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Foreword

TO PROVIDE State superyisors of science with the
opportunity to meet and discuss the various problems

and responsiblities of their positions, the U.S. Office of
Education sponsored a conference in Washington, D.C.,
during the week of June 25-29, 1962, on "Supervision for
Quality Education in Science."

There were four primary objectives for the conference:
1. To review the latest developments in science im-
portant to education.
2. To explore new emphases in selected special fields
of science teaching.
3. To exchange ideas related to new programs.
4. To develop guidelines for leadership, in supervision
of science.

The planning committee for the conference was com-
prised of the following personnel from the Office: J. Dan
Hull, Ellsworth S. Obourn, Paul E. Blackwood, Richard
M. Harbeck, Lloyd K., Johnson, Margaret J. McKibben,
Albert Piltz, and A. Nelid Shedd.

This report has been prepared from materials presented
at the conference.

J. DAN HULL
Director,
Instructional Programs

Branch

ERIC R. BASER
Anistaint C ommis8ioner,
Dimision of Elementary and

Secondary Education

UI
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Quality of Education

Bowen C. Dees

1. The quality of education in our best schools and colleges is high
by any standard. Our outstanding graduate schools are probably the
world's best.
2. Automation in commerce, industry, and Government will bring
with it requirements for workers who have had more education of
higher quality.
3. In striving to achieve higher quality, our schools will need to assess
and reasF Ass continuously the relative emphasis they give to the
various components of the'2..7ilultiple task.
4. The most important element in any school is the quality of the
teaching.
5. Research designed to lead to a further understanding of how chil-'
dren learn has unfortunately not been pushed as hard as it might and
should hme been.
6. All elements of our organized society can and should contribute
to the massive task we face in trying to reach the American goal of
equal and full educational opportunity for all.

Science and Education Today

M. H. Trytten

1. Science and technology have developed in four eras:
the era of "sporadic discovery" prior to the 17th century;
the era of the enlightenment, signalized by Bacon, Newton,

Leibnitz, and Galileo;
the era of practical applications of science; and
the era of Government interest in the acceleration of science.

2. There is an increasing national need for greater numbers of scien-
tific and engineering personnel.

8



4 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

8. Our present rate of training in scientific and engineering areas is
inadequate to meet the growing need.
4. Probably first among all the goals for science teaching is that of
science for the citizen.
5. Among our greatest unused potentials for scientific personnel are
women and graduates of small high schools.

Implications for Science Education

J. Darrell Barnard

1. Construction of a sound science curriculum is dependent upon the
development of meaningful objectives for science education.
2. A good science program results in an understanding of both the
concepts and the processes of science.
3. It is imperative that science education provide citizen graduates
with both the motivation and the skills to continue their intellectual
_development.

4. Science improvement projects have recently made worthy break-
throughs in the field of science education, but three areas of concern
should be noted: their exclusive commitment to basic science, the ex-
tent to which they are adaptable to all students, and how they can be
incorporated into a K to 12 sequence.

Earth Science in the Curriculum

Robert C. Stephenson

1. The study of earth science is now increasing throughout the Nation.
2. The earth sciences contribute greatly to the understanding of man's
physical and biological environments.
3. Earth science subject matter can be introduced into the science
program at all grade levels.
4. Teaching resources for the earth sciences are at present 'widely
scattered.
5. Teacher training is probably the greatest problem facing the
successful adoption of earth science into the science program.
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Materials for.Teaching Earth Science

Donald B. Stone

1. Aids for teaching earth science include samples of rocks and
minerals, special maps, geologic models and weather equipment, as
well as equipment usually found in any science department.
2. A course in earth science offers values from both practical and
cultural points of view.

Revolution in Biology

H. Bentley Glass

1. Our fund of biological knowledge is increasing exponentially.
2. Current biology textbooks represent, for the most part, the
biological knowledge of 30 years ago.
3. Our educational system is poorly organized to cope with the trans-
mission of exponentially increasing knowledge. A thorough revision
of the program of science teachingat all levels seems necessary.
4. Our main objective in science education is to learn and to teach
the nature of science.

Newer Resources for Improving Instruction in Biology

Paul Klinge

1. Biological research breakthroughs have aifected the teaching of
biology in three ways: (a) less observation and more experimenta-
tion; ( change in proportionate emphasis; and (c) increased need
for understanding of chemistry and physics.
2. Certification patterns for biology teachers have been steadily chang-
ing throughout the country.
3. The Biological Sciences Curriculum Study is a most important re-
source for the improvement of instruction.
4. Other aids to the biology teacher include : reading resources, supply
company aids, audiovisual aids, television, methodology textbooks,
career pamphlets, professional societies, curriculum guides, and stu-
dent programs.
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5. Some of our most immediate needs are:
To revise the preservice training of biology teachers;
To increase the support given to biology teaching by various

foundations;
To increase the interests professional organizations have in

biology teaching;
To increase industry's support of biological science programs;

and
To edit biology courses so as to teach the most important

things.

Generalized Values of High School Chemistry

Zaboj V. Harvalik

Science and technology have important roles in the modern
world. High school chemistry has the responsibility of preparing
students for this world by transmitting to them such values as the
processes of thinking, observing, and transferring.

Newer Resources for Improving Instruction in Chemistry

Robert L. Silber

1. Curriculum content studies (such as the Chemical Bond Approach
Project and Chemical Education Materials Study) are having a major
influence on the high school chemistry course.
2. Sources of. information and aids for the chemistry teacher include
professional journals, industrial films, paperback books; science kits,
television, and programed instruction.
3. Attention to the high school chemistry laboratory is increasing.
4. The rapidly increasing frontiers of chemistry require that the chem-
istry teacher use every means available to keep his knowledge up to
date.
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Introducing Newer Concepts of Physics

Herman R. Branson

1. Training the student to repeat the classical laws of physics is
inadequate preparation for an understanding of modern research
in physics. An analysis of some early experiment, traced through
to contemporary application, is more likely to be fruitful.
2. An understanding of recent developments in physics depends also
upon an understanding of techniques, such as the production of
vacuums, charged particles, and magnetic fields.
3. *A basic goal of physics is the representation of all physical phe-
nomena in a consistent schema with a minimum of concepts, hypoth-
eses, principles, and laws.

Newer ResoUrces for Improving Instruction in Physics

Ralph W. Lefler

1. The Physics Curriculum of the Physical Science Study Com-
mittee is an outgrowth of the rebellion of students and teachers to
the stultifying effects of earlier forms of physics instruction.
2. The American Institute of Physics and the American Association
of Physics Teachers are providing a wide variety of publications
designed to improve the quality of physics instruction.
3. Projects sponsored by the AAPT and the AIP include the
Regional Counselor Program, the Visiting Scientists Program in
Physics, and a high school awards program.
4. Future curriculum programs in physics will

Stress pure science as opposed to technology.
Emphasize laboratory work.
Demand more of both teachers and students.
Be based on continuing school-college cooperation.
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Emerging Problems of Supervision in Science

John H. Woodburn

1. Too often the student brings to class the attitudes fostered by
public criticisms of education, rather than the constructive attitudes
educators should be developing in them.
2. Material inadequacies (buildings, equipment, supplies) add to the
problem of good science teaching.
3. Science may well be taught as is art, with an emphasis on human
endeavor and a close look at the environment which produces this
endeavor.
4. There are many possible approaches to curriculum construction
in science education. The most productive of these involves the
student directly with science and its methods, rather than merely
its external structure of facts and principles.
5. New knowledge is coming too fast for the teacher to be able to
keep up with all of it. The excitement and spirit of science, how-
ever, remain constant, and it is these we must give to the student.

Emerging Curriculum Studies in Elementary and Junior High School Science

Philip G. Johnson

1. Much of what is emerging in curriculum studies today actually
began several centuries ago.
2. The nature of our present curriculum materials for elementary
and junior high school science must be recognized when plans are
made for program improvement.
3. Newer studies include those of the Science Manpower Project, the
Univeristy of California Project, the University of Illinois Project,
the Educational Services Incorporated Project, and the American
Association for the Advancement of Science Studies.
4. Currently emerging studies indicate the following changes can be
expected in future elementary and junior high school science
programs:

Less subject matter to be covered.
Attention to many relatively unstructured methods of inquiry.
The use of more references.
Greater emphasis on how to create knowledge.
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Development of greater skills of inquiry.
Attention to concepts as they arise in the process of testing

hypotheses.
More and more ,stress on quantitative measurement.
Orientation of science education as basic education for all

students.
Increased attention to the experimental nature of science.
Recognition of more fundamental frames of reference than

topics.
Emphasis on science rather than technology.
Development of more thorough application of mathematics

to science.

New Programs in Science Youth Activities

A. Neal Shedd

1. In addition to formal classroom instruction, a program of class-
related activities is needed to stimulate an interest in the student
to whom science is new and to satisfy the student who has developed
a deep interest and competency in science.
2. The U.S. Office of Education has ,devoted much time and effort
to stimulating the growth of science clubs as an integral part of
the secondary school program.

Reports From Four States

1. Recent science education programs in Florida include:
(a) the Physical Science Stu! ly Committee course (PSSC) ;
(b) the U.S. Office of Education Program Science Teaching

Exploring for ExcellenceProgram Steps (STEPS) in the
Chipola Area; and

(c) Institutes for the improvement of the junior high school
science program.

2. Georgia has instituted a traveling science teacher program to
provide State leadership for inservice training and work in class-
room situations.

$
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3. Inservice science workshop programs, especially at the elementary
school level, have formed a major part of the science education pro-
gram in Missouri. A second important development is the organiza-
tion of evaluative workshops for a K to 12 science program.
4. Pennsylvania's science education program has placed primary em-
phasis on the development of a sequential curriculum, as illustrated
by the Science in Action publication series.
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I. Education in an Age of Science

Quality of Education

Bowen C. Dees

Assistast Director for Scientific Personnel awl Education
National Science Foundation

I RECENTLY HEARD a distinguished international civil servant
(not an American) say that the people of this country are not suf-

ficiently arrogant; in part, at least, he was saying that we do not
recognize the high overall quality of our educational system and its
"product." Not long ago a well-known Swedish expert on education
commented in my presence that he found it difficult to understand
why Americans are so masochistic in their criticism of the U.S. school
system.

I believe Henry Steele Commager was correct when he said : "No
other people ever demanded so much of education as have the Ameri-
can; none other was ever served so well by its schools and educators."

Some Americans have been impressed in recent years with the rate
at which the Russians are forging ahead in educational areas that
seem to be of importance to the cold war effort, and they have there-
fore raised serious questions concerning the adequacy of the American
way of handling educational problems.

Why are we so critical of our educational system? Are we not in
fact justified in being proud of it? Should we revise it after the
pattern of the British or the French or the German or the Russian
systems?

In my view we are clearly ahead of the other countries of the
world in education. Having said this, however, it is important to
say at once that there are some components of other systems that are
probably superior to the corresponding components of our system.

The American people are without doubt committed to an educa-
tional ideal unexcelled elsewhere in the world. We are critical of our
achievements in education, as in many other areas of national concern,
precisely because we know that our educational ideals have still not
been fully achieved. We believe in equal educational opportunity for

12



EDUCATION IN AN AGE, OF SCIENCE , 13

every boy and girl, but we know that we still are far from realizing
this goal in all respects. We argue that no one should be forced to
leave school because of economic considerations, but we know that
many students still do. We would like all of our States and communi-
ties to have equaland this means equally goodpublic schools,. but
we know that the quality of our schools varies from State to State,
from county to county, and even within the same community.

The quality of education in our best schools and colleges is high
by any standard. Our outstanding graduate schools are probably
the world's best. Moreover, we can afford to be proud of the accomp-
lishments of our educational system in its quantitative aspects. Ed-
ucational opportunities are available to all of our young people through
at least the high school level. These days more than three-fourths
of our boys and girls 14 through 17 years of age are in school. The
millions of students we have provided for at the college level repre-
sents an increasingly important extension of the American goal of
providing maximum educational opportunity for all.

All things considered, therefore, we as Americans can justifiably
be proud of our educational ideals and our accomplishments to date.
But we should and do realize the degree to which these accomplish-
ments still fall short of our aspirations. We could not afford to be
arrogant on this scoreeven if the American temperament permitted
such an attitude. Neither should we be masochistic, however, in our
analysis of what is wrong with our educational effort. As we contem-
plate the awesome mass of human knowledge, the problems that face
us in attempting to find better ways of passing on to later generations
this accumulated knowledge should make us both humble and
determined.

The gaps that separate our goals and our accomplishments in ed-
ucation are several. I have mentioned our large college enrollments,
and the numbers are impressive. But we know that many students
of high ability never get to collegeand this represents both a major
national loss and an unfortunate deprivation for the individuals in-
volved. New ways of coping with this problem have been found

icently and others are under study; I am confident that this problem
will become less acute if we persist in our efforts to assure equal op-
portunity for all.

Shifting patterns in our population constantly dictate changes in
our educational activities. For example, the total number of young
people 14 through 17 years old dropped more than a million in the
decade from 1940 to 1950, but is new at an alltime high. In the period
from 1940 to 1952 the number of 18-year-olds in our country fell from
2.5 to 2.1 million. For the past 10 years, the number reaching 18 each
year has risen sharplyand 3.8 million young people will reach col-
lege-going age in 1965; by 1975 we will have 4.2 million in this age
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groupalmost exactly twice as many young people of age 18 as we
had in 052.

The iinplications of these numbers are important in considering
the quality of education. We can be sure that our high school en-
rollments will continue to rise. An increasing fraction of each age
group will probably enter college. We will therefore have no diffi-
culty finding students to teach. The problem, rather, will be one of
Maintaining and improving the quality of their education. To find
sufficient funds to expand our school facilities to provide room for
these larger numbers will be an enormous task in itself. But we must
simultaneously and with equal emphasis seek the resources which will
assure qualitative as well as quantitative growth in the Nation's ed-
ucational enterprise.

There are so many reasons why we should improve the quality of
education in the United States that it perhaps seems pointless to com-
ment on this matter. I do want to underscore one such reason, none-
theless. At the same time that we see unprecedented numbers of
youngsters moving toward our schools and colleges, we find that all
the evidence points to two characteristics of American life with which
we have not had to cope in past decades. Automation in commerce,
industry, and Government will bring with it requirements for work-
ers who have had more education, while at the same time unskilled
labor will become less and less necessary. More educationof higher
qualitywill be essential under these 'new circumstances. An an-
cillary development which we frequently overlook is the likelihood
that these new circumstances will lead to a shorter workweek for
millions of Americans. The creation, in effect, of a large-scale
"leisure class"individuals who spend no more than one-quarter of
their waking hours at workwill place new strains on our culture
if we do not provide these individuals a kind of education which will
enable them to utilize their leisure time more meaningfully.

This is not a matter we can postpone, because many of the students
in our elementary and high schools today will, long before their work-
ing years are over, face this issue of, finding significant ways of using
their leisure time. I am convinced that our soundest way of ap-
proaching this difficult matter is to assure all our students a basic
grounding in the humanistic studies. Those who have come to enjoy
literary and artistic masterpieces will have no difficulty in finding ways
of employing all the leisure they may haveand at the same time will
find their lives more rewarding and significant.

It is difficult to define the word "quality" in any context. Its use
almost always involves value judgments which are by no means uni-
formly accepted. In the educational domain, where almost everyone
considers himself to be an expert, it is particularly difficult to find
words which satisfactorily describe education of high quality. I
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have neither the wisdom to do so nor the temerity to try. What
propose to do, instead, is to give some points of view that I believe
are related to the problem of improving the quality of American edu-
cation, explicitly at the elementary and secondary school levels.

American schools have been expected to provide a wide variety of
educational services. It is pointless to speculate on whether our sec-
ondary schools could do a better job if they were to be transformed
into single-purpose institutions, focusing exclusively, let us say, on
the task of preparing students for college. Our high schools will
without doubt continue to accept these broad responsibilities, and it
is my conviction that they should.

In their striving to achieve higher quality, therefore, our schools
will need to assess and reassess at all times the relative emphasis they
give to the various components of their multiple task. Too much
emphasis on any one component can lead to weakening others. So
long as resources are limited (a situation I fear we will continue to
face indefinitely), it will be necessary to consider with care whether
available funds are to be spent, for example, in improving the equip-
ment for teaching home economics or the equipment for teaching
physics. In planning a new school building, one should give due at-
tention to providing adequate library space as contrasted, say, with
providing a larger gymnasium.. Such decisions as these frequently
involve considerations of a complex nature, and community pressures
sometimes push in the direction of choices which are not compatible
with a balanced educational effort. If we are to achieve higher quality
in our education, however, school leadership at all levels Inust plan
wisely and then must find ways of convincing others that the plans
thus developed are the ones which will enhance most fully the school's
effectiveness.

The most important element in any school is the quality of the teach-
ing. It is axiomatic that the salary and the status of teachers are
factors that are intimately related to the level of teaching competence
in a given school or school system. Efforts are being made to provide
adequate salaries for teachers, and these efforts are slowly having
some effect. Much remains to be done on this score, however, and
particular attention should be given the problem of reducing the un-
reasonably large geographical differentials in teachers' salaries.

Many of our school buildings have long since outlived their use-
fulness. By any modern standard they are obsolete and need to be
replaced with more adequate facilities. Even so, we have too few
schoolrooms. So long as these conditions persist, the quality of our
education will remain lower than it should. On this point, particular
attention must be given, to the situation which exists in our great
cities. The rapidity of growth of our urban centers of population
has led to enrollment incresises which in many cases have exceeded
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the rate at which the cities could provide adequate school facilities.
As a result, thousands of children are being educationally short-
changed in that they are being provided only a half day of schooling,
or are being taught in antiquated buildingsor both.

The fact that we have in our schools many thousands of dedicated,
well-prepared teachers is well known to all of you. At the same time,
however, I am sure you would agree that there are many conscientious
and hard-working teachers at all grade levels who desperately need
and want better training in the subjects they are teaching. Some of
these are teachers whose initial preparation was reasonably good, but
who now need to be given the opportunity of "catching up" with
progress in scholarship in their various fields. Others badly need
basic training to deepen their understanding of the fields they teach.
Those of us who are particularly interested in science like to point
out that the rapid rate at which progress is being made in our area
of concern makes refresher training especially important for teachers
of science. However, as scholarship in other fields broadens these
areas of knowledgeor improves the techniques of imparting knowl-
edgeit is also important for teachers of these subjects to keep abreast
of such changes.

Interest in this problem of revitalizing inservice training has led to
the development of a variety of programs specifically designed to im-
prove the subject-matter competence of teachers. The National
Science Foundation's teacher-training programs are well known.
Comparable programs for teachers of modern foreign languages and
for school personnel concerned with guidance and counseling are
being carried forwa rd by the Office of Education. Although more
needs to be done in these fields where activities are already proving
highly significant, it is equally urgent that we find ways of broadening
these efforts so that teachers in other fields can be provided similar
opportunities for self-improvement.

Even in those cases where buildings are reasonably adequate and
where the teachers have been carefully selected, however, there are
still many problems which need to be solved. One of the most im-
portant of these arises from the need for updating courses and cur-
riculums and utilizing in fuller measure the aids to instruction which
now exist or can be produced.

In the early days of this century, the tools available in almost any
blacksmith's shop would suffice, to repair the latest model horseless
carriage. Today, the tools required to service a modern automobile
are highly specialized and technologically sophisticated. Of neces-
sity, the mechanic's tools have kept pace with the increased engineer-
ing complexity of the products of Detroit.

Unfortunately, the rate of growth of research and development
in education has not kept pace with similar activities in other areas of
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importance to the Nation's &ogress. Educational research has re-
ceived far too little attention, and the funds available to support
significant research in this domain have been trivial in comparison
with the magnitude of the problems we should be attempting to solve.
Those who have specialized in educational research have made sig-
nificant contributions under difficult circumstances, and we all owe
them a special debt because of our failure to realize the importance of
their efforts.

.Research designed to lead to a further understanding of how chil-
dren learn has unfortunately not been pushed as hard as it might and
should have been. This is an area which should be developed much
more fully, and as rapidly as well-qualified investigators can be per-
suaded to undertake such research. Our present knowledge of the
ways in which children learn is much too limited to provide adequate
guidance in the development of new teaching materials and new
techniques of instruction.

It will require years of further study to develop our understanding
of the learning process to the point where the results will lead us
directly and with assurance to better ways of ordLing and presenting
subject matter in the classroom. In the meantime, we. can improve
the quality of education through carefully designed empirical experi-
ments. The importance of such efforts has already been demonstrated
in modern foreign languages, in mathematics, and in science. In
each of these areas, highly competent, scholarsworking intimately
with teachershave developed new instructional materials which have
already been shown to be far superior to the materials they are begin-
ning to replace.. Project Englishan effort designed to produce im-
proved instructional materials for the teaching of our own language
has just been launched by the Office of Education. Thus far, however,
we have only made a start toward the goal of placing in the hands of
our teachersin all fieldsthe kinds of instructional tools they need
to raise the quality of education to the level that can be achieved.

Recently I had the privilege of attending the final sessions of a
2-week working conference at which a group of teachers and scholars
from a wide range of disciplines considered in depth the possibility
of devising new instructional materials of various kinds for the
humanities and the social studies. The outcome of this group's work
cannot be summarized in a few words, but it is fair to say that they
emerged from thhir extended discussions with the conviction that much
needs doing and that much can be done to improve the quality of pre-
university instruction in these areas, through the production of new
materials for classroom use. Mfany of the university representatives
indicated not only a willingness but also a desire to help in the
development of such materials.
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Similar conferences have been held elsewhere and will occur with in-
creasing frequency as those who have participated in some of the
earlier discussions succeed in infecting their colleagues with the idea
that cooperative efforts in these directions can have a major impact
on the quality of American education. I am confident that such dis-
cussions will lead to productive effort, and that these effortsextend-
ing across all fields of study and touching all grade levelswill
introduce a new spirit of constructive ferment into our schools.

You have heard a great deal about the work that has been or is
being done to improve the materials available for the teaching of
science. The National Science Foundation is vitally interested in these
efforts, and hopes that it will be possible to continue providing supportfor such activities. I am sure that you join with us in hoping that
parallel efforts in the other fields of study can be rapidly expanded.

I have said very little about the importance of science and mathe-
matics in assuring educational quality. It would be presumptuous of
me to assume that I could provide any new insights on this matter. I
do want to say, however, that science is 'a particularly good example
of the point I made earlier concerning the importance of stressing
quality of instruction as contrasted with the problem of securing more
students. In the latest year for which I have statistics, the school
year 1958-59,4.67 million of our high school students studied science.
Perhaps a good many of the students of that year who were not study-
ing any science (some 40 percent of the total) should have been
counseled or required to do so. But the fact is that close to 5 million
students were enrolled in science coursescourses which in many
cases were taught by conscientious but ill-trained teachers, using poor
facilities and materials which were far from adequate to convey fully
and clearly an understanding of the subjects being taught. The num-
ber of students in our high school science courses continues to grow,
and we must therefore continue our effortsalready moderately suc-
cessfulto improve the subject matter competence of our teachers
and to provide instructional materials of high quality.

Educational quality cannot be increased overnight. Efforts along
many lines are required. The problems are complex and interlocking.
These problems are not insuperable, however. Some of them canbe solved with relative ease, if sufficient funds can be devoted to their
solution. The obvious example here is the problem of school buildings.
Others cannot be solved with money alone, because they require con-tributions of time and effort by teams of outstanding scholars andteachers. Course and curriculum revision projects fall in thiscategory.

All elements of our organized society can and should contributeto the massive task we face in trying to reach the American goal ofequal and full educational opportunity for all. Private citizens and
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professional societies, school boards and industrial groups, chambers
of commerce and labor unionsall can and must contribute in various
ways to the discussions and the efforts that are needed.

I have no doubt that local control of education is firmly and perma-
nently embedded in our American tradition. One result is, however,
diversity of quality. We have in recent years recognized the fact that
the problem of improving the quality of education throughout the
United States is one which deserves national attention and appropriate
kinds of Federal support.

Federal funds are already helping to improve the quality of educa-
tion. But Federal support for educational improvement will not and
should not be viewed as the answer to our problems. Increased ef-
forts on the part of local and State governments are and will continue
to be essential.

"Quality of education" is a phrase we might well use with increas-
ing frequency, as a way of reminding ourselves both of the great
strengths of American education and of the faults and weaknesses
we see in it because of our passion for progress and improvement. I
predict that our childrenand indeedour great-great-grandchildren---
will in their adult years find themselves unsatisfied with their schools,
and will continue to search for ways of improving their quality. If
our efforts to make our schools better are continued, and if my predic-
tion concerning our descendants is in fact fulfilled, education in
America will become and remain the world's standard of quality.



Science and Education Today
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WE LIVE in a highly permissive society. Each person may choose
his interests, his vocation, and his preparation via a choice of

curriculums. We have more or less tacitly assumed that, when all
these choices have been made, the sum total will be optimum for the
needs of society and the Nation. We may have to inquire whether
in fact this can be true, and, if not, what can be done about it. And
indeed, we are doing so, as the National Defense Education Act and
other programs attest.

One thing we can do is to strengthen science education to meet at
least our pressing need. We are facing in our country great responsi-
bilities in science education, not only to meet the demands of new
programs to which the Federal Government is committed but also to
meet other demands which appear to be growing apace, as well as to
develop meaningful science education for the citizens of our country
who will be living in an environment more and more affected by tech-
nology and more closely related to it. This challenge will be felt
increasingly as time goes on all the way from graduate school, at one
end of the scale, down through the colleges and the secondary schools
and the elementary schools.

Perhaps it might be worthwhile to recapitulate a few facts about the
development of science as an integral part of our culture, with special
reference to more recent developments, as a background for some of
the things I should like to dwell upon.

Development of Science

First, let me state that I find it convenient to think of the develop-
ment of science and technology in four eras. The first of these may be
thought of as the "era of sporadic discovery." This would cover
the time up to the 17th century and the advent of the Enlightenment.
In this era while notable advances were made at a number of times
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and places, they were in a sense disjointed and led to no systematic
growth of what might be called a scientific structure.

The second era is signalized by the enormous accomplishments of
such persons as Bacon, Newton, Leibnitz, and Galileo. As a result
of their work, for the first time ,a structure of science began to develop.
It was the work of the next two centuries to add to this structure, to
fill it out as a result of both theoretical and experimental work, and
thus to lay the groundwork and create a discipline of science. To a
large extent, especially toward the end of this era, science had become
a function of the universities. Its motivating drive, however, was
primarily intellectual, as an outgrowth of curiosity and a desire to
understand the workings of nature.

This third era begins with the application of science to practical
affairs. In some respects it may be thought of as an older movement,
sine 3 practical uses of technology occur even in antiquity, but as a
significant affair its momentum began to be appreciable in the middle
of the 19th century with the beginnings of technological industry such
as transportation, communications, power industry, and the chemical
industry. A later and highly important phenomenon in the techno-
logical industry was the establishment of the industrial research
laboratory.

The importance of this development in the last six or eight decades
is probably underemphasized in the context of the development of
science and technology. It was with the establishment of the indus-
trial laboratory that deliberate and organized efforts to add to our
scientific knowledge, to seek out in a systematic way the applications
of science to the practical uses of man, and to create a methodology
for the purposes were made. Science moved out of the universities
into the realm of commerce and industry as a sole locus of scientific
development. The resulting acceleration of scientific development
added to rather than subtracted from the role and effectiveness of the
universities. The universities were under more pressure to train
scientists, and the flow of scientific knowledge and instrumentation
from the industrial laboratories aided science in the universities.

It is to be noted here that to the intellectual drive was added the
profit motive, such that two forces led to the accelerated exploration
of science and the exploitation of its findings. The profit motive,
besides being the additional drive, was also the limiting factor, in
that technological development was limited by the possibility of
profitable practical application.

The fourth era is, by and large, dated from World War II. It was
at this time that the interest of the Federal Government was added
as an almost dominant factor in the acceleration of science. Because
of the mutual interest involved, Federal expenditures for scientific
research and development increased encanously. They have since
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continued to increase as every new area of national interest began
to develop in which research and development promised results signifi-
cant to the challenges facing the Federal Government. Consequently,
we have had enormous increases over the last decade and a half in the
budgets of the Armed Forces, the Atomic Energy Commission, the
National Institutes of Health, the National Aeronautics and Space
Administration, and the National Science Foundation.

A recent release of the National Science Foundation shows that
research and development expenditures have increased in the United
States just in the last 8 years from about $5 billion a year to over $14
billion a year. This may be compared to the period immediately
preceding the war when expenditures were measured in the tens of
millions of dollars. It is to be noted here that the limiting conditions
as distinct from the other eras are only decisions on the part of Federal
agencies and the Congress as to what is in the national interest.

A third force has been added beyond that of intellectual curiosity
and the profit motivethat of the national interest.

Scientific and Engineering Manpower

Much effort has been given over the past few years in attempting
to reduce to some quantitative basis the supply-demand. equation
related to scientific and engineering manpower. None of these efforts
has been wholly satisfactory. Our society is one of high permissive-
ness and loose organization, characterized by a free economy and an
aversion to controls. Consequently, practices differ over the many
units in our society. There are differences in nomenclature, organiza-
tion, function, and standards which almost seem to defy analysis and
the synthesis into a meaningful matrix of all the factors and consider-
ations needed for a reliable measure of either supply or demand.
Nevertheless over the years some progress has been made. One such
comprehensive study has been made by the Bureau of Labor
Statistics for the National Science Foundation. (NSF publication
No. 61-65, Long-Range Demand for Scientific and Technical Per-
son/net) It is useful as one step forward in visualizing trends over
the next decade.

The findings indicate an increase of scientific and engineering em-
ployment averaging over an 11-year period about 85,000 per year. To
this must be added about 21,000 per year for replacements due to death
and retirement. The losses caused by migration into other lines of
work, into management, into entrepreneurial functions, and into pub-
lic and other services are certain to occur but are more difficult to
measure, or estimate.
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In the field of engineering alone, needs for new personnel are indi-
cated at a level of about 81,000 per year. In the sciences the needs for
new personnel are estimated in this report at about 25,000 per year.

On the supply side in engineering, the report notes that something
less than one-fourth of the engineers in our economy do not have
college degrees but enter the profession from other fields, from less
than college degree training experiences or from other sources, leaving
some 62,000 per year to be procured from the engineering colleges. It
should also be noted that about one out of seven engineers does not
even enter the profession. Thus the Bureau of Labor Statistics
report indicates a need of something like 70,000 engineers per year
from the engineering colleges. About 45,000 have now been grad-
uated, including those with master's and doctor's degrees:

In the sciences the balance between supply and demand seems
closer. However, the report is less satisfactory, since it was not pos-
sible at the time it was in preparation to reflect the substantial new
demands that the future promises in view of the activities of the space
exploration programs, the health programs of the National Institutes
of Health, the possible demands for the export of talent abroad, and
other accelerating programs in which the national interest is involved.
These demands are now looming greatly on the horizon. As one
example, there is the case of the preview of the programs of the NIH,
as stated in hearings before the Subcommittee on Appropriations of
the House of Representatives. The report of these hearings indicates
that a probable budget of the NIH over the next 8 years will rise to
approximately $3 billion per year in 1970. It is estimated that such
programs will require new personnel and personnel to replace those
moving out due to -death and retirement, or a total of about 45,000
additional persons in the next 8 years. At the doctoral level alone,
this will mean new personnel at an average rate of about 2,800 per
year. Since the personnel needed will be predominantly in the bio-
logical and basic medical sciences, it may be noted that in 1960 Ameri-
can universities graduated fewer than 1,800 yearly at the doctoral
level.

Estimates can similarly be made of the personnel needs resulting
from increased activities of the National Aeronautics and Space Ad-
ministration. While the probable budget figu-es for the NASA may
move to the level of $5 billion per year in the next 3 or 4 years, the
estimate of what this will entail with respect to the need for additional
personnel trained to the doctorate level is less easily understood.
However, conservative estimates would seem to indicate the need for
at least 1,000 additional persons at the doctoral level in the relevant
sciences. There are, however, other areas in which the need for per-
sonnel also seems to be definitely on the upgrade, although the numbers
will not be as large. Much may be made, for example, of the field of
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oceanography, which has now been recognized as an area in which the
Federal Government has a substantial interest. It is quite likely that
Federal subvention in this area will increase rapidly over the next
few years as the United States becomes more and more dependent on
the oceans for defense and as an ultimate source of raw materials.

Recently there has been a recognition of the fact that problems of
environmental health due to the rapid growth of technology are becom-
ing of considerable concern to the Nation as a whole, and specifically
to the National Institutes of Health. Serious study has;been given to
this over the last few months, and it seems likely that rapidly stepped
up Federal activity will be called for with the establishment of a
possible national institute of environmental health and that a sub-
stantial increase in numbers of people trained in this area will be
required.

Another area related to technology probably should be mentioned.
It has become apparent lately that the growth of the power of tech-
nology has now come to the point where substantial social and eco-
nomic problems are being created by technological developments.
For the solution of these problems people will be required who, on the
one hand, have an understanding of the technology involved, the tech-
nology of quantitative research and research design, but who also have
a sufficient background in the behavioral sciences involved.

Finally, much should be made of the fact that in the future the role
of the Government in foreign assistance, including education, espe-
cially in the scientific and technical areas and in the development of
science and technology itself, will undoubtedly increase and probably
increase rapidly. Consequently, the export of talent may be expected
to be a factor to be reckoned with in the future.

