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“The Man-Made World,”
A New Course for High Schools

Concepts behind man’s modern artifacts underlie a
laboratory course for college-bound students.

E. E. David, Jr., and J. G. Truxal

The Engineering Concepts Curricu-
lum Project is the outgrowth of a 1963
meeting, sponsored by the National Sci-
ence Foundation, held to consider the
teaching of physics. The project is de-
veloping a high-school cultural course
with technical and scientific content.
It is designed to contribute to tech-
nical literacy for high school graduates
who will not necessarily follow a ca-
reer in engineering or science. They
should have a knowledge of science
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and technology sufficient to enable
them to think rationally about tech-
nologically based issues affecting so-
ciety.

This view is widely held by educa-
tors, and yet one still hears the ob-
verse argument that, to wuse and to
benefit from the fruits of technology,
a person does not require technical
knowledge but needs only a modicum
of skill or familiarity with technique.
According to this argument, the driver
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of an automobile need not understand
the mechanism of the internal combus-
tion engine and the television viewer
does not need to understand the super-
heterodyne principle and Maxwell’s
equations. The answer is linked to the
increasing influence of science and tech-
nology on the shape and quality of life
in our society. Today, citizens must be
knowledgeable in these areas if they
are to be effective in guiding tech-
nology in directions that suit man’s
purposes without allowing it to impair
his liberty, ruin his environment, or
destroy his privacy.

There is a more immediate and,
some think, a more compelling reason
for educating citizens in technical
matters. Modes of thought and action
inspired by science and engineering are
being increasingly used in business, gov-
erment, economics, education, and
medicine. The precision of thought and
language gained through mathematics,
through manipulation of symbols, and

Dr. David is executive director, Research, Com-
munications Systems Division, Bell Telephoné
Laboratories, Murray Hill, New Jersey; Dr.
Truxal is provost of the Polytechnic Institute of
Brooklyn, Brooklyn, New York.

SCIENCE, VOL. 156



through modeling is becoming the key
to mastery of complexity in practically
every field.

Yet, every year there is a decrease
in the percentage of high school stu-
dents who take physics, and teachers
tell of a decline in student interest in
all the physical sciences. This trend,
according to figures from the Ameri-
can Institute of Physics (1), has been
evident for at least 50 years, and pres-
ent-day courses and resources have not
reversed it.

The reasons for this decline have
not been firmly established. One cause
may be the press of college-entrance
competition; another may be the lack
of qualified teachers. Still another may
be a disinclination on the part of the
general student to seek scientific knowl-
edge for its own sake.

Science is often presented in the
classroom as a way of comprehending
the universe, the implication being that
scientific knowledge is its own justifica-
tion. There is a different view of sci-
ence, one that began with Francis Ba-
con. It is that man, by inquiring into

nature, can better his lot. Scientists
of the highest order have sought
out knowledge and simultaneously

pondered its implications for society.
The Engineering Concepts Curriculum
Project (ECCP) takes this approach.
Its experimental course, entitled “The
Man-Made World,” concerns the arti-
facts man ‘has created to cope with
nature and helps students understand
the basic principles on which devices,
systems, and processes depend. It is
intended for the average college-bound
student at the 11th- or 12th-grade level,
who is not necessarily destined for a
career in science or engineering. It is
designed to attract students from the
group (two-thirds of all college-
preparatory students) who do not now
take a science elective beyond the 10th
grade.

Why an Alternative Approach?

The ECCP course has been de-
veloped as an alternative to other sci-
ence courses, not as a replacement,
The students which ECCP hopes to
attract are those who would otherwise
leave school with only 1 year of
senior high school science, or none at
all. Further, introduction of the ECCP
course as an elective in schools should
in no way imply elimination of any
other course,

What does the ECCP course offer

19 MAY 1967

students that present courses do not?
Essentially, it provides the “science-
shy” college preparatory student with
an alternative to the professionally
oriented course. It has been said that
many current high school science
courses are taught from the viewpoint
of the professional and provide a first
course for the future physicist, chem-
ist, or mathematician. Yet, as Weinberg
points out (2), “education at the ele-
mentary level of a field is too important
to be left entirely to the professionals
in that field, especially if the profes-
sionals are themselves too narrowly
specialized in outlook. Instead, curricu-
lum reform should be strongly influ-
enced by disciplines bordering the
discipline being reformed. The mathe-
matics  curriculum  should receive
strong cues from the empirical sciences
and from engineering; the physics cur-
riculum, from engineering as well as
from the neighboring sciences; and so
on.”

