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LETTER OF TRANSMITTAL

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

TV ashington, D.C.,. April 19,1988.
Hon. DON FUQUA,
Chairman, C ommigee on Science and Technology,
U.S. House of Representatives.

DEAR MR. CHAIRMAN : The following report is a study of the current
sltuation in science and engineering education and manpower in the
United States. The study includes a discussion of such aspects as
general background, supply and demand, and international compari-
sons. I hope it will be useful to the Members of the Science Committee
and other Members of Congress in considering legislation that affects
this area.

The study is the product of the dedicated work of Mrs. Edith Fair-
man Cooper of the Congressional ReSearch Service in conjunction
with members_ of the staff of the Subcommittee on Science, Research
and Technology. .

I commend this study to your attention and the attention of our
colleagues.

Sincerely,
DOUG WALOREN,

Chairnwn, Subcommittee on Science,
Research and Technology.

(HI)
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Washington. DC 20540

LETTER OF SUBMITTAL

Congressional Research Service
The Library of Congress

July 22, 1982

Honorable Don Fuqua
Chairman, Committee on Science

and Techdology
House. of Representatives
Washington, D.C. 20515

Dear Mr. Chairman:

I am pleased to submit'this report, entitled U.S. Science and Engi

neering Education and Manpower:
Background; Supply and Demand; and Comparison

with Japan, the Soviet Union, and West Germany, which has been prepared at the

request of the House Committee on Science and Technology.

The repdrt was prepared by Mrs. Edith Fairman Cooper of the Science

Policy Research Division. We believe that the report will be useful to the

Committee in its continuing concerns with the
problems related to the current

and future conditions of the Nation's scientific and engineering education and

manpower and how the U.S. situation compares with other major countries.
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FOREWORD

The current and future conditions of the Nation's scientific and engi

neering manpower recently have become a major concern of many educdtors, in

dustrial administrators, Members of Congress and others. There are several

facets of this issue that have'a bearing on the continuance of this country's

lead in science and technological innovation and productivity.' These include

the quality and extent of pre college science and mathematics instruction, which

in large part determines the quality and number of scientifically and techni

cally oriented high school students from which most future U.S. scientists and

engineers must come; the current and potential shortage of highquality college

engineering faculty members; the deterioration and obsolescence of scientific

and technical laboratory equipment in educational institution's; the current and

potential shortage of manpower perceived in various disciplines of scientific

and engineering fields; foreign national student enrollment and graduates in

U.S.'science and engineering schools; the unfavorable comparison made, in many

cases, of U.S. scientific and technical capabilities with o;her major industrial

countries; and the current and longrange impact of the supply and demand of

scientific and technical manpower on the Nation's economy and security.

The terms "science" and "engineering," two distinct technical areas, at

times become blurred in meaning, especially when used concurrently. Science

has been defined as the systematic knowledge of the physical world," aad .

(IX)
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engineering as the knowledge of how to apply science for the use of mankind." 1/

Although there are many "historical, cultural, and other differences between

scientists and engineers, . . .
engineering cannot exist without science and

conversely, . . . science . must be mindful of the needs of engineering." 2/

This recognizes the differences between the two fields, although the terms

are used together in most cases.

This five-part report examines' several aspects of science and engineering

education as it relates to science and engineering (S/E) manpower. Part I dis-

cusses pre-college science and mathematics curricula that have 3 bearing on

,future career decisions of students and that will subsequently affect the sup-

ply of scientific and technical manpower; the importance of science and tech-

nology in higher education for the scientific as well as the nonscientific and

technically oriented student; and how all of this relates to the basic techni-

cal literacy of the U.S. population. Also discu'ssed are the current engineering

faculty shortage and the state of college and university laboratory equipment.

The status of the supply and demand of S/E manpower is reviewed through a dis-

cussion of the number of recent S/E degrees awarded to. undergraduate and grad-

uate students and the current demand in some of these degree areas; and the

number of non7U.S. citizens enrolled in, and graduating from, the Nation's sci-

ence and engineering schools.
'The question regarding whether or not a shortage in

science and engineering manpower actually exists is examined, and a final chapter

reviews the implications that the issue'of science and engineering education

1/ Young, Leo. Science and Engineering. Science, v. 209, Sept. 26, 1981.

p. 1475.

2/ Ibid.
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has on the Nation's scientific and technological role in the world, and some

possible solutions to the problems involved, as recommended by some experts and

various corporate and professional organizations.

Part II of the report examines the science and engineering education

instruction provided in three other. industrialized countriesJapan, the Soviet

Union, and West Germany and how it relates to the technical competence of their

general populace.

Part III presents forecasts concerning the possible future supply of and

demand for S/E manpower in the United Statas, and trends of the future supply

of scientists and engineers in the Soviet Union. 3/

Part IV examines the supply of engineers and scientists in the Department

of Defense to both the military and civilian sectors.

Part V is a historical overview of congressional interest and actions re-

garding these issues, which includes some of the actions also taken by the Na-

tional Science Foundation. The discussion begins with the Pre-Sputnik era,

1953 to 1957, and continues with the Post-Sputnik period, 1958 to 1970. A re-

vieW-Of such actions from 1971 to 1982 is provided, along with those taken by

Congress and the NSF up to April 1982.

A selected annotated bibliography and appendices also are included.

3/ Similar trends for Japan and West Germany were unavailable.
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EXECUTIVE SUMMARY

PRE-COLLEGE SCIENCE AND MATHEMATICS CONCERNS

Science and mathematics instruction at the pre-college level has a signif-

icant relationship to the future supply of scientific and technical manpower in

the Nation. How teachers at this educational level approach science instruction- -

what they know or do not know about science, their impressions regarding the im-

portance of science instruction, and how they actually teach science--have a"

direct bearing on how their students perceive the importance of science and the

interest they will probably have in the subject.

Because of the "back-to-basics" movement, in which science is\not consid-

ered to be a "basic," science does not appear to receive is much emphasis as the

"basic" courses on the pre-college level and relatively little time. is spent

on its instruction--an average of 19 minutes per day in kindergarten through

the 1rd grades, and 15 minutes per day in grades 4 through 6.

Most elementary school teachers in the United States who were surveyed

by the National ScienceFoundation (NSF) were found to lack confidence in their

knowledge about science and their understanding of scientific concepts. Those

teachers who did have confidence in certain aspects of their scientific knowl-,

edge reported that, in most instances, they did not have the time or material

resources_to develop what they would consider a meaningful scientific program.

On the junior high school level, NSF found that most science programs

seemed more effehtive than those at the elementary school level. Most junior

high schools surveyed had designated science teachers. What was actually

(1)
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taught in this subject, however, was. left to the discretion of the teacher,

similar to'elementary school.
The most commonly taught science courses were

found to be general science, earth science,
life science, and physical sci-

ence.

On the high school level, biology,
chemistry, and physics were the most

commonly offered science courses. Biology seemed to be the most frequently required

science course for graduationin schools across
the Nation with such requirements.

Essentially; it is the last science course taken by a large number of high school

students.

Assessments of scientific achievement, made by the National Assessment of

'Educational Progress (NAEP) of the Education Commission ofhe States, discov-

ered that there was a downward trend in science achievement_of_9--aed-I3-year-

olds, from the first to the second-assaSsment.
Results from a third assessment

showed the trend to be improving for these age levels. The 17-year-olds tested

showed a continued decline in scientific
competence in all three measurements

that were administered. c-7

Mathematics, which is considered a "basic," seems to be well emphasized

on the pre-college level and a concentration on computational skills from the

2nd grade through the 12th grade is evident. About 95 percent of all elementary.

teachers surveyed apparently felt
"adequately Oalified" and "very well quali-

fied" to teach Mathematics.
About an average of 45 minutes per day was reported

to be spent teaching mathematics
in grades K-3, and 50 minutes in grades 4-6.

In junior high school, two years of mathematics above the elementary level

was required by most schools surveyed by NSF. One year of algebra also was

taken by most students.

At the high school level, the majority of students in schools surveyed were

found to take as many mathematicscourses.as
were necessary for pre-requisites

16



3

for other courses, such a* science courses reqUired for a future college major

or vocation. NSF'found that 21 percentof ihe States require more than one year

of mathematics for high school graduation, 57 percent require one year, and 22

percent require less than one year.

The'NAEP assessments for mathematical achievement of 9-, 13,, and 17-year-

olds showed that there was a decline in such achievement during the 1970s.

There also has been a notable 32-point decline in the mathematical portion of

the Scholastic Aptitude Test (SAT) scores, from 502 in 1963 to 470 in 1977, as

well as in the-verbal portion of the test.

The quality of pre-college mathematics and physical science instruction

may be threatened because of a detected shortage in such teachers. The National

Council of Teachers of Mathematics (NCTM) has revealed that, at the close of

the 1977-78 school year, nearly 10 percent of mathematics teaching positions

across the country were vacant. Such a shortage is reachin; the crisis level

according to the NCTM..

COLLEGE-LEVEL SCIENCE AND ENGINEERING CONCERNS

The technical literacy of the general population of the United States has

become a recent concern because of the state of pre-college science and mathe-

matics instruction. Also, the status of college and university level Scientific

instruction of non-science majors may have a bearing on the scientific compe-

tence-of the populace. A National Research Council report has found that, at the

undergraduate level, individuals who are not majoring in a scientific field may

not be receiving an understanding of science and technology adequate for those

who may become civil and professional leaders. Furthermore, the report notes,

the educational needs.of persons who are scientific-majors, but who do not, plan

to seek scientific careers upon graduation, are not being sufficiently considered.
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Recent trends in doctorate program
enrollments in the mathematical,

physical, and life sciences show
declines that may later affect the numbers

of valifiedindividuals available
to fill vacant faculty positions that are

predicted for the mid-1990s due to the probable retirement of tenured college

and university faculty in these fields. A similar concern exists at the gradu

ate level in college and university engineering departments
where graduate

degree production
id..many engineering disciplines' has declined.

Since the 1970s, the number of
engineering doctoral degrees awarded has

dropped 25 percent. This decrease is believed to be largely contributing to a

developing engineering faculty shortage. Also significantly affecting this

shortage is the luring away of engineering bachelor's degree recipients by

various industrial companies offering comparatively large starting

Many'tenured.professors in these fields also are said to be leaving the univer

sities for higher paying industry jobs. Academic employment hss become less

attractive for these reasons,
along with the fact that university laboratory

equipment and facilities are deteriorating.
The average age of most of this

equipment reportedly exceeds 14 years. In addition, undergraduite engineering

school enrollments have almost doubled since 1973, placing increased workloads,

on a smaller number of engineering faculty members and graduate assistants.

Some suggestions that have been made to help alleviate these problems have

been to raise engineering
faculty salaries; encourage the pooling of laboratory

equipment funds and the sharing of apparatus between university departments,

and establish regional
instrumentation centers; encourage greater flexibility

of Federal research grant
and contract procedures; and encourage university

industry cooperation.

Some firms already.have
pledged support for improving the situation.

These include the Exxon Corporation, du Pont, General Electric, General Motors,



Amercian Telephone. and Telegraph (AT&T), International Business Machines (IBM),

. Union Carbide, General Telephone and Electronics, and the U.S. Semiconductor

Industry Association.

STATUS OF SCIENCE AND ENGINEERING MANPOWER

According to Dr. John Slaughter; the NSF Director, there is currently a

manpower shortage in nearly every degree level and specialty of engineering and

the computer sciences, as well as in certain physical and biological science

fields. Shortages in:the scientific areas, however, do not appear to be as

critical as those in various engineering fields. Computer science, neverthe

less, is one of the fields in which personnel is in great demand. Recently,

there has been a significant increase in the number of bachelor's degrees

awarded in this area. In 1979 and 1980, there were also increases in the num

ber of advanced degrees awarded in the computer field. In spite of such in

creases, because of the exteasive_demand for computer science professionals,

the current supply is inidequate.to meet that demand. This situation does not

show signs of improving because the "computer world" seems to be advancing at

such a rapid pace.

In the engineering field, electrical, electronic, and mechanical engineers

with two to five years of experience seem to be the most in demand. During

1982, it has been predicted that such experienced personnel plus new graduates'

also will be sought in most of these engineering fields, as well as in chemi

cal engineering.

There has been a particularly noticeable increase in recent years in the

number of foreign science and engineeiing graduate students in the United States.

The increase has become most noticeable in the area of petroleum engineering. If

this trend continues throughout the 1980s ,.NSF Projects that nearly all petroleum
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engineering graduate students will be non-U.S. citizens. Also, NSF projects that

non-U.S. citizens will comprise over 50 percent of graduate students.enrolled

in most science and engineering fields. As a result of the decline in U.S.-born

engineering students, faculty, and graduates,
non-U.S. citizens are filling

vacancies in college and university classrooms,
unfilled faculty positions In

academia: and vacancies in
technical-industrial occupations.

An across-the-board
engineering shortage is

questionable, according to

leaders of the Institute of Electrical and
Electronics Engineers, Inc. Basi-

cally, they believe that there is a balance in supply and demand of U.S. engi-

neers, although there
may-be shortages in certain specialties.

The United States
is still considered to be the

world leader in most sci-

entific and engineering disciplines. If solutions are not found, however, for

most of the problems
the Nation faces in its science, mathematics, and engi-

neering'education and manpower, this lead may be jeopardized.

The current and future
condition of the country's

scientific and engineering

manpower may affect significantly the Nation's
scientific and technological capa-

bilities to produce new and effectual innovations
and to be economically com-

petitive with other major nations (such as Japan, West Germany, and the Soviet

Union). It also may have a direct impact on national
security and militaiy

preparedness.
The Soviet Union in

particular, according to an expert in Soviet

mathematicaand science education, has made a'tremendous
investment in manpower,

the general:population has made'important
educational achievements,

and the

country has acquired a superb science and
technology manpower pool that will

affect its technical,
industrial, and military power.

In comparison, such a

statement probably cannot be made about the United States.



SCIENCE AND ENGINEERING EDUCATION IN JAPAN, THE SOVIET UNION,
AND WEST GERMANY

In comparison with the United States, Japan, the Soviet Union, and West

Germany seem to place more emphasis on science and mathematics instruction at

all educational levels.

A major joint NSF and Department of Education study' discovered that mana

gerial positions in both the Government and industries of the Soviet Union and

especially Japan, were staffed by individuals with engineering degrees. Further

more, especially iniapan and the Soviet Union, all students are exposed to a

science and mathematics program from the first grade through tbe,pmpletion 'of

the uppersecondary level.

Japanese students are required to spend a minimum of 210 days per year in.'

school. Most schools, however, are open between 240 and 250 days per year,

compared with about 180 days in the United State's. In the Soviet Union, stu

dents spend 240 days per year in school. In West Germany, students typically

spend 185 days per yeariu school.

In the soviet Union, 98 percent of all students complete secondary school

and, consequently, receive comprehensive instruction in arithmetic, algebra,

geometry, and calculus, along with physics, chemistry, astronomy, biology, geo

graphy, and other such courses. In the United States, more than 56 percent of .

the State and local school systems do not require any particular mathematics

courses, or require only one such course for high school graduation.

Data for 1979 indicate that the United States surpassed the Soviet Union

in the total number of graduates for all fields. The Soviet Union, however,

graduated more than twice as many science and engineering students as did the

United States, and almost five times as many engineers. Comparisons of 1980

I -4



engineering graduates in the United States, Japan, and the Soviet Union, showed

that the Soviet Union had the
largest total number of engineering graduates and

the largest percentage of
engineering graduates relative to total population,

while Japan ranked second,
the United States third, and West Germany fourth in

both categories.

In contrast to a prediction that the general population of theUnited States

is heading toward scientific and technological illiteracy,-the
general popula-

tions of Japan, the Soviet Union, and West Girmany appear to haves strong level

of understanding of science and mathematics.

POTENTIAL DIRECTIONS FOR SCIENCE AND ENGINEERING MANPOWER

Through predictions developed
by the Bureau of Labor Statistics (BLS), the

employment demand for scientists
and-engineers in science and engineering occupa-

tions, at all degree-levels,
has been projected to increase by 40 percent between

1978 and 1990.- In view of this growth, the BLS has predicted that about 180,000

new jobs will be available in the mathematical,
physical, life, and social sci-

ences. In addition, they estimate
about 480,000 new jobs will be created in

the computer professions,
and 250,000 in engineering. The BLS also forecasts that

the most rapid growth in
occupational demand will be in the computer professions.

In 1990, the BLS has stated that a total of about 1.4 million scientists

and engineers will be
required to fill new jobs that will be created between

1978 and 1990, and to replace
experienced workers who will retire or die during

that 12-year period.

The National Center for Education Statistics (LACES)
has predicted that, by .

1985, the total number of engineering
degrees conferred will increase to about

73,400, before dropping to about 65,100 in 1990. Significant decreases in the

number of bachelor's degrees
awarded in all fields by 1990 have been forecast

22



by the NCES, except in environmental, mining, and nuclear engineering where the

trends show no change in the number of degree recipients. The NCES data pro

jects that bachelors's degrees in computer science, however, probably will

increase by 58 percent between 1979 and 1987. Any such increase, warns the

Scientific Manpower Commission (SMC), will intensify an already evident faculty

shortage, at least for a short term. Doctoral degrees in computer science, the

Sr has stated, average less than 200 per year.

Lt. Col. Jim Graham, of the U.S. Air Force has predicted that, overall,

engineering manpower trends show that, between 1981 and 1990, there will be

731,000 jobs available for 617,000 engineering graduates, indicating a 114,000

personnel shortage in all engineering disciplines.

In the Soviet Unigor the only country other than the United States for

which future projections of science and engineering manpower were found, the

total Candidate of Science, degrees awarded in science and engineering'in 1979,

20,800, have been predicted to drop to about 19,700 in 1985, and remain sta

tionary in 1990. Such degrees conferred in the physical, life, and mathematical

sciences are projected to decline to 7,400 in both 1985 and remain at that

level in 1990. Total Candidate of Science degrees awarded in engineering speci

fically in 1979 were 11,500. Such degrees are anticipated to decrease to 10,800

in 1985, but slightly increase to 10,900 in 1990.

THE SUPPLY OF U.S. DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS

The supply and demand of scientists and engineers also play a role in the

area of nationalNdefense. Between 25 and 35 percent of the total number of

employed scientists and engineers in the Nation are supported by defense work.

An expert has cautioned that the increasing gap between the scientific training
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of U.S. citizens and their Soviet
counterparts places a serious threat to both

the U.S. and military security.

The effects of the perceived shortage of scientists and engineers on the

.
Department of D fense (DOD) have

been reported as producing a decline in mili-

tary preparedness, an increase in the cost of weapons
design, edrop in pro-

ductivity, and' reduced innovativeness.As a
result of these and other concerns,

the supply of/scientists and engineers
in the DOD is discussed in this report.

Industr y has been outbidding,
for example, the U.S. Air Force for techni-

cally quaiiiied personnel, because of highee starting salaries (about $7,000

4- more).- The military, as well as academia and other branches of the Federal

Government, appear to be unsuccessful in competing with higher industry salaries.

As a result, by October 1981, Air Force recruitment of engineering graduates

had dropped to about one-and- one -half percent, from
five percent in 1968. At

the time of this writing, the Air Force is nearly 1 100 Military Engineering

Officers short of its minimum requirement. The Air Force Systems Command (AFSC),

the primary user of engineers in the Air Force, is
experiencing a 10 percent

shortage, of military engineers (over 500 vacancies). Since 1978, as a result

of the engineering shortage,
the AFSC has encountered a net loss of nearly

7,500 man-years of engineering experience.

Also experiencing shortages is the Army's Electronic Research and Develop-

ment Command. In irs seven laboratories, at
least 120 vacancies have been.re-

ported in science and engineering positions.

a

A HISTORY OF CONGRESSIONAL CONCERN AND SOME ACTIONS TAKEN BY THE

NATIONAL SCIENCE FOUNDATION RELATED TO SCIENCE AND ENGINEERING EDUCATION

Science and engineering educatio
has been a concern in the United States,

since the early 1950s. Several programs were established,
mainly through the
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National Science Foundation 4/ to help ameliorate the problem. Certain cur-

rent problem areas seem to parallel some of the concerns about science and

engineering education that were notable 20 to 30 years ago. Those factors that

appear to be moat prominent are the following:

--Shortages in science and engineering manpower were reported in the second

annual NSF report to President Truman. One of the reasons given for the short-

ages was that industry was offering jobs with high starting salaries to science

and engineering bachelor's degree recipients. A January 17, 1953 article

in the New York Times stated that NSF concluded that promising students prob-

ably woiYld not turn down high-salaried industry -jobs in favor of four more

years of postgraduate work;

--High 'school science teachers were reported 'to be lured away by industry's

large starting<salaries as early as 1955;

. --TheSoviet Union graduated more than three times as many engineers than

the United States in 1955 -- 50,000,. to 15,000 respectively; /

--In the early 1960s, a book on science and engineering education in the

Soviet Union reported that the Soviets emphasized science and engineering edu-

cation and were outproducing the United States in the number of engineering

graduates;

--In the mid-1960s, an American Council on Education report, entitled Man,

Education, and Work, concluded that . the American education system is al-

moat totally geared to the aims and interests of the college-preparatory stu-

dents and thus neglects the great majority of youths." The report suggested

4/ Other Federal Government agencies that have not been discussed in this
report, but which also have. science and engineering education programs are: the

National Aeronautics and Space. Administration, Department of Commerce, Depart-
ment of Energy, Department of Health and Human Services, Department of Defense,
Environmental Protection Agency, Department of the Interior, the Department of
Agriculture, the Smithsonian, and the Department of Education.
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that "higher education
[should) take immediate steps

to assure an adequate sup-

ply of technical and highly skilled manpower
below the bachelor's level;" 5/

and, about 15 years ago,

--An internatlonal study evaluating the
mathematical achievements of stu-

dents in 12 nations found that students in U.S. schools ranked low in mathema-

tical attainment compared
with pupils in five other nations--Japan, England,

Sweden, France, and Belgium.

In essence, the
problems that the Nation

currently faces concerning sci-

ence and engineering
education and, consequently,

its supply of scientists and

engineers, do not appear to be new.