Rate of Training for Science

What then of our rate of training? You are probably all aware of
the fact that so far from being an increase, there is an apparent de-
cline in engineering enrollment. The enrollment percentages in engi-
neering at the freshman level have declined from the historic level of
approximately 9 percent of entering freshmen to something now more
closely approximating 6 percent. In actual numbers the decline has
been moderate, but nevertheless a definite decline.

At the level of the doctorate in sciences and engineering, historically
in our country there has been over a number of decades a steady in-
crease in training to the doctorate, approximately a 7-percent increase
per year. However, during a part of the decade of the 1950's, in
some fields the rate of increase was less than this amount and is only
recently beginning to show more rapid rise and an approach to the
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historic rate of increase of 7 percent per year. The important point,
however, is that this is to be compared with an increase in annual ex-
penditures for research and development of from 30 to 40 percent
per year.

In partial alleviation of this apparent imbalance between the rate
of training and the rate of growth of science and technology, it might
be noted that there are in the United States today a substantial num-
ber of foreign scientists who are guests of our universities and who
participate in programs, especially of basic research. This phenom-
enon has apparently been on the increase. It is not enough to make
up the difference, but it does add an interesting factor to the situation.

Emerging Goals in Science Education

Such studies and surveys as those of the Bureau of Labor Statistics
are helpful in illuminating and making concrete the immediate situa-
tion and the challenge facing our educational system in supplying
the manpower for science and technology, in the coming years. They
have, however, their limitations as we consider emerging goals in
science education. They must deal with tangibles. They must deal
with employment opportunities, with money appropriations, with
trends which have been established over a sufficient length of time to
have plausible continuity.

It is in the very nature of science, however, that its growth points
are unpredictable. There has been no time in the past when one might
have foreseen the key developments which have had such enormous
effect on the direction, magnitude, and influences of resulting develop-
ments. No one expected Faraday's discoveries to result in the power
industry. The three-electrode vacuum tube was a plaything; it was
hardly conceivable that it would lead to such enormous consequences
for communications and for research. The splitting of the nucleus
could hardly have been expected to have the manifold profound re-
sults it has had in generating a whole new scientific and industrial
realm.

The goals for science in the future are, therefore, of necessity ob-
scure. If anything may be thought to be fairly certain, it is that new
and equally important developments are latent and implicit in the
further developments of science. It is unthinkable that this phenom-
enon of science has run its course. Indeed, the level of expenditure
for research and development in our day, when research and develop-
ment is one of the largest industries of our time, almost certainly prom-
ises accelerated emergence of key concepts, ideas, and discoveries.
They will emerge to find their places in the world of science and tech-
nology and to generate new directions of research and of applications.
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Besides these trends inherent in the very nature of science and dis-
covery, there are at least two other factors which will of necessity
affect the goals of science in the future. One of these grows out of
the increasing stresses produced by the accelerating growth of tech-
nology itself added to the growth of populations throughout the
world.

The rate of consumption of natural resources, both renewable and
nonrenewable in our country and around the world, has increased geo-
metrically with time. Projections have been made by various authors
and specialists as to the length of time that will ensue before these
resources will be in short supply. There is no need here to quote these
statistics. The picture is perfectly clear that in the not too distant
future the curves of rising demand and dwindling supply will meet.
Whether this occurs in 1970 or 1980 or in the year 2000 will depend
on the particular commodity concerned and on the trends in technolog-
ical developments. It will depend also for any one country on its
access to world resources as well as its own. In any event, however,
this matter will become increasingly a challenge. There is no doubt
at all that this problem will provide one of the preoccupations of
science and technology for the future. Involved will be the beneficia-
tion of ores, the technology of miniaturization, the improvement of
alloys and substitute materials, and all the possibilities of better utili-
zation of existing resources.

Another facet of the manpower problems of the future is the grow-
ing interrelationship between science and technology and the environ-
ment, whether human or physical. The growing complexity of in-
strumentation is one example, since this involves in design in an even
more intimate way the man and the machine. This field of human
engineering is of growing significance, requiring more intimate knowl-
edge of technology by the social scientists concerned, as well as more
understanding of human requirements and limitations on the part of
the scientist or engineer designing the instrument.

This is only one of the many situations in which science and tech-
nology must interrelate with the behavioral sciences. The design of
highways now is increasingly a matter involving questions of land
use, of urbanization, of themes of traffic flow, of social welfare, and of
group psychology.

The important fact is that the interplay of complex systems, both
scientific and technological, as well as behavioral, presents complexi-
ties which call for sophisticated research design, quantitative method
and adaptation of research to many and variable problems which will
swell the demand in the future for a new and different type of re-
search personnel.

Warren Weaver, past president of the American Association for
the Advancement of Science, expressed it this way in a letter to Robert
Morison and quoted by him in the fall 1961 issue of Daedalus:
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I have a very strong conviction that the "new form of excellence" re-
quired by science over the next half-century will in considerable part con-
sist of techniques for dealing with broader problems, larger problems, prob-
lems which arise when a moderate number (three to one hundred, just as
a shot) of small problems are organically interrelated.

One can start with very obvious and oversimplified examples. The day
is past, I would claim, when science can properly treat food supply as an
isolated problem, birth rates as another, public health as another. The
whole body of servomechanism and feedback theciry ; many of the techniques
of operations research; the emerging kowledge concerning information and
communication theorythese are all groping toward the capacity to deal
with problems of organized complexity.

We have been great at producing bits of information, fragments of
knowledge. We now need to devote more attention to the fitting together
of these bits, to the broader interrelation, and hence to broader
utilization. . . .

We have to humanize science and give more general meaning and struc-
tureand even valueto it.

Probably first among all the goals for science teaching which now
seem increasingly important and which lack proper conceptualization
is that of science for the citizen. The matter can be looked at from
many points of view. On the one hand, there is the extraordinary
importance of science in public and national affairs. In a democracy
in which the citizen is the ultimate determinant of action through his
ballot, there is a dangerous hiatus developing between some of the
most important affairs of state and the understanding of them by the
citizen. In the March 5, 1960, issue of the New Yorker, there occurs
this paragraph as quoted by Weaver :

These are hard times for the layman. He is thought no longer competent
to work out his own opinions on many matterseven many that touch him
intimately. His very survival has become the property of committees and
the subject of learned arguments among specialists. He has little to say,
poor fish, being largely ignorant of the information upon which plans for
him are based.

Obviously this can be applied to science--to fluoridation of water;
to fallout; to the role of chemical and biological agents in agriculture
and in conservation; and to the control of food, drugs, and occupa-
tional and environmental hazards.

But the matter goes beyond this practical point. It is also a ques-
tion of the spirit and character of our age. This is an age of science.
Education is supposed, among other things and perhaps most im-
portantly, to orient the individual to the environment in which he
must live and work and find his enjoyments and satisfactions. Sci-
ence and technology are today the main components of that environ-
ment, whether one speaks of the physical environment or the
intellectual environment. The average citizen today cannot be at
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home in that environment if he does not achieve some degree of rap-
port with it.

It is not necessary that he be a physicist, a chemist, or an electronics
expert. But he should know the nature. of science and something of
how it works, have some feel for and understanding of how a scientist
works and thinks, and eventually develop a decent respect for what
science can do and what it cannot do.

He need not know how to assess the exact reliability of a, given
scientific study of the dangers of fluoridation of water, or of its lack
of danger. He should know that science can estimate them, however,
and that the result can give practical guidelines for practice. He need
not know how to examine the age of a fossil, but he should know that
reliable scientists do know how and can be trusted. He should in
addition have some insight into the relevant methodology.

What has been said here and other such considerations have con-
vinced many persons of the increasing importance of the secondary
schools as a factor in the production of personnel in the scientific and
engineering disciplines.

Unused Potentials

In the Office of Scientific Personnel there is maintained a roster of
persons who have attained the doctorate degree from American gradu-
ate schools over the past several decades. More recently it has been
possible systematically to obtain information on the geographical and
high school origins, as well as the undergraduate origin of these people
who.have attained the doctorate degree. In plotting these results,
interesting information has become available on the pattern of our
educational system as it relates to personnel with advanced training.
If one plots the percentage of high school graduates who have attained
the doctorate degree in terms of the size of the high school as measured
by the number of graduates per year, it becomes apparent that the
size of the high school is an extremely important factor. A curve re-
sults which starts almost at zero for high schools graduating from zero
to 25 per year, rises very slowly for high schools graduating 25 to 50
per year up to high schools graduating about 400 per year. Thereafter
the curve stays approximately constant up to a size high school gradu-
ating about 1,000 per year. Beyond. that point the curve rises more
sharply, since among this category are some of the large selective and
specialized high schools.

It seems quite clear, therefore, that the small high school graduating
fewer than 400 per year finds it difficult to provide the environment
which can properly equip a student to enter college and proceed satis-
factorily in college and then enter the graduate school for successful
work. The smaller the high school, obviously, the less the student
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seems to be conditioned to go on to successful work in specialized
science and engineering. It may be that in educationally under-
privileged high school students may be found one of our greatest

--"%unused potentials.
Obviously, the greatest unused potential in the United States is that

of women. This phenomenon is, of course, well known. Nevertheless,
as one looks at the relative figures indicating the percentage of women
in the scientific aid engineering areas in colleges and the graduate
schools, the disp trity seems to be more than significant. It would
appear that in tkiis area of the use of women, the greatest progress
should be potentially possible. Those of us who have been in teaching
at the secondary and college levels would, I am sure, agree that there is
no fundamental reason why women cannot accomplish as much in
these areas as can be done by men. It would also seem possible that
special efforts to interest women students can be enormously successful
and significant in the total picture of manpower resources of the
Nation.

Another serious problem that, in my estimation, needs emphasis
is the tendency in our country to assume that training in high school
and in college in the field of science and mathematics is primarily for
those who intend to make a life career in these fields. There seems
to be a tacit assumption that other students need no courses in these
fields or at best only watered down or descriptive courses.

In the first place, tacre are few people today who will not in one
way or another either be affected in their work by technology: and
should therefore understand it or will have to make decisions in which
it is a factor. Even our functioning'as citizens in great national issues
of a political nature more and more has some content of technology
involved. Indeed, if education is the process by which an individual
becomes sympathetically aware of and develops an understanding of
his environment, then the educated individual must realize that a
larger and larger part of his environment is technological in nature.

Secondly, a thorough grounding in the basic sciences may provide
the opportunity for the individual at any time to change his career
and professional goals if he so desires. Failure to include enough
science and mathematics in his curriculum will most likely forever
preclude him from turning in that direction later on.

And in the third place, as was indicated earlier, many fields such as
those of the behavioral sciences in the future will of necessity become
more involved, and sometimes quite intim pi:sly, with some phases of
science and technology. Even to have opportunity to grow in
some of these fields will depend on the degree to which the individual
has mastered science and mathematics.

This leads directly to the last point I wish to make which has to
do with the guidance and counseling .movement today. The impor-
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tance of guidance and counseling is being recognized at the national
level more and more clearly by educators and, indeed, by political
leaders and many others who have perception of the problems of edu-
cation and interest in it. I would hope that at the State level the per-
sons responsible for guidance and counseling activities would work
very closely in the use of the guidance and counseling movement for
strengthening training in mathematics and the sciences in the elemen-
tary and secondary schools. It is my impression that in many schools
there is a tendency to delay decision as to the ultimate career intentions
of the individuals until such time as they. have "had the opportunity
to see" available possibilities and to make appropriate career decisions.
In general this has a certain amount of appeal. However, if it means
that in the meantime the individual neglects relevant prerequisites,
he may find that when he comes to the most important decision he has
precluded many possibilities. It would also seem to me highly im-
portant that those involved in the guidance and counseling movement
understand the significance of science as an element in a broad liberal
education appropriate for life in the modern age.
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DURING THE PAST 10 years more man-hours have gone into proj-
ects having to do with the improvement of science education in

the schools of America than during any previous 50-year period in
the history of education in this country. The primary motivation for
such a phenomenal effort has been to increase both the quantity and
quality of our scientific manpower resources. Although there is sub-
stantial evidence that the effort is beginning to pay off, the task is far
from being completedif, in fact, it will ever be completed.

The problem of improving educational practice is a persistent one.
Because of the multiple variables involved in the educational process,
the problem will never be completely solved. To complicate the prob-
lem further, these variables interact, between two dynamic enterprises,
science and a free society.

We must not make the complacent assumption that the new science
courses and the intensive effort that has been made to upgrade the
backgrounds of science teachers has or will ultimately raise the level
of science teaching to where we, and those who follow us, will hope-
fully expect it to be some day. As happens in scientific advancement,
each step forward in our understanding of the educational process
opens up new problems. Each new problem must be dealt with in our
efforts to improve the efficiency of educational practice. The point
I am trying to make is simply this : science teaching will 'be improved
only as long as we persistently work at it. There will never come
a time when we can sit back and say, "The job is done".

Whereas the primary goal of our recent all-out effort to improve
science education has been focused upon the education of the future
scientist, we should not become so prepossessed with this extremely
worthy goal that we lose sight of the masses who must also be
educated in science. These are the folk who will never become scien-
tists. They will become the lawyers, the schoolteachers, the school
administrators, the clergymen, the businessmen, the housewives, the
farmers, the cattlemen, the watermen, the truckdrivers, and the mer-
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chants. Although they will not contribute directly to scientific prog-
ress, many of them will be making decisions which indirectly affect
science and the ways in which its discoveries are applied to human
welfare. Each of them will seek to live a reasonably orderly and
satisfying life in a society that is being increasingly influenced by
science. All will be called upon to modify onetime respectable con-
cepts which advancements in science will inevitably render untenable.
It is clear that science must become an integral part of the education
of all from the elementary school through college.

Science in the Curriculum

I am certain that the science curriculum builders in every State
have assumed that it is their responsibility to build for all students
science curriculums that are sequential and developmental from the
elementary school through the secondary school. But before anything
of real significance will result from this commitment, we will need to
take a hard look at our points of view regarding objectives, the learn-
ing process, and evaluation in science teaching.

As educational leaders we have developed a laissez faire attitude
toward certain practices which should be vigorously challenged. The
most critical of these is the manner in which curriculum workers,
course-of-study makers, and teachers have dealt with objectives of
science teaching. I have yet to see a curriculum or a course of study,
developed by educators that did not have in its preamble a well-formu-
lated list of objectives. This is as common as the American flag in
every school. In fact, the statements of objectives are frequently as
similar as American flags, and, like flags, they come in different sizes.
There are long lists, medium-sized lists, and short listsbut all reflect
the same basic statements of objectives that have been in the pro-
fessional literature for the past 30 years. I have no quarrel with this
practice as far as it goesin fact, I am disturbed by those who develop
science courses without stating clearly the objectives which the courses
are to achieve. But when I reflect upon my disturbance about such
malpractice, I am impressed by the possibility that those who develop
their courses without first paying allegiance to the sacred objectives
are intellectually more honest than those who go through the formality
with little or no intention of letting the objectives get in the way of
their developing a course or curriculum in keeping with the conven-
tional patterns. Nor does there seem to be any predisposition to fol-
low through with teachers to make certain that they understand the
objectives and reflect them in their teaching.

Let me give you an example of what I mean. The "critical think-
ing" objective and the "understanding of basic concepts" objectives are
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two common denominators in practically every list that I have seen.
They may be stated in different ways but you'll find them there.
When you examine some courses of study you find that the range of
their content is of such an order that to cover it in ways that will
develop understanding to any reasonable depth is impossible. When
you examine the suggested learning activities it is difficult to identify
clearly "critical thinking" as one of the outcomes.

How are these objectives reflected in classroom practice V InveS-
tigators 1 have found that teachers either do not accept these objectives
or they do not comprehend them and, consequently, do not provide
for them in their teaching.

Closely allied to the laissez faire point of view about objectives is
an all-too-common point of view about learners and the learning
process. Not long ago I took part in a discussion of what to do with
the slow learner or the nonlearner in science classes. One member of
the group commented that in his school they did the only thing that
could be done with slow learners. They sifted from the standard
biology course a few simple facts that were pertinent to the well-being
of the students (such as the number of times the normal heart beats
per minute) and drilled the slow learners with these facts. In this
way he felt that science teachers were meeting their obligation to do
something for the slow learner. This incident illustrates an all-too-
common attitude about learners and the learning process in science,
that of filling the mind with facts. In turn, this all-too-common
practice reflectsa concept of mind that is no longer tenable.

Directly related to their points of view with regard to objectives
and learning is the attitude which practitioners take toward evalua-tion. As long as achievement in science is judged primarily in terms
of verbalization of definitions and factual material, any discussion
of or planning for the accomplishment of the more significant objec-
tives of science teaching will be largely a waste of time and effort.

To elaborate further about the importance of curriculum builders',
supervisors', and teachers' giving more serious consideration to objec-
tives, learning, and evaluation, I would like to extend discussion of the
two objectives of science teaching referred to earlier.

Concepts and Processes

It would seem there is still general agreement that a good science
program should result in an understanding of certain basic concepts
of science, on the one hand, and the processes of science or methods of

1Wilbur I,. Beauchamp. instruction in Science (No. 110, Monograph No. 22). U.S.OEce of Education. Washington : II.8. Government Printing Office, 1932.Ellsworth S. Obourn. "Assumptions in Ninth-Grade General Science." (Doctoral dis-sertation, New York University, 1950.)
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critical thinking, on the other, and, furthermore, that concept and
process are inextricably .related in the scientific enterprise. This
means that scientific conceptions have not been made known to man on
tablets by some supernature, universal authority, but rather have
been wrested from nature by man through the persistent applicatidn
of the intelligence with which he has been endowed. By this labori-
ous process man has come to his present understanding of the world
of nature.

Insofar as the concept-process purposes relate to teaching and
learning science, correspondence with the scientific enterprise is
striking. The research on learning has shown quite clearly that no
one, not even a science teacher, can give another person an ideaa
concept. He must think his way to the idea if it is going to become his
concept. When. I say "his concept" I mean just that. It becomes
his personal possession only when it becomes amalgamated within
conceptual schemes and patterns, which are ever emerging in the
unique thought contexts of the individual. This amalgamation occurs
through a critical thinking process whereby the individual actively
applies the intellect with which he is endowed. This is another way
of saying that the learner must get meaning out of that which he is
taught if it is to be learned, that meaning develops from experiences
that get the learner involved in critical thinking. The old cliche, "We
learn by doing," should be revised to read, "We learn by doing
when we are thinking critically about what we are doing." A common
reaction to this point of view is that we don't have time for the learner
to discover everything on his own. My belief is that he'll never learn
it in any other way.

Recall the research of Powers 2 in which he found that merely
because students can verbalize concepts in chemistry, we cannot assume
they understand these concepts. In fact, he found that a relatively
small proportion of the good verbalizers of chemistry possessed an
understanding of chemistry as it was conventionally taught.

This research, coupled with that of Tyler 3 and Downing,4 would
seem to indicate that much of what has gone on in science classes was
a tragic waste of time and effort. Tyler found when science students
were taught with emphasis upon verbalism (learning definitions and
specific facts for recall) that one year after the science course they
had forgotten about 80 percent of what they knew at the time the

I S. R. Powers. "The Correlation Between Measures of Mental Ability and Measures of
Achievement in Chemistry. School Science and Mathematics, 28:981 -986, December
1928.

s Ralph W. Tyler. "What High School Pupils Forget." Educational Research Bulletin,
Ohio State University, 9 :490-492, Nov. 19, 1930.

"Permanence of Learning. Journal of Higher Education, 4:203 -204, April
1933.

Elliot R. Downing. "Teaching Units in BiologyAn Investigation." North Central
Association Quarterly, 5 :453-457, March 1931.
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course was completed. On the. other hand, when students were taught
to think their way to an understanding of selected principles of science,
their retention curve did not drop off but went up during the year
following completion of the course. In several studies conducted
under Downing's direction, it was found that not more than about
eight principles of biology could be learned with understanding by
high school students in 1 year.

As far as I know, the findings from these studies have not been
refuted by subsequent studies in science teaching. Therefore, if we as
specialists in science teaching believe that decisions about what to teach
in science and how to teach it should be based upon experimental evi-
dence, we are morally and ethically committed to work for a major
reconstruction of science curriculums and a drastic reorientation of
classroom practices. In fact, if we took this evidence seriously there
would be radical changes made in science teaching.

We need to rethink the process or critical thinking objectives of
science teaching in terms of their validity and methods by which they
may be applied more effectively in helping students come to a better
understanding of the basic concepts of science. We need to reexamine
the conceptual structure of science and identify the basic concepts.
We need to design and use evaluation instruments that measure
achievement in understanding scientific concepts and in using the
processes of scientific thinking.

Basically, we need to be more concerned about the ways in which
all young people are going to be different as a result of their science
experiences in the curriculums which we build. They should attain
not only a better comprehension of the conceptual schemes which
scientists have developed in their magnificent efforts to explain natural
phenomena but also a better understanding of how these concepts have
affected the personal, social, economic, and political lives of people.
They should develop not only a better understanding of the processes
of inquiry as used by the scientist but greater competence in using this
process of inquiry, and consequently becoming more self-directive in
their learning. Finally, they should become motivated, in higher pro-
portions than is currently the case, to sustain intellectual interests
after their formal schooling is completed.

Influence of Society

In the last chapter of the Sixtieth Yearbook of the National Society
for the Study of Education,5 Dr. Ralph W. Tyler summarizes the
earlier chapters in the Yearbook having to do with social forces

11 National Society for the Study of Education. Sixtieth Yearbook : Social Forces Influ-
encing American Education, Part II. Chicago : Universly of Chicago Press, 1961.
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influencing American education. In pointing up the interrelatedness
of the political system and education, he states :

The survival of our political system requires educated citizens and
specialized personnel, not simply trained in the knowledge of the past,
but adequate to the current rapidly developing world situation. Hence
the political system must for its survival press the educational system to
change. Schooling will have to become an introduction to learning-how-to-
learn, so that intellectual interests can'be sustained through life.
. . . The political system can properly demand of the educational system
that the schools teach the basic skills and knowledge essential to function
in a free society ; that they transmit the general knowledge that comprises
the cultural tradition of the civilizatidn and the specific knowledge that is
necessary to function as a member of the society and as a citizen of that
political system ; and that they develop skills in problem solving and in
learning-how-to-learn.

It is imperative that science in American schools, along with other
subjects in the K to 12 sequence, fulfill the demand of a free society
for citizen graduates who are not only motivated to continue their
intellectual development but possess the essential skills. It would
seem to me that our progress toward this as a central purpose of
education for all young people has been less clearly demonstrated
than has our progress toward meeting the needs for scientific man-
power.

I would recommend the reexamination of the points of view and
recommendations of such science improvement projects as were car-
ried on by the Bureau of Educational Research in Science 6 and the
Eight-Year Study? These projects were more clearly oriented
toward the personal-social implications of science than appear to be
reflected in most of the current science improvement projects. The
earlier projects were concerned with ways in which science could
be used to change the behavior of young people in personally satis-
fying and socially desirable ways. They were concerned with the
scientific literacy of all young people. It was indeed unfortunate that
the points of view represented by these programs were not as exten-
sively applied nor as intensively tested as hopefully the current
developments will be.

'Samuel R. Powers. "The Work of the Bureau of Educational Research in Science."
School Science and Mathematics, 41:7-9, January 1941.

/ Wilford M. Atkin. The Story of the Eight-Year Study. New York : Harper & Bros.,
1942.

Progressive Education Association. Science in General Education. New York : D. Ap
pleton-Century Co., 1938.
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Improvement Projects

The December 1961 issue, of Science Education News8 was given
over to brief reports on science improvement projects that have been
undertaken during the past several years with major financial support
from the National Science Foundation, Ford, and Carnegie. Two
projects in elementary science (University of Illinois, Urbana; and
University of California, Berkeley) and four in secondary school
science (Biological Science Curriculum Study, University of Colorado,
Boulder; Chemical Bond Approach Project, Earlham College, Rich-
mond, Ind.; Physical Science Study Committee, Educational Services,
Inc., 164 Main St., Watertown 72, Mass.; and Chemical Education
Material Study, Harvey Mudd College, Claremont, Calif.) are prob-
ably best known nationally. In back of the elementary science proj-
ects was the feeling that the present courses of study, textbooks, and
other materials in elementary science do not reveal adequately the
methods and goals of basic science. The secondary school science
studies were motivated by a concern regarding the fragmentary,
descriptive, and technological nature of the conventional high school
courses in biology, chemistry, and physics. The studies were designed
to reduce each science field to its basic structural, concepts and to
develop materials for teachers and students to use in the schools.
Scientists have played a major role in the development of these
projects.

In several ways these projects represent breakthroughs in the
development of materials and courses. Rather than merely revising
present courses or working over classical learning activities, as had
often been done in the past, each project took a fresh new look at what
should be taught and how it should be taught from a scientist's point
of view. Rather than merely developing point-of-view statements,
lists of objectives, and generalized guidelines for curriculum workers
and teachers, each project got down to the extremely difficult and time-
consuming task of developing specific learning experiences for
teachers to use with their students. Rather than merely assuming
that these learning experiences were suitable, extensive programs were
instituted for trying them out in schools and using the evidence thus
obtained as basis for making revisions. Rather than assuming that
the dated and variable subject matter preparation of teachers and the
teaching methods which they had learned to use could somehow see
the teachers through the new courses; they developed intensive pro-
grams for the reeducation of teachers to do the specific tasks which
the new courses demanded.

Science Education Newa, December 1961. Published Quarterly by the American Asso-
ciation for the Advancement of Science, 1515 Massachusetts Avenue NW., Washington
5, D.C.



38 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

From what I have seen of these science improvement projects, they
represent still other worthy breakthroughs in the development of ma-
terials for instruction. To the fact-happy teacher and testmaker they
have clearly demonstrated the relative significance of science facts
and major scientific concepts in teaching for an understanding of
science. To the ground-covering teacher and testmaker they have
effectively documented the significance of pupil involvement in
processes leading to concept formation and an understanding of the
methods of scientific inquiry.

Three Matters of Concern

There are three matters regarding these science improvement proj-
ects which give me some concern. First, I am concerned about their
exclusive commitment to oasic science. It would seem that many of
the proponents are more strongly antitechnology than probasic in
their passion to be "pure." This may be a natural reaction to science
courses, both at the elementary and secondary school levels, that had
become almost exclusively applied science with only descriptive and
empirical explanations. As a science educator who lived through the
exciting ferment of the 1930's, my thinking about science teaching has
been both stimulated and challenged by these reactionary or radical
purists. I am not ready to write them off. Neither am I prepared to
write off either the idea that science should make a difference in the
lives of young people or the convincing evidence that the manmade
environment of such phenomena as spaceships is in many ways more
challenging to young people than phenomena more exclusively cate-
gorized as the natural environment. To deal with science unrelated
to or insulated from the lives of young people would leave much to be
desired. To deal with science exclusively from a consumer point of
view would be equally disastrous. For the masses of students we
must have both. As Shamos 9 has pointed out, we should help the
student distinguish between the basic and the applied science whenever
and wherever we deal with both ; we should not leave the misconception
that technology and science are synonymous.

The second matter related to the science improvement projects is a
concern about the extent to which the new secondary school courses
are adaptable to the ability, interests, and needs of all students in the
high schools. Answers to this one will be coming from field tests in
schools.

Morris H. Shamos. "Science and Common Sense." Speech delivered at the Tenth An-nual Convention of the National Science Teachers Association, San Francisco, Mar. 11,1962.
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Not unrelated to this question at the high school level is the ferment
that is begiuning to effervesce regarding science courses for nonscience
majors at the undergraduate college level. One type of reaction is
represented by thisnews release :

The science requirements for college undergraduates who are not major -
ing in science were sharply attacked last week at a national conference of SO
scholars at Michigan State University, Oakland Branch, in Rochester, Mich.
The experts recommended that every, college student, regardless of major,/
should be required to take at least 2 full years of "bard-hitting" science
MUMS.

The "hard-hitting" label was used in opposition to special "separate but
unequal" courses often devised specifically for nonscience students. The
conferees thus rejected such courses that were advocated and made nation-
ally popular by the report, "General Education in a Free Society," pub-
lished by Harvard University in 1956. A Harvard scholar, Dr. Gerald
Houlton, professor of physics, led the attack on easier courses "about
science" for nonscience undergraduates.

Dr. Alan T. Waterman, Director of the National Science Foundation, urged
the colleges to learn from the lesson of the countrywide reforms that are
currently improving the high-school science curriculum.

"Tt would be interesting to see what would result from a similar attack
in depth upon the problem of a suitable science curriculum for the [college]
nonscience major," he said. Several conferees urged the Science Founda-
tion to support smaller local projects to prepare new course structures, prior
to any such comPrehensive national programs.10

Statements such as the one quoted above indicate that there is much
unfinished business when it comes to answering the question regard-
ing what should be the nature of science courses for the citizen who
is not planning a career closely allied with science. Some of us were
foolish in assuming that we had this one answered 30 years ago."
I hope that those who are working up the answers now will not make
the same untenable assumption.

The third matter related to the current improvement projects is a
question of how these efforts will be incorporated into a K to 12
developmental sequence in the schools. Neither of the two elemen-
tary science projects referred to earlier deals with an overall elemen-
tary science curriculum. However, the learning materials developed
in these projects are being tried out at each of several grade levels
as a means of determining possible grade placement. None of the
new high school science courses has been conceived within a develop-
mental sequence, even at the high -school level. Furthermore, there
has been no major study of what the nature of the sequence should be
at the junior high school level.

Several proposals for studies of sequence have been made, and I am
presently associated with the development of two new ones. Studies

10 The New York Times, Sunday, June 8, 1902.
u National Society for the Study of Education. Thirty-first Yearbook : Program for

Teaching Eloiesos, Part I. Chicago: University of Chicago Press. 1932.
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of this magnitude will be charting relatively unexplored territory for
the crews that must be involved. Even though some of the K to 12
territory has been charted before, the new crews will find it de-
sirable to begin afresh. It is quite probable that several routes may
be charted, depending upon the number of different crews who under-
take the voyage. However many it may be, it is extremely important
that some clearly defined purpose or objective be identified and that
plans be made early in the various studies to evaluate relative prog-
ress toward their achievement.

Need for a. Pattern

It would seem that we have now reached a place where the "cut-
and-fit" approach to curriculum development in science needs a pat-
tern to follow. We need to design and try out several K to 12 cur-
riculum patterns so that the parts that have already been cut and
new ones yet to be cut can be fitted into a rational whole. Some may
hold that the basic design of this pattern should be uniform for all
American schools. Others may contend that a minimum unifcrm
basic design should be developed and that local communities and the
various States modif .9 they see fit. Still others believe that several
"good" patterns shoul,., be developed and tested in the schools. The
relative success of the various patterns should be evaluated. Based
upon evidence obtained in this way, schools should be free to adopt
whichever pattern best fits their needs in terms of the evidence. Re-
gardless of which of these or any other plan you may support, it is
imperative that we develop some rational designs and test them under
conditions which permit objective comparison.

Those who, within the recallable past, have worked upon a K to 6,-
K to 9, or K to 12 curriculum in science can appreciate what a pro-
duction it is merely to get some ideas on paper. The job becomes in-
creasingly complex to get teachers to try it out and submit reactions.
It will be a monumental undertaking to develop evaluation instru-
ments and design a study to determine objectively the relative success
of several K to 12 curriculum patterns. But it must be done before
we can ever begin to make defensible decisions based upon experi-
mental evidence.

Teacher Preparation

There are two primary implications of the present great national
interest in science and the improvement of our scientific effort. One
is to get on with the job of building K to 12 science curriculums for
the schools which not only have a scientifically rational sequence but
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are developmental in terms of concept and process goals based upon
the needs, interests, abilities, and visions of all young people at each
succeeding grade level. The second is to prepare teachers to do the
job that will be demanded by the new curriculums, for ultimately it
is the teacher who will make the difference.

The preparation of science teachers must begin in the high school.
It must begin with science teachers who are interested in science teach-
ing and who zealously proselyte their very best students for science,
teaching. It must continue into the college where special attention
is given to "feeding and fanning" the convert through courses and
other experiences which have been tailormade for the future science
teacher. Upon his being graduated, the college which spawaked the
"fry" and the school in whose "waters" he finds himself must work
together in helping him And his way.

In Hurd's 12 excellent article on the education of biology teachers,
he is highly critical of the conglomerate nature of college programs of
science study for prospective science teachers. He also questions the
effectiveness of general courses in methods of teaching as preparation
for science teaching. He recommends the eight guidelines as pre-
sented in the joint report of the American Association for the Ad-
vancement of Science (AAAS) and the National Association of State
Directors of Teacher Education and Certification (NASDTEC)18 as
a beginning point for institutions of higher learning where faculties
are truly interested in improving their patterns of education for high
school science teachers.

Until colleges and universities redesign or overhaul their teacher
education programs, there will continue to be great need for the in-
service education of science. teachers. In each of the course improve-
ment projects referred to earlier, the inservice preparation of teachers
has been a major part of the project. To date, institutes sponsored
by the National Science Foundation to upgrade and update the science
backgrounds of teachers have enrolled a total of more than 30,000
science teachers. Many science teachers have attended se,teral dif-
ferent institutes. There is little question but what these institutes
have had an impact upon science teaching. However, th(3 extensive-
ness of the impact is yet to be evaluated on any broad bas).

Gruber 14 conducted a study of 55 high school science and mathe-
matics teachers who attended an academic year institute during 1957
58 at the University of Colorado. He found that the program,'s

Paul DeH. Hurd. "The Education of Secondary School Biology Teachers." Biological
Science Curriculum Study (BSOS) Newsletter, 13: 7-10, May 1962:

13 National Association of State Directors of Teacher Education and Certification
(NASDTEC) and American Association for the Advancement of Science (AAAS). Guide-
lines for Preparation Programs of Teachers of Secondary School Science and Mathematics.
Washington : the Association, 1961.