The ECCP course is based on tech-
nical concepts that have broad rele-
vance and significance for society. En-
gineering is a natural base for such
an approach since it has no permanent
or traditional commitment to any for-
mal discipline. Engineering has no
Newtonian laws, no principle of con-
servation of energy, no Huygens’ prin-
ciple, although: those pillars are as vital
to engineering as to physics. At the
same time engineering must adapt to
new situations and adopt new subject
matter, for engineering strives basical-
ly to match needs with possibilities,
very often old needs with new pos-
sibilities. Despite its lack of commit-
ment to a formal discipline, modern
engineering is science-based and is be-
ginning to establish certain principles,
as engineering, science, and mathe-
matics are merged by practitioners who
are not constrained by the traditional
distinctions. These principles involve the
ideas of modeling, experimenting and
measuring, selecting a metric for mak-
ing judgments or choices, and organiz-
ing units into meaningful structures,
either conceptual or actual. These ideas
pervade much of human thought and
action and are not unique to engineer-
ing. Yet they stem from the methods
of science and of technical enterprise.
It follows that they are worthy of
consideration by any student who aims
to view the world rationally.

How can such abstract principles be
communicated? Science appreciation
courses have a long record of failure,
and educators no longer believe that

cultural courses should be oriented to-
ward mastery of skills. The ECCP at-
tempts to involve students by present-
ing subject matter related to clearly
recognizable real-world situations. Lab-
oratory and computer facilities make
this approach concrete, providing
vitality and relevance. The context is
that of modern society, and the ECCP
course is neither historical nor ab-
stract. It does not teach generalities.
Students, however, can arrive at
generalities of their own through in-
volvement in the course.

It is important to stress the fact that
the ECCP course is not a course
in engineering or “pre-engineering.”
Neither is it intended to draw students
into engineering, the sciences, or
mathematics. Nor is it a survey of
modern technology. Rather, it is a sub-
stantive approach, for the general stu-
dent, to the technical bases of our
society.

The Background

The need which ECCP hopes to fill
has been noted by many educators. It
was perceived by a group of engineer-
ing-oriented participants at a meeting
sponsored by the National Science
Foundation and held, in the fall of
1963, to examine the question, Are
there approaches to the study of phys-
ics in high schools other than those
presently available? Many of the par-
ticipants, ourselves among them,
thought the answer was “yes.” Further-
more, it appeared to several of us that
the engineering viewpoint offered an
effective approach. A group of seven
(3) met several times that fall, under
the sponsorship of the Commission on
Engineering Education (4), to examine
the idea further. There appeared to
be enough promise to warrant the for-
mation of ECCP, with the aid of a
National Science Foundation grant.

Ten of us made a 1-month study
during the summer of 1964, in Cam-
bridge, Massachusetts, to fix our ob-
jective and try to outline a course.
We decided that the course should
have the following characteristics.

1) It should appeal to the average
college-bound student.

2) It should be at the 11th- to 12th-
grade level.

3) It should be independent of the
high school courses in physics, chem-
istry, biology, and mathematics—not a
replacement for any of them. Physics,
chemistry, and biology are traditionally
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CIRCUIT

Fig. 1. The Logic Circuit Board, consisting of relays, manual switches, and lamps
and energized by a 47-volt power supply, enables students to set up “and,” “or,” and
“not” circuits as well as combinations that add, subtract, count, and transfer data
from one circuit to another. Six experiments in part A of the ECCP course are based

on use of this board.

concerned with natural laws—with the
world as it is. The ECCP course is
concerned with the concepts behind
the man-made world—that is, with the
world as it has been transformed by
man. During the summer we identified
a number of concepts that underlie
‘the man-made world, among them
feedback, amplification, stability, goal
seeking, and machine logic.