Before the Soviet's earth satellite, Sputnik
I, was launched in October

1957, there was
significani congressional concern

about the state of U.S.

science education.
Several forms of legislation were introduced between

the 84th Zongress and the end of the
first session the 85th Congress, immedi-

ately prior to the
launching of the first Sputnik. No definitive action oc-

curred.
lowing SPetnfk I, public

demand was aroused for more adequate

scier. .ation instruction.
Congress reacted with, the passage of the

4e Education Act in September 1958,
which enacted a four-year,

$887 mill ,n .,Arad for student loans, fellowships,
and other aids to Im-

prove' U.S. scientific manpower resources.

Today, the Soviet Union is no longer the only
country that has surpassed

the United States in the number of engineering
degrees awarded each year.

5/ Venn, Grant. Man, Education, and Work. Washington, American Council

on Education,
1964., 184 p. Pages 139-140 of the

report are referred to in the,

quoted Material from a newspaper account
that appeared in the Apr. 31, 1964

edition of the New York
Times, p. 1. (See Selected Annotated Bibliography,

Part V, p. 217.)

ti
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Japan,' according to the data available, conferred'more engineering degrees in

absolute numbers than,did the United States in 1980, by about 9.8 percent. West

Germany also has been found to place.more emphasis on science and mathematics

instruction than does the United States.

Within the last few decades, Japan has been reported to have "gained world

leadership In the production of steel, the manufacture of automobiles:and the

`development of many electronic devices." 6/ The Soviet Union's "educational

mobilization" also has been called a "formidable challenge to the national se-

curity of the United States, [and] one that will be more difficult to meet. 7/

Between 1959 and 1962, the President's Scientific AMsory Committee'

released three reports concerning the strengthening of science and engineering

education--(1) Education for the Age of Science (May 24, 1959);-(2) Scientific

Progress, the Universities, and the Federal Government (November_15, 1960);

-and (3) Meeting Manpower Needs in Science and Technology (December 12, 1962).

All three reports emphasized the need for an expansion of the role'-of the Federal

Government in enhancing' science and engineering education and for improving the

quantity as well as quality of scientific and engineering manpower. Some of

the recommendations made in these reports7-scientific curricula improvement,

support to develop scientifically and technically talented individuals, sup-

port of fellbwships for doctoral candidates, a national goal to increase an-.

nual engineering, mathematics, and physical science Ph.D.-degree awards to

6/ Willenbrock, F. Karl, and Cecil H. Green. United States and Techno-
logical Preeminence, p. 1319.

7/ Glockner, David. Wirszup:.. U.S. Science Education Lagging. The
Chicago Maroon. Apr. 7, 1981. p. 1.
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7500 by 1970--were
accomplished mainly through

the'efforts of the NSF. 8/

Several problems identified
at tie time of the writing of these "reports con--

tinde to exist today--including
precollege science and mathematics teacher

shortages, inadequate
understanding of science and technology by the general

population, and fewu ..igineering graduates
seeking academic employment.

An increased role for the Federal
Government in helping to, resolve these prob

lems may be necessary for the 1980s and for future decades.

Federal. funding for science and engineering
education programs in fiscal

year 1982 was $20.9 million, the
lowest in almost 25 years.

For fiscal ye'ar

1983, the Administration has eliminated all-
funding for NSF programs in these

areas. Instead, it has supported graduate research
fellowships in sciences

and engineering ($15
million has been requested).

Recognizing that there are

problems in science
education and disagreements

on how to solve them, the NSF,

according to its Director,
John ,Slaughter, will

"play a catalytic role;" to help

define precise needs, and support the
efforts of state and lbcal governments,

scientific and professional
organizationsprivate industry,

and other Federal

Government agencies to solve them.

Legigletion has been
introduced in, the 97th

Congress (H.R. 5254, Reps.

Fuqua and Walgren, the National Enginbering and
Science'Manpower Act of 1982;

H.R. 5742, Rep.
Skelton, to create a

National Commission on Science, Engi

neering, and Technology.
Education; and S. 2421, Sen. Glenn, the National Engi

neering and Science
Manpower and Education Act of 1982) recomdending

various

actions that can be taken by the Federal Government. Even thOse calling for

8/ See appendix-14 for
evaluations of some NSF science education pro

grams.
1.1

0 8
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increased Federal involvement, however, argue that such responsibility does

not seem to be that of the Federal Government alone. New initiatives in:

volving cooperation between industrz,.apadeMia, State and local governments,

and the Federal Government often have been mentioned as providing a productive

approach to evol4ing workable solutions for all aspects of current concerns

with.the state of the Nation's scientific and engineering education and manpower.

Some attempts at such cooperation already are underway. On January 17-19,

1982, there was a Forum on Engineering Manpower, held in San Antonio, Texas,

sponsored by "five leading engineering societie4 attended by some 80 leaders

of industry, education and government". Arizona State University is "developing

a $32 million 'Center for Excellence in Engineering' that represents.a partner:

ship of the state government, the university and private industry." A National

Engineering Action Conference convened on April 7:1982 in New York City with

representatives of industry, academia, professionareocieties, and the Govern

ment to discuss solutions to the problem.

19-177 0 - .83 7.
2.)
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PART I: SCIENTIFIC AND TECHNICAL EDUCATION IN THE UNITED STATES AS IT RELATES

TO SUPPLY AND DEMAND OF SCIENCE AND ENGINEERING MANPOWER
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I. INTRODUCTION AND SUMMARY

The state of precollegelevel and collegelevel science and mathematics

instruction and emphasis for scientifically, as well,as nonscientifically,

oriented individuals has a direct influence on the supply of U.S. technical

manpower. 9/ Recent studies have discovered that, as a result of the "back

to basics" movement, science, which is not Considered-to be a "basic," does

. not receive much emphasis at the precollege level and relatively very lit
,

tle time is spent on'its instruction. In addition, mathematics instruction

emphasizes "computational skills, not problem solving." 10/

There is a shortage of precollege mathematics and physical science

teachers that may be affecting the quality of instruction in these areas.

"It is widely known," a report has stated,"ttatwhen positions cannot be

filled through new hiring of qualified instru'etbrs,'they are often filled by

teachers with lower subject matter qualifications or by the transfer of

tenured teachers from other subject areas. :Thus, inevitably, many secondary

school mathematics and physical science teachers have insufficient training

to teach courses in these subjects." 11/ Furthermore, a large number of

//

9/ Galambos, Eva C. Engineering and High Technology Manpower Shortages:

The Connection with Mathematics. Atlanta, Georgia, Southern Regional Eduaa

tional Board. 1980. p. 3.

10/ Walsh, Efthalia, and John. Crlsis\in the Science Classroom. Science

80. v. 1, no. 6, Sept./Oct. 1980. p. 17.

11/ National Science Foundation and Departinent of Education. Science and

Engineering Education for the 1980's,and Beyond. \Washington, U.S. Govt. Print.

Off., Oct. 1980. p. 49. %
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pre-college science and mathematics
teachers expressed feelings of inade-

quacy in teaching these subject areas. 12/

A National Research Council
study has found that at the undergraduate

university and college level, persons
who have non-scientific a ors--in law,

theology, journalism,
elementary education, and other areas,--and even-

/

tually become civil and professional
leaders, are not receiving "the under-

standing of science and technology that they need to function effectively." 13/

As a result of the factors
mentioned in the Foreword of this report,

it has been announced that
"there is a growing (technical)

illiteracy" in the

general U.S. population.which,
if not reversed, "means that important national

decisions involving science and
technology will be made increasingly on the

basis of ignorance and misunderstanding." 14/ ,

A large number of tenured college and university faculty members are due

to retire by the mid-1990s. Recently, there has been a noticeable decline

in Ph.D. program enrollments in the mathematical,.
physical, and life sciences.

This situation, if not reversed, may result'in an
insufficient number of quali-

fied teachers to fill future faculty vacancies. In college and university

engineering departments, there is a similar concern at the graduate level where

graduate-degree production in many engineering disciplines has decreased, thus

contributing to a developing engineering faculty shortage. Apparently there

is a diminishing'
attractiveness to academic employment

in some areas due, in

12/ Ibid.

13/ National Research Council. Commission o Human Resources. Science

for Non-Specialists: The College Years.
Committee for a Study of the Federal

Role in the College Science
Education for Non-Specialists.

Report to the

National Science Foundation.
Washington, National Academy Press. 1981. p. xi,

14/ Technical Illiteracy Threatens U.S. Science. Science News, v. 118,

Nov. 171980. p. 276.
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part, to relatively large starting salaries being offered by industry to

bachelor's degreelevel recipiehts, which deters some students from Seeking

advadced degrees and teaching positions; increased undergraduate engineering

school enrollments (which means heavier teaching loads per instructor); and

the obsolescence of laboratory equipment needed for teaching and research.

An employment shortfall of scientific and engineering degreed personnel

seems to be developing, specifically at the graduate level in computer science,

geological and geophysical engineering; petroleum engineering, and others,

while the demand for such graduates appears to be increasing. This belief,

however, is not a universal one. There is no consensus on the science and

engineering shortage issue. Leaders of the Institute of Electrical and

Electronics Engineers, Inc., for example, have stated that there is a balance

in supply and demand of U.S. engineers, although there nay be shortages in

some areas or specialties.

NonU.S. citizens are filling the places of U.S.born students in both

college and university classrooms and :subsequently in faculty positions in

academia and in technicalindustrial occupations. In 1980, 46.3 percent of all

engineering,doctoral degrees were awarded to foreign national students.

Several experts that testified at the October 1981 House hearings of the

Committee on Science and Technology agreed that there are important concerns

that need to be addressed regarding scientific and technical education and

its impact on U.S. scientific strength, technological innovation, productivity,

the economy, national defense, and the maintenance of the Nation's technologi

cal lead visavis other Nations.
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II. PRE-COLLEGE SCIENCE AND MATHEMATICS CONCERNS

A. ELEMENTARY SCHOOL

1. Science Instruction

For pre-college-level
students, the importance of

science to them and

their interest in science 15/ depends on what their teacher(s) believe about

the importance of science
education, 'knows or does not know about science, and

does or does not do about
teaching science, according to the findings of a

National Science Foundation (NSF) report. 16/ In elementary school, one

teacher is usually responsible
for the instruction of all academic subjects:

A teacher's perception
regarding,his or her'ability to teach various subject

areas was found-to
correspond' with the amount of

time spent per day on each

subject. Of all the elementary
teachers responding to an NSF survey (1,667

out of.4,829 total respondents) 17/ 63 percent (nearly two-thirds) felt

15/ The NSF defines "science" to
include the natural sciences, social

sciences, and mathematics.
Science (the natural and social sciences) and

mathematics will be treated separately in this report.

16/ Stake, Robert, and Jack Easley, Jr. Case Studies in Science Educa-

tion. Executive Summary. Center for Instructional
Research and Curriculum

,'Evaluation and Committee on Culture and Cognition.
University of Illinois-

Urbana-Champaign.
Jan. 1978. In National Science Foundation. Directorate

..fOr Science Education.
The Status of Pre-College

Science, Mathematics, and

Social Studies Educational
Practices in U.S. Schools: An Overview and Sum-

maries of Three Studies.
Washington, U.S. Govt. Print. Off., July 1981.

p. 19:1.

17/ In 1977, a national survey was conducted for the NSF by the Research

Triangle Institute to assess the "needs and practices in pre-college science,

mathematics, and social studies in the nation's, schools:" Weiss, Iris R.
(continued)
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"very well qualified" to teach reading. In contrast, only about 22 percent

of the teachers felt "very well qualified" to teach science. Correspondingly,

from kindergarten to the 3rd grade level (K-3), .teachers spent an average of

95 minutes per day teaching reading. From grades four through six (4-6)

reading Was taught on an average of 65 minutes per day. In grades K-3, how-

ever, teachers spent an average of 20 minutes per day teaching science and, in

grades 4-6, 30 minutes per day. About 60 percent of the teachers, however, felt

"adequately qualified" to teach science.

For mathematics instruction, 49 percent of the teachers felt-"very well

qualified" to teach this subject'ind spent, on the average, 45 minutes, per day

in grades K-3 and 50'minutesper day in grades 4-6. 18/ (See chart 1 on the.

folloWing page.)

Dr. Iris Weiss, who conducted this particular NSF survey, found that, of

the States and distric'ts responding, only about 25 percent of the Statesfrand

40 percent of the districts set requirements for the minimum amount of time

for elementary grade teachers to spend on science, mathematics, and social

studies instruction. The recommended time was an average of 20 minutes per

day for science and social studies and 30 minutes per day for mathematics

in grades one through three. Few districts set guidelines for kindergarten.

Those that did required about 15 minutes per day for each of these subject

(continued) 1977 National Survey of Science, Mathematics, and Social Studies:
'Education Highlights Report. Center for Educational Research and Evaluation1
Research Triangle Institute, Research Triangle Park, N.C., Mar. 1978. In
National Science Foundation. Directorate for Education. The Status of Pre -
College Science, Mathematics, and Social Studies Educational Practices in
.U.S. Schools: An Overview and Summary of Three Studies. p. 12-14.

18/ Ibid.
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CHART 1

EALTHEMATICE SCIENCE

SOCLELSTUMES

NOT WELL OUALIFIEO

ADEQUATELY QUALIFIED

0 VERY WILL QUALIFIED
E3 UNKNOWN

REANNO

ELEMENTARY TEACHERS PERCEPTIONS OF THEIR QUALIFICATIONS TO
TEACH MATHEMATICS, SCIENCE, SOCIAL STUDIES, AND READING

Source: Weiss, Iris R. 1977 National Survey
of Science,

Mathematids and

Social Studies:
Education Highlights

Report. Research Triangle

Park, NC., Research Triangle
Institute, Mar. 1978 p. 13.

361
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areas. In grades 4-6, 30 to 40 minutes per day were recommended for the

minimum amount, of time to be spent on each subject individually. 19/

Dr. Weiss concluded that one out of six elementary school teachers ,

responding to the NSF questionnaire felt inadequately prepared to teach sci-

ence. In addition, for many of the teachers who felt this way, there were

no. district science supervisors or school.science department heads to assist

them. Ninety percent of elementary school principals felt well qualified to

supervise instruction in reading,' mathematics, and social science. In science

supervision, however, nearly 20 percent who responded felt less competent. 20/

Two university researchers, Robert Stake and Jack Easley, found the fol-

lowini-situation regarding the teaching of pre-college-level science from case

studies that they compiled. 211

Most schools, we studied had some written policy about what and how
elementary science shoule be taught . . but what actually was taught
was left largely to individual teachers. By and large, the elementary
teachers did not feel confident about their knowledge of science,
especially about their understanding of science, concepts. Even those

'few who did like science and felt confident in their understanding of
at least certain aspects of it often felt that they did not have the
time nor material resources to develop what they'thought would be a
meaningful program. As a consequence, science had been deemphasized
at the elementary school level, with some teachers ignoring it
completely. 22/

19/ Ibid., p. 22.

20/ Ibid., p. 12.

21/ 'Stake, Robert E., and Jack A. Easley, Jr. co-directed a team of educa-
tional researchers at the University of Illinois to conduct an NSF study to
observe the teaching and learning of science education (including mathematics
and social studies) in the Nation's schools. Surveys were taken and case
studies prepared indicating their findings.

22/ Stake, Robert E., and Jack A. Easley, Jr. Case Studies in Science

Education: Design, overview and General Findings, v. II. Center for Instru-
tional Research and Curriculum Evaluation and Committee on Culture and Cogni-
tion, University of Illinois at Urbana-Champaign. Washington, U.S. Govt.

Print. Off., Jan. 1978. p. 13:5.
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Only a few elementary teachers were
found who had strong interests and

understanding of science. The number of'auch teachers was so small, Stake and

Easley stated, that it could not be concluded that "even half of the Nation's

youngsters would have a single elementary school year which their teacher would

give science a substantial share
of the curriculum and do a good job of teaching

it." 23/

This NSF survey determined. that there is a heavy reliance on textbook

\.\------- material for elementary science instruction.
In most elementary schools can

vassed, learning science by reading from a textbook permeated the science

program. 24/ Laboratory activities were stressed by only about 30 to 40 per

cent of the teachers surveyed. Science is basically taught by reading and

lecturing. 25/

Elementary science teachers are very uncomfortable with science, a junior

high school principal has commented. According to him, science instruction

probably should be given to children in upper grades, because about all that

can be expected from the elementary level is a "solid preparation in reading,

. 23/ Ibid., p. 19:3.

.24/ Ibid., p. 13:6.

25/ Helgeson, Stanley L., Particia.E.
Blosser, and Robert W. Howe. The

Status of PreCollege Science,
Mathematics, and Social Science Education, 1955-

1975. v. I, Science Education. Ohio State University, Center forScience and

Mathematics Education. Prepared for the National Science Foundation. Direc

torate for Science Education. Office of Program Integration. Washington, U.S.

Govt. Print. Off., 1978. p. 32.
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eupecially comprehension, 26/ and mathematic° when they reach . . . junior

high school." 27/

2. Mathematics Instruction

, It has been reported that "back to basics" thinking has influenced signifi

cant changes in the elementary and secondary school level curricula of the Na-17

tion. The most commonly understood definition of "back to, basics," according to

Stake and Easley, it an increased emphasis on reading and arithmetic. This,

as discussed in a recent report, 28/ has "damaged science and math teaching" in

elementary school. Since science is not considered to be a "basic," very lit

tle time is spent on its instruction. While mathematics is considered to be

a "basic," the new approach to teaching mathematics ha° been viewed as "ex=

tremely narrow" because it centers on "computational skills, [and] not on

problem solving." This "almost exclusive concentration on computation [con

tinues] from second grade math to that in senior year." 29/

Ninetyfive percent of all elementary teachers responding to the NSF

survey by'Weiss reported that they felt "adequately qualified" (46 percent)

or "very well qualified" (49 percent) to teach mathematics. 30/ The

26/ One school district surveyed by Stake and Easley reported that ele
mentary science instruction there was in trouble because the old science books
were replaced for the entire science program. The new science books seemed
to be difficult for students to understand. The teacher had to read the les
son to the children or explain to them what they had read.

27/ Stake, Robert, and Jack Easley, Jr. Case Studies in Science Education:
Design, Overview and General Findings. p. 13:6.

28/ Walsh, Efthalia and John. Crisis in the Science Classroom, p. 22.

29/ Stake, Robert, and Jack Easley, Jr. Case Studies in Science Educa
tion: Executive Summary, p. 19:3.

30/ Weiss, Iris R. 1977 National Survey of Science, Mathematics and
Social Studies: Education Highlights Report, p. L3.

3)
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textbook is a dominant source for
mathematics Instruction, along with a daily

lecture and discussion period.
As previously stated, about 45 minutes per

day was reported to be spent on teaching mathematics in grades K-3, and 50

minutes in grades 4-6. The time spent, however, may vary from teacher to

teacher and much lees time than indicated may actually be used. 31/

B. SECONDARY SCHOOL

1. Science Instruction?

Iy

At the' ',Juntor'high school level
(grades 7-9), Stake and Easley found that

science programs seemed to "operate somewhat more effectively than the elementary

science programs." Most junior high schools were found to be departmentalized

with designated science teachers.
What was actually taught in the classroom,

however, was left to the discretion of the teacher, similar to the situation at

the elementary school level.
The philosophical orientation of the teacher played

a key role in determining
what content was raught and how it was taught." 32/

Generally, the most common science courses found to be taught in grades

7-9 were general science, earth science,
life science, and physical science. 33/

Most4of the courses lasted one year.

31/ Suydam, Marilyn N., and Alan Osborne. The Status of Pre-College

Science, Mathematics, and Social Science Education: 1955-1975. V. II,

Mathematics Education.foOhio State
University, Center for Science and Mathe-

matics Education. Prepared for the National Science Foundation, Directorate

for Science Education, Office of Program Integration. Washington, U.S. Govt.

Print. Off., 1977. p. 52.

32/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa-

tion: Design, Overview and General Findings, p. 13:6-7.

33/ National Research Council. The State of School Science: A Review of

the Teaching of Mathematics, Science and Social Studies in American Schools, and

Recommendations for Improvements. Commission on Human Resources. Penel on

. School Science. Washington, June 1979. p. 16.



At the high .!:4;.00l level (usually grades 10-12, but Boyle high schools' were

found that also included grade 9), the most generally offered science courses

wire found to be biology, chemistry, and physics. In the schools that had

grades 10-12 only, more diverse courses usually were offered--physiology,

Chemistry II, Physics II, and so on. 34/
c. -

An elitist feeling among some teachers in high school science depart-

ments was found by the NSF, especially among physics and chemistry teachers.

Such teachers appeared to feel that they were there to teach only the excep-

tional student's. One teacher was rioted as saying:

. . Of course I'm elitist--I'm'here to teach the elite of this school.
If they disappear so do I and the physics class. You want to know why
physics classes have gotten imalleein the past few years? It's because
parents have become anti-science and they don't want their kids to be
part of the science elite. 35/

Some parents interviewed seemed to express similar feelings. A. parent of a .

college-bound-student stated:

I've been very disappointed with the district for watering down'the
[science] courses. There used to be a really strong physics program. . .

but thenithe teacher) decided he needed to accommodate the low to mid-
dle achiever so he threw out thecgood program and came up with this
other one that.is less compreherMe. It really hurt the Well-

motivated kids. 36/

In contrast, a parent of a student unlikely to attend college commented:

I think it would be all right if students didn't take any science at all
at the high school level . . . . There are a lot of things-Acids are

never going to use again. 37/

14/ Weiss, Iris R. Report of the 1977 National Survey of Science, Mathe-

matics, and Social Studies Education. Prepared for the National Science-Founda-

tion. Research Triangle Park, N. C., Center for Educational Research
and Evaluation. Mar. 1978. p. 56.

35/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa-

tion: Design, Overview and General Findings, p. 12:19.

36/ Ibid.

37/ Ibid., p. 12:20.
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Such elitist attitudes about science,
Stake and Easley reported, may be

one of the reasons that enrollments in chemistry and physics classes hale

declined in recent years.