14 Howard E. Gruber. "Science Teachers and the Scientific Attitude : An Appraisal of
an Academic Year Insatute." &twice, 132: 467-468, Aug. 19,1960.
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main weakness was its failure to transmit attitudes and information
relevant to teaching science, not as a body of knowledge, but as a way
of thinking.

The planning of institutes for science teachers has largely been the
responsibility of college scientists based upon their limited conception
of what high school science teachers need. It would seem more ap-
propriate that institutes be planned cooperatively by the people from
the schools where the needs exist and people from the college or uni-
versity that has the potential resources for meeting the need. Further-
more, the effectiveness of the unique institutes thus developed could
be evaluated in terms of measured changes that took place in the
schools. I believe that such a cooperative attack upon the problem
at the State level would pay high dividends.
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Earth Science in the Curriculum

Robert C. Stephenson

Executive Director
American Geological Institute

TODAY THE EARTH is being rediscovered by scientists who areTODAY
the complex and tantalizing unsolved scientific problems

of the earth a match for the most sophisticated levels of instrumenta-
tion and thinking which scientific minds are currently able to marshal.
Natural scientists of the 19th century were tremendously interested in
the phenomena of the environment in which they lived, and these men,
through their observatiors and investigations, laid the foundation for
the development of modern science. Within the past decade, how-
ever, there has been a rebirth of scientific interest in the earth and its
environs which has grown out of new understandings of the basic
concepts of science and out of rapidly developing and varied kinds of
instrumentation which open the door to more exacting research studies
of earth phenomena. The roots of this renaissance of earth science
are found in the era of intensive geological and geophysical explora-
tion for mineral resources during and following World War II.
Additional impetus has subsequently come from nuclear developments,
the International Geophysical Year, and the advent of the space age.

Just as the study of the earth by scientists has gone through a cycle,
the study of earth science in the school classroom has also gone through
a cycle and is now on the crest of a growing wave of interest in school
science curriculums across the Nation.

At the turn of the century, geology or physical geography was one
of the more common science offerings in the high schools, but as
biology and general science emerged, this course of study all but
disappeared from school science programs across the land. Sputnik I
has been widely used as the datum of reference of the science educa-
tion revolution in the United States. It is significant to point out that
New York State was well on its way toward a statewide earth science
course when the Russians lofted the first manmade satellite. New

682480 0-63-4 43

J



44 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

York State had experimented with the course and adopted its first
earth science syllabus 1 by 1955.

Science educators and scientists were watching the New York effort
with a great deal of interest, so that when the Pennsylvania Teaching
Guide for the Earth and Space Science Course 2 appeared in 1959,
some States had already started introducing new earth science mate-
rials into science offerings at various levels.

The Pennsylvania earth-space teaching guide was developed by a
group of geologists, astronomers, and meteorologists working with
the Pennsylvania Department of Public Instruction. Because of the
active participation of qualified scientists in its preparation, the guide
set a new standard of subject matter content. Special recognition for
the development of the earth-space teaching guide should be given to
Dr. Clarence H. Boehm of the Pennsylvania Department of Public
Instruction and to Dr. John H. Moss, Department of Geology, Frank-
lin and Marshall College, who served as chairman of the Advisory
Committee.

The introduction of the earth-space science course in Pennsylvania
served as he detonator for an explosive development of earth science
in schools across the Nation. A survey conducted 1 year ago by a
major book publisher indicated that 24 States had or were planning
earth science courses or units, mostly at the ninth-grade level. Per-
haps today there are even more. Certainly there are many local school
systems or county units which have instituted earth science courses
without reference to a statewide program.

What Is Earth Science?

It is difficult to find earth science defined. Two of the major
secondary school earth science texts fail to define it in accompanying
glossaries. It has not been defined in the Geology and Earth Sciences
Sourcebook.8 Only in the newest edition of Webster (3d unabridged)
is earth science defined, and then as follows: "A science (geology,geog-
raphy, geophysics, geomorphology, geochemistry, meteorology, or
oceanography) that deals with the earth or one or more of its parts,
often'used in the plural." With all due respect to the authoritative
source in which this definition occurs, it is poorly conceived, and it is
not completely compatible with the commonly held concept of scientists
in general.

2New York State Education Department. Earth Science Syllabus and Earth ScienceHandbook. Albany, N.Y.: the Department, 1955 and 1961, respectively.
a Pennsylvania Department of Public Instruction. Teaching Guide for the Earth andSpace Science Course. Harrisburg, Pa.: the Department, 1959.
Robert L. Heller, ed. Geology and Earth Sciences Soureebook for Elementary and Sec-ondary Schools. New York : Holt, Rinehart & Winston, 1962.
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Earth science deals with the scientific phenomena of the earth and

its environs in space and is composed of a family of interrelated fields
of science including geology, geophysics, oceanography, meteorology,
and astronomy. Earth science deals with a scientific system composed
of the lithosphere, hydrosphere, atmosphere, and space. The tools
and rules of chemistry, physics, and mathematics are essential to the
study of the earth sciences.

Why Teach Earth Science?

The earth sciences contribute greatly to the understanding of the
physical and biological environment of man. If education people are
to deal with the broad social and economic problems of their environ-
ment, they must understand the underlying and controlling factors.
Burgeoning population, rising standards of living, and dwindling
nonrenewable resources are three trends which appear to be on a
collision course. Future generations are going to feel the impact of the
collision of these trends, and they must be equipped with adequate
basic scientific understanding to deal intelligently with the problems.

There is another facet to earth science which should be more fully
developed in the education of our population. There are esthetic
qualities in many phenomena of geology, meteorology, and astronomy,
the enjoyment of which can be enhanced by an understanding of the
underlying scientific concepts.

The study of the earth sciences affords excellent opportunities to
discipline the mind. Rarely do phenomena of the earth sciences fit
into tidy little boxes; so to investigate them and to understand them,
one must develop an intuitive ability for arriving at reasonable an-
swers with limited factual information. Although our body of scien-
tific knowledge and our instruments of measurement with which to
attack problems of the earth sciences have been greatly improved in
recent years, this approach is still vitally important. Thinking
geologically, for example, involves not only consideration of three-
dimensional models, but in most instances a complicating and often
frustrating fourth dimensiongeologic time.

This training of the mind that study of the earth sciences affords
can be valuable in the development of the reasoning abilities of any
intelligent, educated person, so that study of the concepts and phe-
nomena of earth science can play a significant role in the intellectual
development of any individual.

-r:
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Grade Levels for Earth Science

Earth science subject matter can be introduced into school science
programs at all stages from K through 12.

A great deal of factual, introductory material about the earth and
the solar system can be effectively and successfully taught in elemen-
tary school classrooms. Children are eager to learn about their en-
vironment. Many a fourth-grader has a better knowledge of
elementary astronomy than does the average adult. Rock, mineral,
and fossil collecting is an avid pursuit of many boys and girls of
elementary school age. At the elementary school level, however, com-
prehension of earth science as an integrated body of knowledge is
beyond the capabilities of most students.

The ninth grade appears to be the ideal level for the introduction of
a full course in earth science. There are several rather apparent
reasons for this:

1. Revised science curriculums have pushed the general science type of
course downward into the, elementary grades leaving a gap at the ninth-
grade level to be filled by a more sophisticated sciencecourse.
2. Most students, by the time they have reached the ninth-grade level, have
acquired the necessary reading ability required for the amount of reading
needed to master basic earth science subject matter.
3. Earth science taught by well-prepared teachers can serve to illustrate
the interdependence of the various basic sciences in the study of scientific
concepts and processes of the earth and its environs.
4. A rigorous earth science course can stimulate interest of students in
.methods of scientific inquiry and investigation essential to successful mas-
tery of subsequent basic science courses.

Earth science is being introduced in some States as a semester course
at various grade levels from 7 to 10, or as short units in general or
physical science courses. At the best, such a cursory treatment of
the vast amount of subject matter involved will be shallow and gen-
eralized. Such courses will not contribute greatly to the scientific
education of college-oriented students and may be a waste of time
except as a watered-down terminal science course for students of less
than college capability.

In some school systems, a 12th-grade course in geology or one of
the other earth sciences may be offered to students who have completed
courses in biology, chemistry, and physics. Such courses can be of
college caliber.

Subject Matter

There is a need to consider the sequential nature of earth science
subject matter. For example, much of what is now tc.ught in begin-
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ning geology courses in college is not beyond the comprehension ofupper elementary school children. Certainly many basic facts ofgeology and elementary information concerning the classification ofrocks, minerals, and fossils are not beyond the reach of the averageelementary school student.

At the ninth-grade level, emphasis should be on concepts and prob-
lems rather than the assimiliation of predigested facts. The Geologyand Earth, Sciences &mambo° lc stresses concepts and devotes con--siderable attention to unsolved geologic problems. There are manyopportunities to introduce mathematics, biology, chemistry, and phys-ics in the teaching of earth science, and greater effort should be madeto do so. Ideally the ninth-grade earth science course should includea solid laboratory program. The course will be most effective if it
includes field trips and classroom instruction relating to actual phe-
nomena of the immediate geographic area. The balance between thevarious subject matter areas may vary from course to course. InPennsylvania the followingbalance is suggested :

WeeksIntroduction
2The Changing Barth

11The Barth in Space
9Weather and Climate 9The Oceans
2

There are abundant opportunities for independent reading and in-vestigation for tLe advanced student.
Secondary school earth science, texts currently available are forthe most part quite traditional in their approach. There is a needfor a great deal of imaginative creative effort on the part of earthscientists to raise the level of earth science subject matter to the levelof the ability of the students taking the course.

Teaching Resources

Since earth science has not been taught in most schools over the past
several decades, there has not been very great incentive for the develop-
ment of various kinds of learning aids. With the rapid development
of interest in earth science, the need for organized teaching resourcesis one of the greatest current needs.

There should be a new look at textbook requirements in the field.This is due in part to the rapid scientific developments in the area ofthe earth sciences and in part to the new level of sophistication in
secondary school science as a result of the massive course improvementefforts of the past several years. Needed also are teachers' guides,laboratory manuals, laboratory and classroom experimentation and
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demonstration equipment, and audiovisual learning aids. Again, it
should be pointed out that the task is formidable because it involves
to a large extent the development of new materials inasmuch as there is
no "old earth science" to be revamped.

The problem of teaching earth science is immediate and the genera-
tion of new materials will take time; so existing teacher resources,
such as they are, must be marshaled and used to the fullest extent.
Earth science texts4 can be augmented by various other publications 5
designed to provide additional guidance for teachers. There is no
integrated series of teaching films covering the earth sciences, but
the Directory of Geoscience Films') provides an annotated listing of
over 500 films relating to earth science, some of which u7re excellent
for educational purposes.

Educational materials in the earth sciences are provided by scientific
societies, including the American Astronomical Society, the American
Geological Institute, the American Meteorological Society, the Com-
mittee on Oceanography, and the National Aerospace Education
Council. The Geology Reference Series 7 of the American Geological
Institute lists State geological surveys from which low-cost or free
educational materials relating to geology may be obtained. Educa-
tional aids are available from various Government agencies, as, for
example, the pamphlet Project Ideas in the Earth Sciences 8 available
from the U.S. Geological Survey.

One of the big problems that is plaguing those concerned with the
administration of earth science courses is the fact that the available
teaching resources are so widely scattered. Another serious problem
is that of distinguishing the good teaching resource materials in the
area of the earth sciences. A considerable amount of mediocre to
poor equipment and supplies is flooding the market from suppliers
who are rushing to get on the newly created bandwagon. There is
considerable concern that schools will be encouraged to load up on
these inferior materials only to find them useless, particularly as more

6 Gustav L. Pletcher and C. W. Wolfe. Earth Science. Boston : D. C. Heath & Co., 1959.
Samuel N. Namowitz and Donald B. Stone. Earth ScienceThe World We Live In.

New York : D. Van Norstrand Co., 1960.
William L. Ramsey and Raymond B. Burckley. Modern Earth Science. New York :

Holt, Rinehart & Winston, Inc., 1961.
Frederick E. Trinklein and Charles M. Huffer. Modern Space Science. New York :

Holt, Rinehart & Winston, Inc., 1961.
Robert L. Heller. Op. cit.

Wade Linder and Roland B. Bartholomew. Teaching Guide for Earth Science Teach-
er (tentative). Palo Alto, Calif. : Palo Alto Unified School District, 1960.

New York State Education Department, op. cit.
Pennsylvania Department of Public Instruction op. cit.

Wakefield Dort, Jr. Directory of Geoacience Films. Washington : American Geological
Institute, 1962.

American Geological Institute. Geology Reference Series for Science Teachers. Wash-
ington : the Institute, 1961.

U.S. Geological Survey. Project Ideas in the Earth Science. Washington : the Survey,
1961.
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scientifically acceptable resources are developed. Guidance and as-
sistance of scientists from the various areas of the earth sciences could
be utilized to good advantage to minimize such problems.

Teacher Training

Teacher training is probably the greatest problem facing the suc-
cessful adoption of earth science in the secondary school science pro-
gram. Both New York State and Pennsylvania have found this to
be the case. At least one publication contains recommendations for
the preparation of teachers of earth-space science.° It suggests that
the well trained teacher of earth science have a basic background in
biology, chemistry, and physics, with superimposed courses in the
various earth sciencesastronomy, meteorology, and geology. This
preparation is ideal but not completely realistic, since such depth in
scientific subject matter is not possible during normal teacher train-
ing. A graduate with a degree in one of the earth sciences is likely
to approach this depth' of subject matter, but he will be deficient in
education courses. It is not likely, however, that graduates from
schools of education will have the opportunity to acquire such depth
in subject matter. It appears, therefore, that science graduates offer
the best alternative for filling the needs for earth science teachers.

There is the problem of training existing science teachers to teach
courses in earth science. This is a problem of considerable magni-
tude. Teachers of biology, chemistry, and physics may be perfectly
competent in their own field of science and be quite incompetent in
the earth sciences. Very few will have had training in oceanography
and not many will have had a course in meteorology or geology.
Without basic background these teachers cannot be expected to dis-
criminate in all instances between good earth science and bad earth
science.

NSF-sponsored summer institutes, academic year institutes, and in-
service institutes have provided training for some teachers in the area
of the earth sciences, but these earth science institutes have been far
too few to meet the demand. Much of the blame for this can be at-
tributed to the apathy of geology-geophysics departments with regard
to this problem of teacher training. The apathy is due at least in
part to the fact that earth science is in reality a family of related
sciences, and few colleges have integrated departments embracing
all facets of earth sciences.

National Association of State Directors of Teacher Education and Certification and
American Association for the Advancement of Science. Guidelines for Preparation Pro-
grams of Teachers of Secondary School Science and Mathensatice. Washington : the Asso-
ciation, 1961.

1
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Teacher training will be one of the greatest problems to be over-
come if earth science is to achieve its rightful place in school science
programs. A great deal of concerted effort must be brought to bear
on the problem. Without adequately trained teachers, the earth sci-
ence course could be introduced and die off without a chance to
succeed.

There must be specific programs of training designed for new teach-
ers, and institutes or inservice programs must be greatly accelerated
and improved to equip existing teachers to teach the course.

Is Earth Science Here To Stay?

In New York State, where the earth science course prototype was
developed, the course has developed rapidly. Last year more than
30,000 students took earth science. In many of the New York State
schools, enrollment in earth science is restricted to the upper one-third
or one-fourth of the class, so it is evident that earth science is not
being taught as a pushover science course for the slow learner. The
problem plaguing the further expansion of earth science in New York
State is that of finding a sufficient number of adequately trained
teachers.

In Pennsylvania, earth-space science is taught in about 450 high
schools. A testing program for the course, involving about 1,000
students, has just been concluded, and the results are being studied.
Preliminary indications are that the course has been quite successful
despite the lack of trained teachers.

The real answer to the question "Is earth science here to stay ?"
depends on how serious we are about having it stay. Much time,
energy, and money will have to be invested in teaching resources and
teacher training if it is to become a solid part of the school science
curriculum.

Summary

Earth science is being successfully introduced into many school
science programs, particularly at the ninth-grade level as in New York
State and Pennsylvania. Success of the course, however, is limited
by the lack of trained teachers and the inadequacy of teaching re-
sources. Programs to provide for these basic needs are being initiated.
Knowledge of earth science is vital to cultural, economic, and scientific
understanding of our modern world by education people. Present
generations lack understanding of the earth sciences, but the challenges
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posed by rising living standards, population growth, and growing
nonrenewable resource demands require that future generations be
trained to have a knowledge of the earth sciences essential in coping
with these far-reaching problems.

tte



Materials for Teaching Earth Science

Donald B. Stone

Instructor of Earth Science,
Mont Pleasant High School, Schenectady, N.Y.

IN THE RECENT past the education departments of several States,
as well as many individual school districts across the Nation, have

developed State and local earth science courses of study. Com-
mittees of teachers, along with other individuals representing inter-
ests and training in the various fields of earth science, have been
officially appointed to make sugge3tions and recommendations, decide
on goals and concepts, and finally to develop course outlines and
teaching guides in the earth sciences. A major goal of these efforts
is to make our secondary students more aware of the world they
live in, particularly the physical earth and the space around it.

Aids for Teaching Earth Science

With the increased demand for earth science courses across the
country, teachers of the subject have of necessity in many cases been
drafted from general science and other subjects to take over these
classes. Many of these teachers have not had the background, nec-
essary training, or even interest to do a finished job. As a result,
the subject has been dropped from the curriculum in a few areas
because of a .lack of properly trained teachers. This situation, for-
tunately: is being corrected through the many National Science
Foundation summer institutes which are offering courses of teacher
training in the earth sciences. It has always been my contention,
however, that any good science teacher with sufficient drive and
interest can teach earth science. For the benefit of those teachers
who find themselves in this category, I am presenting here some
teaching materials and techniques which I have found helpful over
a period or 'ore than 30 years of full-time earth science teaching.

Minerals and Rocks

One of the most difficult topics for both teacher and student seems
to be the study of minerals and rocks. Often this portion of the
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course is completed in 2 or 3 days, largely because of a lack of train-
ing on the part of the teacher, whereas an adequate presentation Of the.
topic may require from 10 days to 2 weeks. Class interest in min-
erals can be aroused bb demonstrating a few chemical tests, that
aid in identification, sucl as the borax bead, blowpipe, and flame
tests. A small amount dik equipment borrowed from the chemistry
department will prove adequate. These tests are well described
in any of several books on minerals. While interest is high, each
pupil should be provided with a small box of minerals which he can
handle and test for himself, not chemically but for such physical
properties as color, luster, streak, cleavage, fracture, and hard -.
ness. It is not unusual for students to audy and examine 40 to
50 minerals, becoming familiar with their characteristics and gaining
some understanding of their value. Minerals form the inorganic
heart of the soils, without which there could be no life. The sup-
ply of these exhaustible, nonrenewable resources is limited, and man
must become more efficient in his methods of discovery and pro-
duction-, development of byproducts, uses of substitutes, and meth- .

ods of salvage.
Rocks should be studied following minerals, as they are often

identified by their mineral content. Again each student should be
provided with a set of common rocks, a lens, and perhaps a bottle
of dilute hydrochloric acid. Before this work is completed, students
will be bringing specimens of local rocks to the teacher for help
with their identification.

Using Maps

Maps of one kind or another are helpful, and in some cases -essen-
tial, in presenting a particular topic throughout the teaching of
earth science. Probably the most commonly used map is the wall
map; that is, the political-physical type which shows the continental
areas or portions of them. This type of map is particularly useful
in showing relief of an area and in locating specific physiographic
regions.

Slated or chalkboard maps are probably more useful as a teach-
ing device in earth science than the physical wall map. Although
they show only the outlines of continents and countries or States,
they have one advantage : they can be written on with chalk. This
makes it possible to locate, outline, or illustrate many of the main
topics of the course, as well as provide an aid to daily discussions.

The chalkboard map of North America, for example, can be used
to outline the source regions of the airmasses that control our weather
and to indicate the usual paths or tracks these airmasses follow
across the continent; to locate the centers of; ice accumulation in



54 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE ,

Canada during the Ice Age; to show direction of movement of the
ice as it radiated from these centers; and to indicate where these
ice 'sheets stopped in the United_ States. On the chalkboard map of
Europe the location of the ice center and the ice movement during
the Ice Age can similarly be shown.

The chalkboard or slated map of the United States is most helpful
in outlining high and low pressure areas with their wind systems,
fronts, and other weather elements. It is' also useful in outlining the
great physiographic regions of the country, such as the Colorado,
Columbia, or Appalachian plateaus; the major mountain systems;
the interior and coastal plains; and other divisions and subdivisions
of the physiographic provinces. It can be used to outline the major
watersheds of our great rivers; to locate the national parks and
indicate their geologic importance; to loca te the position of the
terminal moraine and the outwash plain by tracing these deposits
of the Last Glacial Period across the United States from Long
Island to Puget Sound by way of the Ohio and Missouri Rivers. .

In a similar way the chalkboard map of the world can be used
to teach some of t',e broader aspects of the subject. The compli-
cated planetary wind system with calm and pressure belts can be
drawn on this map, as well as ocean currents, isotherms, and isobars.
It is true that all of the above can be seen in textbook illustrations,
but a pupil often better understands the problem when he can see
the diagrams in the making.

Another type of map that very well illustrates a particular fea-
ture under discussion is the topographic map. These maps should
be mounted on stiff cardboard, with the specific features labeled in
large- black letters. For example, when discussing the Mississippi
Delta, have on display the four adjoining Louisiana quadrangles.
With theSe maps matched by removing their white borders and
fastening them to a large cardboard or cloth mounting, they make
an excellent picture of the great delta with its passes, marshes, bays,
and jetties. There are many quadrangles which can be used to illus-
trate various glacier features, such as drumlins, kettles, and eskers,
as Well as shore features. The list of both maps and features is
too long to be included here.

Other Aids

Geologic models are of great help in illustrating physiographic
features such as folded and domed mountains and geologic faults
which have resulted from crustal movements. Inexpensive models
are easily made from clay with the help of the school art department.
Working models of geyser and volcanic eruptions, as well as those
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illustrating wells and springs, particularly artesian wells, are easily
made in the science project.room or the school shop.

_ There are many other teaching aids that the writer has accumulated
through the years. Outstanding among these is a large map-consist-
ing of 110 adjoining topographic maps of New York State. These
maps (with white borders removed) are matched and wallpapered to
one of the classroom walls. Here in full view of the class may be seen
the numerous topographic features, from meandering streams and
flood plains to the many glacial deposits, that are so characteristic
of the northern part of the country. On another wall is mounted
the 20 or more topographic maps that comprise Long Island. Here
also is shown the great terminal moraine that forms the northern
part of the island from Brooklyn to 'Montauk Point, called locally the
"shore hills," and appearing on the southern part of the island is the
broad glacial outwash plain whose fertile soil makes possible the great
truck farms which produce vegetables for the metropolitan area. In
addition to the many glacial deposits shown, there are excellent ex-
amples of various types of shore features, such as *barrier- beaches,
offshore bars, and lagoons.

To the above may be added some suggestions for the meteorology
and astronomy portion of the year's work. Meteorological instru-
ments mounted on the roof of the school are becoming increasingly
common. These include wind direction and wind velocity indicators,
rain gage, and perhaps a means of measuring the amount of sunlight
intensity and the approach of a thunderstorm. A weather 'shelter
near the classroom may contain weather recording instruments such
as the barograph, thermograph, and hygrograph. Some schools may
be able to obtain aircraft shortwave receivers, from which broadcasts
of weather sequence reports to pilots may be heard every, few minutes.
Some schools are fortunate in having not only sizable telescopes but
an astronomical observatory.

Values of Earth Science

It would seem there is a justification for earth science in the second-
ary schools. The values are many. Such a course offers a wealth of
information of permanent value, from both practical and cultural
points of view. ItS content relates to the pupil's everyday life and
surroundings. This gives reality and meaning to the work because
the pupil's own observations and experiences are utilized. The value
of the course to students of all levels of intelligence has proved itself
many times over. It provides the pupil with an understanding of his
physical environment, an appreciation of our natural resources and
the great need for their conservation, and at the same time gives him
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an interest that often continues throughout life.. Travel becomes more
meaningful and enjoyable, and an understanding of. the physical fea-
tures of the earth is of frequent practical use in such occupatiOns as
farming, miningyforestry, and navigation... For the. student who goes
into college, earth science provides an introduction to geology and
the other earth sciences which have become of such great importance
during recent years.



Revolution in Biology'

H. Bentley Glass

Professor of Biology, Johas Hopkins University

F
OR THE PAST 4 years I have had the responsibility for the di-
rection and guidance of the Biological Sciences Curriculum Study

of the American Institute of Biological Sciences, a program under-
taken to bring up to date and improve in scientific outlook the teach-
ing of biology in the secondary schools of the United States.
Although the immediate impetus and support for this program de-
veloped from the growing recognition, during and since World War
H, that the military security of a nation and its rate of advance in the.
technology of modern civilization depend directly upon scientific dis-
coveries, and that in turn the rate of scientific advance depends upon
the level of education in the sciences, there has long been emerging a
realization that something radical .must be done to cope with the
ever-widening disparity between education in the sciences and their
actual status.

Few persons outside the sciences themselves, and the bibliographers
and librarians who serve scientists, have much realization of what vast
problems the exponential increase in scientific knowledge during the
20th century is bringing about. In biology, for example, the text-
books currently studied in our schools represent, for the most part,
the biological knowledge of 30 years ago. To see this problem in
perspective, one might note that, according to one recent estimate, the
number of biological serial publications is doubling in 15 years. If
our fund of biological knowledge were 4 times as great in 1930 as in
1900, then in 1960 it is 16 times what it was in 1900; and in the year
2000 it is likely that it will be 100 times as great. This is none too
surprising, if it is also true, to cite another estimate, that over 90
percent of all the scientists who have ever lived are living and pro-
ducing now, and that the million, scientists of today may increase to
20 or 30 million by the end of the present century.

1 Previously printed in part in BSCR Newsletter, No. 9, September 1961.

57



58 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

Before 1900

Another perhaps more vivid way of looking' at the problem is to
consider what might have been found in a good textbook of 1900,
compared to one of 1930 and one of today. In biology, for example,
notwithstanding the very great achievements of the 19th centurythe
cell theory and nature of cell division, as well as the cellular basis
of reproduction; the evolution theory; the germ theory of disease;
and the foundations of modern physiology, plant, and animalthe
textbook of 1900 would be scanty indeed in its coverage of areas of
major importance. There would be nothing in it about genetics, for
Mendelian heredity was not rediscovered until the year 1900. Bio-
chemistry in its modern sense had begun only 3 years before, far too
short a time for it to get into the textbooks. Eduard Buchner's
classic studies on the nature of the enzymes ,had just begun. The
first hormone was not discovered until after that year. Immunology
did not exist. It was in 1900 that Karl Landsteiner discovered the
blood groups; and the existence of antibodies was first made known
by Emil von Behring and S. Kitasato only 10 years before. Ifis very
unlikely that the book would have hinted that there were such things
as viruses, for although D. Iwaiiowsky had discoiered the first plant
virus in 1892, animal viruseswhich cause so many, of our own dis-
easeswere still unknown. Nothing was 'known about specific vita-
mins in 1900. The experimental study of the factors governing the
development- of the embryo was just beginning. Pavlov had yet to do
his classic studies in the fields of physiology and experimental
psychology the studies of conditioned reflex behavior in the dog.

From 1900 to 1930

Thirty years later all of these studies were well advanced, and a
large number of new biological sciences had sprung into being. The
postulation of the chromosome theory of heredity by W. S. Sutton and
Theodor Boveri, and its subsequent proof through genetic work with
Drosophila melanogaster by Thomas Hunt Morgan, A. H. Sturtevant,
H. 3. Muller, and Calvin B. Bridges, constitutes one of the towering
achievements of science in the 20th century. Almost equally signifi-
cant was the unraveling of multifactorial inheritance and the applica-
tion of this to hybrid vigor by E. M. East. and G. H. Shull. This
development led directly to the production of hybrid corn, a truly
magnificent contribution to agricultural productivity.

Another area of outstanding achievement in these first 30 years of
the present century lay in the field of nutrition, where early adumbra-
tions that food substances besides protein, fat, and carbohydrate were
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required for a complete, health-promoting diet led to the discovery of
the vitamins. The inveStigations of F. G. Hopkins, C. Funk, and E. V.
McCollum were but the most outstanding .of a host of researchis that
elucidated the nature of vitamin A, thiamin, riboflavin, vitamin C,
vitamin D, vitamin.E, arid nicotinic acid, and ascertained the deficiency
diseases each of them corrected.

In the study of disease and resistance to disease, great progress was
Made. Animal viruses were discovered, and in 1918 d'Herelle added
the bacteriophages, or bacterial viruses. Antigen-antibody relations
were intensively explored, and a whole new field of immunology
developed.

Other unexpected discoveries had been made. In 1927 Hermann
J. Muller and Louis J. Stadler had independently discovered that high
energy radiations such as X-rays will produce mutations in the genes

. of animals and plants and thereby placed in. the hands of man a really
formidable power to alter the agents of heredity. In that same year
G. D. Karpechenko achieved the creation of the first artificial new
species created by the hands .of man, by utilizing a method which
Nature itself haS employed in the origination of many of our most im-
portant cultivated plant species : cottons, wheats, tobacco, and others.
In these same years R. A. Fisher, J. B. S. Haldane, and Sewall Wright
laid the theoretical foundations of a new development of evolutionary
.theory,, based on genetics, susceptible of experimental testing, and
adding to the methods whereby man can modify genes, select new
types, and create new forms of life on the earth and giving him also
the power to meddle, wisely or unwisely, even with his own hereditary
nature. Also during the 1920's, Hans Spemann's experiments were

. _disclosing some of the remarkable elements in the control of the de-
velopment of the animal embryo, especially the action of the organizer
responsible for the induction of the nervous system in its character-
istic location. Similarly, new insight into the factors controlling plant
growth came with the discovery in those years by P. Boysen-Jensen
and Frits Went of the growth-accelerating substances in plants, the
auxins.

From 1930 to the Present

Now consider the past three decades of progress in biology. In
spite of the interference with biological research caused by World
War II, the advance has been almost incredible. During these years
we have learned how to induce mutations with a great variety of
chemical agents, through pioneer work by J. A. Rapoport in the
U.S.S.R., Charlotte Auerbach in Scotland, and F. Oehlkers in Ger-
rriany. Especially significant is the indication that certain agents,

682480 0-63--5
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unlike ionizing radiations, may be used to produce only characteristic
types of mutations, and _henc,e that by means. of the study of directed
mutations we may analyze further the structure of the hereditary
material itself.

It was during this peeod that the study of the transformations of
Pneumococcus cells by material extracted from cells of 'a different
genetic strain proved that the hereditary material in bacteria is
deoxyribose nucleic acid (DNA). Another classic experiment demon-
strated that for the phage-infecting Escherichia coli, only DNA is
injected into the host bacterium, while virtually all protein remains
outside. This evidence radically shifted the. previous opinion that
regarded protein as the repliciting material basic to the nature of
heredity and reProduction. Also in the 1950's came the fruitful theory
of J. D. Watson and F. H. Crick regarding the structure of the DNA
molecule and its method of replication. The famous hypothesis of
the clOuble helix with its paired purine and pyrimidins bases has led
to much vigorous investigation devoted to the problem of how DNA
passes information to RNA (ribose nucleic acid), and how the latter
in turn specifies the amino acid structure of protein or polypeptide
chains.

Arthur Kornberg has shown that it is possible to take from the
common human intestinal bacillus E. coli, an enzyme that, when pro-
vided in a test tube with the four fundamental kinds of nucleotide
triphosphates and a bit of native deoxyribose nucleic acid (DNA)
extracted from some living cell, will synthesize an abundance of new
DNA, of the same kind as the primer or model DNA put into the
system. This is the first essential step in the artificial creation, by
man, of genes.

Marshall Nirenberg and Severo Ochoa, working independently, have
in 1961 "cracked the genetie.code" and carried to completion a scientific
investigation analogous to the deciphering of Egyptian hieroglyphics,
Babylonian cuneiform, or Minoan B. That is to say, they .have deter-
mined the composition of the 21 nucleotide triplets in ribose nucleic
acid which convey the genetic information from the DNA to the
protein-synthesizing centers of the cell, and there specify which of the
21 usual amino acids is to be inserted, in its proper position, in the
protein molecule being synthesized. Frederick Sanger has used a
most amazing type of analysis to dissect, by means of proteolytic
enzymes, the entire protein molecule of insulin, to identify its 51 amino
acids, and to map the entire sequence of these within the molecule.
Already since that work several more protein molecules have been
completely "fingerprinted" in a similar way.

The number of vitamins formerly known has rapidly increased
during these 30 yearsfolic acid, vitamin B12, pyridoxine, nicotina-
mide, and othersand, what is of greater importance, we have learned
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something more significant about them than that they are required in
the human diet.. We have learned that vitamins are commonly in-
corporated into coenzymes each of which plays an essential, very spe-
cific, role in the chemical machinery of life. It was during the 1940's
that Fritz LipMann first pointed out the-remirkable nature and func-
tions of adenosine triphosphate, or ATP. Today we can scarcely
conceive Low it was ever possible to talk about human metabolism, or
the use of energy in any plant or animal or microbe, without a knowl-
edge of the role of this substance. Vincent du Vigneaud has shown
how to synthesize some of the polypeptide hormones produced by
the pi't,uitary gland, the first hormones actually to be synthesized.
A. Butenandt, Edward A. Doisy, E. C. Kendall, and Sher workers
hive worked on the steroid hormones of the adrenal cortex and gonads,
and found the way to synthesize them artificially. Out of these inves-
tigations came the remarkable .studies of the physiological action of
cortisone, of ACTH, and of the sex hormones.