4) The only prerequisite for the
course would be 2 years of mathe-
matics.

There followed a brief but success-
ful trial, outside of school hours, at
the Polytechnic Institute of Brooklyn,
in the spring of 1965. Included were
15 students and five teachers from the
New York and New Jersey areas. E.
James Angelo of the Institute lectured
and added his own considerable insights
to what had been produced the preced-
ing summer. During the summer of
1965 a group of some 30 people met at
Tarrytown, New York; this group pro-
duced a 28-chapter textbook and as-
sembled the equipment needed for
some 30 experiments. Of the 30 peo-
ple, ten were associated with high
schools, and five of these taught the
ECCP course as part of the regular
curricillum during the school year
1965-66.

There were about 90 students in the
five classes; of these, approximately
60 had not had physics. The progress
made by the two groups—the 30 who
had had physics and the 60 who had
not—was not spectacularly different.
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Reaction from the five trial classes,
monitored systematically in regular
meetings with the teachers, indicated
that a firm bedrock of material had
been established. However, the year’s
experience also convinced us that the
level of the material was uneven, and
that much of it was too difficult. Also,
we agreed that there was too much
detailed mathematics, and that the sub-
ject matter was too narrow. These
faults were attacked during the sum-
mer of 1966.

Revision of the textbook was car-
ried out at Boulder, Colorado, with the
cooperation of the University of Colora-
do. The 1966-67 trial textbook con-
sists of 15 chapters (consolidated
from the earlier 28) divided into three
parts: A, Logic and Computers; B,
Models and Measurement; C, Energy
and Control. While the writing session
was in progress, ECCP conducted a
preparation program for 23 additional
teachers. They, and the original five
teachers, are presenting the course in
their 27 schools (5) during the aca-
demic year 1966-67. There are some
800 students, many of whom fit the
description “average, college-bound, and
not science- or engineering-oriented.”
The broad spectrum of student back-
grounds and school systems will pro-
vide the basis for a more extensive
evaluation than was possible in 1965-
66. The materials will be again revised
in the light of this evaluation. An
even more extensive trial is contem-
plated for 1967-68, to aid in a third

revision. Subsequently, the materials
will be made generally available to
schools, probably through commercial
publishers and manufacturers of equip-
ment.

Perhaps the most fortunate aspect of
the project thus far has been the broad
participation by diverse elements (6).
University people from at least seven
institutions have provided the hard
core. Industrial scientists and engineers
have participated actively. In addition,
the development of equipment has been
pursued imaginatively by American
Machine and Foundry Company, Bell
Telephone Laboratories, Electronics As-
sociates, Inc., and Measurement Con-
trol Devices, Inc. Perhaps even 'more
helpful have been the insistent and,
at times, fiercely independent criticisms
and suggestions from high school
teachers and administrators, who were
quick to point out that much of the
early effort was at odds with high
school needs. By insisting on clarity
and teachability, to the extent of re-
fusing to use certain of the course
materials beyond the initial trial stages
without drastic revision, they have per-
formed a valuable service.

The staff of the ECCP is small.
There are three full-time members:
E. J. Piel, former principal of West
Essex High School, North Caldwell,
New Jersey; B. A. Sachs, former phys-
ics teacher at Brooklyn Technical High
School; and Manfred Brotherton, for-
mer staff member at Bell Telephone
Laboratories. The ECCP office is lo-
cated at the Polytechnic Institute of
Brooklyn.

The Content

In examining the course content the
reader should remember that the mo-
tivation for the course is cultural. The
ECCP course is intended to correct
misconceptions and oversimplifications.
Notions such as “science is omnipo-
tent” and oversimplifications such as
“engineering is applied science” miss
the true nature of the scientific and
technological enterprise, overlooking its
creative and esthetic aspects. The course
helps the student understand that the
true scientific attitude combines great
flexibility with healthy skepticism, and
that engineering, in particular, involves
value judgments.