Another reason that enrollments in some science-courses'have decreased

May be that those courses have become electives. For example, enrollments id

chemistry and physics, which usually were found to be electives.(biology was

basically a required subject), seemed to be decreasing more rapidly than the

general enrollments in science courses. Explanations for the decline were

given as--'more competition from othek
elective courses; the image of science

and scientists is bad; reduced graduation
requirements; opportunity to pick

these-subjects up in junior college, if needed; and the perception'of high

school st6dents that the content of physics and chemistry are just not rele-ifr

want." 38/ On the other hand, it was pointed out that "undoubtedly the

individual teacher plays an important role in attracting students to his or

hei courses. In an instance where physics enrollment showed a alight increase

after several years of decline, the
physics teacher wan settling into her third

yeart,and was highly respected by students." 39/,

Several high sciOol science teachers, high
school counselors, and high

school seniors were asked about what they
felt was wrong with high school sci-

ence courses, in the NSF survey. Out of those individuals responding, 40/

Stake and Easley found that:

The teachers . . were inclined to mark three or four weaknesses whereas

the counselors and students one or two. The teacher pointed to things

38/ Ibid., p. 13:4.

39/ ',pia.

40/ Out of 150 teachers surveyed, 101
responded; out of 86 counselors,

46 responded; all 375 seniors surveyed, responded.

ti
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that impeded their. teaching, particularly remedial instruction in
mathematics and the shortage of time and size.of the class. The coun
selors were particularly impressed with inadequate lab facilities and
field arrangements, and students and teachers took note of that too.
The shortcoming most noted by senior students was the little attention
given to individual students. 41/

Senior students 42/ also were questioned regarding what they considered

to be."the one thing most wrong" with the science courses they had taken, and

"the one thing most right." For the "most wrong," the largest percentage of
. .

students stated that the "courses were boring" (29 percent) and "overemphasized

facts and memorization" (24 percent). For the "most. right," 22 percent stated

that4he courses "stressed the basic facts," and 20 percent stated that the

"courses were interesting.z.. These responses seemed to indicate to the can.7.

vassers that were sensitive to and divided on the issue of stressing

the 'basic facts' in high achool.science. Some liked it, some did not. Charges

that the courses were undesiiable elitist or impractical did not get much sup

port from these students." 43/

a. Science Requirements for High School Graduation'

The NSF (Weiss) survey questioned several State and district supervisors

throughout the Nation by region -- Northeast, South, North Central, and West-

regarding science course requirements for high school graduation, 44/ if any,

41/ Ibid., p. 13:5.

42/ Out of 375 senior students, 336 responded to the question regarding
.the 'one thing most wrong" with science 'courses; 342 responded to the "thing

most right" questioC.

43/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa

tion: Design, Overview and General Findings, p. 13:5.

44/ Mathematics and social studies course requirements also were included.
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in grades 9-12. The requirements also were broken down by the size of the

State. 45/, It was found that, nationwide,
21, percent of the States require

more than one year of
science instruction; 53 percent, one year; 12 percent,

less,than one year; and 15 percent did not respond to this questiOn which may

indicate that they "have no requirements [foi] the subject." It also was

found that biology was the "most
common" subject required in science for high'

school graduation. 46/

In an NSF report analyzing
relevant literature related to pre-college sci-,

ence instruction, 'it'
was discovered thrit, for the majority of high school stu-'

dents, "biology is the last science course [taken], usually in grade:10." 47/

In fact, the percentage of students dn grades 10-12 enrolled in biology in-

creased from 1955 through the early
1970s, indicating that, among other reasons,

"most students had to take a science course to meet graduation requirements and

it appears they frequently, selected biology."
48/

b. National assessment of Science Achievement and Attitudes Toward'

Science

The National Assessment of
Educational, Progress (NAEP) report of the

Education-Commission of the States measured the science achievement of the

45/ See appendix 1 for relevant table.

46/ Weiss, Iris R. Reports of the 1977 National Survey of Science,

Mathematics, and Social Studies Education, p. 23-24.

47/ Helgeson, Stanley L., et al. The Status of Pre-College Science,

Mathematics, and Social Science Education: 1955-1975. V. I, Science

Education. p. 26.

48/ Ibid.

4 4
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Nation's 9-, 13-, and 17-year-old students, during three different school

years--1968-70, 1972-73, and 1976-77. The' following results were found: 49/

-[A] downward trend,in science achievement [was] observed from the
first to the second assessment [that] appearied] to be lessening
for 9- and 13-year-olds in the third assessment. For these two
age populations, it appears that a. continued decline in achieve-
ment in physical science is accomphnied by some stability in
ackevement in biology;

-The achievement level of 17-year-olds continue[A] to decline.
Seventeen-year-olds declined in perfOrmance from the first to the
second assessment and from the second to the third assessment;

- Students in extreme -rural communities, at each age level, . .

improved in science achievement during the eight years spanned by
the three.asseSsments of science; and

-The position of most reporting groups relative to the national level
of achievement showed little change over the three science assess-
ments. [In addition,]

- -A gap continued to exist in the achievement levels of whites
and blacks: the achievement level of whites was higher than
that of blacks in each assessment. However, black 13-
year -olds .improved in achievement on physical science exer-
cises from the second to the third assessment; also

- -The achievement level of males at each age was higher than that
of females in all three assessments of science.

Similarly to the 1976-77 achievement measurement, attitudes toward sci-
Cif

ence also were assessed. 50fi, Some of the findings showed that,

-AttitUdes of 13- aril 17- year -olds toward science were in many cases
very much alike. Similar_ percentages at these ages expressed favor-
able attitudes toward science classes, were interested in pursuing

49/ National Assessment of Educational Progress. Three National Assess-
ments of Science: Changes in Achi vement, 1969-77. Selected Results from the
Third National Assessment of Scienc . Prepared with the National Center for
Education Statistics, U.S. Departme t of Health, Education, and Welfare, Educa-
tion Division. Denver, Colorado, E ucation Commission of the States, June 1978.
p. xiii. ,1

50/ National Assessment of Educational Progress. Attitudes Toward Sci-
ence: A Summary of Results from the 1976-77 National Assessment of Science.
Denver, ColoCado, Education Commission of the States, Oct. .1979. p. xiii.

19 -177 0 - 83 - 4
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;', .
science-related careers, used the scientific method of inquiry

and were personally involved in solving science-relatdd societal

problems. .;

More 9-year-olds expressed favorable attitudes toward science

classes than 13- or 17-year-olds. They also appeared more willing

than the older groups to try to help solve societal problems; .

-About half the 13- and 17-yea-olds,on the average, expressed.

favorahle attitudes toward science classes and science-related

careers;

-Males were more l'ikely than females to have favorable attitudes

toward science classes and science-related careers, to have had

science-related experiences and to use the scientific method of

inquiry. For teenagers, male and female support for research and

awareness of the methods and philosophy of science were about the

same; and

-At age 17, the' following groups reported more favorable attitudes

toward science classes and science-related careers than the nation

as a whole: blacks, people living in the Southeast, people living

in disadvantaged-urban communities and those, living in big cities.

Thirteen-year-olds in these groups exhibited' more favorable atti-

tudes toward sciencerelated careers than the entire nation, while

13-year-olds living in advantaged -urban areas showed less favor-

able attitudes than the nation towarescienceclasses and science-

related careers.

2. Mathematics Instruction

Secondary school mathematics was found to be "just as traditional and work-_
4

oriented as learning to compute in the'elementary school." 51/. At the 'junior

high school level, two years of mathematics beyond elementary school was found

to be generally required.
One year of algebra was taken by most students and

an emphasis was placed upon preparing as many` tudents as possible for high

school "academic track math courses." 52/

51/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educe-

tion: Design, Overview and General Findings, p. 13:23.

52/ Ibi4., p. 13:21. Usually students bound for college take special

,science and mathematics courses.
Three "tracks" of mathematics are usually

taken, the moat difficult track consisting of "geometry, algebra II and trig,

math analysis and advanced placement calculus." (Ibid., p..12:17)
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At the high school level, NSF surveyors found that most teachers and

students seemed toaccept mathematics as a " dry mechanical thing, to

be done stoically." Students took as -many mathematics.courses as needed

for prerequisites for other eouraes, such as science courses required for a

future college major or vocation. It alio appeared "obvious and acceptable"

that the reason:for 'schools offering the "traditional high eiihool mathema

tics content' (algebra, geometry, trigonometry, and their continuation into

analytic geometry and calculus)" was to prepare students for engineering,

physics, economics, statistics,,and other basic relevant uses of mathematics._,

"In this sense," surveyors found that "mathematics was a prevocational sub

ject for many promising students. That mathematics experience [could] be of

value for other purposes seemed less important." 53/

Senior students were asked, through a survey, what was "the thing most

wrong" and the "moat right" about mathematics courses.. Out of 318 responding

/ to the "most wrong" category, 31 percent checked that-ttie courses were boring

and 26 Percent stated that the courses "were too much Simed at the 'bright

kids.'" For the "most right" list, 40 percent indicated that the courses

"stressed the basic facts," although 13 percent stated that this was over

emphasized and 19 percent felt that courses:stessed fundamental ideas." .54/

a. Mathematics Requirements eor,Righ School Graduation

Weiss found through nationwide questionnaires that 21 percent of the

States require more than one year of mathematics instuction for high school

53/ Ibid., p. 13:24.

54/ Ibid.
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graduation, 5/ percent require one year, and 22 percent require less than

one year. Seven percent of the States also indicated that they require

specific mathematics courses to betaked, but none' were listed. 55/

Nationwide enrollment patterns in high school mathematics tourses have

been found to be basically stable in recent years, although slight decreases

were noted in some instances.- 56/ In New York State, data from 1971-76

showed that, of 62 courses offered, a slight year-by-year enrollment decline

was noted for "Math 7, 8, 10, 11, and 12; Algebra I and II; Trade and,Shop

Math; Advanced and Adalytic
Geometry; Problem Solving; and History of Mathe-

matics." "Enrollments of students in other courses indicated an "increasing

trend." 57/

b. Changes in Mathematical Achievement

The National Assessment-of
Educational Progress (NAEP) conducted two

surveys of the mathematical
achievement of 9-, 13-, and 17-year-old students

during the 1972-73 and the 1977-78 school years. Changes in-students' per-
,

formantes between 1973 and-1978 were measured by providing exercises that

helped determine mathematical
understanding. ..Studeqlts were asked to "pro-

vide an explanation or illustration of different mathematical knowledges o;

skills, requiring a transformation of knowledge but not the application of

that knowledge to solve a problem."

55) Weiss, Iris R. Report of the 1977 National Survey of Science,

Mathematics, and Social Studies Education, p. 24. See appendix 1 for table.

56/ Suydam, Marilyn N., and Alan Osborne. The Status of Pre-College

Science, Mathematics, and Social Science Education: 1955-1975. V. II,

Mathematics Education, p. 44.

-57/ Ibid.

4



35

Some of the results, which "should . . . be interpreted with caution

[beCause] the items used Co measure 'changes in achievement did not provide

as broad of a coverage of the content of school mathematics as the entire

1977-78 mathematics assessment," are as follows: 58/

. . The overall results indicate that there has been,some decline in
mathematics achievement during the 1970s. This may, however, reflect
certain factors that affected student performance not strictly related
to mathematics instruction];

-Changes in performance differed by age group, with declines becoming
more apparent for the older students. Nine-yearolds showed very slight
changes, with the exception of declines in the application area of prob-
lem solving, while 17-year-olds showed measurable drops in each of the
cognitiveprocess levels assessed--knowledge, skills, understanding,
and application; and

- [There was] generally [a] low performance on problem - solving (applica-
tion) items . . . . At each age, fewer students appeared proficient
in solving problems deemed appropriate for their age level. For example,
9-year-olds' performance dropped considerably on several one-step word
problems. Generally, fewer 13- and 17-year-olds could solve multistep,
complex problems or co41d deal with topics such as,percent and prob-
ability and statistics.

Panelists chosen to evaluate these results attribute the decline in prob-

lem solving to several factors:

-[T]he emphasis on."back-tobasics" [which] has Often resulted in a nar-
rowing of the curriculum, with more attention focused on computational
skills and knowledge of facts and definitions and less time spent on
problem solving;

- 1Tlextbooks that have come into widespread use during the 1970s have
adopted a simplified approach to problem solving . . . . Often, all
addition word problems are presented in the addition section of a
textbook, all subtraction word problems in the subtraction section,
and so.forth, so that students do not gain experience in determining
which operation is appropriate to; the situation'presented;

',...[V]ocabulary in problems can cause difficulties. "If students aren't
familiar with the vocabulary, they may not be successful in solving
problems even though they may have mastered the necessary computational
.skills";

58/ National Assessment of Educational Progress. Changes in Mathematical
Achievement, 1973-78: Results from the Second Assessment of Mathematics.
Denver, Colorado, Education Commission of the States. Aug. 1979., p: 24.725.

4 J
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. .
[T]he development of a

mechanistic approach to problem solving.

Teachers often.try to train
students to look for clues, or "key

words," to decide which
operation to use instead of encouraging

students to think through the logic of the problem situation posed;

and

. .
[I]ncreased emphasis on

testing brought about by demands 6r

accountability and minimal competency has affected the mathematics

curriculum.
Increased testing may result

in emphasis on, areas that

are easy to teach and easy to test . . . .
"Rote drill and memoriza

tion can prepare students
for. certain types of tests, but problem

solving demands more
effort,, both on the part of the teacher and

the student." 59/

3. Scholastic Aptitude Test Scores

The Scholastic Aptitude
Test (SAT) generally is

taken by 11th and 12th

grade high school students who are considering
attending college, and specs

fically those colleges and universities that
require applicants to take the

test. It includes two parts, verbal,and mathematical.
The mathematical

section calls for a general
background in mathematics that is usually acquired

from the first through the ninth grades,
depends more on the reasoning ability

than formal knowledge,
and assesses the problem

solving skills in three areas--

"arithmetic reasoning,-elementary
algebra, and geometry." 60/ The verbal

portion of the SAT
measures "reading skills and word

relationships." Scienti

fic materials also are
covered in this section of -the test.

Since 1963, there

has been a notable
decline in student SAT scores.

From 1963 to 1977, there

was a 49point
decrease in the average score on

the verbal part (from 478

in 1963 to 429 in 1977) and a 32point decline on the mathematical portion

59/ Ihid., p. 25.

60/ College Entrance Examination Board.
Advisory Panel on the Scholastic

Aptitude Test Score Decline. On Further Examination.
New Iork, College En

trance Examination Board, 1977. p. 3.
4-#,"
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(from 502 in 1963 to 470 in 1977). 61/ Reasons for the decline during the

1960s have been attributed to a change in the "composition of students taking

SATs." The continued drop in the 1970s is believed to be due to the increase

in "electives in high school, declining academic standards, television viewing,

and the changing.role of the family." 62/

C. SUPPLY OF PRE-COLLEGE SCIENCE AND MATHEMATICS TEACHERS

The decline in SAT scores, along with the previously discussed general

decrease in mathematical achievement as assessed by the NAEP, seems to be

developing into a trend in a country "that seeks to maintain a lead in a tech-

nological era." In addition, "the quality. of math- and science - oriented people

are being drained from the field," according to a recent report. 63/ Larger

salaries are being offered outside of the education field. For example,

teachers can about double their salaries by working as "low level computer

technicians." 64/ The National Council of Teachers of Mathematics (NCTM)

states that, at the close of the 1977-78 school year, almost 10 percent of

teaching positions in the Nation were vacant. 65/ The NCTM also

stated that a change in the situation could not be expected within the next

five years. 66/

61/ Ibid., p. 5.

62/ Ibid.

63/ Galambos,Eva C. Engineering and High Technology Manpower Shortages,
p. 5.

64/ Walsh, Efthalia and John. Crisis In Ike Science Classroom. p. 22.

65/ National Council of Teachers of Mathematics. NCTM. Documents Shortage
of Mathematics Teachers. News Release, Oct. 19, 1978.

66/ Ibid.

51
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"Unfilled teacher positions in
mathematics and physical science evi-

dently result both from a lessening in the attractiveness of science and mathe-

ci

matics teaching careers and from
opportunities for more desirable employment

outside of-teaching," an NSF and Department of Education report has stated,

although an ample supply of peopl with bachelor's.and master's degrees in

.these. fields'seems to be available. 67/ In contrast, however, a report by

the Southern Regional Education Board (SREB) has revealed that, in Virginia,

there was a "gap of 38 percent between the number of openings (in 1979] for

beginning math teachers (in high school] and the number of graduates prepared

by colleges to teach the subject within the state." Furthermore, a North

Carolina report "estimates an annual shortage of 300 [high school] math and

science teachers, with the deficit becoming worse." 68/ The SREB concludes

that, the two current reasons for these shortages are the lure of higher paying

non-teaching jobs, as stated,above, and "a sharp decline in the-number of ma-

jors in the discipline." 69/ The United States is graduating less than 1,000

persons per year who are trained to teach mathematics in the schools

and the "picture for science
teachers is' almost a carbon copy of that for

math." 70/

In spite of the fact that potential mathematics teachers do not all origi-

nate among mathematics majors, the National Education Association. (NEA).esti-

mated that a 12 percent national
decline,was evident within one year, 1978, of

67/ National Science Foundation and Dept. of Education. Science and

Engineering Education, p. 49.

68/ Galambos, Eva C. Engineering and High Technology Manpower Shortages.

p. 6.

__-- -

70/ Scientific, Engineering,
Technical Manpower Comments, v. 18, no. 10,

Dec. 1981. p. 7-8.
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graduates prepared to teach secondary school mathematics. 71/ Although the0--

estimated supply of such graduates still exceeds the demand for the mathema-

tics fields according to the NSF and Department of Education report, the NEA

listed the mathematics field, along with "trade-industrial, agricultural, and

science," as teaching areas on the "'tight' end of the scale." 72/ The

Bureau of Labor'Statistics has corroborated this opinion by reporting that

mathematics teachers are being lured away by higher salaries in computer Emi-
r

ence areas. As salaries for computer personnel continue to increase, schools

will prid.it more difficult to compete for these-workers. 73/

Teachers of other subject areas, who are basically non-specialists in

science and mathematics, usually are selected to help fill,these vacant posi-

tions. 74/ The:SREB Task Force on Higher Education in the Schools recommends

that "states should develop an array of incentives to attract science and math

teachers, including scholarships or loan programs for prospect!ve teachers, tied

to the teaching of these subjects within the state, following the established

pattern of state subsidies to trainmedical personnel in short supply." 75/

71/ National Education Association. Teacher Supply,and Demand in Public
Schools, 1978. Washington, National Education Association, 1979. p. 4.

72/ Galambos, Eva C. Engineering and High Technology Manpower Shortages,
p. 6.

73/ Howard, H. Philip, and Debra E. Rothstein. Up, Up, Up, and Away:
Trends in Computer Occupations. Occupational Outlook Quarterly, v. 25, no. 2,
Summer 1981. p. 7-8.

74/ Galambos, Eva,C. Engineering and High Technology Manpower Shortages,
p.-6.

75/ Scientific, Engineering, Technical Manpower Comments, v. 18, no. 10,
Dec. 1981,--p-w.--8.-
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III. COLLEGE-LEVEL SCIENCE AND ENGINEERING CONCERNS

A. 'UNDERGRADUATE SCHOOL

1. Science and Mathematics Majors

During the 1950s and 1960s there was a rapid growth in university science
. ,

'departments throughout the Nation. A main emphasis was placed upon preparing

undergraduate students for graduate or professional
study in both universities

and four=year colleges,
according to the NSF and Department of Education study., 76/

The study reports, however, that more students received "bachelor's degrees in '

science and mathematics than sought admission to graduate or professional slools."

Some entered the labor market directly
after graduatiion in science-related occupa-

,

tions, while others voluntarily
sought other kinds of employment.

This situa-

tion is still evident, the
study contends, in spite of declining undergraduate

enrollments in science and mathematics., In addition, "undergraduate science

education has.beep criticized
as being .too theoretical and esoteric for most

students, and still oriented
toward those who are intent on graduate study." 77/

Therefore, it appears thlt the needs of the science majors who do
not intend,

to enter graduate
school and those who plan to pursue nonscientific careers

are not being sufficiently met.1Vt1

76/ National Sdience Foundation
and Dept. of Education. Science and

Engineering Education, p. 39.

77/ Ibid.

78/ Ibid., p. 40.
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2. Engineering Majors

Since 1973, undergraduate engineering school enrollments have almost
.

" .

doubled.. 79/ 4In the fall of 1973, there were 186,705 total fulltime under

graduate engineering students enrolled in the United States. In fall 1980, the

number had grown to 365,117, a 95.6 percent increase. 80/ Many'engineering

schools are now finding it necessary to limit undergraduate enrollments. 81/

A survey conducted by the American Society for Engineering Education (ASEE)

revealed that about "21 percent of 30 top engineering schools have restricted

entrants and three more are considering doing so." 82/ The chart below shows

a list of the schools that were limiting enrollments, considering limiting, or

had not limited enrollments in early 1981.

0,

79/ Peer, Elizabeth, and Lucy Howard Help Wanted: Engineers. Newsweek,

v. 96, Nov. 17, 1980. p. 87.

80/ Computed by CRS from unpublished data received from the National Center

for Education Statistics.

81/ Engineering Crunch Seen Tightening. Engineering NewsRecord, v. 206,

Apr. 30, 1981. "p. 10,

82/ Ibid.

. Z.) J
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'CHART 2

Schools Limiting Engineering Students

Limited

Univ. of California, Berkeley

U.C.L.A.
Univ. of Cincinnati
Cornell Univ.*
Univ. of Florida
Georgia Institute of Technology

Univ. of Illinois,.Urbana-
Champaign

'UniV. of Maryland
Michigan State Univ.
Univ. of Michigan
New Jersey Institute of

Technology*
S.U.N.Y., Stony Brook
(MIN, of Notre Dame*
Ohio State Univ.
Univ. of Oklahoma
Penn State Univ.
Purdue Univ.
yirginia Polytechnic Inst.

and State Univ.

Washington State University
Univ. of Wisconsin, Madison
Worcester Polytechnic Institute*

Considering limits
Univ. of Alabama
Univ. of Houston
Univ. of Texas, Austin

Not Limited
Carnegie-Mellon Univ.
Illinois Institute

of Technology
Massachusetts Institute

of Technology
Univ. of Missouri

-Rolla
Univ. of Southern

California
Stanford Univ.

