds any more than it did A

Nation at Risk.
Thereis a lack of clarity in the objectives of science education. RoLert

Yager, for example, has defined the domain of science education in
terms of an increased focus on the interrelationships between science
and society. He argues that focusing science teaching and science
education research on the science/society interface clarifies the objec-
tives of the discipline. It does this by providing a rationale for and a
coherence to research, curriculum, and instruction that are lacking in
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the more restrictive definitions. Moreover, Yager jargues that the
definition accommodates the dynamics of a changing science and its
impact on society, as well as a changing society and its impact on
science. This view takes the position that there is a distinct body of
knowledge that encompasses aspects of the social sciences and the
physical sciences that define a science education field.

Now, the critics say that this is a soft definition, because it permits an
inordinate amount of influence on science curriculum development by
nonscientists, and therefore a loss of technical excellence. These critics
suggest that science education does t.ot yet exist as a definable body of
knowledge. The implication is that real or pure science needs to be
taught in science classes not something called science education.

This debate between science and society and pure science education
in the schools reflects the more general American debate about ex-
cellence and equality. The recommendations made by the various
reports, most particularly the National Science Board and A Nation at
Risk, essentially suggest that science teaching should return to the
basicsit should be taught by teachers who have been separated out
from other teachers by their training, salaries, and working conditions.
In other words, there should be an elite group of teachers in mathe-
matics and science.

In short, while eschewing elitism, the recommendations of the au-
thors of these reports seem to suggest that the creation of an elite
teaching corps is the only way to achieve excellence. The creation of a
teaching elite by no means implies that every American school child will
have a good education in mathematics and science throughout the
school years.

Another critically important issue is the matter of whether or not you
can retrain science teachers who are presently underutilized in order to
address the current imbalance in the supply and demand. In my
experience with one program, 95% of the people who were interested
in becoming involved in the program were not sufficiently up to speed
in their disciplines, in effect, they would have had to retake a significant
part of their undergraduate education just to be up to speed in these
quickly changing disciplines. So the notion of achieving a quick fix
through retraining does not appear to hold water in light of the
available data.

What are some directions for us to go in the future? Several of the
reports emphasize singling out science teachers for special attention or
benefits that will further professionalize science teachers and improve
their classroom performance. While unquestionably these increased
pay and benefits would be highly acceptable, they will not lead to a
breakdown of the occupational solidarity and collective bargaining,
because the social organization of teaching, as we have documented in
our paper (in this volume) is quite different from that which charac-
terizes the free professions. It is also quite different from the social
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organizational characteristics of those working in industry or else-
where. Finally, the call for more cooperative programs involving
education and industry would clearly challenge the professional
association boundaries. In short, there are many serious, significant
institutional barriers to the achievement of some of these new direc-
tions. However, if the objective is to get a more knowledgeable, com-
petitive work force in place by 1995, such challenges to entrenched
institutional boundaries are required.

To sum up, we have raised questions concerning the values and the
organizational arrangements of science instruction in North America.
There is no question that considerable resistance will be encountered
by established interests in any attempt to change the nature of what is
done by working teachers. Simply instituting changes or improvements
that answer today's questions will not answer tomorrow's. We don't just
need more scientists or students who know more science. We need a
closer link among the producers and consumers of science knowledge,
and its use in technology and technical fields.

53
46



Eric Bloch, Director, National Science Foundation

on the efforts of the National Science Foundation to
contribute to the maintenance of a qualified science
teaching force

I'm glad to have been invited to your first National Forum. I hope you
will be successful in establishing these forums on an annual basis because Ibelieve that these meetings can play a very important role in improving
science education by focusing attention on major issues and by bringing
together people with diverse experiences and various points of view.

I'm particularly delighted to have an opportunity to talk about the
problems of teaching science in the schools, to share my perspective with
you in that regard, and to describe what the National Science Foundation
is doing in this area. We have a very important role in dealing with these
issues, but it's a modest one.

I have been asked to address the competition between industry and theschools for technically trained people, and I do have some ideas about that
topic; but I would like to begin by outlining why the quality of scienceteaching in the elementary and secondary schools is of critical importanceand what NSF is doing to improve it.

For many decades, writers ofsdence fiction have attempted to describe
a faraway time called the 21st century. I'm probably not the first one norwill I be the last one to observe that the 21st century is already upon us. We
only need to realize that children born today will be in high school in the
year 2000. Many of their views about science, about mathematics, about
technology as well as their basic competendes in these subjects, in thesefields will have been formedby that time. We owe it to them and we owe it
to ourselves to be thinking about the quality of their science education
right now. The world they will grow up in and continue to live in as adults
will be even more complex and more competitive than the world of today.

The signs of fundamental changes are all around us. The most striking
and pervasive change of the 1980sone that is fundamental andirreversibleis the shift to a global economy. The new world economy
features sharp internationalcompetition, particularly in the areas of tech-nology where the United States has been preeminent si- Vorld War II.I need only to mention the challenges of the past few yez.ts in the auto-
motive industry, in consumer electronics, and of late, if you read the
papers, in the semiconductor industry.

The success ofsome of our trading partners has had a very rapid and
sweeping effect on our industrial base. Not only Japan and now SouthKorea, but in the near future, probably Brazil, India, and China are all
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aspiring to play a major role in specific areas of technology by the end of

this century.
While these other nations have strong advantages in world competition

that are not easy for us to overcomelike cheap labor, lower interest rates,

and so forthI think the United States has two clear advantages in

international competition: First, the flow of fresh ideas and discoveries

from researchers in universities, companies, and government agencies;

second, the large, diverse, well-educated work force through which entre-

preneurs can capitalize on those discoveries to create new technologies.

The only way that we can keep ahead of other countries is by continuing to

have the best technically trained work force, the most inventive and
adaptable one in the world, to pursue the research and innovation that we

have shown in the past and translate it into products in the marketplace.

That's the first reason why I believe that a good education in the sciences

and mathematics is so important for our secondary and elementaryschool

students. Whether we are considering the relatively small number who go

on to become scientists, engineers, or medical doctors or the larger num-

bers that will hold such 21st century jobs as laser technicians or genetic
technicians, all must be adequately prepared by our schools to further

their scientific and technical education. The nation is also dealing with

tough public policy issues that require a fair degree of understanding of

the science involved. Such difficult issues as toxic wastes, nuclear prolifera-

tion, and acid rain will still need to be dealt with in the 21st century. No
doubt they will be joined by new issues arising from biotechnologies and

from still very unknown discoveries in many other disciplines. So the
second reason for strengthening science and math teaching concerns the

nonscience students, the individuals that will become the lawyers, artists,

homemakers, and craftsmen of the future. As citizens of a technological

world and in some cases as the ke:. decisionmakers they will also need a

good science education.
Finally, and one should not undervalue this, there is the search for

knowledge about the universe and some of its mysteries that drives people

in all nations and centuries.
So the question then arises: Where are the 14-year-olds of the year

2000 to get this learning? Where are they to get this preparation for
their 21st century work? Some small fraction will get their competence
and understanding of science at home from their parents. It's always

been that way, and I hope that it will always continue. Some will do a

great deal of learning on their own or through teievision, museums,
home computers, and other exposures. But most of their understand-
ing of science will still come through interactions with their grade
school and middle school teachers.

Studies have shown again and again that a student's attitudes toward
science and math as well as his or her competence in technical fields are
formed in the early grades. But how well prepared are the million
elementary school teachers and the 200,000 secondary school math

48

55



and science teachers to instill interest in these subjects and to teach in a
factual and in a knowle -Table way? Fortunately, qualified, committed
science and mathematics teachers can be found in schools throughout
the nation and at all grade levels. Unfortunately, there are far too few
of them to provide the early and repeated exposures to these fields that
all of our students will need.

The 1983 report of the National Science Board Commission on
Precollege Education in Mathematics concludes that top priority must
be placed on retraining present teachers and recruiting new teachers
and training them well so that all will be of high quality. The report
went on to add that teachers must be provided with a work environ-
ment in which they can be effective.

Through this and other reports appearing almost at the same time
that describe the state of the nation's educational system, the public
today is becoming more aware of the need to upgrade science educa-
tion in the schools. Because of this recognition, NSF has been abk to
develop a set ofprograms focused on the precollege level, particularly
on helping teachers improve their subject-matter letency. In the
fiscal year that is just beginning, FY 1986, the FountiPtion inte ids to
spend more than $50 million on a variety of precollege science educa-
tion programs. Our goals include: improving the preparation of new
teachers, providing subject matter training for in-service teachers,
revising instructional materials, and exploring advanced technologies
that can be used to teach these subjects. I should add that we know good
technologies can never replace good teachers, but they can certainly be
used to increase their productivity and their effectiveness.

There are numerous opportunities that offer points of strategic
entry to improve precollege science education. NSF's efforts are fo-
cused on those points where its unique strengths and leadership can
have the greatest effects. All of NSF's precollege activities share certain
characteristics. First, we are trying to leverage the federal dollar.
Second, we are trying to share results widely. Third, obviously the
projects we support must meet high standards of scientific validity. For
this reason the active participation of practicing scientists and engi-
neers is very crucial; we rely on the special linkages that exist between
the National Science Foundation and these communities to make this
happen and to encourage this participation.

With these ground rules, it's easily seen that NSF gives preference to
projects that establish partnerships among those with interests and
expertise in precollege education. Partners can include local and state
education agencies, business and industry, colleges and universities, or
professional societies or combinations of the above. Such partnerships
are both idea-sharing and cost-sharing arrangements, and one should
not differentiate between the two too much. The Foundation is com-
mitted to the partnership principle, both as evidence of local need and
commitment and as a way to ensure that the impact that we have with
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our programs is as broad as possible.
Now I'll give a few examples of current programs. Before beginning

their service, most elementary school teachers receive virtually no
formal training in either how to teach mathematics and science or in

the content of these subjects. That's a shocking situation, especially in
this technological age. Secondary level teachers also receive far too little
content training and hands-on experience. To help deal with thcse
problems the Foundation supports the development of specialized
materials and courses to help acquaint teachers with their subject areas.
In addition to our customary support for unsolicited proposals, NSF
will soon issue a series of formal solicitations designed to stimulate
significant changes in teacher preparation.

In-service and master teachers are two other important areas. Many
in-service teachers feel a great need to improve their abilities to teach
modern math and science. A major element of our strategy in this area
is heavy emphasis on leveraging through master teachers. In this
approach we recognize outstanding teachers, provide enrichment in
both content and methods, train them to assist their colleagues, and
encourage their school systems to provide the support necessary to
carry out this role. NSF's goal over the next five years is to influence a
quarter of the nation's science and mathematics teachers either directly
or through their contact with one or more master teachers.

Another aspect of science education that badly needs addressing is
that of instructional materials. A variety of books, films, and hands-on
materials were developed in the 1960s and 1970s, to a great extent by
NSF. The content of much of this material needs to be brought up to
date. We will issue shortly a special call for proposals to update
elementary school science materials and also to revise mathematics
programs in early grades.

The fourth and last example of the Foundation's assistance in the
precollege area is our support for advanced educational technologies.
Modern information technologies offer a tremendous potential for
improving education. Computers are becoming universal; combined
with graphic systems, video discs, and TV transmission technologies,
the computer holds the promise of reducing the cost of education and
greatly improving its effectiveness. Pioneeringwork in this area such as

the development of computer languages and video disc technology for
education was accomplished with Foundation support years ago. We

are continuing to build on this tradition, exploring new ways, new
hardware, new software, new methods, new approaches.

I believe that the Foundation has now established a set of programs
that focus on the most important problems and support the highest
quality projects. But the overall need is so great that these programs
will never be able to address it adequately particularly in the current
budgetary climate. Elementary and secondary education is principally
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the responsibility of some 16,000 local school districts. That is the
proper place for that responsibility and where it should remain. Under
the best of circumstances, the Foundation will remain a small player in
terms of national funding, but I hope an influential player in terms of
pointing the way, being a catalyst, being a facilitator for new ideas and
for new approaches.

Now let me turn to my final topicthe competition between the
schools and other sectorsnotably industryfor people educated in
science and technology. The question can be reformulated as follows:
What can schools do to attract and keep qualified science and mathe-
matics teachers in view of demand by industry for many of the same
people? I suspect that a great many young people are attracted to
teaching for its obvious satisfactions. And I know that myself since I
have a daughter who is a school teacher. But many of these prospective
science and math teachers are also attracted to the more direct rewards
offered by industry, such as a higher salary scale and the other mone-
tary rewards of a profit-making enterprise, opportunities to Work on
exciting projects with the support and resources of a large firm, or to be
in on the start of a new enterprise.

It seems to me that schools must be prepared to offer three kinds of
rewards if they art-: to attract more people with interests in math and
science or keep those people. First, schools must offer a professional
environment that allows good teachers to flourish and encourages
their personal and professional development. That means such things
as good lab equipment, smaller classes, supportive administrators, and
less paper work and bureaucracy. Second, they must offer a more
competitive salary scale, particularly at the entry levels for people
considering which career path to take. If industry salaries are the main
barriers, schools must be better prepared to meet this competition,
even if that means differential salary scales for those disciplines that are
in short supply. The market economy can accomplish a great,
that statement doesn't only apply to mousetrapsor refriger- r-
ket forces apply to the supply and demand for skills, est:KA:J..1117 .fro-
fessional skills. In fact, if you look at what the universities have done
over the last three to five years to eliminate shortages in their engineer-
ing and scientific fatuity, they have used the same approach. Third,
schools must offer clear opportunities for professional and public
recognition. Fourth, the esteem for teaching as a profession must be
raised.

The area of recognition and prestir is one the Federal government
can do something aboutat least on a national leveland one that this
administration has certainly emphasized. I am pleased to tell you that
we have just announced the recipients of the 1985 Presidential Awards
for Excellence in Science and Mathematics Teaching. We have invited
104 secondary school teachers from all 50 states, the District of Colum-
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bia, and Puerto Rico to come to Washington later this month and be
recognized for their outstanding teaching abilities. This is the third
annual round of these awards.

To be sure, the cash amounts are small$5,000 to the teacher's
school to supplement their programs, and additional donations from
the private sector. But we believe this awards program is important
because it focuses the nation's attention on some of our best math and
science teachers. That in itself should encourage other high quality
people to become and remain teachers. I. would like to thank all of you
in this room and your colleagues that helped in administering this
particular program. We appreciate it very much.

Raising salaries, improving working conditions, and providing more
recognition can help schools retain some of the people who would
otherwise leave teaching for another career. Schools can also do more
to tap knowledgeable people in industry and in universities, and they
are doing this more and more. Engineering schools, for example, are
dealing with their tremendous faculty shortages in part by hiring
part-time instructors who hold jobs in industry. If they can do that, why
can't we do that in elementary and secondary schools? Another source
is the pool of retired scientists and engineers that exists in some parts of
the country. Experimental programs, I believe, are operating to place
them in the classroom in Florida and here in D.C. and I suspect that
properly approached and properly prepared, retired scientists and
engineers could be a very viable kind of a resource.

In closing, I would like to say once again that NSF recognizes the
importance of precollege science and math teachers. We have es-
tablished what I hope will turn out to be useful, though small, pro-
grams that are appropriate to current conceptions of the federal and
NSF role in this area. We will continue to depend on leverage and
partnerships to make them even more effective. I hope that local
governments and funding bodies will act on issues of monetary and
intellectual rewards and on improving the ambience for effective
teaching. Finally, I believe that forums like this one will eventually
succeed in finding better ways to attract, motivate, and reward teachers
in the very critical fields of mathematics, science, and technology.
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M. Carl Holman, President, National Urban Coalition

on the need for generalized science literacy

I would like to focus on three questions: (1) what is the current
atmosphere in which science teaching occurs, (2) why must this atmos-
phere be changed; and (3) what are some ways of going about it? I
approach these questions from a narrow perspective. My biases have to
do with certain experiences that I have had in the years of growing up
in this country. If someone could back away and take a photograph of
what I see as I look out over the audience and ask the question, "Inwhat
country was this taken?", it would be very difficult for them to say,
"This picture was taken in a multi-racial, multi-ethnic country, 5170 of
whose members are women." I'm glad to see that there are a lot more
women in this audience than I have seen taking certain kinds of courses
in the sciences.

About five years ago, I raised with the board of the National Urban
Coalition and with some of my colleagues my reaction to some census
data as we move toward the 21st century. I was looking at the disturbing
projected birth rates for low-income hispanics and blacks. U. S. birth
rates have been declining for most middle-ciass and affluent people
whether they are black, hispanic, or white. Also the youth cadre for the
21st century is going to be disproportionately coming from low-income
blacks and hispanics. I suggest that this country does not behave at all as
though it believes these data to be true. And when I say that I'm
including all of us in this room and some very powerful people over on
16th Street and some people up on Capitol Hill and a great number of
people around the country,

The second thing: We had a conference right here in this room (1
keep coming back to holding these national education conferences, I
don't seem to learn)and John Gardner, no less, said to me at one
point, "Carl, we're doing so well on economic development issues and
housing issues and all that. Maybe you ought to just let that education
business go for awhile until they get themselves together." I said,
"John, you were an educator, I was one. The whole notion that educa-
tion of, by, and in, itself is going to get itself together is hardly worthyof
a man of your eminence and intellect."

There has been a decline in the effectiveness of urban schools as we
know them. What amazes me is that when I talk to scientists around the
country who are coordinators of science in the United States, they will
agree to speak to me only i f they are not quoted and their names are not
used. One person said to me, for example, "I think you need to know
that for almost 200 schools we have two people who are doing science
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coordination. When I found a biology Ph.D. who really wanted to teach
even though she knew how bad the salaries were and the rest of that, I
rejoiced and I sent her name and credentials to the personnel depart-
ment. They sent them back to me saying, 'Sorry, she does not have the
required number of hours in education."

When I was going to school as a young black in Missouri, I was told,
"Whatever you do, you must take education, because you may have to
teach." Notice that: you may have to teach, so you better take some
courses in education, which I did. So, I wind up trying to get out there
in three years and at the same time carry two majors and two minors,
because I was determined that "d I not be my only minor. As I
look back on it, I met a couple u, , .easant people, but I've had a
very difficult time trying to tigum opt how all those hours I took in
education really made me a better teacher.

What I think is a critical problem is that if we believe in the im-
portance of surviving as a country, we are going to have to take a very
hard look at who it is we want to have teaching science. We're going to
have to face the reality that now that women and blacks and hispanics
and whites who are interested in science can get other kinds ofjobs, few
of them are willing to put up with the requirements that most states
exact. The shifting of our economy from an industrial base to a tech-
nological and service base comes at a time when there is a critical gap
between minority and female students and their peers in scientific and
technological literacy. It has serious economic and social consequences
for the next generation.

When I speak of who has to get bilingual, I'm including who has to
get bilingual in terms of the people I deal with every day as well as the
people who I worked with as a young college teacher. I suggested to my
colleagues, college teachers in English and math and science, that it
might be a good thing for us to sit down with the high school teachers in
those fields since it was evident that we were looking for and talking
about and aiming at quite different things from them. I was shocked
that the college professors did not want to waste their time with those
benighted people, because if those people are any good, why are they
sending us the kind of students we get to work with in college.

I find the same kind of thing very often. The answer lies in how we
make science teaching a profession. As a person who heads a labor
union, I think the question of trying to deal with educators and educa-
tion as one more trade or industrial union is probably not precisely the
way to go. The people who have the most to give in terms of getting us
ready for this scientific technological future are, to large degree, in-
accessible to the people who most need it.

Now the gloomy dean of Wall Street, Mr. Kaufman, said last year,
"The people keep thinking that our big problem in this country in
terms of its future is finance capital and what happens to it and how we
acquire it and how we use it. That's not so." He says that the basic
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problem we face is a problem of human capital. At this particular point
we are in a sad state of affairs because you're not totally to blame.

Mr. Reagan has done a number of things that I don't totally agree
with. One thing he has done proves to me the potency of the pre-sidency. If the President says, "This is a problem," it is interesting to see
how governors, how state legislators, how those people who didn't even
want to come to our conferences when we were talking about this to
reporters begin to pay attention to it. Now I don't think we are neces-
sarily going to be saved by school prayer or tuition credits, but I do
believe that we had better seize the current, sometimes passing, interest
in education and what happens there to see what we can make of it and
see how we can utilize it.

Some say that computers havebecome universal but I can take you to
schools where there are no computers except in the business office. I
believe it is the University of Pittsburgh that is requiring every student
to have a computer. It is Harvard, I think, and one other school in
Boston that says, "You must have one and if necessary, we'll give you a
student loan." In 1981 only 5.8% of the degrees in physical science,
only 3% of the masters degrees in science, a dismal 0.9% of the degreesin the physical sciences, and 1.5% of the life science doctorates went to
blacks or hispanics. The figures are somewhat better for women but
not markedly so. That is not basically an indictment of scientists. That is
not basically an indictment of the National Science Foundation, which I
would like to see with a large budget although it is satisfied with thebudget it has. That's not the fault even of all of the parents that I have
been trying to talk to and deal with, but we have to face some realities.
Black and hispanic leaders and business leaders and politicians and thepeople in the sciences are going to have to face up to the reality that
unless they change the atmosphere in which all that we ai e talking
about takes place now, the situation three, four, five years down the
road will be worse.

I'll begin with one of the cases on which we are trying to focus our
attention. I think there is something illogical just because a number of
reports about what is wrong with the schools focus on the high schools,
and why not? Businesses get interested in students at the high school
level because the students are about to come into the work force.
Colleges get interested because that's about the time that they will becoming into school.

But what have we seen? We have known for a long tim e that it is at the
kindergarten and the preschool level that black and hispanic kids are
closest in achievement and in learning to their white peers and that gap
widens and widens until in some schools 50% of the kids drop out; most
of them have not mastered even the fundamentals of thinkingscientifi-
cally. I used to trust you' scientists a great deal because all that stuff I
learned and was told would never ever change again did change. But
the important thing is thatwhen these kids and these parents are most
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vulnerable because they are enjoying what they're doing and you're
sort of painlessly injecting them with an introduction to science and the
curiosity that is in science.

What you actually find is that you can at least get them to master the
principles. You can get them to understand the processes that are so
basic in terms of science. By the time my students got to college they
were saying, "I don't want to take English, don't want to take math,
don't want to take science, because they are hard subjects." We have
arranged in some cases to help them do that by giving them electives in
the theory and practice of volleyball, for example.

One person has said, "We have got to get rid of all the teachers we
have and start all over again." Well, unfortunately, even if there were
no tenure, you could not do that. Hard as it is to retrain some of the
teachers that we now have, they are going to have to be retrained.
Believe it or not, parents and families still have a great deal of influence

on children.
So I'm not surprised that Jim Comer and the others at the Yale Child

Studies Center have been able to bring low-income parents into the
schools not just to sell cookies but to get them involved in trying to
understand this educational enterprise. I can show you a school that

has the lowest-income neighborhood in New Haven, and they have the
third highest scores in reading, math, andscience. This did not happen
by magic, it's very hard work, and there have been a number of battles
over the five years it took to make this happen. But the gain is worth
accounting, and the fight is worth having.

People don't like to talk about money and teachers. I learned that a
long time ago. But it's still very true. Maybe we shouldn't have an elite?
One of the problems facing education is that almost every other Amer-
ican field of endeavor is vertically arranged so that you go up the better

you get. Sometimes you get the Peter Principle working but nonethe-
less people still think that CEO's are worth those million dollar salaries
and bonuses they get. But one of the things which is very strange about
public school teaching is that it tends to be horizontal. There can be
only one superintendent, and a few assistant superintendents, so what
do teachers strive for? They strive to get tenure and the right to choose
where they will teach. Then when they get tenure, they get out of those
schools in the inner cities. They move to the periphery.

We are going to have to do something about the base pay of all
teachers before we can attract some of the people who are watching. If
it is indeed in the national interest of this country to have more sden-
tists, more technologists, and more technicians, somebody is going to
have to pay for that. I hope the English teachers get their chance next
time round, but the truth is that those governors who now favor loans
to people who go into those fields are on the right track. We are an
incentive-minded people. If you don't believe so, tell these people who

are running all of these big companies"the bonuses are gone, the
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salaries are gone, but look how much great and good you are going to
be doing for the country"and see what happens. I think we have got
to understand what the head of American Can said the other day, "It's
well and good to have these special programs such as Adopt-a-School--
some of these programs are very usefulbut you don't make many
systemic changes that way."

If blacks and hispanics are serious about the future of their children
they are going to have to be bilingual enough to take some bitter
medicine and start learning how they can get their kids to embrace the
tough subjectsmath, science, technology. One of the things happen-
ing is that over and over again people whose kids are not in those
schools will not vote for school bonds, so it's a political problem. The
political atmosphere requires that we all work at saying, "If this educa-
tional enterprise is important, if science, math, and technology are
important, then we've got to testify before these grubby people in state
legislatures and school boards."

My friends who have worked on bussing and that sort of thing have
to understand a very bitter reality which is that most of the black kids in
this country for the foreseeable future will not be in altern4tive schools,
will not be in parochial schools, will not be in private schools, but will be
locked into public schools. Unless the scientific community, the politi-
cal leadership, and black and hispanic parents and organizations can
begin to change the political environment in which we make science
teaching possible, the figures we look at in 1995 will be worse than they
are now. I hope that you will remember that there are a number of
superintendents, teachers, and parents who now are beginning to get
hungry for what you can provide for them. It calls for a little bilingual-
ity on your part and a lot of bilinguality on their part. Thank you.
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Paul E. Peterson, Director, Governmental Studies, The
Brookings Institution

on economic and policy trends and proposals

I believe that the paper that I've prepared has been distributed to
you and l'm sure that you spent last night carefully perusing it. But let
me just go over some of the major points that I made in it. I started off
with the argument that Americans, today, !urn less in math and
science. They learn less than do their counterparts in other in-
dustrialized countries. They learn less than they used to. And they
seem to be less exposed to educational experiences in this area than
they are in the reading and the language arts.

The reasons for this lack of experience are probably deeply rooted in
American culture and politics and, because of this, are not easily
changed. America is an egalitarian society where everyone stands on
equal footing and where verbal acuity and personal expressiveness arc
essential for making one's way in the world. And the American econ-
omy runs by the principles of the marketplace, an arena which de-
mands high level bargaining and negotiating skills. In such a society,
the scientific method and the order that mathematics imposes takes
second place.

Unlike the ceaseless spontaneity of the United States, such precision
better suits the Japanese and European countries. I believe that in some

sense the problems that we continually discuss are intractable. They are
so deeply rooted that they're not going to be changed by any activities
of our educational system.

However, there are more proximate difficulties that do seem sus-
ceptible to policy analysis and revision. In my view, when you start
looking at the specific problem of teacher education in mathematics
and science, as this conference is, there's one simple answer that stands
out in bold relief. Pay thept teachers more. However, we have not
chosen that course of action and that's what the rest of my paper is
about. Why is it that we do ft increase teachers' salaries but instead
look around for alternatives that are probably not going to solve the
problem unless we address that fundamental question?

I develop this argument by making four major points. First, I focus
on the overall trends in teacher quality in analyzing the performance of
students, and second, trends in teacher quality, supply and demand,
third, the political difficulties that are associated with paying teachers
more, and fourth, I analyze a few proposals that have been advocated
to address the problem of math and science education.
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I don't want to give you a lot of facts on how poorly American
students are doing in math and science. You know this as well as I do.
However, to give you an idea of the significance of this problem, I'll just
mention the most important study, done in 1964. It was a survey of 8th
grade students in 12 countries. The United States ranked 11 out of 12.
And the U.S. average has dropped in the 20 years since then. We're no
longer at the bottom of the list, but that's because they've included
more countries in the most recent survey and a third of the countries
are developing nations such as Hong Kong, Nigeria, anC Swaziland.
Therefore, if you compare the United States with other industrialized
countries which have comparable resources for educating their pop-
ulation, the United States remains surprisingly low.

This leads me to the question of teacher quality. Ofcourse, there's
always been a problem of attracting math and science graduates to the
teaching profession. There's nothing new about it. It's been around at
least throughout the postwar period and I would guess well before that.
However, it is getting worse. The data show that the problems of
recruiting people in these fields into education are more severe today
than they were 10 or 20 years ago. And what's more, the problems of
recruiting quality teachers in general have increased. In 1973, high
school seniors intending to major in education in college scored 32
points below the average on the math portion of the SAT. So, people
going into education usually score below the average of all kids going
on to college. But that has widened from 1973 to 1982 and so now
they're scoring 48 points behind the average on the math portion of the
SAT.

If you look at who's teaching today, there's only one measure avail-
able and it's not a very good one. Yet, it shows a decline in the quality of
all the people teaching in education. Moreover, I would suggest that
the problems in math and science are much greater than in education
as a whoie.

The reason I suggest this i because teacher compensation has de-
creased over the last qP; If there's a decline in teacher quality, it's
probably because we'rr p g teachers less. As a result of this, the
bright people at e leaving going into other jobs or the bright people
aren't going into education In the first place. If you look at teacher
salaries over the last 10 years, they have fallen. They have fallen by
12% if you look at 1970-1982. If you go from 1972-1982 it's by 22%.
It's somewhere in that range.

Admittedly, hourly earnings on the part of all Americans have also
fallen in the 1970s and early 1980s. We're not as prosperous a country
as we used to be. Our household income is higher than it used to be but
that's because we have a higher number of people from each household
in the workforce. But overall hourly earnings are less than they were 25
years ago. Yet, teacher salaries fell even more rapidly than elsewhere
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and as such teacher salaries relative to those in other occupations are
worse today than they were 10-15 years ago.

This part is not surprising because in 1970 you had the baby boom
going through the elementary and secondary schools, and thore was a
tremendous demand for teachers. Earlier, you had experienced the
baby bustthe depression kids going through college and coming out
entering the labor market, so there weren't as many teachers around as
were needed, and so salaries went up. The price of labor went up in
order to attract more people into this field.

We then experienced a reversal of this trend. The baby boom gradu-
ated from college and a new baby bust was going into the elementary
schools. The demand for teachers fell while the supply of teachers was
greatly increased. The :mount schools had to pay teachers to attract
teachers fell and the trade unions and the National Education Associa-
tion were really unable to do anything about it.

Now the cycle is beginning to tu rn around again. We are moving into
a period where we're going to experience a shortage of people graduat-
ing from college. The demand for teachers is increasing againnot
like the baby boom, it's a baby boomlet this timebut there are going to
be greater demands. We're now beginning to feel the demand in our
schools. The result is that we're going to have to start paying teachers
more.

However, in order to get back to the 1970 salary levelsjust to get
back to those levelswhich are about 10-20% higher than those today,
we're going to have to increase by one half the percentage of our gross
national product that we spend on public elementary and secondary
schools. We're going to have to raise the percentage from 31/2% to well
over 5%. We did this once before between 1948 and 1960. In 1948, less
than 2% of our gross national product was spent on public elementary
and secondary education. By 1965 we were spending over 41/2% of our
gross national product on education. We did that because of the baby
boom and of a great enthusiasm for education in this country. We went
from less than 2% to over 41/2%a remarkable increase in America's
c -nmitment to quality education. It slipped a bit in the 1970s and fell

Ito 31/2% by 1980. That is due in part to the shortage of school-age
-nwe don't have to spend as much money if there are fewer

ctiL . in school. It's also due to the fact that teachers were paid less.
Now we're going to have to shift to higher salaries once again if we are
going to attract more people into education and improve teacher
quality.

Will we do it? I don't think so. I don't believe there's anywhere near
the enthusiasm for public education that there was in zhe 1950s. That
raises the question of math and science education all the more acutely,
because it is the math and science teachers who have to give up the best
wages in other occupations to stay in teaching.
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When one looks at salaries at the college level, it is interesting that in
the universities chemists, physicists, and mathematicians are paid more
than people in the social sciences and the humanities. And the univer-
sity community accepts this. If you look at the data nationwide, there's
about a 20-25% salary differential between the two types of fields on
the whole.

At the high school level we say we can't implement this policy. You
must pay everybody the same. Well if that's our policy and there arc
certainly strong forces in place to keep it our policy, then it will inevit-
ably be the case tha t the shortage of math and science teachers is going
to continue.

The answer, some people say, is merit pay. I'm against merit pay. I
think merit pay doesn't get at the root of the problem. The problem is
not that the math and science teachers are better teachers than the
English teachers so they should be paid more. Quite ironically, the
problem is that they're probably worse teachers on average. The best
qualified teachers have left and gone somewhere else. So you've got to
pay more money to less-qualifiet; teachers in order to bring the math
and science up to where elementary, social studies and English teachers
already are.

The other solution Congress has come up with in all of its great
wisdom is to provide more training, stipends, and scholarships in math
and science. The problem is you can do all the training and all the
education you want but so long as there are better jobs elsewhere, the
good people who get the training have every incentive to leave the field
and obtain more interesting jobs in other spheres of activity.

I'm basically arguingand there's more to it than what I've been able
to summarize hereis that one answernot the only answer to be
surebut one answer to the problem of teacher education in math and
science is to pay these teachers more. If it is not feasible to pay all
teachers more, at least those critical areas such as math and science
should be considered where the shortages are so severe. You've got to
pay these teachers more. If you're unwilling to do that, the principle of
equal pay is the principle by which we're going to live and die with in
education. People will come up with alternative schemes and plans and
ideas that are going to make a lot of politicians popular, but they really
are not going to address the fundamental question that plagues teacher
education in math and science today.
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Gordon Ambach, Commissioner of Education for the State
of New York

on empowering science teachers

I didn't plan to say anythis3- about tax reform, but if I could link Paul
Peterson's comments a'eout the commitment of this nation to education, I
would make the comnliunent with tax reform. If you don't keep your eye
on what's happening by way of tax reform at the federal level in this
country, especially with respect to the deductibility of state and local taxes
from federal income tax, with the same eye on the issue of what we're
going to be spending for education, then frankly we're kidding ourselves.
That is the most critical issue in this town today by way of what's going to
happen in terms of educational expenditure for the years to come. But
that's not the topic this morning.

Yesterday at about this time, I was at the Buffalo Zoo. Now there are
folks in New York who think maybe that's an appropriate place for the
Commissioner of Education of New York State to be, but some might ask
why I was at the Buffalo Zoo. The fact of the matter is I was visiting a
science magnet school that serves seventh and eighth grade children. It is
located right in the middle of the zoo. It's an extraordinary school, and it
was developed to link Buffalo's educational and cultural resources. It was
recognized as one of the top 10 middle schools in New York state.
Secretary of Education William Bennett and President Reagan just a
couple of weeks ago recognized it as one of the top schools.

I raise this point because we're spending a great deal of time this fall on
the issue of strengthening teaching. Not just in science or mathematics, but
strengthening teaching broadly. When one visits a school like that, one
asks the teachers who are there, "What are the key ingredients that
determine the effectiveness or the quality of that particular school?" They
are the ...rime teachers who were involved in the other schools, but there
they are with a very high motivation. There they are with a particular
challenge to themselves, developing their own capacity to teach and
learning new ways and learning new aspects of science or the other fields
for them to teach. The teachers say that the principal ingredients are the
time to plan and work together on curriculum development and on their
own professional development, and the opportunity to have direct contact
with the sdentists and the others who work in the zoo as they plan their
activities together.