During these years, the efficacy of the sulfonamide drugs was
discovered. Sulfanilamide had' been known for decades as a chemical
product, for -which no special use had been found. Now it was first
tried out as an antibacterial agent, and proved to be tremendously
effective against many different kinds of bacteria, since it competes
metabolically with a certain coenzyme (paraminobenzoic acid) neces-
sary to the microbial organism. Antibiotics were discovered in this
same period : penicillin, streptomycin, aureomycin, and a host of
others. It is already hard to think back to the time when we didn't
have this armamentarium of antibiotics able to banish infectious
disease almost completely, if we but use them wisely. Nor should we
forget the development of the new insecticides, the most widely known
of which is DDT, enabling a vastly greater control over typhus fever,
malaria, and flyborne diseases to be introddeed. The effective control
of many pests has likewise been improved, and agriculture has bene-
fited tremendously.

The introduction of the electron microscope and the phase micro-
scope during these years has led to a resurgence of morphological
studies of cell structure and process. We may now hope to tie to-
gether the biochemistry and the ultrastructure of the cell. Especially
promising in this respect are studies of the chloroplasts, throwingnew
light on photosynthesis, and of the mitochondria, illuminating the basis
of respiration. We may locate Hans Kreb's citric acid cycle, d' cov-
ered in the 1930's, in the latter; we may place the steps in CO. fixttvion,
worked out by Melvin Calvin, and of photosynthetic phosphorylation,
discovered by Daniel Amon, all in the years of this last decade, in the
former. For the first time, too, we can now visualize from photo-
graphs the structure of the viruses, and even photograph the single
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large DNA molecule found to constitute the entire hereditary material
of some of the baaeriophages, or bacterial viruses.

In these same 30 years, Wendell Stanley succeeded in extracting
enough tobacco mosaic virus from infected tobacco leaves to crystal-
lize -it. The studies of the prOperties and effects of pure virus threw.
new light on.the borderland between living organisms and the inor-
ganic world.

Some of the discoveries made in this *Lost recent 30-year period
might seem to be purely of academic interest; for example, the discov-
ery by Joshua Lederberg and Edward L. Tatiim that bacteria have sex,
and will mate if you get the right sorts together. Yet this discovery
opened up the entire field of bacterial genetics, previously a mystery.
It led. to the discovery that bacteria have chromosomes like those of
higher organisms, with genes arranged in a linear series, and that these
genes govern the biochemical processes of the organism's metabolism
in essentially the same way as in human beings. A large part of
human biochemistry and pathology we now owe to studies made first
on bacteria.

The basic analysis of this sort of 'study was developed earlier during
these three decades in the work of George. W. Beadle and E. L. Tatum
on the effects of mutations in the pink bread mold, N eurospora. As
the British physician A. E. Garrod had predicted in 1908 on the basis
of certain human "inborn errors of metabolism," as he called them,
Beadle and Tatum found in N eurospora that each individual mutation
that prevented growth did so by blocking a single specific step in
metabolism. Through Comparison of the metabolism of mold, bacte-
rium, and man, we now stand at the dawn of a new era in medicine.
The study of infectious diseases is no longer so important as it one.,e
was. Many physicians in those countries with advanced health stand-
ards have never seen a case of malaria, typhoid fever, and other dis-
eases that were once the scourge of mankind. But we still have our
inborn errors of metabolism, the faults of our genes, and now we
must begin to learn, step by step, how to ameliorate them. This can
be clone when we learn exactly what metabolic step is blocked in each
disorder, what essential product of that step must be supplied, or what
substrates, accumulated in the body through lack of normal utiliza-
tion, are producing harmful effects and must be eliminated. Biochem-
istry and genetics have joined forces in a new type of medicine that
will clearly have for the future as great a consequence as the discovery
a century ago that bacteria and viruses are the agents of infectious
disease.

These 30 years saw tremendous strides in the development of evolu-
tionary studies. They advanced from a theoretical and observational
basis to many kinds of experimental analysis and verification. A
catalyst in this respect was the appearance in 1937 of a book entitled
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Genetics and the Origin of Species by Theodosius Dobzhansky..
Equally influential has been A. I. Oparin's The Origin of Life on the
Earth (1936). The influence of these works has spread more and
more widely through the biological sciences, until the dormant--some
persons said moribundDarwinism of the early 1920's has developed
into a strongly knit, experimentally based science permeating all of
biology. Its influence is equally clear in paleontology (G. B. Simp-
son's Tempo and Mode in Evolution and later works), in zoology
(B. Rensch's Neuere Probleme der Abstammungslehre), and in botany
(G. L. Stebbins' Variation and Evolution in Plants), to name but a
few examples. It has given new force and direction to systematics.
It has invigorated the studly of anthropology and human evolution,
and is partly responsible for the great current interest in the blood
group systems which led to the discovery by A. C. Allison that the
"harmful" gene which produces sickle hemoglobin is maintained in
central African populations because it confers protection against ter-
tian malaria, and the equally novel and exciting findings by Vernon
Ingram that sickle hemoglobin, the product of a single gene differ-
ence from normal hemoglobin, differs from normal hemoglobin in a
single amino acid residue in the entire molecule. Thus we learn that
the gene acts by specifying the order of the amino acid groups in
a protein molecule.

Space and time, and my own knowledge, fail; and a more exhaustive
account of even the most outstanding biological developments of the
past 30 years might lead us too far from the point to be made here :

that of the exponential increase of scientific knowledge in our time.
Suffice it to say that in ecology and in the study of animal behavior,
in the study of populations and communities and their management,
as well as in the responses of whole organisms to their environment,
and in every aspect of their biology down to the biochemistry and bio-
physics of their ultimate atoms and molecules, there have been vast
and fundamental advances of which note should be taken.

The Future

What the remainder of the century will disclose we can only guess.
We can, however, be confident that our scientific information is likely
to increase at the same formidable exponential rate. This raises in
aggravated form the problems of its Publication and dissemination,
its storage and retrieval, and its transmission to the younger genera-
tion. With every year during which we fail to find a sufficient solu-
tion or even make an effort to cope with these problems, they grow
more insoluble. Perhaps modern science will eventually bury itself
under a mountain of paper.



64 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

Along with the practical and theoretical kinds of discoveries I
have named, there has come, then, a very great increase in our insight
into the kinds of problems that face ma'n biologically in the future
an understanding of race, and of evolutionary problems that we hope
will enable us to act more wisely in the future. What will biology be
in the year 2000? It is rash to try to guess, for what biologist of
1930 would have dreamed then of our present knowledge and per-
spectives? Yet perhaps w can foresee a few directions in which our
control over life will be extended.

We will probably learn, through increasing studies of the processes
of aging, not only how to extend the human lifespan but also how
to maintain the vigor of mature life into advanced years. I also
suspect that by the end of the century biologists will have learned how
to create some simple forms of living organisms, perhaps at the level
of complexity of a virus. By that time, too, it should be feasible to
cultivate human reproductive cells, as well as those of animals, in
artificial culture media; to produce normal embryos "in. vitro," as
the biologist says; and then to raise them to term either in the arti-
ficial cultures or by implanting them in foster mothers. In the proc-
ess, it may become possible to modify defective genes or to replace
them with sound ones. More surely, before the next 40 years have
passed, man will have solved the problems of photosynthesis and will
have learned how to assure himself of an inexhaustible supply of
food. It may not be very palatable, but biologists of the future, given
time, can provide good flavor too. Man will certainly have learned to
accelerate his own evolution, although I wonder what direction he will
choose. Infectious diseases will very likely have 'been banished com-
pletely, along with hunger; but sufficient space for an uncontrolled
growth of population seems out of the question on this planet, and
happiness is not something that flowers inevitably from the burgeon-
ing of science.

Problem of Science Education

Now let us return to the problem of the transmission to the next
generation of the scientific heritage we have produced. Our educa-
tional system is very poorly organized to cope with the transmission
of a selected core of facts, concepts, and principles from an exponen-
tially increasing body of knowledge. In the first place, consider the
teacher. The teacher of today is the student of yesterday, who
'passes on largely the knowledge he learned while a student. If the
teacher continues in his profession for 30 or 40 years, his skill in
transmitting knowledge may greatly increase, but his stock in trade
is outdated by a generation or two. And this situation is aggravated
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because the secondary school teacher learns from a college or univer-
sity teacher; who in his turn, unable fully to keep up with the develop-
ment of science, is also in danger of presenting an antiquated picture
of it. One does not escape this dilemma by adverting to the writers
of textbooks, for they are in the same position as the rest of their
university colleagues. Unless they remain avid learners throughout
life, and unless they acquire rare skill in critical evaluation and
synthesis, they too suffer from a horrifying rapid obsolescence.

The curriculum studies in the natural sciences are the first answer
to the growing awareness of this problem. -In the United States,
curriculum studies are now progressing in physics, mathematics, bi-
ology, chemistry, and geology, with the support of the National Science
Foundation. These curriculum study groups, for the first time in
the history of American education, are doing more than merely plan-
ning, outlining, and recommending. They are actively preparing
textbooks, laboratory programs, and new innovations in teaching,
while engaging as wide and expert a group of scientists and teachers
as may be enlisted for the. purpose. The Biological Sciences Curric
ulum Study, after trying out its preliminary materials in 118 schools
in 1960-61, set about a thorough revision of them preparatory to
trials in 350 schools in 1961-62. By September of 1963, the tested
textbooks and laboratory guides, with sufficient teachers' guides to
assist teachers to utilize a more modern approach to biology, will be
put into general production for use on a national scale. This under-
taking has already aroused international interest. In the summer
of 1961 we had working with us, adapting our materials for use in
their countries and translating them into their own languages, repre-
sentatives from the Argentine Republic, Brazil, Colombia, Thailand,
and Nigeria. There have been many inquiries from other countries.
These are first steps. Of course, it will remain necessary, such is the
tempo of scientific advance9 to revise the new books almost as soon
as they have been issued.

The teachers in our schools are not at the present time trained in
the basic science they need to handle such a program and to teach
it well. We find that training institutes are necessary to reeducate
the teachers in a knowledge of present-day science. Thus, many of
those trained to teach biology do not know enough chemistry, particu-
larly ()lough biochemistry, to deal with modern biology. But there
is a general awakening to the need for frequent and systematic con-
tinuing education in science for those who teach it. The Summer
Science Institutes begun by the National Science Foundation in the
United States have been instrumental in this; and when the summer
institutes are supplied with the new materials from the curriculum
studies, we hope that a new level of science teaching will evolve
rapidly.
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Already it has become evident that, if the teaching of biology and
the other sciences in the secondary schools is to proceed very effec-
tively, there must likewise be a thoroughgoing revision of the program
of science teaching in the elementary school and junior high school
levels. This will be undertaken. Can we expect less of the uni-
versities ? If the secondary schools teach a modern biology, for
example, can the colleges and universities continue to prepare teachers
and train scientists by teaching an antiquated biology? Here, too,
a large-scale revision seems necessary. Is it too much to venture the
guess that the time will come, perhaps in a very few decades, when
each practicing scientist and every science teacher will be expected,
nay, required, to spend 1 year in 3 in reeducation?

What is the main objective we should keep in mind as we undertake
this formidable task? In my opinion, it is to learn and to teach the
nature of science. James Harlow, Executive Director of the Frontiers
of Science Foundation of Oklahoma, recently said that probably
"fewer than 10 percent of the entire precollege teaching staff holds
any real awareness of the basic nature of science;," There are so few
science teachers among all teachers, and among the -Sizience teachers
themselves there are so few who have had enough of the right kind
of work to get a real understanding of the nature of scienco. And
yet, if we are going to develop a civilization that is broadly and
soundly based upon a scientific foundationand we can hardly
escape that nowthen the general citizen of this country, the man
in the street, must learn what science truly is, and not just what
science can bring about. Surely this is our primary task. If we fail
in this, then within a brief period of years we may expect either
nuclear devastation or worldwide tyranny. It is not safe for apes to
play with atoms. Neither can men who have relinquished their birth-
right of scientific knowledge expect to rule themselves.

For a scientific society to be democratic, the people themselves must
understand the nature of the scientific forces and problems that
dominate their lives. For us who teach, this by no means signifies
teaching simply a lot of facts about science, or even its important
concepts and principlesthat the earth is round and not flat, that
the atom has energy in it, that the genes control the paths of develop-
ment. All those things are important.; but far more important is
the comprehension by the learner of the true nature of this process
whereby reliable knowledge about matter and energy increases and
whereby man acquires new understanding of life and its place in the
universe. Here lies our power as teachers. We can be pioneers in the
effort to reorganize and reinvigorate the teaching of biology and of
the other sciences and give itnew direction.
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In a living cell we find that each active chemical system consists of
substrate, enzyme, coenzyme, and an energy-rich molecule, adenosine
triphosphate (ATP). The teacher must play the part of an enzyme,
which combines with its substrate, changes it, and then releases the
altered product. The enzyme is itself renewed in the process. So
the true teacher must actively combine with his substrate, the minds
of the learnershis studentsthen cut them loose, while being himself
renewed by the experience. This means never to "teach at" students,
but rather always to learn with them. Where better can this be clone
than in the laboratory of science or the field? With the coenzyme of
modern teaching materials, and with plenty of high energy, the pre-
cious product of an enlightened mind results. Of course, the cell also
instructs us, as we examine the marvelous devices of the mitochondria,
chloroplasts, and ribosomes, that organization to a refined degree is
also requisite.

One might add : The young student can become a scientist himself,
and his teacher, transcending the art of the enzyme, can become a gene,
for what but a gene can replicate itself ?
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IT IS A FORMIDABLE task to consider the great wealth of mate-
rialsrials which are now in existence for the improvement of biology

instruction, as well as the great number of talks, seminars, conferences,
presentations, and television series which are frequently on this topic.
It reminds one of the story of the traveler who stopped in an old rural
store in the southern part of my State and inquired as to the quality
of some Roquefort cheese which the store proprietor had for sale. He
replied that the cheese was indeed for sale, but as to quality, he could
only say that, "Most everything has happened to this cheese that can
happen to cheese." I feel that I am in very nearly the same position
in taking up a topic which has had almost everything happen to it.

Many biologists have said that a revolution is occurring in biology.
The inference is that a revolution is consequently occurring in biology
teaching. I should like to take mild exception to this idea, as I be-
lieve that the term "evolution" might be much more appropriate when
studying the changes in the teaching of biology.

Revolution has always implied to me a sudden, drastic, and quite
traumatic change which destroys many old values and ideas. I do not
believe that in this semantic context the term "revolution" is applica-
ble to the subject which I am to discuss. The term "evolution" im-
plies change, but change which may be quite variable as to rate.
Evolutionary change has deep and obvious roots in the preceding
history. In other words, it is easy to trace the history of many of
the changes which are now occurring in the teaching of biology.

If I may carry the dangerous game of analogy still further, it is
quite obvious that the factor of natural selection will be operating
in a powerful way for many of the ideas which are being proposed for
the improvement of instruction of biology. Indeed, there will be a
few mutations, but as the geneticist has so well proved, many of these
new and startling ideas may very easily be deleterious to the total
effectiveness of an improved biology teaching program.

68



SCIENCE IN THE CURRICULUM 69
I believe that many of the new developments which have occurred inthe corpus called biology are being reflected in the teaching of thesubject. But the process of natural selection will eliminate some of

the characteristics of teaching which are no longer pertinent and give
quite a bit of emphasis to factors which now, in our new biological
environment, are of great adaptive significance for the teachingprocess.

Changes in Biology Reflected in Teaching

That dramatic changes and new "breakthroughs" are apparent inbiological research is a well-accepted fact. But which changes haveoccurred in the research field which can be reflected in the teaching of
biology ?

In the first place, biology has become less and less of a slrictly
observational science and more of an experimental one. Perhaps itwould be in order to define these terms, because observation is still akey concept in most biological experiments. What I really mean isthat students can no longer be encouraged to picture biology as purelynature study in which one observes only the mannerisms, habitat, andgeneral features of organisms. Observations will have to be parts of
experiments which reveal more accurately other characteristics of theorganism which are not readily apparent by the casual observation
process that has been common in natural history approaches.

Secondly, the areas which biology has traditionally embraced havenow received a completely changed 'proportionate emphasis in theresearch man's work, and this switch is reflected in our change in em-phasis of the key units of the biology course. An obvious example ofthis is the rather dramatic decrease of emphasis on morphology andtaxonomy, and the increase in emphasis on such topics as genetics, cell
metabolism, evolution, and physiology. Some recently publishedtexts and proposed courses practically eliminate the subjects of tax-onomy and morphology, but I am sure that the process of naturalselection will show a short life for courses which totally ignore areaswhich are still of fundamental importance.

Thirdly, the research biologist's new understandings of cell me-tabolism make it quite apparent that this must be reflected in thecourses of study. This implies understanding of some chemistry andphysics.
Lastly, biology has become an integral and highly important partof the total science picture. A biology teacher who ignores chemistry,physics, mathematics, or geology is seriously jeopardizing the futureunderstanding of biology which students must have. Biology's inter-

relationships with all of these other sciences are now apparent and so
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close that these interrelationships must be reflected in the courses of
biology that, ,are being offered in our schools.

Teacher Training

Now, if biology as a science has changed, the first place which
the improvement of biology instruction can get its most firm foot-
hold will be in the training of teachers. This process of teacher
training has changed gradually and will probably have quite a few
more changes.

Certification patterns for biology teachers are changing in a stead-
ily evolving fashion throughout the country. However: some major
points should be emphuized. Paul Hurd' emphasizes that the
changes which have occuried in biology must be reflected in the
training of teachers in several ways. In the first, place, general courses
in the humanities must be an integral part of every biology teacher's
education. It seems now apparent that biology teachers must have
a good liberal education ; a great plethora of technical courses, whether
in biology or education, seems out of place. Indeed, biology and all
science is more than a technical subject, and biology teaching requires
more than a technical training. Another change that has occurred
in certification patterns is the emphasis on other sciences in the train-
ing of biology teachers. For instance, in the State of Indiana the
new certification pattern makes it very convenient for the biology
teacher to take his primary certificate in biology and his secondary
area in chemistry. This is to make inconvenient the former con-
dition of biology teachers having ,secondary areas in physical edu-
cation and health, or vice versa. The overlap in the courses required
for these areas determines in most cases the type of certificate the
teacher will be attempting to attain. If we maintain this insistence
that other sciences be included in the training of the biology teacher,
then the day of the physical education major with minimal training
in biology being primarily responsible for the biology courses will
be on the wane.

Dr. Hurd has pointed out another feature of biology teacher train-
ing which was new to me. He indicates that "practically no biology
teacher has ever had a methods course on teaching the subject." 2
More and more, facility in the use of instruments and biological
materials requires an emphasis which the colleges evidently have been
unwilling to provide to date.

1 Paul DeH. Hurd. "The Education of Secondary School Biology Teachers." The Amer-
ican Biology Teacher, 24 :327-331, May 1962.

9lbid., p. 328.
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Teacher training implies More than a 4-year course for certifica-
tion. Inservice training of teachers has received a great deal of.
emphasis, and it has been supported in great, measure by the National
Science Foundation. The impact, of these programs on the further
training of existing biology teachers is tremendous and cannot, be
overlooked. Also, colleges and universities have come up with serious
programs of their own for inservice training, and many of them
have antedated the NSF programs. The master of arts for teachers
degree is a considered and widespread effort on the part of uni-
versities to meet the need for good subject-matter training in the
fifth-year program for biology teacher education.

Another of the efforts on the part, of institutions of higher learning
to help teachers is seen in invitations to high school teachers to attend
seminars, discussions, and conferences which have heretofore been
closed to them. For instance, we send out, a weekly bulletin to some
400 teachers throughout Indiana informing them of these programs,
technical though they may be, on both our main campus and the
medical center campus. Attendance of teachers has gradually in-
creased, although we have a long way to go before we can claim a
satisfying percentage of attendance.

Another effort, in this coordination between colleges and high
schools in helping the training of high school teachers is the visit-
ing scientists program, now quite often sponsored by NSF but
initially the product of the cooperation of professional societies in
their efforts to provide the services of the professional biologist to
the high schools.

Less well known are the efforts of some colleges and universities,
and even some industries, to encourage high school teachers to visit
their campuses and installations, not for just a perfunctory tour 4f
stainless steel and shining equipment, but for some real businesslike
and instructive discussions on the part of the staff in what they are
doing. This is done in the hope that these discussions will be valuable
to the teacher in translating some of these ideas into classroom use.

All of these programs, aimed as they are at the teacher, constitute
in my mind the most important resource by which the instructional
program in biology can be improved. Any efforts which super-
visors and consultaris an make in stepping up these programs, en-
couraging teaches to participate in them, and in some cases, giving
real recognition for this type of participation, will prove well worth
while.

Biological Sciences Curriculum Study

The second most, important facet of the improvement of biological
instruction is the massive effort made by the Biological Sciences
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Curriculum Study. Although the details of this operation are well
known, I might remind you that it constitutes the one and only
massive effort for the improved lent of biological instruction. This
statement, is true not only in tare contexts of time and money but
also, in my estimation, in quality. While some of the materials
which the BSCS has produced have been subject to some criticism,
1 do not believe that they need any apology or defense. The process
of natural selection, again, will operate on them, and this is the
healthy process with which biologists have learned to live. How-

ever, it; does require that these materials be given an adequate and
objective trial. Certainly one result will be inevitable: this will
be the gradual changing of traditional courses by textbook authors,
curriculum committees, and college training staffs. The general
impact of the materials and their quality will inevitably be reflected
in all other treatments of biology instructroit

I should like to list for you the efforts of the PACS tlat are of con-

siderable importance. The first is the three texts which have been
proposed. These will shortly be published commercially for distribu-

tion in the usual commercial channels. These three texts were based
on the assumption that there is no one way to "skin a cat." This one
decision has been the subject of some criticism, but again, I offer no
defense for it, as I am sure it will stand the test of time as to its wisdom.
This textual material reflects the changing emphasis among the vari-
ous units of biology. None of the three reflects or duplicates the em-

phasis in the traditional texts.
The laboratory materials which have been prepared for each of the

texts are unique and highly experimental ; they encourage the student
not, to use the laboratory as only a convenient place to draw, copy, and
dissect. The student must make appropriate observations, do experi-
mental work, and come up with answers which cannot be found in any
text.

A really unique idea in the textual materials produced by RSCS is
the so-called "block." This is a series of laboratory exercises cen-
tered around one specific topic which the student will need some 6
weeks to work through. The plan is for these blocks to constitute the
laboratory part of a biology course but not necessarily be related di-
rectly to what is being taken up in class. The assumption that labora-
tory work must be correlated and integrated completely with class-
work appears quite logical but does not have a great deal of objective
evidence. Biology has a problem in that organisms have 'a 'definite
period of growth which cannot, be hurried up to fit a 40- or 50-minute
laboratory period. But if this process is extended over 6 weeks, some

a Addison E. Lee. "The Experimental Approach in Teaching Biology," The American
Biology Teacher, 23:409-435, November 1901.
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really fine and detailed, work can be done around one ,specific topic.
These blocks which have been produced. will, I predict, become one of
the most important features of the 13SOS program.

The gifted student volumes are efforts to inspire the student who
is interested in doing high-class project work. The projects suggested
are detailed, yet; they do not give recipes. They are simply "teasers,"
aids, and guides for the student, but they give neither specific insi,mc-
tions nor all the ramifications of the proj eets suggested.

The monograph series, many of them of the paperback type, should
be found on every biology library shelf.

Along- with the materials which have been presented are also detailed
teacher aids and guides. These 7olumes probably pmstitute one of the
best resources for the improvement, of instruction, insofar as methods,
materials, facilities, and equipment, are concerned, in the entire coun-
try. I certainly recommend it for your close inspection.

A final section of the BSCS activities involves the production of
very short, firms, mostly for the illustration of techniques, which do
not duplicate anything on the rYvtrket to date.

The MOS is indeed a second most important resource for the im-
provement of instruction. The teacher, who is not reasonably well
conversant with BSCS materials is simply ignoring one of his most
important resources.

Other Curriculum Aids

The Science Manpower Project of Columbia University has pro-
duced a volume on the biological curriculum written by Dorothy M.
Stone.4 The publication antedates the publication of many of the
13505 materials, and it; is interesting to see how well the author pre-
dicts many of the things which the BSCS eventually took up as major
parts of its program.

Still another feature of curriculum studies are those produced by
individual States and cities. Such curriculum aids by the city of
New York and the State of New York serve as models for this process.
However, other cities have done quite a bit of work, and their curri-
culum guides are detailed enough to be good sources of information
for other cities and school corporations to use as models. I am unable
to list all of these, but the efforts of Chicago, San Diego, and Los
Angeles are among those worth reviewing.

4 Dorothy M. Stone, Modern High Behool Biology. New York : Bureau of Publications.
Teachers Collogp, Columbia University, 1959.
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Reading Resources

It is impossible to list all of the magazines, journals, paperbacks,
and text, materials which have appeared in the last 5 years. How-
ever, it is apparent that there are several which should be singled
out for closer attention.

Among the popular magazines, there is no doubt that The Scientific
American is a "must" item for all science teachers and, as is now
apparent, for all scientists. This magazine has no peer in the ,range
and scope of its articles and their quality. Indeed, teachers might
take quite a few lessons from the way a skilled science writer or scien-
tist is able to translate detailed and infringe findings into a palatable
form for the variety of readers which 7'he Scientific American enjoys.

In the field of science education journals, Tice American Biology
Teacher should be a regular item of reading for any biology, teacher
wishing to improve his teaching. The Science Teacher, of course,
embraces many other areas of science, but it should also be on the
reading list of biology teachers. Many of the articles which it carries
are specifically pertinent for the biology teacher, and many of its
other articles have enough general interest to warrant their careful
reading.

One of the amazing developments in the book publishing business
has been the paperbacks, many of which are reprints of classics in
the field and some brand-new volumes. A number of these are writ-
ten specifically for biology students, and these include the Prentice-
Hall series called "Foundations of Modern Biology" and the "Natural
History Library" of Doubleday Co. These are but, two examples of
series which are being produced, and their quality is such that they
are highly recommended reading.

The textbooks which are being produced for high school use are
coming out in an ever- increasing'qualit.y and quantity. I am not
going to review these textbooks, but I would like to focus your atten-
tion on the text material which is being prepared for college use.
Some of these texts have been rather radically revised from previous
college texts, so that many of them employ approaches which are
unique and pertinent for the high school teacher. Especially is this
true when one considers the great increase in the number of so-called
advanced biology courses and those efforts on the part of teachers to
give more detailed instruction in certain areas than the regular high
school biology text does. I am impressed with quite a few of these
new approaches, and it would be difficult to list them all here. I
would like to suggest the new text by Garrett Hardin ; the classic
produced several years ago by Simpson, Pittindrigh, and Tiffany;
the rather orthodox treatment of Johnson, Laubengayer, and Delan-
ney ; and the biochemical approach in the texts by Weisz. These are
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important aids for teachers because they translate many complex
ideas in biology which the high school teacher then can take one
translation step further for his own classroom use.

Supply Company Aids

For a great many years the General Biological Supply Co., under
the title of the Ta,rtox Leaflets, has produced a series of invaluable
aids for biology teachers. Ward's Scientific Establishment has now
entered the field, and its latest publication, Cultuire Leaflets, is its
effort to aid the biology teacher in a very objective way. These two
single efforts can be pointed to as indicating how the scientific sup-
pliers can assist biology teachers in a most pertinent and striking way.
The Welch Scientific Co. has for quite a few years produced its Welch
Biology and General Science Digest, and this too is a valuable
resource.

Audiovisual Aids

The lists of .those which are now available constitute quite a few
catalogs, and I certainly cannot list them all. One type of audio-
visual aid is recordings, some of which include such things as bird-
calls and other animal sounds; another recording is a rapid review of
many biological principles which presumably one plays frequently
so that repetition enables one to learn them. I cannot get very enthu-
siastic about these, but I suggest them here as a type of aid which has
not received much publicity. There are also series of large color
photographs on the market which are suitable for framing or bulletin
board use.

The AIBS Film Series now being marketed by the McGraw-Hill
Co. is a type of operation of which all science sr pervisors and con-
sultants should be aware. This is a considered effort to put on film
an entire course in biology in 28-minute sequences. It should be
pointed out that any of these film may be purchased separately. The
latest ones do not employ the unadulterated lecture method, but uti-
lize a variety of pedagogical devices. By all means, these films should
be inspected for possible use, although it must be admitted that they
are uneven in quality.

. Commercial producers of films have been keenly alert to the needs
of the biology teacher, and I should like to point out the efforts of
the Encyclopaedia Britannica Films, Coronet Films, and the Indiana
University Audio-Visual Center in the production of such films. I

682480 0-63----6
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am in no way listing all such companies, but I have singled out some
whose films have received favorable reviews.

Television

A television series under the heading of "The New Biology" has
been taught by Dr. Ray Koppleman of the University of Chicago.
The reactions to this course have been quite varied. The use of this
series for the inservice training of teachers has been proposed. Yet
after viewing quite a few of the series, it seems to me that it would
be quite appropriate for high school use in conjunction with a skilled
high school teacher.

Facilities and Equipment

The NDE A Purchase Guide produced under the auspices of several
organizations should be familiar to you. In my opinion it consti-
tutes the single effort to list in a rather dull but very useful way the
items and equipment necessary for the improvement of biology
instruction.

The BSCS has also been in the business of doing much the same
thing, and its efforts along this line should be looked at very closely,
regardless of whether or not the teacher is involved in the BSCS
programs.5

Other efforts have been made by organizations such as the Midwest
Research Associates of Kansas City and the National Science Founda-
tion in its programs of assistance in the production of new types of
equipment and in the improvement of existing types. The Educa-
tional Facilities Laboratories periodically produces beautiful reviews
of classroom and laboratory design. These will be quite useful to
the teacher, department head, and administrator in preparing prelimi-
nary drafts of new buildings.

Methodology Textbooks

New textbooks for the college methods course, as well as for teacher
use in the classroom, are appearing. The Morholt, Brandwein, and
Joseph Sourcebook 6 is one of the finest sources of many of the ideas,

5Richard E. Barthelmy, Don E. Borron, and Addison E. Lee. Techniques and Equip-
ment in the Biology Teaching Laboratory. Boulder, Colo. : BSCS, University of Colorado,
1962.

Evelyn Morholt, Paul P. Brandwein, and Alexander Joseph. A Sourcebook for the
Biological Sciences. New York : Harcourt, Brace & Co., 1958.
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techniques, and tricks of the trade which it is necessary for every
teacher to have.

Career Pamphlets.,

One of the essential features of good biology teaching is to impress
upon students what careers are available in the various disciplines
of biology. While the book, Career Opportunities in Biology, pub-
lished by Row-Peterson, is still a standard in this field, the lists of
individual pamphlets is an extensive one indeed. Bibliographies of
these have appeared in practically all of the professional science teach-
ing journals. Some universities are now preparing their own, and
professional societies are responsible for specific career pamphlets.

Professional Societies and Journals

There is no doubt in my mind that the membership of a biology
teacher in professional societies will assure at least some reading of
the journal which the society issues. Attendance, occasionally or
regularly, at the meetings of these professional societies,, as well as
the reading 'of the journals, will constitute one of the best,methods
by which the instruction in biology can be improved. I believe that it
is the responsibility of every science supervisor not only to encourage
membership in professional societies but also to make this member-
ship a prerequisite for advancement and professional recognition.

Curriculum Guides

I have mentioned above many of the efforts made throughout the
country for the improvement and development of new curriculums
in the biological sciences. This type of work by local committees of
biology teachers constitutes one of the best ways in which their instruc-
tional program can be improved. The emphasis here is not the end
result of the curriculum study committees, but the whole process by
which the teachers work on the improvement of the biology curriculum
and in so doing improve their own instructional capabilities.

Secondary School Student Programs

Three State universities initiated in 1956 programs for high school
science students. Industries and Government installations also car-

,
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ried out similar programs on a small scale. Subsequently the National
Science Foundation and other organizations have supported such pro-
grams so that they have become common features of many university
campuses. Because these students are recommended by their teachers,
I am submitting the idea that the return of many of these students
to the high school campus constitutes a really effective way in which
the high school teacher can improve his own instructional program.
This is an unusual feature to be pointed out for the secondary school
program, but I am convinced of its effectiveness.

What Should Be Done Next?

I think that probably the most important thing that I can say here
is that there is still much to be done. Trends are steadily, evolving
that will be of great significance in the next 10 years for all science
teachers, and especially consultants and supervisors. But what are
some, of our immediate needs?

The college curriculum will have to be revised to reflect those nec-
essary changes which must be made in the training of biology teachers.
The traditional approach is no longer adequate. Simply rearranging
the college course structure to improve certification or to change the
pattern of biology teacher training is not enough. Colleges must make
a real effort toward revising their entire biological science sequence
for the training of biology teachers.

Foundations which support. science teaching improvement, and
some foundations which assist the research side of biology when it has
some educational implication, still do not give the percentage of sup-
port to the improvement of biology teaching warranted by the number
of biology students in the country. The staff structure in some founda-
tions, as well as their announced interests, seems to place the efforts of
the entire biological teaching profession in a second-rate status. I
must in all honesty and fairness indicate that this situation has im-
proved considerably in the last few years, but much remains to be.
done.