*Limita'apply throughout university.

Source: Engineering News-Record, v.
206, ..pr. 30, 1981. .p. IQ.

The increased enrollments
have been attributed to sigh starting salaries

offered by various firms in industry to engineering
graduates with bachelor's

degrees. 83/ Because of the Burge in
engineering school enrollments, a large

" number of schools have
tried to adjust to the problem by increasing teaching,

loads, eliminating certain
courses, and hiring more faculty from foreign

countriet'. <4so, many schools
have broadened the use of graduate teaching as-

sistants or part-time faculty. 84/ At the University of Illinois (Champaign-

Urbana), for example, Dean
Daniel Drucker has been

reported to be reducing

83/ Peer, Elizabeth, and Lucy Howard. Help Wanted,:
Engineers, p. 87.

84/ National Science Foundation.
Engineering Colleges Report 10Z of

Faculty Positions Vacant in Fall 1980. Science Resources Studies: Highlights,

Nov. 2, 1981. p. 3.

Jo
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enrollment by 20 percent to "relieve pressure on overworked faculty and

crowded faculty and crowded laboratories." Many students are not being ad "

mltted. Those who are accepted, "score at the 97th percentile on entrance

exams--a level Drucker finds 'ridiculously high for a public university.'" 85/

3. NonScientific and Technical Majors

Underiraduate science education has been found to be oriented toward

students majoring in scientific areas who intend to pursue advanced graduate

degrees. The needs of those science majors who plan to enter the labor force

upon graduation and those who do not plan to seek scientific careers appear

not to be adequately considered, according to the NSF and Department of Educa

tion report. 86/ Furthermore, it was found that there is no general 'agreement

regarding what information should and should not be included in science and

mathematics courses for nontechnical majors. 87/ Many colleges and univer

sities generally offer less rigorous and more descriptive courses for these

students than for science majors. It also was stated that a large number of

such students tend to avoid the more rigorous subjects because such courses

are considered to be more difficult. Therefore, in many cases a considerable

number of collegelevel students do not receive exposure to science and mathe

matics courses beyond 10th grade biology and 10th grade geometry. 88/.

85/ Samuelson, Robert J. Engineering Enigma. National Journal, v..13,
Dec. 12, 1981:' p. 2206.

86/ National Science Foundation and Dept. of Education. Science
and Engineering Education, p. 40.

87/ Ibid.

88/ Ibid.

57
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A National Research
Council ('NRC)'Committee

for a Study of the Federal Role

in the College Science
Education of Non-Specialists

has studied the situation of

non-science and technical
college majors and has

concluded that science educa-

tion for non-specialists
is deteriorating. 89/ The Committee

contends that the

"enlightened non-specialist"
can make significant

contributions to "help imple-

ment the pluralist
function of democratic decisionmaking abbut pressing" science

and technology concerns;
"serve as opinion leaders

in the American structure to

help the''public at large
understand the complexities

as'well as the risks and

benefits of science and
technology"; and "lead the way in their professions more

effectively.if they have a command of science and technology." 90/

The following findings
were reported as evidence that the majority of the

Nation's institutions of
higher learning are not

providing the type of scienti-

fic and technical
education that the NRC Committee believes is essential for

non-specialists, in order for them to function
effectively in society. 91 /

the historical evolution
of college science

education has benefited the

science major immensely
but has left the non-specialist largely unattended;

-Colleges and universities in general have
lowered their science require-

ments over recent years
to the alarming point

where the average non-

specialist student'devotes
only about 7 percent . . . of a college course

load to work in the sciences;

-Within such subminimal
requirements, these

students are often allowed to

choose willy-nilly from an ever-growing
cafeteria offering "topics

courses" that rarely fit into a well-conceived,
comprehensive pattern

of education;

-In many cases, those topics courses,
which were designed as a response

to the student concern
for relevancy in the 1960s, have outgrown their

relevancy;

-In all too many other cases, those
topics courses, as they reach for rele-

vancy, fail to
provide students with an

understanding of the basic princi-

ples.of science;

89/ National Research Council. Science for
Non-Specialists, p. xii

90/ Ibid., p. xii-xiii.

,91/ Ibid., p. xi-xii.
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w.

-When students do Opt for more traditional introductory science courses,
learning often suffers because so any students come to college ill-
prepared in secondary-school science and mathematics; and

-These students often are subjected to inadequate teaching that stresses
dull lecturing more often than exciting laboratory experiments and
demonstrations.

The American Association for, the Advancement of Science (AAAS) conducted

a survey among non-science majors 92/ and found that many are not necessarily

uninterested in scientific subjedts. Over 500 U.S. colleges and universities

were located that offer courses that examine the relationship between science,

technology, and society or provide courses in the history or sociology of sci-

ence. 93/ Several of the programs were found to be cooperative.ventures

"between science or engineering, and social science and/or humanities depart-

ments." Through analyzing course enrollments, it was found that the response

of students were usually moderately good. After examining the AAAS survey,

the NSF and Department of Education study concluded, however, that "[the] ap-

psrent relative [course] popularity is a positive development," but "few such

courses lead to familiarity or.competence with the concepts and processes of

science and technology themselves." 94/

The NRC Committee suggested several goals that U.S. colleges and universi-

ties could set that might improve underg'Iduate science education for non-

specialists. They are: 95/

92/ American Association for the Advancement of Science. EVIST Resource
Directory: Ethics and Values in Science and Technology. Office of .Science
Education. Washington, 1978. .:AAAS Publication, 78-6. 208 p.

93/- Ibid., p. v."

94/ National Science Foundation and Department .of Education. Science and
Engineering Education, p. 40. 4

95/ National Research Council. Science for Non-Specialists, p. xiii.
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-College science\education should enable
nonspecialists to overcome fears

that might prevent them from launching a lifetime learning experience

about science and'technology;

. . [E]nable non - specialists to develop their
capacity to engage in

Critical thinking;

. .
[E]nable non7speclalists to know how to seek reliable sources of

scientific and technical\information
and how to use them throughout life;

.
.-[E]nable non-specialists to gain the scientific and technical knowl-

edge needed in their_professions; and

. .
[E]nable non-specialists to gain the scientific and technical knowl-

edge needed to fulfill civic
'responsibilities in an increasingly techno-

logical society.

The NRC Committee suggests that
college and university science faculties

have the major responsibilities of
preparini students to reach these goals.

These faculties need the assistance, the NRC Committee stated,,of-other institu-

tions and agencies such. as State governments, private foundations, industry, and

the Federal Government. 96/

Testifying at hearings before the
House Committee on Science and Techno-

logy, 97/ John W. Ceils, staff executive of the ASEE, reported that the Council

for SPe Understanding of Technology
in Human Affairs (CUM), an organization

....-

created in 1980 that is composed of over 100 U.S. colleges and universities,

- - - -

is "attempting to get liberal arts facultips to understand and teach the im-

portance of technology in today's human environment. Only through real improved

understanding," Mr. Cells suggested,
"can tomorrow's lay civic leaders make

intelligeAt decisions concerning energy,
environment, genetics, sophisticated

weapons systems, [and] the impact of computers . . . ."

/

96/ Ibid.

97/ U.S. Congress. House. Committee on Science and Technology. Engi-

neering Manpower Concerns. Hearings,
97th Cong., 1st Sess. Washington, U.S.

Govt. Print. Off.,,1981. p. 25.
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4. The Levels-of Scientific and Technical Competence of the U.S. Pop ation

The state of precollege science and mathematics education and college

level science education for nonscience majors are among the reasons 98/ for

recent concern about the level of scientific and technical literacy of many

college graduates and the general U.S. population.

An NSF survey has found that the public attitude toward science and tech

nology is basically favorable. The general understanding about the "substance

of science and the methods by which scientists seek to answer questions," how

ever, is slight. 99/ It was concluded by one NSF analyst that "probably not,

more than 12 percent of the [U.S.] adult population
really understands what is

meant by the scientific approach." 100/ It was determined in a report pre

pared for the NSF, that "the level of [an individual's] understanding of sci

ence is directly, related to the level of education attained." 101/ Furtherwite,

this is not just the cane with science.
Information obtained through national

public opinion polls have revealed that:

[The] results of all . . . the infoimation questions on public events,
history, geography, and other topics including health and science are all
consistent: college graduates know more than high school graduates, and
high school graduates know more than elementary school graduates. This
relationship holds regardless of age, sex, or family background. It is
true for information normally learned in school and for information not

98/ See also part IV, Introduction.

99/ Wolfle, Dael. Public Policy Decisionmaking and Scientific Literacy.
Prepared for the National Science Foundation. Papers Commissioned As Inputs
to Second Annual Science and Technology Report (ASTR). v. VI, Public Policy
Decisionmaking and Science Literacy: Inaimation Needs for Science and Tech
nology, Washington, U.S. Dept. Of Commerce, National Technical Information
Service, 1980. p. 13.

100/ Ibid., p. 14.

101/ Ibid.

19-177 0 83 5
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normally learned in school.
Persona with more formal education continue

to learn more during their adult lives than do persons whose schooling

stopped at an'earlier age. 102/

Results of National Assessment of Educational Progress
studies, discussed .

previously, have shown a general decline in scientific knowledge of 9-, 13-,

and 17-year-olds. This was determined
through the decrease in average test

scores, between 1969 and 1972, for answers to questions about physical and

biological science. From 1972 tn*1275, average scores
for 17-year-olds con-

tinued to decline, while averages
remained basically the same for 9- and 13-

year-olds. Measurement's of mathematics
achievement between 1973 and 1978 showed

a decline for all age groups. 103/ This decrease in knowledge, it has been

concluded, is "consistent with
other evidence that many children are not

learning as well in school as
their predecessors of 10 to 30 years earlier." 104/

By 1979, the high school
seniors surveyed had joined the general workforce or

become college attendees.
Within the decade or less, the 9- and 13-year-olds

will oe in the same or similar posititins.
If the trend of underachievement

continues, the cycle of
scientific illiteracy in the Naticin may be perpetuated.

Various means that could be used to help improve the public's scientific

literacy have been studied--the news media, magazines,
newspapers, and tele-

vision. Effective programs, however,
probably would require long-term and

continuing commitments of these media, scientific
organizations, the Nation's

schools, and other nonprofit
associations related to medicine, science, and

education to produce any important changes. 105/ In addition, the amount of

102/ Ibid.

103/ Ibid.

104/ Ibid., p. 15.

105/ Ibid., p.

62
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education and interests that individuals,ali-eady have attained has an impor:

tant bearing on who would "take advantage 'of opportunities for continuing

education, self stud , and other means of learning." Therefore, an impor

tant conclusion is th the people who would gain significantly from these

efforts to improve scied e literacy would be those who are already fairly

literate. 106/

B. GRADUATE SCHOOL

1. Science and Mathematics Departments

Throughout the 1950s and 1960s, there was a rapid growth in university

facilities, in addition to rising undergraduate and graduate enrollments re

sulting in a rapid expansion of university science faculties, the creation

of new Ph.D. programs in many schools, and the advancement of a large number

of young college teachers to tenured rank, most of whom are due to retire

around 1990. 107/ Also during this time, -university science and mathematics

graduate level courses had been .structured to prepare students for teaching

positions and research. In the.early 1970s, however, the "sizes of science

and mathematics faculties began to stabilize and, in some cases, to decrease

as Federal research support declined and the growth rate of undergraduate

enrollments slowed down. As a result, junior faculty positions have become

relatively scarce, particularly in physics and mathematics and most of the

social sciences." 108/ For this reason, there is concern that because of

106/ Ibid.', p. 20.

107/ tizZ.lonal Science Foundation and Dept. of. Education. Science and
Engineering Ealcation, p. 38.

108/ Ibid.
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the recent decline in Ph.D. enrollments in the mathematical, physical, and

life sciences, there may not be sufficient numbers of qualified individuals

to fill vacant faculty positions
that will be the result of the anticipated

large scientific faculty retirements by the mid-1990s. 109/ Furthermore,

"the fact that many science and
mathematics departments cannot bring in 'new

blood' could hamper their ability to
provide innovative instruction and re

search opportunities to their students." 110/

2. Engineering Graduate Students

In contrast to the increased
undergraduate student enrollments In engi

neering, graduate engineering school enrollments are decreasing. 111/ The

prcdortion of engineering school graduates who pursue advanced degrees in engi

neering, specifically the doctorate,
has "fallen from an average level of about

11 percent In the 1970s to only about 5 percent" in 1980. 112/

Data from the Engineering
Manpower Commission (EMC) shows that In fall

1980, there wad a Eotd1 of
44,335fulliime engineering students enrolled in

graduate,school.
Compared with 38,381 in fall 1978, this is a 15.5.percent

increase in enrollment, and a 7.1 percent increase over fall 1979 (41,384). 113/

Nevertheless, the National Center for Education Statistics projects chpc

109/ Ibid.

110/ Ibid.

111/ Willenbrock, F. Karl, and Cecil H. Green. United States and Tech

nological Preeminence.
Science, v.-213, Sept. 18, 1981. p. 1319.

112/ One tenth of Engineering Faculty Slots Vacant. Chemical and Engi

neering News, v. 59, Nov. 30, 1981. p. 30.

113/ Actual enrollment numbers were obtained from the EMC during a.tele

phoner-C;nversation on Jan. 6, 1982.
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there will be a continual decrease in the number of Ph.D. degrees awarded

in engineering from 1978 to 1989. 114/

The reason for this decline has been attributed to large salaries being

offered by industry to engineering bachelor's degree recipients. The dif-

ferences between industry salaries and academic salaries may be discouraging

many students from seeking advanced degrees and eventually teaching in college

and university faculties. 115/ Daniel Drucker, President of the American

Society for Engineering Education, has estimated that "15 percent'of the top

engineering graduates [enroll] in graduate programs." "Thc figure," he con-
k

cludes, "should be at least. 35 percent." '116/

C. ENGINEERING FACULTY SHORTAGE
A

One-tenth of the 16,200 full-time engineering faculty positions in the

Nation were unfilled at the beginning of the 1980-81 academic year, according

to an NSF Highlights report. About two-fifths of these positions had gone

vacant for at least one year. By field, 13 percent of unfilled industrial

engineering faculty positions and 16 percent of the computer science/computer

engineering unfilled faculty positions represent the highest vacancy levels. 117/

Large starting salaries offered by various industries to recent bachelor's

degree graduates, as previously stated, generally have been given credit for

114/ National Science Foundation. Engineering Colleges Report 10%

of ;Faculty Positions'Vacant, p. 3. .

115/ Peer, Elizabeth, and Lucy Howard. Help Wanted: Engineers, p. 87.

116/ McCurdy, Jack. Faculty Shortage Perils Engineering Schools' Growth.
Chronicles of Higher Education, v. 22, June 29, 1981. p. 1, 5.

117/ National Science Foundation. Engineering Colleges Report 10%

of Faculty Positions Vacant, p. 1.
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luring potential enginuering Ph.D.
recipients and future faculty members away

from academic careers. An NSF survey conducted by the American Council on

Education has revealed that a large number of deans at various engineering

schools are in agreement with this statement. 118/ In fact, it was reported

that "it would have taken most of the 2,753 engineering Ph.D.'s awarded in

1980 just to fill currently
vacant engineering faculty positions." 119/

The Scientific Manpower Commission
(SMC) reports that the average 1981

starting salaries for petroleum engineers with a bachelor's degree was $26,650,

an 11.8 percent increase over the average starting salary offered in 1980

($23,840); a bachelor's level chemical
engineer's average starting salary was

$24,360, a 12.7 percent increase over 1980 ($21,612); 120/ for an electrical

and computer engineer, the average starting salary was $22,584; a computer sci

entist began with an average. salary of $20,712. 121/ For individuals with

master's degrees in chemical engineering,
the average starting salary was

$26,484; $25,656 for a master's level
electrical and computer engineer; com

pared with $32,940 for a doctorate
degree recipient in cheMical engineering,

and $33,516 for a Ph.D.level electrical and computer engineer. 122/

118/ Ibid., p. 3.

119/ One tenth of Engineering Faculty Slots Vacant, p. 30.

120/ In early 1982, the SMC reports that
starting salaries have increased

for petroleum and chemical
engineering by 12 and 10.2. percent, reepectively.

Petroleum engineering has the highest average
monthly salary offer of $2,488.

Chemical engineering.is second wleg $2,236 per month. Scientific, Engineering,

Technical Manpower Comments, v. 19, no: 1, Jan./Feb. 1982. p. 11.

121/ Babco, Eleanor. Salaries of Scientists, Engineers and Technicians;

---
A Summary of Salary Surveys. Po: ed. Washington, Scientific Manpower Com

mission, Nov.' 1981. p. 4.
Starting salaries f,r computer scientists, in early 1982increased

compared with the July 1981 level.
The average monthly salary offer now is $1,785

per month, as opposed to $1,/36 in July 1981, as recorded in the above cited

Eleanor Babco report, p. 5.

122/ Ibid., p. 8.
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Along with differences in salaries offered by industry and academia, dif

ficulty in obtaining tenure also hao been noted as n deterrent, for some new

bachelor's degree holders, to pursuing academic careers. In academia, anqn

dividual with a doctorate generally begins as an ausietant profensor, teaches

for about Ai* years, and only then is advised as to the status of hie or her job.

The average'salaries for fulltime engineering faculty members for a nine month

period for fall 1981, were as followsC. 123/

Assistant Professor -- $24,100)

Aseociate Professor -- $28,100

Full Professor -- $35,300

Experienced engineering faculty members also have been lured away by

industry. 124/ In 1980, about three percent of fulltime faculty members in

permanent positions voluntarily left for Jobe in industry. Only engineering .

faculty who worked in the field of computer science had a significantly high

mobility rate, of about 5.6 percent, the survey indicated. 125/

According to Daniel Drucker, President of the ASEE,-"the need for engi

neering professors 'is going to get worse and the quality of instruction will

continue to degrade . The problem is not just that too few engineers

123/ Provided during a telephone conversation with John W. Cells, Staff
Executive with the American Association of Engineering Societies.

124/ National Science Foundation. Engineering Colleges Report 10%
of Faculty Positions Vacant, p. 3.

125/ Ibid.
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are going on to graduate school, but that 'Ear too many of the beet graduates

are-not going on.'" 126/ As a re6ult, there Is also a shortage of teaching

assistants. 127/

The Accreditation Board for Engineering Technology (ABET), affiliated with

the Americhn Association of Engineering Societies (AAES), has been reported to

have "granted full six-year accreditation to only 56 percent of the [engineering

college and university] curricula it evaluated in the past year. The remaining

44 percent received a conditional three-year accreditation or were denied it." 128/

Leland Walker, the president of ABET, is reported to consider this "relatively

low percentage of full accreditation as a sign of deterioration in education

quality." The decline he has stated, "is showing itself in faculty shortages,

obsolescence of laboratory equipment and oversized classes." 129/ Dr. John C.

Hancock, Dean of Engineering at Purdue University, expressed a similar concern

when he stated at the recent-IEEE Spectrum meeting that "there are people being

placed on university faculties today that 10 years ago we would never have con-

siderfd . . . they are going to get tenure because the shortage is going to

continue. Substandard teachers," he also pointed out, "turn out substandard

engineering' graduates." 130/

126/ McCurdy, Jack. Faculty Shortage Perils Engineering School's Growth,

p. 1.

127/ National Association of State Universities and Land-Grant Colleges.

Committee,on Energy and Environment, Commission on Education for the Engineering

Professions. The Doctoral Shortage in Engineering: A Growing Crisis. A Policy

Paper. Washington, Oct. 26, 1981. p. 10.

128/ Engineering Crunch Seen Tightening, p. 10.
.

129/ Ibid.

130/ Perry, Tekla S. Engineering Education: Coping With the Crisis. IEEE

Spectrum, v. 18, Nov. 1981. p. 67.
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Possible solutions to this situation were considered by various panelists

at the IEEE Spectrum meeting. One suggestion was to raise faculty laries.

Dr. Paul E. Gray, President of the Massachusetts Institute of Technology (MIT),

stated that we have to be able to increase engineering faculty salaries and be

prepared to do that in the face of all the economic pressures universities are

facing and also in the face of increasingly bitter complaints from faculty else

where that 'this is not fair; !.o4 are raising those folks' salaries faster than

mine.'" 131/ Dr. Herbert H. Woodson, chairman of the Electrical Engineering

Department at the University of Texas, stated that this was not a serious problem

at his university. Engineering faculty members received a small' increase in

January 1981, he reported, that was not given to other faculty members. There

were some, "disgruntled faculty in the other coneys," he admitted,' but this did

not "cause any real problems." 132/

In 1981, the University of Minnesota was reported to have increased

engineering school tuition costs at about $250 per semester in order.to raise

engineering faculty salaries. Richard J. Gowen, Dean of Engineering at the

South Dakota School of Mines and Technology, has stated that "his school and

several others have made similar tuition increases and are channeling the money

almost entirely into faculty salaries." 133/

Finding -the necessary funds to increase engineering faculty salaries was

debated at the IEEE Spectrum meeting. Dr. Gray stated that the extra stipend

'should come from endowments and tuition because the salary differential has to

be permanent." 134/ Other participants discussed assistance from sources outside

the academic setting. Dr. George' A. Keyworth, the President's science adviser,

131/ Ibid.

132/ Ibid., p. 68.

133/ One tenth of Engineering F. 1 'rots Vacant, p. 30.

134/. Perry, rekla, S. Engineerinz ication, p.

63
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dismissed possible financial assistance
from the Federal Governms i. because of

the "economic views of the present Administration." He suggested, hbwever, two

alternatives for assistance--industry, and
the Department of Defense (DOD). He

stated that the DOD could "allow a portion of research grant money to increase

salaries 40 percent." 135/ Dr. Hancock, Dean of.Engineering at Purdue University,

did not agree with this suggestion. He stated that grant money could not be used

to raise salaries. 136/ Dr; William J. Perry, forMer DOD Under Secretary Of

Research and Engineering and currently chairman of a committee of ele6tronics

industry leaders coordinated by the American Electronics Association.(AEA),

stated that the' AEA could recommend that its member companies hire new universAy

engineering instructors as part-time consultants. Most . . . professors with

10 to 15 years of tenure have all the
consultancies they want," he stated, "but

entry-level instructors don't. If we can package something so the university can

offer.the instructor a job with a guaranteed consultancy, that would go a long

way toward dealing with the faculty issue." 137/

The Exxon Corporation recently
announced a plan to provide $15 Million in

grants to help allay the problem of the developing engineering faculty shortage.