Many crucial judgments for both so-
ciety and the technical enterprise to-
day involve not what carn be done but
what should be done. Today the pos-
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sibilities opened by science and tech-
nology have become so vast that choice
between alternatives has become a cen-
tral issue for all of society. Should we
go to Mars? Should we have a na-
tional “data bank” containing personal
information on all citizens? We have
reason to believe that these enterprises
are possible, but are they desirable?
Issues such as these can be properly
resolved only through technical exper-
tise and wise value judgments based
on knowledge. What are the advan-
tages and disadvantages of a course of
action, and to what extent do the
advantages offset the disadvantages?
These are questions too large to be an-
swered by high-school students, but
they should be raised, and the con-
tent of the ECCP course should insure
that they are raised.

“The Man-Made World,” the text-
book for the course, has three parts.
Part A is concerned with logic and
digital computation.

Part A: Logic and Computers. It has
been said that man’s greatest achieve-
ment is his language—his ability to sym-
bolize and communicate his thoughts
and perceptions in spoken and written
words. In recent years man has made
a significant addition—the ability to
symbolize and communicate by means
of electronic circuits. This ability is
based upon machine logic. The basic
element here is the simple switch,
which can implement the logical con-
cepts “and,” “or,” and “not,” taken in
almost their everyday sense. In this
context, the student is shown the con-
gruence between real situations stated
logically and the corresponding cir-
cuitry. The relevance of machine logic
to such diverse situations as majority
voting and seat ejection from aircraft
is demonstrated.

The natural extension of logic cir-
cuitry is the digital computer, itself a
composite of such circuits. Students
are shown how such a machine is or-
ganized to perform various tasks, each
requiring detailed and errorless specifi-
cation of the steps to be taken. Stu-
dents are taught some programming,
but, for the student, the importance of
this part of the course lies in his in-
volvement with a huge and intricate,
yet understandable, assemblage of parts
—a digital computer. Yet, the course
does not require that students have ac-
cess to a computer. The course is not
intended to make the student a com-
puter expert or even a computer pro-
grammer, but it does show him that
ideas, situations, and solutions can be
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Fig. 2. CARDIAC demonstrates the basic units of a digital computer and the way
in which they cooperate to carry out a stored program. Applying a specified cycle of
operations to the program of instructions written in the “memory” (right), the student
solves simple arithmetical and logical problems.

represented in concrete form and
rigorously tested. The power to be de-
rived from putting information and
ideas into a formal structure (in this
case, a computer program) is amply
demonstrated. At the same time, the
process of formulation involves choice
among alternative schemes or strate-
gies. For example, there is no unique
program for simulating the path of a
billiard ball on a table with elastic
cushions. In creating programs, stu-
dents become involved in designing for
a purpose, which man must do if he
is to change his world for the better.

For the laboratory work of part A,
two special pieces of apparatus, the
Logic Circuit Board and “CARDIAC,”
were designed by D. W. Hagelbarger of
Bell Telephone Laboratories. The Logic
Circuit Board (Fig. 1) enables students
to connect and operate various logic
circuits for several experiments;
CARDIAC, a cardboard model com-
puter (Fig. 2) also developed by Bell
Telephone Laboratories, enables stu-
dents to follow the steps in the mechan-
ical execution of stored programs.
Additional apparatus would be re-
quired for actual processing of a pro-
gram by the student, should that be
desired by schools. Consoles commun-
icating with remote computers are a
possibility, and two trial schools are ex-

perimenting with consoles this year.
Let me say again, however, that the
course does not require access to a
computer.

Part B: Models and Measurement.
In part B the student is introduced
to models as tools for aiding human
thought and understanding, for predict-
ing the trend of future events, and for
fashioning devices, systems, and proc-
esses. Models are shown to be simplifi-
cations of reality; they may be physi-
cal, mathematical, or literal. Popula-
tion models based on various growth
laws are considered, together with their
implications for urban areas and the
nation as a whole. Models for repre-
senting mechanisms ranging from the
lungs of animals to automobile suspen-
sions are studied. The resonant spring-
mass system is presented as an aid in
understanding and creating artifacts
ranging from bridges to radio receivers.
An analog computer specially de-
veloped by American Machine and
Foundry Company aids the students in
working out these ideas in the labora-
tory (Fig. 3).