Another pertinent point that should be made here is that, unlike the
American Chemical Society or the American Institute of Physics,
the many biological professional societies have been slow to form those
local chapters which can provide the teacher with cooperation and
assistance. (The notable exceptions to this are the local chapters of
the American Society of Microbiologists.) The local chapters of
the American Chemical Society have been most helpful for the im-
provement of science instruction, especially in chemistry, but the
biologists cannot boast of a corresponding effort.
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One of the unpleasant things that I must point out is that while
industry has been a most effective supporter of many programs for
physics, chemistry, and mathematics teachers, its support for biology
teachers has been conspicuous by its relative absence. I suggest that
the appropriate industries reconsider their present positions in terms
of educational support.

Probably the most important thing for the future is the absolute
necessity of editing our biology courses so that within the given time
allotment in schools the most essential things in biology can be taught.
It is no longer possible to assume that when a new discovery in biology
comes to light, it can simply be added to the biology course. We must
avoid the encyclopedic approach that has been seen in many of the
traditional high school textbooks. Now that we are in the business
of space, it is easy but inadequate simply to add a chapter on space
travel. We are seeing today the importance of radiation biology, but
simply adding a chapter to the book is not enough. We are in a
critical time in the teaching of science, and we must carefully look
at what we are teaching and edit our course to its essentials.

All of the programs in science education must be involved in this
process. If more science is being taught in the schools, then we can
assume that the high school biology course can be built on a frame-
work which it could never assume in past years. I see in the future
very considerable and necessary attention given to the problem of the
K to 12 sequence in which the biologist must take an active role. There
must be considerably less overlap among all the grades so that bio-
logical concepts can be presented initially in the lower grades and
then built upon during the terminal course at the high school level.

In conclusion, I pray that in biology we never encounter an experi-
ence similar to that of 1945, when atomic power was unleashed on a
nation of scientific illiterates. The present and future biological
revolution must not burst on a biologically uneducated country. We
must encourage and demand the use of our splendid new resources in
biology instruction. The revolutionary discoveries of biology today
and tomorrow will affect us all. We cannot permit one student in
our classes to learn of these discoveries, as Darwin put it, "as a savage
looks at a steamboat."



Generalized Values of High School Chemistry

Z. V. Harvalik

Director, Basic Research Group
Fort Belvoir, Va.

I N ORDER TO appreciate recent advances in chemistry as poten-
tially related to high school chemistry, one would have to discuss

first why chemistry is taught in high schools in the first place: Do
we want to train high school students to become chemists? Do we
want to utilize the methods used in chemistry to achieve greater
insight into its basic concepts? Do we want to train young people to
use their powers of observation ? Do we want to utilize chemistry
as a vehicle for better understanding of our contemporary environ-
ment and civilization ? One might also wonder if it is possible to
use chemistry as a means of imparting objective methods which lead
to increased insight into and understanding of our environment today,
chemistry thus becoming a vehicle for transferring patterns applicable
even to human affairs.

From the above very fragmentarily enumerated list of possible rea-
sons for teaching chemistry, one would be inclined to believe that no
one of these reasons alone should be utilized. Probably all of them
will at times be of value. Therefore one should perhaps try to con-
centrate on those areas oredacational values of chemistry which con-
stitute a common denominator for the largest numbers of students
attending chemistry classes.

Chemistry is an experimental science. It is a science. that attains
its information and insight from experiments postulated in hypoth-
eses. Meaningful experimentation is possible only if one estab-
lishes quantitatively certain relationships through experiments which
prove or disprove the validity of the hypotheses. This procedure,
usually called the scientific method, is claimed not only by chemistry
but by all of the sciences, but perhaps to the young mind, chemistry,
more so than many of the other sciences, requires a considerable amount
of knowledge and theoretical insight before such procedures become
meaningful.

Another vehicle chemistry might offer to the young mind is obser-
vation in the course of experimentation. The power of observation,
which should strive not to omit any phenomenon, can be trained; and
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chemistry does provide this training. This power of observation,
when developed to a high level, could be. transferred into other areas
of human endeavor. It is important to note that such a transfer
from one area of human endeavor to another, perhaps a very different
one, is possible only when sufficient insight in the primary areas has
been achieved. Whether this is possible on a high school level today
is not certain by any means.

In a society as highly organized as the one in which we live today,
one in which science and technology play a highly important role side
by side with economics, human relationships, and statesmanship, to
mention but a few, chemistry can give the young pecple some insight
into the impact of a science on contemporary civilization. High
school chemistry thus has a responsibility for transmitting such edu-
cational values as the processes of thinking, observing, and transfer-
ringprocedures used so effectively in the growth of this science.

Fifty or one hundred years ago, the chief values of chemistry were
in the areas of observation of properties of elements and compounds
and their chemical reactions. Innumerable data were thus collected.
Later, with the advent of theoretical chemistry deriving its main
strength from physics, especially in the areas of atomic and nuclear
physics, these collected data could be woven into an interrelated logical
fabric. Applications of chemistry to daily life, however, fostered a
fragmentation of chemistry into such divisions as inorganic, crganic,
analytical, physical, and biochemistry. Dozens of new chemistries
evolved, such as medicinal chemistry, metallurgy, ceramics, nutritional
chemistry, chemistry of ferrous and nonferrous materials. Chemistry
became a science loaded with specialists, and one can almost state to-
day, as is the case with most of the sciences, that the chemist knows
more and more about less and less.

Fortunately the progress made in theoretical chemistry, especially
in the areas of nuclear, atomic, and molecular chemistry, revealed
common denominators which helped to counteract the above-mentioned
fragmentation. By pulling together the fragments into a meaning-
ful whole, where certain basic principles were understood, it was pos-
sible to make far-reaching predictions. This trend, which is per-
haps now just in the beginning, will bear fruit in the future. Some
of these unifying concepts are crystallized well enough to be included
even in high school chemistry classes, concepts such as the atom and
its nucleus, mole,culaffo-rces, the chemical bond, stability of atoms and
molecules, and the influence of environmental conditions on an ele-
ment or compound. If these ideas could be injected into high school
chemistry (using very selected examples so that they can be demon-
strated in class, worked with in the laboratory, and their implications
discussed in class as far as the young mind can bear), it would con-
gtitute a significant contribution to the high school curriculum.
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When one scans the chemistry literature as well as literature in
physics (and sometimes it is very difficult to distinglish between
physics and chemistry), one notices that more and more quantification
is being. included. Physics and mathematics have thus become very
important ancillary sciences. Research instruments as well as experi-

. mental equipment have become more elaborate and refined. Physical
chemistry and physics are. exerting more influence over all the other
disciplines of chemistry. For ins+ance, the classical chemical analysis
through elimination is being replaced by special and specific reactions
for elements, whole atomic groups, and compounds. Mass spectrom-
etry, X-ray, neutron diffraction, nuclear magnetic resonance, and all
the other techniques of high-priced instruments are utilized in obtain-
ing new data, to say nothing of infrared, ultraviolet, and many other
kinds of "spectroscopies." The properties of atoms, molecules, and
radicals are described today in terms of electronic configurations, of
excitability of orbitals, of resonance.

Environments are produced today in the laboratory siniulating the
cold of interstellar space, the heat of the sun, and the energy concen-
tration of supernovae. Under these conditions there occur combina-
tions of atoms about which chemists of yesteryear did not dare to
dream. As solid state devices have revolutionized electronics, so sur-
face chemistry today is applied to industrial production of chemical
compounds and their purification. Ion exchange, zone refining, molec-
ular centrifugation, adsorption are common words in the lingo of
chemists and many laymen. Should all of these items be included in
the high school chemistry curriculum? Or should a chemistry teacher
transmit the basic concepts underlying chemistry (and physics as
well) as he builds an edifice of chemistry that is tailored.to a liberal
education ? This would not only make chemistry more meaningful
to the students but would also make the world in which these students
live much more understandable to them.

We are a long way from that goal. If one looks at the syllabuses,
curriculums, and textbooks of high school chemistry, it seems that
chemistry is 50 to 100 years behind the times. Oh, yes, you, will find
in a textbook something about the cyclotron, dacron,- silicones; and
hormones, and you will find a large number of exercises stressing
quantitative relationships : how many tons of sulfuric acid will you
get if you have 500 tons of zinc sulfide? Or how many milliliters of
hydrogen do you get at. 23.45° C. and 722.762 millimeters pressure
when you electrolyze 27.889 grams of water? These are very nice
exercises, but you don't have to 'perform them 5 days a week for 36
weeks with some very unmeaningful variations. High school chem-
istry is not made more palatable by changing the names of compounds
and elements in such calculations, for if the principle is known and
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understood and the mathematical operation can be applied, a few
examples are enough.

There are so many things in chemistry which are intriguing and
interesting that it is easy to generate the enthusiasm of students and
teachers, even though desirable experimental means are unavailable
because of budgetary limitations. Nevertheless some obstacles must
be overcome. It is not only the budget and the increasing indifference
of young people toward learning in general, but also the attitudes of
the teachers themselves, and one cannot blame them either. Nowadays
they are called to teach chemistry, perhaps with very inadequate
training in chemistry. Maybe their main subject was typing or driver
education. Then there are chores that teachers, including chemistry
teachers, have to do : supervising corridors to enforce no-smoking and
other rules; supervising the loading of schoolbuses ; filling out numer-
ous forms for alleged statistics; correcting papers that are highly
complex and long (and of their own doing). How they ever find time
to teach chemistry in an inspiring fashion is difficult to understand.
Still there are many chemistry teachers who do a wonderful jo'b
against all these odds. And even if they teach a high school chemistry
course resembling a watered-down college chemistry course, they are
yet able' to fire the enthusiasm of many of their students. They inspire
at least a few of them to have at home in the basement their little
chemistry laboratories where they work on science projects, not neces-
sarily for the higher. glory of blue ribbons and other commiserations
connected with science fairs, but for the pure love of gaining
knowledge. .

Our topic here is newer concepts In chemistry, and you may wonder
whether we have really touched on that subject yet. But our goal
deals with supervision for quality education in science. Quality edu-
cation in science should not be concerned with encyclopedic knowledge
of any of the sciences. Rather it should foster an understanding of

.
the principles of a specific science that reach into all other sciences, so
that a unified picture emerges. The methods, techniques, and reason-
ing used in the sciences should be acquired and applied to many areas
of human endeavor. A. high school chemistry course (including lab-
oratory activities) and a chemistry or senior science club can accom-
plish these tasks. The incorporation of newer concepts into high
school chemistry, concepts such as models of nuclear and atomic struc-
ture, of molecular configurations, of chemical bonding, would make
the nature of chemical reactions and properties of compounds more
meaningful. Electronic resonances and surface phenomena would aid
in the appreciation of physical properties of elements and compounds.
These discussions in physical chemistry would go, of course, beyond
the gas laws, laws of multiple proportions, and the usually offered
rudiments of chemical kinetics. Many phenomena should be not only
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discussed but also demonstrated in class and worked with in thelab-
oratory, so that the observational power of the students is enhanced.

A chemistry teacher should not shy away from performing experi-
ments during his lectures even if he has only limited facilities, equip-
ment, and supplies on hand. He can pose a problem and let his
students suggest how a certain principle or a certain reaction could be
meaningfully demonstrated with limited means. This 'procedure
would reach the mind of the student and train him to increase his
power of logical and original thinking. For the student it would be
original thinking, regardless of whether or not the suggested demon-
stration or experiment was originally invented decades ago by some
Nobel Prize laureate. The pride evoked by such an achievement will
bring striving for more accomplishments, for harder work.

In our age of science and technology, young people have been ex-
posed to things scientific through television, magazines, newspapers,
and movies. The attack on the last physical frontier, the conquest of
space, fires their imaginations and increases their desires to know more
about the sciences. Rocket fuels are not the only items in the realm of
chemistry, yet members of junior rocket societies spend more time on
chemistry used in rocketry than on chemistry needed in the classroom.
Why ? Because the environment of the rocket club is challenging,
calculations are meaningful, and the senior member3 and advisers are
competent scientists and engineers. They consider. the junior mem-bers as their junior partners. They do not talk down to them. They
pose problems to the students of the same degree of difficulty as they
would assign to their own scientific staff. This attitude of the mature
scientist (or engineer) toward the younger partner stimulates thestudent, causes him to work harder, and makes. him proud of his
achievement. In school the teacher talks down to his students; he
adheres to the textbook rigidly; he does not react to searching ques-
tions from the class, perhaps because he cannot even understand the
question, to say nothing of the answer. He wants to maintain the
aura of a teacher who knows everything. He thinks he will lose the
respect and admiration of his students if he admits he doesn't know
the answer, and he doesn't realize that he is lest already. He starts to
apply the techniques he learned at the teachers college or college of
professional courses. He tries to produce a smokescreen around his
subject matter ignorance. Sometimes he gets by with it, often not.

A teacher who knows his subject matter, who likes to be a teacher
and enjoys sharing his interests with his students,. will also strive
to keep up to date. He will take subject matter courses at nearby
universities, will participate in summer institutes, will utilize local
scientific talents for consultation and lectures in his classes. His
advancement may be handicapped, however, because he didn't takethe required professional courses for certification renewal. But he



SCIENCE IN THE CURRICULUM 85

will be an inspiring teacher rather than a sycophant. And if a
teacher can say that he is able to teach chemistry, to touch the
emotions of his students, he can really be proud of himself and of
his students. Each of us at sometime or another has experienced
the thrill of an experiment which brought to us the decisive experience
of understanding.

To gain insight; to search for analogies and identities, to prove
relationships and .correlations quantitatively constitute the pre-
requisites of transfer. Chemistry, as..any other science, can be the
vehicle for such a process. A student equipped with the power
of observation, of logical reasoning, gathering facts and learning to
appreciate the meaning of these facts, will possess the tools not only
for understanding our present civilization but for shaping his own
future and the future of the world in which he lives.



Newer Resources for Improving Instruction in Chemistry

Robert L. Silber

Educational Secretary
American Ch,emical Society

OUR MISSION as educators is to strive for the greatest system of
education, one that makes allowances for independent develop-

ment, yet uses the simplest methods attainable. In the area of chem-
ical education we can identify newer resources which may help us
to attain these objectives.

I would certainly want to indicate very quickly that probably
our newest resource is also our oldest resource. The well-trained
teacher provides the best new resource that can be developed or de-
vised for the preparation of youngsters. Today's teachers are being
better prepared and are, in fact, much better informed in the sciences
than they have ever been in the history of this country. This is
largely due to the tremendous efforts of the National Science Founda-
tion as well as other foundations in providing mechanisms for train-
ing through summer, inservice, and academic year institutes. Yet
in our rapidly advancing technical world we also look toward new
innovations which may assist the teacher.

The content of the course is also changing. It is here again that
the National Science Foundation, as well as others, has made a major
contribution by providing funds for the development of new course
content materials. Two of these newly developed curriculums,
namely, the Chemical Bond Approach (CBA Project) and the
Chemical Education Materials Study (CHEM Study), are gaining
wide acceptance in the schools. A description of each of these studies
is given below.

Chemical Bond Approach

A. conference at Reed College in Portland, Oreg., in June 1957,
consisting of a group of high school and college teachers who had
assembled to discuss the integration of high school and college
courses, proved to be the beginning of the CBA Project. This con-
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ference was followed by another the following summer and the
series of conferences have developed into the formally organized
CBA Project.

In a recent description of the basic concept of CBA, the directors
stated :

If there is any one characteristic of the basis for CBA Chemistry, it is
probably the belief that chemistry is inherently fascinating and that this
fascination can be seen by students early in their exposure to the subject.
To reveal the fascination, it is not enough, however, to have the student
memorize the data of chemistry. Indeed, we would argue that chemistry
is more than the facts which make up the information possessed by chem-
ists. Rather, chemistry as practiced is a powerful process for uncovering
and extending natural phenomena. The power resides in the combina-
tion of ideas and facts or of concepts and experiments. As the student
finds himself able to participate in the process, he also finds fascination'

The Chemical Bond Approach is based on the organization of chem-
istry instruction around a central theme. This theme has usually
been stated simply as that of chemical bonds. An alternative state-
ment, would be that chemicals possess characteristic strictures. Thus
the course is organized to aid the student in his study of the inter-
action of conceptional schemes and observation. Successful labora-
tory work in the CBA program means that the student not only col-
lects data in the laboratory but finds it meaningful and useful to him
as he considers the implications of basic phenomena. The laboratory
exercises are presented much, like open-end experiments, since the
student is presented with problems to be explored and, insofar as
possible, he tries to decide what information is needed for solving the
problem. In many casee the solution or some of the difficulties in-.
volved may suggest other paths of exploration. The student is en-
couraged to pursue such added excursions if they are intriguing to
him.

The central theme of chemical bonds and the improved approach
to laboratory work is supported by certain other central ideas which
are woven into the course. One of these is the use of mental models.
Chapter 1 of the course utilizes the first mental model by the repre-
sentation of some unseen mechanisms in chemistry as those which
might also be portrayed through the contents of a sealed box. The
CBA. directors recognize

that chemical reactions raise questions which cannot be answered solely
by experiment and that, indeed, chemicals are to be regarded as 'black boxes
whose interworkings are perceived through the eye of the mind. This gen-
eral sctzntific strategy is taken up more directly as the student is led into
the development of an atomic and molecular model out of assumptions and
logic. Since the atomic model does not deal with all aspects of matter, a
second model is added which deals with the kinetic molecular theory. In
this latter discussion, a model is constructed which tends to become dis.

1 OBA Newsletter, No. 9, February 1961.
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organized and thus to mimic the tendency of gases, liquids, and solids to
expand. The two models, one for structure and the other for disorder, are
then applied together for a systematic discussion of several reactions.2

Another interwoven idea consists of the use of electrostatics. The
electrostatic theme is the basis for discussions where some assumptions
about the nature of electrons are used to deduce the structure of some
simple atoms and molecules. Still another thought that is developed
in the course involves the presentation of free energy. According to
CBA.

A major assumption made about energy is that it is never created nor
destroyed. This assumption is not the subject of experimental verification,
although its consequences often are. In fact, one immediately useful con-
sequence is the logical possibility of calculating the reaction energy for a
reaction which does not lend itself to direct experimental determination.
Free energy is introduced as a further use of the idea of energy.3

In summary then, we might conclude that the general theme of 'Ile
CBA. is one of chemical bonds. The course strongly projects the
theory that, if a student has a real grasp of concepts, theories, and
principles with appropriate. facts to accompany these, a much better
conception of the feeling of chemistry and what it can do is obtained
as opposed to the learning of many isolated facts. In addition, the
course develops ideas about mental models, electrostatics, and energy.
Challenging experiments undergird the course presentation.

The course as developed by CBA is presently in its third year of
revision. There are 82 teachers and 77 high schools involved in evalu-
ating the course, with a total of 200 teachers presenting the course to
10,000 students. Educational Testing Service of Princeton, N.J., is
assisting in the preparation of tests for the CBA. Project. Students
using the course are given achievement tests both at the beginning and
at the end of the year so that their progress may be measured. The
text will be published in final form by the McGraw-Hill Book Co. and
will be available in the fall of 1963. Available with the text will be
a laboratory manual and teacher's guide. The OBA. Project is also
4iterest-ed in other areas related to the course. For example, they
plan to determine the relationship between those students who have
taken the PSSC physics course plus the CBA Course, as opposed to
those who have not taken the PSSC Course but have taken CBA.
CBA is also attempting to follow up on the CBA graduates and their
success in college.

Ibid.
Ibid.
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Chemical Education Materials Study

89

The CHEM Study Project is an outgrowth of a study committee
set up in 1959 by the American Chemical Society to examine the
purposes and content of high school chemistry courses with a view
toward the production of a drastically improved course. Upon the
recommendations of this committee, a proposal from the University of
California at Berkeley to undertake such a study was submitted to the
National Science Foundation. A steering committee of leading edu-
cators was assembled and on January 9, 1960, in Berkeley the group
formally met and decided upon the general objectives of the study.

The general objectives of the study will be to develop new teaching
materials for the high school chemistry course, including a textbook,
laboratory experiments, films, and supplementary reading materials.
The more specific objectives will be to diminish the current separation
between .cientists and teachers in the undertaking of science; to stim-
ulate and prepare those high school students whose purpose it is to
continue the study of chemistry in college as a profession; to encourage
teachers to undertake further study of chemistry courses that are
geared to keep pace with advancing scientific frontiers, and thereby
improve their teaching methods; and to provide for those students
who will not continue the study of chemistry in high school an under-
standing of the importance of science in current and future human
activities.

It was decided in the very beginning to ha.ve a high school chemistry
course strongly based in experiment and to have the text thoroughly
dependent upon and integrated into the laboratory experiments, with
the supplemental use of integrated films where they may be helpful.
Another basic tenet was to make the course applicable to the general
student who takes high school chemistry rather than to the gifted or
upper part of the typical high school class. It was proposed that
the talented student be helped through the preparation of supplemental
material for use in the text, perhaps as fine print and, more particu-
larly, through the production of a series of special monographs.4

Nine college and university professors and nine high school teachers
assembled for a 6-week writing session during June and July of 1960.
The course was drafted from this first attempt and was tried in
24 high schools during the academic year 1960-61. The course has
since been revised two times and will be published in final form by
the W. H. Freeman Co. of California in the fall of 1963.

The CHEM Study course is entitled Chend8try, an Experimental
Science. As the title suggests, great emphasis is placed on the
experimental nature of science. While the CBA course begins with

4 CHEM Newsletter, Vol. 1, No. 1, November 1960.
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an experiment utilizing a black box, the CHEM Study course stimu-
lates the student by asking him to observe a burning candle. These
written observations are submitted to the teacher who, on the follow-
ing day, refers the students to the back of their texts where the
observations of a burning candle made by a professional chemist have
been recorded. In most cases, students can write approximately 6 to
12 observations, whereas the professional chemist, at least in this
case, has made 53 observations of the burning candle. This immedi-
ately demonstrates to the student that his powers of observation can
be improved. It also serves as a starting point for the introduction
of phase changessolids, liquids, gases, combustion, and chemical
reaction. This course, like the CBA course, develops a scientific model
for the atomic theory and demonstrates with these models, as well
as laboratory experiments, how atoms are combined in substances.
The course is closely coordinated with the laboratory manual which
contains open-ended type experiments. As the course progresses,
students are supplied with fewer directions concerning experimental
procedure. The laboratory section is designed specifically to illustrate
or demonstrate actual chemical theories or principles. The latter
parts of the course utilize many of the concepts and principles
learned in earlier chapters. Four chapters involve work with the
periodic table and offer the student an opportunity to note the
periodicity of elements in the rows and columns of the table. The
last chapter of the text deals with various aspects of biochemistry.

In both the CBA Project and the CHEM Study, students record
their laboratory observations in a blank laboratory notebook. Carbon
paper inserted between the sheets allows the student to retain a copy
of his notes- while submitting the original copy to the teacher. This
system prevents the structuring of specific fill-in-the-blank-type ques-
tions and avoids regimenting. the thinking of the student.

The CHEM Study course also is developing a series of 16-millimeter
color movie films which are designed to facilitate further the learning
of principles and concepts of chemistry. These films are concerned
with subjects that are not easily demonstrated in the laboratory or
classroom and which can best, be illustrated by film. At the present
time, 8 films are available in this series, with a total of 30 being
planned. These films are available at a reasonable cost and can be
obtained singly or in series from the CHEM Study.

The CHEM Study is also planning to develop a series of mono-
graphs on specific subjects. It is envisioned that one monograph
might be prepared for each chapter of the text. The monographs
would be designed for those students who have a great interest in
a particular subject area or for those who are superior and seek
additional information in some depth.
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One of the most helpful aids being developed by this study is a
teacher's guide. Each chapter corresponds with a chapter in the text
and includes a development of the intent and approach of the
chapter; an outline of the related ideas in the text; a list of items
concerning the nature of new concepts in the chapter; a time schedule
of assignments identifying the difficult and simpler problems; a list
of typical questions that may be asked, together with suggestions for
answering these questions; lists of supplementary materials, such
as pertinent films, monographs, articles, and books, both for student
reading and teacher reference; a background discussion on chemical
principles and scientific philosophy; and answers to exercises and
problems given in the textbook.

The teacher's guide is indeed a valuable instrument and can be
utilized not only by the experienced CHEM Study teacher but alsoby those who are planning to initiate the CHEM Study course in
their classroom. It also provides a potential answer to the often-
asked questions, "How can we afford to retrain or update all the
science teachers in the country ?" and "Can a chemistry teacher whohas not attended a CHEM Study institute be expected to teach sucha course?"

In addition to the text, laboratory guide, films, monographs, and
teacher's guide, the CHEM Study has also initiated the preparationof new wall charts, charts of names and formulas of common ions,
an oxidation-reduction series, the relative strength of acids and bases,and an atomic orbital chart. These are commercially prepared and
are available from commercial sources.

A very helpful mechanism developed by the CHEM Study group
is the establishment of nine regional centers. Each week the teachersin a particular region who are using CHEM materials report to a
regional center for several hours to ask questions concerning specific
areas and to report on the teaching of various phases. This has not
only been helpful to the teachers but also allows the project directorsto obtain feedback on the teachability of each section.

Encyclopaedia Britannica's Film Series

This series is a complete film course in introductory chemistrytaught by Dr. John F. Baxter of the University of Florida. One
hundred and sixty lectures and laboratory demonstrations, including
supplementary films, make up the course. The films are planned to
fit the daily class schedule and to qualify students for full academic
credit. Each lesson runs about a half hour. The film course has been
developed to provide a background for further study of science in

682480 0-63-7
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addition to serving those who do not plan technical careers. These
films are available from Encyclopaedia Britaiinica Films, Wilmette,
Ill., either as a complete set or in special lesson series. Student's and
teacher's manuals accompany the course.

We have now discussed two major course revisions and a film series
which together represent three of the major endeavors in developing
a new curriculum in the field of high school chemistry. There are
undoubtedly many revisions at the local level that are quite adequate
and perhaps superior in many respects. It is hoped that some of the
ideas from these three courses will find their way into new textbooks
and will be utilized by teachers and supervisors at local and State
levels.

Additional Aids for the Teacher

One of the best sources of information in all phases of chemical
education is the Journal of Chemical Education. This publication
reports on those research frontiers in chemistry which are of direct
interest to chemical educators. In fact, this journal has often been
called the "living textbook of chemistry." Regular reading here en-
ables the teacher to keep abreast of events in the field of chemistry so
that he may add new ideas directly to his course as it is being taught.

The lag or "trickle down" of current information, caused by pub-
lishing delays, is thus alleviated. Special features of the journal
include "Tested Demonstrations" which teachers can utilize in pre-
senting various principles and concepts. The chemical instrumenta-
tion section explains in detail the inner workings of new chemical
instruments. A section on "Research Ideas for Young Scientists"
describes, in an introductory way, projects that can be done by stu-
dents. The ideas serve only as stimulators of further. investigation
in certain areas. One section of the journal introduces a system of
demonstrations for the classroom which utilizes an overhead projector.
A subscription to the journal should be a must for every chemistry
teacher as well as every School library.

Films which no longer carry a product message but which are in-
deed concerned with the education of students are being produced in
increasing numbers. The superiority of films produced by the various
curriculum studies is indicative of new trends in this medium.

The advent of the paperback book is a breakthrough in the presen-
tation of vast quantities of materials at low cost. A number of mono-
grapil series are available to assist both student and teacher in pursuing
areas of chemistry to greater depths. Current series of mono-
graphs include the Physical Science Study Committee series, the
National Science Teachers Association's Vistas of Science, the
Prentice-Hall Chemistry Series, the Reinhold Publishing Corp.
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Monograph in Chemistry series, and the Monographs of the Royal
Institute of Chemistry. These are rich additions to the school library
and can be obtained in quantity for sale by the school bookstore.

The commercial production of science kits has provided for the
construction and use of scientific tools heretofore unavailable to
students.

Programed instruction portends to make available still another
device which may prove to be a major contributor to the process of
learning. Various commercial companies are working on programed
courses in the sciences, including chemistry. Programed instruction
is available in many forms, but is still in need of further experimen-
tation to find its proper place in the curriculum. Both CBA and
CHEM are investigating the possibility of programing parts of their
courses. In some cases it may be possible to program related areas,
such as sections dealing with mathematics review, exponential num-
bers, or the metric system. A course that is 'being developed as an
introductory course in chemistry at the college level will soon be avail-
able under the authorship of Dr. Jay Young, Chemistry Department,
Kings College, Wilkes-Barre, Pa.

Other innovations, of course, include the increasing use of television
in the classroom. The instruction of teachers and students by means
of Continental Classroom is a prime example of this device.

The high school laboratory is also gaining attention. The use of
newer chemical instruments in the modern high school laboratory is
becoming a reality. A new book, being prepared by the Committee on
Design, Construction and Equipment of Laboratories of the National
Research Council, entitled Laboratory Planang, will soon be avail-
able from the Reinhold Publishing Corp. This book will contain a
chapter on high school chemistry and should be of value to schools
contemplating the construction or renovation of chemistry laboratories.

Safety in the laboratory is a subject of major importance. A new
film entitled "Safety in the Chemical Laboratory" is now available
from the Manufacturing Chemists' Association. Although primarily
designed for use in colleges, many of the suggestions offered in the
film are applicable to high school laboratories. A recent series of
articles on safety in the chemical laboratory was published in the
Journal of Chemical Education. Chemistry teachers in each State
should request from the National Safety Council the bulletins on
"Laboratory Glassware" and "Chemicals in the Laboratory." These
two leaflets are very helpful in identifying two areas of laboratory
work that cause frequent injury.

The American Chemical Society's national office in Washington,
D.C., upon request, supplies 'various reprints of articles and other
materials that are pertinent to the teaching of chemistry and chemical
education.
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An aid not to be overlooked is the use of atomic and molecular
models. These are available from most scientific supply houses, with
one of the most useful groups being made from styrofoam. The
styrofoam materials can be cut to indicate bond angles, while the
various sizes of spheres illustrate the relative sizes of molecules and
atoms. These are particularly useful in demonstrating the spatia,1
relationships of atoms and molecules. Available at relatively low
cost, they can be obtained with the assistance of NDEA funds.

The Current Teacher

Teachers are indeed extremely busy people. The mechanics in-
volved in the operation of the classroom, as well as the incidental
duties indirectly applicable to the job, more than occupy a major por-
tion of the teacher's time. Teachers must in some way try to remain
current not only in their academic areas but also in the general field
of education. At some time in the near future we must relieve teach-
ers of all their extraneous duties and allow them full time to teach
young people. The extraneous duties must be relegated to persons of
lesser training. When this period is reached, the teacher will become
more highly regarded as a responsible person in his academic area.
In the meantime and until this glorious day dawns, I would like to
suggest three journals to which the teacher, as a minimum effort,
should subscribe and read regularly to ensure currency.

1. The Journal of Chemical Education. This journal, of course,
has been discussed at some length earlier in this presentation, so no
additional explanation need be offered now. The teacher who reads
only one article a month can maintain some degree of contemporary
thought in his academic area.

2. Scientific American. This magazine represents all areas of
science and publishes articles in some detail by leading scientists from
various disciplines. The articles are written in such a style that not
only the well-trained teacher but many of the lay public can under-
stand the significance and importance of them. A minimum of one
article read per month will go far in preserving the currency of the
teacher in various scientific areas.

3. Saturday Review. The Saturday Review has initiated a monthly
education supplement sponsored by the Fund for the Advancement of
Education, which prepares its contents in coperation with the regular
staff. Articles are submitted by leading educators on all subjects of
education from elementary school through postgraduate work. Vari-
ous approaches to problems in education are presented in pertinent
discussions. This is a very valuable tool in maintaining currency in
the general field of education.



Introducing Newer Concepts of Physics

Herman R. Branson

Chairman, Department of Physics, Howard University

MODERMODERN PHYSICS is an enormously complex field. AccordingN
a recent compilation by the American Institute of Physics,

American universities list 213 distinct specialities for graduate study.
Led by acoustics and proceeding through aeronomy, the list concludes
with X-ray technology. Notwithstanding this diversity, physics at-
tempts to describe the universe of phenomena in terms of a few con-
cepts employed in hypotheses, principles, theories, and laws.
Unfortunately, general statements, although they may engender a
feeling of competence, really do little to aid the student in under-
standing the active problems being studied. We can state, for ex-
ample, the conservation of energy (or of momentum or of spin) so
that each of us will be able to repeat the law, and we can understand
that such laws are observed in contemporary research in physics. But
we would find ourselves ill prepared to read any of the articles in
the current issue of Physical Review (probably the most distinguished
journal reporting recent research in physics), where we encounter
articles with such seemingly harmless titles as "Energy Losses and
Collective Excitations in Crystals," articles which prove to be quite
esoteric.

I believe, however, that a pedagogical device for acquainting the
student or interested person with newer developments in physics is
to analyze some simple early experiment and to show how the concepts,
methods, techniques, and procedures have been developed or modified
in contemporary applications. One of the experimental research areas
of the Department of Physics at Howard University is mass spectros-
copy : the finding out of just how much of certain isotopes are present
in a given sample. In going back to the prototype apparatus of our
equipment, we encounter a simple evacuated glass tube which leads
unerringly to the major large installations of modern physics : the
synchrocyclotrons, bevatrons, linear accelerators, and the like.