The money would guarantee100.telching
fellowships that would be "three-year

grants totaling
$40,500 to cover tuition, fees and living stipends for recipients,"

and .0t, ;.glary support grant!
io,engineering faculty at 66 colleges and univer7

shies in an effort to encourage more
engineering graduates to pursue careers in

academia. 138/ The support grants would'be "five-year, $100,000 awards to

135/ Ibid., p. 69.

136/ Ibid.

137/ Ibid.

138/ Exxon Announces $15 Million for Engineering Education. Higher Education

Daily, v. 9, Sept. 21, 1981. p. 5.

r
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engineering departments desigiled to keep junior faculty in teaching 'when they

are most vulnerable to jot offers from industry.'" 139/

D. STATE OF UNIVERSITY LABORATORY EQUIPMENT

The average age of most college and university equipMent in science and

engineering laboratories exceeds 14 years. 140/ Another source claims that at

many universities much equipment dates from World War II. 141/ According to many

experts, aging laboratory equipment and facilities have been a deterrent to studeqts

in seeking advanced degrees and academic careers. In'addition, it has been stated

that many "engineering professors leave their academic posts becaus? industry

provides them with more exciting and challenging research opportunities." 142/

The NSF and the Department of Education report states that "equipment-

intensive research areas such A physics, engineering, chemistry, and the life

sciences have experienced a decade in.which the development, purchase, and

maintenance costs of instrumentation have escalated rapidly, while thestate-of-

the-art apparatus, needed to conduct research at the cutting edge of science, has

become increasingly sophisticated- -and expensive." 143/ Federal funds for

university research equipment declined in the 1970s, the report states, and

139/ Ibid.

140/ Scientific, Technical, Engineering Manpower Comments, v. 18, no. 2,
.Mar. 1981. p. 7.

141/ Reinhold, Robert. View From the Lab: Prospects Are Glum for Engi-

neers. The New Yotk Times, Dec. 23, 1980. p. Cl.

142/ Scientific, Technical, Engineering Manpower Comments, v. 18, no. 9,
Nov. 1981. p. 5.

143/ National Scientific Foundation and Dept. ofEducation. Science and

Engineering Education, p. 39..
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equipment costs exceeded inflation levels. Industrial laboratories, by con-

trast, have been updated continuously with necessary scientific apparatus. 144/

To help remedy part of the problem of obsolete university laboratory equipment;
0

the study suggests that there be "greater flexibility in Federal research grant

and contract administration that would encourage pooling of,equipment funds and

. sharing apparatus betweemuniversity
departments; further development of regional

instrumentation centers; and enhanced university-industry cooperation." 145/

In 1981, the NSF made 235 awards, through its Instructional Scientific

Equipment Program, to colleges and universities in/45 States and the District

of Columbia. The awards totaled $3 million for the purchase of laboratory

equipment to help'improve Undergraduate science and engineering education in

the Nation. 146/ The program is designed to "strengther classroom, laboratory

and field work experience for
undergraduate students by exposing them to up-to-

date laboratory instrumentation and current educational4technology." Colleges.

and universities receiving the
award's were asked to match or exceed the

Foundation's contribution.
This brought the total investment to over $6 million

in equipment'.

144/ Ibid._--

145/ Ibid. i

146/ Muldoon, R/c'hard. NSF Awards $3 Million to Colleges and Universities

for Instructional SC entific Equipment. National Science Foundation News Releage,

Sept. 17, 1981. p. .

At-NSF Authori ation Hearings, FY
1983, held Mar. 4, 1982, by the House

Committee on Scien e-and-Technology,
Subcommittee on Science, Research, and

Technology, the q estimn was raised
regarding whether_the NSF has a way of

determining if funding designated for purchasing new laboratory-e-quipment-is______-

actually used fo that purpose. Dr. .Donald Langenberg, Deputy Director of the

NSF, responded hat NSF does not have such a method. The concern was that some

equipment may be undergoing repairs
instead of being replaced by new equipment.

For fiscal year 1983, the NSF has
stipulated $95.3 million for improvement of

instrumentatio .
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IV. STATUS OF SCIENCE AND ENGINEERING MANPOWER

A. THE SUPPLY OF RECENT COLLEGE GRADUATES IN SCIENCE AND ENGINEERING.FIELDS

Concern about the current availability of scientific and engineering
,

degreed personnel for employment has b ecome evident because there appears to be,

shortages of qualified individuals occurring in some engineering fields, sub

specialty scientific fields, as well as in college and university engineering

faculties.

Data are provided below that show recent undergraduate and graduate degrees

awarded in several scientific and engineering fields.

I. Undergraduate Degrees Awarded in Several' Scientific Fields

Dr. John 8. Slaughter, Director of the National Science Foundation,, has

stated that "we have current personnel shortages at almost every degree level and

in nearly every specialty of engineering and the computer professions, as well as

in certain professions of the physical and biological sciences- -geology, for

example." 147/ It appears, however, that shortages in scientific areas may not

be as critical as those in some areas of the engineering profession since (1) job

openings for doctoral faculty members in mathematics, physical science, the

biological and social sciences, for example; currently are scarce 148/; and (2)

there appears to be large numbers of :qualified physicists, chemists, mathematicians,

147/ Perry, -Tekla S. Engineering Education, p. 68.

148/ National Science Foundation and Dept. of Education. Science and_

Engineering Education, p. 25.

4
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and biologists available. The numbeis of undergraduate degrees awarded in 1978

4

through 1980 are shown in table 1 below.

Total, all fields,.including science
and engineering

Biological Sciences,
Total

Physical Sciences,
Total

TABLE 1. Total 1978-1980 Bachelor's Degrees Awarded
in Selected Scientific Fields

1978 1979 1980

930,201 921,390 929,417

52,213 48,846 46,370

Computer and Information Sciences,
Total

Mathematics, Total

23,175 .
23,207 23,410

7,224 8,769 i1,213

12,701 11,806 11,378

Source: Compiled by CRS fr'om 1979 and 1980 unpublished data received from
the,National Center for Education Statistics, and from 1978 data in

U.S. Dept. of Education. National Center for Education Statistics.

Earned Degrees Conferred, 1977-78. Washington, U.S. -Govt. Print.

Off.,' 1980. p. 28-31..

The data indicate that there was a 10 percent decrease in all undergraduate

degrees awarded between 1978 and 1979. In the specific scientific-fields listed,

there was a 7 percent decline in total biological science degrees awarded between

'1978 and 1979, and a further decline of 5.3 percent between 1979 and 1980; an 8

percent drop in total mathematics degrees awarded between 1978 and 1979; and a

1.8 percent additional decline between 1979 and 1980.

14.

physical sciences add computer and information sciences --indicate alight increases

The other fields listed--

in degrees awarded--a 0.13 percent increase in total physical science degrees

awarded between 1978 and 1979, and a 0.9 percent increase betimen 1979 and 1980;

and a 21.3 percent increase in computer and information sciences degrees between
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1978 and 1979, and a 27.8 percent increase between 1979 and 1980. Computer

science is one of the fields in which personnel is in great demand. This may

be one of the reasons for the significant increases in bachelor's degrees in
t.

this area. 149/

2. Undergraduate Degrees Awarded in Engineering Fields

A notable increase has been reported in the number of recent engineering

.graduates at the bachelor's degree level. 150/ This is believed to be because

of the recent large undergraduate enrollments in engineering schools. The Na-

tional Center for Education Statistics (NCES) of the Department of'Education

notes that in 1979, 62,375 engineering students received bachelor's degrees, and.

in 1980, 68,891 bachelor's degrees-were awarded, a 10.4 percent increase. 151/

Table 2 below shows the total number of bachelor's degrees awarded in

various engineering fields from 1978 to 1980.

TABLE 2.- Total 1978-1980
Various

Total, all fields, including

Bachelor's Degrees Awarded
Engineering Yields

1978 1979

in

1980

science and engineering 930,201 921,390 929,417

Engineering, Total 56,009 62,375 68,893

Aerospace, Aeronautical
Astronautical Engineering 1,186 -1,386 1,424

Bioengineering and Bio-
medical Engineering

350 422 395

149/ See Section B below, The Demand of Recent College Graduates in
Science and Engineering Fields, p. 66.

150/ Dickson, David. U.S. Graduate Salaries: Engineers Ahead. Nature,

v. 292, Aug._26, 1981. p. 663.

151/ Computed by CRS from NCES 1979 and 1980 unpublished data.
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TABLE 2. Total 1978-1980 Bachelor's Degrees Awarded
Various Engineering Fields (cont.)

1978 1979

in

1980

Chemical Engineering 4,615- 5,568 6,320
..

Civil, Construction, and
Transportation Engineering 9,265 9,809 10,326

Electrical, Electronics,
Communications Engineering 11,213 12,338 .13,821

Geological Engineering' 157 191 222

Geophysical Engineering 56 36 56

Industrial and Management
Engineering 2,712 2,785 . 3,175

Mechanical Engineering 8,924 10,107 11,808

Nuclear Engineering 545 787 893

Other Engineering 13,396 18,099 19,958

Source: National Center for Education Statistics.

Total 'bachelor's degrees awarded in engineering have increased by 23 percent

since 1978. All other bachelor's engineering degrees listed show increases, al-

though some are relatively small in absolute numbers. For example, aerospace,

aeronautical, and astronautical engineering rose.by 38, and geologicalengineering

increased by 31, from 1979 to 1980. More bioengineering and biomedical engineering

bachelor's degrees were conferred in 1979, a 20.5 percent increase over 1978,

than in 1980, which showed a 6:8 percent decline. Fifty-six bachelor's degrees

wereawarded in geophysical engineering in 1978. This dropped to 36 in 1979,

but increased back to 56 in 1980. This no-growth situation in geophysical

"-degrees- may indicate a-shortage-in this area on the undergraduate degree level.

Other factors, however, may also be relevant to the small numbers. Nuclear
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engineering bachelor's degree recipients have continued to diminish since

1978. In 1979, there was a 6.2 percent decline in such degrees awarded, and

a further 3.6 percent decrease in 1980. It has been reported that the Depart-

ment of Energy predicts future shortages in nuclear engineering because several -

universities are eliminating nuclear engineering departments and more plan to

do so. 152/

3. Advanced Degrees Awarded in Various Scientific Fields

Dr. George A. Keyworth, the President's science adviser, has stated that

"many industrialists are finding that they cannot get Ph.D.s when they need

them." 153/ This problem, he indicated at the IEEE Spectrum meeting, reflects

the "deterioration of academic life." He also stated that most students who go

after a Ph.D. ao so because it ensures the possibility of pursuing an academic

career, so if they see an academic career as unattractive, at least half the

motivation foc: a Ph.D. disappears: 154/ Dr. John C. Hancock, Dean of Engineering

at Purdue University, stated at the same meeting that "industry was not signaling

to students that they needed [the Ph.D.]. Rather students get the impression that

they need only a B.S., and perhaps an M.B.A. later, as they work their way into

management." 155/ The President of Exxon Research and Engineering, Dr. Edward

E. David, added that "there was a need in industry for advanced degree holders

who understand how to design in an overall systems context, as opposed to

152 National Science Foundation and Dept. of Education. Science and
Engineeri g Education, p. 28.

153/ Perry, Tekla S. Engineering Education, p. 66.

154/ ;Ibid.

135/ Ibid.

19-177 0 - 83 - 6 4'
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designing a box or a piece.'" Bachelor's degree graduates, specifically in

engineering, do not have this "broad view." 156/

Table 3, below, shows the number of various scientific master's doctoral

degrees awarded from 1978 through 1980.

TABLE 3. Total 1978-1980 Master's and Doctorate Degrees Awarded

Total, all fields,
including science
and engineering 312,816

Biological Sciences,
Total

Physical Sciences,
Total

Computer and Informa-

tion Sciences, Total

Mathematics, Total

M.S.

in Various

1978

Scientific

M.S.

Fields

1979 1980

Ph.D.
Ph.D. Ph.D. M.S.

6,851

5,576

3,038

3,383

32,156

3,313

3,137

196

805

301,079

6,831

5,451

3,055

3,036

32,730

3,542

3,102

236

703

298,081

6,510

5,219

3,647

2,860

32,615

3,636

3,'49

240\

724

Source: National Center for Education Statistics

Total master's degrees awarded
in all scientific fields show a decline - -in

1979, there was a 3.9
percent decline over 1978, and a slight decline of 1 percent

in 1980 over 1979. On the Ph.D. level, total
degrees awarded in 1979 showed an

Increase by 1.8 percent, but had a small decline by 0.4 percent in 1980. Of the

scientific fields listed, there were
decreases in all fields in at least one de-

gree level except in the computer and information sciences where there were

increases on both degree levels for 1979 and 1980. Total degrees awarded in the

physical science field declined at
both degree levels ln 1979 and 1980. In the

156/ Ibid.



65

biological sciences and mathematics areas there were drops in master's degrees

awarded in 1979.and 1980, but increases at the Ph.D. levels. In mathematics,

specifically, Ph.D.s'awarded in 1979 declined by 15 percent from 1978, but in-

creased 3 percent in 1980, indicating, however, an overall 12 percent decline

in the number of degrees awarded since 1978.

4. Advanced Degrees Awarded in Various Engineering Fields

Table 4, below, provides the number of engineering graduates awarded master's

and doctoral degrees from 1978 to 1980 in several engineering disciplines.

TABLE 4. Total 1978-1980
Degrees Awarded

1978

Engineering

Ph.D.

Master's
in Various Engineering

1979

and

Ph.D.

Doctoral
Fields

1980
Ph.D.M.S.

Total, all fields
including science

M.S. M.S.

and engineering 312,816 32,156 301,079 32,730 298,081 32,615

Engineering, Total 16,409 2,440 15,495 2,506 16,243 2,507

Aerospace, Aero-
nautical, AstrOnau- 411

ticaZ.Engineering
115 372 . 95 382 99

Bioengineering and Bio-
medicd1 Engineering 191 61 189 50 209 49

Civil, Construction,
and Transportation
Engineering 2,691 277 2,646 253 2,683 270

Electrical, Elec-
tronics, Communica-'
tions Engineering 3,742 503 3,591 586 3,836 525

Geological Engineering 52 27 3 36 2

Geophysical Engineering 19 1 16 1 16 4

Industrial and Manage-.
ment Engineering 1,722 118 1,502 , 149 1,313 116

73
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.-.,

TABLE 4. Total 678-1980 Engineering Master's and Doctoral

Degrees Awarded in Various Engineering Fields (cont.)

1978
Ph.D.

1979
Ph.D.

1980
Ph.D.

M.S. M.S. M.S.

Mechancial Engineering 1,943 279 1,877 271 , 2,060 281

Nuclear Engineering 494 112 401 91 365 49

Petroleum Engineering 98 21 127 24 122 25

Other Engineering 3,809 694 3,598 679 1,948 326

Source: National Center for Education Statistics

The Wall Street Journal reports that the number of doctorates awarded in

engineering has dropped 25 percent within the last decade. 157 Since 1978,

however, total engineering Ph.D.
degrees awarded, as indicated by SCES data,

have increased by 2.7 percent in 1979, and a further 0.04 percent in 1980.

Doctoral degrees awarded in certain
engineering subspecialty areas listed above,

however, have declined - -no Ph.D. degrees were awarded in geological engineering

in 1978, three were conferred
in 1979, and only two. given in 1980; one Ph.D.

degree was awarded in geophysical
engineering in both 1978 And 1979. The number

increased to four in 1980.

According to a report by the National Association of State Universities

and Land-Grant Colleges,

The production of engineering
doctorates in the U.S. is far short of

requirements. This shortage threatens to undermine (1) the strength of

our basic industries;
(2) our ability to compete in world markets;

(3) our capacity to foster
defense-related technologies; (4) our

creativity for new materials and
Industries; and (5) the fundamental

capability of our universities in teaching and research. 158/

157/ Lowenstein, Roger. Two-Edged Sword: Surge in Engineering Enroll-

ments Begins To Ease Industry's Shortages But Stirs Trouble at Colleges. The

------Wala-Street-Journal,_Aug. 20, 1981. p. 52.

p. 1.

158/ National Association of State Universities and Land-Grant Colleges,

3 i,
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B. THE DEMAND FOR RECENT COLLEGE GRADUATES IN SCIENCE AND ENGINEERING FIELDS

The Scientific Manpower Commission reports that there is an extensive demand

for professionals in engineering and computer science. According to the SMC, a

survey conducted by the Fox-Morris Personnel Consultants of Delaware found, for

example, that the overall demand for electrical and electronic engineers increased

2 percent from early 1981 to the same time in 1982. In addition, electrical/

electronic and mechanical engineers head the demand for engineers with 2 to 5

years experience. During 1982, such experienced personnel and new graduates,

will be sought mostly in electrical, mechanical, and chemical engineering. 159/

BLS spokesmen report that there are not enough computer specialists

graduating from colleges and universities to meet the current demand. 160/

"Graduates of programs in computer science are filling 1 out of 6 (available]

jobs at the bachelor's level, 1 out of 11 jobs at the master's level, and 1 out

of 4 jobs at the doctor's level. 161/,

A Scientific Manpower Commission staff member has stated that it is un-

clear whether there is a shortage at the undergraduate level in computer science,

but it is clear that there is one on the graduate level. Computer scientists,

especially programmers, are in great demand, but the supply is inadequate to

meet that demand. This situation shows.no sign of improving, the spokesman

indicated, because the "computer world" is advancing at such a rapid pace. 162/

159/ Scientific, Engineering, Technical Manpower Comments, v. 19, no. 1,

Jan./Feb. 1982, p. 3.

160/ Computer Occupations. Occupational Outlook Quarterly, v. 25, no. 2,

Summer 1981. p. 24.

161/ Ibid.

162/ Discussed during a telephone conversation with Betty Vetter of the
SMC on Nov. 30, 1981.



The SMC reports that this demand is
about 20 to 40 percent greater than the

supply. Recent graduates cannot fill "even the present demand for systems

analysts and programmers." This has resulted in "students with majors in

other fields who have completed computer science courses in college also .

finding jobs in this area." 163/

The FoxMorris Personnel
Consultants survey found that the demand for all

disciplines of the computer
profession will be up 19 percent in 1982, over 1981,

with the demand for computer
programmers even higher, showing an increase of

21 percent compared with 1981 levels. 164/ Other computer specialties in great

demand, they note, are "systems analysts, telecommunication
specialists, auditors

with data processing
knowledge, various levels of managers anti. executives, and

new 8'. S. graduates." 15/

In 1978, the BLS reports that there were 182,000 job openings for systems

analysts; 247,000 for programmers,
393,000 for computer operators, and 63,000

for computer service technicians. 166/

C. FOREIGN NATIONAL GRADUATES IN SCIENCE AND ENGINEERING FIELDS

IN THE UNITED STATES

There has been a particularly
noticeable increase in recent years in

foreign science and engineering
graduate students in the United States.

Petroleum engineering seems to be the area in which the most remarkable grRwth

163/ Scientific, Engineering,
Technieal Manpower Comments, v. 18, no. 2,

Mar. 1981. p. 5.

164/ Ibid., v. 19, no. 1, Jan./Feb. 1982, p. 3.

165/ Ibid., v. 18, no. 7, Sept. 1981. P. 3.

166/ Ibid., v. 18, no. 2, Mar. 1981, p. 5.

.1z
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has trends continue throughout the 1980s, a recent NSF

re; t ha: stated, aLlost all petroleum engineering graduate students will be

non--:5, citizens, and non-U...i. citizens will comprise over 50 percent of

grad.,., students er.rulied in most c,ience and engineering Melds. 167/

Table below, compares U.S. seient:c and engineering full-time graduate

with full -time foreign graduate students in the United States

enrollod in insticutiont: granting doctoral degrees.

TAB;.?. 5. Comparison, of U.S. and Foreign Full-time Graduate Students
in Doctorate Gra-.ting Institutions 168/

Fiscal Year 1974 Fiscal Year 1979
Field of Science
or Engineering U.S. Forign X Foreign U.S. Foreign Z Foreign

Petro'. Eng. 'Y'd 163 62% 171 250' 68%
Elect. En. ,,249 2,401 31% 4,549 3,709 ' 45%
Mech. Eng. :77-5 1,438 34Z 2,754 2,241 45%
Comp. Sci. 2,957 319 22Z 3,685 1,590 30%
Math & Appl. -lath 7,032 1,305 16% .: 5,204 , 2,066 28%

Duarte: Academic :,cieoce Graduate Enroll.c,enc.:Ind Support, Fall 1979, p. 48, 64.
)ocment 8O-321.

In all liolds, again referring to the data in table 5, there have been

ci,oifIcant Increase; in cnrcilknit c.f full-time foreign graduate students between

years 1974 and 197'1. In petroleum engineering, full -time enrollment of

non-US. citizens tacreas.2.1 by 53.3 percent in FY 1979 over FY 1974, compared to

a 19.3 p,.rcent growth in U.S. citizen .graduate enrollment; in electrical engineer-

ing, foreigners increased by 54.4 percent, while U.S: citizen enrollment in this

fIeld declined by 15.3 percent; In mechanical engineering, full-time graduate

167/ National Science Foundation. Situation Report -- Selected Federal
Agencies R&D Budgets. Report by Dr. M. Kent Wilson, Director OPRM. [By] Syl
McNipcy, Jr Executive Assistant for Budget Policy, Washington, June 22, 1981,
updated, J.iy 6, 1981. p. 9.

148/ Ibid.
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engineering enrollment of foreigners expanded 56 percent, while comparable U.S.

P

citizen graduate enrollment decreased slightly by 0.8
percent; in computer

science, graduate foreign eneollments
increased 94.1 percent, U.S. citizen

graduate enrollment in this field /increased by 25 percent; and in\mathematics

and applied mathematics,
non-U.Sjcitizen graduate school enrollment expanded

58.3 percent, and the full-time graduate
enrollment -of U.S. citizens in, this

area declined 36 percent.