Modeling leads directly to consid-
eration of sensing and measurement as
the means for tying models to reality.
Sensing is treated as the process of
bringing a quantity to a form ob-
servable by the human senses or ac-
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cessible to a machine. Thus, a com-
pass “senses” the direction of the
earth’s magnetic field, a spring scale
“senses” the gravitational field, and an
accelerometer ‘“‘senses” the derivative
of velocity. The vital role of sensing
in communication and self-regulating
control is explored. Measurement is
treated as the process of bringing pre-
cision to observations of sensed quanti-
ties through comparison with a nu-
merical scale. Here the problems of
accuracy and uncertainty are intro-
duced. The laboratory work for this
section of part B consists mainly of
work with electrodynamic sensors and
measurement of position by triangula-
tion. A special instrument package
(Fig. 4) was developed by Measure-
ment Control Devices, Inc., for use in
these and other experiments.

Models also provide the basis for
determining the “best” solution to a
problem or the “best” course of ac-
tion. The idea of an optimum solution
or course of action leads to discussion
of objective criteria of effectiveness;
these may be related to cost, time, or
distance or to combinations of these
with other factors. Once suitable cri-
teria are selected, one can find an op-
timum solution—for example, the short-
est path from one point to another in a
network of city streets or the cheapest

animal-feed mixture containing nu-
trients in given proportions. While the
student is not required to become pro-
ficient in finding optimum solutions, he
comes to appreciate the central role
of an effectiveness criterion in making
value judgments and decisions among
various alternatives.

Part C: Energy and Control. Central
to problems of control is the subject
of feedback. In part C, feedback is in-
troduced as a means of achieving a
specific goal—for example, arrival at
the specified end-point of a trip. Feed-
back insures arrival at the goal, de-
spite errors along the way. Feedback
neutralizes such errors by comparing
present position with the desired end
position, and taking action to decrease
the difference. Feedback plays an in-
dispensable role in human actions as
well as in the operation of automated
production facilities, automated weap-
ons, and self-regulating controls.

The idea of stability is presented as
that property of a system which enables
the system to maintain its equilibrium
despite disturbances. Economic and
structural examples are used to illus-
trate the principle. Stability may be
desirable or undesirable, depending
upon the situation, but recognition of its
importance is requisite in creating last-
ing systems.

Fig. 3. The special electronic analog computer incorporates two integrator-adders, three
scaler-adders, a variable direct-current signal generator, and a timing circuit permitting
integration for 0.1-, 0.25-, and 1-second intervals. The single unit simulates simple
dynamic systems. For more complicated systems, several units may be “slaved” to-
gether.
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Some tasks are fundamentally impos-
sible—for example, the creation of a
perpetual-motion machine. Others re-
quire special technological aids. For
example, in order to fly for any con-
siderable distance, man requires an en-
gine and an airfoil-craft. These points
are made in considering the concept
of energy. The principle of conserva-
tion of energy provides a fundamental
limitation, but practical limitations are
often more immediate and significant.
The difficulties of purely man-powered
flight provide an illustration; man can
just barely generate enough power to
lift himself and his glider-like aircraft
off the ground, even when the plane is
especially tailored for the task. Man
overcomes such limitations by using
secondary, controlled sources of ener-
gy—for example, an engine in flying.
Controlled energy sources, commonly
called amplifiers, are at the heart of
communications, chemical processing,
transportation, and many other func-
tions vital to our society.

Laboratory Work

The text of the ECCP course is sup-
plemented by laboratory experiments
performed by the student, and by sev-
eral demonstrations. The laboratory
equipment is mentioned above. The
demonstration equipment includes a
sonar to demonstrate sensing at a dis-
tance (Fig. 5), a power-winch ampli-
fier, a mass-spring system to demon-
strate resonance, and a bridge with
stable and unstable supports. In gen-
eral, the equipment used in the ECCP
course is more elaborate than that cus-
tomarily used in high schools. This is
in line with our conviction that the
course should relate to real situations.
“Chewing gum and sealing wax” ex-
periments can illustrate principle and
may even charm the more sophisticated
student by their elegant simplicity, but
it is difficult for many students to re-
late them to the world of technology.