95
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The Thomson Tube

This type of equipment (see figure) was first used by Sir J. J.
Thomson while working in the famous Cavendish Laboratory at Cam-
bridge University, England, some 60 years ago. Observe what
happens when a high voltage is applied to the end electrode : the beam
is bent on passing through a magnetic field. Observe, too, how it is
attracted by a plate connected to the positive terminal of a voltage
source. The end of the tube is covered with a fluorescent layer which
detects the beam.

4.=.1711'

Magnetic field into the paper

High Voltage

Diagram of speaker's demonstration with a Morrison tube

To fit these observations into a consistent pattern, Thomson em-
ployed certain concepts and principles. Since the beam did not be-
have as an ordinary light beam would, it seemed reasonable to assume
that it was composed of charged particles. Our observations reveal
that they are negatively charged. A more careful observation in a
different tube would reveal that the curved path we see is really part
of a circle. For circular motion we have some long-established, useful
relations which we can invoke. One is the equality of forces wherein

Mv2=Bqv

In this equation, M is the mass of each particle; v is its velocity;
is the radius of the path it follows; B is the magnetic field (called the
magnetic induction) ; and q is the charge of the particle. Algebraic
manipulation yields

MV
Bq

as the radius of the curved path followed by the particles. Here this
simple equation leads to our mass spectrometer or the cyclotron. For
if we multiply by 27r and divide by the velocity, v, we have

2wR 2,rM
Bq
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The left-hand side is nothing more than the distance traveled in one
revolution (the circumference) divided by the velocity. Distance
divided by velocity equals time, and this time is that for one revolu-
tion of our charged particle of mass, M, and charge q. The. important
result is that this time, called the period, T, is then

r 27rM
A--.

Bq
so that for particles of the same charge and mass in a constant mag-
netic field, B, T is constant. This simple result makes the cyclotron
possible.

The mass spectrometer employs the same basic equation in a slightly
different fashion. Since we cannot easily determine the velocity, v,
we make use of the fact that the velocity is imparted by our voltage
source in the kinetic energy :

1 Me= qE
2

where E is in volts. Upon algebraic manipulation we obtain
11/1__B2R2
I- 2E

Thus if we keep the magnetic field (B) and the voltage (E) constant,
particles of the same charge but different mass will follow paths of
different radii and may thus be separated.

Thomson eliminated the velocity by balancing the electric force
against the magnetic, since E and B are easier to measure. He foundthat

g E =M 1.76X 10" Coulombs/kilogramB2R

Fundamental Techniques

Equally as important for the understanding of recent developments
in physics is a summary of the techniques (and accompanying con-
cepts) employed in looking at this simple experiment with the Thom-
son tube. We find that we need to (1) produce a vacuum; (2) produce
charged particles; (3) generate, stabilize, and control a high voltage;
(4) produce a magnetic field; and (5) detect particles.

One might use these five techniques as a guide to understanding
contemporary research in molecular, atomic, and nuclear physics; they
are employed, usually together but most certainly individually, in all
recent work.
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Extensions of.the Basic Equations

The basic equations which we used might be grating on those of us
who realize that the force exerted by the magnetic field is not along its
direction. Continuing our analysis to where we get these forces aright
leads to vector analysis and the Lorentz equation for the force,

Te= qE+ 0X B

where all the quantities have both magnitude and direction save the
charge, q, and the "FXR," which is interpreted to yield the correct
direction for the force, P.

A most revealing extension of one of our basic equations is that for
kinetic energy. If in one of our experiments, a descendant of the
Thomson tube, we raise the voltage E to larger and larger values, we
find that the speed of the particles does not continue to increase but
levels off approaching a constant value, c, which proves to be the speed
of light in empty space. The correct relation is found to be :

[Kinetic energy=M0c2 1 1

V1ev2---i

with M. called the rest mass. This relation leads directly to the most
famous equation ofour time, the Einstein relation

Rest energy .-Moc2
and states also the surprising result that the mass of a body is not con-
stant but increases with speed :

At= 0

:22

These three equations are the bases of modern nuclear physics. We
see here how they fit naturally into a conceptual scheme (one devised
to accommodate magnetic and electrical fields acting on moving charged
particles) and in turn fit this scheme into a consistent and integrated
panorama of the physical world.

By following the proliferation of the ideas introduced to describe
the observations of a simple but important experiment, we can gain
more than the illusion of understanding. We gain genuine knowledge,
an agreeable situation which stems from this basic goal of physics :
the representation of all physical phenomena in a consistent schema
with a minimum of concepts, hypotheses, principles, and laws.



Newer Resources for Improving Instruction in Physics

Ralph W. Lefler

Visiting Staff Consultant
Americo?, Institute of 'Physics

IT HAS BEEN aptly said that an essential part of teaching is to
prepare the learner to teach himself. I think that we are slowly

but surely moving in this direction, and I sincerely hope that we will
not allow slight changes in the direction of the wind to deflect us from
this course.

A recent issue of Education USA (May 10, 1962) has prophesied that
great changes in teaching method are near at hand, that instructional
materials of all kinds will be better used, that emphasis will be on
communication rather than on the gadget, that greater emphasis will
be placed on independent study, and that superior teachers will re-
ceive greater recognition.

Harry C. Kelly of the National Science Foundation has suggested
that science in the secondary schools should be an integrated kind of
course with individual laboratory and discovery more pronounced than
now. I am told that each 11th- and 12th-grade science student at the
University of Illinois laboratory school has a small individual cubicle
in the science suite. He undergoes some of the experiences of a sci-
entist while he studies and learns.

I am indebted to a recent work 1 of Paul Brandwein for some of the
ideas that I shall now present. In times recent enough to be within
your memory, we believed that s^,ientists had developed a successful
method which we called the "scientific method" and which we thought
could be itemized into seven steps that could be adapted to the solution
of any problm. Technology, a product of science, was taught as
science. Few understood that the scientist's major purpose was to
understand nature, that the scientist is a seeker of ideas, that his is a
world of the mind and the imagination.

Science was considered to be a body of verified and certain facts.
The work of great scientists was reviewed ierficially and their
experiments repeated. Teaching in science was a matter of telling.

1 Paul P. Brandwein. "The Revolution in Science Education : An Examination of theNew Secondary Science Curriculums." Teacher's Notebook in Science, Spring 1962. New
York : Harcourt, Brace and World School Department
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The lecture-demonstration was an effective means of transmitting
facts. Complete courses in physics were offered by film or television.
"The spirit and process of inquiry" were hardly to be found.

Science taught by "telling" rather than by "discovery," as problem
doing rather than problem solving, could not produce scientific literacy
because of the rapid growth in knowledge.

The creative individual could not survive in a fixed curriculum. He
has always been driven to discovery, though he may upset the stable
world by his discoveries.

The Physical Science Study Committee

The Physics Curriculum of the Physical Science Study Commit-
tee is an outgrowth of the rebellion of students and professors of
physics to the stultifying effects of the process and content of physics
instruction of the type described above.

You must be well acquainted with the complete PSSC package,
yet many of the teachers in your areas of influence are simply teach-
ing more of the same thing in the same old way, rather than accepting
the challenge which has been thrown to them by the PSSC to develop
a more effective program of instruction in physics. With the risk of
dwelling too long on an area with which you are quite familiar, I
shall emphasize what I consider to be the important aspects of the
PSSC offering.

The "package" offers text, laboratory guide, a four - volume teachers'
resowzce book and guide, apparatus, films, paperback physics mono-
graphs and tests, all prepared specifically for this course. I think
that it can be said that notone item was used for the sake of expediency.

The laboratory provides direct experience with phenomena. Tech-
nological examples are sacrificed. Selected concepts are carefully
interlinked and developed at the expense of the broader coverage of
physics. The philosophy is to provide a carefully prepared explana-
tion of selected material which is reinforced by films and laboratory.
The PSSC curriculum is centered around the concept that matter
and energy are conserved; that space, time, and matter cannot be
separated. The relativistic view is presented, but Newtonian me-
chanics is not discarded. The sun's energy is found to come from a
sustained fusion reaction; light emitted by the sun is both wave and
corpuscle.

The laboratory guide suggests experiments using simple apparatus
and is well coordinated with the text. Concepts are studied by way
of the text, the laboratory, and the film.

Forty-four films have now been produced. These have several pur-
poses : to help the teacher with new techniques, to present new
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phenomena that the student would not otherwise be able to observe,
to supplement the text with added explanations of difficult concepts,
and to show scientists at work. In my opinion, these far surpass
most previous films in accomplishing the above purposes. Most of
these films could be used to strengthen any good physics course.

The tests were developed by the Educational Testing Service. They
emphasize the applications of principles rather than the recall of
information.

About 24 monographs in the Banc Study Series have been produced
to date. These are not intended as required but rather as free reading
to provide added understanding of basic concepts.

The PSSC course is a demanding one. It is not now clear whether
students who are not highly motivated will stay with it. It has
brought about the strengthening of texts and curriculums which
have been developed since its content became known. Some ma-
terial previously taught in high school physics has been moved to
earlier courses. Far less attention is given to technological applica-
tions (sometimes to the concern of those who feel that students are
thus guided away from the field of engineering). More serious at-
tention is given to basic physics concepts; more emphasis is placed
on laboratory instruction. Some material previously found only
in college level courses is being introduced at the high school level.
In general, more is expected of the high school student of physics..
There are many evidences that this trend is mostly good.

Professional Societies and Their Publications

I should now like to review the work of professional groups with
a basic concern for physics education and to tell you of some of the
newer resources which can aid both teachers and students to accept
the greater demands that are being placed upon them.

Let us now look at the societies most concerned with the teaching
of physics, the American Association of Physics Teachers and the
American Institute of Physics. The American Institute of Physics
is a corporation having as members the five principal scientific so-
cieties in the field of physics in the United States. Its purpose is
the advancement and diffusion of knowledge of the science of physics
and its application to human welfare. To this end it publishes journals
devoted mainly to physics and related sciences; makes reliable com-
munications as to physics and its progress available to channels of
public information; carries on a comprehensive program aimed at
strengthening physics education at all levels; cooperates with all or-

, ganizations devoted to physics; promotes unity and effectiveness of
effort among all who are devoting themselves to physics by research,
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by application of its principles, by teaching or by study; and fosters
the relations of the science of physics to other sciences and to the
arts and industries.

The American Association of Physics Teachers is the society of
most interest to teachers. It is devoted to the teaching of physics
and to the furtherance of appreciation of the role of physics in our
culture. High school teachers make up 10 percent of its current
membership.

The AAPT educational program includes a wide range of special
projects and activities planned to advance the teaching of physics.

Two national meetings are held annually. The summer meeting
is always held on a college campus. The winter meeting is held in
New York City. The meeting scheduled for January 1963 will carry
one full day of program planned to be of special interest to secondary
school teachers of physics. This will be a departure from past prac-
tice, since it will involve the scheduling of papers which would be
of interest to high school as well as college people within a block of
time when it can be expected that high school teachers can attend.
In the past these papers were to be found interspersed throughout
the entire period of the meeting. It is hoped that this plan will
attract added papers of special interest to high school as well as
college teachers. This greater concern for the teacher of physics at
all levels is an outgrowth of an increasing desire to strengthen the
lines of communication between physicists and physics teachers_

Twenty regional sections of the AAPT hold annual meetings on
a campus in the region. Many of these meetings are planned to be
of interest to all area physicists and physics teachers. Information
regarding meetings and other activities of the AAPT can be ob-
tained by writing the Education Department of the American In-
stitute of Physics, 335 East 45th Street, New York 17, N.Y.

The American Journal of Physics is published monthly. The con-
tent is primarily geared to the needs of the college teachers of
physics; however, with many advanced level physics courses now being
offered in high schools, its content becomes increasingly important to
secondary school physics teachers.

The AAPT is making a very serious effort to launch a new journal
for high school teachers of physics. They hope to have the first issue
off the press early in 1963 ; however, negotiations for the initial finan-
cial support of the effort are not completed so a postponement may be
necessary.

The new journal would, when taken with the present journal, extend
the coverage to include both precollege and postcollege instruction.
The coverage of physics and pedagogy would be geared closely to
the requirements of physics teachers in the high schools who work
in one-man departments, where the opportunity to discuss advances in
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physics, ideas for course content, and problems in instruction are
almost nonexistent. The journal will present topics in physics which
will encourage the high school teacher to continue scholarly study of
physics; it will also place emphasis on the problems of content, organi-
zation, and methods of teaching at the high school level.

While the new journal is intended for teachers of high school phys-
ics, this designation must be broadly construed. There are today
sophisticated versions as well as several extensions of the 1-year high
school physics course. The new journal is expected to contribute to
all these endeavors. With this scope it will also be of value to those
who are teaching certain first-year courses at the college levels, especi-
ally the teacher of terminal physics courses in the junior college.

Another purpose of the journal will be to improve communication
between secondary school and college teachers of physics. Physics
instruction as a whole will be improved when the teacher at one level
knows what he can expect from his colleagues working at levels which
precede or follow his work.

Momentum Books, a series of paperback monographs, are to be
published for the Commission on College Physics and the American
Association of Physics Teachers by the D. Van Nostrand Co. Their
aim is to provide lucid, accurate expositions of important topics in
physics, written at a level that is interesting and readily intelligible
to students who have had no more than a good introductory course
in college physics. Each title focuses attention upon a topic either
not treated at all or not treated fully in introductory courses. These
books should prove of interest to both high school teachers and the
better high school students of physics. In effect they are second-level
monographs, with the PSSC Monographs as the first-level series.
The authors of these books will be professional physicists.

A reference source, "Demonstration Experiments in Physics," was
nrepared in 1938 under the sponsorship of the AAPT. Since that
time the content of elementary physics courses at the high. school
and college levels has changed, and along with this many hundreds
of demonstration experiments have been developed which reflect the
tremendous growth and often dramatically emphasize the principles
which underlie modern microscopic physics. In addition, new pro-
jection techniques have evolved. Many of these demonstration experi-
ments, new visual aids, and improvements of old experiments have
not been published. Those that have been are often not readily
available in useful form.

The AAPT expects to have published by 1964 a new reference text
which will bring together under one cover discussions of the best
demonstration equipment and techniques developed during the past
20 years. The great variety and number as well as the increasing
complexity and specialization of demonstrations makes it impossible
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for any one individual to collect, evaluate, and prepare a uniformly
high quality text which adequately surveys the manifold areas of
physics lecture demonstrations. This national collaborative effort
by the AAPT is being coordinated at Rensselaer Polytechnic Institute
by Profs. Harry F. Miners and Robert Resnick, project codirectors.
They have an advisory committee of six physicists.

The new text is to be entitled "A Reference Source for Demonstra-
tion Experiments in Physics." The publication will be one or two
1,000-page volumes. Up to half of the demonstrations will have
their nature, significance, and use described and will include com-
plete shop drawings. The balance of the demonstrations will be
described in such a manner as to permit the reader to duplicate the
demonstration with a minimum of difficulty.

As in the case of the earlier demonstration book, a considerable
portion of the content of this book will be directly useful to teachers
of high school physics.

Demonstration Experiments in Plbysics, published in 1938 by
McGraw-Hill and edited for the AAPT by Richard Sutton, is still
a very valuable book of demonstration suggestions, and taken with
the new manual referred to above will cover the spectrum of classical
and modern physics.

In the spring of 1961 another team effort of the American Associa-
tion of Physics Teachers and the American Institute of Physics, sup-
ported by a grant from Educational Facilities, Inc., resulted in the
publication of a book, Modern Physics Buildings: Design and Func-
tion, by the Reinhold Publishing Corp. Chapter 12, "Laboratories
and Classrooms for High School Physics," has been printed sepa-
rately and is available from the American Institute of Physics.

The National Science Teachers Association will release the 1962
revision of their School Facilities for Science Instruction, published
first in 1954. This is a book which should prove helpful to any teacher,
administrator, or architect concerned with the building of a new
facility or the remodeling of an old facility for physics.

The American Association for the Advancement of Science for
many years circulated a traveling science library. As an outgrowth
of this, Dr. Deason of the AAAS has published and distributed anno-
tated bibliographies of science books for high school use. Each book
listed in these bibliographies had to have the affirmative vote of a
panel of scientists and science teachers. Recently the AAAS has
published a bibliography of paperback books suitable for use in high
school science instruction. This is available from the American
Association for the Advancement of Science, 1515 Massachusetts
Avenue NW., Washington 5, D.C.

Physics in Your High School is an American Institute of Physics
publication for the improvement of physics courses. Among the sub-
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jects covered in this 136-page booklet are ways to help the physics
teacher keep up to date, suggestions about course content, and lists
of books and laboratory equipment.

Other booklets produced by the American Institute of Physics
include :

Why Should You Study Physics in High School? published in 1959 to encour-
age 9th-graders and 10th-graders to plan for a course in physics.

Careers in High School Physics Teaching, published in May 1962, to encour-
age qualified young people to consider careers as high school physics
teachers. The booklet contains brief reports by five practicing physics
teachers about their experiences and satisfactions as teachers. After
these personal statements the booklet takes up these topics : the demand
for high school physics teachers, education for physics teaching, the
duties of the physics teacher, teaching salaries, workloads, fringe benefits,
and steps to take in obtaining a teaching position. The background
information in this section is as specific as it is possible to make it so that
prospective teachers will have a realistic basis upon which to make a
decision about a teaching career in physics. College and high school
teachers can play a key role in encouraging a greater number of their
students to consider high school teaching careers.

Rewarding Careers for Women in Physics was published in February 1962.
This booklet was written especially for young women who are considering
careers in physics. It presents a realistic picture of both the opportuni-
ties that are offered to women and the problems that they face in becoming
physicists. For a woman, as for a man, a career in physics can be reward-
ing and challenging.

The booklets mentioned above are available through the Education
Department of the American Institute of Physics, 335 East 45th
Street, New York 17, N.Y.

Films and Other Visual Aids

The AAPT Visual Aids Committee initiates ani sponsors the
development and improvement of various visual aids for the teaching
of physics. It also evaluates existing aids as they become available.
Working cooperatively, the AAPT Visual Aids Committee, the Com-
mission on College Teaching established by the American Association
of Physics Teachers, the Physical Science Study. Committee, the
Science Teaching Center of MIT, and Educational Services, Inc., are
producing several types of teaching films. These are mostly intended
for college and university use, but as in the case of the journal there is
sufficient overlap to justify their being mentioned here.

Short single-concept films ranging in length from 1/2 to 3 minutes
are being produced at Ohio State University by Dr. Franklin Miller
under a grant front the National Science Foundation. Each film clip
is designed to be used in a classroom situation of the teacher's own
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devising to illustrate some essential but difficult-to-demonstrate con-
cept. The teacher will develop the subject in his own way, at a level
suitable for his class, then use the film and go on with his lecture.
Many teachers will prefer to use the film clips silently, supplying their
own interpretation; a sound-track narration is added for those who
desire to use it.

New films in the PSSC series which will be available during the
coming year include E.M.F ., Electrical Potential Energy, and Linear
Momentum.

Beginning with the October 1962 issue, the American Journal of
Physics has been carrying a review of fairly modern physics films. In
addition, there appears a critical bibliography of films produced in the
1950's and earlier. Ten university film libraries will stock these films
to expedite their availability.

Issues of the American Journal of Physics for April 1961 and for
May 1962 listed over 600 films useful in physics instruction. The-
films in this list vary in level from elementary to graduate school.
The list is useful in locating titles. Other reference sources such as
film library catalogs will be required to obtain a descriptive statement
of content or a grade level suggestion.

Optical projection is becoming increasingly important as a means
of making physics demonstrations visible to large classes. The clas-
sical approach. to optical projection requires the use of. a lecture room
optical bench and a carbon-arc source. Within the last few years the
use of the overhead projector with a 10- by 10-inch stage has grown in
favor as a means of projecting slides, transparencies, and experimental
arrangements. There are advantages to the use of a horizontal stage
and overhead projection.

Prof. Walter Eppenstein of Rensselaer Polytechnic Institute has
published a report entitled "The Overhead Projector in the Physics
Lecture," summarizing the results of a project to develop new tech-
niques, accessories, and experiments for the 10- by 10-inch overhead
projector. The project was supported by a grant from the National
Science Foundation. Among the topics discussed in the report are
the production and use of transparencies, the overhead projector as
a means of projecting demonstration apparatus, a breadboard for elec-
trical connections in projecting circuits, and an XY plotter for the
overhead projector. Some of the demonstrations described include a
crystal model in which the "crystal" is built up by means of trans-
parent overlays so that one atomic plane after the other is projected,
animated slides showing such phenomena as a wave moving across a

1boundary, a ;7 scattering demonstration, a kinetic theory chamber,
and a variety of projectible electrical circuits.
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Regional Counselor Program

The AAPT and the AIP have jointly established the Regional
Counselor Program in Physics as a means of aiding with the solution
of local educational problems in physics. Professional societies in
physics must obtain the active help and advice of physicists who
are familiar with local educational problems if the full benefits of
national efforts are to be realized. The improvement of physics teach-
ing in the schools obviously requires local activity by physicists be-
cause precollege education is primarily a responsibility of the city,
county, or State. Regional counselors have now been appointed in
nearly every State. Their names can be obtained by writing the
Regional Counsel Office at the American Institute of Physics.

The local situation will determine the specific program of activities
to be followed by each counselor. A State might be carrying on cur-
ricular revision affecting school physics courses, and the regional
counselor in that State would want to maintain liaison with the offi-
cial curriculum committee and to arrange for the services of consult-
ant physicists to the committee so that the physics curriculum would
be appropriately strengthened. What is "appropriate," of course,
will differ from one locality to another because of differing interests
and differing resources of teaching competence, equipment, and space
available to the schobls. In another locality an industry-education
committee might be at work to improve teaching conditions, and the
regional counselor would direct the attention of the committee to
some of the problems affecting the teaching of physics.

This program provides an added means by which communication
between physics teachers, educational researchers, and research physi-
cists can be improved.

Visiting Scientists Program

Nearly all State academies of science operate a Visiting Scientists
program under a grant from the National Science Foundation. Visit-
ing physicists are usually available under these programs.

The AAPT and AIP jointly sponsor a Visiting Scientists Program
in Physics for High Schools. This is neither a visiting lecturer pro-
gram nor an inspection program. Physicists are invited by the
schools. They go as guests and colleagues. Although they may give
lectures on some topic in physics, they will spend much time in infor-
mal conferences with students, staff, and administrators on problems
ranging from the educational preparation of a physicist through
course content and facilities to the discussion of a physics concept.

682480 0-63-8
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For further information and the name of the program chairman in
your State, write the Visiting Scientists Program in Physics at the
American Institute of Physics. Requests for visiting physicists should
be sent to the State chairman.

High School Awards

During each of the last 4 years the AAPT High School Awards
Committee has picked 10 high schools to be honored for their out-
standing physics programs. At least one school is chosen from each
of six regions into which the United States is divided. The other
four are chosen without restriction, except that no two schools in the
same size category are chosen from any region. The division of the
country into regions and division of schools into size categories auto-
matically eliminates the possibility of considering the schools chosen
as the top 10 schools in the country. Dr. Stanley S. Ballard, chair-
man, Department of Physics, University of Florida, Gainesville, Fla.,
is chairman of the committee.

Future Curriculum Programs

At present there is a move to establish a team effort, to produce a
high school physics curriculum that stresses the historical develop-
ment of the concepts of physics and relates physics discoveries to their
cultural and social setting. This is no multimillion dollar program,
but there is precedence for and support in the physics community for
such an endeavor.

Added experimental curriculum developments to look for in thefuture are-
1. A physics course with some stress on the relation of physics to thegrowth of technology. This would take on the modern engineering pointof view.
2. A physics-chemistry 2-year sequence. There is at least one good textnow available in this area.

In general, the newer curriculums in physics will-
1. Put greater stress on pure science, although possibly not as much as inthe PSSC course.
2. Place more emphasis on the laboratory as a place for problem solvingand discovery, as a place where the student can begin to experience the thrillthat comes to a physicist as a seeker of ideas.
3. Put greater demands on the teachers.
4. Put greater demands on the student to take personal responsibilityfor learning.
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6. Require a reater variety of teaching materials.
6. Be based on a continuing school-college cooperation, such as required
for the dewilopment of present experimental curriculums in the sciences,
but probably involving fewer people and with smaller budgets.

Conclusion

Some work is being done in the area of preparing programed in-
struction materials in physics. Whether the programed text or a
machine is used, we have in this a development which will aid the
student to assume added responsibility for learning. He can learn
certain parts of physics and test his own progress through self-study.
Contact the Center for Programed Intruction, 365 West End Avenue,
New York 24, N.Y., for further information. The center is a non-
profit corporation working in the area of translating research find-
ings relative to learning and teaching processes into practical
classroom application.

The PSSC is extending its initial course through an Advanced
Topics Program. Chapter A-1, "Angular Momentum and Its Con-
servation," has been produced. Other chapters will deal with atomic
structure and the special theory of relativity. A Preliminary Edi-
tion of the Advanced, 77 opim I Laboratory Guide has also been pro-
duced. This presents suggestions for experimental studies of angular
momentum, moment of inertia, angular acceleration, the Michelson
interferometer, waves in a moving medium, and spectra. For fur-
ther information, write Educational Services, Inc., 164 Main Street,
Watertown, Mass.

I shoud like to close with a statement of the general conclusion of
a recent American Association for the Advancement of Science-
American Council of Learned Societies Conference which was "to
be effective . . . a teacher must take his place in the community of
scholars as well as in the profession of education." I trust that the
materials referred to above may aid the teacher to meet this obligation.
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Emerging Problems of Supervision in Science
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THESE ARE TIMES that call for superior leadership. The suc-
cesses of our profession have been rather snowed under during

recent years by the impact of a not very good press. The parents
of our boys and girls have had many opportunities to read about the
allegedly poorly trained, uninspiring, second-class scholars who have
allowed science teaching t degenerate to a low level. About the
effect of this I will have something to say later.

The training of teachers in general and of science teachers in par-
ticular has been subjected to such humiliating criticism that there
are few science education professors who proudly claim to be yet
in the business. What has happened to take from the science edu-
cation scene the strong men who once so proudly claimed responsi-
bility for leadership in the training of America's science teachers?
True, there are yet a few names which come to our minds when this
question is asked, but there should be many. Think of the vigorous
growth that has taken place both in science and in education. Never
before have so many young people been enrolled in so many science
classes. Never before have millions of dollars been invested in prov-ing and disproving hypotheses that hold promise of upgrading
science teaching. Think for a minute about what, is happening in
connection with writing textbooks. This is now a multimillion dollar
project staffed by large groups of highly talented men and women,
while but a. few years ago it was the activity of a dedicated man
who could squeeze a few dollars from his wife's grocery budget and
borrow time from an unknowing employer.

The time is ripe for the emergence of more and mrre great leaders
in science educationleaders who can free their minds of patterns

110
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if visible, with the eyes ; if audible, with the ears ; if tangible, with the
touch ; if odorous, with the nose ; if sapid, with the taste. First the pies-entation of the thing itself and the real intuition of it, then the real
explanation for the further elucidation of le

The first beginnings of science-at elementary and junior high school
levels put much Stress on direct firsthand observations. We might
state that at its best it was the scientific study of the environment. In
1903, Liberty Hyde Bailey published his answer to the question, "Is
nature -study on the wane?" He stated th(; answer as follows:

Much that is called nature-study is only diluted and sugar coated science.This will pass. Some of it is mere sentbnentakism. This also' will pass.
With the changes, the term Llaturedatudy may fall into disuse; but the namematters little-so long as we hold to the essence.?

When we think about the essence, we can look back to the turnof the, century for the emergence of science curriculums for the ele-mentary and junior high schools. During those early years the
most competent scientists of our Nation took a keen interest in these
science efforts. They helped organize the courses, they wrote most of
the associated books, they taught the related courses in the colleges,
and they participated in institutes for the teachers. Much of what
they helped to establish has through the efforts of less capable scien-
tists become stultified, overorg,a,nized, verbose, exotic, dull, and of littlemeaning to the boys and girls who have studied the courses. The
scientists of the Nation became too busy with developments in their
disciplines and did not continue to exercise a paternal interest in thescience studies for youth.

While much of the essence was disappearing from these early sciencestudies, there were few cries of alarm. Only in the last decade or so .have scientists taken a careful look at the precollege sciences, and theyhave been greatly disturbed by what they have found. They have
found much information about science, some of it erroneous; they
have found a great emphasis on technology and little emphasis onwhat they really consider to be science. They have found that experi-
ments have become things to be done rather than an opportunity fordiscovery. They have found what is called the scientific method, butthey do not recognize it as what they are doing as scientists. They
are very unhappy with much that they find, and they have bicome
eager to do something about it.

The Present

The nature of our present curriculum materials for elementary andjunior high school science must be recognized when plans are being
1Johann Amos Comenius. The Great Didactic. Originally published in 1657.2 Liberty Hyde Bailey. The Nature Study Idea. New York: The Macmillan Co., 1903.682480 0-63-9
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made to bring about an improvement. It seems important that we
consider what teachers have been using when plans are being developed
to bring- out new materials. This is especially true when one con-
Siders the Very large number of teachers and schools_ that make up-
the elementary and junior high school levels; The courses of study
now available, many of which have been developed or revised in the
last year or two, are basically unscientific in their essence and organi-
zation. The large number of textbooks, kept up to date by the authors
and publishers, are developed to support or to replace the courses of
study. These textbooks become more and more attractive through
the use of color and artwork, yet often less desirable when com-
pared to the essence of science. The authors of the courses of study
and the writers and publishers of the textboOks have a strong follow-
ing among administrators, supervisors, and teachers. Companies
that produce equipment, films, charts, models, supplementary readers,
and. other instructional aids keep themselves informed about the sug-
gestions in courses of study and textbooks. An important question is
concerned with how much of all this that now supports elementary
and junior '1.101 school science must be replaced, revised, or supple-
mented in the emerging programs. Can we, and should we even
if we can, wipe the blackboard clean and start all over again?

Let Us take another backward look for a moment at the nature of
the courses. About 15 years ago the Federal Department of State
felt that the devastated countries of the world might be helped to
rebuild their educational enterprise, their buildings, and their facili-
ties if they could be informed about practices and materials used in
the United States. A committee- of the National Science Teachers
Association had the opportunity to develop the report The ele-
mentary science courses were described under 11 headings; the junior
high school- science courses -were described under 22 headingS. In
the intervening years the topics have come to be known as units or
problems, but much of what we have today is similar to such topics.
The number of divisions for the various levels may have changed.
Some new topics have appeared and some established topics have been
left out. New information and recent applications have been included,
but the idea of subject matter divisions for the courses appears to be
well established as the basic plan of organization for elementary and
junior high school science.

Dr. Albert Piltz, in a report 3 to the American Association for the
Advancement of Science for their feasibility study, described the
elementary science textbooks available in 1960 by comparing the treat-
ment given to 15 topics. He gave 22 headings as the areas identified
in the 10 series of textbooks that he studied. It seems correct to say

*Albert Piltz. "Review of Science Textbooks Currently Being Used in Elementary
Schools." Science Education News, December 1960.
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that, for the most part, the elementary and junior high school sciences
are currently organized and taught under subject matter divisions.
The major emerging patterns seem to point to some distinctly new
approaches to the organization of elementary and junior high school
science courses.

Newer Programs

When one looks at some of the recent major plans for elementary
and junior high school science, one finds in many cases that. a clear
frame of reference is lacking; in -other cases the frame of reference is
limited.

Science Manpower Project Studies

The 1961 report 4 of the Science Manpower Project recommends six
major phases or areas to be developed in the elementary science plan.
These are: (1) The Earth on Which We Live; (2) Healthful Living
Through Science; (3) The Earth in Space; (4) Machines, Materials,
and Energy ; (5) The Physical Environment ; and (6) The Biological
Environment. Aspects of these six major phases are to be studied in
each of the first six grades. Below a table showing the various broad
areas to be studied in each grade, we find the following statement :

"Obviously, there is nothing sacrosanct about this organization and,
grade placement, and a school system can modify this planned program
to meet needs that may be unique in its community."

Each phase of an area is expanded in three ways : first there is a
presentation of factual statements related to the phase, then a presenta-
tion of important generalizations, and lastly a listing of key questions.
While experiments are suggested and laboratory work is encouraged,
there are few experiments proposed. In a further illumination of the
program, it is stated, "An elementary school science program should be
judged not by its internal logic, but by how it works as teachers attempt
to put it into action."

In a companion volume 5 of the Science Manpower Project, one can
find a series of eight criteria for a good modern sequence in science at
the junior high school level. Also given are certain factors which
should be taken into account in designing an effective instructional
program. At another place in the book one finds a listing of the topics
to be included in science for the seventh, eighth, and ninth grades.
There are 12 topics in this organization. They are for the most part not

*Willard J. Jacobson and Harold E. Tannenbaum. Modern Elementary School Science.
New York : Bureau of Publications, Teachers College, Columbia University, 1961.

6 Abraham S. Pischler. Modern Junior High School Science. New York : Bureau of
Publications, Teachers College, Columbia University, 1961.
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different from what one finds in textbooks and courses of study, al-
though their order and emphasis differ somewhat from currently avail-
able courses. The suggestions related to the:areas are organized under
such. divisions as general discussion, suggested understandings to be
developed, topical outline, teacher bibliography. There are few sug-
gestions about activities and only limited ideas proposed for experi-
ments. The topical outline seems to be the most prominent part. It
is my personal judgment that in these "modern" proposals there is to
be found very little that is new and very little of the essence of science.