A common concern of both U.S. industry 'and universitiesPseems to be that

"there is a dearth of American-born
students pursuing advanced degrees in engi-

neering, and in related research and technical fields. The results are a dwind-

ling pool of U.S.-born talent from
which [various] companies can draw their R&D

staffs and univer,ities can obtain
faculty, and a troubling export of know-how

to other coun:.rles." 169/ The places of U.S.-born students are being filled

by non-U.S. :itizens in both college and yniversity classrooms, subsequently

in faculty positions L. academia and in technicalindustrial occupations. 170/

According to data compiled by the SMC 171/, in fall 1910, a total of

44,335 full-time engineering students were
enrolled in all U.S. graduate

schools, including those which*do not grant doctorates. Out of this number,

16,120 or 16.4 percent were Lireign national students. Students enrolled

part-time in .-aduate engineering school totaled 23,250, of which 2,690 or

t.

169/ 'Wanted: U.S.-Born Graduate Students. Chemical Week, v. 128,

June 24, 1981. p. 44.

170/ Chesser, Thomas M. Foreigners Snap Up the nigh-Tech Jobs. The

New Yo'rk Times, July 5, 1981. p. 13.

17l\( Vetter, Betty, and Eleanor liabco. Professional ,omen and Minor-

ities: Manpower Data Resourc,:s Service.
Washington, Scientific Manpower

Commission, Feb. 1981. p. 150.

8
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11.6 percent were foreign nationals. The National Research Council reports

that in.1980, 46.3 percent of all doctoral degrees awarded in engineering

went to non-U.S. citizens (1,149 out of a total 2,479 awarded). 172/ Of

Chose foreign national students, 299 (12.1 percent) hold permanent visas, while

850 (34.3 percent) hold tempofary visas. 1737

The NRC also has found that the type of position that most of the non-citizen

Ph.D. recipients expected varied between the permanent and temporary visa groups.

Of those holding permanent visas with firm employment plans, 45.8 percent were.'

anticipating jobs in industry or business while 41.8, percent indicated commitments

to work in the academic environment. 174/ Of the temporary visa holders with

definite employment plans, 61.1 percent intended to work in academe.

Paul Morris, Jr., Head of Chemical Process Industries (CPI), who recruits

for the Fox-Morris Company of Wilmington, Delaware, has stated that "foreigners

who. decide t,p remain in the U.S. are forced by the marketplace to get higher

degrees to compete with U.S. citizens for the same jobs. The majority are of a

very high caliber, among the best their country has, and graduate in the top

fifth of their class." 175/

In the academic aiei, Yatish T. Shah, professor and chairman of petroleum

and chemical engineering at the University of Pittsburgh, has observed that

it is difficult to get top - quality American graduate students. We have to take

for6ign students to work on research projects at Pitt, and placement afterwards

172/ National Research Council. Commission on Human Resources.
Summary Report 1980: Doctorate Recipients from United States Universities.
Washington, National Academy Press, 1981. p. 12.

173/ Ibid.

174/ Ibid., p. 21.

175/ Wanted: U.S.-Born Graduate Students, p. 43.

ip
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is a problem. Sixty to 70 percent PItt's full-time gr?duate enrollment in

chemical engineering is foreign.- i76/

At the Massachusetts Institute of Technoloiy.(MIT), Robert CSeamans, dean

of the school of engineering,,
reports that, out of 345. faculty members, 20 percent

are non-U.S. citizens, and
this percentage could go even higher. In 1981 "we

have an opening for an assistant
professor of aeronautical engineering .

. . and

received L2 applications--none from U.S. Citizens." 177/

The practice of using foreign engineers as faculty members raises two

problems, according to Dr. Robert A. Frosch, President of the American Associa-

tion of Engineering Societies (AAES)"! (1) the question of "whether these

engineers are in effer:t immigrants,
and therefore permanent recruits to the

u.s. ncene, or whether they are merely a temporary force which will go back to

their `tome countries after a while-; and (2) "language problems, in some

cases compounded by cultural differences from the students they are teaching." 178/

These latter differences, however, may
be overcome, by requiring new fo'reign faculty

members to take -intensive English language training and possibly some cultural

orientation, as part of their early faculty work." 179/ .

The following list is of various
industrial firms that have reported

the percentage of non-U.S. citizens that they employ:

-- The Xerox Corporation - -15 percent of its 2,000-person
domestic

.fi are resident aliens;

176/ Ibid.

177/ .Ibid.

178/ U.S. Congress. House. Committee on Science and Technology.

Engineering Manpower Concern's".
Hearings, 97th Cong., 1st Sess. Washington,

U.S. Govt. Print. Off., 1981. p. 14.

179/ Ibid.



73

-- General Electric-25 percent of a 350-person research and develop-

ment staff at its research facility in Schenectady, New York,

are non-U.S. citizens;
p

-r Intel, a manufacturer of computer memory circuits and other

electronic componentsNon-U.S. citizens account for 40 percent,

out of 500 research staff members, also 75 percent of 100 Ph.D.s

on the staff; and

DuPont--20 percent of about 400 research-oriented Ph.D.s are

foreigners. 180/

David Small, president of Scientific Placement, an executive search firm

that locates positions for middle- and upper-level technical personnel, has been

reported as stating that many corporations make conservative estimates of the

number of non-U.S. citizens they employ. "Host don't include the number of

aliens that have since gone on to become U.S. citizens. If you want to count

them, you can add another 5 to 10 percent to their total." 181/

According to a report by the American Electronics Association, about

one-third to one-half of all foreign national graduates in technical areas

return to their native lands. 182/ The study points out, however, that there

are benefits to having these foreign students in the United States. 183/

They ',re:

[Pjayment of badly needed non-resident tuition dollars to universities
and colleges;

180/ Chesser, Thomas M. Foreigners Snap Up the High-Tech Jobs, p. F 13.

181/ Ibid.

182/ American Electronics Association. Technical Employment Projections
Professionals and Para.rofessionals, 1981-1983-1985. Palo Alto, Calir,,

American Electronics Associ,7.1on, 1981. p. 184.

183/ Ibid., p. 183-184,
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(I)ndirent assistance to help third world ccuntries develop as

graduates return home; and

[G]raduates who do return to, their native.countries . . . remain

sensitive to Western ideology and U.S. products within the inter-

national Marketplace.

On the other hand, the report also lists some disadvantages:

-- some cases U.S. students with adequate grade-point records are

being'excluded for college entrance in ftvor of foreign students

with high records;

[Njon-resident aliens--like residents--are
putting a strain on

academic resources of faculty, classrooms, and equipment which are

already at the capacity and perhaps near - stress level; and

-- . [Wei have a large number of senior faculty in our Colleges

today who are at or near retirement age.
Who will teach the

technical students tomorrow?
Foreign students who cannot or do

not wish to remain in the United States are lost as either teachers

or as employees.

D. The EngiLuoving Manpower Shortage: 'Real or Imagined?

The previo.,. data auci discussions presented by different authorities seem

to indicare rtpt there
ignificant decrease in the supply of some degreed

engineering zilf.p.;,t: ,;.,::r,...tuul'andalso
similar decreases of personnel to lesser

extents Sr, various sc.1,,!:1Pic
fields, in relation to the demand. There has been

some questt',1. :ecr, at to whether there is actually a shortage. No consensus

exists on ttle shortage question, the SMC reports, especially concerning a future

Wtortage. 184/

On Movember 16 and 17, 1981, a "Conference on Engineering Manpower Supply

and Demacd" was held by the IEEE's United States Activities Board (USAB) An

IEEE: news release reports that at the meeting, "IEEE leaders argued that, overall,

184/ Scientific, Engineering, Technical
Manpower Comments, v. 18, no. 10,

Dec. 1981. p. 6.
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there is a baiante in supply and demand of U.S. engineers, though there might be

a shorAge in some regions or specialties." 185/

Robert A. Barden, Chairman of the IEEE/USAB Career Activities Council,

contends that, if there were an engineering shortage across the board, median

engineering salaries would increase significantly. Statistics cited by Barden

indicate that engineering salaries decreased between 1968 and 1981 when measured

in 1968 dollars." 'He also pointed to a drop In the ratio of "median experienced

salaries" to starting salaries over 'the 13year period. Barden suggested that

conference participants make a distinction between "spot" manpower shortages and

"perceived" national shortages. 186/

Dr. Bruno 0. Weinschel, Chairman of the AmerIcan Association of Engineering

Societies (AAES) Engineering Affairs Council, stated that "a nationwide engineer

ing shortage is difficult to establish, but there might be a shortage of blue

collar technicians." In addition, he cautioned that "some figures on the engineer

ing shortage might be misstated because of unjustified or multiple future expecta

tions. 'We have to examine some of those, squeaky wheels to see if they really need

what they claim.'" Hc Also suggested, hi.,wever, that the current problem' with

engineering manpower is quality, not quantity 187/, a very important concept

in the conrxt of this report, be. one which has not been addressed here in

detail v of lack of appropriate data. It will be remembered, however,

that thet_ was an apparent decrease in the quality of precollege science and

mathema.. aptltuue discussed in section II, above.

185/ Institute of Electrical and Electronics Engineers, Inc. IEEE
Leaders Challenge Perceived Shortage of Engineers: Presidential Science

' Advisr Plans Engineering Educatlon 'Manifesto.' News Release, Nov. 30,
i981.

186/ Ibid. p. 3.

187/ Ibid.
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Whether ur not there are shortages
of engineers across the board or just

in several diverse
engineering disciplines seems not to be the major concern

expressed by the witnesses at the
October 1981 hearings held by the House

Committee on Science and Technology.
The belief that there are a number of

significant problems that need to be addressed involving the U.S. scientific

and technical education, and its impact. on the Nation's technological produc-

tivity, appeared to be the general
loncern'tvident at the two-day hearings.

F. Imp) icat Ions for U.S. Science, and Technology

The United States is still widely considered the scientific and tech-

nological leader,of the world. If solutions are not found for the several

scientific and engineering manpower
problems that pave been previously dis-

cussed, however, there is concern that this lead may be in jeopardy. As

Dr. Frank Press, president of
the National Academy of Sciences (NAS) and

formerly science adviser to
President Carter, testified at the House Committee

on Science and Technology
hearings, "there to a widespread belief that our

technology today is growing less
competitive with other industrial nations

and that the scientific and
engineering facilities in which we educate and

train future generatlons show an alarming slippage in comparative quality,"

including the "outmoded equipment" used by university science and engineering

departments that "often lags behind the
technological facilities employed in

the lahoratories of our industrial plants." 188/

Dr. Press also expressed concern
about whether the Nation's colleges

and universities could keep up with the "accelerating advances of modern

183/ House Committee on. Science and Technology. Engineering Manpower

Ancerns, p.,137.
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technoloy" in such rapidly growing fields d6 "computer engineering, robotics,

electronics, genetic engineering, and the several fields of energy engineering,"

with the shortage of qualified engineering faculty members and overcrowded

undergraduate englneerlog schools. In addition to this, the previously mentioned

decline in pre-college student performance of science and mathematical abilities

are "longer-term conditions that could limit our ability to stay in the' fore-

front as the world's techtiological leader." Dr. press warned that "an impending

crisis awaits UK An the next decade as these ill-prepared secondary schonl

students begin .to move into society or to the level of college education.- 1E19/

John R. Opel, the president and chief executive officer of the IBM Corpora-

tion, seems to agree with Dr'. 'press's conclusions. lie has stated, in a rept, .,

that "the United States is slipping in the race to strengthen not its capacity in

buildings and machines, vital as they are, but the capabilities of its people:

talented, educated, and trained human beings -- the ultimate resource in any

nation." .190/ Furthermore, he indicates, that this national problem also can be

seen in international economic competition. Specifically, he states that, "we

.risk losing out against tougher, more pragmati more Idventurous international

contenders in the years ahead." 191/ To emphasize this point, he lists several

areas in Which he feels the Nation has begun slipping -- our imports of Japanese

find German automobiles, steel, and television sets (not to mention semiconductor

memory chips); our loss of market share in exports of manufactured goods; and

above all our rate of increase in manufacturing productiVity, which has been lag-

ging behind that of virtually every other industrialized country in the world. 192/

189/ Ibid.,

19U/ opel, John R. Education, Science, and National Economic Coinpeti-
tiveness. Science, v. 2i7, Sept. 17, i982. p. 1116.

191/ Ibid.

192/ Ibid.
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Many industrial firms, ed1tcators, and several engineering professional

societies are attempting to resolve the
engineering manpower and science and

engineering education conce--s discussed' above. Examples of such efforts are:

- Eight U.S. corporations, AT&T, DuPont, Exxon, General Electric,

General Motors, General Telephone and
Electronics, 18M, and Union Carbide, are

taking action to help solve the university
engineering faculty shortage;

The Exxon Corporation has announced a $15 million grant to 66 schools

to provide living expenses for graduate students and supplemental salaries for

engineering faculty;

The Council for the Understanding of Technology in Human Affairs

(CUTNA), a consortium of over 100
colleges and universities, is trying to get

Liberal arts faculties to understand and teach the importance of technology

in today's environment;

- The National Research G...incil of the National Academy of Sciences,

and the National Academy of
Engineering, has been Involved in extensive study

of the engineering manpower problem;

- A National Engineering
Action Conferencr, with representatives from

academia, industry, professional
societies, and the Federal Government

convened on April 7, 1982, to discuss solutions regarding the situation;

- The Massachusetts Nigh Technology Council (MRTO is supporting a

pri,sal for its OunsherS to give up Co 2 percent of their annual research and

development budgets to assist universities in hiring more engineering faculty

and in buying computer equipment; and

- The U.S. Semiconductor Industry Association anticipates a $6 million

budget for 1982 and a $10 million to $i5 million budget in 1983. These funds

would be made available to universities
for research projects In the semi-

conductor field and also would be used to help increase the number of technical

career-oriented graduate sCudents.

9 ),
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In addition to these endoavora,,the IEEE has announced that George Keyworth,

the president's science adviser, has committed his office to expedite such efforts

through the.:

Development of a "manifesto" key U.S. leaders stating engineer-

ing education's problems and possible soletiw.la;

- Creation of model programs for sharing limited engineering and science

talent between academia and industry; and

- Cun4lJeratipn of a scheme to allow Industries to contribute to a

university equipment leasing fund. 193/

General Robert Marsh stated during the hearings of the House Committee ''on

Science and Technology that if this nation is to retain its position as first

and foremost in world technological leadership, [it] must pursue a comprehensive,

decisive and far-reaching national educational policy for the coming de-

194/ He listed the following recommendations that may assist

in accomplishing this task: 195/

- . . . [A] national goal [should be set] to be first in the world in
the scientific and technological fields;

- . . . [T]he primary and secondary school curricula [must completely
be restructured] to provide an education strong in the scientific
and technical. areas. This includes upgrading the facilities as well;

. . . (1)ncreased pay and benefits [should be supported] to attract
the quantity and quality of teachers needed to ensure a quality
education for our students;

. . . ;Al long range plan [should be implemented] to increase the
capacity of our institutions to turn out quality scientists and
en ,..nre in the numbers needed to handle the challenges of the
111 , . ;

193/ IEEE Spectr

19f1 House Commltte_
p. 50.

195/ Ibid., p. 50-52.

19-177 0 - 83 - 7

,r,r nt, Nov. 6, 1981, p. 1.

.ice and Technology. Engineering Manpower,
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- pjramote the scienti.ic and engineering
education of a vast untapped

resource--the minorities and women of the nation;

- .
(Djevelop and.implement a

comprehensive program to increase

the yublic's awareness of the challenges, benefits and wonders of

science . . . .;

- . Place significantly increased
funds into research and

development for challenging and
far-reaching prairies to ensure

that advances will be there when we need them; and

- For the military-- . . ensure that we have the ability, to attract

and retain the quantity and quality of scientLs: : and engineers

we need to provide a strungmilitatv force . . .
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V. RECAPITUALTION: scIxtrrivo; /1.) IRONICAL EDUCATION IN TUE,UNITED STATES

-- Most elementary school teachers surveyed by the NSF lacked con-

fidence about their knowledge and understanding of science and science concepts;

-- Biology was found to be the most commonly required science course needed

for high school graduation in schools across the Nation with such requirements.

NSF also found it to be the last science course taken by most high school,students,

usually in the lOth grade. Consequently, a .1arge'nuMber of college students do

not.reeive exposure to science courses beyond lOth gStide blot, ty;

-- Seventeen-year-olds showed a continued decline in e achievement

in all three a6sessients taken by the National Assessmen. '.;A d1 Progress

(NAEP) over the periods 1969-70, 197277.3, and 1976-77;

-- The NAEP found, overall, that [Lure was a decI.le matics

achievement among 9-, 137, and 17-year-olds during the Lii0s:

-- Dr. Frank Press has stated that the decline in the scient.ltle and math-

ematical capabilities of,pre-college students are "1, L.' . conditions" that
r.

may hinder the Nation's ability to maintain its technolev1,a1 lead;

,-- Undergraduate science education has en crtL.c..xed by the NSF and

Department of Education study as being too theoretical and esoteric for most

students, and oriented toward those who intend to do graduate study;

-- There have been recent declines in Ph.D. enrollments in.the mathematical,

physicai,.and life sciences according to the NSF and Department of Education's

study., Because of this trend, there may not be sutticient nmmbers of qualified

individuals to fill anticipated vacant faculty positions in these areas in the

mid-I990s when mass faculty retirements are predicted to occur;
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-- Graduate
engineering school enrollments are declining, especially at the

doctoral level. As a result, it has
been reported by the Wall Street Journal that

the number of, engineering
doctoral degrees conferred

has dropped 25 percent within

the last decade;

-- It is not clear whether there is a shortage at the undergraduate level

in computer science, but it in clear that there is one on the graduatp level

according to a Scientific Manpower Commission spokesman;

tic ..cienti..ts,
especially programmers, are in great demand and

tnatInTidta.
The demand in about 20 to 40 percent greater than the

supply. This situation shows no sign of Improving, because
the "computer world"

is advancing at such a rapid pace, an SMC spokesman has found;

-... in recent years, there
has been a noticeable

increase in the number of

foreign science and
engineering graduate students

Ln the Nation, especially in

the field of petroleum engineering. If this trend continues
throughout the 1980s,

redicts the NSF, almost ail petroleum engineering
graduate students will be non-

U.S. citizens, and
non-U.S. citizens will

codPrise over 50 percent of graduate

students enrolled in most science and engineering fields; and

-- There is no
universal agreement as to whether currently there actually

is a shortage of engineers.
Leadars of the Institute of Electrical and Electronic

Engineers (IEEE) believe
that, overall, there'is a

balance in supply and demand

of U.S. engineers,
although there may be a shortage in some fields or specialties.

z)
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PART II. SCIENTIFIC AND TECHNICAL EDUCATION IN
JAPAN, THE SOVIET UNION, AND WEST GERMANY



I. INTRODUCTION

In Japan, '..he Soviet union, and West,
Germany, special emphasis is placed

on sc'.ence, mathematics,
and engineering in their educational systems. Leaders

in these countries, and perhaps
others, apparently believe that scientific and

technical literacy plays a significant role in their world positions. Soviet

Chairman Leonid Brezhnev, for
example, has been quoted as saying that "che field

cf scientific and technological
progress is today one of the, major fronts in the

historical battle between the two [U.S. and Soviet] systems." 196/ Such a belief

may have been the impetus that has led to a work force with extensive scientific

and technological literacy and
which may become a major threat to the ability of

the United States to "generate and incorporate technological
change in its

pruuction and utilization of goods and services." 197/

The NSF and Department of
Educrtion study has found that managerial posi

tions in both the government
and industries of the Soviet Union, and particularly

of Japan, are staffed by
individuals with engineering degrees. Furthermore, it

states that "over the past 15 years . . . , while [West] Germany and Japan con

tinued to stress science and
matheMatics for all their secondary students, and

-while U.S. secondary students not
intending to major in science and engineering

were-choosing.to take fewer science and mathematics courses, the countries' share

196/ Trimble, Jeff. Russia's New Challenge to U.S.--In the Classroom.

U.S. News and World Report, v. 89, July 28, 1980. p. 50.

197/ National Science Foundation and Dept. of Education. Science and

Engineering Education, p. 59.



of world trade in manufactured items. (excluding food and fuol) changed . . . ."'198/

Between 1963 and 1977, "productivity increased in the manufacturing industries

of . . . West Germany, Japan, and the U[nited) Skates] . . . by 114 percent,

197 percent, and 39 percent, respectively." 199/

Part II of this report examines the educational systems of these countries

in relation to student instruction in scientific and technological areas. Also,

the scientific and technical understanding and capabilities of the general

populations are examined. Notable, basic comparisons between the countrier,and

the United States in regard to this instruction are discussed.

198/ Ibid.

199/ Ibid.
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II. SCIENTIFIC AND TECHNICAL EDUCATION IN JAPAN

A. ELEMENTARY SCHOOL

The standard Japanese school
system is divided into four stages- -

elementary (6 years); junior high (3 years); -enie, high (3 years); and higher

education (4 years). Mndergartens are placed at the pre-school level for

pupils between the ages of 3 and 5 years, and moat are private institutions. 200/

Elementary school is entered at the age of 6 and is the first year of a 9-year

compulsory education system that ends at the age of 14. 201/ "All students- -

regardless of achievement,
retardation, or attendance records--are automatically

promoted each year. . . . [A]fter 6 years in elementary school, all students

graduate and are passed on to the junior high school." At the age of 14, the

student decides whether or not to continue on to senior high school and eventually

pursue a higher education.
As of 1972; 90 percent of Japan's 15-year-olds entered

senior high'school. 202/ ,

The majority of Japanese
elementary school. teachers are assigned to one

class on a particular grade
level and teach most subject

areas as in the United

States. The science and mathematics
curriculum per week for each grade consists of

200/ Statistical Handbook of Japan. Bureau of Statistics, Office of the

Prime Minister, Tokyo, 1978. p. 125.

201/ Anderson, Ronald S. Education in Japan: A Century of Modern Devel-

opment. U.S. Dept. of Health,
Education, and Welfare, Office of Education.

Washington, U.S. Govt. Print. Off., 1975. p. 111.