And ladies and gentlemen, the matter of breaking through the problem
of the isolation of the teacher in our elementary and secondary schools, no
matter what the field may be, and bringing r. our persons in the
elementary and secondary schools into a col1ea4..itthip with those who
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happen to be in their fields is a very, very critical issue in terms of the
motivation and qv-lity of education for the future in this country. I agree
completely with what Paul Peterson has said about thesalary issue and the
matter of overall commitment that we must be making to education in this
country, and the increase that's necessary. I don't think I need to keep
harping on that. I'd like to speak to some other issues this morning which I
believe are also important. The topic I was asked to address is standards
and quality, and particularly to make some comments about the issue of
testing testing for ensuring standards and quality.

I come to this issue from the perspectve of one responsible for the
entire educational system in New York, from the very earliest years
through the most advanced studies. All of the colleges and universities,
independent and public, all of the schools, public and private, and in-
ddentally pll of the cultural institutions, professional licensing, vocational
rehabilitation, and so on. It's a perspective that tries to see a com-
prehensive concern about education and quality. It attempts to knit
together what has to happen in one zector with what happens in another.
We're very proud of certain of the results that have occurred withinthe
state over time and in competitions nationally. It doesn't matter whether
you look at the Advanced Placement Exams or the Westinghouse Science
Talent Search or achievement testing with the SAT program. We're very
proud when we look at those kinds of resultsfor some of our students.

However, our concern must be for the entire system and for the
teaching of mathematics and science to the entire population, and that
must be recognized as a very massive task. If we want to work in
elementary school science, in our state alone we're talking about reaching
80,000 teachers who teach elementary science. They are rhe elementary
school teachers. If we want to work with those who are specialists in the
sciences, we're still dealing with upgrading thousands or tens of
thousands. I point that out because it's absolutely essential to understand
the massiveness of what it means to be in retraining or be in staff develop-
ment or to work through new curricular developments.

Setting standards or ensuring quality for those who are teaching in the
sciences starts with setting the standards and the quality of what we expect
the students to be able to know and to do. That's why in our state, within
the framework of reforms that we started well before all the national
reports were under way, we begin by establishing the overall objectives.
What are the requirements of courses for diplomas, and what are the
expectations by way of studying science at the elementary or the middle-
school level? You translate those into general goals and objectives, and
frankly you translate those into a system in which you can me -1,:tor the
progress in the science program.

We have quite an elaborate structure for examination in the sciences in
New York state. Our Regents program, which tests individuals course by
course, is 100 years old. And incidentally, it was first put in place to test
whether the tenhers wer taring, not whether the students were learn-
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We're accustomed to having that kind of a pattern, and I think that
thk ;q a gr neral acceptance now across the country of th ose kinds of tests

cnts.
But our concern here is mainly with teachers. The issue of testing with

the teachers, I think, has to be looked at in this way. There is a move across
the country by way of using the National Teacher Examination (NTE) or
using other kinds of tests for the entry of all teachers. In fact, in 1980 we
adopted that use within ou l. state, using the core battery check on certain
capacities or skills for all elementary and secondary teachers coming in.
We have been exploring the use of specialty examinations in the sciences,
and we have had validity studies done to determine whether we could use
the NTE. We find this limitation: The NTEs tend to combine biology and
general science, or they tend to combine physics, chemistry, and general
science. Frankly that's not the appropriate use as far as we're concerned
because we certify in the specialties of physics, chemistry, biology, and
earth science. So we don't think we can use those tests. We have looked at
whether you could ever use the Graduate Record Examinations just as a
check on general science knowledge. We found them wanting for this

particular purpose as well.
Why did we look at that? Because of the fact that even though it may

sound good for a state to move to a pecialty testing program, we know
from extensive experience because we license all professionals within the
state (architecture, medicine, dentistry, social work) how complex it is to be
able to measure professionals, how costly it is, how difficult it is to get
consistency over the years, how much it -:akes year by year to keep
producing the examinations, and how much of a problem there is with
respect to security in the administration of these examinations, where
one's career or one's profession is on the line and it is absolutely essential to
have security. We've tried therefore to see whether there is any system that
we could use for this aspect, but we have found them to this point wanting.
We will not give up on that because we believe it is important that we do
have in place a certain element of testing.

Let me hasten to add that we have no illusions that by testing we're
determining whether someone is going to be a good teacher. We are
simply testing whether they have a certain skill level or whether they
have a certain capacity in the content of the subject that they are about
to teach. We cannot tell whether someone is a good teacher until he or
she starts to teach and we carefully evaluate what they are doing. In
summary, we have a strong tradition, and we will continue to use the
tests for what we think they can usefully produce for us. They are very
important checks on whether persons are literate, whether they can
compute, or whether they know something about a particular subject
that they are expected to teach. But you can't push them beyond that.

I would make "his one point that comes to us from enterprise, which
now has a deep concern for quality of prrAucts. And the point is this:

cannot inspect quality into a product. Many people have the idea
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that you can begin to test and that all ofa s .2n the product is going to
be better in quality. It won't be better unleb,, ou do other things with it.

What we must do is to put our heads together and get the consensus
that's necessary about the changes that are needed. These changes con-
cern sahries but also other very kelt steps, especially recruitmentand the
provision of fellowships and schol.nhips. Don't underemphasize that.
The good news, and it may net bc across the country but it's coming from
the state of New York, is that th number of applicants in science educa-
don is in fact increasing, especially from 1980 to 1985. Yes, there was a big
decrease from 1968 to about 1980, but over the past few yens, the
percentage of increase in science education for us has been at abiut
25-30%. Now, we're nowhere near where we were earlier, but the trefic.1 is
up, and the scores on the various tests, whatever they're useful for, are in
fact going up, and the level of concern about this training at the graduate
level is going up, and the number of people who have been in occupations
other than education who are interested in coming into teaching is also
going up. This is encouraging news.

I'd like to finish with just a couple of points that have to do with those in
current practice. You can institute entry:level exams to screen applicants,
but you must remember that 92% to 98% of those who are in teaching are
already there. Just as our businesses and industry havepromoted quality
by focusing on who is ;--1 the work force and how to motivate them and
prepare them and ma.- them to do a better job, we must do the same
thing. That means a substantial commitment to inservice training and
summer programs that supplement salary and provide training. It means
substantial commitments to giving time to those who are in teaching to
learn anew what they should be teaching. We're talking here not only
about those who are in secondary schools where there is a specialty in
science. We must keep in mind in my state those 80,000 elementary school
teachers who are expected to be providing at least a foundation of concern
in the sciences, of capturing that tremendous enthusiasm and inquiry that
youngsters have about phenomena around them that either is goingto be
stimulated or snuffed at that point. When we think about those teachers as
well, it is a very substantial task, not of starting anew, but helping when we
can with the new advances. That is where we build in the quality. We can
test it later, but if we don't build it in, it won't work.

I conclude with one comment that goes back to the science magnet
school in Buffalo, and that is the issue of colleagueship. The point was
made about the distinction between what tends to happen in our nation
for the collegiate faculty versus what happens with the elementary and
secondary school faculty. If you haven't heard of it, you will be hearing
more about it across this land--the term "empowerment" for those who
are teaching, and the term "control of curriculum for peers," for all of
those aspects that we've taken for granted in the collegiate world and yet
that are not really in many respects a core aspect of what happens in the
elementary and secondary world.
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Together with the issue of remuneration or compensation, the issue is
very much one of what the condition for teaching is and whether or not
the teachers have significant control over what they're doing in the
schools. That being the case, it is absolutely critical *.o be dealing with that
empowerment issue and to be dealing with the relationships that we are
particularly responsible for, that is, being certain that those who teach

ence in the elementary and secondary schools are considered genuine
iIkagues of the scientific community, are considered to be closely related

tv, those in the societies and those in the collegiate institutions. Unless we
can develop that kind of vertical relationship, thewhole question of status
and motivation will not be properly dealt with.
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Amado _J. Sandoval and Doris Sandoval, Chemistry
Teackers, Maryland High Schools

a teacher's-eye view of the situation

We are witnessing a tremendous increase in the apparent interest in
education and education problems on the part of politicians and public
figures. I don't know if as educators, and more specifically, as science
educators, we should derive any joy or pride out of discovering that our
problems are as important as the national deficit or the latest bombing
in the Middle East. I guess one benefit of making the cover of Time
magazine under the big headline "Help! Teacher Can't Teach" is that
we may get some needed public attention.

We have also been presented with innumerable books, articles, and
commission reports on the state of our education. Of course, we are all
familiar with some of the statements that have been highlighted by the
news media: "A tide of mediocrity has devastated public education" or
that by allowing the present state of affairs to develop "we have, in
effect, been committing an act of unthinking, unilateral educational
disarmament" or "that if an unfriendly foreign power had attempted
to impose on America the mediocre educational performance that
exists today, we might well have viewed it as an act of war."

These are very strong words. We may disagree on the extent of the
problem. As scientists, trained to express our thoughts with very pre-
cise language, free of any kind of exaggeration, we even feel a bit
uncomfortable. Some may view the choice of the words as a rhetorical
hype designed to arouse public opinion. We all agree, however, that we
are facing a crisis. Crises, as mentioned, may make for uncomfortable
experiences. I like Dr. Pimentel's position: Let's take advantage of the
crisis and count our blessings.

As science teachers we are particularly touched by many of these
public outcries. Our high school graduates may not be able to read
work application forms, let alone Shakespeare or Hemingway. They
may not be able to tell which ocean borders California. They may think,
if they do at all, that Dante Alighieri was a Mafia don or Santayana was a
Latin American musician whose brother plays shortstop for the New
York Mets. I suTect that as much as they have a reading problem or
they lack an avate knowledge of geography or literature, the public
will decry primarily our slippage in math and science and technology.
The Japanese are catching and surpassing us in microchip technology,
German engineering produces higher quality, the Soviet Union gradu-
ates more scientists and engineers.
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We had better do our part in improving the quality of our science
education. Will Rogers was once asked what could bc done to improve
the quality of the penal system in the United States. His response was:
"Improve the quality of the inmates!" If we want to improve the quality
of science teaching, let's improve the quality of our science teachers.

Yesterday and today you have heard a number of very valuable ideas
and suggestions concerning science education. To that end I would like
to offer some practical and concrete suggestions on the tactical level. I
speak to you as a high school science teacher and what I will share with
you are ideas that have been shaped by my classroom experience and
my wife's classroom experience and by our interactions with students
and colleagues.

I would like to suggest a few "do's and don'ts" towards improving the
quality of science teaching in our schools. Let me begin with a big
"don't."

Don't be unrealistic and unfair in placing so much of the blame for
our science education problems on our science teachers. We share the
blame, I am not denying that. But let us not forget that many of the
problems we face today, not just in science education, but education in
general, are simply a continuation and a reflection of the problems of
our modern society. And this is not a copout. Let's be realistic.

It is very easy to look at our deficiencies and to turn around and look
at the Japanese or German or Russian children and sadly shake our
heAs and say "They do it, why can't w -P" 11,That is wrong with our
educational system? The average Japanese I.inth grader knows quad-
ratic equations. We feel great if our juniors and seniors can solve a
simple first-degree equation. Russian and German high school young-
sters gradur:,:: having had seven, eight, ten years of math and science.
Some of our more enlightened states require two years of math and
science in order to get a diploma. Others require less than that! Assess-
ment tests of one type or another consistently place our youngsters
near the bottom of the industrialized nations.

Flow do they do it? Their society allows them to do many things our
does not. And our society allows our children to do many things theirs
does not. I would love to see the expression on my Japanese counter-
part's face if he were summoned to the Principal's office as a result of a
parental complaint and were told to cut down the amount of home-
work assigned; or if he received a note from a parent asking for a
postponement of a child's test because he or she had not been able to
study over the weekend because thf family had gone to the beach. How
much TV do Russian children watch? How many German children are
allowed to work four or five hours a da.y to earn money to pay for
designer clothes, or stereo sets, or their own "set of wheels"? Flow many
of these youngsters are allowed to get out of class to "prepare for a pep
rally" or to decorate the gym for the night's student government
dance? I don't have to go on.
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We will work on improving wi,at we are doing and will try to do even
more of it, but some of the values and customs of our society must be
changed dramatically before we can achieve those lofty goals.

Now, after that caveat, a few practical "do's." First, continue to strive
to make te.ching, and science teaching in particular, more attractive to
young men and women. Realistically we will never be able to compete
with private industry in terms of dollars and cents. It would be absurd
to expect that. Besides, many of those youngsters who would not even
think of becoming a teacher because of the low salary would not make
decent teachers.

It takes a certain amount of idealism to be a good teacher. We don't
like to admit that for fear of having people (especially boards of
education) take advantage of us. They do anyway. Don't get me wrong.
We want to live as comfortably and make as much money as possible.
But the immense majority of science teachers are in this profession
because we made a choice, a conscious choice, knowing full well that
because of our training and background we could, and in many cases
still can, go into other fields and make nnore money.

If we improve the salary and image of the teaching profession we
may be able to attract some of those youngsters who now go for higher
paying jobs, but who are idealistic enough to take that initial cut. Let's
work towards changing the esteem or lack thereof with which our
society views teachers, so that we don't hear more comments like the
one offered by a student during one of Secretary of Education William
J. Bennett's appearances last month at a local high school when asked
how many of her peers would want to become teachers: "I guess there
may be a good number, but most" of our "students are interested in
being something above that, like a doctor or a lawyer."

Our effort at recruitment would require some sort of public relations
campaign, but more importantly this will demand a change in the way
in which we are treated. Our boards of education can stand some
improvement on this. The public reads the newspapers, they see and
hear how we are treated and they draw conclusions. If our own employ-
ers feel the way they seem to feel about teaching and teachers, what do
we expect from other people?

The same board of education that at the beginning of the school year
talks very sweetly and tells us how much it appreciates what we are
doing takes a different attitude three or four months later when the
time comes to negotiate a new contract. What we were told was going to
be a very professional relationship had become all of a sudden a
management-labor struggle! A potential science teacher may read
about this, in some cases will even see television coverage of the picket
lines of striking teachers, and decide that he or she does not care for
this kind of hassle.

Next, let us change the training process and certification require-
ments for science teachers. Ideally the beginning teacher should have a
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solid training in the liberal arts, a thorough knowledge of his/her
science field, and a working mastery of the theory and practice of
education. Realistically we know we cannot expect this from every
becinner. We hope that at least the teacher candidate will be an
educated individual capable of helping others to acquire knowledge.

How is this to interpreted with regard to a science teacher candidate?
I would like to see a much greater number of beginning teachers with a
major in a science field, rather than a degree in education with some
courses in science.

I would like to suggest two measures that might help in this regard.
First, school systems could offer a differential starting salary scale. It
has been pointed out that, politically, it is unrealistic to expect a dif-
ferential pay scale for science teachers already in the system, given the
reality of collective bargaining. But given the reality of the job market,
teachers' unions may accept a differential salary as some sort of "sign-
ing" bonus. Beginning teachers with a major in the field they are going
to teach, physics, chemistry, biology, geology, would begin with a
higher salary than a person with a general degree.

Second, we must make it easier and more attractive for retired
scientists to acquire teacher certification. Some areas of industry were
severely hit by the recession of just a few years ago. Many ,af them, in
order to reduce their work force without laying people off, L:eveloped
early retirement incentive plans. For some reason, the pattern is more
widespread in the chemical industry. Many U.S. businesses took this
route in the early 1980's and then stopped their incentive plans as
business picked up again, but the chemical industry has continued
retirement incentives. Giants in the field, such as DuPont, Monsanto,
and Dow Chemical have just implemented this type of program in
1985.

We are not talking about trained scientists giving up well paid jobs in
industry to begin a teaching career. What this means is that there is a
large pool of relatively young, well-trained scientists from whom many
good science teachers could be developed.

I am not implying by all this that all a person needs to become a good
science teacher is solid knowledge of science. Far from it. It is neces-
sary, but not sufficient. Having the knowledge does not guarantee the
ability to communicate it to others. But I would like to see some changes
in the present requirements for certification: Reduce the number of
education courses required for certification and increase the practical
training. Any experienced teacher will tell you that there was little
practical use for most of what they received in their college education
courses. Although some of these courses should be kept, teaching is an
art. As an art, it is best learned by practice.

Prospective teachers could be required to complete their under-
graduate training in the science field and to take a minimum of educa-
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don courses, one of which could still be some form of practice teaching.
The school system could then hire them on a provisional contract. For
one or two years the new teacher would teach almost a full load under
the close supervision of an experienced master teacher.

By this I do not mean some sort of "buddy system." I mean a
full-fledged master-apprentice relationship program. Both the master
and beginning teachers would teach a lightened load, maybe one
period a day less than usual, for the same full-time salary, that would
allow them "school time" to fully interact, time to discuss and evaluate
teaching plans and techniques, time to review past performances.

Some school systems at present encourage a "buddy system" where a
beginner teacher meets with an experienced teacher for advice and
help. But they do it on their own timeduring their plamling periods
or after school. To be truly effective, official time should be allotted.

At the end of the "training" period and on the basis of the recom-
mendations of the school principal, the science supervisor, and the
master teacher, the candidate would be granted a regular contract.

Selection of the master teachers would not be as difficult as it may
seem at first. As in any human endeavor, some of the choices will not be
as good as others. Some apprentices may end up working under master
teachers who may no be as good as others. But any experienced
principal and/or science supervisor will have little difficulty in selecting
master teachers who will do a better than adequate job.

Now we have the science teacher properly trained, certified, and
hired. What do we do to help him develop into an excellent teacher?
Here is my last "do." Make it easier for that teacher to continue his/her
education. Presently most school systems reward continuation of
education by offering salary increases. Some are even enlightened
enough to offer at least partial reimbursement for the expenses in-
volved. That is very good. However, there are some hidden aspects,
especially for science teachers.

First, when a school system grants a salary increase to a teacher for
having completed, say, 30 credit hours beyond the bachelor's degree or
for having received a master's degree, no requirement is made of the
type of credit hours or the type of master's degree. Any subject matter
will do. Furthermore, some of the larger school systems attempt to
facilitate this process and allow credits earned under so-called "in-
service" conditions. The school system hiresan instructor (ocr2sionally
another teacher within the system) to conduct some form of instruc-
tion, usually for a few hours after school, for a few weeks. At the end of
these in-service sessions, usually upon completion of a report or a
paper, "graduate" credits may be granted and applied towards the
salary increase.

In-service training can be very practical and valuable, especially for
some very concrete and simple skills such as improved use of audio-
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visual facilities or training in computer software, but let us not anoint

this low-level subject matter with the aura of graduate credit.
In any case, science teachers who are willing to further their educa-

tion will require a higher dose of truly solid courses. However, at this
juncture we encounter a severe obstacle. Many graduate science
courses, because of laboratory and faculty requirements, are offered

only during standard "work" hours. Those are also the hours when our

teachers are busy teaching. Very few courses are offered either in the
evenings or on Saturdays. The immediate consequence of this is that a

rather small percentage of science teachers have graduate degrees in
science. Many are forced, because of the circumstances, to get graduate
degrees in education, in fields like human development or curriculum
development, in many cases with very few graduate science credits.
Would it be too much to hope that some of our institutions of higher
learning will offer graduate science courses at hours when our teachers

can take them?
Perhaps the burden should shift to our boards of education : Is it very

unrealistic or prohibitively expensive to hope that a teacher may be
granted leave on a regular basis to attend classes at a local institution? It
would be an expensive investment, but one that must be seriously
considered if science teachers are to stay up-to-date.

One alternative to continuing education is taking a sabbatical leave.
Not many high school science teachers take sabbaticals, for a quite
simple reason: they cannot afford it. I would love to take some time off

to go back to school and recharge my batteries, to have the opportunity
to learn about the latest developments in my field, but taking a 50% pay
cut would slightly harm my relationship with my creditors.

ost local school systems probably will not have the financial solven-
cy needed to foot this bill. During the 1960s and early 1970s, the
National Science Foundation played a major role in improving the
preparation and education of countless science teachers throughout
the land. The summer and academic year institutes were essentially
sabbatical leaves funded by the federal goyernment. These afforded
many teachers an opportunity that they could not have had otherwise
and have not been able to have since.

If the present state of our education has reached such a level of crisis

that it can be likened to "an act of unthinking, unilateral disarmament,"
I suggest that we start to apply mrncdics we apply to similar situations
in our world of missiles and tanks. As taxpayers we allow our govern-

ment officials to spend extra billions of dollars, in some cases rather
wastefully and indiscriminately, because of some alleged gap in our
arsenals. lt would take but only a fraction of those billions to fund local

attempts to improve the education of our science teachers. I know that
the key phrase these days is to share the cost, but most local school
systems cannot afford to share that cost. Public relations gimmicks will

not do the job.
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I said I was going to make some concrete and practical suggestions.
Concrete they certainly have been. I only hope that, in spite of the
financial cost attached to them, they are still considered practical.
Thank you very much.
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Four major reports oa tile condition of education in the United
States were published in 1988 (Education Commission of the States
Task Force on Education for Economic Growth, 1983; National Com-
mission on Excellence in Education, 1983; National Science Board
Commission on Precollege Education in Mathematics, Science and
Technology, undated; Twentieth Century Fund Task Force on Feder-
al Elementary and Secondary Education Policy, 1983).1 They con-
cluded that serious deficiencies exist and recommended action) to
effect improvements. Despite criticisms that the proposed remedies
are precipitous, shortsighted, poorly rationalized, and generally un-
supported by data (Peterson, 1983; Smith, 1984), the reports struck
responsive chords in the public and stimulated legislative action on the
state level. Attracting particular attention was the assertion that in-
adequate science achievement was threatening the nation's economy,
security, and democracy. States hurried to address this deficiency.

Efforts to improve science education focused on science teaching,
which has been identified, not surprisingly, as the key determinant of
the quality of science education (Helgeson, Stake, Weiss, et al., 197).
However, concern has been raised about haphazard implementation.
For example, some districts have attempted to improve instruction by
recruiting capable young professionals while simultaneously tighten-
ing control over the curriculum and instructional methods. It doesn't
take long for prospective recruits to conclude that most of the pro-
fessional challenge they seek has been removed.

In other cases, remedies designed to solve one problem have e.:-
acerbated another. Based on the recommendations advanced in the
reports, many states have increased their graduation requirements in
math and science. These actions will undoubtedly strain the pool of
math and science teachers that many already regard as insufficient.

'Other reports and books on the condition of education and teaching were pub-
lished at about the same time (Adler, [1982]; Boyer [1983]; Good lad [1983]; Ravitch
[1983]; and Sizer [1984]). Summaries of them and other reports can be found in the
report by Education Commission of the States (1983), and in Griesmer and Butler
(1983).
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One report estimates that if each state followed the National Commis-
sion on Excellence in Education's recommendations, the nation would
need 40,600 additional science teachers (Pelavin & Reisner, 1983).
How will we meet this additional need when we aren't even sure of how
to deal with simple turnover in the ranks?

Clearly, rational, coordinated, and well-founded planning is needed.
The purpose of the National Forum for School Science is to encourage
and support such planning. This chapter provides a framework for
thinking about one facet of the larger system of science education--
science teachingand outlines what is currently known about science
teachers and their working environment. Unfortunately, reliable
empirical data are scarce, and interpretations of such data are some-
times confusing.

Conceptual Framework

A qualified science teacher in each U.S. science classroom is essential
to scientific and technological literacy. To meet this goal, we, as a nation
and as local communities, must find answers to some important ques-
tions. Figure 1 describes a planning cycle comprised of questions whose
consideration should contribute to more effecti've planning. Essential
to this framework is the interweaving of quality considerations with
questions of supply and demand. The rest of this chapter follows this
framework in considering each question from several perspectives and
in outlining relevant data. Graphs and figures that substantiate refer-
ences made in the text are given in the Appendix.

Science Teacher Quality

What is a qualified science teacher? To answer this question, we must
ask and answer another question: What do we expect our youth to
learn in and from their science classes? Hurd (1984) makes the case that
useful reform of science education must be guided by our educational
purposes. If we can identify our expectations and values, we can
determine the kind of teacher who can meet them.

Two kinds of expectations are generally voiced: those that reflect
society's aspirations for individual opportunity and active participation
as citizens, and those that relate to national needs in the areas of
security and the economy. Realization of the first expectation results in
active, responsible citizens who can weigh evidence, develop argu-
ments, make informed judgments, and take actions that are consistent
with these decisions (Hurd, 1984). Realization of the second expecta-
tion results in people who have the skills to contribute to growing
sectors of the economy which in turn contributes to national security.
There is growing recognition that the cognitive skills discussed above
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What will
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is the projected need

for qualified
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Figure 1

Planning cycle for fulfilling science teaching needs.

contribute also to individual productivity in the workplace and, byextension, to the national economy (De Forge, 1981; Eurich, 1985;
Panel on Secondary School Education for the Changing Workplace ofthe Committee on Science, Engineering, and Public Policy, 1984).A third expectation nestles between the first two: the production ofnew generations of professional scientists and engineers. This goal callsfor science and mathematics education that provides the most ablestudents, regardless of sex or race, with the skills and motivation
necessary to pursue further study in science. Operationally, this meansthat we must provide science expericnces,that encourage rather thandiscourage.

How strongly these diverse expectations are expressed depends onhistoriCal and societal forces. Each has b.:en emphasized recently as arationale for improved science instruction, yet each suggests a dif-ferent educational approach. We leave to others the task of divining
priorities (see chapter by Harvey and Marsden in this volume, whichdiscusses the somewhat dichotomous expectations for excellence andequity that currently coexist in our society). Herewe emphasize that the
practical consequences, in terms of what a teacher should know and beable to do, will vary with the instructional outcome expected. Table 1lists some of the questions germane to these separate expectations.
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Table 1

Questions prmane to science teacher quality.

Expeci;rons and
oh,!rctives

'

Associated questions

Traci. tudents to
b . row productive
citize.;:s

What are the science knowledge and reasoning
skills required in today's workplace?

How will tomorrow's workplace be different?

How will these differences influence the
knowledge and skills required for productive
citizenship?

What is the function of school science in
developing science skills and knowledge that
will be immediately applicable in the work-
place?

Wht is the function of school science in
developing life-long learning skills?

What does and will a science teacher need
to know and be able to do to impart this
knowledge and engender these skills?

Teach students to What scientific knowledge and decision-makin ?

become responsible skills should a responsible citizen have, am:

citizens how will these changc as society evolves into
the next century?
What is the science teacher's role in sensitizing
students to the ethical aspects of scientific
and technological issues?

What skills and knowledge are necessary for a
science teacher to teach the elements of
reasoned akI ethical decision making?

Generate student
interest in, and
prepare students to
enter, science as a
career

What kinds of instruction stimulate student
interest in science?

What do science teachers need to know and
be able to do to improve the participation
and achievement of at-risk and high ability
students?

Defining Science Teacher Quality

Even if we can agree on what the science teacher's function is, will we

then know how well he or she is performing it? Clearly, a functional
definition that describes teacher quality in operational terms is needed.
Unfortunately, the knowledge base necessary to construct such a defi-

nition does not exist. There are many beliefs but relatively little empiri-

cal evidence that explicitly correlates performance with student science
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achievement.' Even so, definitions of tcacher competence have been
advanced, and typically, they are based on teacher preparation, pro-
fessional practice, and product. Sometimes innate charatteristics andqualities are also included.

Preparation. The preparation model bases judgments of quality oninput measures: the number, type, and level of courses that the teacher
has taken, or the completion of a recognized and accredited degree
program. The certification standards currently used by each state use
preparation measures to define quality; so do most of the standards
proposed by the professional societies. These types of measures are
easily determined, but they assess effectiveness only indirectly. Com-
pletion of a course does not automatically confe:- mastery of a subject,
nor are all programs equally rigorous.

Some of the evidence that we have on teacher preparation coniesfrom a recent study by the Southern Regional Education Board
(Galambos, Cornett, & Spitler, 1985) that compares transcripts of
persuns majoring in arts and sciences with those of prospective
teachers. Not surprisingly, differences were found in the number and
level of courses that were taken. Galambos (1985) concluded in the
accompanying report that education majors spend too much time on
education courses and follow a general education curriculum that is tooweak. Without evidence on how useful various coursework is to
teachers, however, it is not clear what these comparisons mean. The
report does echo concerns voiced elsewhere about the tendency of all
teachers to slight the physical sciences in favor of the life sciences. Also,
while acknowledging that teachers have less need for upper level
courses, Galambos raises legitimate concern about the substitution of
breadth for depth in a course of study. Because this study draws from a
narrow population of students in southern schools, it is difficult to
know how far its results can be extrapolated.

Other evidence about preparation comes from a 1982 survey 9f
secondary school administrators concerning the number of newly
hired math and science teachers who were not certified in the subject
they taught (Klein. 1982; Shymansky & Aldridge, 1982). Conclusions
are hard to draw from these data because they are based on a small
return (38%); also there are certain puzzling inconsistencies in their
presentation. It appears that in seven census regions at least 40% of
newly hired teachers were not certified in their subject, and nationally
the average was 50%. These data are supported by data from die

2There does exist a large body of research linking teacher behavior tu entachievement; for an extensive review of this topic see Brophy and Good (l9f.5). Thisresearch demonstrates that when teachers use time effectively, student achievement is
high. The research is not subject-specific, however, and it does not demonstrate causallinks between teacher behavior and such science-specific outcomes as science problem-solving, inquiry skills, or application of scientific information tn personal decisions.
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National Center for Education Statistics (NCES) , . J83, p. 206),
which indicate that 43% of new biological and physical sciences
teachers are certified in a field other than the one in which they are
teaching and that 11.7% lack certification of any kind.

On the other hand, Hirsch (undated) reports that in Michigan in the
1982-1983 school year, 91.2% of biology teachers possessed at least a
minor in biology, and 78.1% ofchernistry teachers had at kast a minor
in chemistry. Only 64% of the physics teachers, however, had at least a

minor in physics.

Professional practice. Quality definitions based on professional prac-

tice often use the following measures: the teacher's instructional pi ac-

tices in terms of both the vat tety and preferred style; the teacher's
ability to assess and meet the individual needs of the students; partici-.

pation in extra-classroom activities in the school district, community,
higher education institution, or prcfcssional sQciety; and acceptance of

responsibility for continuing profession: education. These measures
come closer to direct assessment of what a utacher must know av d be

able to do. Their limitation lies in the uncertainty about the causal link
between instructional practices and student outcomes.

Attempts have been made to assess teacher competency through
testing. As of 1985, 20 states have implemented or plan to implement
competency-based teacher certification (Plisko, 1983, p. 66). With few
exceptions, these states run across the southern half of' the country.
Teacher tests have been criticized and opposed on the grounds that
they are little more than tests ofbasic skills, that what they measure is

not relevant to actual practice, and that they are inadequate predictors

of success in the classroom.
There is also some limited information from professional society

membership. The current membership of the National Science
Teachers Association (NSTA) is just over 25,000. Members are science

educators from elementary, middle, and high schools, and from post-
secondary institutions. NSTA also reports that its membership in-
creased in 1985 by vpproximately 4,000 or 16% (B. G. Aldridge,
personal communication, September 25, 1985).

Product. Teacher qua an alst: be defined in terms of student
outcomes, although for u ccason just noted this method is limited as

well. It is probably the most controversial basis for the definition (if
teacher quality, but it does have historical precedent. In the 1800s Lhe
decision to retain or fire teachers was based on the public announce-

ment of their students' achievements for the year (D. Lortie, personal
communication, July 1985; Coltham [1972], cited in Dillworth, 1984).

Today, teacher quality is sometimes assessed on the basis of student
performance on tests of academic ability, such as the Scholastic Apti-
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tude Test (SAT), or on standai dizcd achievement tests. One problem
with this approach is that factors other than the teacher can influence
student achievement: the studcm's home environment, the values the
student has internalized, and the resources available to the student.
How does one factor out that portion of student achievement that is
due to the teacher?

Innate characteristics and prior accomplishments. Another approach to
defining teacher quality bases the definition on the teacher's innate
qualities and on an accumulated record of academic accomplishment.
Such measures include IQ and SAT scores, Advanced Placement
scores, high school awards, and high school class standing. The central
issue regarding the use of these particular measures is their
appropriateness. Few people would disagree that, all other things
being equal, an intelligent teacher is preferable to a stupid one. How-
ever, such other qualities as an ability to relate well to children or an
aptitude for simultaneous problem-solving may be equally important.
The problem is to define a desirable balance of qualities. Does an
intelligent person who is not altogether comfortable around children
make a better teacher than a less intelligent one who is adept at motivat-
ing students?

Some data have been citederroneously, we believeas evidence
that education majors are less intelligent than other college students.
Feistritzer (1983) compiled state reports of SAT scores and found that,
across the country, students who said that they intended to major in
education had verbalscores that were 32 points lower than average and
math scores that were 48 points lower. The gaps varied widely for each
state, but in no state did the scores for education majors match or
exceed the state average. These data must be accepted with two iarge
caveats. First, the SAT is intended to predict academic success in
college, not to measure intelligence (although it may measure academic
accomplishment). Second, these data pertain to high school students
who intend to major in cc ii. They do not necessarily reflect the
scores of actual education majors.

How Quality Standards Are Set and Enforced

Standards are set by government agencies and by profess;i-
societies; they are based on academic preparation and profef!i.

4

experience. Generic standards for teacher quality are specified b)
general professional education societies and by the teachers' unioi
Standards for science teachers are specified by scientific societies and
science teachers' orga Mons. Enforcement plays a major role in
determining the actsz,' s.lity range of practicing teachers, however.
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Standards for teacher certification are set and enforced by state
education authorities. These generzlly are specified in terms of aca-
demic preparation and professional experiences (see Appendix for
sample certification Ft-indards, and Roth & Mastain [1984J for a com-
plete set of standa,ds and procedures for each state). Because of the
recent interest in teacher quality in general, many of the states are
reconsidering their certification standards. Most notable are the ex-
periments with so-called alternative certification, whkh grants tempo-
rary certification to applicants with good training in their subject and
allows them a set period in which to accrue education credits and
experience. New Jersey provides the most famous example of this
innovation.

State certification standards are the chiefformal identifier of quality.
Studies that examine the proportion of"qualified" science teachers, for
example, typically use certification to teach science as their criterion of
quality (e.g., Shymansky & Aldridge, 1982). Currently, the ultimate
responsibility for standards enforcement rests with the states.