While the cost of the special equip-
ment for the course is modest (the
present estimate of total cost for the
logic circuit board, CARDIAC, the
analog computer, and the instrument
package is about $700 for small
production lots), financing may be a
major problem for some schools. The
ECCP hopes to decrease instrumenta-
tion costs as advanced electronic tech-
niques become available, and hopes for
increased government support of edu-
cation.
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Prospects

When ECCP was initiated, the par-
ticipants realized that they were trying
to create an entirely new course, not
revising an existing one. In essence,
they were asking whether a course based
on the concepts of ECCP could be
taught to high school students, and
whether such a course would be a use-
ful addition to the high school curric-
ulum. This investigatory phase of
the project has met with reasonable
success, and definitive results should
be available by June of 1968. By the
end of the summer of 1968, ECCP ex-
pects to have (i) completed preparation
of the text “The Man-Made World,”
in readiness for publication as a book;
(ii) completed trials of the course in
75 to 80 schools (the trials will have
included the special instruction of teach-
ers, during the summers of 1966 and
1967, in preparation for giving the
course); (iii) completed a laboratory
manual and a teacher’s guide, and ar-
ranged for production of the special
equipment required for the course.
Thus, by that time, the first version of
the ECCP course will be generally
available to the schools.

There will be, of course, all the
problems familiar to educators in
adopting a new course—problems of
teacher education, college-entrance
credit, and curriculum crowding. Ap-
proaches are being sought, but in
many instances the details will depend
on situations in the individual schools.

Perhaps the most vexing problem is
that of preparing teachers to present
the course. The ECCP hopes to enlist
the support of universities to aid in
this effort. In the present trial, each
of 23 universities has assigned a staff
member to aid the nearby schools that
are giving the course. This plan will be
followed in the future and will make
advice and counsel available to the
teachers. In the future, too, universities
will be assisted by ECCP in conduct-
ing summer institutes for teachers. It
goes without saying that some formal
preparation is necessary before a teach-
er attempts to present the course.

The ECCP course has been reviewed
by many independent observers. As a
result of their reactions, several pos-
sible and promising extensions of the
basic idea are being considered. (i) The
course material might be packaged in
independent units usable in current
courses in physics, general science, and
mathematics (ECCP will consider pro-
ducing such units during the coming
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Fig. 4. The versatile instrument package compactly incorporates five apparatus units:
a 15-volt direct-current power supply; oscilloscope with automatic synchronization
control; function generator producing sine, triangular, and square waves at frequencies
from 0.2 cycle to 20,000 cycles per second; electronic voltmeter (1 to 100 volts);
and an electronic switch permitting simultaneous display, on a single-beam oscilloscope,
of the input and output signals of the analog computer of Fig. 3. Almost all the
experimental work in the course involves use of this instrument package.

year). (ii) Certain elements of the
course might be useful in vocational
education. (iii) Many educators point
out that the course would be of interest
to college-level audiences—liberal arts
majors, premedical and prelaw stu-
dents, and even freshman engineer-
ing students. These possibilities remain
to be explored.

An exciting prospect is the imminent
availability of computing services via
remote-access terminals in the high
schools. These services could provide
an entirely new dimension for the
ECCP course. They could make the
understanding and application of con-
cepts independent of algebraic manip-
ulation and could permit the student
to consider “operating” models of sig-
nificant real-life situations. In addi-
tion, the computer could provide the
motivation as well as the means for
reaching an unusual depth and clarity

of understanding. For, in order to com-
municate with the computer, the stu-
dent must phrase his procedures and
models in clear, unequivocal, logical
language (language which is, in many
senses, equivalent to an equation). The
computer could give him a direct ob-
jective evaluation of his effort.