202/ rbid., p. 147.
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"7 to 9 houra'of social studies, 3 to 6 hours of arithmetic, (and] 2 to 4 hours

of science. .'. ." 203/ The number of hours per week spent in scierce and

mathemailms is significantly higher than in the United States, ae discussed in

part I, section II, above. Moreover, the Japanese school year is about 240 to 250

days rather than 180 days as in the United States.

1. Mathematics Instruction

Although a national achievement test of 5th and 6th grade students in Japan

revealed a decline in writing ability 204/, the learning of arithmetic was found

to be very successful. Teachers use the instruction technique of methodical drill

along with the new mathematics. 'It has been reported that mathematics 'plays an

important role in Japan's total culture, an,! that it is introduced to the child

at an early age, beginning with 3 hours per week in the first grade and progressing

to 6 hours per week from the 4th through the 6th grades. Arithmetic is believed

to be one of the most effectively taught elementary level courses in Japan.. 205/

In fact, one author says that it is commonly understood that those Japanese

who attend elementary . . . school in comfortable American suburbs will be a year

or two behind their grade level in mathematics . when they return to

Japan." 206/ Furthermore, "there is a general consensus that more subject matter

of greater difficulty should be taught at an earlier age. Therefore, with each

curriculum revision, the content is constantly being expanded and toughened." 207/

203/ ibid., p. 112. See appendix 2.

204/ Ibid., p. 117.

205/- Ibid., p: 119, 121.

206/ Vogel, Ezra F. Japan As Number OneC_Leasons for America. Cambridge,

Mass., Harvard University, 1979. p. 160.

207/ Education in Japan, p. 122.
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2. Science Instruction

One expert has started that Japan was
the first country in the world whera.

_elementary-level teachers stressed science as fun and interesting to students,

thereby instilling in them a positive attitude toward science.
208/ In spite of

this, similar problems have been
reported to exist in Japan as, in the United

States regarding the purposes of science education and the necessity of developing

a scientifically literate populace. 209/

Apparently most Japanese elementary
school teachers lack the ability and

experience to perform correct techniques
for scientific experiments and observa-

tidns necessary for teaching science. 210/ COnsequently, in- service training

in science is provided for
elementary teachers through science education centers.

The time spent for training by
taking in-service courses can range from a few

meetings to one-year programs.
Between 1962 and 1974, training was provided for

about 2,300 elementary teachers out
of a total of 28,000 at the Osaka Prefecture

science center, one of several such centers in Japan. 211/ Teachers who receive

the in-service
training are expected to become "lead teachers" in their schools

and assist other teachers with science instruction.

Although most individuals who teach
elementary science in Japan usually

are not specialists in this area, two, three, and four hours per week are spent

208/ Mentioned during a telephone
conversation on Apr. 14, 1982, by

Dr. K. Michael Troost of North
Carolina State University, who has extensively

studied pre-college science education in Japan.

209/ Thier, Herbert D. In-Service Training of Elementary School Teachers:

A United States-Japan Seminar. Science Education, v. 60, Oct./Dec. 1976.

p. 556.

210/. Ibid., p. 552.

2.11/ Ibid.

102
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on science instruction in Japanese elementary schools, which is slightly less

than the time spent on mathematics. 212/

B. JUNIOR HIGH SCHOOL

The 3 -year junior high or lower secondary school, as it is referred to

in Japan, consists of about 4.7 million 12-to-14-year-old youths enrolled 'in

nearly 11,000 schools at this level. Entrance examinations, that are required

at most upper level Japanese schools, are not necessary in order to enter

junior high schools, except for some "prestigioUs national and private

schools." 213/

The basic course program necessary for most students at this stage is

"33 to 34 hours per week, 6 per weekday and 4 on Saturday" of required and

elective subjects. baring the first 2 years, however, every student must take

30 hours of required subjects and only 4 hours of an elective.''An elective

,is usually a 3- or 4-hour English course which most students take, although

it is not required. 214/

Junior high, along with preparing college -bound students, also is designed

to allow "job-bound" students the opportunity to explore potential vocations.

Such students usually find the chance. to do so, during the third junior high

school year with 4 extra hours for an elective, aside from the 29 hours of required

courses. Actually, "required subjects comprise most of the studentS' program,

212/ See appendix 2 for a breakdown of instruction time spent on these

subjects.

213/ Education in Japan, p. 125.

214/ 1.1d., p.,127.
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and there is little choice." Compared with the U.S. counterpart, "there are more

requirements and fewer electives . .
but the program is somewhat less rigid

than it was in prewar Japan when there were no electives at all." 215/

1. Mathematics Instruction

All students in Japan must take mathematics in junior high school. "Every

one enrolls in the first 2 years of classes together, 4 hours a week. In the third

year the curriculum is generally divided into two streams; one for the college

bound or academically oriented students, and the other for the noncollegebound

students. The first group has a total of 5 hours petweek; the latter takes 3

hours per week." 216/ .

4 The International Project for the Evaluation of Education Achievement, a

study conducted by the United Nations.Educational,Scientific and Cultural

Organization (UNESCO), found that 13yearold Japanese groups of students "ranked

highest in mathematical achievement among those of 12 other countries, including

the United States, Australia, and several European countries." 217/ Seventysix

percent of the Japanese students scored,in the upper half of the scale.

AS previously mentioned, entrance examinations are required for all upper

level educational institutions in Japan.. These examinations, which usually

emphasize mathematics, are believed to significantly motivate students to master

the subject. In addition, because of pressure from family and peer groups to

pass the examinations, mathematics
is consideied to be a "very important subject

215/ Ibid., p. 128.

216/ Ibid., p. 130.

217/ Ibid.
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in terms of uucial need!' and career fulfillment." 218/ Credit for ,the Japanese

success in mathematics also is given to high teaching standards in the elementary

grades. 219/

Ezra F. Vogel found during his research that many times during elementary

and secondary school years, over half of all Japanese students attend "supple-

mentary schools fJukur which are basically designed to improve students'

chances of passing subsequent entrance examinations to a more desirable high

school or college. "Entrance examinations," he states, to high schools or

universities can be so competitive as to cause students to restrict their intel-

lectual breadth, eliminate extracurricular activities, neglect their social

development, and, in case of failure, become psychologically depressed." This

problem, he concludes, "shows deep failures in Japanese education." 220/

Japanese students study mathematics at a more rapid pace than their U.S.

counterparts. Geometry is taught in the 7th, 8th, and 9th grades, instead of

in the 10th grade as is usually the practice in the United States. Also,.

"trigonometric identities" are studied in the 9th grade rather than in the

11th grade as in the United States; and calculus generally is completed by

college-bound Japanese students in senior high school. 221/

In contrast to this seemingly impressive course structure, there has been

concern among some Japanese mathematicians regarding the 11,ptle time that

teachers spend on "lengthy explanations and theory." The teacher who is

considered to be "good" tries to prepare students for entrance examinations

218/

219/

220/

221/

Ibid., p. 130.

Ibid.
_

Vogel, Ezra F. Japan As Number One, p.

Ander'son, Ronald S. Education in Japan,

162.

p. 130-131.

C2
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by giving them information and methods needed to face the examination, thereby,

perhaps, sacrificing "free inquiry-centered learning methods.' 222/ Michael

W. Kirst has observed that "classroom teaching techniques in Japan reveal some

weaknesses that the U.S. may be able to avoid. A persistent Japanese teaching

strategy'is the use of imitation and rote learning- -methods considered outmoded

by most U.S. educators. . .
Japanese high school students rarely question

their teachers' viewpoints and are judged on standardized tests by their

memorization of facto and concepts." 223/

Ronald Anderson has discovered that "Japanese Mathematics teachers are

following closely the movements for modernizing mathematics education in

various parts of the world, particularly the new mathematics programs in the

United States." Furthermore, the Japan Society of Mathematics Education

(JSME) "assigned a curriculum study,group to work on experimental programs

and textbooks," and had as one of its themes at a JSME meeting, "improving

the teaching method so as to increase the children's creativity." 224/

The mathematica curriculum that was under revision during the 1970s was

aimed at "greater differentiation of junior high mathematics to allow for

the widely different abilities of individual students." 225/ ,

222/ Ibid., p.131.

223/ Kirst, Michael W. Japanese Educatldn: Its Implications for Economic

Competition in the 1980s. Phi Delta Kappan, v. 62, no. 10, June 1981. p. 707.

Teaching by using the method of rote learning is also a technique uses in

many U.S. schools. This method, therefore, probably is not unique to Japanese

schools.

224/ Ander-San, Ronald S. Education in Japan; p. 131.

225/ Ibid.

1
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2. Science Instruction

In the 1970s, the Japanese Ministry of Education continued the revision of

its science curriculum that began in the 19605 in order to "absorb the industrial

and scientific progress of the world and strengthen fits) poaltlon in world

trade." During the 1960s, science teaching was invigorated. Teacheru placed

emphauis on experiments and observation during the 4-hour-per-week science

courses required in grades nevtui through nine. Anderson reports, however, that

this was not eaou, ie to cover all the nubjects adequately. Laboratory work

and observations were neglected. Therefore, revisions were made in the 1970a by

adding more material to the curriculum, and making instruction more "flexible

to meet the individual differences of the students." In this manner, Japan

has tried to "keep pace with the rapid progress In science and technology." 226/

The Ministry of Education (Mombusho) is the national authority responsible

. for all, school education in Japan, and forms the nucleus of educational adminis-

tration. The Mombusho formulates standards for curricula, supports-and directly

controls certain national schools, such as national universities, junior

colleges, and technical colleges, in addition to some vocational high schools

and experimental laboratories attached to national universities. It provides

financial aid to local bdards of education and is responsible for national

museums, art galleries, the Japan Academy of Arts, as well as several research

institutes.

Science teaching in Japan is considered to be successful by.most independent

obsefgersEor example, a comparative study was made regarding the "geographic

concepts and images of the physical world" of Tokyo ninth graders with their

counterparts in Chicago, Illinois. Results showed that most of the Tokyo students,

226/ Ibid., . 131-132.
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who an A whole made n mean scorl. ol 7S, could read a topographical and,

In torn, locate Washington, D.C.
In contrast, about hall of the U.S. students

could rend A topographical map, and very few could identity Tokyo. 227/

Michael Kirst reports that, ironically,
Japan mikes extensive use of educational

materials that originated In the, United
States in both its science and mathe-

matics curricula, including new physics, chemistry, and biology materials that

were developed by the. National Science Foundation. Japanese scienee teachers

are kept up-to-date, unlike the typical case in the United States which, Eiritt

says, does very little In comparison. 228?

C. SENIOR HIGH SCHOOL

It /8 not compulsory in Japan for students to attend senior high school.

The majority of the Nation's 15-year-olds, however, attend and complete senior

high school. 229/ Students have the choice of attending three types of upper

secondary schools: 230/

- Comprehensive High School . . . provides two major choices for students.

. . (1) the general curriculum, which includes a college preparatory

course, and a terminal course - -the latter being a less demanding course

designed for those who intend seeking employment on graduation but ha"ve

not yet chosen a specific vocatian; and (2) the specialized'curriculum,

offering either vocational or nonvocational courses;

- Vocational High Schools'are generally considered low-prestige schools

that can recruit only youth of lower ability. [T]hey do command greater

esteem than the vocational stream of the comprehensive high school . . .

For boys without financial t,esources,
the vocational School is a godsend.

It is not a dumping ground for
lower ability youth, as it is in some

instances in the United States. The entrance examinations to some of

227/ Ibid., p. 132.

228/ Kirst, Michael W. Japanese Education, p. 707.

229/ Anderson, Ronald S. Education in Japan, p. 147.

230/ Ibid., p. 154-156.

I Od
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the good industrial schools are as difficult as those for good academic
schools . . . . [They are, however, terminal, wiliCh is considered a.
major shortcoming, and a'waste of potential scientific and technical
talent. Youth graduating from these schools are'not eligible to enter
the.university. Job opportunities for such individuals have been
reported as favorable]; and

- Technical Colleges (kosen) . . . [T]he first institutions of this
type were opened in 1962. . . . They are well equipped with the latest
machinery and technical apparatus. Junior high school graduates,
especially poor boys, are greatly attracted to these technical colleges,
because they provide a thorough vocational education. Industry has
quickly absorbed the graduates and paid them well. . . . But as with
the vocational high schools, they provide an absolutely terminal
education.

Pait-time programs also are offered to students during the day or evening.

A small percentage of senior high school students are enrolled in the part -time

program and the proportion has been decreasing in recent years. More students

from the working class and rural regions are able to attend full-time upper

secondary schools.

Part-time courses often are taught by the same faculty members as teach in

the full-time schools. Therefore, the course offerings are nearly equal in

quality to the full-time subjects. It has been reported, however, that "many

part-time schools imitate the full-time high school, preparing their students

for university entrance exams and neglecting the needs of working youth." 231/

Nevertheless, "among the Japanese, the part-time senior high tichool is widely

considered inferior to the full-time day school. The education it provides is

terminal for most of its students, but a few do aspire to attending a university

or junior college." 232/ Basically, graduates from these schools appear to be

discriminated against because "employers often bar [such] graduates from sitting

231/ Ibid, p. 157.

232/ Ibid.

19-177 0 - 83 - 8
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for the examination to enter their,firms." Consequently, these individuals have

to accept "lesser jobs in smaller companies." 233/

1. Mathematics Instruction

The basic goals of high School mathematics in Japan, including junior high

school, are to "develop more advanced
mathematical thinking, better problem

s'

solving ability, increased symbolic
thinking, understanding of axiomatic structure,

and the ability to use mathematics
in science, technology, and other studies." 234/

In order to achieve these
objectives, all high school freshmen (10th grade)

must take mathematics I, a 67hour course consisting of algebra and geometry,

probability, and fundamental analytic geometry.
In 1982, mathematics I require

ments are suppose4 tq be reduced to a 4hour course. 235/ The second year

'(11th grade), college preparatory
students continue with mathematics IIB, com

posed.of "advanced-algebra and
geometry, including vector mathematics, matrices

and determinants, and differentials
and integrals," taken 5 hours per week; the

third year (12th grade) such
students take mathematics III, 3 hours per week,

totaling 14 credit hours of "analytic geometry, differentials and their applica

tions, integrals and their applications, plus probability and statistics." 236/

Contrastingly, vocational students must take the freshman 6hour course, mathe °

matics I, and a 3hour applied
mathematics course, "a practical course as for

engineering," in their senior year (12th grade). 237/

233/ Ibid.

234/ Ibid., p. 168.

23S/ Outline of Education in Japan. Science and International Affairs

Bureau, Ministry of Education, Science and Culture, Japan, 1979. p. 20.

236/ Ibid., p. 167.

237/ Ibid. See appendix 3, table 4.



Since F973, over 100 senior high schools have offered a special com-

prehensive science and mathematics track for students who plan to majoi in

mathematics and science at the university. Such students are expected to take,

.following mathematics I, "a new course in advanced mathematics, combining

mathematics It (and III] for more than 12 hours" for over 18 hours of mathe-

matics during senior high school. To complete all of this during the 3-year

senior high school period, these students must substitute mathematics and

science courses in the hours usually set aside for electives. 238/

2. Science Instruction

For students in the academic track, a total of 15 hours of science is

required in physics, chemistry, biology, and earth science. 239/ For vocational

students, onlyonly two or more of these subjects are necessary. The teaching of

science and mathematick in Japan has been reported as geared toward teaching

the "upper ability groups." (This is reminiscent of a trend in science education

in U.S. secondary schools, noted above in section II.B of part I, which has been

criticized as being "elitist" in the United States.) Other students are often

bored, frustrated, and left behind. Teachers use the textbook extensively

because they Cover generally all material in university entrance examinations.

As previously mentioned, Japan's mathematics and science curricula make

extensive use of materials developed in the United States, specifically by

the NSF. 240/ Materials from one such program, the Physics Science Study

238/ Ibid., p. 168.

239/ Ibid., p. 164.

240/ Kirst, Michael W. Japanese Education, p. 707.
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Committee (PSSC), was imported by the Physics Education Society of Japan

which conducted seminars with participating U.S. specialists, and adapted

the PSSC laboratory equipment to Japanese needs. 241/ ,Similar uses have been

made of educational materials dealing with chemistry, biology, and geology or

earth sciences, to help upgrade Japanese upper secondary level sci nce

instruction.

The Japanese Government generously supports science education, according

to Anderson. 242/ The Science Education Promotion Law was enacted ine.1953

to improve science education in the elementary and secondary schools. Basic

science equipment at the senior high school level cost $18,000 per school

at the time of the writing of the Anderson report, and additional Government

subsidies were expected to ensure more equipment. 243/ Science Education

Centers are also financed by the Government, along with assistance for re

search by professional associations on science education, and numerous scholar

ships to_senior high school and university science students. 244/

D. PREUNIVERSITY EDUCATION IN JAPAN, IN GENERAL

Programs in mathematics and science, as discussed above,,seem to be quite

rigorous in Japan. Japanese youth, according to Anderson, like some of their

counterparts in other parts of the world, are "currently suffering from

241/ Anderson, Ronald S. Education in Japan, p. 165.

.242/ Ibid., p. 166.

243/.-In the United States; funds for purchasing badic science equipment

are provided through the budget ,of local school districts'. 'Therefore, the amount

of funding for such equipment would vary across the Nation. 'This information

was.received through a telephone conversation with a spokesman at the National

Association of Secondary School Principals on May 14, 1982.

244/ Anderson, Ronald S. Education in'Japan, p. 166.
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alienation, disillubionment, and boredom." Instead of alleviating some of

the strain which such a curriculum would seem to impose on...Japanese students,

however, the "educational,authorittes are making it more structured, with

tougher content. . . ." To help students cope with these pressures, counseling

appears to be indicated, but very few high schools have professional counselors.

A survey team for the Organization for Economic Cooperation and Development

(OECD) suggested that Japanese students' personalities need to be developed

"through a more flexible and less pressured scheme of education, with more

free time, more curricular freedom, more diversity in extra - curricular activities,

and more cooperation among pupils. The OECD report stated that the school system

overemphasized "discipline, competition, and imitation, and [did] not giv[e]

sufficient attention to,cooperation and creativity.-" 245/

In December 1976, the Japanese Curriculum Council made recommendations

to the Minister of Education for improving the curricula in all eduCational

school levels prio-r to higher education, that would help pupils and students

fully master the carefully selected educational contents in all the stages of

elementary, lower secondary and upper secondary schools, so as to make school

life freer and more enjoyable without lowering educational standards. 246/

Accordingly, the Ministry of Education revised the "Course ofStudy" in

elementary and lower secondary schools in July 1977, and in upper secondary

schools in August 1978, and made statutory arrangements for implementation. 247/

New textbooks have been'comPiled in compliance with the changes. Transi-

,ions were to'be made in elementary schools beginning in 1980 and in lower

245/ Ibid., p. 178.

246/ Outline of Education in Japan, p. 5

247/ Ibid.

'113
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secondary schools in 1981.
Improvements are scheduled to be made at the

upper secondary school level in
1982 following similar changes on the ele-

mentary and lower secondary-school levels. The improvements are to be based

on the following general policies:

- To pay regard to the
independent initiative of each school, thus

enabling it to build'up thl school with its own characteristics;

- To aim for the education adapted to individuality and ability of

each student;

To enable students to lead a freer and more enjoyable, school life

without lowering educational standards; and

- To have students comprehend and appreciate the pleasure of the

working life and lay emphasis on moral and physical education. 248/

E. UNIVERSITY-LEVEL SCIENTIFIC AND ENGINEERING INSTRUCTION

1: Higher Education Institutions

There are three types of institutions .of higher education in Japan--

universities, junior colleges, and technical colleges. 249/

- The university, admitting upper
secondary school graduates or

those having the similar scholastic
ability, is an institution

of higher education, where .the
wide academic knowledge is imparted

to students and specialized arts and sciences are profoundly

taught and studied. Instituted in the.university are the

specified types of faculties
where%-year courses are provided

as a principle (in the medical and dentistry course, however,

6-year courses are provided);

248/ Ibid
.,,

p. 0-51.

249/ Technica --colleges, as briefly
discussed in section II.C. above,

have the goal of assisting junior high school graduates "acquire the vocational

ability through profound study of specialized arts and sciences." The period

of study extends over 5 years coveting industrial-related courses,
and.5 and 1/2

years in "mercantile marine-related" subjects.
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- The junior college is an institution . . aimed mainly at having
students . . . study . . . specialized arts and sciences and
foster the ability essential to their professional or actual life.
ToWard this goal, it prOvides upper secondary. school graduates or
those having the similar scholastic ability with 2- to 3-years education
in various specialized fields. . . . [Vjaried types of courses are
instituted; and 0

- -The technical college . . .,unlike the university and junior-college,
. . ..is aimed at having lower secondary school graduates acquire the
vocational ability through profound study of specialized arts and
sciences. . . . In technical colleges, such courses are instituted as
the machine engineering course, electric engineering course; industrial
chemistry course, civil engineering course, and navigation-course. 250/

The Japanese-have actively,promoted the education of scientists and

engineers, although the education has been criticized in some quarters for

being too theoretical and general. According to Kirst, in the 19808, the

Japanese educational system is much better equipped thah its U.S. counter-

part to produce workers with high levels'of skill in math, science, and

engineering that the economy of the future will require."',251/

Engineering is reported to be more popular than,pure science and is the

largest subject area within higher education. 252/ This may be one of the

reasons that Japan bestows 20 percent of all bachelor's and aboUt 40 percent

of all master's degrees to engineers, figures that have been reported as

stable for the past 10 years. 253/ In comparison, about 5 percent of all

degrees awarded at each degree level in the United States are in engineering. 254/

250/ Outline of Education in Japan, p. 4.

251/ Kirst, Michael W. Japanese Education, p. 707.

252/ Engineering Our Future. Report of the Committee of Inquiry into the
Engineering Profession. Sir Montague Finniston, Chairman. London, Her Majesty's
Stationery Office, Jan. 1980. p.. 209. This study is referred to as the Finniston
Report and will be so called in this report.

253/ Naitonal Science Foundation and Dept. of_Education. Science and
Engineering Education, p. 59;

254/ Ibid.
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The "engineering
course" in Japan usually

lasts 4 years. A general educa-

tion is provided in
the first 2 years.