Is state certification sufficient to ensure adequate quality in the
science teaching force? There is some anecdotal evidence that the
state's enforcement authority is not always exercised vigorously and is
often circumvented by local education authorities. Similarly, when the
demand for science teachers outstrips the supply, enforcement offi-
cials may look the other way as out-of-field and uncertified teachers are
hired under emergency provisions (Currence, 1985b; Futrell, 1985).
Sometimes, hiring laws or agreements with unions force districts to
hire unwilling or unqualified teachers because of their seniority ("Dis-

trict court rules," 1984).
is not clear, however, that even vigorously enforced certification

stuladards would guarantee more than minimal quality. Critics of these

standards claim that they place too much weight on education courses
and not enough on subject matter, and that they include no measure of

true teaching competence. Others claim that their enforcement is too
rigid, such that it excludes otherwisewell-qualified people who lack a

nonessential requirement. Professional societies, such as the NSTA,
have developed more comprehensive standards that rely more heavily

on coursework in the subject matter, but these standards are currently
voluntary. The National Council for Accreditation of Teacher Educa-
tion (NCATE) uses those standards, among others, when it accredits
colleges and departments of education, but NCATE accreditation is

also voluntary.
This leaves us with several important questions about science teacher

quality that need to be resolved. First, what are appropriate criteria for
determining the quality and effectiveness of science teachers? The
ongoing debates concerning the relationship of discipline knowledge
and professional skills to teacher effectiveness are tbeled more by the

experience and personal preference of the debaters than by empirical
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data. Debates about the use of other criteria are no better informed by
evidence. Second, can we be confident enough ofour ability to measure
characteristics, skills, and knowledge to use them as bas::..s for specifying
competence? It does no good to know what we want ifwe can't identify
it reliably. Third, who should set and enforce standards? This question
really has two parts: first, who is competent to set the best standards;
and second, who has the political standing to enforce them.

The Demand for Science Teachers

Let us assume for the moment that we can identify a qualified science
teacher. Since our goal is to get one into every science classroom, we
must ask: how many will that be, and will we have enough? This
question is hard to consider at the elementary level, where one is
tempted to say that evoy teacher needs to be a qualified science teacher.
Because little can be generalized about elementary staffing patterns,
analysis of supply and demand in this area is particularly difficult.
Suffice it to say that relevant data are about as scarce as elementary
science specialists.

What do we know about the demand for science teachers at the
secondary level? Consider Figure 2, which describes a system in which
demand is determined by the number of students taking science, the
courses that are offered, the way classes and schocils are structured, and
the ar.ount of money that is available. Each of these factors is in-
fluenced by policy decisions that can be made at many levels, but the
who: system is driven by the values and expectations thatsurround the
role and function of science education.

Enrollment in science classes provides the first dimension
magnitude; it determines the general level of need. A primary determi-
nant of science enrollment is the number of students enrolled in school
overall. In 1981, for example, 12,879,000 students were enrolled in
grades 9-12 in public school (Grant & Snyder, 1983). High school
enrollment is expected to continue to decrease into the early 1990s,
when it will increase slightly (Frankel & Gerald, 1982). However, not
every student will take a science course every year. The actual science
enrollment in any given year for grades 9-12 is likely to be closer to
60% of total enrollment (Welch, Harris, & Anderson, 1984). For
grades 7-8, the percentage is much higher-90%.

What influences science enrollment? One large factor is the amount
of scienr.t the state requires each student to take. Graduation require-
ments vary from smte to state, but we do know that as a result of the
recommendations voiced in A Nation at Risk (National Commission on
Excellence in Education, 1933) state after state has proposed or im-
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Factors that influence demand for science teachers.

plemented increased requirements. These often include additional
math and science courses. Science enrollment would be boosted only by
the percentage of students that don't already meet those requirements,
but that number could be substantial. We suspect that parental values,
the quality of science teaching, and university entrance requirements
also play a strong role. In communities where science is perceived as
valuable and the quality of science teaching is high, more students are
likely to take more srience regardless of state requirements than in
communities where this is not true.

Enrollment determines the number of teachers needed, but it can
also influence the type of teacher hired. Demographic projections
indicate that, around the year 2000, one in three Americans will be
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nonwhite. Because Hispanics and blacks are younger and have more
children than whites, so the proportion of nonwhite children will be
even larger. Currently, "minorities" form the majority of students in
the 25 largest city school systems and in California's elementary
schools; half the states have public school populations that are more
than 25% nonwhite (Hodgkinson, 1985).

At the same time, less than 10% of newly graduated teachers are
nonwhite (Plisko, 1983). Although we know of no specific data, we
suspect that the percentage is even lower for science teachers.3 Fur-
ther, concerns have been raised about the effect that testing will have
on the racial composition of the teaching force. In Mississippi, only
24% of black education majors passed a general college achievement
test administered after their sophomore year; 63% of the white stu-
dents passed. Taking into account the greater enrollment of whites to
begin with, 11 times more whites passed the test than blacks (Peoples,
undated). The proportion of minority teachers is in danger of falling
just when the minority student enrollment is rising.

Another factor that will tend to influence the type of teacher needed
is the courses that are offered. We tend to speak generically of science
teachers as if they were all alike; they are not, of course. Physics
teachers teach physics courses, and biology teachers teach biology
. ,ses. The courses a district offers will influence the type of teachers
.t Rome courses, such as biology, are likely to have a high

:mand because more of them are offered and elected in
more districts. Others, such as physics, will have a high relative de-
mand, that is, in terms of a shortage of applicants relative to vacant
positions.

The third factorthe strut ..ral organization of the schoolis the
executive function that determines how the teaching force will be
deployed and, therefore, exactly how many teachers will be needed. It
includes such factors as teacher-pupil ratio, allowable class size, the
structure of classes, and course load per teacher. In 1981, for example,
approximately 7.6 million students were enrolled in science classes.
Assuming that there were 19 students in each science class, an average
class size for that year (Grant & Snyder, 1983), 400,000 science classes
needed a teacher. Pelavin and Reisner (1983) cited unpublished NSTA
data and those from unnamed other sources that established 4.5 classes
as an average teaching load for science teachers. Calculations based on
these figures place the national full-time equivalent for science
teachers in 1981 at approximately 89,000. Not all teachers taught
science full time, however; NCES (Grant & Snyder, 1983) ef 'imates the
actual number of people who taught at least one science class in 1981 at
105,000. Obviously, a shift in any or r!-P-se parameters will change the

'Data on the demographics of science watners are forthcoming from a study beingconducted at the Research Triangle Institqte under the direction of Iris Weiss.
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number of teachers needed. An increase or decrease of class size by

even one student could change the number of science teachers needed
nationally by 5,000 or 6,000.

The final factor in the equation is financeswhat the community can
afford and is willing to pay. If demand is defined as the total number of
science teachers needed, as it has been in this discussion, then finances
influence demand indirectly, either through the courses that a district
can offer or through the class size or staffing patterns a district can
afford. A district with few funds may elect larger but fewer science
classes, for example. If demand is defined in terms of the shortage of
qualified science teachers (as is common), then the influence of fi-
nances is more direct. Low salaries, for example, that compete poorly
with both industry and neighboring school districts could cause high

teacher turnover. Similarly, inadequate funding for labs and other
facilities could contribute to high turnover rates as teachers became
dissatisfied with working conditions.

What changes are likely to affect science teacher demand? Across the

country, the largest change is likely to be in the science that is required
for high school graduation. After the publication of the national re-
ports that called for improved teaching and increased student expo-
sure to science, many of the states began considering changes in the
amount of science and math students have to take. Currently, 24 states
have passed legislation requiring more credits in science than were
previously required (M. Bush, personal communication, September

26, 1985).
Increased student enrollment in science surely will increase the need

for science teachers. Pelavin and Reisner (1983) prepared three es-
timates of future need based on assumptions about what the states will

do. The low estimate (6,500 additional science teachers needed)
assumed that only the nine states that had already raised requirements
at the time of their study would raise them further. The middle es-
timate (13,000) assumed that only those ten states that were then
considering increased requirements would implement changes. The
high estimate (40,600) assumed that all states would follow the recom-
mendations of the National Commission on Excellence in Education
and require three years of science of all graduating seniors. These
estimates are a bit misleading "because [they] imply a level c.,,t zfficiency

in the creation of new .. . classes and the assignment of new teachers
that is simply not feasible" (Pelavin & Reisner, 1983, p. 23). Actual
numbers could vary depending on the current availability of teachers

and their subject areas.
Clearly, shifts in policy can also affect demand in other areas.

Changes in the structural organization of schools could result in in-
creased or decreased need for science teachers. If communities believe
that incr-ased teacher contact causes improved learning, smaller
classes and more teachers will be needed. If, on the other hand, new
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uses of technology allow one teacher to serve more students with
increased efficiency and quality, the call will be for fewer teachers. The
creative use of teacher's aides and other paraprofessionals might ac-
complish the same end. Similarly, if schools alter the type of courses
they offerfor example, courses that integrate the disciplines or those
that consider the social and ethical dimensions of science and
technology--the distribution of demand for various types of science
teachers would also change.

So far, we have discussed demand as an absolute number--that is,
the number of science teachers needed regardless of how many are
already hired. This is an uncommon perspective; usually demand is
defined in terms of the shortage of teachers, the number that will
actually need to be hired. We have discussed demand from the
absolute-number perspective for three reasons. First, if we define
demand as shortage, we obscure the need to retrain or replace teachers
who are unqualified to teach science but who are teaching it
nonetheless.4 Second, it is difficult to define a shortage unless we have
some sense of what "enough" is. Third, the data needed to describe the
current alleged shortage are hard to come by.

Teacher vacancies do not reflect a shortage of science teachers be-
ca use of the common practice of filling a vacancy with whoever is
available. NCES (cited in Pelavin & Reisner, 1983) estimated that in
1979-1980 approximately 900 teaching positions in science went un-
filled. This is surely an underestimate of the total shortage of science
teachers, which Pelavin and Reisner (1983) calculated at closer to
5,300. Those authors based their estimate on the number of vacancies
plus the turnover rate in the science teaching force, as modified by the
number of teachers expected to be hired. If their estimate is close, the
current shortage in the national science teaching force is roughly 5%.

When demand is defined as shortage, teacher turnover becomes an
important statistic. NCES (1982) assumes an annual teacher turnover
rate of 6% for the rest of this decade. Clearly, regardless of new stresses
on the system, any attrition that is not matched by enrollment decreases
and new graduates will probably constitute a shortage.

How bad is the current shortage? It is extremely important to
remember that this is a national average and that local situations may
differ dramatically. Survey data from two groups of studies (Akin,
1984; Gerlovich & Howe, 1982) indicate that in many areas the short-
age seems critical. Gerlovich and Howe's survey of state science super-
visors revealed that in 1982 only four states reported that they had
enough physics teachers and only five believed that they had enough
chemistry teachers. Only one, New Mexico, had a slight surplus in

'A good example of this is a headline on the front page of Education 1Veek (Septem-
ber 25, 1985) which trumpeted, "Shortages (If 85 Vanish as Schools Hire Uncertified
Teachers." If only all problems were so csilly solved!
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either field. Akin's annual survey of teacher placement officers reveals
a similar pattern: two of the four disciplines suffering "considerable"
shortages nationally in 1984 were physics and chemistry. The studies
disagree about whether or not the shortages are getting worse: in any
ev,nt, neither provides statistics to determine if the changes are signifi-
cant. In general, the data from these studies should be approached
with caution since they are based on perception. Too often the stue.;c:
are cited as proJf of a national crisis. They provide excellent evideuk...:
that there may be problems in some regions and in some disciplines,
but further investigation is needed to reveal the exact extent of science

teacher shortages.
In sum, what do we know about the demand for science teachers? We

know that more than 100,000 teachers are currently teaching science
across the nation. Even if the teaching environment remained
unchangedif classes remained the same size, and the pupil enroll-
ment didn't change, and students had no reason to take more science
we would likely have at least a 5% shortage in the number of science
teachers needed each year. The survey data show that chemistry and
physics are experiencing the hardest time and that their shortages feel
"critical." We also know that we can expect a major shift in the rate at
which students enroll in science classes. This shift is likely to cause a
need for between 13,000 and 40,600 additional science teachers. If the
supply of science teachers doesn't grow, the shortage could increase
dramatically.

The Supply of Science Teachers

The supply of qualified science teachers can be thought of as a subset
of thr pool of people wh have prepared themselves to teach science
and are qualified to do so. The supply does not equal the pool because
some of those who are trained decide not to teach. One way to perceive
the supply of science teachers is outlined in Figure 3. In this model, the
pool of prospective teachers is influenced by social and economic
forces, which may in turn be influenced by political decisions.

"Social forces" basically refers to the perceptions we have about
teaching and how they influence the attractiveness of teaching relative
to other careers. They include such notions as the status of teaching
and the values that are attached to teacliiag.

Most of the direct evidence for the sr-aus of teaching comes from
surveys of teachers and the public. Each year since 1969, Phi Delta
Kappa has commissioned a Gallup poll on the public's attitudes toward
the public schools. The National Education Association (NEA) has also
conducted an annual Gallup poll about teaching specifically, and re-
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cently the Metropolitan Life Insurance Co. sponsored a Harris survey
of teachers. None of the polls speaks specifically to the concerns of
science teachers, but they all provide evidence about how teaching as
profession is perceived.

The data on the status of teachers and its effectsare mixed. Teaching
does not rank highly when compared with other professions in terms of
status: respondents to this year's NEA survey rated teachers below five
other professiotr:!s and higher only than local political officeholders
and realtors. Nevertheless, 67% of the respondents termed teaching
"very prestigious" or "fairly prestigious." Bias, however, may exist in
the cohort from which we might wish to draw teachers. When an 1 th
grader from Banneker Academic High School (Washington, D....),
whose students rank among Washington's most promising youth, was
asked if any of the students wanted to be teachers, she replied, "I guess
there may be a good number, but most Banneker students are inter-
ested in something above that, like a doctor or lawyer" (Schwartz,
1985).
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Data from teachers are equally mixed. In 1980, 52% of the teachers
polled by NEA (cited in National Science Foundation [NSF) Office of
Scientific & Engineering Personnel & Education, 1982) said that the
status of teachers in the community had a negative effect on their
morale. Sixty-six percent iderttjfied public attitudes toward school as
having a negative effect, and 60% had the same opinion about the way
education is treated in the media. In 1980 teachers clearly believed that
the public held education in low regardhardly an incentive to enter
into or persist in the profession. However, in 1985 only 25% of teachers
surveyed by Metropolitan Life cited lack of respect among the factors
that made them seriously consider leaving teaching, even though 74%
acknowledged that prestige was higher in their alternative occupation-
al choice. Harvey and Marsden (this volume) discuss how teaching has
historically been an avenue of social mobility.

Another social force, internalized values about teaching, may be the
best magnet for drawing new teachers to the profession. Of the 985
teachers in the 1985 Metropolitan Life survey who had seriously con-
sidered leaving teaching, 74% said that job satisfaction was their main
incenti.re for remaining. They specifically mentioned such factors as
relationships with students, a love of teaching, and satisfaction in
seeing students grow and progress.

"Economic forces" refers to the job market conditions that influence
an individual's decision to teach. The economic picture for teachers is
not terribly bright, and Peterson (this volume) is not alone in arguing
that low salaries are the major deterrent to attracting more and better
people to teaching, particularly in math and science where dis-
crepancies between teacher salaries and industry salaries are greatest.
In 1981-1982, Levin (1985) notes, bachelor's degree recipients in the
biological or physical sciences could earn starting salaries in industry
that ranged from $2,100 to nearly $11,000 more than in teaching.
Both the public and the teachers agree that higher salaries might help
to attract and retain talented teachers. Nearly 95% of the teachers
polled said that a decent salary would work to keep good people in
teaching, and nearly 80% believed that higher initial salaries would
raise the quality of people entering the profession (Louis Harris &
Associates, Inc., 1985). Almost 60% of the people who believed that
their local school system had difficulty in getting good teachers blamed
low salaries, and 61% of all respondents thought that pay should be
increased to recruit more teachers in the event of a shortage (NEA,
1985).

Other factors are involved in the market. Working conditions are
sometimes cited as a negative influence, particularly in comparison
with other professional jobs. As sources of dissatisfaction, 41% of
teachers polled in the Metropolitan Life survey named working con-
ditions, including long hours, overcrowded classrooms, too much
paper work, and too many nonteaching duties. Although it was not
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specifically cited 48% of these teachers also reported that science lab-
oratories were less than adequate. Darling-Hammond and Wise (work
in progress, cited in Darling-Hammond, 1984) report that those
teachers with the best qualifications have the least tolerance for poor
work conditions. The fact that private schools are consistently able to
attract good teachers even though they pay less than public schools also
suggests that working conditions are important to teachers. However,
some working conditions associated with teaching, such as longer vaca-
tions and job security, are perceived as advantages (Louis Harris &
Associates, Inc., 1985).

Other market forces include perceived career alternatives and the
costs and benefits of education. Many people have blamed the exodus
from teaching on the wider acceptance of women and minorities into
other professions. If true, this trend threatens quality as well as quan-
tity since the most able people are the ones who will move first. Educa-
tion costs and benefits include the usefulness and applicability of col-
lege courses (education courses are widely perceived to be of limited
use, even to teachers) and the financial costs of paying for a college
education. High-paying jobs become more attractive when there are
loans to be repaid.

The Science Teacher Supply

As mentioned, there are more than 100,000 people teaching at least
one science class. Some are not qualified, but it is not likely that many of
them will be involuntarily removed or reassigned, so they must all be
considered part of the supply. For these teachers, continuing educa-
tion may be the solution.

The more interesting factor in the equation leading to future supply
is the rate at which new science teachers are being graduated. The
statistics are not heartening. In 1981, 597 students earned bachelor's
degrees in science education (Plisko, 1983, p. 188), a figure that is down
33% from 1971, indicating a precipitous decline in the number of
people who are preparing to teach science. If there is good news, it is
that this decline is actually less than the average decline for all education
degrees (38.7%). Still, given that college enrollment rose by 28% over
that same decade (Plisko, 1983), the decline in the proportion of
science education degrees is even more dramatic. Pelavin and Reisner
(1983) cite an unpublished analysis of data from an NSTA survey of
placement offices that cites the number of students preparing to teach
science in 1980 at 875. This higher number includes not just education
majors but all students who completed student teaching. The NSTA
data suggest that the decline in the number of students preparing to
teach science is closer to 60%. There is evidence also that the number of
students with the most extensive scientific training is falling most
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quickly: 90% fewer recipients of bachelor's degrees in physics became
high school teachers in 1981 than in 1971 (35 in 1981 vs. 300 in 1971)
(Ellis [1982], cited in Pelavin & Reisner, 1983). Additionally, there may
be cause for future concern: annual surveys of high school seniors and
college freshmen show a precipitous drop in the number of students
who perceive teaching to be an attractive career (Plisko, 1983, pp.
219-220).

Not all students who prepare for teaching elect to teach. In 1981,
11% of students majoring in biological science education did not apply
for a teaching job (Plisko, 1983, p. 190); the sample for physical science
education unfortunately was too small to count. Shymansky and
Aldridge (1982) show graphically that the proportion of student
teachers who accepted teaching positions declined from approximately
60% in 1971 to 25% in 1980. The good news is that the proportion of
acceptances is not declining as fast as the absolute number ofstudents
completing student teaching.

Increasing the Supply

If it can be ascertained that supply needs to be increased and by how
much, how do we accomplish that? This complex problem has no
single, clear answer. An increase in teacher salaries, both across the
board and in particular for science and math teachers, is proposed
most often as a remedy. Levin (1985) advances the case for paying
qualified science teachers more than other teachers as a means of
keeping up with the market for their talent. Peterson (this volume)
outlines a similar case. Detractors point out that industry will probably
be able to match such higher salaries and that they would simply cost
too much. They also say that it would be unfair to pay some teachers
more than others, which is the chief reason cited by the unions for their
historic opposition to this proposal. Finally, they propose that an in-
creased salary alone will not induce more people to teach, arguing that
other factors such as working conditions and status are important to
these teachers.

Levin (1985) has introduced an interesting twist into the debate on
higher salaries. He suggests:

The prodigious appetites of defense industries for technical
and scientific talent has bid up the price of such persons
even beyond the higher salaries they would receive in a
market economy.. . .Given the well-known generosity of
the federal government in funding defense contracts and
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the lack of incentives for keeping down costs, the pay offers
of such enterprises have probably been one of the most
important influences in escalating salaries of scientists,
mathematicians, and engineers. (p. 12)

This line of reasoning leads inescapably to a clear avenue of possible
federal action that in no way would interfere with the states' rights to
govern education: holding defense spending to moderate, well-
monitored levels.

A second suggestion for attracting people to teaching is forgivable
loans. This approach is already being tried in 28 states with mixed
success (Rodman, 1985). Some states report that funds go begging
while others report a surfeit of applicants. No one is sure what the
eventual impact will be on teacher supply. Critics suggest that $5,000
loans are not difficult to repay, especially if the prospective teacher
takes an industrial job that pays $7,000 more in the first year than a
teaching position would.

One suspects that these economic remedies are advanced because
the social ones are so much more difficult to engineer. Higher salaries
and loans can be legislated; increased status cannot. It has been sug-
gested that the status of teachers, and education in general, is relatively
low because it is an occupation that is generally regarded as "women's
work." Not only are most teachers women (although this is not true of
science teachers), but education is sometimes regarded as an extension
of the child care that in our society traditionally has been a woman's
domain. Low status also becomes a self-fulfilling prophecy. The best
students may be loathe to relegate themselves to what is perceived to be
a lower-status position, particularly today when so much emphasis is on
upward mobility and achievement; thus, the quality and status of the
profession suffer even more.

The status of the profession is also tied into its working conditions.
Some of this interaction is played out in Harvey and Marsden's discus-
sion of the occupational status of teachers (this volume). This argument
is that if teachers had more professional opportunities, both in their
current working conditions and in their possibilities for advancement,
teaching would be more attractive to brighter students. As an occupa-
tion, it would compare more favorably with the alternatives. This is the
motivation behind the merit-pay and career-ladder proposals.
Although merit pay in itscurrent incarnation is opposed by the teacher
unions as an arbitrary and unfair reward system, Albert Shanker,
president of the American Federation of Teachers, recently endorsed
a differential-pay system (Currence, 1985a). Educators have also been
urged to take a lesson from business and allow more decisions to be
made by individual teachers.
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Conclusions

Is there a crisis in science teaching? Although the rhetoric of most
reports is one of crisis, Levin's analysis of the meager national data" is
that the so-called crisis condition has in fact been with us for many years
(Levin, 1985). If one accepts Levin's interpretationthat a shortage of
qualified physical science and mathematics teachers has existed for a
long timewhy has the situation persisted?

A partial answer lies in the social, economic, and political system in
which science teaching is embedded. The system is complex, and the
forces that drive it are not well understood. Since the system has never
been systematically or empirically monitored, little is known about its
natural changes or about the effects of past deliberate efforts to change
it. Little reliable information about the existing state of the system is
available, so there is no way to assess the effects of the manyefforts now
under way to improve it.

Is there a shortage of science teachers? The data are far from clear
when the question is posed in this way. However, the public agrees that
the existing quality of science teaching is less than optimal. Experts
assert that efforts to meet rising public expectations will require signifi-
cant rethinking of teacher qualifications and the ways in which they
remain current in their scientific and pedagogical knowledge.

Is a crisis imminent? Several large city school districts began the
1985-1986 school year with empty classrooms. New York City, for
example, reported a "critical" shortage of 4,200 teachers, which it is
attempting to alleviate by luring retirees back and recruiting teachers
from overseas (Rohter, 1985). Houston and Detroit also report short-
ages. There are local shortages of teachers in all content specialties and
reason to believe that existing shortages of mathematics and science
teachers will become more acute than shortages in other subjects.
Observers point out that many science and math teachers will be
retiring in the next ten years, thus compounding the other factors
contributing to teacher shortages.

What actions should be taken? The answer depends partly on how
we interpret the data and the signs. Is the challenge to change signifi-
cantly the qualifications of the science teaching force to meet higher
public expectations, or is it only to have just enough minimally quali-
fied teachers to staff the nation's science classrooms? Even with clear
objectives, it is difficult to determine the exact course of action needed.
Short-term actions to improve science teaching will not be informed by
adequate theory, will be difficult to monitor empirically, and will not

'There are national efforts under way to generate better definitiuu: of science
teacher quality and a more adequate data-base. Studies in the planning or data.othering
stages are being conducted by the National Academy of Science, NCES, NSF, Ethic:Ilion-
al Testing Service (through the Science Test of the National Assessment of Educational
Progress), and NSTA.
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reflect a unified purpose for science education. The deficiencies that
weaken our ability to determine the best courses of action can be
remedied only by achieving consensus on the purposes of science
education (see Graham & Fultz, this volume) and better understanding
of the causal relationships among the elements of the larger system.
What is the relationship between teachers' knowledge, their classroom
behavior, and students' science achievement? How does a raise in
science teachers' salaries affect the supply of teachers and the rela-
tionships of science teachers with their colleagues? These are two of the
many interactions ir. the system that need to be better understood.

When can we expc:ct to observe the results ofour efforts? For all the
reasons we have nowd, changes in the educational system are likely to
be slow. Actions to effcct the changes will require constant monitoring
and midcourse corrections. The effort is necessarily a long-term and
cyclical one. It can be sustained only by instituting mechanisms to
monitor the system and to ensure its function.
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ECONOMIC AND POLICY TRENDS
AFFECTING TEACHER EFFECTIVENESS

IN MATHEMATICS AND SCIENCE

Paul E. Peterson
The Brookings Institution

Introduction

Today's American students learn less in mathematics and science.
They learn less than do their counterparts in many other industrialized
countries. They learn less than they used to, and they have less expo-
sure to these subjects than to reading and the language arts. When
facing the cultural divide between the sciences and the humanities of
which C. P. Snow wrote, Americans have generally avoided the
sciences.

The reasons for this choice are deeply rooted in American culture.
America is an ethnic melting pot which is homogenized by common
instruction in the English language and by studies of the heroic
achievements of the founding fathers. America is an egalitarian society
in which everyone stands on equal footing and in which verbal acuity
and personal expression count for much in making one's w ty in the
world. The American economy runs by the principles of the market-
place, an arena that demands high-level bargaining and negotiating
skills.

In such a society the science and math curricula take second place.
The structural hierarchy of scientific propositions, the certainty of
mathematical equations, and the rigidity of algebraic formulas are
difficult to integrate into a pluralistic, competitive society. Such preci-
sion better suits the vertical order of Japanese or European societies
than the ceaseless spontaneity that characterizes the United States.
Very few American heroes are scientists, and those that were
Benjamin Franklinjames Watt, and Thomas Edisonwere amateurs
or inventors whose works hardly constitute model applications of the
scientific method. The only great scientist or mathematician who has
captured the imagination of the American publicAlbert Einstein
was a European import.

If the remote sources of scientific illiteracy in America are cultural,
other, seemingly more tractable, proximate ones can also be identified
within our educational system. Most notably, science and mathematics
teachers are more difficult to recruit and harder to keep than are their
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history and English counterparts. This chapter examines ways in which
we might enhance the learning of science and mathematics by con-sidering alternative ways of enhancing teacher effectiveness in thesesubject areas. One simple way to upgrade mathematics and science
teaching is to offer these teachers better salaries than teachers normallyreceive. Since schools cannot attract qualified science and math
teachers at current salary levels, they should increase the rewards forteaching these subjects so that well-qualified teachers could be re-
cruited. However, this simple solution is seldom even proposed,
emphasizing the extent to which the problem is cultural and political
rather than substantive. For decades, teachers have been paid accord-
ing to a single schedule, which distinguishes salaries only according to
teachers' years of experience and level of education. Now that teachers
have the right to engage in collective bargaining, it is virtually impos-
sible to reintroduce systematic pay differentials into the education
system.

Because the basic issue of differential salaries is politically taboo,
more palatable recommendations are offered. These include pro-
posals for "merit pay," student loans for prospective teachers, in-
service training, extended preservice training, and career recognition.
Although all these proposals seem meritorious, they are likely to have
little substantive impact and may actually have perverse consequencesif teacher salaries remain as they are. The same is true of the recently
passed Education for Economic Security Act.

In this chapter, I first examine the changes in U.S. performance in
science and mathematics knowledge and competence. Then, recenttrends in teacher supply, demand, quality, and compensation are re-
viewed. Next, the political difficulties associated with differential pay
scales are assessed. Finally, the recent efforts designed to enhance
teacher effectiveness are evaluated.

Student Performance
in Mathematics and Science

American students are performing less well in mathematics than
their counterparts in many other industrialized countries. This was
first observed some 20 years ago when the first comprehensive inter-
natioial study of mathematics achievement, the International Assess-
ment for the Evaluation of Educational Achievement, revealed that the
average performance by U.S. eighth-grade studentsranked llth out of
12 (Husen, 1967). The U.S. mean ranked only ahead of Sweden and
more than one standard deviation below that of the Israeli and
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Japanese students, who achieved by far the highest score. American
students scored even more poorly in 12th grade, although the meaning
of this result is unclear because the percentage of an age cohort in
secondary school at age 17 varies substantially among countries.

The situation has not noticeably improved since then. In a repeat

survey, this time extended to 21 countries, the results are nearly the

same (Travers & McKaight, 1985). Although detailed findings will not

be released until 1986, preliminary results show that the U.S. median

score actually declined from its comparatively low 1964 levelfrom
48% to 45% correct answers with the steepest fall occurring "on items

requiring higher cognitive skills, rather thari on items requiring com-
putational skills" (Travers & McKaight, 1985, p. 412). The new U.S.

median is still below the international median score in geometry and

measurement and just at the median in arithmetic, algebra, and statis-

tics. Although the United States is no longer near the bottom of the list,

little heart can be taken from this finding. With the inclusion of nine
additional countries in the survey, as many as a third of the countries

were developing nations such as Hong Kong, Nigeria, and Swaziland,

which do not have anywhere near as many resourceg to sustain an
educational system as does the United States.'

The Education Commission of the States (1979, 1983) also reports

that mathematics performance declined among 9- and 17-year-old

Americans, although the performances of the 13-year-olds improved

during the decade. Table 2, which shows the average performance of
U.S. students on math and science exams from 1970 to 1982, reveals

that the largest decline occurred in the mid-1970s. These findings are

consistent with changes in scores of high school seniors on the quantita-

tive component of the Scholastic Aptitude Test (SAT). Student per-
formances fell by 20 points on the mathematics component between
1966 and 1976, but there has been only a one-point decline between

1976 and 1984 (College Entrance Examination Board, 1984).
Studcnt performance in the sciences is different enough from math

performance to warrant separate treatment. The first international
comparison of student achievement, the International Assessment for

'At the 12th-grade level the United States did even worseon no test did its
average come close to the international median. Instead, it typically scored in the bottom

25%. Given the wide international disparities in the percentages of the population

studying an academic curriculum in high school, oneshould not give too much weight to

the 12th-grade findings. It is likely that the low average score in the United States is due

to broader student participation. Yet the data do not give us much hope that the
deficiencies evident at the eighth grade are remedied in the high school years. However,
the U.S. 12th-grade score increased by an average of six points since 1964. But it is not

clear that the sample for the 12th grade was drawn the same way in 1982 as in 1964;

inasmuch as this finding is inconsistent with other findings on high school achievement
discussed below, it should be discounted until methodological details from this study

become available.
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Table 2

Change in average performance of United States students on
mathematics and science examinations.

Mathematics Science
1973-78 1978-82 1970-73 1973-77 1977-82

Nine-year-olds 0.7 0.2 --1.2 0.1 0.9
Thirteen-year-olds 1.5 4.2 1.7 0.7 0.1
Seventeen-year-olds 2.9 0.3 2.8 1.9 1.7
Nutt. Sources of data are Educatiun Commission of the States (1978,1979,
1983) and Minnesota Research and Evaluation Center (1983).

the Evaluation of Educational Achievement, was conducted in 1970.
On that test, administered to 10-year-olds, 14-year-olds, and high
school seniors, the United States scored second among the youngest
group and at the median (seventh out of 13 countries) among the
14-year-olds. U.S. scores were at the bottom of this list among high
school seniors, but once again that was bccause the United States had a
higher percentage of the age cohort taking the examination than did
any other country (Comber & Keeves, 1973). Only preliminary reports
from the recent 1983 international study have been released and we
cannot be sure about the : eliability and validity of these findings, but
the data suggest that U.S. students know more science at both ages 10
and )4 than their counterparts did in 1970 Uacobson & Doran, 1985).
Other data (Education Commission of the States, 1978, 1979, 1983) are
not consistent with these findings (Table 2). They show steady declines
among both elementary and secondary students over roughly the same
period, including bigger declines among 17-year-olds.

Changes in Teacher Quality and Compensation

It is difficult to specify the extent to which performance in mathe-
matics and science, particularly among the high school students, is
influenced by characteristics of American classrooms. Much learning
takes place in nonschool settings: in families, among peers, and via the
media. Many nonschool factors, such as the increased number of
single-parent families, the prevalence of druguse among adoiescents,
and the sheer magnitude of the task of absorbing the baby boom into
the social fabric, could account for a decrease in this learning. But if the
recent decline in educational performances can be attributed to non-
school factors, it is equally true that various changes in U.S. schools
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seem to have weakened the nation's ability to educate young rople in
mathematics and science. Among other things, the shortage of science
and mathematics teachers, always a critical problem in American
education, has worsened in recent years.

Teacher Supply

When university placement officials are asked to estimate the
balance of supply and demand for teachers in various subject areas,
they have for more than a decade identified mathematics, physics, and
chemistry as being among the areas of greatest shortage. Further, the
shortage of science and math teachers today is perceived to be 14%
greater than it was a decade ago.2 As a result, science and math courses
are often taught by teachers who have only modest college preparation
in these subjects. According to one study, in the state of Washington
36% of high school mathematics classes were taught by teachers who
had neither a major nor a minor or its equivalent in the field. For
physics and chemistry the percentages were 43%; for geography, 92%.
At the junior high school level, these percentages were much higher
(Pierce, 1985).

Even though shortages are growing more severe, young people are
less attracted to teaching mathematics than they used to be. Between
1971 and 1981 the percentage of education majors graduating from
college fell by 39%. The decline, however, was uneven among the
fields. The percentage decline in physical education was only 23 and in
drivers' education only 17, but the drop in mathematics was a whop-
ping 64% (Feistritzer, 1983). Moreover, even when college students
earned a math education degree, they did not necessarily become
teachers. In 1978, 22% of college graduates with degrees in mathe-
matics education did not apply for a teaching position, 1% less than the
average for all education majors. By 1981 the percentage of math
education majors deciding against entering the field had increased to
27% even when the national average for all education majors was
falling to 15%. In other words, changes in both the numbers of people
seeking training in math education and in their career choices have
aggravated the math teacher shortage.

2The average shift on a 5% scale was 0.69 or 14% (Akin, 1985). Rumberg (1984)
argues that there is no conclusive evidence that the teacher shortage in these subject areas
has grown worse in recent years, and that the "potential" supply of these teachers is
enough to cover the need. The paper is correct in criticizing exaggerated claims, but
"potential" supply of trained people will not become an "actual" supply unless teacher
salaries are competitive with those offered in other fields.
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Figure 4

Academic ability of prospective teachers is declining.