The computer also has potential in
the teacher-education area. If each
teacher could have his own computer
console by means of which he could
master special resource material, this
would go a long way toward solving
problems of teacher education. The
ECCP was encouraged to proceed
along this line by last summer’s ex-
perience, when all teachers at its
Boulder conference found the available
computer console a powerful tool in
coming to grips with part A of the
course. Two of the schools taking part
in this year’s trial have arranged to

Fig. 5. The sonar set demonstrates “sensing and measurement at a distance.” The
oscillator (center) generates 20 to 60 sound pulses per second at 12,500 hertz.
Transmitted by the horn-transducer (at left), the pulses bounce off the ‘“corner”
reflector (at right) and return to be picked up by the horn. The transmitted and re-
ceived pulses, as displayed on the oscilloscope, indicate distances up to 7 meters.
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provide similar consoles for their
_ECCP students. However, the course,
as it now exists, in no way requires
that students or teachers have access
to a console.

Those who have contributed to ECCP
realize that there is much yet to be
done if the project is to realize its
full potential. However, we believe that
even the present version will give stu-
dents a start toward understanding the
man-made world and how it came to be
as it is. They will be made aware of
the influences from science and tech-
nology that will shape the future. This
background will enable them to con-
front moral issues and make the wise
value judgments demanded of today’s
citizens.
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Money for Research: LBJ’s Advisers
Urge Scientists To Seek Public Support

After World War II, science’s emis-
saries to Washington devised incanta-
tions that served well to bring their
profession to its present state of cor-
pulence.

What they discovered was that, in
seeking support for basic research, they
could start up the Treasury’s check-
writing machines with words such as
Russia and cancer. Since, in prewar
days, they and their predecessors had
failed with less emotional and more
rational appeals, they cannot be blamed
for sticking with a method that worked.
Nevertheless, after 22 years of a boom
in basic research, Russia and cancer
endure as serious problems. The public
and its politicians, by and large, remain
friendly to the scientific community,
but science’s ever-growing appetite for
money, its unique ways of handling
federal funds, and public uncertainty
about the payoff it is receiving on
its investment in research—all have
evoked a good deal of wuneasiness.
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Congress endlessly pokes and probes
into the affairs of the community. Last
week, for example, Senator Fred Harris
(D-Okla.) held another of the Con-
gress’s innumerable hearings on the
geographic distribution of research
funds. Not unrelated to congressional
skepticism about the scale and admin-
istration of support for science is a de-
cline in rates of growth of federal re-
search budgets, and scientists wonder
whether their government is slipping
into a dark age. Against this back-
ground, it is interesting to note that
two scientists who occupy extremely
advantageous positions for observing
the science-government relationship—
White House science adviser Donald F.
Hornig and his deputy, Ivan Bennett,
Jr.—have lately taken to admonishing
the scientific community for what they
consider to be its naive perceptions of
political reality. What they have been
saying, in effect, is that science can no
longer expect to be subsidized on the
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basis of vague assertions about its value
to society, and that, if scientists want
their profession to flourish, they had
better put their house in order, formu-
late an empirically based case for gov-
ernment support, and clearly state it
to the public.

To get some idea of the ideological
shift implicit in what Hornig and Ben-
nett have been saying, it is useful first
to take note of some of the traditional
political rhetoric of science. In 1959,
for example, a White House panel on
high-energy physics proclaimed: “It is
not possible to assign relative priorities
to various fields of science. Each sci-
ence, at any given time, faces a critical
set of problems that require solutions
for continued growth. Sometimes these
solutions can be acquired at little cost;
sometimes larger expenditures of funds
are needed. Hence, the cost may not
reflect the relative value but rather the
need. Each area must be funded ac-
cording to these needs.”

And, in 1964, Lee DuBridge, presi-
dent of Caltech and vice president of
the National Science Board, appeared
before a congressional committee and
stated:

“What is it that determines when our
national budget for basic research in
universities is adequate? Just one thing,
I submit. It is adequate when, and only
when, every competent research scholar
in our universities is finding adequate
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