University of California Project

A major Elementary School Science Project was organized at the
University of California, Berkeley, in July 1959 with financial support
from the National Science Foundation. Planning for this project.
began early in 1959 and involved a group of scientists and educators.
The group through the project director 6 expressed their hope as
follows :

We hoped to reorganize the science program around those important and
fundamental concepts, an understanding of which leads ultimately to an
understanding of many diverse natural phenomena and to a feeling of famil-
iarity with the natural environment.

They stated that it was their purpose to stress the concepts and
methods of science, rather than the uses and usefulness of science. An
additional item of concern to them was the failure of the existing
elementary school science program to use and develop the pupil's
skills in arithmetic. They reported that as a guide in their work
there was not so much the-desire to produce many successful units as
the desire to learnto explore what the teachers and their pupils
could door could not do. Each principal investigator chose the topic
or area to be studied in the first year according to individual interests.
There was, however, the general expectation that the topic would be
appropriate for the elementary school and deal with a fundamental
aspect of nature.

They reported 3 years later that the construction of a conceptual
framework for the entire science curriculum, which was one of their
objectives, had been postponed while they acquired experience to guide
them in what could be accomplished in the classroom. Three units
have been developed : "Coordinates," "Force," and "What Am I ?"
Experimental work has begun on two other units : "Atomic Structure
of Matter" and "Animal Coloration and Natural Selection." In con-
nection with teaching procedures they have stated, "It should be one
goal of the science program to emphasize the source of the information,

Robert Earplus. "Beginning a Study in Elementary School Science." American Jour-
nal of Physics, Vol. so, No. 1, January 1962.
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to bring this source as close to the children as possible, and to. discuss
the -role of authority in science." They reported that they found it
useful to. consider two levels of mental activity : one observational,
manipulative, descriptive, concerned. with objects and skills; the other
analytical, abstract, concerned with relations and understandings.'
They expressed their conclusions by stating:

We felt that, the long-standing benefits of science education consist of an
understanding of the fundamental generalizations of the various fields and
of the practice of inductive and analytical thinking that construction or
discovery of these generalizations entails. It is therefore the task of the
teacher to introduce the materials in such a way that they will serve as a
path to the ultimate conclusion rather than beComing and remaining ends
in themselves. A fascinating question concerns the age at which and the
way in which it might be possible to approach the children directly on the
abstract level, rather than through the observational and manipulative as we
have assumed necessary.

Dr. Karplus stated in February 1962 that, "The two ideas, scientific
literacy and scientific inquiry, can be the basis of a science program."
He expressed the judgment that in establishing scientific literacy, it is
necessary to teach the significance of undefined scientific terms as a
common vocabulary to all students. He expressed the belief that a
meaningful definition of a term must be based on a set of operations
and applications that use the term. He further expressed the belief
that in ideal scientific inquiry new data are'collected but are not inter-
preted immediately. In the-process, inconsistencies between expecta-
tions and the new information are sensed. If no inconsistencies are
sensed, then previous concepts will be confirmed and become stronger.
If an inconsistency is sensed, there is much activity to verify this dis-
covery and to revise previous concepts, if necessary.

As far as a science program over several years is concerned,. Dr.
Karplus states :

It is possible, however, that the focus of the science education should
change as the children become older. For instance, the work in the early
grades might stress scientific literacy. When the children are somewhat
more mature in the intermediate grades, there might be more stress on
inquiry. In the junior high school, perhaps, the pupils' historical perspective
may be adequate to permit a review of the way current unexplained causes
actually were invented and replaced over primitive earlier ones. Such a
curriculum would provide a sound foundation for the teaching of the sep-
arate scientific disciplines in the high school and later. It would also pro-
duce scientifically literate graduates who might choose to study science
further.

In March 1962 in a paper Discovery or Invention, Dr. Karplus
joined with Dr. J. Myron Atkin, professor of education, University
of Illinois, Urbana, in stating :

Yet the objective of the science program is to teach children to look at
natural phenomena from the distinctive vantage point of modern science . . .
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Indeed, it does not even seem very important to teach the children to invent
concepts, because they can and do invent concepts readily. The educational
problem, rather, is to teach the children to carry out their creative thinking
with' some intellectuid. discipline. And the development and refinement of
modern scientific concepts in the light of observations -would seem to be an
excelle'nt procedure for intellectual

When we study the writings of Dr. Robert Karplus and his asso-
elates at the University of California, Berkeley, we find a great deal
of uncertainty about the nature of the science program from the
kindergarten through the junior high school. While it may begin
with a considerable stress on scientific literacy and gradually change
to greater stress on scientific inquiry- and still later in the junior high
school to in ore 'stress on the historical developments in explanations
of causes, yet a clear program in science for the education of children
is lacking. Their progress on this problem has been to postpone the
-construction of a conceptual 'framework 'while they gained experience
as to what could be accomplished in the classrooth.

The University of California Project has stressed what can be done
to develop scientific inquiry among children both by the direct efforts
of scientists and by classroom teachers who tried to follow the ideas
and materials proposed by scientists. . Here it would appear that an
important new dimension to elementary school science work has
been brought into focus. The importance of careful observation,
invention of concepts, use of arithmetic in helping to record and relate
observations, development of operational definitions, planning experi-
ments,'analysis of ideas and conceptualization are major contributions
to the emerging elementary ancl.junior high school science curriculum.
Here, it seems to me, we can note the essence of real science.

. - University of Illinois Project

The Elementary-School Science Project at the University of Illinois
at Urbana, has been under the codirection of Prof. J. Myron Atkin
of the College of Education and Prof. Stanley P. Wyatt of the De-
partment of Astronomy. This represents another major center for
emerging science curriculums for the elementary and junior high
school. Their first product' on Charting the Universe became avail-
able in August 1961. This was used in about 275 classrooms during
the school year 1961-62. The preface to the booklet states that the
astronomers and teachers who wrotc, the report felt that it was im-
portant to know how the astronomer knows what he knows. The
booklet and the teacher should help students to work like astronomers
work and to understand the reasons behind the statements that astron-

7 J. Myron Atkin, Stanley P. Wyatt, and staff. Astronomy Charting the Universe (Trial
Edition). Urbana, Ill. : University of Minds, August 1961.
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omers make about the planets and stars. The booklet proceeds by
statement, illustration, and activity to help students to understand
such facts and ideas asthe shape and size of the earth, the distance 'to
the moon, the size of the solar system, the sizes Of the planets, the
Orbits of the planets, a scale model of the solar system; measurements
beyond the solar system, and a view of the universe. This booklet and
others in their series of three related to astronomy were developed
during the summer of 1961.

As was the case with the project at the University of California,
the Illinois Project does not present a plan for an elementary and
junior high school science program. It presents instead a plan to
explore what can be done with children in studying the area of astron-
omy and to do it in a manner similar to the way that astronomers have
done it. Here is an area where it is rather difficult to plan and to
carry forward numerous real experiments. The project does reveal
how astronomers, as scientists, can combine their capabilities with
those of teachers and educators in developing a series of trial editions
for use in the schools. As such they have made a substantial contri-
bution, and not only does it reveal a way of approaching the under-
standing of astronomical information but also it reveals a method
by which the thinking of astronomers can help to make science in-
struction with children more like the thinking of astronomers. Here
again we find, in my judgment, the essence of science.

Educational Services Incorporated Project

Another major center for emerging curriculum materials for ele-
mentary and junior high school science is EducatiOnal Services, Inc.,
of Watertown, Mass. A recent newsletter reported that a support
grant from the National Science Foundation has made it possible to
create this curriculum project, which has a steering committee of 11
persons. Their work on the present project was begun more than a
year ago with funds from the Sloan Foundation and the Victoria
Foundation.

The principal result of their earlier efforts was the creation of a
preliminary fifth-grade embryology unit on the cellular nature of
living things. This unit uses the subject matter. of biology to acquaint
students with some problems and methods ?f the sciences. The stu-
dent uses his own laboratory equipment (microscope, soda-straw
balance, self-prepared slides) and through questions the student is
helped to reach conclusions based on his own observations. The stu-
dent uses three kinds of measurements. He also uses quantitative
representations as he graphs results of elementary chemical analysis
of cells and the number of cells in a population as a function of time.
The student is encouraged to design simple experiments. The stu-
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dent also observes actual living things, comes to conclusions, and the,
tests conclusions by experiments.

During the recent academic year, the project staff continued to
experiment with ideas for additional units. A unit for first and
second grades, in which students examine theritehavio r of fish by
making observations -and performing simple experiments, is being
worked on, tried out, and revised. Other preliminary explorations
are being carried out on the properties of liquids and. gases, scaling and
mapping, ajid animal and plant behavior.

An extensive plan for the summer of 1962 has been developed. The
work will include the use of some units developed by theth and some
developed by other groups. A group of-45 full-time participants and
43 part-time participants are listed for the 1962 summer work group,
together with at least 5 persons from Africa.

The only guidelines presented in advance to the participants are
those growing out of the feasibility conferences developed by the
American Association for the Advancement of Science with support-
ing funds from the National Science Foundation. The general state-
ment is made thal, after reviews of activities in relation to elementary
school science and -after some observations of demonstration teaching,
it is expected that the participants, working alone or as teams, will
decide upon what they would like to concentrate their efforts. They
would then develop ideas, prepare materials and plans, try out these
materials and plans with elementary school children, review their
materials and thereby approach materials and plans for further re-
views, revision, and expanded trials. There .appears to be no basic
design for a frame of reference.

Studies of the American Association for the Advancement of Science

The American Association for the Advancement of Science, a major
center for developmental work, has shown much concern for science
education at precollege levels. Scientists of the association have par-
ticipated in the several curriculum studies for the improvement of
science courses at senior high school levels. Their affiliate, the Ameri-
can Nature Study Society, with a representative on the council since
1926, demonstrates that the interest of the association in science for
young people is of long standing. During 1960 plans were formulated
for more active involvement in developing science studies for children
at elementary and junior high school levels. There was one all-
important problem in planning for such involvements.: Were the school
leaders, the supervisors, and the teachers ready and interested in vig-
orous efforts to improve science studies for the young people ? In
short, was it feasible to plan and carry forward major studies on behalf
of science for elementary and junior high school levels ? Plans were
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developed to have a series of papers prepared, to be followed by three
regional conference's for p: study of the feasibility of undertaking
major elementary and junior high school science curriculum studies.
The 1961 report 8 presented eight points upon which there was sub-
stantial. agreement :

1. Science should be a basic part of general education for all students at
elementary and junior high school levels.
2.. Instruction at the elementary levels should deal in an organized way with
science as a whole.
3. There must be a clear progression in the study of science from grade to
grade.
4. There should be no single national curriculum in science.
5. Science teaching should stress the spirit of discovery characteristic of .
science itself.
6. New instructional materials must be prepared for inservice and preservice
programs for science teachers.
7. The preparation of instructional materials will require the combined
efforts of scientists, classroom teachers, and specialists in learning and
teacher preparation.
8. There is great urgency to get 'started on the preparation of improved
instructional materials for science.

The AAAS study of feasibility recommended that there must be a
science program with a clear progression in the study of science from
grade to. grade. Concerning the nature of this program, one finds
such statements as the following:

. . . Science instruction should not be limited to one of the separate
disciplines, such as biology, chemistry, or physics, but should develop spe-
cific awareness of natural phenomena, good habits of observation, under-
standing of classification, function, quantification, order, and. other basic
ideas used in FIcience, drawing on all the sciences for examples.
. . . Although flexibility and variety are desirable, it is essential to have a
well-defined structure for science courses, so that the 'load of answering
extraneous questions does not become impossible for the elementary teacher,
and so that the order and connectivity of science can be properly presented.
. . . The simplest step for the child is to discover phenomena and to observe
relationships that are new to him ; at a higher level he can learn to discover
relationships by experimentation ; and at a still higher level he should learn
to discover by abstract reasoning.
. . . The science curriculum will, of course, teach concepts, theories, prin-
ciples, and content areas ; but the real purposes behind their selection must
be kept in mind, and while the student is learning content he should also be
learning methods of observations, the role of measurement and e use of
instruments to extend man's senses, how to interpret and be critical of data,
and that as a quest for new knowledge, science is constantly changing.

The report suggests the steps or stages which should be recognized
in the development of materials. These were (1) identification of

Science Teaching in Elementary and Junior High. Schools --a study made by the Ameri-
can Association for the Advancement of Science with support from the National Science
Foundation. Science,, 133: 2019-2024, June 23,1961.
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major scientific concepts, principles; and content areas to be covered
and the preparation of a sequential plan for their development; (2)
collation of present research data related to elementary and junior
high school science instruction and definition of problems that .need
careful study; (3) preparation of alternative, blocks of material
(texts, teachers manuals, tests, and so on) for the several grades or
content areas; (4) classroom trial, feedback of criticisms and sug-
gestions, and revision of the preliminary materials; and (5) prepa-
ration of sets of materials for general use.

The AAAS developed and submitted a proposal to. the:National
Science Foundation for an opportunity to proceed with the work
that seemed feasible.. They have received funds for the-establishment
of a national ;ommission to guide the development of plans and
materials for elementary and junior high school science projects.
They also received Support for initiating attempts to carry through
their recommendations and to begin the preparation of materials.
Two study conferences of about 10 clays each have been planned for
the summer of 1962. Here they propose to review what has been
clone by other groups and to consider suggestions for what should
be done. It would appear that attempts will be made to use concepts
and principles. as a basis for arranging a science curriculum. Just
what this project will produce by way of an emerging curriculum
is not clear, but it seems certain that a very substantial effort will
be launched which will have its impact on the schools within a very
few years. Again it seems to promise, in my personal judgment,
that the essence of science will be prominent in what is produced.

In the Future

What are the changes that are likely to become more noticeable
in the years ahead ? In what directions are our science curricular
changes heading? Let me put my vision of these changes (I will
not call them trends) into a few bold statements.

Change from much subject matter to relatPvely less subject matter.
Some general science teachers attempt to cover as many as 20 or 24
topics in a year. Others settle for as few as eight or ten. The change
from a 4-year senior high school with 1 year for general science to
a 3-year junior high school followed by a 3-year senior high school
has meant that general science could be scheduled for a 3-year interval.
Some science teachers took the 24-or-so topics and spread them over
the 3 years, arriving at about 8 topics per year. Since in many
schools general science is taught for only a single term in the seventh
and eighth.grades, some assigned 12 of the topics to the seventh and
eighth grades, leaving 12 for the ninth grade. Again some other
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schools adopted some type of a spiral plan in which topics studied
in the seventh and eighth grades were studied again at a higher level,
in the ninth grade or later. This meant that the number of topics
could be reduced substantially from the number of 20 or 24. The
high schopl physics course often having from 6 to 12 topics has been
reduced to 4 topics. Some leaders propose that the elementary school
teacher at a certain grade level should not be expected to teach a
multitude of 6 to 20-or-so subject matter areas, but should be encour-
aged to prepare for effective work in but 1 or 2 areas. Just how
his problem will be resolved is yet to be determined, because some
leaders propose that an elementary or junior high school teacher,
should not teach topics at all.

Change from one problem- sohnng method to many relatively
vastructufred methods of inquiry.Problem solving in science has, to
many persons, been a clear set of steps lea,dir. g from problem to evi-
dence and then to conclusions. Some insisted on adding a phase
'called application. Some had very clear ideas about just how the
gathering of evidence should be done. All in all it was a problem-
solving method and many teachers went rough the motions think-
ing that they were contributing to a Inpil's ur_derstanding of the
scientific process. Most of the persons who encouraged this view
of problem solving had had little experience with scientific research
and knew very little about how scientists went about finding and
solving problems. In, recent years some very competent scientists
have given their time and talents to helping young people understand
science and scientists. Teachers who study their efforts are a bit
confused because they do not recognize what they had come to regard
as problem solving. Furthermore, in studying how scientists find and
solve problems it has become evident that they do not follow a c;:.ries
of steps that one can find in the work of different kinds of scientists.
They do find problems in many ways. They do approach answers in
many ways. It is coming to be recognized that the best way to help
young people to understand the scientific process is to help them find
problems and to seek answers rather than to tell them how scientists
do it.

Change from use of a book in a series to the use of many books.
The great majority of science teachers, especially the teachers in junior
high school and in elementary schools, have relatively little prepara-
tion in the sciences. They are often expected to teach science areas
where they have had no college studies or even high school studies.
Furthermore, they may, be expected to teach several different subjects
with a day full of school responsibilities. They have come to accept
the adopted textbook as their guide to organization and content.
Library facilities are often limited and there is little time or help to
learn about the materials. The school librarians often do not know
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what books to buy, and they select books from some science list in
order to have materials for the few students who ask about books
in the area of science. Recently scientists have given their judgments
concerning good science reference books for the precollege levels.
Such books have been assembled in sets and circulated in schools; the
results of their availability"have been studied: Books on these pro-
gressively improved lists have been purchased by many schools, while
other schools have made a beginning and plan to continue purchasing
such reference books. With such reference materials available and
an encouragement to stimulate wider reading both by school and by
home influences, there is more and more use of reference books. With
this growth many students find the 'reference books to be interesting
and helpful in gathering information for topics and projects. In
recent years the growth of science exhibits and fairs has caused stu-
dents and teachers to look to reference books as aids, and they are
beginning to use more and more books rather than depending on the
one textbook. The influence of scientists who continually use many
reference materials, both books and periodicals, has caused teachers
to catch the idea that it is rewarding to the student as well as the
teacher to use a number of books. This change is likely to continue.

Change from an emphasis on accumulating knowledge to an em. ph,a-
sis on how to find out and create knowledge.One needs only to
study' the kinds of tests that teachers over the years have been using
to note that there used to be an attempt to determine only the sub-
ject matter that pupils had learned. Pupils were expected to mark
statements as true or false, to match a statement with a word, to
select a proper completion, or to answer a question in some expected
form. The answer was the important thing and the way the student
progressed toward an answer was of no avail unless it led to the cor-
rect answer. The answer determined the grade, and an error in one
operation was just too bad. Gradually there has come to be concern
for the student who can carry through the question, but in so doing
makes an error which results in an incorrect final answer. Partial
credit for the correct method has become acceptable in many situa-
tions. More recently, tests have been constructed that are built on

-known information, or the needed information is made a part of the
qfiestion, and the student is tested to note whether or not he can inter-
pret or use the information properly. Tests of the ability to apply
what has been learned to novel situations have followed, until, now
there are tests available that are considered to have little recall base
and much need for thinking and reasoning. Recently tests on under-
standing science have become available in experimental form.. We
can expect to see more and better tests that measure the students'
ability to think like scientists think.
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Change from facts and factual concepts as instructional goal to skills
in inquiry as the teaching goals.Most courses of study in use today
give the impression that concepts have been accepted as the teach-
ing goal, but one need not look very-Jar below the surface to note
that information related to a topic is given even more stress than are
concepts. In many cases even the concepts are statements of fact
and little more. There is a clear topical organization in many instruc-
tional guides developed by committees of teachers. The guide for
a particular grade is divided into a number of topics. Each topic
in turn is outlined so as to show the subtopics. In a number of
instances such an outline forms the major left -hand column of the
guide. The second column may be devoted to the concepts to be
achieved and, farther to the right, there are columns for activities
and references.

There appears to be an increasing number of instructional guides
that begin with, approach activities which are designed to create ques-
tions or problems in the minds of the students. One such problem
is made the subject for investigation. Students are encouraged to
propose hypotheses and then to gather evidence to support or refute
the hypotheses. Evidence is to be obtained from experiments, most
of which are suggested, but there is more and more encouragement
for students to design experiments that may produce significant' evi-
dence. Students are also encouraged to consult reference books and
to interview people who are thought to know something about the
problem under study. Later students are encouraged to select and
to restate, with proper caution, what appears to be their best hypothe-
sis and to use it in attempts to explain phenomena. Very recently
expert scientists have taken an interest in developing guides for the
study of their area of specialization with the spirit of inquiry upper-
most in mind. Concepts still rank high as the objective to be sought,
but they are not listed and therefore not likely to be taught as such.
They are to come quite naturally from the process of inquiry. This
change seems to be in its initial stage of development.

Change from teacher-selected concepts as instructional goals to con-
cepts as they may arise in the process of confirming or rejecting
hypotheses.We must admit that most instructional guides and most
textbooks indicate rather clearly the statement of the concepts that
students should acquire. There is not much encouragement for allow-
ing students to state their own hypotheses and, following a time
devoted to seeking confirmation or rejection, to come to their own
concepts. However, this seems to be the directior_ that some leaders
are encouraging teachers to take. Stress on the processes of inquiry
would seem to promise that there will be more and more encourage-
ment for this type of teaching. It is one thing for an expert scien-
tist to guide students in this process and quite another for a rather
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poorly prepared teacher to do so. Will it be possible to develop manu-
als for the great number of mediocre teachers who will need much guid-
ance in order to feel any significant sense of security in this type of
teaching? How can teachers be developed for the inquiry type of
teaching? While the change seems to' be pointing in the direction
indicated, it is doubtful that we have enough evidence of this change
to think of it as a present trend, but it seems to be indicative of a
future trend.

Change from reliance on qualitative observations to more and more
stress on securing and recording quantitative observations. Many
leaders in education have stressed the values to be derived from per-
sonal firsthand observations. Observations concerning shape, color,
and texture, together with changes in such qualities, have been encour-
aged by teachers. Students have been asked to represent these and
other qualities on paper, with clay, and in words. Scientists who
are working at the forefront of scientific developments see in the
precollege science studies a great and seemingly deliberate avoidance
of the quantitative observations, which are the very heart of science
as practiced by scientists. Their influence and the growth of move-
ments to make mathematics more meaningful to the students have
brought a resurgence of stress on quantitative measurements. Using
conventional units, as well as creating units which are later related
to conventional units, has come into rather common use. Along with
this change has come the use of models, graphs, tables, and new sym-
bols for presenting and representing what has been observed. These
help students to sense relationships. Use of available measuring
devices has been encouraged while scientists have put their minds
and liands to work in search of inexpensive and simple ways to make
relatively accurate measurements. The search for similarities and
differences calls for accurate observations, and such observations re-
quire measurements to be noted and reported. We can expect this
change to continue.

Change from science experiences xs preparation for secondavy school
science to experiences for basic gducation of all students.Develop-
ments in recent years and the massive attempts to develop a, science
program for elementary and junior high school students indicate
that this change is being accelerated. Leaders for more than a cen-
tury have been pointing out the values of actual' studies of the en-
vironment. The object study methods gave this a strong impetus,
and the change from mere object study to the scientific study of na-
ture hastened the development of science studies for all youth. While
the senior high school sciences in the early part of the century were
for the relatively few students who continued in school beyond the
early grades, the development of general science opened the area of
science to a large number of youth. Few people question the need to
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develop a scientifically literate citizenry, and school leaders who have
no organized science program are actively seeking ways to develop
a program to help their teachers include science in the program of
studles. The change is clearly a definite one, but how best to guide
the change is still an area where there are many, disagreements. The
efforts of competent scientists working with other knowledgeable peo-
ple in the spirit of mutual respect and good will are certain to arrive
at several acceptable answers. As a result, this change will bring
good science experiences for all youth. Many persons think this
change will also result in the best science experiences for those who
will continue in the study of science.

Change from science as something to be learned from books to science
as something that grows out of a series of experiments.Some active
leaders, who provide college work for elementary school teachers in
the area of science, are deploring the purchase of boxes or kits of
science equipment, since these are placed in the schools without the
teachers' knowing what to do with the materials. The boxes or kits
usually contain some type of a guide giving the teacher instructions
for performing a large number of experiments. Once a teacher
develops confidence in using items to show an experiment and notes
the delight of the pupils, th re is a desire for ideas concerning addi-
tional experiments. Teachers who take courses to prepare them for
better work in the area of science usually give high praise for their
work on such experiments. Often such courses have a number of
teachers who serve at different grade levels, and when they first; try
their experiments with their pupils they find high interest. If they
try these same experiments a year later, they find a few students who
remark that they saw or tried them last year. Each year, unless there
is some plan for grade placing the experiments, the problem of dupli-
cation becomes greater and more annoying. While science experi-
ments seem to be possible for teachers and of high interest to pupils,
something other than experiments seems necessary to a science pro-
gram in the schools. The change toward some grade placement of
experiments within a larger framework promises to continue.

Change from a science program based on topics to a science program
based on a more fundamental frame of referenee. Many of the out-
standing scientists who have interested themselves in the science pro-
grams for elementary and junior high school have become unhappy
with what they have found. They do not consider the covering of
science topics and the doing of experiments as representative of what
science really is. Some of them seem to feel that the covering of
topics and the doing of demonstrations may be worse than not doing
anything at all. They speak of discovering science concepts, helping
youth to interpret natural phenomena, developing understanding of
science, learning the ways of scientists, and becoming effective in-
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quirers. Some of them have been giving much time and thought to
developing materials and trying them out with children. While they
often state that there must be a planned scope Pffid sequence to the
Fcience work, they are not at all clear concerning the nature of this
scope and sequence as it pertains to grades 1, 2, 3, and so forth. While
they are amazed at the number of diverse topics that teachers often
have been trying to include for their grade, they are not definite in
suggesting the much more limited scope that they seem to favor.
While they are disturbed by a program based on different topics, some-
times in a spiral plan, from grade to grade, they have no suggestions
concerning the way a sequence should be planned. While they deplore
teaching "topics," in their own courses where most of our teachers
receive their education they themselves teach topic after topic. The
massive efforts being planned for the study of ways to formulate strong
science programs for the elementary and junior high schools will give
rise to different frames of reference that will present improved views
of the scope and sequence of science for the grades prior to the senior
high school.

Change from emphasis on technology to emphasis an science.One
of the aspects of our current elementary and junior high school science
courses which has bothered scientists has been the great attention to
uses of science, including technology. In the new senior high school
science courses there has been a deliberate attempt to omit technology
and to stress science. Some leaders in science education hive ex-
pressed their judgment that the study of high school physics as sc1ence,
with little or no attention to technology, fails to challenge the capable
science-interested student whose orientation is in the direction of the
applications of science to problems of engineering and industrial pro-
duction. They feel that some inclusion of technology would challenge
and hold the interests of these students and would help direct a larger
number of capable students into the study of engineering. Further-
more, they feel that technology is a part of our way of life, and to
reduce attention to this area of applications is to fail to inform youth
of an important area of everyday living.

The courses in general science have given much, many would say far
too much, attention to technology in the various topics or units. Often
the topic or unit would center around a product which resulted from
utilizing the principles of science in meeting a human need. Perliaps
it was the study of a home refrigerator or the automobile or musical
instruments. The principles of science were given little attention,
while the construction and operation of the device was given much
stress. Applications or uses were often the focus of attention in many
of the general science courses. The seeking of fundamental principles
of science and coming to understand them through demonstration ex-
periments and individual experiments were set aside in favor of read-
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ing the book about various technological developments. Many leaders
would agree that general science courses have given too much stress to
technology. Just how these courses can be made to reveal science and
scientists in proper balance to engineers and technology remains to be
developed. Just what attention can and should be given to the role of
technicians and the developments in which they participate also re-
mains to be clarified. The major studies currently in the formative
stage promise to give searching attention to such problems.

Change from science that must be developed from a limited under-
standing of mathematics to science that is built on mathematics.
Some teachers of mathematics have in their own preparation given
much attention to the sciences, especially the physical sciences. Un-
doubtedly many of them make use of real problems that must be solved
in the sciences when they consider the related concepts and operations
in mathematics. However, a very large number of teachers of mathe-
matics have avoided the sciences in favor of more and more mathe-
matics. For them the important outcome in the study of mathematics
is to become prepared to understand further mathematics and to think
creatively in mathematical terms. If we may judge from similar
teachers in the colleges, we can note a very real resistance to the inclu-
sion of problems from the sciences and engineering when related
mathematical concepts are considered. There is even greater resist-
ance to the inclusion of problems related to economics and finance.

Is 'any progress being made in relating mathematics and science?
Dr. Irving Adler, who spoke to the State Supervisors of Mathematics
at an Office of Education conference last year, stated that "the greatest
mathematicians have always combined dedication to pure mathematics
with a strong interest in its applications." In another statement, he
remarked, "Now, more than ever, it is true that mathematics is the
handmaiden of the sciences."

Are mathematics and science moving ahead hand in hand ? While
we see the inclusion of a type of laboratory work in mathematics
classes and the use of mathematics in science classes, these seem to be
the results of individual or departmental interests. rather than the
product of much interdepartmental 'planning. When one talks with
science teachers and 'hears their remarks about the inability of students
to handle the needed mathematical operations, one finds more evidence
for a rather cool handmaiden relationship. Just how closely should
mathematics and science be related ? How can mathematics 'be truly a
handmaiden to science and still be good mathematics ? How can sci-
ence teachers and science supervisors develop good working relation-
ships with mathematics teachers and mathematics supervisors with the
goal of improving both science and the mathematics instruction ?
Many leaders sense a growing kinship between those who serve in
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science and those who serve in mathematics. They sense that persons
it each discipline have the important responsibility to advance the
frontiers of their field. They also sense that advancement in one dis-
cipline conditions to a large extent the possible advances in the other.
They believe that working relationships would be developed and ex-
tended, not only between these two disciplines, but also with leaders in
the liberal and fine arts. Some would also include leaders in the voca-
tional areas to the end that future citizens may be sensitive to and
informed about the wide spectrum of human endeavors. Perhaps the
change is becoming less and less invisible if it is not more and more
visible.

Summary

What can one say about emerging curriculum studies in elementary
and junior high school science? In brief, we can state that they began
to emerge a century or more ago. There has been progress and regres-
sion led by energetic and dedicated leaders. One is impressed again
and again with the tremendous change which grew out of the efforts of
a single dedicated leader who felt that he had a great idea which had
to be recognized in the education of youth. One can also note how
leaders, at a particular time, built upon the ideas and developments of
others. One can sense that individual leadership, while still strong,
has been clarified and refined through working with other leaders in
the preparation of reports and recommendations. It is possible to
note a growing sense of responsibility in school systems for the careful
design of curriculums and for the development of instructional guides
to implement these curriculums. Only recently have school leaders
been made aware of the great concern of national leaders in the sci-
ences for the science instruction at precollege levels. This concern has
now been extended to the elementary school and junior high levels.
Here we have the concern not only of great scientists 'but also of out-
standing school administrators, supervisors, teachers, and parents.
The substantial plans that have been initiated, the 'additional careful
plans that are now in the formative stages, the embryo plans that are
merely aliveall promise what may well be a brilliant metamorphosis
in the development of science programs for youth.



New Programs in Science Youth Activities

A. Neal Shedd

Specialist for Science Youth Activitiea, U.S. Office of Education

AT ALL TIMES and at all places, teachers have been much con-
cerned with "what knowledge is of most worth." In the United

States during the past 50 years the curriculum has been influenced
by time and place. This period is studied by school administrators
and curriculum directors caught up in the present period of rapid
change. The importance of this broad view is necessary to avoid the
pitfalls of opportunistic revisions sometimes characteristic of single
school divisions.

Early in the century in many schools such extracurricular activi-
ties as orchestra and athletics were forbidden or discouraged. Later
they came to be tolerated and finally welcomed as respectable and
component parts of the cur4sulum.

During the 1920's it became apparent to many that education for
leisure-time activities was worth while. Education for citizenship
and for practical programs that would help to retain youth in school
were recognized as a great need in the 1930's.

The school administrator has always been beset by the problems
inherent in revising the curriculum, but the past 15 years has brought
to the forefront another new challenge.

Today's emphasis on science activities in our schools has not been
placed there by the educator. Some factors which have brought about
the new emphasis are : (1) the scientific manpower needs of the
Nation; (2) an unprecedented expansion of the scientific and techno-
logical enterprise; and (3) the need for a scientifically literate
citizenry.

Since World War II it has become increasingly apparent that the
national output of new scientists, engineers, and science educators
has been inadequate to meet the needs of our Nation. This great lack
of manpower is continuously accelerated by economic progress and
international problems.

In addition to the need for scientific manpower to serve our grow-
ing economy is the need for a scientifically literate citizenry which
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can appreciate science as a humane pursuit. As a result of scientific
and technological advances we find ourselves drawing closer, day by
day, to an economy and culture that require a high degree of general
literacy in the layman. Local school boards, State departments of
education, and institutions of higher education are becoming aware of
the need for a scientifically literate citizenry with an improved tech-
nical vocabulary, conceptual understanding of the scientific enterprise,
and a scientific attitude which will assure a wiser and more intelligent
voting population.

The chief resources for meeting the needs for specialized expert-
ness in science and general scientific literacy are the classroom teach-
ers in elementary schools, secondary schools, and colleges. Curiosity
is the strong and pervasive strand found in the heart of the scientific
enterprise and is a necessary component of science teaching and learn-
ing. Curiosity is also a common characteristic of young people and
one which effective teachers nourish. In the education of all youth
in science, nothing is more important than the daily experiences in
regular classroom and laboratory teaching. It is here in the class-
room, with the teacher at the pivotal point, that our future scientists
and scientifically literate citizens are lost or discovered. Our national
needs demand improved science teaching.

In addition to formal classroom instruction, a program of class-
related activities is needed to stimulate an interest in the student to
whom science is new and to satisfy the student who has developed a
deep interest and competency in science. This science-oriented stu-
dent needs a purposeful program offinterrelated science activities and
classroom and laboratory experiences. Properly designed club-type
programs encourage the student to build on the foundation laid in
the formal classroom situation. Often they stimulate interest where
formal classroom activities have failed. Club participation allows
the student to discover new interests in science and to extend his
knowledge by following his natural curiosity. Thus club participa-
tion feeds back into classroom and laboratory activities and reinforces
them.