The growing shortage of science and math teachers has been accom-
panied by a general decline in the academic quality of students plan-
ning to major in education. This was initially observed in a study of the
SAT scores of North Carolina high school students. As shown in Figure

, the decline in their SAT scores was even steeper than for college-
bound seniors generally. A recent nationwide study has confirmed
these findings:

In 1973 high sr-I-got seniors intending to major in education
in college scor ' points below the national average on the
verbal portion the SAT and 32 points below on the
mathematics portion. By 1982, the gap between the average
scores of the college-bound education majors and the
national averages had widened to 32 points on the verbal
portion and 48 points on the mathematics portion of the
SAT (Feistritzer, 1983, p. 88).

The data pertain only to students planning to become teachers, not
to those already teaching. Other evidence indicates that the abilities of
the teaching force itself have declined slightly. According to a survey by
the NORC, the verbal ability score of the average teacher declined
from 77% to 74% between the mid-1970s and the 1980s (as compared
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with an average score of GO% for Americans in all other occupations, a

figure that remained constant over this period).3

Teacher Compensation

These changes in teacher quality are consistent with what one might
expect from changes in teacher salaries over the past decade. As shown
in Table 3, salaries, in real dollars, fell from $23,334 to $20,432 be-
tween 1970 and 1983, a decrease of some 12%. (The drop from 1972 to
1982 was 22%.) This decline is understandable because the teacher
market changed from one of scarcity to one of oversupply. By the late
seventies, the number of new graduates exceeded the demand for
them. At the very time the baby boomers were graduating from college,
the baby bust generation was in grade school. Trying to keep teacher
salaries high when supply increased and demand decreased would
have defied the laws of the marketplace.

In the process of adjusting to new market conditions, teacher salaries
declined relative to salaries of employees in other occupations. Where-
as teachers in 1970 received about 20% more than the average employ-
ee in all industries, that percentage fell to 14% in 1983 (see Table 3).
Teaching had become financially less attractive to college graduates.

As teacher salaries fell to new lows, demographic trends reversed
direction. The baby bust generation is now entering college and if the
percentage of college graduates entering teaching remains at current
levels, the numbers of new teachers will fall(see Figure 5).At the same
time that the supply of teachers is declining, the demand is growing. A
new baby boomlet, the children of those baby boomers who are now in
their child rearing years, are entering elementary school. Elementary
enrollments, which have been stable for the past few years, are ex-
pected to increase by more than 10% by 1990 (Table 4). Although these
increases will be offset somewhat by declines at the secondary level, the
overall demand for teachers now is intensifying for the first time in
more than a decade.

Given these changes in demography, teacher salaries will have to
increase if teacher quality is not to fall precipitously. However, few
recognize the size of the increments that are needed. First, salaries

3NORC surveyed the verbal ability of the American public in 1974, 1976, 1982, and

1984. Data for the first three surveys was merged and comp4red with the merged file for
1982 and 1984. The number of cases for teachers was 189 for the three surveys taken in

the 1970s, and 104 for the two surveys conducted in the 1980s. For the other occvations
the number of cases was 3,668 for the 1970s and 2,542 for the 1980s. (Information
provided to author 13: T'iomas Smith, Director, General Social Survey, NORC, Univer-

sity of Chicago, Chicago, IL.)
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Table 3

Average annual salaries for elementary and secondary school teachers
as compared with those for full-time employees in all industries.

7i.acher salary (dollars)
Current Constant

Inurydst
Current Constant

Percentage higher
teacher salaries

than industry salaries
1929-30 $ 1,420 $ 8,366 $ 1,386 S 8,165 2.4
1939-40 1,441 10,287 1,282 9,152 12.4
1949-50 3,010 12,518 2,930 12,186 2.7
1959-60 5,174 17,545 4,632 15,707 11.7
1969-70 8,840 23,334 7,334 19,358 20.5
1979-80 16,773 21,546 15,094 19,406 11.1
1982-83 20,114 20,432 17,620 17,899 14.2
Note: Sources of data are National Center for Education Statistics (1983. p. 55) and
National Education Association (1983).

'1983 = 100

Preliminary data

or

1,200

Projected

960
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Source: U.S. Department of Education, National Center for Education Statistics, Projectionof Edu-
cation Stsaistics4 o 1990-91 (Washington, D.C.: GPO, 1982)p. 76.

Figure 5

Bachelor'sclegrees and supply of new teacher graduates, 1969
70 to 1990-91.
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Table 4

School age population, 1960-1990 (in thousands).

5.13.year.o1ds 14-17-year.olds

1960 32,965 11,219
1970 36,636 15,911
19802 30,199 15,764
19852 29,098 14,392
19903 32,568 12,771

Note: Source of data is Bureau
of the Census (1980).

Projected.

must increase by 4% or 5% a year merely to keep pace with inflation.
Second, increases of 2.5% a year beyond that amount are probably
necessary if teacher salaries are to remain competitive with those in
industry. Such an increase will be necessary if productivity in the U.S.
economy as a whole improves by 2-3% per annum and if workers
realize those productivity gains in increases in real wages. The Reagan
administration optimistically predicts a 4% growth in productivity over
the next five years (Council of Economic Advisors, 1985). If this predic-
tion is accurate, teacher salaries will have to increase by an even higher
rate to remain competitive. But even if we use a more conservative
estimate that most economists employ, teacher salaries, in order to stay
on par with those in other occupations, must increase, on average, to
$26,700 in real dollar terms or $38,800 in current dollar terms by 1990
if inflation averages 5% per annum through the rest of the decade (see
Table 5).

Table 5

Average annual salaries of elementary and secondary public
school teachers.

110

Current dollars Constant dollar?

1929-30 1,420 8,366
1939.40 1,441 10,287
1949.50 3,010 12,518
1959.60 5,174 17,545
1969.70 8,840 23,334
1979-80 16,773 21,564
1985.86 27,555b 24,180b
1990-91 38,828b 26,696b

Note: Source of data are National Center for
Education Statistics (1982, 1983) and
National Education Association (1983).
a1983 = 100
bEstimated figure. An inflation rate of 5%
is assumed.
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Third, salary increases higher than these will be necessary if schools
are to attract more than the current 17% of college graduates necessary
to teach the larger number of elementary school pupils anticipated by
1990 and to offset the increased rate of retirement expected in the ncxt
few years. In addition, still larger:salary increments will be necessary to
attract better quality personnel to teaching. I t is difficult to specify the
exact percentage by which salaries will have to increase. If they are to
regain the same competitive edge vis-à-vis other occupations that they
had achieved in 1970, they will have to reach $28,400 in real dollars or
$41,300 in 1990 dollars. In short, if teacher Falaries are to Keep up with
inflation, to keep up with expected salary increases in other occupa-
tions, and to regain their competitive standing as of 1970, the 1982-
1983 salaries will need to double in nominal terms by the end of the
1980s.

Unfortunately, even with the current wave of reform, such a drama-
tic turnaround is unlikely. Americans would have to more than double
their nominal spending on public elementary and secondary schools
from $104 billion in 1981 tc, $265 billion by 1990, an increase of 36% in
real dollar terms, or by 4% a year over and above the cost of inflation
(Table 6).

Table 6

Percent of the gross national product spent on public elementary
and secondary education, 1949-1985 (billions, unadjusted dol-
lars).

GNP
(dollars)

Expenditures
(dollars)

%of
GNP

1949 258.0 47 1.8
1959 486.5 12.3 2.5
1969 935.5 34.2 3.7
1973 1,528.8 62.1 4.1
1979 2,395.4a 87.03 3.6
1981 2,9541b 97.0 3.3
1982 3,073.0 112.6 3.7
1985 3,947.0a 133.0d 34
1990 5,666.4 265.0 4.7
Note: Sources of data are National Center for
Education Statistics (1983, pp. 80-81; 1982,
p. 104). Projected gross national product from
George Perry (Brookings Institution. Washing.
ton. DC).

The school year beginning in September of the
listed year.
aBased on 1978 GNP of S2.106.6.
bBased un 1980 GNP of S2,626.I.

Projected. Brookings Institution.
dProjected, Department of Education using
projected Consumer Price Index.
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Americans have done this in the past. Between 1949 and 1975 the
percentage of the gross national product allocated to the public schools
was more than doubled (Table 6)from 1.8% in 1949 to 4.1% in 1975.
However, between 1975 and 1982 it fell to 3.6%, a function of declining
numbers of pupils and of decreasing teacher salaries. We might return
to our previous performance, but the gains in the 1950s and 1960s
occurred when the public seemrx1 prepared to accept a shift in ex-
penditures from the p.ivate to the public sectors. Now that cutting
taxes is politically popular, it is difficult to see how real expenditures
for public e.ducation can grow by a rate equivalent to that of the 1950s
and 1960s.

Such a rapid growth in educational expenditures is necessary if the
United States is to maintain, or marginally improve, its existing teach-
ing force. Because education competes with other industries for its
personnel, a decline in teachers' salaries means a decline in the quality
of those attracted to education.

These changes in teacher quality do not happen precipitously. In the
short run, compensation levels can rise or fall markedly, without any
apparent effects on performance. Many people working in a declining
industry have already so committed themselves to that particular
occupation that they cannot readjust without great personal and finan-
cial cost. One of the fallacies of the sixties was to expect immediate
results in educational performance as a function of increased resource
commitments to education. The reverse fallacy is invoked; whenever
people do not see immediate institutional decline as revenues become
more scarce, they conclude we can get by with less. But over the long
run, changing compensation levels will have their effects. Young peo-
ple making their first occupational choice can be expected to choose the
more rewarding career. Many people in education have discovered
early in their careers the advantages of switching to more lucrative lines

of activity. This will happen with even greater frequency in a future of
declining relative salaries. In these and countless other ways, marginal
shifts in occupational choice can be expected to have a slow but steady
impact on the quality of the teaching profession. As Albert Shanker,
president of the American Federation of Teachers, has so aptly
observed: "Without adequate salaries to attract talented people, it will
be difficult to turn this trend [in teacher quality] around and, though
we realize that the billions required to make teachers' salaries competi-
tive are not likely to come from the federal treasury, this problem will
hamstring any effort to solve the shortage."

4Senate Hearing 98-251, Educatton for Economic Security Act. Hearings before the
Subcommittee on Education, Arts, and the Humanities at the Senate Committee on
Labor and Human Resources, 98th Cong., ist Sess. (GPO), p. 316.
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Differential Salaries for Math and Science Teachers

If the United States will have difficulty increasing the salaries of all
teachers to the level needed to just maintain teacher quality, the prob-
lem concerning math and science teachers is much worse. Even during
the golden age of the American teacher (the early 1970s), beginning
teacher salaries were 25% less than those for chemistry majors and 23%
less than those for graduates specializing in math or statistics. (By
comparison teacher salaries were only 12% less than those of liberal
arts majors.) However, by 1982 the comparative prospects for teachers
were even worse. Teacher salaries were 35% less than those of chemis-
try majors, 31% les: than majors in math and statistics, 17% less than
liberal arts majors. The outlook for all teachers was bleak, but the math
and science teacher was asked to make the greatest financial sacrifice.5

To any businessman, the obvious solution is to pay science and math
teachers higher salaries. At the university level such pay differentials
among fields of study are accepted practice. For example, male univer-
sity employees holding a doctorate in science and engineering earned
an average of $34,800 in 1981, male social scientists earned $30,900,
and male humanities teachers received, on average, $26,300, or 25%
less than the scientists. For women, the salaries were $27,100, $26,000,
and $23,200, respectively, or 14% less for humanities women com.
pared with scientific women (National Research Council, 1982). When
starting salaries at state universities for assistant professors are com-
pared, similar differentials appear. In 1981-1982, physicists were
offered an average of $20,130, mathematicians $19,870, and biologists
$19,640, while social scientists were given but $18,730 and humanities
teachers but $17,590 ("Surprises and uncertainties," 1982). Here the
spread between physics and humanities teachers is only 13% because
differences in initial starting salaries understate the long-term dif-
ferences in career opportunities across fields. Nonetheless, if we select
a figure between the highest and lowest differentials apparent in high-
er education , science and math educators need to be paid 20% more than their
counterparts in other fields, if equally qualified personnel are to be recruited.

Political Obstacles to Salary Differentials
The political obstacles to differentially high salaries for math andscience teachers are well-known. For decades school districts have paidall their teachers the same salaries regardless of their subjects

pedagogical sophistication, or assigned grade level. Before World War
II, elementary school teachers were paid less than secondary school

'Data calculated from Feistritzer (1983, p. 73, Table 4).
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teachers, and until a Supreme Court decision (Davis v. Atlanta Board of
Education) outlawed the practice in 1943, the salaries that Southern
schools paid to black teachers were much less than those paid to white
teachers. Both forms of discrimination have now disappeared.

Since salary differentials in the past often involved race and sex
discrimination, the unified salary schedule has become a sacrosanct
component of the educational system. Teacher associations cam-
paigned for a unified schedule long before they won collective bargain-
ing rights. Now that collective bargaining is an integral part of the
education establishment, it is difficult to imagine unions and associa-
tions acceding to any policy that undermines this practice. A unified
schedule makes for an integrated set of union demands, and an inte-
grated set of demands is the key to teacher unity. Few policy proposals
are more threatening to a union organization than those that seek to
distinguish among its members. Instead, teacher organizations empha-
size those characteristics that all teachers have in common. In the words
of one National Education Association (NEA) report:

All teachers perform the same basic function in their jobs.
Teaching is based on a core of educational principles and
calls for its practitioners to use similar skillswhether they
happen to be art or history or science teachers. NEA be-
lieves, then, that teachers' salaries should be based on the
formal level of professional preparation and teaching expe-
rience, not on the teachers' sex or race or even the subject or
grade level taught.

Paying math and science teachers on a higher salary scale

suggests that those academicdisciplines are more important
than other subjects. Even the scientific community would
hesitate to make such an arrogant and pedagogically un-
sound assertion (U.S. Senate, 1983, p. 307).

Of course, a single salary schedule does not mean that all teachers
receive the same pay. Experience remains an acceptable basis for
distinction, probably because it is easily measured, everyone can aspire
to the highest rank, and union activists often come from among the
experienced career teachers. Some evidence suggests that students
learn somewhat more from more experienced teachers, although no
additional gain has been found from teaching experience that exceeds
five years (Hanashuk, 1981). Salaries also differ by degree of educa-
tional attainment. Once again this distinction is easily measured and is
open to all. Also, it would seem oxymoronic if educators did not
recognize the value of more education, though few, if any, studies have
shown that students learn more if their teacher has a Master's rather
than a Bachelor's degree (Hanashuk, Fall 1981).6
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Apart from educational attaiimient and years of experience, school
districts generally pay all their teachers the same salary. Systematic
differentiation among teachers according to the subject they teach
remains antithetical to local practice and anathema to teachers, 75% of
whom expressed opposition to such an idea in a reccnt Gallup poll (A.
Gallup, 1984). Even the public is evenly divided (48% to 49%) between
supporters and opponcnts of "higher wages" for "teachers in science,
math, technical subjects, and vocational subjects" in which shortages
are the greatest (G. Gallup, 1984).

Recently, the idea of merit pay has been endorsed by the Reagan
administration as a way of encouraging and motivating Lhe best
teachers. A few states, notably Tennessee, have set up programs de-
signed to initiate some pay differentiation based on teacher accom-
plishment. Not surprisingly, teacher associations and two-thirds of all
teachers have objected mainly on the grounds that identification of
quality teachers is highly subjective, is open to administrative abuse,
and would create morale problems in schools (A. Gallup, 1984). Public
opinion is more supportive (65% favor merit pay), but this hardly
represents a groundswell of support. Many people (45%) have neither
read nor heard of any of the trial programs some states have initiated
(G. Gallup, 1984).

Apart from the political objections, merit pay cannot adequately
address the problems of mathematics and science education. The prob-
lem in this field is not that its teachers are of such high quality that they
deserve "merit pay." In all probability, the science and math teachers
left in the public schools after industry has attracted the ambitious ones
are below-average teachers. The issue at hand is attracting and keeping
more and better teachers; to accomplish this goal, higher salaries must be
paid to math and science teachers who are no better than their English, social
studies, or elementary school colleagues. This may seem contrary to many
educators' view of the just wage, or comparable worth, but it is nonethe-
less the market reality.

Policy Proposals

Policy analysts are frequently called on to propose politically feasible
solutions to widely perceived social problems. Often the appropriate
response is obvious, but they cannot propose it because it is not politi-
cally palatable. Either the proposal is too expensive, too threatening to
powerful interests, or too disruptive to established practice. Instead,
various proposals advanced that seem to address the problem and that
can attract a fairly broad base of support are advanced. Too often these
proposals, if adopted, fail to work as they were intended: They ar o. too
small to respond to a large problem, they are too indirect, or they have
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secondary consequences that undermine the very objectives they were
expected to achieve.

That, I'm afraid, is the probable consequence of many of the current
efforts to strengthen math and science education. The most notable
undertaking is the one enacted by Congress in 1984, the Education for
Economic Security Act (EESA) funded in fiscal year 1985 to the tune of
$100 million. 1 t is a striking congressional initiative. h is a new inter-
governmental grant program at a time when existing programs are
being curtailed or eliminated. It is a categorical program that gives a
new set of instructions to state and local officials at a time when
deregulation of federal programs is in vogue. It commits the federal
government to a new role in education when the Reagan administra-
tion says that it wants to take the government off the backs of local
school officials. Finally, it is similar in form to many state initiatives to
upgrade teacher quality. This federal legislation is thus not only in-
trinsically significant but it raises many of the same issues that also need
to be discussed in conjunction with a variety of similarly designed state
programs.

The purpose of the Act is "to provide additional resources for
necessary efforts to increase the quality of mathematics and science
instruction" (U.S. Senate, 1983, p. 9). To achieve the objective, its key
section, Title II, grants monies to state agencies to improve the training
and retraining of existing teachers and to institute traineeships for
prospective teachers. Under certain circumstances some of the money
can be used to purchase "instructional materials and equipment related
to science and math" (U.S. Senate, 1983, p. 13). The state is to give 70%
of the money to local school districts and 30% to teacher training
programs in colleges and universities. To receive this money, states and
local school districts must describe their current situation in math and
science, project developments over the next five years, and describe
programs undertaken to ameliorate these needs. The National In-
stitute of Education is asked to conduct an annual evaluation of the
implementation of the legislation.

The program seems to be a plausible, if modest, response to in-
adequate instruction in science and math. It promises tens of millions
of dollars to train more teachers for these areas. But as welcome as the
program may seem, its impact is likely to be miniscule if not counter-
productive. First, there is little evidence that training facilities in math
and science education are overburdened. Indeed, with the declining
numbers of graduates in these fields and with declining enrollments in
many colleges of education, there is probably an excess of training
personnel. Also it is not clear that the amount of in-service training that
teachers now receive is inadequate.

Even if the program were to increase the knowledge and skill of math
and science teachers, students might not benefit. Teachers who seek
additional training may only wish to enhance their attractiveness to
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nonschool employers. The better their math and science training, the
more likely they arc to follow their many colleagues For better paying
jobs elsewhere.

What is true of in-service training is even more true of preservke
education. Both the federal traineeships and a variety of state-
sponsored student loan programs with forgiveness clauses for prospec-
tive math and science teachers arc seeking to enhance quality by
subsidizing teacher education. The program will benefit many young
people who arc planning to become teachers, but after they graduate
many may decide that forgiveness of a $2,500 a year loan (the max-
imum amount provided by Tennessee) does not offset the value of a
higher-paying job in industry. And even if graduates teach for a limited
period while the loan is being forgiven, thc young, poorly-paid teacher
has every incentive to leave the profession once the loan has been paid.
In short, federal, state, and local policies designed to increase teacher
knowledge and skills in math and science without increasing their
salaries are subject to a fatal flaw: Every attempt at improvement is
fraught with the difficulty that the better trained scientist or mathe-
matician will be more attractive to other employers. As a Republican
minority report to the House of Representatives observed when this
legislation was first proposed, "The way this bill is drafted might well
increase [the exodus from teaching]. . .By incrcasing the skills of exist-
ing math and science teachers, without adopting a program to retain
them in teaching, the temptation to leave teaching for the private sector
becomes greater as those skills become more marketable" (U.S. House,
1983, p. 58).

In sum, despite its grand title, the EESA can hardly achieve its
objectives because it is too small and too indirect a remedy to have much
of an effect. In fact, its consequences could be quite the opposite of
what was intended. Students of policy implementadon who want to
show that the Reagan administration cannot carry out a new inter-
governmental grant-in-aid program any more effectively than did the
Carter administration have in this legislation a golden opportunity to
ply their research skills.

Earlier Federal Efforts to Improve Math and Science

Apart from the substantive focus of the EESA, it is doubtful whether
any federal categorical grant aimed at enhancing math and science
programs would have much effect. The federal role in education seems
to work best when it focuses on segments of the population that are not
adequately served by local school districts. Thus, the compensatory
education program for low-income students and the special education
program for the handicapped have had a positive impact and an
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administrative continuity that has transcended changes in national
moods and party control (Peterson, 1983).

The National Defense Education Act (NDEA) of 1958, which the
EESA resembles in both name and content, is another matter. A
review of NDEA's legislative history and implementation should inter-
est those who believe that the federal government can give much
direction to those who want to enhance quality education.

Legislative History. The legislation focused on curricula for science,
mathematics, and foreign languages. Although much of the legislation
focused on the needs of higher education, Title III authorized funds
for purchasing equipment and supplies and for minor remodeling of
elementary and secondary schools (National Defense Education Act of
1938). Given the fanfare with which it was launched, the middle-class
constituency it supposedly served, and its apparent relevance to the
nation's defense, it is surprising that NDEA did not expand and devel-
op throughout the next two decades in the way so many other educa-
tional programs did. Although it grew from a less-than-$53-million
program in 1960 to a more-than-$75-million program in 1968, the
NDEA allocation declined in subsequent years, falling to $29 million in
1976; in 1980, it was consolidated with other programs.

At the same time that expenditures decreased, the purposes of
NDEA were becoming increasingly diffuse. In the beginning, support
was limited to programs in science, mathematics, and foreign lan-
guages, but in 1964 Congress added programs in history, civics, geog-
raphy, English, and reading; in the following year, programs in eco-
nomics, the arts and humanities, and even industrial arts were in-
cluded. Thus, the distribution of funds among subject areas altered
dramatically between the early 1960s and the mid-1970s. As shown in
Table 7, the percentage of funds allocated for the sciences dropped
from 74% to 18% while those for reading and social studies, subjects
that received nothing in early years, increased to more than 40% of
NDEA allocations in 1976. By that time, almost any subject could have
been said to be important for improving the defense of the nation.

This diffusion in its purpose made NDEA ripe for consolidation with
other educational programs. Although Congress generally resisted the
block-grant proposals of the Nixon administration, it agreed to con-
solidation when program purposes could not be clearly articulated and
when supporting constituencies were weak. Tlecause NDEA funds
were used, to purchase equipment and supplies for a wide variety of
school subjects, there was little justification for its sepa...te existence.
Therefore, it was lumped with such programs as library services, guid-
ance and counseling, and general aid to state departments of educa-
tion.

NDEA's limiteo fiscal grows' mnd diffuse purpose were caused part-
ly by its lack of a well-defined, supportive political constituency. The
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Table 7

Percent distribution of federal NDEA funds among subject areas.

Subject areas FY 1959-1962 FY 1976
Science 73.8 18.2
Mathematics 8.6 9.0
Foreign languages 17.6 1.7
English and reading 26.7
Social studies 14.7
Arts and humanities 12.2
Industrial arts 9.1
Audio visual libraries 8.4
Total (in dollars) 8140,400,000a $12,700,000"
Note: Sources of data are Office of Education (1963) and
U.S. Office of Planning. Budgeting and Evaluation (1978).
'Paid by the Office of Education to the states and territories
for equipment and minor remodeling up to June 30.1962.
b" Program Acquisition" expenditures under NDEA Title III
during fiscal 1976. These figures do not include expenditures
made under ESEA. 1V-13.

scientific community was more concerned with sustaining federal sup-
port for ongoing research than with training the next generation of
scientists. Colleges and universities were abandoning their language
requirements, thereby weakening the demand for foreign language
instruction at the secondary level. Since NDEA funds were not to be
used for teachers' salaries, neither the NEA nor the American Federa-
tion of Teachers (AFT) had a major stake in the program. Its only
constituency was the school boards, school superintendents, and state
departments of education that used NDEA monies to purchase materi-
als and equipment.

Polky Implementation. The Office of Education prepared a 20-page
form that explained to state education agencies (SEAs) how their
proposed plans should be submitted for approval, but the require-
ments set forth were hardly stringent. Further, the U.S. Office of
Education instructed its employees:

. . .always remember that the States and local communities
have primary responsibility for education and must retain
full control over it. Therefore, do not construe any part of
this Act to authothte you or any of your employees to ex-
ercise any direu,on over the curriculum, program of in-
struction, administration, or personnel of any educational
institution or school system (U.S. Office ofEducation, 1959,
P. 9).

Accordingly, the federal government proved very receptive to the
state plans submitted. In the first year of the program, "More than 90%
of the states had 90% or more of their requested projects, measured in
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dollar terms, approved" (Sufrin, 1963, p. 41). This high acceptance
rate is particularly significant given the vague, general character of the
plans. In the words of one well-informed observer, the SEAs "in their
plans mostly stuck to bland and general descriptions of programs,
priorities, and standards. Some came close to parroting the illustrations
sent from Washington. . .No state intended to embarrass the Com-
missioner or to tie itself too closely to specifics" (Marsh & Gartner,
1963, p. 41).

The financial arrangements for distributing NDEA funds rein-
forced the tendency toward loose federal control. The distribution
formula determined allocations among the states, but the SEAs were
responsible for allocating funds among local school districts. Because
funds were distributed on a 50% matching-grant basis, only local
school districts or states that were willing to match federal funds pai-
ticipated. The matching-grant requirement also meant that a dis-
proportionately high percentage of the funds went to larger wealthier
districts that had greater administrative and fiscal resources(McDon-
nell et al., 1980).

Loose central control was coupled with lack of interest in substantive
evaluation of the programs' effectiveness. To the best of my knowl-
edge, no study of the effects of NDEA on student performances in
science, mathematics, or any other subject area has ever been done. No
record of any systematil , experimental research to identify the effects
of any specific curricul::, %ft:Aerials purchased with NDEA funds exists.
Any difference in student prxformances between schools that partici-
pated in the program and those that did not has yet to be determined.
Although studies of this kind were not an integral part of government
programs in the late 1950s and early 1960s when NDEA was es-
tablished, when these studies became fashionable in the 1970s, they
were not applied to NDEA. Instead, nonevaluation has been rational-
ized by the claim that "evaluation on a nationwide basis of any program
is difficult since the necessary before bench marks are seldom available
for comparison with the after results" (U.S. Office of Education, 1969,
p. 17).

In sum, NDEA presents a puzzle for people who are considering
federal education policy for the 1980s. The program provided general
aid for an increasingly broad range of school activities; it did not focus
on the needs of a specific constituency; it was administered in such a
way as to give great autonomy and flexibility to local officials; and its
operations were never formally evaluated. Some observers now believe
that the program simply supplied materials and equipment that local
districts would otherwise have purchased from their own funds
(McDonnell et aL, 1980). Although the program became in effect a
block grant for local school districts, it seemed to have lost its sense of
purpose and, with weak political support, was phased out in 1981. One
possible conclusion is that if a federal program has no other purpose
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than to do what local school districts would do in any case, it has little
reason for being. All it does is to add to the administrative com-
plications of state and local officials. Any federal effort to enhance
math and science education, therefore, must develop identifiable goals
and constituencies that clearly supplement those oflocal school boards.

Conclusions

When the difficulties of improving math and science instruction are
considered, the temptation is always to find the quick or easy solution.
Three decades ago, when Sputnik was launched, it was thought that
better equipment and supplies could revolutionize student learning.
Two decades ago, well-known scientists and mathematicians thought
that the solution lay in a new curriculum that met the high standards of
the profession. Unfortunately, the new curriculum was often not used;
or when used, was abused; or when used correctly, had uneven effects.
Today the emphasis is on teacher education. All of the approaches
discussed have some value, but none is likely to improve significantly
U.S. scores on the international math and science examinations.

The characteristics and qnalities ofour schools are deeply embedded
in our society and culture. The value we place on math and science
cannot be altered overnight. Americans are committed to local control
of their educational institutions. Fifty states and 20,000 school boards
share authority over the future of the public schools. Such de-
centralization facilitates a community's consensus and accommodation
to a pluralistic society filled with diverse religious, racial, and cultural
groups, but such dispersion of authority precludes any rapid change in
policy direction, even when national policy-makers are urging schools
to do so.

The country needs clearer standards and expectations for the Amer-
ican high school. As it stands, the U.S. Department of Education
eschews any responsibility for specifying the national curriculum, col-
leges and universities have diverse and imprecisestandards for student
admission, and the major national standardthe SATis resolutely
free of substantive educational content. Indeed, it is ironic that the
most popular measuring tool for evaluating high school students today
is the SATa test originally designed to measure innate ability, not
school achievement; a test that prides itself on being "content free";
one that a student cannot prepare for, except in a general way; and one
that gives all students an equal chance, no matter what school they
attend.

In a country without a uniform curriculum the only standard for
measuring competence available is one for which a student cannot
prepare. Thus, all efforts to raise standards must be indirect: by writing
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new curricula and hoping that teachers will adopt them; by calling for
better textbooks and hoping that publishers will print them; and by
calling for higher quality teachers and hoping that someone will train
them. This indirect approach may be the only one consistent with
American traditions, but, if it is, additional incentives must be used to
attract the quality people necessary to create excellence in education.
We can hardly expect to get better teachers for less money.
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Introduction
The numerous reports on the quality of school teaching in America

have spurred a great debate.' A Nation at Risk, reports from influential
groups, and the responses to those reports debate the need to mod-
ernize America's school system, with a special concern for science
education and teaching. In his review and critique of these reports,
Paul E. Peterson of the Brookings Institution comments, "With some
exceptions, the studies do not address the most difficult conceptual and
political issues" (Peterson, 1985, p. 127).

We agree with Peterson's criticisms of the reports. With regard to
proposals to improve science education, two topics need to be ad-
dressed in conceptual terms.

The first concerns the characteristics of the internal labor market of
teaching and the probable consequences of increased pay, merit pay,
intensification of the academic education process in schools, and other
proposed actions to improve quality that rearrange the internal dy-
namics of the occupation. We analyze the pressures that have led to the
contemporary fo.:m of teaching, and then consider whether it is feas-

1The reports referred to in this chapter are: A Nation at RiLi(National Commission
on Excellence in Education, 1983); The Nation Responds (Education Commission of the
States, 1984); Educating Americans for the 2Ist Century (National Science Board Commis-
sion on Precollege Education in Mathematics, Science, and Technology, 1983); and
Making the Grade (Twentieth Century Fund Task Force on Federal Elementary and
Secondary Education Policy, 1983).(See References for full citation.) In the text, we
identify them as follows: A Nation at Risk and The Nation Responds are identified by title,
and the National Science Board Commission report is used to identify Educating Amer-
icans for the 2Ist Century. In addition, the critique of these reports is a key document,
referred to here as the Peterson analysis (Peterson, 1985).
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ible to separate science teachers from other teachers. We think it
isbut probably at major cost. We believe further that this approach
fosters elitism and reduces equality.

The second topic is the major contradiction in the objectives be-
s towed on the public school system in U.S. society. That
contradictionbetween the production of "excellence" and the mass
production of social mobility and open, equal opportunity for all
Americansis at the heart of the debate about science education. To
quote from the National Science Board Commission report: "By 1995,
the Nation must provide, for all its youth, a level of mathematics,
science and technology education that is the finest in the world, without
sacrificing the American birthright of personal choice, equity and
opportunity" (National Science Board Commission on Precollege
Education in Mathematics, Science, and Technology, 1983, p. v). Such
objectives beg the question not only of how so much is to be achieved, as
Peterson points out, but of the dynamics of a class-divided society that
wants a technocratic elite. The Commission says that "excellence and
elitism are not synonymous," and then buries its head in the sand.

Organization of the Chapter

This chapter is divided into two major sections corresponding to the
two major topics outlined above. The first section describes three
sociological models of professions. The debate over whether or not
school teaching is a "profession" relates closely to the history and
culture of teaching in the United States (the debate is different in other
societies). After outlining the three models, we draw some conclusions
about the usefulness of the debate today especially as a means of
resolving the current urge for the reform of science education.

The second section, "The Debates on Scien,:e Education," focuses
more specifically on the internal debates about the objectives and the
methods of science education. We find that the contradiction analyzed
in the first section that bedevils the school system as a whole is at the
heart of the problem of science education.

A third section looks to future means of untying the tangled knot of
current debates on U.S. science education.

The Debates on Teaching as a Profession

Science teachers are the focus of attention in several major reports
because of the fear that America may be falling behind technologically
and in world competition. However, science teachers, at present, are
not professionally, organizationally, or socially distinct from their
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teaching colleagues. To understand their situation, one mustexamine
the general situation of all secondary school teachers.

Is teaching a profession? This question has dominated the educa-
tional literature ht the United States since the late 19th century and
exemplifies an important concept in U.S. culture. It is an important
question because of the community's perception of the word "profes-
sion." In the United States the term evokes high status for the occupa-
tional group so labeled and high esteem for the individual who
approaches work "professionally" no matter what the occupation. The
idea of the combination of service to the community and success in
living standards is summarized by the word "profession." In short,
being or becoming a professional is inextricably linked to the American
ideals of democracy and social mobility which explains why teachers
and other groups have been, and still are, preoccupied with questions
3f professional status.

Three models dominate the sociological literature on the pro-
fessions in America. Until recently the most prevalent has been the
model of professionalization or the trait model, which we describe first.
The second model is concerned with the power of the occupation
relative to other occupr dons. The third, more recent, model is of a
social historical or cultural nature. It examines the complex nature of
U.S. culture and society and the role played by various occupational
groups within it. As we shall see, there is no unequivocal acceptance of
teaching as a profession and the last two models render the question
irrelevant from an analytical perspective. It remains a question in the
minds of many practitioners and Americans, however, and is often
raised in the current debate.

The Professionalization Model

From the earliest days of American schooling, analysts have been
concerned with the status of teachers in relation to other occupations.
Since the turn of the century there have been sociological studies of
various groups in relation to those occupations widely regarded as
"true" professionsmedicine, law, theology, architecture (the list
changes)and of the process by which occupations become "true"
professions. Nurses, pharmacists, and teachers have been among those
who are in the process of "professionalizing" (Wilensky, 1964).

Studies over the years have identified the traits that characterize
"true" professions. The list of traits varies by author and by year, but in
general the following traits are included: an abstract body of theory or
esoteric knowledge upon which the practice ofthe occupation is based;
a long period of training through which this knowledge is acquired in a
university; an ideal of service to the community takes precedence over
material or economic gain; exercise of control, devolved upon the
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occupational association by law, over who may enter the occupation;
exercise of control over certification and practicing standards; and
collegial control and discipline that enforces the code of ethics, dis-
ciplines errant practitioners, and ensures considerable autonomy for
the occupational group and the individual practitioner.

While many have asserted the professional status of teaching
(Lieberman, 1956; Musgrave, 1965) some doubt that teachers meet the
characteristics of a true profession and call the group "semi-
professional." The semi-professionals are described by Etzioni (1969)
as lying on a scale of professionalism but distinguished from pro-
fessions by more bureaucratization of their employing organizations;
by a shorter period of training; a fess recognized status in the com-
munity; less specialized knowledge; and less established right to pri-
vileged communication (Leggat, 1970). Leggat prefers the description
"bureaucratic professions."

U.S. analysts also have pointed to other traits that separate teachers
from the true professionals. In Education as a Profession (1956), Lieber-
man said. "The predominance of women. . .must be regarded as one of
the two or three more important obstacles to the professionalization of
education" (p. 242). Although Lieberman acknowledged his prejudice,
he asserted, "Education will not become a leading profession unless
either the proportion of men to women is drastically increased or there
occurs a cultural revolution concerning the role of women in American
society" (p. 242). Other characteristics of teachers such as their own
social class origins in comparison with the "true" professionals are also
held to reduce their status. A greater proportion of teachers are from
lower middle class and working class families than is true of doctors or
lawyers.

At best, teaching is not a full-fledged example of the professionaliza-
tion model because of the status that characterizes its practitioners, its
organizational locus in the bureaucratic organization, and its standing
in the eyes of the community. Science teachers are no different from
other teachers in this model.

The literature on the subject until the late 1960s shows a distinct
ambivalence about the professional status of teaching. On one hand,
the authority of the teacher was seen to arise from professional auton-
omy, the moral character of teaching, and the relationship between
education and democratic society (Becker, 1953; Corwin, 1965, Ch. 4).
On the other hand, the characteristics of teachers, the bureaucratiza-
tion of the school system ("Is the NEA Controlled by Administrators?"
is one of Lieberman's section headings), and the unionization of
teachers are seen by some as deterrents to "full" professional status
(Baron and Tropp, 1961, p. 552).

This ambivalence is exemplified in the descriptions of the roles of
the National Education Association (NEA) and the American Federa-
tion of Teachers (AFT). The NEA is the professional association com-
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parable with the American Medical Association and the American Bar
Association in its role of protecting the autonomy and ethics of prac-
titioners, assessing training institutions, and resolving disputes within
the occupation. The AFT and other unions protect the rights of
teachers and are concerned largely with teacher welfare issues.

At present, however, the union movement is strongly advocating
more "professionalism" among teachers including a code ni iHcs,
more autonomy for practitioners, a stronger methee L e, .11,

maintenance of standards. In recent remarks, Aelot
President of AFT, stated that if teachers are to achieve professionalism,
they have to ". ..develop new processes, new institutions, new pro-
cedures which will bring us what teachers want in addition to whlt we
get from collective bargaining: status, dignity, a voice in pi ofessiwi,t1
matters, the compensation of a professional" (Shanker, 1985, pp.5-6).

This call for adherence to the characteristics of the "true" pro-
fessions can be seen as a straightforward attempt to improve the social
and economic status of teachers. Evidence to support this is found in
the constant comparisons and references to doctors and lawyers in
Shanker's speeches: "In fields like medicine, if one experiences a
shortage of doctors, you do not find states or hospitals giving anyone a
substitute emergency medical license to go out and practice" (Shanker,
I985a).

Equally feasible, however, is the interpretation of this argument in
terms of our second model of professions which concerns their power
and control over their work. When demand for teachers was high,
professionalizing seemed appropriate. However, as the demand for
teachers slackened, the debate about professionalizing began to take
another form. Teachers became more interested in controlling their
working conditions, job security, pay, and equal opportunity thus
making collective bargaining more crucial.

The Model of Power and Control Distinguishing
Professions

In the countless discussions of professional traits and teaching as a
profession, the issues of ateonomy and control are always important.
The moral authority of the teacher in the classroom and the right of the
teacher to determine the preparation of classroom materials are im-
portant issues in teacher training and professional discussions. How-
ever, it has always been acknowledged that these powers and autonomy
exist within narrow limits. The debate about the powerof administra-
tors has been present from the beginning.

Increasingly, therefore, analyses of the occupation turned to the
relationship between the individual in the classroom and the organiza-
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tion of the occupation as sociologists began to examine issucs of power
and control.

The United States, in particular, became a nation of sophisticated
consumers of professional services. Who would determine what type of
medical, legal, educational, or other professional services we would
receive and how we received it? The power or control over these
decisions coincided with the increased desire to enter the professional
occupations among people from a much wider range of social and
economic backgrounds. In teaching, several changes occurred. There
was increasing labor force participation among women, especially mar-
ried women. This increased the pressure on teaching because, at the
same time, the growth in school enrollment was declining. The civil
rights issue of the 1960s caused more women and minorities to resist
being squeezed out of the educational system as teachers or administra-
tors. Finally, because the rate of college attendance had increased
greatly the potential supply of teachers was greater than ever (Freed-
man, 1976, p. 95; Twentieth Century Fund Task Force on Federal
Elementary and Secondary Education Poiicy, 1983).

Thus, the union began to be more important than the professional
association in protecting those who were already employed. As Freed-
man analyzes the situation, American workers are best off in the labor
market if they have shelters both of a professional kind (e.g., licensing)
and of a union kind.

By the 1970s teachers had long been professionally protected by
their association but fewer had been members of unions. Union
membership now rose, so that teachers became better able than many
occupational groups to protect their jobs and bargain for salary in-
creases in the downturn years in the economy. Such labor market
factors are important for explaining both the occupational concern
about profess ional izing and the shift from one model of explanation to
another.

While Lieberman in 1956 could assert that the dominance of women
was a problem and suggest methods for attracting men to teaching,
Oppenheimer (1970) reported both how elementary teaching became
feminized originally (women replaced men who found better jobs
elsewhere) and why by 1960 men were flocking into elementary teach-
ing. Many have shown that teaching was a route to upward mobility for
men from lower-middle- and working-class backgrounds. It was a
route to school administration and the earnings were quite high rela-
tive to blue collar and clerical jobs. As the post-1960s labor market
trends turned to the struggle to maintain jobs and enter administrative
jobs, married women permanently in the paid labor force were in
severe competition with upwardly mobile men who saw classroom
teaching as a route to advancement. The question of professionaliza-
tion took on different emphases.
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The trait, or professionalizing, model was tudAle to explain what
had become the key concerns of the occupation during the 1960s and
1970s. Job security, advancement, and entry becanie issues largely due
to the changing demographic and labot market conditions. But the
other powerful change in f 20th centurybure-ucratizationwas
also a pressure on all professionals (Corwin, 1965, amp. 2; Cotgrove &
Box, 1970).2 Increasingly, members of occupations trained in the
manner of professionals found that their jobs were set in terms of
bureaucratic goals in large organizations and that their pay was salaried
rather than fee for service. The rise of private corporate and govern-
ment bureaucracies increasingly changed labor market conditions.

In the United States, Eliot Freidson began to elaborate his model o f
the professions as agents of social control over various forms of social
deviance (Freidson, 1970a, I 970b). He emphasized in his study of the
medical occupation the social development, organization, and mainte-
nance of autonomy for the practitioners. He showed how doctors
created their own social reality and got patients to accept this medical
modeling of their situation. Since doctors are always the favorite touch-
stone of the study of professions, Freidson's ideas generalized to many
occupations. In education, the idea was not new (Becker, 1952; Collins,
1971) and led eventually to the Marxian critique of Bowles and Gintis,
Schooling in Capitalist America (1976), in which the education system is
viewed as working in the interests of capital.

The focus on professionals and control was widely accepted. John-
son (1972) had rejected the "trait" model and offered analyses of three
forms of occupational control which characterize the relationship be-
tween the client and the practitioner. Who controls that relationship is
important because it is in that exchange that the expertise of the
professional (which is what distinguishes them from other types of
workers) is exercised. This is the crucial concern of teachers, as well as
doctors and lawyers. Does the teacher decide how the student can best
learn or does the principal, school board, or department of education
decide?

The first, collegial, model exists where the practitioner tells the client
the services to be received and how they are to be received. This is the
closest to Freidson's description of the autonomous reality created by
the fee-for-service physician in America.

2Bureaucracy, considered by many to be the most powerful form of controlling
work and organizations, depends upon a hierarchical division of labor, the anonymity of
the office holder, the keeping of detailed records of decisions and processes and the
uniform application of those rules to all. In bureaucracy, there is no individual decision-
making because each officer follows the rules and the law and the precedents. Each
officer can be replaced by anyone else trained to that job or office. Bureaucracy is
efficient but very impersonal. Professionalism is highly personal because judgments lie
with the individual practitioner only guided by the rules. The tension between the power
of bureaucracy and all other forms of decision-making is the great dynamic of the 20th
century.

132 137



The second, patronage, model exists where the client Ols the prac-
titioner what is wanted and how it is to be received. This is the situation
of most architects in the modern world whose clients are powerful
corporations, or other "professionals" who work for a bureaucracy or
corporation.

The third, hiediative, model exists where a third party advises clients
of the services available and advises the practitioner what services to
provide. This hird model describes the situation of doctors ina system
of universal health care and describes the situation of most public
school teachers for whom the curriculum is prescribed and for parents
who are told 1,v the board of education what their child may expect.

In his amfyl of teaching as a profession, Leggat (1970) remarked
that the pi e,Vt, 'ion question is probably of more interest to the histo-
rian than to ti iociologist. Throughout the 1970s, and with increasing
focus, sociologists have looked for an historical framework or method
for analyzing occupational groups and social class. s. What was happen-
ing in the labor market and in thr. -:!conomy could not be explained
through existing sociological models. How did doctors gain so much
control and prestige in American society? The mod& of power and
autonomy continues to be of considerable interest in the analysis of
professions, but a new model has developed.

The Cultural Analysis Model

Just as the power model has its roots in the earliest concerns with
auteoomy and control in the study of professional occupations, so is
concern with the cultural setting of the school system found in the
early descriptions of occupations in America. This third model relates
the values 1...nd changes in American culture and society to the rise and
fall of occupational groups, including professions. Burton Bledstein's
study, The Culture of Professionalism: The Middle Class and the Development
of Higher Education in America (1976), best exemplifies this school of
thought.

In this study, Bledstein traced the social and historical origins of the
American middle class, a class different from the European
bourgeoisie and committed to both serving society and improving its
own standard of living. He described the creation of this dominant class
as a process of social mobility rooted in the public educational system,
open to all A mericans, and capped by a university system conferring
professional status on many occupations. This model of professions
explains why the various traits isolated in the professionalizing model
exlst the way they do in Americawhy, for example, an extended
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period of study in a university is crucial to the social status of a profes-
sion when it has no rational basis in training.3

Social historians applying this analysis to teaching argue that
teachers lost occupational control over decisions crucial to teacher
pupil relationships by the end of the 1890s in the United States as
schooling became bureaucratized. School superintendents had seized
control of the organizations and therefore of the occupation and were
able to determine the work of classroom teachers (Larson, 1977).

In terms of the internal organization and structure of teaching,
therefore, the most recent analyses enable us to comprehend one side
of the teaching dilemma. Just as scientists working in big corporations
struggle with division of loyalty between corporate bureaucracy and
scientific objectives, so one can appreciate that the science teacher is

caught between solidarity with other teachers and interest in the work
of chemists, physicists, and mathematicians working elsewhere. The
internal labor market struggle of the past decade forced science
teachers to demonstrate their loyalty to their profession rather than to
their discipline. Thus, they have become "locals" rather than "cosmo-
politans," "teachers" rather than "scientists."

This internal dynamic has been reinforced by the other side ofthe
teachers' dilemma, the desire for social mobility. This is the other
promise of professionalism in America. Not only are science teachers
less likely to keep up with their field or to have been top science
students to start with, but the conditions of teaching (e.g., curtailment
of travel funds and continuing education opportunities) have rein-
forced the inward-looking career structure. The route toadvancement
for the science teacher is through becoming a principal, not becoming a
top scientist. The choice between excellenceand equality is best negoti-
ated for science teachers by climbing the Aadder of the school system.

Although Turner (1961) published a perceptive analysis of this
dilemma, none of the current reports direcdy faces this contradiction
that plagues educational reform in America. In "Modes of Social As-
cent Through Education," Turner described in rich detail how "the
accepted mode of upward mobility shapes the school system directly
and indirectly through its effects on the values that implement social
control" (p. 121). Turner outlined two educational systems, the spon-
sored system of the British and the contest system of the Americans.
Under the sponsored system, the focus is on careful selection of talent
at an early age and the training of those chosen to occupy the elite
positions in many domains, including science. The primary problem of
this system is the proper method of talent selection. The system "cools

3For the medical profession, this model has been expanded in Paul Staff's 1982
Pulitzer Prize winning The Social Transformation of American Medicine, in which the forces
of American middle class dominance, of bureaucratization of the public health system,
and now of the private corporation, are described in an historical context.
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out" those not chosen by giving them a "realistic" view of themselves in
the social system and inducing strong loyalty to the system. The contest
or American system, on the other hand, focuses on an endless series of
competitions open to all, and those who fail may try again. Individuals
are expected to get ahead by themselves. The system encourages those
who don't succeed by providing a future orientation (next time I'll
succeed), and encourages a camaraderie with the elite and an ideology
of equality.

Consider Turner's systems in relation to science teachers. Although
recent reports show that science teachers are a declining proportion of
new entrants to teaching, that they have often fallen behind in their
knowledge of new developments in science, and that they have little
access to continuing education, the authors of the reports appear to
believe that these are not significant barriers to a good science and
math education for everyone (National Science Board Commission of
Precollege Education in Mathematics, Science, and Technology, 1983,
p.xi). Such sentiments expressed in the Science Board Commission
rt port coincide well with Turner's description of the American ideolo-
gy. Further, the stress in the reports on the avoidance of elites is
consistent with Turner's depiction of the contest model. Yet there is
now, and always has been, evidence that American society is highly
differentiated by education, occupation, and income and that upper-
class Americans provide a better education for their children than most
Americans can afford. The liberal pressure to open opportunity, to
help the disadvantaged, to provide remedial education for teachers,
and to achieve equality means that resources cannot be too con-
centrated on excellence. The National Science Board Commission
recommends expansion of model schools and exemplary programs in
every community (1983, pp.23-25). The model schools argument is,as
Peterson points out, a tiny aspect of the general problem ofbetter math
and science education.

We do not argue that the American objectives are wrong. We argue
that in the reports the central contradiction between excellence in
mathematics and science and the "American birthright" has not been
faced either in recommendations to improve teaching or in the analysis
of teachers as a "professional" group.

Through our description of three different models of the pro-
fessions in America we have focused on three matters central to the
current debate. First, there is no such creature as a "profession" in any
fixed way but only as an occupational group in relationship to other
groups. Second, changing demographic, social, and economic circum-
stances affect not only the demands on the education system but the
way in which teachers argue for their occupational group. Third, the
central dilemma of teachers is the central contradiction of American
culturethe unresolved desire to be both equal and excellent, to be
open to everyone, and to still produce the best.
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Are teachers professionals? We conclude that it doesn't really matter.
They are a strongly sheltered, powerful group rendering an essential
service. The current priority of the teachers' unions to make teaching
more professional is more of a labor market strategy and desire for
increased power than a useful means of reforming education for the
21st century and thc post-industrial age.

The Debates on Science Education

Having described science teachers as a group caught in the con-
tradiction between excellence and equality and having argued that the
organizational power and status of teachers are not the key to achieving
those contradictory goals, we now turn to the similar contradictions in
the debates on science education in contemporary America.

A Nation at Risk, and the accompanying reports and the resulting
comments reflect the intense concern over American interests in sci-
ence and technology. They also show the narrow scope of the debate so
far. Some reports are written in dramatic language, evoking feelings of
nationalism and international competitiveness. Their recommenda-
tions seem to be a call to national unity and mobilization rather than to
specify strategies for better math and science education.

The Nation Responds takes a different approach, emphasizing the
national will, the funding commitments, and the state-by-state efforts
at reform. There is a disjunction here. A Nation at Risk calls for better
citizens to preserve democracy and world leadership. The Nation Re-
sponds calls for better communicators, scientists, and technologists to
make America more competitive in a world where, as the report says,
there is a "redistribution of trained capability" throughout the globe.
However, as its critics have pointed out, organizational innovation does
not characterize The Nation Responds any more than it did the original
report.

The problem is evidenced in the debate in science education (Good,
Herron, Lawson, & Renner, 1985; Watson, 1983; Yager, 1980, 1983,
1985). There is consensus in problem definitionthat a lack of darity
about the objectives and goals of science education exists.

Yager proposes that the interrelationships between science and soci-
ety comprise the domain of the science curriculum. He argues that
focusing science teaching and science education research on the
sciencelsociay interface provides a rationale and a coherence that is
lacking in curricula devoted to the knowledge products of science
(Yager, 1985). Moreover, Yager argues that the definition accommo-
dates the dynamics of a changing science and its impact on society as
well as a changing society and its impact on science. Viewing the
discipline as a science/society interface places special emphasis on the
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relevance of science in today's society, giving meaning to the concept of
the "new basics" by focusing attention on remedies to declining Amer-
ican competitiveness in traditional industrial sectors (e.g., auto and
steel) and in high technology sectors.

Critics of Yager's view suggest that a focus on the science/society
interface reduces science education to a social science (Good, Herron,
Lawson, & Renner, 1985; Watson 1983). Wh y this is necessarily bad is
not explicitly discussed. While education research and theory may be
appropriately viewed as part of the domain of the social sciences, these
critics feel that these concerns are naturally subordinated to the work
of "real" scientists. That is, they express the major concern of science
education researchers as identifying those factors that help people
learn science, "science as defined by scientists, not by sociologically
and/or politically oriented observers" (Good et al., 1985, p. 140).

These opposing views highlight two dilemmas. One is in evaluating
the professional status of science education, the other is in broadening
the debate about defining the goals of science to examine the in-
stitutional relationships.

For the first, Yager believes that there is a distinct body of knowledge
that encompasses aspects of the sodal sciences and the sciences that
defines the content domain for science education. This is labeled a
"soft" definition of science by critics because it permits "inordinate"
influence by nonscientists on science curriculum development and a
loss of technical excellence. These critics suggest that the discipline
defined by Yager does not yet exist as a definable body of knowledge
(Watson, 1983). The implication is that "real" or "pure" science needs
to be taught in science classes, not as something that integrates the
natural and social sciences.

These opposing views encompass a second dilemma, that of examin-
ing institutional relationships. Yager (1985) replies to his critics that by
focusing principally on the scientist's agenda, the education system
runs the risk of reinforcing an "elitist" view of sdence education.
Elitism leads to a loss of relevance to students in an all-encompassing
education system. Further, Yager argues that if the science/society
school is not adopted, educators may never discover why American
students are falling behind in their grasp of critical scientific knowl-
edge.

Neither group seems to consider excellence in scientific and social
endeavors as a reasonable criterion for defining the content for science
education. They do not, in part, because they do not critically examine
the organization of the teaching occupation or the school system.

This debate between advocates of science/society and pure science
approaches reflects the general American debate about excellence and
opportunity. This is not to say that only elites produce excellence but
that the recommendations of the various reportsmost particularly
the National Science Board Commission and A Nation at Risk-
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essentially suggest that science teaching should return to "basics"
taught by teachers who have been specially selected by their training,
salaries, and working conditionsthat is, an elite group of math and
science teachers. In short, while eschewing elitism, these reports seem
to suggest that the creation of an elite teaching corps is the only way to
achieve excellence. The creation of a teaching elite, however, by no
means implies that every American school child will have a good
education in mathematics and science throughout the school years
(Yeakey & Johnston, 1985).

This debate is inadequate because it fails to articulate the specific
issues: If the United States is to remain competitive in the world, is the
main requirement a larger cadre of excellent scientists identifying and
drawing on all the availaLlz. student talent, or is the main requirement
an entire work force which has well-developed skills and knowledge in
mathematics, science, and technology? Either way leads to reforms in
the current formulation of science education but the task facing the
teacher is quite different in each case. Is the teacher to be so well
integrated with his or her field that teaching only very good students
will be rewarding, or is the teacher to address himself or herself to
ensuring that every student knows as much as possible? Will the school
system stream students at an early age to produce more science/math
students, or will it maintain its current function of general education
for all?

To answer these questions, we must address the ideology of Amer-
ican democracy in the modern world of distributed resources, technol-
ogy, and human brain power. If the ideal of social mobility of every
American conflicts with the ability of the American economy to be
internationally competitive, which gets priority?

Americans must debate education (particularly science education) in
terms of the basic values concerning social mobility and the rights of
citizens because a fundamental shift is taking place in industrial econ-
omies. There is now overwhelming evidence that the industrial era is
being replaced by a post-industrial or information age (Reich, 1983).

Reich characterizes this new world as one in whkh each worker puts
more brain power, more decision-making capacity.;:. Id more flexibility
into the job. It is a world in which supervisors and , -;agers must work
with production workers in a new collegial fashion. is,triss production is
dying out, although machine-controlled processes may be increasing.
The need for each person in the economy to be literate, numerate,
analytical, and confident is recognized in such popular essays as In
Search of Excellence (Peters, 1982). In industrial America the ideas and
values about social mobility remain strong, but this mobility has been
evidenced in consumerism rather than in production. It is the demands
of the labor market that are putting the nation at risk, as the reports
imply.
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The debate then is not about the science/society interface or educa-
tion in "real" science but about the links among (a) the labor market, (b)
I:e skills and attitudes of workers entering that market, and (c) the
on .ribution of science education. The educational system is only one
ty of institutionalizing values about social mobility and demands of

the economy. The problem the educational system must face is that
vafzies about social mobility have not changed very much while the
labor market has changed a great deal and is expected to change even
more and in ill-understood ways.

A second issue that is important for defining the scope and domain
of a science education discipline relates to direct measures of the
separability of science education from the education system as a whole.
This issue is being discussed in terms of changes in the status of science
education in state departments of education (Dowling & Yager, 1983)
and in graduate entry for science education (Yager, Bybee, Gallagher
& Renner, 1982). Dowling and Yager (1983) collected current and
retrospective data from state science supervisors in an attempt to
identify changcs in position characteristics over time. They appear to
have isolated measures of a declining professional status between 1965
and 1980: a reduction in specialized scientificwork in favor of a greater
responsibility in general education; a reduction in program and curric-
ulum development work in favor of greater supervisory, administra-
tive, and regulatory work; and a reduction in freedom to establish a
work schedule or to travel in-state and out-of-state in favor of a more
rigid wol k schedule (assigned by others) and severe restrictions in
trave!. The study does not compare this apparent decline in pro-
fessi:tual status for science educators with state supervisors in other
discknlipes. Therefore, we do not know the extent to which these
apparent trends are unique to science educators, nor do we know
whether there have been compensatory increases at the local level.

This analysis suggests that the U.S. education system has been
undergoing extensive change in the past 20 years. These changes may
well be basic to the inquiry into science education as a discipline.
However, this remains only a hypothesis because the nature of these
changes has not been properly examined eitlie.r by A Nation at Risk or by
science educators. Thus, the debate centers on unverifiable
propositionsthat science education is (or is not) the science/society
interfaceor status measures (e.g., in-state departments of education
or graduate jcenters of science education) that may or may not have
validity. In the absence of explicit debate over these issues, the defini-
tion of science education tends to emerge from unexamined assump-
tions in the reports. Without examining these assumptions and
reexamining national institutional arrangements, we cannot tell how
best to develop science curricula and teaching when governance and
financing are primarily local and state responsibilities. Nor can we
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suggest how these issues can be reconciled with calls for an increased
emphasis on national standards in testing. (We accept the doubts cast
by Peterson and other critics on the evidence of a decline in education
[Peterson, 1985, pp. 128-1311).

In the discussion in the first section, we showed how teachers have
tried to deal with the desire for upward social mobility by increasingly
sheltering their occupation through collective bargaining and more
occupational control (Freedman, 1976). We also indicated that
teachers' salaries, although low compared with other occupational
groups with the same educational level, have improved relative to the
past (before the most recent teacher surplus coincided with the reces-
sion of the 1980s). Thus, teaching has continued to attract Americans
from a wide range of social class backgrounds by remaining a route to
improved social standing.

One cannot assume that teachers of chemistry have much in com-
mon with industrial chemists or chemistry professors. Their class ori-
gins are likely to have been different. Their occupational associations
have separated rather than united them. Their employers have re-
warded them as teachers not as scientists and thus commanded their
loyalty. Therefore, when it is suggested that they will benefit from
travel to scientific meetings, it cannot be assumed that they will be
anxious to go. Not only has there been no inducement for them to keep

up with scientific advances, there has been posItive organizational and
collegial reinforcement for not doing so. These divisions and strains
have been reinforced, institutionalized, and sanctioned by state and
local jurisdictions, and until recently by unions and professional asso-
ciations. It is striking that in the studies of science and scientists, science
teaching is mentioned only in relation to postsecondary education (cf.,
Cotgrove & Box, 1970; Krohn, 1971). School teachers of science are
not analyzed as scientists.

Professionalization as a social movement on the part ofoccupational
groups has reinforced the boundaries around "teachers" but has not
distinguished science teachers, still less physics teachers, math
teachers, or biology teachers.

A Nation at Risk has taken up the issue of the market for science
educators. It points to the shortfall between teacher supply and the
demand for science teachers who possess a minimum level of qualifica-
tion. Williams (1983) was able to demonstrate for North Carolina that
part of the shortage can be viewed as a solvable problem in human
resource allocation. For example, his analysis of the science teacher
shortage in North Carolina showed that many of teachers who lack
sciencequalifications are teaching science courses (as expected) and
many teachers who possess science qualifications are teaching in non-
science disciplines or holding nonteaching jobs within the jschool sys-
tem (which was not expected, but should have been if there had been an
analysis of the union power in that occupation). This leads to such
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short-term remedies as retraining science teachers in subject areas for
which there is high demand (e.g., physical sciences or mathematics).
There are many problems associated with retraining of science
teachers (Williams, 1983).

In another experiment, a Canadian province tried to persuade
sciencc teachers to upgrade their science skills by offering them a
Master's cl,:gree for part-time study in physics and math; however,
almost no teachers who were interested in the program qualified for
entry. In other words, the knowledge now required for a bachelor's
degree is well beyond that already achieved by most in the teaching
force so that upgrading essentially means earning a bachelor's degree
again. Further, most teachers of physics and mathematics only mi-
nored in those subjects as undergraduates. Thus, even when they first
entered science teaching, they were less well equipped than other
scientists. Presumably those who could get jobs in industry and govern-
ment did so, and those who couldn't ended up teaching.

Serious shortages of qualified mathematics, science, and technology
teachers nationwide have been acknowledged both by A Nation at Risk
and by the National Science Board Commission (1983). These short-
ages are worst in mathematics, physics, and chemistry (Akin, 1983) and
are ocoirring despite an overall surplus of teachers in the country
(National Commission on Excellence in Lducation, 1983, p. 23). More-
over, these shortages have been identified at different stages of the
staffing process. In 1982, 42 states reported problems in recruiting
secondary school math, physics, and chemistry teachers (Howe & Ger-
lovich, 1982). Shymansky and Aldridge (1982) found a decline be-
tween 1971 and 1980 in numbers of students enrolled in mathematics
and science practice teaching, that only half of these student teachers
ended up in teaching jobs, and that almost 25% of those currently
teaching secondary school mathematics and science plan to leave in the
next five years. Astin, Hemond, and Richardson (1982) report that
between 1966 and 1982 the number of entering college freshmen who
chose education as a major field has dropped from 22% to 4.7%.

The suggested remedies are too cautious. Williams (1983)
recommends substitution and reallocation to use the available qualified
people where they are most needed. The upgrading of entry require-
ments for science education positions by codifying minimum certifica-
tion standards (in effect, restricting supply) while at the same time
increasing pay and status for entry and retention is another recom-
mended strategy. For example, the National Science Board Commis-
sion report recommends that secondary school mathematics and sci-
ence teachers have a full major in college mathematics or science, a
limited number of effective education courses, and a period of practice
teaching under a qualified teacher. A Nation at Risk calls for high
educational standards, career ladders that are intended to operate as
status incentives, and the liberation of teachers from non-teaching
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activities. Science educators (e.g.., Spector, 1984) nave called for a wide
range of initiatives in terms of equipment and people.
paraprofessionals and professional support. They suggest a decreased
workload, enhanced professional image, upgrading of skills, and bet-
ter means of attracting prospective science and math teachers. Either
implicitly or explicitly, all these sources call for the uncoupling of
science educator compensation from that of other educators and for a
salary structure that reflects available market alternatives.

These remedies recognize that the institutional setting for science
teaching is a problem for the reform of science education. The Nation-
al Science Board Commission argues that "lockstep pay increases based
on seniority and training eiperiences" act as barriers to "maaot"-
based pay (National Science Board Commission on Precollege Educa-
tion in Mathematics, Science, and Technology, 1983, p. 33). In addi-
tion, public spending restraint suggests that there will be winners and
losers in any attempt to uncouple the salaries of science educators from
others. The issues of unionization and professional associations raised
above are tackled by these proposals.

Will the severing of science teachers from other teachers serve the
interests of reform or improve the teaching of math and science? This
is another question to be examined. Vertical integration of scientists
and mathematicians in their fields of investigation and pedagogy
across organization, union and professional association boundaries
seems very attractive.

Debates on the Future of Science Education
We have identified three debates that are crucial to planning better

science education for America: (a) the "professionalization" debate
which is not meaningful; (b) the national ideology debate that is based
on the twin ideas of maximum opportunity for all combined with a
strong desire for world leadership; and (c) the debate between science/
society and pure science education. The difficulty is not that Americans
lag in the learning and teaching of science but that the school system
has not adjusted to modern demands. The real issue is one of adjust-
ment to the post-industrial age and recognition of the new realities.

The reports we have discussed emphasize the singling out of science
teachers for special attention or benefits that will further "professional-
ize" them and improve their classroom performance. Although better
pay and benefits might be acceptable, they will not break down occupa-
tional solidarity and collective bargaining because the social organiza-
tion of teaching is traditionally different from other occupations in the
sciences. However, we would agree that a vertical integration of scien-
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tists across organizational boundaries may be a successful approach to
the realignment of the priorities of science teachers (and perhaps
teachers in other areas as well, such as language teachers).

If a separation of science teachers' salaries and working conditions
from the rest of the system were to challenge union boundaries, then
proposals for cooperative education in science would challenge the
professional association boundaries. "Science education" would be re-
placed by "science training," a combined project of teachers in the
school system, scientists and organizations in the economy, and local
educational authorities. If the objective is to get a more knowledgeable,
competitive work force in place by 1995, such challenges to entrenched
institutional boundaries are required. Certainly, students and their
parents who are looking at work in science and technology, and in
technical and related fields would not complain about suchmodern
apprenticeships. Nor are such programs unknown. Every high school
in Ontario has cooperative programs although not every student
spends part of each day in one. More intense school experiences appeal
to the college-bound elite, but for the student who finds academic
learning tedious and difficult, science and technology are much more
likely to be learned "on the job."

We have raised questions concerning the values and the organiza-
tional arrangements of school science in North America. Undoubtedly,
considerable resistance will be encountered by established interests in
any attempt to change working teachers. There is also no question that
simply instituting changes or improvements that answer today's ques-
tions will not answer tomorrow's. We don't just need more scientists or
students who know more science. We need a closer link among the
producers and consumers of science knowledge and its use in technolo-
gy and technical fields.

The Yager proposals of the science/society interface, do not present
a sufficiently fundamental challenge to the existing organizational
arrangements. They do not tackle the problem of the integration of
science into a permanently closer connection to education in science.
The science curriculum depends on the objectives of science education,
and no consensus yet exists. Who should do the teaching is a question
that can only be resolved within the state and local jurisdictions and
with the cooperation of the National Education Association and the
teachers unions. Who should study science and mathematics depends
on where the future American labor markets lie. This conclusion
depends on more sophisticated analyses of the future of the labor
markets than has been identified in any of the reports reviewed here.
Certainly litde sophistication is needed to use the office computer or to
produce most goods and services now on the market or contemplated
for the future. What may be needed is more inquiring minds and a new
independent attitude toward the importance of work and production
to fuel the national campaign to international competitiveness.
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"CURRICULUM - PROOF" TEACHERS IN
SCIENCE EDUCATION

Patricia Albjerg Graham and Michael Fultz
Harvard University

Graduate School of Education

Introduction

In considering the problem of science education in the United States,

we focus on science teachers and how they can become more effective

in the classrooman important topic. From our perspective, excellent

preparation is necessary but by itself is not the determining factor for

teacher effectiveness in science or in any other field. Without improved

working conditions for teachers, without more able and diverse per-

sons entering the teaching ranks, and without community consensus

on the academic goals of education, teacher preparation alone cannot

ensure teacher effectiveness. Thus, we must simultaneously address

the four issues of working conditions, recruitment, preparation, and

consensus about goals for schools.
The issues that affect science teachers similarly affect other teachers.

Two principal differences, however, are salient to science instruction.

First, science teachers have more opportunities to leave teaching for

other more lucrative positions than do most other teachers: hence, the

issue of attracting and keeping able science teachers is especially

critical.
Second, the science curriculum, particularly in the high school, is

usually oriented to the able student, rather than the average one, but

the present critique of U.S. education emphasizes the inadequacies of
instruction for the average student. Science teachers, who have fre-

quently found college-bound students to be their most stimulating

ones, find the new requirement to attend to the educational needs of
nonscience-oriented students especially difficult. If science teachers

are to work effectively with average students, they will need to pay

more attention to pedagogy and will need the full support of the local

community, support that has been either ambiguous or lacking in the

past.

Background

FAucation in America is a wondrously diverse and comprehensive
enterprise. It involves nearly 40 million children and 2.5 million
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teachers and has prospered magnificently during this century. The
widespread criticism that engulfs it todaya generational
phenomenonis more comprehensive, more informed, and more
persuasive, in part, because the schools have been so successful in
educating American youth. For example, in 1950 only 6% of American
adults were college graduates and only 33% were high school gradu-
ates. Today 18% of American adults are college graduates and 70% are
high school graduates (National Center for Education Statistics, 1983).
Those better educated youth are now the critical adults, a triumph of
the effectiveness of their extended educations.

For nearly a century since we have had widespread education in the
United States we have had spurts of criticism at least once every genera-
tion, and those criticisms have occurred when some new group began
to enter the educational system in large numbers. When theschools in
general and the high schools in particular attracted only those young
people who found learning congenial and whose families insisted that
they attend school, the task of the schools was relatively c'ear. When
enrollments grew to include substantial numbers of children who were
not instantly drawn to what was often a relatively dull presentation of
academic material and whose families' insistence on schooling was
muted, the schools were forced to revise their programs to deal with
these students. In many schools these students comprised the majority
of those enrolled.