Extraclass activities such as science clubs and other science youth
programs foster student interest by allowing and encouraging indi-
vidual pursuits which supplement classroom and laboratory experi-
ences. Today's students who have intrinsic interests in science will
form the basic scientific manpower pool of the future. The youth
organization should seek to strengthen future scientific accomplish-
ments through 'activities that will identify and use all available
resources at the National, State, and local level.

Some of the specific aims andobjectives should be-
1. to develop an abiding interest in science, mathematics, and technology
on the part of the young people of America ;
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2. to develop a broad conceptual understanding of science and the scien-
tific enterprise and its contribution to everyday life;
3. to encourage participation, in individual research programs that will
help the student develop the process of scientific inquiry ;
4. to encourage the promotion of exhibitions at which members of the clubs
may display their scientific works and projects ;

5. to provide an opportunity for the exchange of scientific information and
ideas among members of the clubs ;

6. to promote and participate in worthwhile programs for the improvement
of science instruction at all levels ;

7. to develop' among youth competent, dynamic leadership in science activi-
ties which will develop character and train for responsible citizenship ; and
8. to develop among youth an awareness of the satisfactions to be derived
from a career devoted to science and technology.

The U.S. Office of Education's interest in science youth activities
was deepened by the enactment of Public Law 85-875.

PUBLIC LAW 85-875
85th Congress, H.R. 13191

September 2, 1958
AN ACT

To require 'the Commissioner of Education to encourage, foster, and assist in the
establishment of clubs for boys and girls especially interested in science.

Bo it enacted by the Senate and House of Representatives of the United State
of America in Congress assembled, That in order to strengthen future scientific
accomplishment in our Nation by assisting in the development of a body of boys
and girls with a special interest in science, there is lwreby authorized to be appro-
priated for .the fiscal year ending June 30, 1959, and for each fiscal year there-
after, such sums, not in excess of $50,000, as may be necessary to enable the
Commissioner of Education to encourage, foster, and assist in the establishment
in localities 'throughout the Nation of clubs which are composed of boys and girls
who have an especial interest in science.

Sim. 2. ('a) The Commissioner of Education shall carry out his duties under
the first section with-a view to the ultimate chartering by the Congress of a
corporation, similar to the F ,are Farmers of America, which will seek to

(1) develop an interest in science on the part of the young people of
America,

(2) provide an opportunity for the exchange of scientific information and
ideas among members of the clubs,

(3) encourage the promotion of science fairs 'at which members of the
clubs may display their scientific works and projects, and

(4) develop an awareness of the Satisfactions to be derived through a
career devoted to science.

(b) The Commissioner of Education may utilize any of the personnel and
facilities of the Office of Education in carrying out this Act.

Approved September 2, 1958.

Science youth programs and problems differ from State to State and
therefore have to be studied and developed on an individual basis.
The Office of Education has devoted much time and effort to stimulat-
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ing the growth of science clubs as an integral part of the secondary
school program.

The Office of Education has taken two major stops toward the im-
plementation of the law through (1) science youth congresses and (2)
the preparation of u proposed charter for a national science youth
organization as called for in Public Law 85-875.

During the fiscal year 1961 the Office of Education contracted with
the Massachusetts State Department of Education and the Texas Edu-
cation Agency for the purpose of conducting science youth congresses
which would serve as pilot programs. These programs were cospon-
sored by the Office of Education and the States, with the Office of
Education contributing financial aid for essential costs up to $5,000
the first year, $2,500 the second year, and providing only consultative
assistance the third year.

A science youth congress is designed-
1. to enumerate and evaluate science youth activities (these include such
activities as science clubs, science fairs, science and mathematics contests,
field trips, extraclass conservation programs, and summer science institutes
and camps) ;
2. to provide an oportunity for students to participate in regional and State
science fairs, to read their scientific research papers, to hear outstanding
scientists discuss current science topics, and to discuss their science club
programs, plans, and problems ; and
3. to provide an opportunity ftr science teachers to learn of the benefits that
accrue to the student, and the school in certain science youth activities, to ob-
serve good science education practices, to hear outstanding scientists discuss
current topis in science, to meet with science club sponsors and fair directarg,
and to study and evaluate these activities as they interact with the regular
science ChM and laboratory programs of the school.

The first congresses were held at the University of Massachusetts,
Amherst, Mass.; the Wentworth Institute, Boston, Mass.; and Austin
and El Paso, Tex. These programs were expanded in fiscal year 1962
to include two new centers in. Massachusetts; the addition of the
Corpus Christi schools in Texas; and the participation of the third
State, Georgia, with congresses in Savannah, Waycross, and Atlanta.
Additional States will be invited to participate in fiscal year 1963.

The second major step in the science youth program of the Office of
Education is directed toward the implementation of section 2(a) of
the law, which reads in part: "The Commissioner of Education shall
carry out his duties under the first section with a view to the, ultir-,
chartering by the Congress of a corporation, similar to the Future
Farmers of America . . . ."

The Office has worked directly with the leaders of the various
science, mathematics, and engineering club organizations in develop-
ing plans for a national organization with Federal sponsorship. A
variety of organizational structures and procedures have been carefully
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explored to determine which will best serve the purposes of Public
Law 85-875 and, at the same time, provide maximum benefits to the
potential scientist, his teacher, and the national welfare. The Office
of Education is developing proposed legislation as called for in section
2(a) of the law.

Among 'the membership of the oldest and most famous of science
clubs, the Royal Society of London, there were such notables as Davy,
Cavendish, Hooke, and Leeuwenhoek. No doubt there are many po-
tential scientists among the membership of our clubs throughout the
Nation today. The needs of our Nation cannot be met unless great
efforts are made to stimulate, foster and assist this future manpower
potential.
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Reports From Four States:

Emerging Programs in the Improvement of

Science Education in Florida

Robert D. Binger

Supervisor of Science Education
State Department of Education, Tallahassee, Fla.

IN ORDER TO CLARIFY the nature of the task involved in the
imprOvement of science education in the State of Florida and the

significance of the steps already taken toward this end, I want first
to present a few gerieral statements concerning Florida, its edu-
cational program and some problem facing its science educators.

1. Florida has a very rapid rate of population growth. Mtiny
schools are hard pressed just to provide standard classroom
space for all students, let alone the problem of providing special-
ized facilities.
2. Florida is now undergoing a change from a predominantly
agrarian State with an eeonomy greatly dependent upon tour-
ism to one with an economy based upon industry, tourism, mili-
tary installations, aerospace activities, research centers, and
agriculture.
3. The bulk of the population is concentrated in large urban
areas such as Miami, and the major part of the school popu-
lation is found in these areas; but by far the greatest number
of individual schools are found in the rural areas. Vast
amounts of land are thinly settled or uninhabited, with the
result that distance, between county seats and school centers are
often great.
4. Because of the large number of small schools, many science
teachers are required to teach several different subjects. Often
one person is the "science department" with the junior high
science "farmed out."

147



148 SUPERVISION FOR QUALITY EDUCATION IN SCIENCE

5. Florida teacher-training institutions train only one out of
every six of our teachers. This puts us in the spot of not hav-
ing much to say about what type of training these people
receive.

6. Many of our sparsely settled rural counties have a very poor
tax base with millages already at the established limits. In
spite of our fine Minimum Foundation Program, which has done
a tremendous job in raising the level of the instructional pro-
gram, it is still "touch and go" in many systems.
7. However, we have much to be proud of and much upon which
to build. For instance, elementary science has been required
in the elementary schools since the early 1930's, and each ele-
mentary school teacher must take, for certification purposes, a
course in the teaching of elementary science. Science is required
in grades 1 through 8 and offered in grades 9 through 12. We
rank above the national average in course offerings.
8. Our high school seniors have consistently scored above the
national average in mathematics and science on the Senior Place-
ment Tests which we require all seniors to take. The median
scores currently are near the 70th percentile.
9. We have made great strides in building up our facilities
and equipment inventories and in increasing the amount and
quality of laboratory experiences our students get, largely because
of the NDEA program.

Thus far, as well as we can determine, over 250 teachers have
voluntarily elected to take PSSC training. This represents approxi-
mately 65 percent of our physics teachers who, in turn, teach about
85 percent of those students taking physics.

As far as evaluation is concerned, a study is now in progress at
Florida State University. The results appear to be favorable for
PSSC at this point but are not yet in shape for a final analysis.

Chipola Area Education ProjectSTEPS Program

Another project of which we are quite proud is the STEPS Pro-
gram, which, has been developed under the leadership of the U.S.
Office of Education within the Chipola Area Education Project.
The CAEP is a cooperative venture on the part of seven counties
which are served by Chipola Junior College. It started as a means
of establishing a testing and guidance center which the individual
counties desired but could not support on an individual basis.
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Thus far the following steps have been taken :

1. Area and local advisory committees for teacher and lay groups
have been established. A number of meetings have been held
to discuss . trends in science education, identify problems, and
seek ways an means of solving these problems.
2. A self-study was made by all of the schools in each county and
the results summarized by county and for the area. Strengths
and weaknesses were identified.
3. On the basis of the .self-study reports, conference findings
and observations by consultants, recommendations were made
for short- and long-range plans to improve the science and
mathematics programs. The updating and upgrading of
teacher training received priority attention in these
recommendations.
4. Institutes patterned after the PSSC institutes were held for
the CBA and BSCS ( Yellow Version) programs. One chem-
istry teacher from the area was selected to participate in a
regional center for the CHEM study program.
5. An elementary science extension course was established and
plans made for a CHEM Study extension course.
6. Plans have been laid to enlist the aid of local industry in
obtaining funds to hire full-time mathematics and science
supervisors.

Because certain of the above conditions require corrective action
and because others have established a fertile field for growth, we
have instigated a number of programs.

Establishment of the PSSC Program

Through a cooperative arrangement between the State department
of education, Florida State University, and a number of the county
boards of public instruction, we have been able to provide training
for approximately 225 teachers in PSSC Physics through the National
Science Foundation-financed institutes. An undetermined number
have attended PSSC institutes elsewhere. The institutes set up by
Florida State University under the leadership of Dr. Stanley Marshall
were unique in that they were a combination of an intensive period
of training during August prior to the opening of school and a
3-hour session each week during the school year held in regional
centers. Six hours of graduate credit were earned. Fees, books, and
travel expenpes were provided.

.We found that the 2 weeks of intensive training gave the teachers
enough of a lead on the students and that the 3-hour sessions each
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week provided opportunities for the sharing of experiences on an
individual and group basis and the straightening of problems which
arose before they became too involved.

Our department did much to pave the way in encouraging local
school officials to participate in the program, but our main effort was
in providing the equipment for each school represented. Our State
NDEA plan calls for matching on a statewide basis, and consequently
we were able to purchase all of the equipment in one order, once it
had been established how many students would be involved. The
county boards of public instruction purchased the textbooks; labora-
tory guides and tests, as well as paid for film rentals.

We are quite pleased with the results of our efforts so far. Labora-
tory-centered courses are now in schools which formerly had only
"read-about, talk-about" science courses. An improvement can be
.gin in the quality of laboratory experiences in those schools which
had laboratory courses prior to the advent of this program. Rather
than apathy and indifference on the part of many science teachers,
enthusiasm and an eagerness to continue to build the program can
be found.

The success of this approach has led us to explore the possibility
of establishing a similar project in Central Florida.

Junior High School Institutes

We have held and are currently operating institutes for the im-
provement of the junior high science program. A 3-year series of
institutes, financed through NSF funds, has been completed. This
was held in Hillsborough County under the leadership of Dr. N. E.
Bingham of the University of Florida and involved both science
education and arts and sciences personnel. Courses in mathematics,
geology, chemistry, physics, and biology were taught on an off-campus
arrangement. The science education phase included, along with
methods, the identification of concepts, activities, and resources, which
were then consolidated in a scope and sequence guide.

A similar project is being conducted in Brevard. County under the
leadership of Dr. Stanley Marshall of Florida State University. Dr.
Marshall is also currently directing a 3-year series of institutes for the
junior high science teachers of. Broward County. These institutes
are NSF financed and are designed to provide a broad overview of
the biological, physical, and earth-space sciences, as well as the
mathematics considered important for junior high science. Methods
and techniques are presented along with the subject matter.



The Georgia Program in Science Curriculum Revision

H. Victor Bullock

Science Consultant
State Department of Education, Atlanta, Ga.

nUR SCIENCE Curriculum Revision Program dates back to the
V mid 1950's when a committee from the Teacher Education Council
made a study and partial analysis of the adequacy of science instruc-
tion in the public schools of Georgia.

The study showed there was a strong indication of the necessity
for developing, among other things

. a sequential and integrated science curriculum from the 1st through
the 12th grades;

practical and workable instruction guides for- implementing an articu-
lated curriculum ;

a program .of science conferences to provide refresher courses for the
trained science teacher as well as additional subject matter courses
to improve the competency of poorly prepared teachers;

a program designed to help teacher-training institutions in developing
sound preservice programs ;

a program for science supervision and counseling for inservice teachers;
district conferences throughout the State for the purpose of implement-

ing the science curriculum materials; and
a program for securing the "right kind" of science teachers in the public

schools of the State.

In the summer of 1957 a group of 40 educators, representing all
segments of education, came together in a production workshop.
This group was directed to write a sequential integrated science cur-
riculum for grades 1 to 12. (I now ask myself, how ridiculous can
one be?) This group did write a tentative guide for grades 1 to 8.

During the 1957-58 school year the materials were tried out in some
40 systems over the State. These centers were selected very carefully
in terms of administration, supervision, and instruction, together
with giographicial spread throughout the State. From these pilot
schools we obtained much valuable information relative to the value
of the materials along with suggestions for improvement. The next
step was the refinement of the materials by an editing committee.
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Guides were developed for physical science and biology during the
summer of 1958.

In early 1958 the State department of education added a person to
the staff whose duties included the undertaking of the necessary steps
to revamp science education in the State according to the broad out-
line suggested by the Teacher Education Committee.

Realizing the immensity of our proposed program and the utter
impossibility of one person's giving adequate leadership from the
State level, the State board of education agreed to supplement the
leadership functions by adding five area science consultants to serve
the various areas of the State. Five outstanding science teachers
were selected to train at Oak Ridge under the Traveling Teacher
Program sponsored by the National Science Foundation and the
Atomic Energy Commission.

The equipment and materials carried by these traveling teachers
were provided by the National Science Foundation, the Atomic En-
ergy Commission, and the State department of education. During
the first half year of operation they concentrated their efforts in
working with high school teachers and their science and mathematics
classes.

We recognized the problem of implementing the science guides and
decided that our first order of business was to orient some 20,000
teachers in making use of them. Scores of mee(,,:ngs were held
over the State to familiarize educators with our plans. The 200
State-paid directors of curriculum who serve in local school systems
served as a nucleus from which information was disseminated.

Dozens of 1- and 2-week workshops have been conducted during
the summer months by the traveling teachers to help local teachers
gain a better understanding of what we are trying to do. These work-
shops run 6 hours per day. There are no fees and no creditjust
hard work.

During the regular school year the traveling teachers work in
classroom situations with teachers at both the elementary and second-
ary levels. A traveling teacher may work in a third-grade situation
1 hour and then-give a lecture-demonstration on space travel to a high
school physics class the next. hour.

An abbreviated 4-year report (see following table) gives some idea
of our scope of operation. Normally we are able to service only about
one-fourth of the requests we receive for the traveling teachers.

The problem of getting and retaining that "right kind" of teacher
for our science program has beeii most difficult. In order to main-
thin a staff of five, it has been necessary to train nine persons.
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Selected Figures concerning the Georgia traveling science teacher program:
October 1958June 1962

Year
Number

of schools
visited

Number
of student

hours
spent in
lecture-
demon-
strations

Number
of miles
traveled

Amount
of ex-

penses for
vehicles

1958-59 127 143, 056 61, 005 $1, 1911959-60 130 146, 649 79, 906 2, 3221960-61 196 103, 700 70, 538 2, 2861961-62 295 140, 102 72, 262 2, 468
Total 748 533, 507 283, 711 8, 267

Table does not reflect time spent in:
Talks to Service clubs; PTA; Science clubs; Local Georgia Education Association meetings.Saturday meetings of various kinds.
Orientation of teachers in use of science curriculum materials.

In order to improve teacher competency in science, we have used
several inducements, one of which is a grant-in-aid program. Under
this program, teachers are reimbursed up to $450 for attending sum-
mer school and taking content courses. In the beginning this waslimited to teachers if science, mathematics, and foreign languages,but has now been expended to take in almost all disciplines. Many
teachers are using this means to gain the sixth-year certification for
which a State bonus of $100 is added to the salary schedule.

Georgia has plans for a State educational TV network. Two sta-tions are on the air and two more will be operational by January
1963. One function of these stations is to provide inservice education.Dr. W. B. Baker, Emory University, through a grant from the
National Science Foundation, has developed a series of telecasts on
using the science guides. Consultants from his staff meet with groupsof teachers every fourth Saturday in workshop situations to aid
teachers in their day-to-day efforts. This program will be expanded
as other stations become operational.



Missourrs Inservice Science Workshop Program

John B. Leake

Science Consultant
State Department of Education, Jefferson City, Mo.

SINCE the National Science Foundation had already embarked on
several programs for the improvement of science at the secondary

level prior to the signing into law of the National Defense Education
Act, we felt, at the inception of our consultative program, that our
greatest effort should be aimed at the evaluation and improvement of
the elementary and junior high school programs. During the school
year 1960-61, our major occupation in the inservice science workshop
area was for the elementary school teacher. In this same period we
held one workshop for secondary school science teachers. Since that
year we have continued both programs.

Elementary School Science Program

Our objectives for the elementary school workshops are
* to provide teachers with the opportunities to raise their level of under-

standing and to lay the foundation for further self-improvement ;
to create such an atmosphere of enthusiasm for science that teachers

and students alike may enjoy the pursuit of its excellence ;
to illustrate an intuitive approach with the assistance of teaching aids,

experimentation, and simple apparatus;
to provide experiences and materials whereby teachers may broaden their

horizons relative to experimental programs, pertinent literature, and
extracurricular activities in the field of science ; and

to structure a science program for the first 8 years of school.

In short, we are trying to give our participant teachers enough
science background for further reading, an enthusiasm to overcome the
fears of science and laboratory work, and a directional structure for
th© K to 8 program.

Typically, a school district site is selected and the administrator is
contacted to ascertain his willingness to have his school used for a
meeting place. If he replies favorably, he is asked to provide facilities
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for a 2-hour meeting 1 night per week for the 10 weeksof the workshop.
In addition, he is asked to invite seven nearby school districts each
to send four, key teachers to the workshop, the host school being allowed
five. This results in a class of 33 teachers and a class-hour commitment
of 20 hours.

Each State consultant may run as many as three workshops per
week and two series per year. They also do demonstration teaching
in the participating school systems and provide other consultative serv-
ices typical of the NDEA program.

The intent of the workshops is to develop basic ideas that lead into
understandings of more and more complex ideas. Topics included in
each workshop include

measurement (time, distance and mass) an investigation of methods
for measuring magnitudes and how they are being improved;

mechanical energya development of mechanics for the exploration of
the interrelationship of all energy;

heatevidence of energy of motion;
energy and the electromagnetic spectrumradiant energy can be systema-

tized in a continuous spectrum;
atoms and elementsa discussion of the building blocks of nature ;
matter and its composition ;
nuclear energy and radioactivity;
basis of lifechemical organization of living material ;
energy requirements of living systemssource and exchange of energy

for life ; and
hereditary control of living organisms.

As most programs develop they change, and this one is no exception.
Although basic aspects of the above outline are retained, a departure
into classroom sequence is made, based on such topics as the atom,
electromagnetism, mechanics, light, and life.

It is hoped that during the course of the workshop the participants
will develop an approach to classwork which will elicit curiosity, imag-
ination, discovery and thoughtfulness on the part of their pupils.
This, after all, is our goal in the teaching of science in the elementary
school.

At the present time, and in the foreseeable future, only the UNESCO
Souircebook of Science is recommended as text material. All partici-
pants, however, are urged to subscribe to The Elementary School
Science Bulletin and Science Newsletter. Supplementary reading lists
are also distributed.

Strong encouragement is given principals and superintendents to
use their participating teachers in helping to educate other teachers
in the individual school systems to improve their science offerings.

Several types of evaluation have been attempted. One is an im-
mediate critique, which is used to alter the program so as to meet more

682480 0-63-11
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nearly the felt needs of the participants. Another is a questionnaire
sent some months later to former participating teachers to ascertain
to what degree their classroom presentations have been influenced.
Both of these devices have met with mechanical success, but it has
been difficult to determine if they are sufficiently objective to be
meaningful.

Secondary School Science Program

The present secondary school workshop is titled "Radiation Topics
for Science Teachers." The mechanics of setting up the workshop are
very similar to those of the elementary school program. One of the
general purposes of this inservice program is to acquaint teachers
with basic concepts of the natural sciences as they relate to radiation
biology. Emphasis is on the important interrelationships, between
the various sciences.

Participants are afforded the opportunity to obtain some practical
experience in handling radioactive materials and nuclear measuring
devices. The use of inexpensive teacher-constructed equipment re-
ceives some emphasis. By working with radioisotopes, teachers gain
confidence in experimenting in this area and become familiar with
the necessary safety procedures incident to handling materials that
demonstrate alpha, beta, and gamma emission.

Another purpose of this inservice training program is to provide
each teacher with a broader contemporary scientific knowledge and
to increase his abilities in motivating students to continue .their ed-
ucation in science. To this end the program encourages teachers to
incorporate radiation experiments into their curriculums so as to
stimulate in senior high students an appreciation and understanding
of nuclear energy.

Evaluative Workshops

An effort which we are contemplating is an evaluative workshop
for a K to 12 science program. One pilot session has-been run along
these lines. In this workshop we hope to involve administrators and
key teachers from about five school districts in a thorough evaluation
of their programs. One goal will be to arrive at a stepwise sequence,
individually tailored for each school system, for the implementation
of a modern K to 12 program.

Here again the mechanics of setting up the workshop will be similar
to those of the other programs. Of the three workshops, we feel
this evaluation type will have afar greater effect than either of the
others.



The Pennsylvania Science Program

Albert F. Eiss

Science Education Specialist
State Department of Public Instruction

Harrisburg, Pa.

iN DISCUSSING the duties and responsibilities of science special-
ists with the representatives of the various States, one notices the

great differences in organization that exist among them. This means
that a successful program in one State may not be desirable in another.
However, many ideas may be helpful, even though the overall plan
may not be adaptable.

Organization of the Program

Our Division of Mathematics and Science consists of a coordinator,
two mathematics specialists, and three science specialists. It is a part
of the Bureau of General and Academic Education in the Depart-
ment of Public Instruction. Two science specialists are working full
time on curriculum improvement and development. At the present
time the Department of Public Instruction is sponsoring a Curriculum
Improvement Program. The science phase of this program is in its
second year of development.

Plans for improving the science curriculum got underway in
October 1960, when the first of the State Science Curriculum Commit-
tees convened. These committees were somewhat unique in thei:7
organization and membership. They were composed of research scien-
tists, university and college science teachers, administrators, super-
visors, public school teachers at all levels, members of the U.S. Office
of Education, a psychologist, and a layman. Committee members
were not selected for their reputation or seniority; rather, they were
almost handpicked for their interest in science education and their'
understanding of what constitutes good science teaching. With such
a varied group, public school teachers were distinctly in the minority.
To assure that the majority vote of a committee would not override
the decisions of a more experienced minority, all committee decisions
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were made on the basis of unanimous agreement. Because the groups
were carefully selected and understood the problems of science educa-
tion, they reached agreement in a surprisingly short period of time.

The committees did not "rubberstamp" department ideas. In
fact, some of the committee decisions were a cause of concern for some
of the State specialists.

Curriculum Improvement Program

Two decisions were reached by the committees early in their de-
liberations : that we would work on the development of a K to 12
curriculum (later this was extended to K to 16 and now includes
adult education), and that curriculum planning should begin with
the elementary school, then continue with the higher grades.

Several new publications have been produced. These have been
related to the K to 9 curriculum, which has been neglected in many
areas of the country. The publications are grc.uped in a series called
Science in Action. At present, 3 booklets have 'been produced and
used' experimentally in about 200 schools in the State; 3 more a ri
now in press.

The main characteristics of the Science in Action series are : the
material is a guide for teachers, not a course of study; the material
uses the experimental approach for teaching science; measurement
in both metric and English units is emphasized at all levels, beginning
with the kindergarten; and great emphasis is being placed on teaching
students t think and reason.

Other Activities

Science specialists are working closely with various scientific' and
professional organizations. The U.S. Office of Education, the Penn-
sylvania Academy of Science, the Pennsylvania Science Teachers As-
sociation, and the National Association for Research in Science
Teaching have been among the sources of mutual help and assistance
that have been beneficial to all groups.

The department works closely with industrial and commercial in-
terests as well. For example, the Pennsylvania State Chamber of
Commerce and several business organizations have donated funds
through the academy for carrying out part of the initial development
of the Science in Action program.

Science specialists are responsible for the approval and evaluation
of NDEA projects. They are also working to develop suggested
equipment lists for college science laboratories, to suggest standards
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for high school science laboratories, and to suggest criteria for evaluat-
ing the effectiveness of science teachers.

Routine problems are not lacking. In addition to the usual routines
of officework, specialists are sometimes asked to visit schools as mem-
bers of evaluation teams, visit colleges to study their science programs,
work for the improvement of teacher education, and assist in planning
programs of inservice education.

Future Goals

The curriculum improvement program is in its second year. We
are working on a four-step program : (1) organization of committees
for setting goals and objectives; (2) preparation of guides to action;
(3) implementing and selling the program; and (4) continuing r3-
vision of the program. We are now well along on the second step
and are beginning the third. We do not anticipate that the fourth
the continuing revision of the programwill ever be completed.

Our goal is to sell the program to teachers and administrators. We
do not plan to mandate a curriculum. This makes the public relations
aspect of the program very important. To date we have been most
fortunate in our good relations with the science teachers association
and the State academy, as well as with administrators and college per-
sonnel. Our aim is to continue this good relationship.

We intend to develop test questions for all levels of instruction and
at all grade levels. We plan to work for the improvement of science
laboratory work, particularly in the development and use of open-
ended experiments. We hope to strengthen our ties with the Penn-
sylvania Science Teachers Association and the Pennsylvania Academy
of Science, and to offer our assistance to other professional groups in
any way possible. (For example, we are acting as a clearinghouse
for information relating to various science organizations.) We have
encouraged the organization of the Capital Area Professional, Engi-
neering, anti Scientific Society and have acted as an intermediary be-
tween this group and schools and teachers requesting assistance or
advice.

Conclusions

We have found that communication is an almost universal problem.
This is serious at all levels and in all groups. We have decided that
good public relations are essential to the smooth functioning of our
program as it is planned.

The Science in Action program is still experimental, but we have
seen some very encouraging results. We are working closely with a
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suburban Harrisburg school, where the teachers permit us to visit
classes and sometimes even to teach. We have seen kindergarten chil-
dren using the metric system, a second-grade class using a platform
balance for solving algebraic equations, a third-grade group using
linear slide rules,. and special education students so interested in sci-
ence that the teacher had to insist that they go home when school was
over.

Of one thing we are very certain : we had been failing to challenge
our students. We have found that first-grade students can discuss
gravityin fact, we found they were already acquainted with the
term from watching TV. Fourth-grade students can discuss weight-
lessness in space as intelligently as some college students. And junior
high school students can ask intelligent questions that will amaze even
a research scientist.

In fact, one of the conclusions we have reached is that the quality
of the science program is usually not limited by the students' ability;
rather it is often the teachers' limitations that define the level at which
the program must proceed. We have learned enough to know that
at present we cannot define the limits to which the science program can
develop.
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APPENDIX A

Guidelines for the State Supervisor of Science

In keeping with one of the objectives of the conference (". . . to
develop guidelines for leadership in supervision of science"), small
group roundtable discussions were held for the purposes of identifying
the problems and responsibilities of the State supervisor of science.
Initial groups were organized on the basis of similarity of situations
in the States represented. As problems emerged and were refined
into six areas, each conferee selected the area of his main interest for
further discussion and guideline development.

Guidelines were developed in the areas of professional and public
relations, preservice and inservice education, curriculum, facilities and
equipment, research, and the nature of science. Although these guide-
lines are intended to have a general applicability, it is recognized that
their utility may be limited in specific situations. The guidelines
follow :

Professional and Public Relations

What is the leadership role of the State supervisor of science
in interpreting science and science education programs to school
officials and to the lay public?

The leadership role oi the State supervisor of science is to
.

Encourage State and local school officials to formulate func-
tional, realistic statements of the philosophy, purposes, and
objectives of science education at all levels of the public
schools.

Assist school administrators, civic groups, and laymen in
understanding the need for improvement in science educa-
tion and the importq,nce of their role in supporting it.

Provide and interpret information concerning the status of
science education within the State and foster unified action
by local administrators and supervisors of science, civic
groups, and laymen for purposes of understanding and
improvement.
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Establish close liaison with scientific and technical organiza-
tions and enlist their aid in the improvement of science
education.

Create a climate of public understanding in which improve-
ments in science education are possible.

Preservice and Inservice Education

What is the leadership role of the State supervisor of science
in bringing about and evaluating realistic preservice and in-
service teacher education programs to meet the demand of qual-
ity education in science?

The leadership role of the State supervisor of science for preservice
education is to

Cooperate with institutions of higher learning to plan appro-
priate programs in the sciences as a part of every teacher's
undergraduate education, regardless of specialty or of level
of instruction.

Cooperate with institutions of higher learning, certification
and accreditation agencies to assure that graduating teachers
are adequately prepared to teach both traditional and newly
developed courses of study in their specialties.

Work with institutions of higher learning to assure that grad-
uating teachers are thoroughly prepared to teach the
processes of scientific inquiry and the history and philosophy
of science.

The leadership role of the State supervisor of science for inservice
education is to

Encourage and aid local school districts in evaluating the need
for and in organizing and conducting programs of inservice
education.

Assist local school districts to obtain consultants and other
resource persons to staff inservice programs.

Cooperate with institutions of higher learning in the develop-
ing of quality institutes for teachers of science.

Disseminate information regarding institutes and vigorously
encourage teacher participation therein.

Encourage local school systems to make effective use of the
competences of teachers who have attended institutes.

Encourage teacher participation in professional associations
and activities.

Recognize and make known the obligation of every teacher to
a lifetime of continued learning.
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Curriculum

What is the leadership role of the State supervisor of sciencein the planning, development, and evaluation of science curric-
ulums to meet the needs of quality education in science?

The leadership role of the State supervisor of science is to
Disseminate information about new curriculum materials at

all levels and in all fields of science, and encourage their use
where appropriate.

Apprise State officials and local school systems of existing
deterrents to program improvement and provide assistance
in their alleviation.

Encourage and assist in continuing evaluations of science pro-
grams at the local level.

Provide groups responsible for curriculum improvement with
guidelines for developing a sequential science program ap-
propriate for all pupils.

Promote both individual and group action at all levels for the
improvement of the science program.

Emphasize the importance of and advocate adequate time for
appropriate laboratory experiences in science.

Facilities and Equipment

What is the leadership role of the State supervisor of sciencein the planning and development of facilities and equipment toprovide for quality education in science?
The leadership role of the State supervisor of science is to

Assist responsible local officials in drawing up specifications
for new school 'buildings and science facilities which will
implement the official philosophyand objectives in the science
curriculum.

Work with local school personnel, architects, and cognizant
agencies in the planning of school science facilities which
are adequate with respect to space, location, design, services,
storage, and safety.

Work with responsible local school officials to plan for ade-
quate science budget provisions for furniture, equipment,
and instructional materials in new buildings and for annual
operation of the school science program.

Assist local school personnel in establishing effective quantita-
tive and qualitative standards for the selection and procure-
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ment of appropriate equipment and instructional materials
for science.

Work with local school systems to ensure the most effective
uses of science equipment.

Research

What is the leadership role of the-State supervisor of science
in stimulating, conducting, and interpreting research in science
education?

The leadership role of the state supervisor of science is to
Identify those schools and personnel in his State willing to

rq.rticipate in experimental studies and encourage their co-
operation in such studies.

Assist local school systems and, where appropriate, individual
teachers in the design and conduct of carefully defined re-
search studies.

Coordinate experimental studies and pilot programs among
schools within his State.

Maintain an up-to-date record of the progress and results of
science education research conducted within his State.

Maintain liaison and encourage cooperative efforts with uni-
versities, colleges, and other centers of science education
research within his State.

Disseminate and interpret by means of newsletters, periodi-
cals, forums, and speeches the results of valid science edu-
cation research to the science teachers in his State and en-
courage their use of these results.

Transmit the results of significant research in his State to the
association of State 'science supervisors and the U.S. Office
of Education.

Maintain, through the association of State science supervisors,
liaison with national organizations conducting and 'report-
ing research in science education.

Nature of Science

What is the leadership role of the State supervisor of science
in bringing about greater sensitivity to the spirit and nature of
science?

The leadership role of the State supervisor of science is to
Providing liaison with appropriate groups and agencies for

science teachers to observe the processes of scientific inquiry
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as illustrated in films, demonstrations, educational television
programs, and research in progress.

Guide the science teachers of his State in the meaning and
use of open-ended student investigations.

Encourage the science teachers of his State to engage in their
own programs of scientific research.

Encourage teachers and students to examine the writings and
work of great scientists, that they may learn to recognize
and appreciate those traits which are characteristic of the
true nature of science.
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