The response to these burgeoning enrollments has been threefold.
First, educators argued that the schools should become child-centered
to accommodate the varied needs and interests of the now diverse
student body. Second, both educators and many lay persons agreed
that the curriculum should be expanded beyond the traditional aca-
demic subjects to include a greater variety of studies that would both be
more appropriate and more interesting than the rigid clasqical
curriculumstudies that would fit the needs and interests of the ch;le.
Hence, the commitment to a child-centered curriculum meshed near
with the conviction that traditional subject matter was unnecessary for
all children. Only somegenerally the minority who were ,..ollege
boundneeded to master the familiar classics of literature, history,
mathematics, and science. Third, consensus about the purpose of
schooling vanished. When schools, particularly high schools, served a
narrow constituency of academically select students, agreement about
what should occur in schools wat, relatively easy to achieve. When,
however, the schools attracted large proportions of students who were
not immediately drawn to conventional definitions of academic
achievement, agreement about the roles the schools should play in the
lives of the children became extremeiy difficult to achieve.'

iFor a general discussion of these changes in American education as they have
manifested themselves through the progressive educationmovement, see the references
by Cremin (1961), Graham (1967), and Ravitch (1983).

154 149



The gifted, academically oriented, college-bound students found
school work often challenging and demanding, and succeeded in satis-
fying themselves, their families, their friends, and their teachers. Typi-
cally, these were the students who studied science: chemistry, physics,
advanced biology. Changes stimulated by concern for the physically,
mentally, and emotionally handicapped enormously improved educa-
tional opportunities for these children who had so often been ignored.
For the vast majority in the middle, the children who fell between these
two groups, school was no longer expected to ensure that they:master
the conventional curriculum but rather adapt children's studies to
meet their interests, and community agreement about what the schools
should be doing for these children evaporated. For them serious study
of science was nonexistent.2

These three concernschild-centeredness, curriculum, and
consensusreinforced the uncertainties with which educators and the
public viewed the schooling of the vast majority of children in the
middle. Such uncertainty on the part of the adults did nothing to
inspire the children in xhool to take a rigorous line with themselves on
matters of academic standards. Such complicity between professional
educators and lay persons concerned with education became a complic-
ity shared with the students. Thus, schools began to serve many func-
tions, most of which obscured the necessity and primacy of their aca-
demic responsibilities to children. Because of the ambiguity about the
purposes of schooling for the great heterogenous middle of the school-
aged population, and because of compelling evidence that many of
them were suffering from problems stemming from financial, psy-
chological, emotional, or social origins, many school personnel hesi-
tated to make heavy academic demands of them, weighted as they were
by other loads. In the past few years sentiment about the wisdom of
such practices has shifted, and now both educators and lay persons are
emphasizing greater academic learning for all children.

Reorientation to Academic Learning

The implications of these latter changes have been particularly evi-
dent in science instruction with its current dual emphasis on "science
for all"the term "scientific literacy" is frequently used to denote this
purposeand a "science 'brought to life,' science taught in a way that
will make apparent its relevance to daily living and to current social
issues" (Jackson, 1983). Paul Hurd argues that the fundamental issue is
the "question of the place of science and technology in the wider
texture of life," and he calls for "a new vision and a new educational
agenda in the sciences that will focus on human concerns in the 1980s

2For an extended discussion of the problems of the majority in the middle, see the
book by Powell, Farrar, and Cohen (1985).
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and beyond." "What is sought," he asserts, "is a science program that
has both scientific and cultural validity" (Hurd, 1983/1984, pp. 20-21).
Some have called this reorientation to academic learning a need for
excellence; others, a need for competence. Whichever term one uses,
the emphasis is the same. What is less clear is how to achieve this
millenium for the many.

The argument thus far has been that increased enrollments, particu-
larly beyond the primary grades, have led to changes in the schools that
have weakened the academic requirements for many students under
the tacit assumption that whoever the new entrants in the schools were,
they could neither perform adequately nor were they interested in
doing so. Rigorous science instruction, particularly at the high school
level, is a classic example ofa subject intended for the small percentage
of able students, not the large numbers in the middle. That these new
enrollees frequently included children who were poorer, who were
ethnically, religiously, and racially different from those previously
enrolled reinforced the notion that they, as a group, could not and
perhaps even should not be expected to achieve mastery of the tradi-
tional curriculum. Exceptions were regularly made for the rare in-
dividual in deepest poverty of whatever ethnicity, religion, or race who
could "triumph over his origins" through education. The point, how-
ever, is that such triumphs were thought ofas an individual, not group,
phenomena. Today the issue is that of educating the group, not the
rare individual for whom we do reasonably well, if not well enough.
Now we have brought most children and adolescents into the schools.
Our primary concern is no longer assimilating vast numbers of new
entrants into the schools, although our population groups with the
highest birthrates are poor and minority, with whose offspring the
schools have traditionally been least successful. We now move to the
most difficult question of all: how to educate well the vast majority in
the middle.

Majority in the Middle

The vast majority of studentsthose in the middlehave had a
particularly unfortunate experience in science during the past decade.
The science curriculum has been influenced, especially, by: (a) the
negative image science has received as a result of the Vietnam War, die
popularization of health and environmental issues, and the general
fear of runaway technology; (b) a back-to-basics movement in educa-
tion that did not include school science among its priorities; (c) political
controversies over the appropriate federal role in science education,
culminating in a sharp erosion of National Science Foundation (NSF)
support for projects addressing curriculum development and teacher
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training; and (d) the departure from the schools of many able science
teachers for more lucrative and rewarding positions elsewhere.3

Clearly, as many here suggested, "school science has lost its favored
position" (Yager, Aldridge & Penick, 1983). Not only has the so-called
Golden Age of Science Education (1955-1974) ended, but its culmina-
tion has been so abrupt that "The boom of the 60s is not even a whisper

in the 1980s" (Shymkansky, Kyle, & Alport, 1982).
Science education, however, was slightly ahead of other areas of

precollegiate schooling in terms of mounting acomprehensive evalua-
tion of its condition. In 1976, the same v- '-at NSF suspended its
education programs designed to impr. .e teaching, it funded
three important research investigations GI allis of school science.

In 1977, The Status of Precollege Science, Mathematics, and Social Science

Education, 1955-1975 was released (Hegelson, Blosser & Howe, 1977),
followed the next year by the Report of the 1977 National Survey of Science,

Mathematics, and Social Studies Education (Weiss, 1978) and Case Studies in

Science Education (Stake & Easley, 1978). Also in 1978, NSF awarded a
major contract to synthesize and interpret these three status studies
"Project Synthesis"along with reports from the National Assessment
of Education Progress (Harms & Yager, 1981). In 1982, the National
science Teachers Association (NSTA) launched a Search for Ex-
cellence in Science Education, an initiative using criteria developed by
Project Synthesis to identify exemplary school science programs
nationwide (Penick & Yager, 1983). These studies and assessments
were in large measure the immediate precursors to the spate of reports
on American education that began to seize public attention in the
spring of 1983.4

Among the results of the recent analyses of science education in the

schools is the conclusion that current instructional approaches do not
appeal to many students. Aside from the well-publicized Scholastic
Aptitude Test (SAT) score decline, not only do less than 30% of
American students take three years of high school science, 85% do not
take physics, 65% do not take chemistry, and 23% do not take biology;

by the end of the third grade, one-half of the students say that they do

not want to take science, while between the seventh and eleventh

grades "science courses become less fun, more boring, less interesting,
and more difficult" (Sigda, 1983, 1,, 625) (specifically in terms of
requiring too much memorization); some 70% of 17-year-olds indicate

that science classes make them feel unsuccessful, while slightly more
than 50% say that these classes make them feel stupid (Bonnstetter,

3See, for example, Atkin and House (1981), Dow (1980), Hurd (1983/1984), Sigda

(1983), and Yager (1984).

'See, for example, National Commission on Excellence in Education (1983), Nation-

al Science Board Commission on Precollege Education in Mathematics, Science, and

Technology (1983), and Twentieth Century Fund Task Force on Federal Elementary

and Secondary Education Policy (1983).
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Penick & Yager, 1983, p. 3). These students are, indeed, the majority in
the middle.

Many of these same issues of student participation in science con-
fronted the curriculum developers in the 1960s. Research on these
curricular projects indicates that to some extent the new materials were
successful in heightening interest and achievement inscience for some
students (Shymansky, Kyle & Alport, 1982). On the whole, however, it
is becoming increasingly apparent that "science presented in the way it
is known to scientists is not inherently interesting to all students" (Kyle,
1984a, p. 19). This is not to imply, however, that inquiry is being
rejected as a critical thinking skill to be inculcated in the classroom,
although the difficulties in doing so are now widely acknowledged. As
Hurd has remarked, "For most teachers, science is still a noun, not a
verb" (Hurd, cited in Jackson, 1983, p. 151).

To educate well the majority in the middle ofstudents in both science
and other subjects, we need to redirect our efforts away from creating a
child-centered school and make it a teacher-centered school. Several
caveats need to be added immediately: educators and the community
need to agree about the curriculum for which these teachers are re-
sponsible and about the desirability that all children learn it; a teacher-
centered school must be one that is not organized simply for the
convenience of teachers but one that enhances their pedagogical effec-
tiveness; school administrators must accept the critical role that
teachers can play in assisting children's learning and must act to ensure
that teaching schedules are not interrupted or undercut by other
school activities; and teachers must accept responsibility to help chil-
dren learn. If those caveats are incorporated into a teacher-centered
school, we can begin to examine ways of educating well the majority in
the middle.5

Improving Science Teaching
To shift the obligation to the teacher for ensuring that all students

master the curriculum places heavy demands on that beleaguered
professional. Recent reports that decry the current state of American
schooling say that teachers are both the source and the solution of the
dilemma. Clearly neither is true by itself. What is true, however, is that
teachers can play a critical role in raising the level of educational
achievement in the United States. For that to occur, however, four
elements are necessary: (1) working conditions, including salaries,
must change; (2) more able and diverse persons must become teachers;

'For a more complete discussion on the educational desirability of transforming
child-centered schools into teacher-centered schools, see Graham (1984). For the histori-
cal context on the links between child-centered schoolsand post-World War I progressiv-
ism, see Rugg and Shumaker (1928).

153

158



(3) preparation and certification of teachers must ensure both knowl-
edge of subjects and pedagogical competence; (4) community con-
sensus about the necessity for all children to learn an academic curric-
ulum must emerge.

Working Conditions and Salaries

Working conditions, including salaries, must change. The present
circumstances in which .secondary teachers are expected to face 125
adolescents whose minds and hormones do not inevitably gravitate to
study of the Periodic Table are intolerable. Elementary teachers, who
are presumed to be knowledgeable about all the "common branches,"
including science, and are expected to impart this knowledge and
enthusiasm for more knowledge to 25 or 30 lively children, face a
draining daily schedule.

The problems facing science education are perhaps most severe in
the elementary grades. According to Rowe, there has been a "virtual
disappearance of science in grades one through six" (Rowe, 1983, p.
136), while Stake and Easley conclude that "Although a few elementary
teachers with a strong interest and understanding of science were
found, the number was insufficient to suggest even half of the nation's
youngsters would have a single elementary year in which their teachers
wordd give science a substantive share of the curriculum and do a good
job doing it" (Stake & Easley, p. 19:3). Survey results reported by Weiss
(1(..)78, pp. 51, 142) add to this unflattering appraisal. Fully 16% of the

national sample of elementary school teachers felt they were not well

qualified to teach science (compared with 3% for the teaching of
reading, 4% for math, and 6% for social studies), while only 22% felt

very well qualified, the lowest of the four subject areas. Weiss relates
these self-reported feelings to the amount of time typically spent daily

on instruction: 17 minutes in grades K-3 and 28 minutes in grades 4-6,

for an average of 20 minutes daily throughout elementary schooling.
These problems are exacerbated by the lack of adequate support
services. Helgeson, Blosser, & Howe (1977, p. 80) report that
elementary school science teachers are reassured by the availability of
consultants, yet Weiss found that only 22% of the elementary school
districts had a full-time science coordinator and that almost 20% of the
elementary school principals felt "not well qualified" to supervise sci-

ence instruction (Weiss, 1978, pp. 39, 47).
Teaching at present is exhausting physically, but even more impor-

tant, psychically exhausting. Teachers who are expert in science and
mathematics have left the schools at exceptionally high rates, largely
because their skills, unlike those of the history or French teacher, are
quite marketable outside education. In 1981, for example, five times
more mathematics and science teachers resigned their positions for

154
159



nonteaching jobs than for retirement (Bethel, 1984).
The most common means of teachers' adjustment to what is a fun-

damentally untenable situation is to concentrate their ay -ntion on
those children who clearly manifest an interest in learning andfor
different reasonson those who disrupt the classroom. However, thequiet and undemanding group needs attention too, and most teachers
find it nearly impossible to give them the help they need. Thus, work-ing conditions need to be changed, to benefit both the teacher and
those children who are not now receiving the instructional attention
they require.

Salaries also must improve. The day is gone when discrimination
against women, minorities, or members of certain ethnic groups would
force those individuals into teaching, thus providing a subsidy for
schooling. Today young women and minorities of both sexes who do
well in ichool have a variety of vocational choices available to them, not
just teaching. Anti-Semitism no longer forces Jews into urban school
teaching as it did in the 1930s. We can rejoice in this diminished
discrimination, but we must recognize the inevitable economic im-
plications if we wish to attract able, committed persons to teaching.
Data indicate that although teachers' salaries have riser, gradually over
the past decade, only in the past two years have these increases kept
pace with the loss in the concomitant purchasing power of the dollar.
The average salary for public school teachers nationwide during the
1984-1985 school year was about $23,500 (ranging from a high of
$39,700 in Alaska to a low of $15,000 in Mississippi); the average
starting salary for a public school teacher with a B.A. was a dismal
$15,400 (Friendly, 1985; National Education Association, 1985).

Ultimately salaries and working conditions are linked because a
teacher has the same responsibilities during the first year of teaching as
one does in the thirtieth. Salaries are tied solely to longevity and to
course completion. What is needed is a differentiation of responsibili-
ties for teachers that allows for shifting interests over time. Such dif-
ferentiation of duties can be differentially compensated, hence allow-
ing for particularly capable teachers to be selected for extra responsibi-
lities and extra pay. Such a practice would discourage (though not
eliminate) teachers who were not selected from remaining per-
manently in teaching. Further, there would be financial incentives to
remain in teaching, rather than leaving it for administrative positions,
as is now the case.

If working conditions are to change, we need a better cooperative
arrangement between the administration and the faculty than we now
have in many schools. Since most of these relationships are now
covered by collective bargaining agreements, adjustments will be dif-
ficult. At present, all administratorsare required to have been teachers.
As long as that certification requirement holds, we might add that all
administrators continue to teach part-time. Such classroom duty might
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both remind administrators of the realities of their enterprise as well as

foster the cooperation that is essential between teachers and adminis-

trators.
The fundamental issue at stake is that schools need to be organized to

enhance children's learning, and the actors who can play the most
immediate role in facilitating that learning are the teachers. Adminis-
trative responsibility for the institution, for the care of the children in
the institution, and for the fiscal resources allocated to it are all vital and

typical of the administrator's duties. Too often those tasks have seemed

more gripping than the traditional one of teaching the children. The

reason we have schools, after all, is to help children learn. That must be

recognized as the basic premise underlying the organization. If that is

so, then conditions for the persons who play the leading adult role in

the drama, the teachers, need to be improved so that they can indeed

fulfill their function.

Attracting More Able and Diverse Persons

More able and diverse persons must become teachers. But how can

we ever expect to attract able, committed persons to teaching when the

working con ditions leave a great deal tobe desired, when the pay is low,

and when the status is diminished? Clearly both working conditions
and salaries must improve as argued above, but a fundamental shift in
recruitment of new teachers is also required. We must no longer rely
exclusively for recruits to teaching upon the "traditional" candidate,
the late adolescent, commonly female, who chooses (she thinks) a
lifetime of teaching, often based on few other experiences in the world.

Too often we have brought to teaching individuals whose only experi-

ences were in schools, first as students and then as teachers. Hopefully,

though not always, they have been successful themselves in school.
Nonetheless, a life that has included only schooling is a narrow one.

There are a few who can make an informed and wise choice for their
permanent adult employment while still in their teens but not many.
Too often the decision to become a teacher is made as a "fall back"

choice for the unimaginative, the unadventurous, the academically
weak. Such a person often fails to seek or to find employment else-
where and, in fact, falls back into teaching. Such additions are damag-
ing to the teaching corps and not likely to be stimulating to the stude nts.

The shortage of traditional candidates entering math and science
teaching has received considerable public attention. The data show
disturbing trends: (a) between 1971 and 1980, there was a 79% decline

in the number of students pursuing teaching degrees in math and a
64% decrease in science, with an 80% reduction in iew1y employed
mathematics teachers and a 68% reduction in newly employed science
teachers (in Massachusetts in 1983, for example, the 49 teacher train-
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ing institutions in the state produced only two teachers certified to
teach physics); (b) 42 states reported shortages of mathematics and
science teachers in 1981; (c) nationwide, half of all newly employed
science and math teachers employed for 1981-1982 were unqualified
(hired on an "emergency" basis) with this figure rising to 84% in the
Pacific states (Feistritzer, 1983; Merseth, 1985; National Science Board
Commission on Precollege Education in Mathematics, Science, and
Technology, 1983: Aldridge, 1982).

Surely we could benefit from some nontraditional candidates, pre-
eminently those whose sense of status would not necessarily come from
their choice of teaching and whose choice of teaching comes from a
persistent and compelling interest in both the academic material to be
taught and the value of having young people learn it. Some might be
very young, but would seek teaching not as a permanent activity but
rather as a prelude to a still-unchosen career. These young people
would need to be extremely academically able with a strong social
commitment. The paradigm would be the idealistic biology major who
is undecided about a career in biological research, university teaching,
or medicine, and who has a strong commitment to working with
children.

Such young, energetic, academically able persons could infuse their
fellow teachers with vitality and enthusiasm but even more they could
benefit from the accumulated ped agogical expertise of the ex-
perienced teachers. Helping and teaching the novices could be a pro-
fessional balm and restorative to the veterans. Three, four, or five years
of teaching secondary school biology and science would give these
young teachers the maturity to make the career choice that had seemed
so difficult to them when they were younger. That career might now
even include teaching if their experience in the schools has been
rewarding. By doing so they would be providing a useful example to
their own students about the difficult set of choices young people face
in deciding about careers. Traditional)- Lipper class frequently sent
their children on a "wanderjahr" mpletion of their studies;
surely for many of ow college gradc ch a "jahr" or two might be
spent not strolling through rural Frame g.., their parents' expense) but
teaching in a high school (at the public's expense). Today many private
schools take advantage of this talent for their entry teaching positions.
Surely the public schools might as well.

Another group of nontraditional recruits would be mid-career per-
sons who had successfully worked in some field in which they had
applied learning that they had acquired during schooling. Their ages
might range from 30 to 60, and their expectations for their time in
teaching might be similarly varied. In fact, one of the surprising find-
ings of the NSTA's Search for Excellence is that many key teachers did
not prepare for a classroom role during their undergraduate years
(11% of the elementary and 29% of the secondary teachers) and many
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had worked in science-related fields before turning to education
(Bonnstetter, Penick, & Yager, 1983, P. 8).

The chemical engineer who wishes to kindle an interest in science in
the young rather than simply supervise chemical processes in a plant or
the actuary who wishes to move from manipulation of numbers to
helping students learn to manipulate numbers in a mathematics class
both bring to the profession of teaching skills and experiences that
substantially broaden the perspectives of classroom teaching and of the
conversations in the teachers' room. Not the least of the benefits that
they would bring would be their commitment to the significance of
education.

Let us add that idealism in America is by no means dead, although
the conventional wisdom portray, it as dormant. As many heretofore
"professional" positions become ones with much less direct contact with
people individually and with much more involvement with either tech-
nology or large bureaucratic organizations, more and more successful
professional persons may choose to modify their career trajectory to
include a period of teaching as part of their adult work life. Such an
option is also enhanced by the greater prevalence of two career pro-
fessional families in which both husband and wife earn regular salaries.
In such cases either the husband or the wife can make a career change.

For all its disadvantages, teaching still is an intimate, significant
involvement with individuals. Many professional jobs no longer are.
Most of us remember one, two or, at most, three teachers who fun-
damentally shaped our lives. The opportunity for that kind of signifi-
cance in the lives :others is denied to most people in their vocations; it
is not denied to teachers, and that is a very important, though economi-
cally illusive, benefit of teaching. Fortunately some able adults, who
have been successful in less intense human environments, still aspire to
repay their debt by becoming one of those rare teachers who indeed
profoundly and memorably assists a young person to become an in-
formed, productive, enlightened, and concerned adult.

Recently Robert Bellah and his colleagues have completed an anal-
ysis of mirT 9.! class Americans' search for meaning in their lives. Es-
sentially tl , rgument is that the day of viewing individuals simply in
terms of t sire to get ahead is over. That explanation for Amer-
ican middle motivation and behavior is both too simplistic and
outdated they contend, but our categories of social analysis have not
been well developed to express the more subtle yet fundamental re-
quirements for fulfillment. They argue, "But few have found a life
devoted to' personal ambition and consumerism' satisfactory, and most
are seeking in one way or another to transcend the limitations of a
self-centered Madsen, Sullivan, Swidler, & Tipton, 1985,
p. 290). No one would seriously suggest either that all of these persons
would wish to be teachers or that all of them would become good
teachers. Nevertheless, this shifting notion of fulfillment has signifi-
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cant implications for the pool of nontraditional, older beginning
teachers. Persons who have been economically and professionally suc-cessful in an environment that stresses individual achievement may atsome time wish to participate in an environment that stresses theachievement of a classroom ofchildren. They may be developing what
Daniel Yankelovich calls a new "ethic of commitment" (Yankclovich,1981, p. 250).

Most of the examples of the shifting nature of human fulfillment arcdrawn from the male portion of the population and occasionally fromthose women who have become professionally successful during thepast two decades. In many cases, these are women who a generation
before might have been school teachers. Perhaps what is most strikingis that we may be seeing a recognition of the validity for both sexes ofsome of the values traditionally associated with women in terms of
service and commitment that have been undermined in some circles bythe recent enthusiasm for Yuppies of both sexes. Carol Gilligan has
developed this theme in her book, In a Different Voice, and her work hasbeen widely cited in critiques of social commentary that assume aunitary set of values that has been associated with middle class Amer-ican men (Gilligan, 1982). Should acceptance of these expanded no-tions of self-fulfillment become more widespread, schools could look toan expanded corps of potential teachers if the schools can recover theprimacy of their obligation to serve society by educating the young.

Teacher Preparation and Certification

Preparation and certification of teachers must assure both knowl-
edge of subjects and pedagogical competence. What is proper prepara-
tion? Research has indicated that there is no "one best system" to
prepare teachers oreven more importantto work with them once
they have started in the classroom to become even better teachers.
Thus far, teacher training has not revealed itself as the fundamental
variable explaining differences in teacher effectiveness. As Evertson
and her colleagues maintain, not only is the body of research on teacher
training "methodologically and theoretically anemic," they add that
"Direct research on the consequences for teacher effectiveness of var-iations in teacher preparation programs is virtually non-existent"
(Evertson, Hawley, & Zlotnik, 1984, pp. 2, 15). Studies current)y
undertaken by Lee Shulman and by N.L. Gage at Stanford University,
by David Berliner at the University of Arizona, at the Institute for
Research on Teaching at Michigan State University, and by others may
not reveal much more about variations in teacher education than we
now know. Nonetheless, it seems likely that the 55-year-old with a
Ph.D. in chemical engineering who has been working in a large chem-
ical company for 30 years may need somewhat different preparation
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for teaching adolescents chemistry than the 21-year-old under-
graduate chemistry major. What those differences should be and on
what they should be based (past accomplishments or future ex-
pectations) is not entirely clear.

Similarly, what the staging of education for teachers ought to be is

elusive. Colleges and universities, which have provided most of the
training to date, understandably follow a model of school-based in-
struction focused on the person planning to teach. Any attempt to
provide the in advance of thefr application in a classroom is a task

that will test the ingenuity of the proiessor and the imagination of the
student teacher. Teachers with two or three years of experience are
remarkably more knowledgeable about their subject matter and
pedagogical strengths and weaknesses than inexperienced teachers
and thus are much more apt to learn in a university setting material that
will enhance their effectiveness in the classroom.

Teaching tenth grade biology for three yearsand knowing that one
will teach it againputs one in an extraordinarily different frame of
mind for a graduate course in genetics than one might have been in as a

senior in college. Similarly, discussions about methods of questioning
in a classroom are much more informative to the person who has had
experience both as a recipient of student questions and as a questioner.

In short, some knowledge about both subject matter and pedagogy is
necessary to get one started as a teacher, but much more is needed to
make an experienced teacher an effective one.

However true it may be cognitively and developmentally that
teachers should space their educations to include some periods of
preparation before assuming full-time teaching jobs, while reserving
significant portions of their university-based study for substantial per-

iods of time after they have had teaching experience, it is a difficult

policy to implement politically, economically, and professionally. In
the end the political, economic, and professional difficulties may over-

whelm the cognitive and developmental assets. Colleges and univer-

sities ;j.at prepare teachers are reluctant to let their students go for fear
they will not retc....n, a fear based firmly on evidence that indicates that

the costs of being a student rise dramatically after one has become a
full-salaried employee. Further, the notion that teaching is a profession

in which a considerable portion of the preparation is required serially,
not in advance of entry, raises questions about just when one does truly

become a "professional educator."
The answer to the dilemma lies in some imaginative cooperation

among; (a) school districts, which would create differentiated staffing

patterns, thus providing the incentive for teachers to improve their
knowledge and skills to qualify for more senior positions; (b) certifica-
tion authorities, who would recognize various levels of certification
beyond the present provisional and pei manent ones; s- olleges and

universities, which would create both full- and part-tin;-: programs in
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the disciplines and in education to accommodate such study; (d) fund-
ing organizations (both gc. 2rnmental and non-governmental), which
would support teachers for such study; and (e) the profession, which
would recognize that such efforts were in its own best interests and in
the best interests of the children it serves.

Such imaginative cooperation has not always characterized educa-
tion, but certainly the time has come for educators to work together to
improve schooling in ways that will benefit the public, not only them-
selves. Without such initiative from educators, lay persons in legisla-
tures and elsewhere will determine the changes, ..ind there is no evi-
dence to date that st,:h changes will be preferable to ones shaped by
educators. Both will be political, but the essence of good politics is to
have many of the relevant groups participating in the political process.

Although we hav ..!. not determined the best means for preparing
teachers, we do know much more about the process of learning and
how to enhance it than we have incorporated into most professional
programs. Underlying an effort to enhance pedagogical effectiveness
must be familiarity with the subject to be taught. Typically certification
requirements have aimed at coverage or comprehensiveness in man-
dating broad areas of a discipline to which the prospective teacher
should be exposed. Alternatively, we argue that the teacher initially
needs intensive knowledge of the subject; breadth can come later. Only
with some modicum of intensive knowledge of a subject can come the
enthusiasm for studyng it that ought to be characteristic of all teachers.
Everyone, obviously, will not feel equally strongly about the beauty of
hydrogen bonds or iambic pentameter, but all teachers need a passion
for some aspect of their subject. Such passion is the fuel for future
learning. It is likely to occur only if one has studied the discipline
deeply enough to find some element that truly captures one's imagina-
tion. Such involvement is unlikely to come from survey courses.

Many have had the experience of teaching a course on a subject
which they have never formally studied. In such circumstances it is
imperative that they have an understanding of the context of the
subject of the course in the larger discipline in which the subject rests.
Without that understanding of the relation of the subject to the larger
laws or structure of the discipline, one is condemned to superficiality or
error. For example, if teachers are asked to teach a history course on
mid-twentieth-century America, it is quite likely that if they graduated
from college in the fifties or the sixties they would never have had the
benefit of such a course themselves although they had extensive prep-
aration in American history prior to World War 11. From that sub-
stantial prior training in history one should have learned how to
organize and locate material for such a new course; to follow rules of
evidence for historical interpretation; to recognize and understand
differences in interpretation among commentators on the period; and
to help students retchgnize tint iisues salient in one period may not be
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similarly s ent in another. That prior historical training, then, enables
one to offet )uroe on a subject that one had not studied formally but
which one Ilau Lite tools to handle. Such background is very different
from that of mathematics teachers similarly asked to teach twentieth-
century American history courses on the seemingly plausible ground
that since they had lived through the mid-twentieth century in America
as sentient adults, then they had the necessary qualifications. The
likelihood is that they would have recollections, intelligence, and
pedagogical skill but not historical insight. That is not enough.

The example of the mathematician teaching mid-twentieth-century
American history may seem a bit extreme, but it illustrates a general
point, which is that teachers are regularly asked to teach something
about which they have a surface familiarity but no fundamental under-
standing of the discipline. How many elementary teachers, for ex-
ample, teach arithmetic with complete familiarity with the number
facts of addit.:on, subtraction, multiplication, and division but with no
comparable understanding of the organizing principles of number
theory? Probably a good many do, and probably a good many children
thus learn accurately how to add, subtract, multiply, and divide. What
does not happen, however, and what is crucially important, is that for
those children who do not easily master the number facts, the teacher
has few, if any, intellectual resources to explain to the children WHY
the numbers work together in the way that they do, thus eliminating a
pedagogically effective way of helping them overcome their difficulty
in learning the number facts themselves. More commonly, when chil-
dren must master multiplication and division of fractions, most do so
with memorization of when to invert divisors but without any com-
prehension of WHY it is necessary to do so. The explanation is in terms
of the rule to follow, not in terms of why that rule works. Somc children
will simply memorize the rule and be done with it; a few will figure out
on their own the basis for the rule; but others, too many others, will
simply not get it, and the teacher will be bereft of the understanding
that would translate into explanations which help more of them to
grasp the assignment. The teacher, then, must not only be able to do
the problems but also be able to understand why the problems are
solved the way they are.

Recently Robert E. Apfel, head of the mechanical engineering de-
partment at Yale University, criticized what passes for science educa-
tion in the elementary school: "Why should a fifth grader know it takes
longer for Uranus to travel around the Sun than the Earth? Or that a
light year is defined as a measure of distance. These questions don't test
science literacy, but memorization, which tells about science, rather
than encouraging exploration of the three-dimensional natural world.
Why not have the second grader describe his or her rock so carefully
that a classmate can find it among many similar rp,es? Why not have
sixth graders, equipped with strong weights, a stopwatch and a ruler,
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write about or give an oral presentation on what dete les the period
of a pendulum? These simple examples illustrate war) of' combining
the process of science with evaluation" (Apfel, 1985).

Apfel, of course, is correct in preferring such Mrect experience with
science over the diluted study that comes thro.ivh a text. Nonetheless,
the answer to Uranus' travel or the definitiGn oi a light year can be
found easily by the teacher who is not lospowledgeable about science,
who has only a surface familiarity with the subject. Helping students
identify rocks accurately or explaining the workings of a pendulum
requires a much deeper understanding of geology or physics than does
science presented via the textbook, and many elementary teachers do
not have that deeper understanding of science.

If Fletcher Watson is correct that "The teacher in the classroom is the
image of science before the pupils" (Watson, 1983, p. 50) then, un-
fortunately, many students perceive an "answer giver" as something
indistinguishable from, or at best an extension of, the textbook they
stuff into their lockers immediately after class. Not only do Stake and
Easley report that "Over 90% of the science teachers in a sample of
12,000 teachers said their instructional materials were the heart of their
teaching curriculum 90-95% of the time" (Stake & Easley, 1978, p.
13:66), they add that "As we saw it, teachers relied on, teachers believed
in, the textbook. Textbooks and oe'ler learning materials were not used
to support teaching and learning, :hey were the instrument of teaching
and learning" (Stake & Easley, 1978, p. 19:6). Surface familiarity with a
subject, then, ought not to entitle one to teach it, even at a rudimentary
level. A deeper grasp of the discipline is needed; too often neither is it
provided by the college or university program of studies nor is it
assessed by examinations.

Zoeller and Watson (1974) have elaborated on the concept of a
"curriculum-proof' teacher in science education. By this term, they
explicitly reject attempts to demean, minimize, or automatize teachers
through the creation of "teacher-proof" curricula, and recognize the
centrality of teachers' role in the educative process. Curriculum-proof
teachers, they argue, are those: (a) who are "independent enough to be
dominated by no single course outline or sequence" (Zoeller & Watson,
1974, p. 96) but rather creatively and flexibly tailor the curricular
materials to the needs of their students; (b) who use different means to
achieve similar goals and vary their instructional strategies for dif-
ferent groups and individuals; and (c) who are capable of intelligent
decision making, encourage their students to do likewise, and expect
both thoughtful questions as well as answers rooted in appropriate
evidence. For Zoeller and Watson, the "curriculum-proof teacher
seems to be a logical step toward the achievement of. . . the curriculum-
proof citizen, who is the ultimate goal of a relevant science curriculum"
(Zoeller & Watson, 1974, p. 95).

This hypothetical curriculum-proof science teacher may not be the
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visionary notion that skeptics would have us believemany of the
teachers identified in the NSTA Search for Excellence initiative eX-
emplified these characteristics. In fact, Bonnstetter, Penick, and Yager
(1983, p. 33) have consolidated their data into a list of 20 characteristics
applicable to a search for excellent teachers. They note that teachers of
exemplaty science programs create a stimulating and accepting en-
viron7). At, systematically providing for students' cognitive and affec-

ti. 0.1; they do not consider the classroom walls as aboundary and
use societal issues as a conceptual focus; they stress scientific

litel-,Icy; they want their students to apply knowledge and challenge
them to do so; they are flexible in their use of time, curricular
approach, and expectations, and are themselves "models of active
inquiry"; they are concerned with improving their communicative
skills and work well with parents, administrators and community
leaders.

Knowledge of the subject matter is essential, but it is not enough.
Two additional dimensions are vital for good teachers. The first is
understanding cognitive, developmental, and cultural influences on
learning. Knowledge of how persons learnthe varied means by which
they learn, their varied receptivity for learning, and the explanation
for those variationsis essential. Ultimate understandings can not be
expected, but partial understandings are, and most of all, appreciation
of the significance of the issue can be expected. The corollary issues are
"How that learning can be augmented, enhanced, and facilitated?" or
expressed negatively, "How is that learning impeded?" We now recog-
nize variation in children's learning styles, a variation influenced by
different cognitive styles and different developmental stages. We
know, too, that family, peer, and cultural expectations vary greatly. To
be aware of variance, however, is not to accept differential perform-
ance. Rather, it requires accommodating the teacher's style to meet the
children's differences rather than simply letting theschooling process
reinforce some children's aptitudes for learning and others' disinclina-
tion. When a child fails to learn the material, the teacher's task is to
understand why the child did not learn the first time so that the
obstacles to learning can be removed.

In addition to knowledge of the subject matter and of differences in
children's learning, teachers must also act in accordance with their
knowledge and understanding. To be pedagogically effective, teachers
must be able to incorporate both the essence of their subject and its
amplification in ways that will make it accessible to the children.Those
are monumentally complex actions to expect of teachers, many of
whom are still trained to provide essentially a "take it or leave it"
approach to curricular presentations.

Science teachers, in particular, are said to use an insufficient reper-
toire of instructional strategies and evaluative procedures in the class-
rooms. Rather than alternate their strategies in accordance with the
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topic under discussion or the specific instructional objectives or student
learning styles, most science teachers adopt a traditional lecture-
recitation format while using laboratory and other hands-on experi-
ences for verification of lectui.e or textbook conclusions!'

So far the colleges and universities who ostensibly educate these
teachers are much better at analyzing differences in student receptivity
for learning than we are at either helping teachers understand the
disciplines to be taught in pedagogically fruitful ways or in assisting
them in combining their knowledge of children and the subjects in
effective ways. Much more effort aimed at helping teachers adapt their
pedagogy is essential. Such adaptation is necessary for the teacher-
centered school because in it one is moving beyond a simple recogni-
tion of differences among children to a profound acknowledgment of
the teacher's responsibility to vary his or her pedagogical strategy in
dealing with students.

In this regard the renewed emphasis on technology and its potential
for enhancing learning may prove helpful. We have yet to see. As we
think more about curricular questions and various modes of present-
ing material to students in pedagogically effective ways, we recognize
the need for collaborative work with specialists in several areas: schol-
ars in academic areas such as chemists, physicists, mathematicians;
psychologists expert in cognition and development; thoughtful and
experienced teachers in the school subjects; educators interested in
aiding teachers; administrative personnel; and persons knowledgeable
about developing software. Su& cooperative endeavors need to be just
that, and colleges and universities are good places to organize such
groups.

In the past we have sometimes believed that one group of partici-
pants, such as the subject matter specialist or the psychologist, should
have the preeminent role as a consequence of his or her presumed
expertise. What we have learned, however, is that pedagogical
effectiveness rests not upon one of these specialists but upon the
interaction of all of them. Thus, in order to work thoughtfully and
creatively in the combined area of curriculum development and
pedagogical effectiveness we need the joint efforts of such groups,
whose composition will vary with the specific subjects to be addressed.
The success of the enterprise is likely to depend on our ability to be
flexible in bringing together interested and informed participants for
the duration of the exercise,

Such expertise in pedai. gy is relatively unimportant in teaching
those who learn easily, but it is essential for the majority of students for
whom learning what adults and the society want them to know does not
come easily. Skill is in short supply and has been underappreciated and
misunderstood in recent years, largely because we the society and thus
6See, for exampse, references by DeRose, Lockard, and Paldy (1979), Kyle (1984b),

and Shymansky (1980).
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the educators among us have believed that it was neither necessary nor
important for all persons to achieve substantial levels of academic
learning. Now we are changing our minds, and we need to give more
attention to the means of increasing pedagogical effectiveness as part
of the education of teachers.

Let us conclude this section on teacher preparation by observing the
overpowering significance of a small cadre of extraordinarily effective
teachers in a school building. Unless each building has such a group of
expert teachers, even though it may be small, the remaining teachers,
be they experienced or inexperienced, have no resident models for
their own performance. Few factors are more conJucive to assisting a
teacher to become more effective than the availability of a colleague
who is effective and who is willing to help. Normally the teachers who
are outstanding in enhancing children's learning are informally recog-
nized by both their colleagues and by the administration, although too
frequently they are not rewarded for their excellence. Sometimes their
expertise is a consequence of their formal study; often, particularly in
recent years when opportunities for formal study for experienced
teachers have diminished, it is a consequence of informal study.
Nonetheless, the existence of such a cadre is vitally important in setting
the tone of expected teacher performance in the building. One of the
most troubling consequenLes of the recent departures of abk persons
from teaching is the reduction of those small, expert Fe, r9aos. The shift
of able women from teaching to other professions has fll rther eroded
that group. An issue for all of us remains to assure that each building
has at least a small, and preferably a large, group of recognized peda-
gogically effective teache.;.s. They are vital in establishing the standard
of instruction throughout the building.

Consensus About Goals

Finally, society at large and the educators within it must agree on
what our schools are expected to do, and both the lay members of the
community and the professional educators must collaborate to achieve
this agreed-upon end. At the moment both the agreement about goals
for the schools and means of achieving them are a little nebulous. In
most political processes there is a legitimate and often desirable
ambiguity about goals since a premature specificity often reduces the
participation of some in the coalition. In schooling, however, which is
indeed influenced by the larger politics of American life, we need to
articulate with greater clarity what we are trying to do. We need to
recognize that schools are not multipurpose social institutions designed
to aid young people in a variety of ways, all equally important. Rather,
schools are institutions with a rank order of priorities for dealing with
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the young, and at the top of the list must be effective instruction in
academic material.

This commitment to a hierarchy of priorities for schooling is es-
pecially important for the children of the poor who, if they are not
instructed in school, are less likely than the children of the rich to have
compensatory instruction in the private sector. The current Socialist
Minister of Education in France, Jean-Pierre Chevenement, argues, "A
good school with high standards is more democratic than a lax school.
It is a paradox that many intellectuals don't understand" (Chevene-
ment, 1985). In the United States we have often believed that if we did
not hold some children to as high a standard as we held others, or if we
did not expect as much as some childrenoften based on differences
in their socio-economic or ethnic originsas we did of others, then we
were doing a favor to the ones of whom we were expecting less. We
were not "pressuring" them but rather "allowing them to choose." We
have come to see that it is of no benefit either to the child or to the
society to insist that some become literate and to Nave the option of
illiteracy open to others. That is not a realistic choice for America
today.

This issue is especially pointed for science education, which during
most of the post:Sputnik period has been regarded as specialized
education for the academically gifted, particularly those who might
become scientists. High schools prided themselves on their advanced
placement offerings in physics. chemistry, biology, and calculus. Only afew benefited from these courses, but for those who did and for the
teachers who taught them they were frequently intellectually challeng-
ing experiences.

Today, however, our concerns about education generally and sci-
ence education, specifically, are more pervasive. We are increasingly
concerned with the academic learning or lack of academic learning of
the children in the middle, not simply the future scientists. At a recent
meeting convened by the National Science Board Commission on
Precollege Education in Mathematics, Science, and Technology (1982)
representatives from a variety of institutionsincluding Big Ten uni-
veysities, the military academies, historically Black colleges, community
colleges, MIT and Cal Tech, and traditional four-year liberal arts
colleges informally agreed that for all their entering students they
sought two academic characteristics: strong competence in mathe-
matics up to but not including calculus, and vigorous interest and
enthusiasm about science but not advanced placement courses in
specific sciences. If such views were widely accepted by both high
school and colleges, the consequences for science and mathematics
teaching would be immense. Fundamentally, it would emancipate sci-
ence teachers from differentiated science courses for the college bound
and the noncollege bound and allow them to exercise greater creative
energies on developing science courses that would indeed intrigue a
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broad cross-section of students. Such efforts would test the ingenuity of
the teachers.

How we accomplish such academic learning for all is the issue at
hand. To do so would be a fundamental change for this and all other
societies. We have not done this yet, and neither have the French,
despite the Minister's statement, or any other nation. Achievement of
this illusive goal rests on the interrelationship of the four issues dis-
cussed earlier: improving working conditions for teachers, attracting

able people to teaching, preparing teachers to be pedagogically e ffec-
tive with all children, and gaining societal consensus about the academ-

ic goals of schooling. We know that when only one or two of these
changes occurred (the Master of Arts in Teaching program, for ex-
ample, was an excellent combination of attracting able people to teach-
ing and preparing them well but it did not change working conditions
in the schools nor did the society agree on academic ends of schooling),
without support of the other two, fundamental reform did not occur.
We need that fundamental reform now.

Conclusion

The basic task of teachers is to nurture and enhance the young.Few
adult jobs are more important and more challenging than that. Hence,
we can be cautiously optimistic about the willingness of society to accept
the necessity to change teachers' working conditions, to encourage able
persons both traditional and untraditional to teach, and to urge col-
leges and universities to help teachers to become truly pedagogically
effective, thus justifying a change from child-centered schools to
teacher-centered schools.
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Thursday, October 10

8.00 a.m. P.,.i:'stration
Ham^ m Foyer

8:45 a.m.
Hampton

9:00 a.m.
Hampton

10:15 a.m.

10:30 a.m.

Council

Calvert

Cabinet

Capitol

Caucus
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Vakome and Overview of the Forum
.drey B. Champagne, Project Director. National Forum for

5.h2ol Science

Session .1: Science TeachingPolicy and
Practice
Education reform attempts and outcomes 0 Defining
science teacher quality Rules and responsibility
0 Current and future policy options

Moderator:
William D. Carey, Exec/aim Officer. AAAS

Speakers:
Newt Gingrich, Member. U.S. House of Representatives (R-GA)

George Pimentel, Direaor. Laboratory of Chianical

Biodynamics. University of Califorwia. Berkeley

Patricia A. Graham, Dean. Harvard Gwdnate Sihwd of

Education

Break

Discussion .Sessions

"Data Collection and Analysis far Iniormed Science
Education Policy-Making"

Discussion leader: Iris Weiss, Sarno Educational Research

Scientist. Research Triangle Institute

"Mobilizing a Community to Improve Science Instruction"
Discussion leader: Richard A. Wallace, Jr., Superintendent.

Pittsburgh Public Schott

"Who Is Responsible for Science Teacher Supply and
Quality?"
Discussion leader: Arthur E. Wise, Direaor. Center for the
Study of the Teaching Profession. The Rand Corporation

"Effects of Hiring and Certification Policies on Cbssroom
Quality"

Discussion leader: Alphonse Buccino, Dean of the College of

Education. The University of Georgia

"Legislative, Administrative, or Professional Control of
Teaching Practice?"
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Discussion leader: Gerald Skoog, Chair of Secondary
Education, Texas Tech University, and President, National
Science Teachers Association

12:15 p.m. Luncheon
Hampton Address: "The Impact of Artificial Intelligence on School

Science"

Pamela Surko, Member of the Technkal Staff, AT&T Bell
Laborasories. and Presidern Associasion of Women in Science

2:30 p.m. Session II: The Social, Economic, and Political
Hampton Environment of Teaching

Factors that affect the supply and quality of science
teachers 0 Wise resource utilization 0 Social costs of
ineffective teaching

Moderator: F. James Rutherford, Chief Education Officer,
AAAS

Speakers:
Edward Harvey, Professor of Sociology, Ontario Institute for
Sludies in Education

Erich Bloch, Director, National Science Foundation

M. Carl Holman, President, National Urban Collision

3:45 p.m. Break

4:00 p.m. Discussion Sessions

Calvert "Caught Between Excellence and Equality: Occupational and
Professional Issues for Science Teachers"

Discussion leader: Lorna Marsden, Professor of Sociology,
University of Toronto, and Member of the Canadian Senate

Caucus "Making the Best of Scarce Human Resources"

Discussion leader: Pamela Surko, Member of the Technical
Staff, AT&T Bell Laboratories

Council "Working Conditions That Promote Effective Science
Teaching"

Discussion leader: Margret Andersen, Chemistry Teacher,
Dennis-Yarmouth Regional High School

Cabinet "What Happens to Science Teaching When Career
Alternatives for Women and Minorities Increase?"

Discussion leader: To be announced

Capitol "Making Good Laboratory Teaching Feasible"
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5:15 p.m.

5:45 p.m.
Executive

Discussion leader: Bassam Z. Shakhashiri, Assistant
Director for Science and Engineering Education. National Science

Foundation

Adjournment

Reception

Friday, October 11

8:00 a.m. Registration
Hampton Foyer

9:00 a.m.
Hampton

10:15 a.m.

10:30 a.m.

Calvert

Embassy

Hampton

180

Session HI: Setting and MAntaining Standards
of Quality for Science Teachiag
Factors that determine science teacher efficacy El Models of
science teacher education 0 Assessing teacher
quality 0 Balancing scientific and professional training

Moderator:
Richard Berendzen, President, The American University

Speakers:
Paul E. Peterson, Director, Governmental Studies,
The Brookings Institution

Gordon Arnbach, Commissioner of Education for the State of

New York

Amado J. Sandoval, Chemistry Teacher, Centennial High School

Break

Discussion Sessions

"Teaching Teachers to Teach Science Well, Part 1:
Preservice Education"

Discussion leader: Michael Fultz, Instruaor. Harvard
Graduate School of Educatio,

"Teaching Teachers to Te. :-.:ence Well, Part 11:

Continuing Education for Teachers"
Discussion leader: Robert Rosenbaum, Professor of
Mathematics, Wesleyan University

"What Is a Good Science Teacher?"
Discussion leader: Diana Marinez, Pmfessor and Chair of the
Department of Natural Science, Michigan State University
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Cabinet

Capitol

"Assessing Science Teacher Quality"

Discussion leader: Doris S. Sando7al, Chunisby Teacher,
Springbrook High School

"Quality Science Teaching at the Elementary Level"
Discussion leader: Alice Mosr, Associale Program Director for
Leadership Activities for Nadler ...eachers. National Science
Foundation

12:15 p.m. Luncheon
Diplomat Summary and Recommendations for Action

To be announced

2:00 p.m.

Closing Remarks
Audrey B. Champagne, Projea Director. National Forum for

School Science

Adjournment
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C. Statistical Information on
Science Teachers
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Table A-1

General education: science taken.

Average total hours in
science credits

Average total upper-kvcl hours

Average percent science credits
of total credits

Average Iota: hours in science
with laboratory (non.transfer)

Average total hours in
biological sciences*

Average total hours in physics
and chemistry*

Average total hours in other
sciences (astronomy, earth
science, etc.)*

Teachers
(N. =3,1.58)

Ads and sciences
(N? 2,083)

11,6 12.2

,7 .9

8.2 9.1

6.0 7.0

6.1 5.3

1.8 3.3

3.6 3.5

Average for individual disciplines do not add to total for ail sciences combined
because numbers of non-major graduates vary for individual disciplines.

From An Analysis of Transcripts of Teachers and Arts and Sciences Graduates
(p. 26) by E.G. Galambos, L.M. Cornett, and H.D. Spitler, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.
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Table A-2

Number and percent of graduates by le, els ofmathematics taken.

Teachers
(N -= 3,12 7)

Arts and sciences
(N = 2,639)

Number Percent Number Percent
1. No mathematics courses in college 220 7.0 280 11.0

2. Remedial, and no othcr
mathcmatics course 105 3.0 74 3.0

3. Remedial mathematics and/or
Level 2+ mathematics course(s) 338 11.0 313 12.0

4. "Teachers' mathematics" course(s) 771 25.0 14 .5

5. Remedial and/or "teachers'
mathematics," and/or Level 2+
mathcmatics courses 1,334 43.0 339 13.0

6. Level 1* and/or upper-level
mathematics 489 16.0 1,157 44.0

Level I: Prerequisite of 2 years high school algebra and 1 year geometry
+Level 2: Requires less preparation than for Level 1

The above categories are not additive because some graduates appear in more than one cate-
gory. Each category refers to graduates who took only a combination of courses within that
pattern, and no other courses. Categnries 2 through 6 include credits earned at the partici.
pating institution only.

From An Analysis of Transcripts of Teachers and Arts and Sciences Graduates
(p. 22) by E.C. Galarnbos, L.M. Cornett, and H.D. Spitler, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.
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Table A-3

General education credits taken by elementary and early child-
hood teachers (N = 1,251).

Average
hours

Average percent of
total credits

(136.9 = total credits)
Nlathematics

Science

7.7

12.1

5.7%

8.8
Biology 6.2
Chemistry/physics 1.3
Other science 4.6

English 12.2 8.9

Social science 23.6 17.3
History 6.9
Political science 2.6
Psychology 5.5
Economics .9
Sociology 3.2
Other social science 4.5

Other liberal arts 13.7 10.0
Languages 1.8
Fine arts 7.1
Philosophy .6
Other humanities 4.2

Total general education 69.3 50.7

From An Analysis of Tran.scripts of Teachers and Arts and Sciences Graduates
(p. 37) by E.C. Galambos, L.M. Cornett, and H.D. Spider, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.

Table A-4

Percent of graduates completing at least nine hours in science
disciplines.

Teachers Arts and science
Biological sciences 13% 12%
Other sciences

(astronomy, earth science, etc.) 6 7
Chemistry and/or physics 4 11

From An Analysis of Transcripts of Teachers and Arts and Sciences Graduates
(p. 28) by E.C. Galambos, L.M. Cornett, and H.D. Spider, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.
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Table A-5

Percent of graduates not completing a single course in science
disciplines.

Teachers Arts and sciences

Chemistry and/or physics 68% 54%
Other sciences

(astronomy, carth science, ctc.) 34 41
Biological sciences 11 25
Any scicncc * 1

Less than I percent

From An Analysis of Transcripts of Teachers and Arts and Sciences Graduates
(p. 28) by E.C. Galambos, L.M. Cornett, and H.D. Spitler, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.

Table A-6

Hours of science taken and percent of credit in major.

Teachers

Science education
(N 115)

Arts and sciences

Biological Physical
sciences sciences

(N = 367) (N ---- 310)
Average hours

Lower level 33.1 14.7 29.3
Upper level 16.2 24.6 26.5
Total* 49.3 39.3 55.8

Percent of at
upper level 31.3% 62.1% 46.6%

Pcrccnt of total
credit in major* 34.2% 28.7% 39.4%
*Total credit in major for science education majors includes all credit
taken in the biological sciences, physical sciences, and other physical
and earth sciences.

Total credit in major for arts and sciences graduates includes the bio.
logical sciences for majors in biological science, and chemistry, physics,
and other physical und earth sciences for physical science majors.

From An Andysis of Transcripts of Teachers and Arts and Sciences Graduates
(p. 52) by E.C. Galambos, L.M. Cornett, and H.D. Spitler, 1985, Atlanta,
GA: Southern Regional Education Board. Reprinted by permission.
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Figure A-1

Vocabulary, reading, and mathematics test scores of high school
seniors intending education majors compared with other in-
tended majors.

Mak education major

Mak other major

Female education major

Female other major

Nkile education major

Male other major

Female education major

Female other major

Vocabulary

0 2 4 6 8 10 19 14
Average score

Reading

rn
0 2 4

I I I 1
6 8 10 12 14 16 18 20

Average score

Mathematks

NIale education major

Male other major

Female education major

Female other major

1 1 1 I 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18

0 1972
EI 1980

'Average score

From The Condition of Education (p. 223) by V. W. Plisko (Ed.), 1983,
Washington, DC: National Center for Education Statistics.
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Table A-7

Intended undergraduate fields of college-bound seniors by SAT
scores, 1980-81.

Number respo»di»g
SAT

Verbal
mean

906,195 Total
SAT Selected
Math SAT
mean totals

Arts and humanities 434 453 887
Archi tecturc/environm en tal design 414 489 903
Art 403 421 824
English/literature 507 482 989
Foreign languages 474 477 951
Music 435 454 889
Philosophy and religion 463 481 944
Theater arts 439 436 875

bi dogical sciences and related areas 433 472 905
Agriculture 404 440 844
Biological sciences 471 504 975
Foi estry/co nservation 418 452 870
Health and medical 428 469 897

Business, commerce, and communications 406 446 852
Business and commerce 398 446 844
Communications 443 446 889

Physical sciences and related areas 443 527 970
Computer science/sysu.ms analysis 416 492 908
Engineering 446 534 980
Mathematics 456 572 1028
Phys: al sciences 498 558 1056

Social sciences and related areas 429 449 878
Education 391 418 809
Ethnic studies 381 395 776
Geography 422 474 896
l listory and cultures 482 472 954
I fume econ omics 383 411
Library science 464 431 5

Military science 433 474 907
Psychology 433 447 880
Social sciences 456 474 930

Miscellaneous 420 459 879
Other 395 431 826
Trade and vocational 350 391 741

Undecided 440 480 920
Source: Admissions Testing Program of the College Board, National Report,College

Bound Seniors. 1981. p.I 8.

From Sdence and Engineering Education: Data and Information (p. 127) by
the National Science Foundation Office of Scientific & Engineering
Personnel & Education, 1982, Washington, DC: National Science Foun-
dation.
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Table A-8 Trends inGraduate RecordExaminatbn mean verbal and quantitative test scores by field, 1970171
1977178.

Prospective livid ofgrub* study Aptitude type 1970171 1971172 1972/73 1973/74 1974/75 1975176 1976/77 1977/78

Science fields

512 500 519 502 508 500 514 517
650 643 648 648 630 623 634 636

517 495 510 513 506 520 513 504
675 673 676 675 661 673 666 669

444 448 455 449 440 471 462 459
656 651 665 663 649 654 657 657

491 491 504 508 508 506 506 503
556 553 570 569 568 557 558 559

533 527 522 525 521 534 526 516
530 526 521 521 518 526 518 414

Nonscience fields

500 502 509 508 502 513 507 498
496 501 508 507 513 530 527 517

472 463 452 449 454 464 454 446
462 457 450 442 445 459 449 449

546 534 537 541 542 537 543 532
494 492 493 494 490 494 502 497

492 482 484 493 488 471 477 483
480 475 475 477 464 461 465 472

Physical scknces

Mathematical seknees

Engineering

Life sciences

Basic social sciences

Health professions

Education

kts and humanities

Applied social sciences

VOth 496 490 501 498 496 507 498 486
er nonscience

Q 498 500 502 495 498 509 510 504'Nutt V Ir. verbal, Q quantitative. Standard
deviations cannot be computed for all yeas. For 1976177, however, standard

deviations ranged between 100 and 138,Sources: Data for theyears 197017 I through 1974175
are from a onein.fifteen sample study

of examinees of those years. See Robert F, Boldt, Trends in Atnitnde of Graduate14 Students in Science (Princeton, NJ
.; Educational Testing Servke),

p. 20, Mean scores for 1975176 and
1976177 were calculated from unpublished tabulations furnished by the

Educational Testing Service, based on hte test resultsof a high proportion of all examinees of those years. Mean scores for 1977178
are from A Summary of Data Collected from

Graduate Record Examination
Test Takers During 1977178,

Data Summary Report No.3 (Princeton, N.L; Educational
Testing Service), February 1978, Tables 13, 14 and 42;

pp. 42, 81.84 and 85.88.

Source; 141ationa1 Science Foundation, Science Indicators - 1980,

From Science and Engineering Education: Data and Information (033) by the National Science Foundation, 1982,Washington, DC: National Science Foundation.
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Table A-9

Elementary teachers' perceptions of their qualifications to teach
each subject.

Percent of teachers

Subject
Not well
qualified

Adequately
qualified

Very well
qualified Missing

Mathematics 4 46 49 1

Science 16 60 22 2

Social studies 6 54 39 1

Reading 3 32 63 2

Sample N = 1667
Source: Weiss. Iris ft., Report of the 1977 National Surrey of Science. Mathematics,
and Social Studies Education, p. 142.

From Science and Engineering Education: Data and Information (p. 101) by
the National Science Foundation Ofiice of Scientific & Engineering
Personnel & Education, 1982, Washington, DC: National Science Foun-
dation.

Table A-10

Percent of secondary teachers of each subject who feel in-
adequately qualified to teach one or more of their courses.

Yes No Unknown

Mathematics
7-9 (N = 550) 88 1

10.12 (N = 548) 95 0

Science
7-9 (N = 535) 13 86 1

10.12 (N = 586) 13 82 3

Social studies
7-9 (N = 453) 9 89 2

10.12 (N = 490) 16 81 3

Source: Weiss. Iris R., Report of the 1977 National Surrey of
Science, Mathematics, and Soda! Studies Education, p. 144.

From Science and Engineeringr Education: Data and Information (p. 102) by
the National Science Foundation Office of Scientific & Engineering
Personnel & Education, 1982, Washington, DC: National Science Foun-
dation.
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Table A-11

Certification in field currently teaching of newly graduatedIfull-
time elementary/secondary school teachers, May 1981.

Field currently teachiv

Certified or eligible for certification

In field Not
other eligible

In In field than or
some currently currently don't

Number Total field teaching teaching know

Total

Special education teachers, all

'Self-contained class' ,eachers
Specialty teachers

Arts and humanities
English language arts
Foreign languages
and fine arts
Sciences and mathematics
Biological and
physical sciences
Mathematics

Miscellaneous specialties2
Health and physical education
Social sciences/social studies
MI other specialties=

Percentage distribution
79,000 100.0 93.8 77.9 15.9 6.2
16,700 100.0 96.1 77.3 18.8 3.9
26,400 100.0 94.8 80.0 14.8 5.2
38,900 100.0 91.4 73.7 17.7 8.6
21,100 100.0 88.2 61.9 26.3 11.8
10,200 100.0 34.6 50.6 34.0 15.5
11,000 100.0 91.6 72.3 19.2 8.4

15,500 100.0 86.9 43.7 43.2 13.1

7,900 100.0 88.3 45.4 43.0 11.7
7,500 100.0 85.4 42.0 43.4 14.6

30,700 100.0 90.4 57.2 33.2 9.6
10,600 100.0 93.6 68.5 25.0 6.4
6,600 100.0 90.5 63.3 27.2 9.5

13,600 100.0 87.9 45.4 42.4 12.1
11979.80 bachelor's degree recipients teaching elementary/secondary school full-time in May 1981.

2Does not include unclassified specialties because certification in field cannot be determined.
Note: Categories do not add to total because of multiple responses. Le., teachers taught more than
one field. Precision of the estimates may be calculated using the approximate coefficients of varia-
tion provided in the Data Sources in the Appendix.

Source: U.S. Department of Education, National Center for Education Statistics, Recent College
Graduates Survey. 1981. unpublished tabulations (November 1982).

From The Condition of Education (p. 206) by V. W. Plisko (Ed.), 1983,
Washington, DC: National Center for Education Statistics.
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Table A-12

Certification of newly graduated teachers, 1979-1980.

Certified or eligible for certification

Subject eir field
currently teaching

Nu m tier'

Percent
Perce»t in field
in some currently
field teaching

Percent
in field

other than
currently
teaching

Percent not
eligible or
don't know

Total 79,800 93.8 77.9 15.9 6.2

Special education teachers, all 16,700 96.1 77.3 18.8 3.9

"Self.contained class" teachers 26,400 94.8 80.0 14.8 5.2

English language arts 10,200 84.6 50.6 34.0 15.5

Foreign languages and fine arts 11,000 91.6 72.3 19.2 8.4

Biological and physical sciences 7,900 88.3 45.4 43.0 11.7

Mathematics 7,500 85.4 42.0 43.4 14.6

Health and physical education 10,600 93.6 68.5 25.0 6.4

Social sciences/social studies 6,600 90.5 63.3 27.2 9.5

'1979.1980 bachelor's degree recipients teaching
in May 1981.
Source: National Center for Education Statistics.

elementary or secondary school full time

From Indicators of Precollege Education in Science andMathematics (p. 53) by

S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC: National
Academy Press.
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Figure A-2

Qualifications of new teachers for the field they are currently
teaching, 1981.

Mathematics

Sciences

English

Miscellaneous specialties

Social studies

All teachers

1
0 20 40 60 80 100

Percentage

Certified or eligible
for certification in
field currently teaching

Not certified or
eligible for certification
in field currently teaching

From Beyond the Commusion Reports: The Coming Crisis in Teaching (p. 5) by
L. Darling-Hammond, 1984, Santa Monica, CA: The Rand Corp. Re-
printed by permission.
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Table A-13

Percent of newly employed, but unqualified,* science and math
teachers.

Census region 1980-1981 1981-1982

Pacific States 75% 84%

Mountain States 44 43

West North Central States 26 43

West South Central States 63 63

East North Central States 23 32

East South Central States 43 40

North East States 11 9

Atlantic States 40 46

South Atlantic States 48 50

Nationwide 45% 50%

*Uncertified

From testimony before the Subcommittee on 1-IUD-Independent Agen-
cies of the Senate Appropriations Committee (p. 4) by &E. Klein, 24 May

1985.

Table A-14

Percent of emergency* science and math teachers hired in 1981

82.

Census region

Percentage of emergency
leachers hired

Pacific States 84%

Mountain States 23%

West North Central States 43%

West South Central States 63%

East North Central States 46%

East South Central States 40%

Northeastern States 9%

Middle Atlantic States 43%

South Atlantic States 50%

Nationwide 50%

Uncertified

From "The Teacher Crisis in Secondary School Science and Mathe-
matics" by J.A. Shymansky and B.G. Aldridge, 1982, Educational Leader-
ship, November 1982, p. 62. Reprinted with permission of the Associa-

tion for Supervision and Curriculum Development. Copyrigh: 1982 by

the Association for Supervision and Curriculum Development. All rights

reserved.
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Table A-15

Teacher certification requirements.

Elementary' Secondary b
State Math Science Math Science Test

Alabama 12 combined 12 combined S
Alaska U U U U
Arizona 12-30 12-30 30 30 S
Arkansas 6 9 21 24 NTE
California U U U U S/NTE
Colorado U U U U S
Connecticut 6 R 30 30 5
Delaware U U 30 39-45 S
D.C. 9 6 30 30
Florida 6-12 combined 21 20 S

Georgia U U 45 qh 40-75 qh S
Hawaii U U major major
Idaho 6 8 20-45 20-45
Illinois 5 7 24-32 24-32
Indiana R R 24-52 24-52
Iowa U R 30 30
Kansas 12 combined 18 24
Kentucky 12 combined 48 48
Louisiana 6 6 20 20-32 S/NTE
Maine U U 18-50 18-50

Maryland 6 12 24 36
Massachusetts U U 36 36
Michigan U U 30 30
Minnesota U U major major
Mississippi 15 combined 12 combined NTE
Missouri 5 5 30 30
Montana U U 20-40 20-40
Nebraska U U U U
Nevada U U 16-36 16-36
New Hampshire U U U U

New Jersey R R 24-30 24-30
New Mexico R R 24-54 24-54 S/NTE
New York R R 24 36 NTE
N. Carolina U R major major NTE
N. Dakota U R U U

Ohio 6 8 20 20-60
Oklahoma R R 28 36 S

(continued)
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Table A-15 (continued)

State

Elementary a

Math Science

Secondary b

Math Science Test

Oregon 12 U 21-42 45
Pennsylvania U U U U
Rhode Isbnd U U 18 18

S. Carolina U 12 12-60 12-60 S/NTE
S. Dakota 2 4 major major
Tennessee 3 qh 12 qh 27 qh 24-48 qh
Texas U U U U NTE
Utah U U 16-46 16-46 S
Vermont U U U U
Virginia 6 6 16-27 24 NTE
Washington U U U U
W. Virginia U U U U S
Wisconsin U U 22-34 22-34
Wyoming R R R R

Code:
U = credits in mathematics and/or science may be required for certi-

fication; these subjects, however, are not specifically mentioned.
R = credits in mathematics and/or science are required for certifica-

tion; number of credits required is not indicated.
S = state-constructed test
NTE = National Teacher Examination
qh = quarter hour
Note: Unless otherwise noted, requirements are given in college semester
hours required in mathematics and science for state certification for ele-
mentary school teachers and to teach mathematics or science in second-
ary school.
aCertification to teach: requirements given are for the lowest-level certi-
ficate. Many states require additional credit hours for certification as a
specialist teacher in mathematics or science or for teaching in junior high
school.
bCertification to teach mathematics or science. A wide spread in credit
hours (e.g., 18-50 for Maine) generally means that the higher number in-
cludes courses in several sciences for certification to teach in all of them.
Source: Adapted from Woellner 1983) and Flakus-Mosqueda (1983).

From Indicators of Precollege Education in Science and Mathematics (pp.
62-63) by S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC:
National Academy Press.
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Figure A-3

Teacher certification requirements: New York.

Requirements for Teaching Certificates
A. Elementary Teaching Certificate. Valid for teaching nursery, kindergarten,

and grades 1-6. The provisional certificate is non-renewable and valid for
five years. Requirements are: baccaftiureate degree from an histitution of
higher education approved by the Commissioner; 24 semester hours of study
in professional education, including at least six semester hours in the teach-
ing of reading; and college supervised student teaching experience. The
permanent certificate is valid for life and requires satisfaction of require-
ments tor th-Fprovisional certificate; earned master's degree in an area func-
tionally related to elementary education; and two years of elementary teach-
ing experience.

B. Secondary Academic Teaching Certificates. Valid for teaching English, a
foreign language, mathematics, science or social studies in grades 7-12. The
provisional certificate is non-renewable and valid for five years. Require-
ments are: baccalaureate degree from an institution of higher education
approved by the Commissioner; 12 semester hours of study in professional
education; college supervised studeot teaching experience; and collegiate
study in the arca for which the certificate is being sought; (1) English-36
semester hours, (2) foreign language-24 semester hours in a specific for-
eign language, (3) mathematics-24 semester hours, including a year of study
in calculus, (4) science-36 semester hours of study in science, including a
minimum of 15 semester hours in the specific science arca for which certifi-
cation is sought (biology, chemistry, earth science or physics), and (5) social
studies-36 semester hours in the social sciences. The permanent certificate
is valid for life and the requirements are; satisfaction of requirements for the
provisional certificate; earned master's degree in an area functionally related
to the field of certification; and two years of experience as a secondary aca-
demic teacher.

C. Special Subject Teaching Certificates. Valid for arts, music, physical educa-
tion, recreation and speech, in nursery, kindergarten and grades 1-12. The
provisional certificate is non-renewable and valid for five years. The require-
ments are: baccalaureate degree from an institution of higher education
approved by the Commissioner; 12 semester hours of study in professional
education; college supervised student teaching experience; and 36 semester
hours of study in the special subject area for which certification is requested.
The requirements for the permanent certificate are: satisfaction of require-
ments for the provisional certificate; earned master's degree in an area func-
tionally related to the field of certification; and two years of experience as a
special subject teacher. This certificate is valid for life.

From Manua/ on Certification and Preparation of Educational Personnel in the
United States (p. A-83) by R.A. Roth and R. Mastain (Eds.), 1984, Sac-
ramento, CA: National Association of State Directors of Teacher Educa-
tion and Certification. Copyright 1984 by the National Association of
State Directors of Teacher Education and Certification. Reprinted by
permission.
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Figure A-4

Teacher certification requirements: California.

Requirementf for Teaching Credentials

A. Multiple Subject (elementary/self-contained classroom) and Single Subject

(secondary /departmentalized classroom).
1. Preliminary credential available only to candidates prepared outside of Cali-

fornia: bachelor's or higher degree except in education; teacher preparation

program, including student teaching; Basic Skills Examination (CBEST).
2, For the five-year preliminary* credential: all above, plus U.S. Constitution;

teaching of reading; subject.mat ter competence (NTE or approved program);

English language proficiency (CBEST).
3, For the five-year clear credential: all above, plus fifth year of study beyond

bachelor's degree; health education (drug and alcohol abuse ); special educa-

tion (mainstreaming); and recommendation of a California college or univer-

sity with a Commission-approved Multiple or Single Subject program.

4. For the life credential: two years of authorized hill-time experience in Cali-

fornia while holding the clear credential. Available until 9/1/85 only.

B. Teacher Trainee Certificatean alternative route to certification: Legislation
passcd in 1983 provided an alternate route to certification. The teacher
trainee certificate is available to individuals who meet the following require-

ments: a baccalaureate degree from a regionally accredited institution of
higher education, with a major or minor in the subject to be taugh t; success-

ful passage of the California BasicEducational Skills Test; successful passage

of the Commission-approved subject matter examination(s) for the subject
area(s) in which the teacher trainee is authorized to teach; verification by the

governing board of the employing agency that fully credentialed teachers arc

not available and that the teacher trainee will be assisted and guided through-

out the training period by a certificated employee who has been designated

as a mentor teacher; Certificate of Clearance verifying the trainee's personal

identification, and good moral character.
C. SpecialistAgriculture, Bilingual/Cross-Cultural Instruction, Early Childhood

Education, Health Science, Mathematics, Reading, and Special Education, in-

cluding Learning, Severely, Communication, Physically and Visually Handi-

capped and Gifted.
I. For the five-year clear credential: valid California teaching credential which

requires a bacheloMegree and a professional preparation program including
student teaching; fifth year of study beyond the bachelor's degree; profes-

sional preparation program in the specialist area; and recommendation of a

California college or university with the specific Commission-approved spe-

cialist program.
Candidates prepared outside of California may satisfy these requirements by

verifying completion of a master's degree in the specialist area, including a

practicum with school-age children, and eligibility for the equivalent creden-
tial authorization in the state where the program was completed.

2. For the life credential: two years of authorized full-time experience in Cali-

fornia while holding the clear specialist and clear basic credentials. Available
until September 1, 1985 only.
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I). Designated Subject Adult, Vocational and Special Subjects, including Driver
Education and Driver Training, ROTC, Basic Military Drill, and Aviation
Flight or Ground Instruction, full-time or part-time,

I. For the one-year preliminary** credential: five years of experience or the
equivalent in the subject to be taught; high school diploma or equivalent;
Basic Skills Examination (CBEST) for Adult academic subjects and Driver
Education and Driver Training; recommendation of a Commission-approved
Local Educational Agency (LEA) or Employing School District (ESD).

2. For the five-year preliminary **credential: all the above requirements, plus
U.S. Constitution Tfi1l.time credentials);

3. For the five-year clear** credentials: all above D. requirements, plus the pre-
liminary credential; two years of successful full-time (or part-time) teaching
as authorized by the preliminary credential; personalized preparation pro-
gram of 9 semester units or 135 clock hours (4 semester units or 60 clock
hours for part.time); health education (drug and alcohol abuse); and recom-
mendation of a Commission-approved LEA or ESD.

4. For the life credential: two years of authorized full-time experience in Cali-
fornia while holding the clear credential. Available until September 1, 1985
only. No life credential is available for the part-time credential.

*The Special Subject credentials require verifications specific to the subject to be taught,

**Only the clear credential can be renewed,

From Manual on Certification and Preparation of Educational P ersonnel in the
United States (pp. A-15-16) by R.A. Roth and R. Mastain (Eds.), 1984,
Sacramento, CA: National Association of State Directors of Teacher
Education and Certification. Copyright 1984 by the National Association
of State Directors of Teacher Education and Certification. Reprinted by
permission.
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Figure A-5

Instructional certification requirements: New Jersey.

Otnte of New Derlitu
DEPARTMENT OF EDUCATION

OFFICE OF
TEACHER CERTIFICATION & ACADEMIC CREDENTIALS

aUsttatletliDall ft().CN
111INTON, Nay/ JINSIY sae:50W

REQUIREMENTS FOR APPLICANTS
FOR INSTRUCTIONAL CERTIFICATES IN NEW JERSEY

Effective September 1, 1985

The following requirements apply to applicants for Instructional certificate. in New Jersey.

1. Bachelor's degree from an accredited college or university.

2. Passing score in specialization area test of the Notional Teacher Examinations for secondary teachers
and in the general knowledge lest for elementary or nursery teachers. See information on test
requirements for details and for exceptions.

3. Completion of 30 credits in a coherent sequence or 5 years of experience. This requirement refers

to a major field of study or experience that corresponds to a specific teaching endorsement. Each
year of related experience will be considered equivalent to six creditsof the required 30 credits.

4. Completion of an approved teacher preparation program or the alternative route to certification. See

Information on the alternative route for details.

Note the following:
1. Applicants with evaluations completed prior to September 1, 1985 must completerequirements I and

2 above and requirements included In evaluations for issuance of a regular certificate in an instruc-
tional field, These applicants must complete all requirements by September 1990.

2. Applicants from out-of-state under any form of reciprocity In accordance with the Interstate Certifica-
tion Compact will have met the content area requirement but must pass the required test for issuance
of a regular instructional certificate in a specific field.

3. Out of state applicants not entitled to reciprocity shall meet requirements in 1. 2, 3 and 4 above.

4. All graduates of approved teacher preparaticis programs In New Jersey colleges must pass the
required test but are not subiect to the 30 credit requirement until Spring 1987.

5. After September I, 1985. no instructional certificates will be Issued in inctructional fields based art
transcript evaluation. Applicants must complete either a college approved teacher preparation pro-

gram or a district training program through the alternative route to certification. Exceptions are
bilingual/ESL education, special education and vocational education. See information on the alterna-

tive route to certification.
6. After September 1, 1985 no emergency certificates will be issued except in the following fields:

bilingual/ESL education, special education and vocational education. Emergency certificates are
issued upon approval of the county superintendent of schools.
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Figure A-6

Letter to applicants concerning New Jersey's alternate route to
teacher certification.

r-

4%,dwe

Otate of New Orrorg
DEPARTMENT CT 1DUCATION

OFFICE OF 'EACTTER CERTIFICATION AND ACADEMIC CREDENTIALS
3535 OUAREFIBRIDGE ROAD

CN 503
TRENTON NEW JERSEY 000250503

Information for Prospective Applicants for
the Alternate Route to Certification

Dear Applicant:

This information is presented to you as an applicant who may be interested
in the alternative route to certification. In September 1984 the Scats Board of
Education revised certification regulations for apnlicants who have noc completed
education courses or student teaching to teach in the public schools. Through the
alternate route to certification, such an indivIdual may be hired as a calaried
teacher and must then participate in a district training program for one year under
a provisional certificate. Upon successful completion of the program the individual
will be eligible for a regular certificate. This new plan allows districts to hire
qualified but uncertified teachers even when certified teachers are available. Dis-
trict training programs will be available beginning September 1985. They will be
offered in all instructional areas excepc:

Special Education Bilingual/ESL Education Vocational Education

All applicants for teaching positions, whether they complete college teacher
education programs or the alternative route to certification will be required to
pass a test of content knowledge; elementary teachers must pass: a general knowledge
test. We plan to begin the testing program in ?larch, 1985.

It is our intention to develop a list of persona such as yourself who are
interested in positions as provisional teachers and distribute the list to school
districts in spring 1985. If you are interested in the alternative route to cer-
tification you should submit the following:

1. Completed information sheet (enclosed).
2. Credentials for evaluation in order to ascertain completion

of the 6,1coe1or's degree and content area. Unofficial trans-
cripts may be submitted for evaluation but no certificate will
be issued with unofficial transcripts.

3. One page statement which lists All your occupational experiences,
teaching experiences or other related experiences.

4. Money order or certified check for $30.00 payable to "Commissioner
of Education" to cover evaluation and processing costs.

Your credentials and experience statements will be reviewed. You will be notifie
of the results of the review and information regarding test and administration. The
above items should be sent to: Dr. Celeste N. Rorro, Director of Teacher Certificatic.
New Jersey Department of Education, 3535 Quakerbridge Road-CN 503, Trenton, New Jersey
08625-0503.

I appreciate your prompt request and look forward to heit:ing from you. You may
call this office at 609-292-4477 if you have questions regarding the Alternate Route
to Certification.
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Table A-16

Secondary school teachers assigned to mathematics and science
classes in public schools in 1979-1980.

Field of Assignment To tal-g- lull time
Mathematics 115,000 112,900
Science 104,700 101,000

Biology 25,000 24,300
Chemistry 11,400 10,500
Physics 6,700 5,700
General science 59,600 58,600
Other sciences 2,000 1,900
Teachers assigned to more than one field were counted in the

field in which they spent most of their time.
Source: National Center for Education Statistics.

From Indicators of Precollege Education in Science and Mathematics (p. 48) by
S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC: National
Academy Press.
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Table A-17

Alternative estimates of annual demand, supply, and shortage of
high school mathematics and science teachers.

Zero

Replacement assumptions

2.5 percent moderate 5 percent high
Math Science Math Science Math Science

Unfilled positions 900 900 900 900 900 900
Resignations, retirements 6,000 5,500 6,000 5,500 6,000 5,500
Replacements -- 2,700 2,600 5,500 5,200

Total need 6,900 6,400 9,600 9,000 12,400 11,600
Less new entrants 3,200 3,600 3,200 3,600 3,200 3,600

New shortage 3,700 2,800 6,400 5,400 9,200 8,000
Note: The estimates are for the next 3 to 5 years. They do not take into account any possible
changes in the function or structure of education. All the estimates assumed that decreased demand
for teachers due to lower higher school enrollments will be balanced by increased demand due to
higher requirements for high school graduation.

From Indicators of Precollege Education in Science and Mathematics (p. 60) by
S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC: National
Academy Press.

Figure A-7

Percentage enrollment in eight ocience courses, grades 9-12.

60
59.6

53.9

50

47.3
44.4

43.9

40
48-498 60618 72-738 76-77 81-82

Years

NCO data for public schools only.

From "How Many Are Enrolled in Science?" by W.W. Welch, L.J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, p. 18.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.
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Table A-18

Science enrollment, grades 7-9,1981-1982.

Course enrollment (thousands)
Course Grade 7 Grade 8 Grade 9 Total

General science 934 882 882 2707
Life science 1434 411 94 1939
Biology 115 55 363 533
Physical science 143 537 813 1493
Earth science 313 876 270 1459
Other 156 235 178 569

Total 3104 2996

_
2600 8700

Grade enrollment 3445 3341 3465 10151

Percentage of grade level
General science 27 26 25 27
Life science 42 12 3 19
Biology 3 2 10 5
Physical science 4 16 23 15
Earth science 9 26 8 14
Other 5 7 5 6

Total '30 89 74 86

From "How Many Are Enrolled in Science?" by W.W. Welch, L.J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, p. 16.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.
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Table A-19

Science enrollment, grades 10-12, 1981-1982.

Course Course enrollment (thousands)
Grade 10 Grade 11 Grade 12 Total

General science 141 51 33 224
Biology 1953 201 107 2261
Chemistry 165 740 22 / 1132
Physics 11 130 363 504
Earth science 63 38 17 110
Physical science 120 66 54 220
Other 312 320 273 h(E,

Total 2765 1546 1094 5356
Grade enrollment 3366 3186 3083 9623

Percentage of grade le; cl
General science 4 2 1 2
13;ology 58 6 3 23
Chemistry 5 23 7 12
Physics o 4 12 5
Earth sc, Inc 2 1 1 1
Physical science 9 10 9 9
Other 9 10 9 9

Total 82 48 34 562
a Because of rounding errors, column sums may not equal the total.

From "How Many Are Enrolled inScience?" by W.W. Welch, L.J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, P. 16.Copyright 1984 by the National Science Teachers Association. Re-printed by permission.

Table A-20

Changes in science enrollment, grades 7-9, 1977-1982.

Course
1976-1977
N Ratio'

1981-1982
N Ratio

Change
N Ratio

(1000s) (1000s) (1000s)
General science 3655 29.5 2707 26.7 948 2.8
Life science 1902 15.4 1939 19.1 + 37 +3.7
Earth scicncc 1721 13.9 1459 14.4 262 +0.5
Physical science 1955 15.8 1493 14.7 462 1.1
Biology 724 5.8 533 5.3 191 0.5
Integrated science 265 2.1 246 2.4 19 +0.3
Environmnetal science 114 0.9 115 1.1 + 1
Other 367 3.0 208 2.0 159 1.0

Total 10703 86.4 8700 85.7 2003 0.7
aRatio is defined here as the subject enrollment divided by the grade 7-9 enrollment.
In 1976-1977, total enrollment was 12,200,000 (NCES). In 1981.1982, it was

10,600,000 (NCES).

From "How Many Are Enrolled in Science?" by W.W. Welch, L.J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, p. 19.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.
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Table A-21

Changes in scit Lice enrollment, grades 10-12, 1977-1982.

Course

1976-1977
N Ratioa

(1000s)

1981-1982
N ROO

(1000s)

Change
Ratio

(1000s)

General science 164 4.3 224 7.0 + GO +2.7

Biology 2675 63.0 b 2261 67.2 -414 +4.2

Chemistry 1121 293b 1132 35.5b + 11 +6.2

Physics 487 14.6b 504 16.3b + 17 +1.7

Life science 135 3.6 199 6.2 + 64 +2.6

Environmental science 206 5.4 151 4.7 - 53 -0.7
Physical science 260 6.8 220 6.8 40 0.0

Earth science 167 4.4 118 3.7 - 49 -0.7
Integrated science 37 1.0 19 0.6 - 18 -0.4
Astronomy 23 0.6 25 0.8 + 3 +0.2

Anatomy/physiology 127 3.3 90 2.8 - 37 -0.5
Oceanography 24 0.6 40 1.2 + 15 +0.6

Horticulture 11 0.3 8 0.2 - 3 -0.1
Geology 42 1.1 58 1.8 + 16 +0.7

Zoology
Botany

53
35

1.4
0.9

28
10

0.9
0.3

- 25
25

-0.5
-0.6

Advanced biology 129 3.9 b 90 2.8b - 39 -1.1
Advanced chemistry 27 0.7b 22 0.7b - 5 0.0

Advanced physics 9 0.2b 7 0.2b - 2 0.0

Other 153 4.0 157 4.9 + 4 +0.9

To tal 5885 51.6` 5365 .55.7` -520 +4.1

'Ratio ls defined as the total enrollment divided by the average enrollment in grades

10-12. In 1976-1977 this was 3,802,000; in 1981-1982 it was 3,212,000.

bThe divisor for biology, chemistry, physics, and advanced placemont is the grade
enrollment for the grade where the course usually is taught.

'Divisor is the sum of grades 10-12 enrollment.

From "How Many Are Enrolled in Science?" by W.W. Welch, L.J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, P. 19.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.
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Table A-22

Regional science enrollment, grades 7-9,1981-1982.

Percentage of grade enrolled in science courses

Subject
NE

Grade 7
SE C IV NE

Grade 8
SE C IS' NE

Grade 9
SE C

General science 34 29 39 9 36 17 35 16 34 28 25 17
Life science. 37 46 31 53 8 10 18 11 3 1 4 3

Biology 6 1 4 2 1 4 1 1 14 9 11 7

Physical science 7 0 7 2 21 13 14 17 22 33 12 27
Earth science 8 16 7 7 19 39 16 34 17 3 7 4
Other 9 5 3 1 10 3 5 3 4 0112

Total 101 97 91 74 95 86 89 82 94 74 80 60

Percentage of grades 7-9 enrolled in science
Northeast: 97 Southeast: 86 Central: 87 West: 72

Nation: 86

From "How Many Are Enrolled in Science?" by W.W. Welch, L. J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, p. 17.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.

Table A-23

Regional science enrollment, grades 10-12,1981-1982.

Percentage of grade enrolled in science courses

Subject
Grade 10

NE SE C IV NE
Grade 11
SE C IV NE

Grade 12
SE C H'

Biology 63 59 52 59 8 7 4 7 5 3 3 3
Chemistry 9 4 4 3 35 19 20 19 6 6 10 7

Physics 0 0 1 0 6 3 4 3 19 10 11 7

Advanced 0 1 0 0 1 1 1 2 3 2 2 2
Other 18 16 15 22 15 10 14 14 12 0 7 9

Total 90 80 72 84 65 40 43 45 45 21 33 28
Percentage of grades 10-12 enrolled in science

Northeast: 67 Southeast: 47 Central: 49 West: 52
Nation: 56

From "How Many Are Enrolled in Sbence?" by W.W. Welch, L. J. Harris,
and R.E. Anderson, 1984, The Science Teacher, December 1984, p. 18.
Copyright 1984 by the National Science Teachers Association. Re-
printed by permission.
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Table A-24

Minimum high school graduation requirements in mathematics
and science, as of August 19:.

State

Years of
instruction

creditsa
Total

Requirements
increased

since 1980

Statewide
mandate

for
testingbMathematics Science required Mathematics Science

Alabama 2 1 20 x + x

Alaska 2 2 21 x x x

Arizona 2 2 20 x x x

Arkansas 2-3 (5 total) 2-3 20 x x x

California 2 2 13 x x x

Colorado Local determination
Connecticut 3 2 20 x x x

Delaware 2 2 19 x x x

D.C. 2 2 20.5 x x x
Flcrida 3 3 24 x x x

Georgia 2 2 21 x x x

Halvo aii

2 2 20 x

Id 2 2 20 x x x

Illinois 2 1 16 x x x

Indiana 2 2 19.5 x x x

Iowa
Kansas 2 2 20 x x x

Kentucky 3 2 20 x x x

Louisiana` 3 3 23 x x x

Maine Local determination 16 x

Maryland 2 2 20 + + x

Massachusetts
Michigan

Local determination
Local determination x

Minnesota 1 1 20 x x x

Mississippi 1 1 16 x x x

Missouri 2 2 22 x x x

Montana 2 1 20 x

Nebraska Local determination 20 x

Nevada 2 1 20 x x

New Hampshire 2 2 19.75 x x x

New Jersey 2 1 18.5 + + x

New Mexico 2 2 21 x x x

New York 1 1 16 + + x

N. Carolina 2 2 20 + + x

N. Dakota 2 2 17 x

Ohio 2 1 18 x

Oklahoma 2 2 20 x x
Oregon 2 2 22 x x x

Pennsylvania 3 3 21 x x x

Rhode Island 1 1 16 + + x

S. Carolina 3 2 20 x x x

S. Dakota` 2 2 20 x x
Tennessee 2 2 20 x x x

Texas 3 2 21 x x x

Utah` 2 2 24 x x x
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Table A-24 (continued)

State

Years qf Requirements Statewide
iastruction Total increased mandate

credits' since 1980 for
Mathematics Science required Mathematics Science testingb

Vermont 3 3 15.5 x x x
Virginia 2-3 (5 total) 2-3 18 x x x
Washington 2 2 16 x x x
W. Virginia 2 1 20 + +
Wisconsin' 2 2 13.5 x x x
Wyoming Local determination 18

Code: x = requirements increased since 1980.
+= additional requirements under study.

'A credit is defined as a year of instruction. Some of the listed requirements arc to be phased in
over the next 3 to 5 years.

bMay include competency-based tests required for high school graduation, testing at selected grade
levels, use of standardized tests, or tests developed by the state or districts. Proficiency tests in basic
mathematical skills usually are included; tests in science are less frequent (see Table A3, Appendix).
'States requiring 0.5.1 year of computcr science or computer literacy in addition to mathematics and
science requirements. Several more states are evaluating computer literacy requirements.
Source: Adapted from Parrish (1980), Dougherty (1983), U.S. Department of 6ducation (1984).
Education Commission of the States (1984), and Council of Chief State School Officers (1984).

From Indicators of Precollege Education in Science and Mathematics (pp.
56-59) by S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC:
National Academy Press.

Table A-25

Percent minority enrollment and teachers in MontgomeryCoun-
ty, Maryland,

Students Fall 1981 Fall 1982 Mil 1983 Fall 1984 kelt 1985
White 76.2% 74.6% 73.0% 71.0% 70.2%
Black 12.7% 13.3% 14.0% 14.7% 14.7%
Asian 6.6% 7.3% 8.0% 8.8% 9.3%
Hispanic 4.3% 4.6% 4.8% 5.3% 5.6%
American Indian 0.2% 0.2% 0.2% 0.2% 0.2%

Teachers June 1981 June 1982 June 1983 June 1984 Fall 1985
1Thite 89.0% 88.8% 88.5% 88.2% 88.6%
Black 9.4% 9.6% 9.6% 9.8% 9.4%
Asian 0.6% 0.6% 0.7% 0.7% 0.8%
Hispanic 1.0% 1.0% 1.2% 1.3% 1.2%
Source: Montgomery County Public Schools

From "Schools Look for Minority Instructors" by Chris Spolar, 1985, in
The Washington Post, 14 September 1985.
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Figure A-8

Minority enrollment as percent of public elementary/secondary
school enrollment, by state.

0 Less than 10.0 percent
0 10.0 to 24.9 percent

0 25.0 to 34.9 percent
35.0 percent or more

Percent minority enrollment in public elementary secondary schools was generally greatest
in the Southern and Southwestern States and in California. The percent black enrollment
was highest in the Southern States while the percent Hispanic enrollment was highest in New
Mexico, Texas, California, and Arizona.

From The Condition of Education (p. 23) by V.W. Plisko (Ed.), 1983,
Washington, DC: National Center for Education Statistics.
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Table A-26

Estimated supply of secondary science and mathematics teachers,
1980 and 1981.

General Earth
Response Biology Chemistry Physics science science Alath

1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981

1 6 6 3 0 3 0 4 4 3 1 3 0

2 13 10 2 2 0 1 5 5 1 1 1 1

3 24 26 13 8 6 4 27 23 14 13 10 3

4 4 4 21 28 19 15 11 9 23 22 16 25
5 2 1 10 9 21 27 2 5 8 10 16 18

NR 4 6 4 6 4 6 4 7 4 6 7 6

Responses: I = Surplus: 2 = Slight surplus: 3 = Adecuate supply: 4 = Shortage: 4 = Critical shortage:
NR = No response.

S-urce: Trever G. Howe and Jack A. Gerlovich, National Study of the Estimated Supply and Demand
ndary Science and Mathematics Teachers. November. 1981.

From Science and Engineering Education: Data and Information (p. 7) by the
National Science Foundation Office of Scientific & Engineering Per-
sonnel & Education, 1982, Washington, DC: National Science Founda-
tion.

Table A-27

Estimated supply of secondary biology, chemistry, physics,
general science, earth science, and mathematics teachers by state,
1980-81.

State Biology
1980 1981

Chemistry
1980 1981

Physics
1980 1981

General
science

1980 1981

Earth
science Math

1980 1981 1980 1981
Alabama
Alaska
Arizona

2
1

NR

2
2
3

3
1

NR

3.5
2
4

5
1

NR

5
2
5

3
1

NR

3
2
5

4
1

NR

4 NR 4
2 1 2
3 NR 4

Arkansas 3 3 4 4 4 4 3 3 3 3 4 4
California 2 3 2 4 4 4 3 3 4 4 2 4
Colorado 3 3 3.5 4 3.5 4 3.5 4 3.5 4 3.5 4
Connecticut 3 3 3 4 4 5 3 4 3 4 4 5

Delaware 3 1 3 3 3 4 3 1 3 1 3 4
District of

Columbia 3 3 3 3 4 4 2 3 3 3 4 5
Florida 3 3 5 5 5 5 4 4 5 5 4 4
Georgia 1 2.5 1 3.5 1 4 1 5 1 4 1 5
Hawaii 2 3 4 4 4 5 3 3 4 4 3 4
Idaho 1 1 4 4 4 4 3 3 4 3 4 4
Illinois 3 3 5 5 5 5 4 4 4 4 5 5
Indiana 5 5 5 5 5 5 5 5 5 5 5 5
Iowa 2 2 5 4 5 5 3 3 4 4 5 5
Kansas 2 3 4 4 4 4 4 3 4 3 4 5
Kentucky 3 3 4 4 5 5 3 3 4 4 5 5
Louisiana 3 3 4 4 5 5 3 3 4 4 4 4
Maine 3 3 3.5 5 3.5 5 3.5 3 3.5 3 4 4
Maryland 3 2 4 4 4 4 4 4 4 4 4 5
Massachusctts 1 NR 1 NR 1 NR 1 NR 1 NR 1 NR
Michigan 3 NR 4 NR 4 NR 3 NR 3 NR 4 NR

(continued)
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Table A-27 (continued)

State
1980

Biology
1981

Chemistry
1980 1981

Physics
1980 1981

General
science

1980 1981

Earth
science Math

1980 1981 1980 1981
Minnesota
Mississippi
Missouri
Montana

2
I
4

NR

2
I
4

SR

3

2

5

SR

3
2
5

NR

4
4
5

NR

4
4
5

SR

3
I
4

NR

3

I
4

NR

3
4
4

SR

3
4
4
SR

NR
NR
5

NR

4
3
5

NR
Nebraska 3 3 4 4 4 4 3 3 4 3 3 4
Nevada 3 3 4 4 5 5 3 3 3 3 4 4
New Hampshire 2 3 5 5 5 5 4 4 5 5 5 5
New Jersey 3 NR 3.5 NR 4 NR 3 NR 3 SR 3 SR
New Mexico 2 SR 3 NR 4 NR 2 NR 3 NR 4 NR
New York 3 3 4 4 5 5 3 3 4 4 5 5
N. Carolina 4 2 5 4 5 5 4 3 4 5 5 5
N. Dakota 3 3 4 4 4 4 4 SR 4 4 4 4
Ohio 2 3 4 4 5 5 3 3 2 3 3 3
Oklahoma 2 3 4 4 5 5 2 2 5 5 5 4
Oregon 3 2 3 4 3 5 3 3 3 4 5 4
Pennsylvania 2 I 4 4 5 5 2 1 4 5 5 5
Rhode Island NR 3 NR 3 NR 3 NR 3 NR 3 NR 4
S. Carolina 4 4 5 5 5 5 4 3 5 5 5 5
S. Dakota 3 3.5 4 4 5 5 3 3.5 3 3.5 3 5
Tennesser 3 2.5 3.5 4 3.5 4 3 2 4 4 3.5 4
Texas 2 1 3 3 3 3 4 5 5 5 5 5
Utah 3 3 4 4 4 4 3 3 4 4 4 5
Vermont 4 4 4 5 5 5 3 4 3 4 3 4
Virginia 1 1 3 4 4 3 2 1 5 4 4 4
Washington 3 NR 4 NR 4 NR 3 NR 4 NR 3.5 NR
W. Virginia 3 3 5 4 5 5 4 4 4 4 5 4
Wisconsin 2 3 4 4 5 5 4 3 4 4 5 4
Wyoming 3 3 4 3 4 3 3 2 4 3 4 4
American

Samoa 5 4 5 5 5 5 5 5 5 5 5 4
Puerto Rico SR 2 NR 4 NR 5 NR 2 NR 5 SR 3
Response: I Surplus; 2 = Slight surplus: 3 = Adequate supply; 4 = Shortage:5 = Critical shortage;
NR = No response

Source; Trever G. Howe and Jack A. Gerlovich,National Study of the Estimated Supply and Demand
of Secondarv Science and Mathematics Teachers. November, 1981.

From Science and Engineering Education: Data and Information (p. 7) by the
National Science Foundation Office of Scientific & Engineering Per-
sonnel & Education, 1982, Washington, DC: National Science Founda-
tion.
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Table A-28

Supply of individuals with mathematics education and science
education degrees granted, 1971--72 to 1979-80.

I. Bachelors Degrees rt

l'otal
'glaring -I or 5 years

Matheniatics education Science education
el .fiekls btal Male Female Total Alale

1971-72 887,272 2,425 1,144 1,281 1,064
1973-74 945,776 2,037 921 1,116 941 542
1975-76 934,443 1,442 594 848 792 411 341
1977-78 921,204 1,048 439 609 755 416 339
1979-80 929,417 762 310 452 672 309 363
U. Aliisters Degree

7'otal
all fields

Mathematics education
Total Male Female

Science education
Total Male Female

1971-72 251,633 764 413 351 758 446 312
1973-74 277,033 828 447 381 904 604 300
1975-76 313,001 746 335 411 737 421 316
1977-78 311,620 598 230 368 775 406 369
1979-80 298,081 512 211 301 591 328 263
Source: Digest of Education Statistics (various editions), NCES.

From Science and Engineering Educaam: Data and Information (p. 8) by the
National Science Foundation Office of Scientific & Engineering Per-
sonnel & Education, 1982, Washington, DC: National Science Founda-
tion.

Table A-29

Bachelor's degrees conferred in selected areas of education, by
level and specialty, 1971-81.

Field of Bachelor's Degree
1970-
1971

1980-
1981

Percent
change

Education, total 176,614 108,309 -38.7
Elementary education, general 90,432 38,524 -57.4
Special education, all specialties 8,360 13,950 66.9
Art education 5,661 2,392 -57.7
Music education 7,264 5,332 -26.6
Mathematics education 2,217 798 -64.0
Science education 891 597 -33.0
Physical education 24,732 19,095 -22.8
Business, commerce, and

distributive education 8,550 3,405 -60.2
Industrial arts, vocational and

technical education 7,071 5,772 -18.4
Home economics education 6,449 1,767 -72.6
Note: Numbers do not include individuals certified to teach a subject
but graduating with a different type of major.

Source: National Center for Education Statistics,

From Indicators of Precollere Education in Science and Mathematics (p. 51)
by S.A. Raizen and L.V. Jones (Eds.), 1985, Washington, DC: National
Academy Press.
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Figure A-9

Student teacher supply index (science), based on 1971 supply.
Student Teacher Index 1971

1,0 %.,.,,

.75

.50

.25

0.0 IITFIIIII -1
1971 72 73 74 75 76 77 78 79 80

Student teachers available for placement
Number accepting teaching positions

Based on National Science Teachers Association survey of college and university
placement officers. Conducted by J. A. Shymansky, The University of Iowa, 1982.

From "The Teacher Crisis in Secondary School Science and Mathe-
matics" by J.A. Shyrnansky and B.G. Aldridge, 1982, Educational Leader-
ship, November 1982, p. 62. Reprinted with permission of the Associa-
tion for Supervision and Curriculum Development. Copyright 1982 by
the Association for Supervision and Curriculum Development. All rights
reserved.
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Figure A-10

College freshmen indicating teaching as prbhable career.

Percent indicating
teaching as
probable career

22-

Total

Elementary teaching

1970 1972 19'74 1976 1978 1980
Fall of year

Secondary teaching

1982

From The Condition of Education (p. 219) by V. W. Plisko (Ed.), 1983,
Washington, DC: National Center for Education Statistics.
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Table A-30

Earned degrees in mathematics and science education, by level of
degree and sex, :979-80.

Bachelor's degrees Master's drgrees Doctor's degrees
Total 3km Women Total Men Women Total Men Women

Mathematics education 832 338 494 517 212 305 38 23 15

Science education 725 327 396 591 328 263 73 50 23

Source: U.S. Department of fkahh, Educadon and Welfa:::, National Center of Education Statistics,

Earned Degrees Conferred, 11979.801, p. 21.

From Science and wing Education: Data and Information (p. 157) by
the National ..'oundation Office of Scientific & Engineering
Personnel & Educh:- 1982, Washington, DC: National Science Four,-
dation.

Table A-31

Percent of male and female teachers of science, mathematics, and
social stu2;es, by grade range.

Grad:
rw:gc M

Mathematics
F Unknown M

Science
F Unknown

Social studies Total

M F Unknown M F Unknown

K-3
= 838) 6 94 0 2 98 0 3 96 1 4 96 0

4-6
(N = 829) 21 76 2 33 67 0 19 79 1 25 74 1

7-9
(N =1538) 54 46 0 62 38 0 62 38 0 59 41 0

10-12
(N =1624) 68 32 0 74 24 2 75 24 1 73 26 1

Sample N 1672 1679 1478 4829

Source: Weiss, Iris R., Report of the 1977 Nadonal Survey of Science, Mathematics, and Social

:mein Education, p.141.

From Sdence and Engineering Education: Data and Information (p.4) by the
National Science Foundation Office of Scientific & Engineering Per-
sonnel a: Education, 1982, Washington, DC: National Science Founda-
tion,
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Figure A-11

Employed teachers and teacher layoffs and shortages by field as
percent of total employed teachers and teacher layoffs and short-
ages.

Field of assignment:
Primary and

general elementary

Special education

English language
arts

Health, physical
education

Mathematics

Social studies,
social sciences

Preliminary

Home economics

Physical science

All other

lawse6mm.

While 23 percent of teacher
shortages were in elementary
education, an even larger
proportion of layoffs were
in that field in 1979. Fields
in which the number of short-
ages exceeded the number of
layoffs were bilingual educa-
tion, industrial arts, physical
sciences, and special education.

1
0 10 20

Percent of total
Ell Employed teachers
an Layoffs
MI Shortages
Source: The Condition of Education, NCES, 1982, p. 101.
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Figure A-12

Status of the mathematics and science teaching force.

Left in 1982-83

Not fully qualified

14 Current
math/science
teaching force

"..=J
Will retire by 1995

Estimated new teachers needed by 1995

L I I I t I I I

A
(200,000) (300,000)
Number of teachers

From Beyond the Commission Reports: The Coming Crisis in Teaching (p. 5) by
L. Darling-Hammond, 1984, Santa Monica, CA: The Rand Corp. Re-
printed by permission.

Figure A-13

Math and science teachers: entrants and attrition.

10
9,796

8
-0

8,097

§' 6

me New teaching
2 graduates, 1981

798 597 Ej Left 1982.83
0

Math Science

From Beyond the Commission Reports: The Coming Crisis in Teaching (p. 6) by
L. Darling-Hammond, 1984, Santa Monica, CA: The Rand Corp. Re-
printed by permission.
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Figure A-14

The best qualified teachers are the most dissatisfied.

40

Proportion of 30
teachers
dissatisfied
with spccific 20
working
conditions

10

Lack of Bureaucra ic Too little
adminis- inter- autonomy
trative ference

support

1

Education majors

Academic majors

Salaries
other

working
conditions

From Beyond the Commission Reports: The Coming Crisis in Teaching (p. 14)
by L. Darling-Hammond, 1984, Santa Monica, CA: The Rand Corp.
Reprinted by permission.
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Figure A-15

Opinions of public school teachers toward their profession: 1961,
1966, 1971, 1976, and 1981.

Percent distribution of responses

Responses 1961 1966 1971 1976 1981

Total 100.0 100.0 100.0 100.0 100.0

Certainly would 49.9 52.6 44.9 37.5 21.8
Male 35.2 38.0 33.0 27.3 16.0
Female 56.6 59.2 51.1 42.5 24.8
Elementary 57.3 59.6 50.1 43.5 26.4
Secondary 40.0 44.9 39.1 31.7 18.1
Under age 30 - 49.2 41.4 35.6 28.5
Age 30 to 39 - 50.9 40.1 34.5 16.2
Age 40 to 49 - 48.9 47.1 41.6 21.3
Age 50 and over - 60.2 53.0 41.3 27.3

Probably would 26.9 25.4 29.5 26.1 24.6
Chances are about even 12.5 12.9 13.0 17.5 17.6
Probably would not 7.9 7.1 8.9 13.4 24.0
Certainly would not 2.8 2.0 3.7 5.6 12.0

- Not available.
Source: National Education Association, Status of the A merkan Public
School Teacher, various years.

From Science and Engineering Education: Data and Information (p. 92) by the
National Science Foundation Office of Scientific & Engineering Per-
sonnel & Education, 1982, Washington, DC: National Science Founda-
tion.
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