Although suth courses as tiumanities'and

foreign languages are
included, 3 years arm permeated with engineering science.

The objective of the final 2 years is to increase
students' knowledge of one

special engineering subject
area, so that a specific engineering

discipline is

studied in some depth. 255/ In the last year,
students usually'work on a

project that is aimed at helping the student apply the acquired knowledge that

has been learned. Some criticism, however,
attributed to Japanese industry, is

that "courses [are] too
basic and [do] not provide

enough detailed knowledge

which [can] be put to use directly [when] the graduate enter[s] industry." 256/

In response, the
universities have contended that "they provide

graduated with a

firm foundation on which they [can] build for maximum flexibility and responsive-

ness to changing
technology in the future." In general, however, employers

expect "iheir graduate
recruits to have a sound basic technical knowledge and a

certain breadth of perspective; commercial
ability, leadership and specialist

skills were generally seen as being the.
responAbility of the employer to

develop through training and structured experience." 257/

2. Graduate School

According to the report,
Outline of Education in Japan,

. . .
[T]he graduate school may

be attached to the
university to enable

faculty. - graduates to
make further more

profound study of the academic

theories and their applications. In the graduate school,
two-tier courses

are instituted, one the master's course
(two-year course) and the other

the doctor's course
(five-year course as a rule, except in the medical

and dentistry courses
where six-year courses are provided). . 258/

255/ Engineering Our Future, p. 210.

256/. Ibid.

257/ Ibid.

258/ Outline of Education in
Japan, p. 4.
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It has been reported, however, that "Japanese society does not sufficiently

reward those who elect to go on for an advanced degree;.instead, industry tends;

to snap up graduates as fast as they win their.bachelor's." 259/ This

situation is similar to the current one in the United States involving

bachelor's engineering degree recipients, as discussed in section III.0 of

part I of this report. In fact, the advanced degree program in Japan generally

parallels the program in the United States. Students are awarded a master's

degree after an additional 2 years of study beyond'the bachelor's, which

includes 30 credit0ours and research leading to a thesis. In Japan, however,

only the field of specialization is emphasized and little study is done in

related areas. 260/ Despite the fact that there seems to be a relatively low

number of students in Japan interested in pursuing advanced degrees, "there

is keen competition among institutions, to eatablish advanced programs,

probably because graduate schools bring status to the university." 261/

4In engineering, differences in the numbers of bachelor's degrees compared

with total graduate degrees awarded in Japan in 1980 may reflect this situation- -

73,468 bachelor's degrees, 7,792 total graduate degrees. In spite of the fact

that the United States awards more college and university-level degrees than

Japan because of its larger population, Japan "graduates more engineers from

undergraduate college programs than the U.S." 262/ In 1980, Japan conferred

more engineering degrees in absolute numbers than did the United States, a 9.8

percent difference.. See table 6 on the following page.

Education in Japan, p. 203.

Japanese Education, p. 707..

259/

260/

261/

262/

Anderson, Ronald S.

Ibid.,"p. 202-203.

Ibid., p. 204.

Kirst, Michael W.
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TABLE 6. 198Q Engineering Degrees Awarded in the United States and Japan

Associate Bach. Master's Doctor's Percent of

Degree Degree Degree Degree Total Total Population

U.S. a/ no equivalent 68,893 16,243 2,507 87,643 0.038

Japan b/ 15,012 73,468 7,135 657 96,272 0.082

a/ Data received from the National Center for Education Statistics.

b/ Data received through a telephone conversation with a spokesman at

the American Society of Engineering Education (ASEE) on April 28, 1982.

The science attache at the Japanese Embassy stated, during a telephone conver-

sation, that there is no Associate Degree level in Japanese universities.

According to a spokesman at the ASEE, the 15,012 figure, listed under "Associate

Degree", represents pre-bachelor's
degrees or certificates in engineering, as

explained in a letter from the Japatiese Society of Engineering Education.

Various engineering courses are offered to students attending technical colleges

in Japan, which are for lower secondary school graduates who want to acquire

vocational abilities. This data may represent such graduates. See page 95, for

information about the technical colleges.

F. THE SCIENTIFIC COMPETENCE OF THE JAPANESE PEOPLE

The Japanese reading public is considered so sophisticated that it can be as-

sumed that the "typical reader of the
three major dailies [in Tokyo] is better in-

formed about international affairs than
the typical reader of America's east coast

elite dailies." 263/ Also, "news commentators on Japanese national commercial

television," he.states, "can assume that the audience has sufficient scientific

understanding to use various chemical formulas when discussing pollution, nuclear

plants, or other scientific questions." 264/

263/ Vogel, Ezra P. Japan As Number One, p. 158.

264/ Ibid.

118
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Some significant differences between the general education in Japan and in

the United States which may account for the high scientific competence of the

Japanese population are: 265/

- [T]he Japanese_attend school about one-third more than Americans, for
240 days a year compared to 180 days a year in America;

- [A]ttendance rates in primary and junior high school are much higher

in Japan;

- By the late 1970s over 90 percent of both Japanese girls and boys were
completing high school, compared to approximately 80 percent of all

American youth;

- Virtually all Japanese who enter a school complete it. In 1975, for
example, 97 percent of those entering high school completed it, compared

with 79 percent in America;

- [In.1975,] [a]lthough approximately 35 to 40 percent of collegeraged .

youth were attending a university both in the United States and Japan,
because of sizable numbers of American drop-outs, Japanese more often
complete' their training;

- Almost 40 percent of Japanese males 'in their mid-twenties have completed

four-year colleges compared to about 20 percent of Americans.(although
the American figure rises to abn6t 30 percent by the late twenties);

- Very few Japanese attend graduate school. However, the desire for

higher education in Japan is greater than enrollment figures suggest,
for university openings are still not adequate to meet the demand.--
In America virtually any high school graduate _can-find'i-college or
university to attend, but in Japan there are roughly three openings 1;'

for four applicants;-and

- [A]fter [Japanese] students have completed their schooling, an extraordi-

narily high number continue taking a variety of correspondence courses
and special study programs in their place of work, whether or not
they are required to do so by their company. A very high percentage

of the Japanese continue to read serious books and to master new bodies
of knowledge. [Likewise, a large number of Americans also probably
continue to acquire postgraduate knowledge through similar means. The

percentage of the total U.S. population who do so, however, is not known.]

265/ Ibid., p. 160-162.
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III. SCIENTIFIC AND TECHNICAL EDUCATION IN THE SOVIET UNION

A. GENERAL EDUCATION IN THE SOVIET UNION

In 1966, e Central Committee of the Communist Party of the Soviet Union

issued a resolution that responded to the demands of the "scientific and tech-

nological.revolution" that was underway for a technically prepared labor force

with a more extensive educational background and higher level of literacy. To

accomplish this goal, the U.S.S.R.*Academy of Sciences, and the U.S.S.R. Academy

of PedagogicOl Sciences, "the highest scient,fic and institutions

in the Soviet Union," launched a reform in general education. 266/ Several

Scholars and educators established objectives to be ochieved,-redesigned curri-

f=1-.4

cula, and wrote textbooks and manuals for students and teachers.

General education in the Soviet Union is "designed to channel students

into the work force at an early age with a background in science and mathSmatics

sufficient to permit them to funCtion produbtively in a changing high-technology

economy." 267/ Accordingly, a national form of education was created with official

curricula and examination policies. 2e8/

266/ Wirszup, Izaak. The Soviet Challenge. Educational Leadership, v.

38, Feb. 1981. p. 358.

267/ Ailes, Catherine P., and Francis W. Rushing. The Science Races

Training and Utilization of Scientists and Engineers, U.S. and U.S.S.R. Stra-

tegic Studies Center. SRI International. New York, Crane, Ruasak and Co.,

Inc., 1982. p. 13.

268/ Ibid.
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B. ELEMENTARY AND SECONDARY SCHOOL

Elementary and secondary education are compulsory in the Soviet Union from

ages six through 16, and students spend about 240 days per year in school. The

structure of the school system consists of the pri:Lary or elementary level,

grades 1-4; incomplete secondary level, grades 5-8; and general secondary level,

grades 9-10. Specialization begins during the postsecondary level in "the

specialized secondary school and in the extensive network ofvocationaltech

nical schools." 269/

Mathematics and science insttuition are emphasized and introduced at early

ages and rade levels--mathematics, introduced in grade one; biology, grade five;

physics, grade six; and chemistry, grade seven. 270/ When students have reached

the end of the eighth grade, they have already acquired "eight years of exposure

to mathematics, three years to physics, and two years to chemistry . . . ."

Those students continuing on to the two years of general secondary education will

maintain the "mathematics/scienceofiented program." 271/ Soviet elementary

level teachers of grades one through three are said to have received rigorous

training in mathematics ("five years of algebra,, ten years of geometry, and

calculus.") Teachers of grades four and above have mathematical backgrounds

269/ Ibid., p. 18.

270/ Ibid.

271/ On Mathematics in the U.S.S.R.: A Conversation With Izaak Wirszup.

Educational Leadership, v. 38, Feb. 1981. p.362.

2
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equal to that acquired through a
master's degree program in any U.S. univer-

sity. 272/

It Is very difficult to compare the educational accomplishments of countries

as basicallY different.as the
United States and"the Soviet Union, according to

Dr. Wirszup. In spite of this observation, however, he has made the following

comparisons:

- In the United States',.. . . about 75 percent graduate from high

school [after. completing a 12-year curriculum];

- [U.S. students have] an average [of] eight or nine years of arithmetic,

one year of algebra, one year of geometry (at most), and fa) lack of

high school level physics, chemistry, biology, and astronomy '273/

In contrast, 98 percent of the Soviet.school-age population completes secondary

school. Upon such completion, totaling ten years of,schooling; students have

received;

- Three years of arithmetic (grades oae-three);

- Two years of arith. :ic combined with algebra (grades four-five);

- Five years of a' 'Ira (grades six-ten);

- Ten years of r alr (five of intuitive geometry in grades one-fI4e;

three of sea. ..cis plane geometry in grades six-eight; two of

semi-rigorous -tometry in grades nine-ten); and

- Two years of cz. ull grades nine-ten; in the future calculus may be

taught in grade Len 774/

272/ Ibid., p. 16.

273/ Ibid., p. 359-360.

274/ Ibid., p. 360.



109

Additionally, the general Soviet education nlso includes:

Five years of physics;

Your years of chemistry;

One year of astronomy;

Five and one half years of biology;

Five years of geography;

Three years of mechanical drawing; and

Ten years of workshop training. 275/

Aside from the achievements of the Soviet education, which exposes all 'nu

r.

dents,' not just elite students, to the mathematics and science oriented program,'

Dr. Wirszup mentions some problems with the Soviet's educational system. It has

become overburdened with its mathematics program combined. with "demanding science

courses." The system 'has produced overworked students, many teachers with almost

impnectical hardships, and displeased parents. It has aggravated notable dif
'

ferences between rural and metropolitan cultural levels and educational standards,

and also between the western Soviet Union and the eastern (Asian) republics, at

a time when authorities were priding themselves on narrowing these gaps." 276/

C. POSTSECONDARY EDUCATION

Following the completion of the eighth grade, Soviet students h96 four

options in continuing their.educations--(l) "continue general secondary education

275/ Wirszup, Izaak. The Soviet Challenge, p. 360.

276/ Ibid.
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for another two years [ninth and tenth grades) to prepare for the entrance

examinations for higher educational
institutions"; (2) " . . . enter the

spdcialized secondary institutions
which provide the student with the final

two years of secondary
education plus two to three additional years in

specialized postsecondary
instruction.", (3) "[enter) vocationaltechnical

education (which focuses) on the training of skilled manpower"; and (4) "stu

dents, particularly those whose
academic performances has not been up to

standards on who for a variety
of reasons elect not to pursue the other options`

(for.inatance, youth in rural sections of the U.S.S.R.) [can] enter directly

into'the labor force as unskilled workers." 277/

In the past, general secondary
education was usually the route Soviet stu

dents sought to enter higher education'.
Since 1965, however, the numberof

general secondary education
graduates wHo actually enter highereducation insti

tutions has declined from
63.7 percent to 26.2 percent in 1976. 278/ Students,

it has been found, have been
going either to specialized secondary schools,

. 'vocational
technical schools, or waiting

forothet: opportunities to take entrance

examinations to higher education
institutions while neither in school nor in

the labor force. "279/ This latter,option,has been criticized by Soviet'authori

ties and educational
specialists who have "attempted to make alternative educa

tional options'ateractive."
280/

27i/ Ailes, Catherine F., and Francis W. Rushing. The Science Race, p. 22-23.

278/. Ibid., p. 23.

279/ Ibid.

280/ Ibid.



D. SPECIALIZED SECONDARY SCHOOLS

In the Soviet Union, the specialized secondary schools are designed to

"prepare the student as a technician in one of a number of specialties which

will permit him to be employed within the pertinent sector of the'economy." 281/

The specialized secondary school is the primary source of technicians trained

to work under the direction of university graduates, usually scientists and

engineers, to assist in performing some of the tasks that would be normally

done by scientists and engineers. The demand for technical'- trained personnel

has grown recently because of the increasing technological r,olirements of the

Soviet economy. 282/

Dr. Wirszup reports that "over 1,200,600 students graduate annually from

.secondary specialized schools for middle -level professionals, over two-thirds

in engineering, ag4culture, and management." 283/ By supporting specialized

secondary schools, the Soviets can be assured of an ample supply of technicians

"to fulfill the changing needs of the economy as expediently as possible." 284/

Technical training is provided for both' eighth and tenth grade graduates

of general secondary schools, in full- and part-time programs. Eighth grade

281/ Ibid., p. 25.

282/ Ibid., p. 26.

283/ Wirszup, Izaak. The Soviet Challenge, p. 358.

284/ Ailes, Catherine, P., and Francis W. Rushing. The Science Race,
P- 27.
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graduates enter a four -year program and receive "technical-applied training,"

while tenth grade graduates
receive training in

technical skills in a one -

and- one -half to
two-and-one-half year program.

Students may select from a list

of over 450 differerit specialties. In recent years,
economics has been the

specialty with the largest
enrollment and graduation

growth rate, while the

numbers enrolling and graduating in engineering specialties
has remained con-

stant. 285/

Regardless of the specialty,
students spend at least three to five months

completing "on -site" industrial
training, followed by exaMinations"upon their

return to school.
Subsequently, the student is

required to workvon a "diploma

/ project," similar to a thesis,
for completion of the program, usually done

"while working at an industrial
enterprise of the type in which the student

will be placed upon graduation."
After this is accomplished, the student re-

turns once again to
the school he or she is attending in order to complete the

"diploma project," and defend it before the State Qualifying Commission. 286/

E UNIVERSITY-LEVEL SCIENTIFIC AND TECHNICAL PREPARATION

a

A recent atudy by U.S.
researchers has determined that ". . all higher.

education programs in the Soviet Union are professionally oriented, involving .

a degree of
specialization even greater than that in the functionally-oriented

courses of study in
professional schools in the United States.". 287/ The term

285/ Ibid.
--;

286/ Ibid., p. 29.

287/ Ibid., p. 41.



113

"specialty" indicates a student's field of study that is chosen when applying

for admission to a Soviet higher educational institution. Once admitted, stu

dents then follow a "rigidly defined program of study preparing them for a

profesaional occupation in that specialty." Out of about 360 specialties

offered in Soviet universities, which are combined in 22 ecialty groups,

over 200 are in engineeringindustrial fields. 288/ so, among the 22

specialty groups is a category called "university sped. ties" which includes

physics, mathematics, biology, and others, along with the social sciences

and humanities. These fields are very similar t e aken in the United

States. 289/

Soviet higher educational institutions have been criticized as being very

narrow In Specialized training, and therefore "highly susceptible to obsolescence

and (havel_fdr this reason been tae subject of frequent controversy among Soviet

education epeclalists." 290/ In July 1979a decree regarding higher education was

issued by the Ministry of Higher and Specialized Secondary Education declaring

"the 'need for more flexible curricula and greater emphasis on general theoretical

background in the training of 'broadspectrum specialists'" who would have a

wider range of knowledge. Notwithstanding, higher education in the Soviet Union

has remained basically the same since the 1960e. 291/

288/ Ibid.

289/ Ibid., p. 44.

'290/ Ibid., p. 43.

291/ Ibid., p. 43. The Soviet Ministry of Higher and Specialized Secondary
Education supervises the educational process in the U.S.S.R., whicI.includea
curricula,` textbooks, teaching procedures, as well as other aspects of secondary
and higher education.

12?
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There are two types of higher
educational organizations in the Soviet

Union--universities and institutes.
Universities essentially offer programs

in the natural and social
sciences, but also include others in various fields.

Institutes generally emphasize a
particular "are. of related specialties

specifically oriented toward a given sector of the economy, agriculture, or

medicine." In addition to these
establishments, there is a special instruction

program provided for the training of technological
engineers' called a "factory

higher technical education
school," where students are taught at large indus-

trial firms. 292/ Training in the institutes is not
considered to be as

"qualitatively superior" as that received in the universities.
The number of

university graduates, however, is relatively small in comparison.

Students who successfialy complete academic'requirements at higher, educa-

tional schools receive a
diploma instead of an academic degree as in'the United

States. .293/ Researchers have found that "about 80 percent of those admitted

to higher
educational establishments in the Soviet Union complete their under-

graduate education and receive a diploma."
Comparatively, only about 55 percent

of such students in the United States receive bachelor's .degrees. 294/ Academic

degrees are awarded in the Soviet Union only to students who have completed

postgraduate work beyond the
essentAal studies required in higher educational

programs. 295/

292/ Ibid.

293/ Ibid., p. 44.

Ibid., p. 50

295/ Ibid.
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The following is a breakdown of the requirements in the basic academic

program of higher education necessary in order to receive a diploma in the

Soviet Union.

- Academic programs generally contain from AO to 50 different
courses or subjects which the student must complete. These
subjects are organized into cycles: socioeconomic, general
scientific, and specialized. In the higher educational
institutes in the engineering-induatrial branch, a general
engineering cycle is included in-addition to the other three
cycles;

General theoretical disciplines, including mathematics,
physics, and,chemistry, are covered during the first threo
to three-and-one-half years of the higher educational pro-
gram. Following the first phase of higher education, more
intensive,,study directed toward the narrow field of speciali-
zation is undertaken . . . During the latter years-of,the
academic program, students are allowed some choice in the
selection of courses; and

- During the last half-year of the higher educational program,
students prepare for state examinations or for defense of
a diploma project . . before the state-examination board.
In the technical higher educational institutions, diploma
projects are more common than state examinations. 296/

Upon graduation, students are not free to pursue whatever occupations they

may desire. After receiving,a diploma, "students are assigned to jobs at enter -

prises or institutes where they are required to work for three years. Some

students with particularly good undergraduate records are allowed to take

entrance examinations for graduate study after two years of work." Furthermore,

"during the first year at the enterprise or institute, new graduates of higher

educational institutions undergo a traineeship,,or probationary period, in

order to gain practical and organizational skills in their specialties." 297/

296/ Ibid., p. 55-56.

297/ Ibid., p. 56.
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A comparison of the number of bachelor's degrees
awarded in the United

States with diplomas conferred in the Soviet Union, by Major field of study from

1960to 1979, indicates that, for all fields combined,
there were almost 30 per-

cent more graduations from undergraduate programs
in the United States than in

the Soviet Union. Within the science and
engineering fields, the United States

graduated about twice as many
specialists in the physical and life sciences

and mathematics as did the Soviet Union . .
In engineering alone, the

Jr

Soviet Union graduated almost six times thenumber of specialists graduated

in the United States . .
Largely because of the great number of engineering

graduates, in the science and
engineering fields combined, the Soviet Union

graduated about twice as many specialists as did the United States (8.6 per-

cent of the
22/23-year-old population as opposed to 4.3 percent.)" 298/

F. GRADUATE STUDY

Advanced degrees inboth the United States and the Soviet Union are awarded

to individuals who
complete educational training

beyond higher education. Ad-

vanced degrees offered in the Soviet Union are
referred to as the Candidate of

Science and the Doctor of Science degrees rather than the Master's and the

Doctor of Philosophy degrees as is common in the United States.

In the Soviet Union, there is no degree identical to the U.S. Master's

degree. The Soviet Candidate of
Science degree is awarded to a student upon

completion of an "agreed" course
of study and after a dissertation has been

298/ 65 and appendix 4,
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written and defended. At the same time, "there are exceptions . . . to both the

course of study and the dissertation requirement. A large number of students

earn the degree by passing examinations andWriting and defending a dissertation

without ever having been enrolled in a formal program of courses, and the de

gree is occasionally awarded for the accomplishment of outstanding research

work to individuals who have neither taken examinations nor defended a dieser

tation." 299/ Therefore, in comparison with U.S. degrees, the Candidate of

Science degree roughly resembles the U.S, doctoral degree, "but at perhaps a

slightly lowerlevel of preparation."

The Soviet Doctor of Science degree does not compare with any advanced

degree in the United States. It is basically an honorary degree, in which

school attendance is not required, that is awarded to "senior research personnel"

for outstanding scientific achievement. 300/

C. EXTENT CiFTHE SCIENTIFIC SKILL OF THE SOVIET POPULATION

2:The scientific competence of the general Soviet population may not compare

faxgrably with that of the United States. The average number of years of edu

caticin completed by the general U.S.S.R. population has increased from "5.9

years in 1960 to 8.7 years in 1977, and is projected to rise to9.9 years by

1985." 301/ In the United States, 15.4 percent of the total pop9Ation had

299/ bid., p. 71.

300/ Ibid.

301/ Ibid., p. 14. See appendix 5.
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completed four or more years of. college, compared with 6.7 percent of the total

population of the Soviet Union that had attained an equivalent level (i.e.,

completed about five years of higher education). 302/ The distribution of the

Soviet population at the higher, levels of education," however, is far more

heavily skewed toward the scientific and technical fields than is that of the

United States. and can be expected to continue into the future." 303/

On the other hand, a magazine correspondent in Moscow has announced that,

'There is little support here [in Moscow] for the contention that

content and scope of science and mathematics curricula place the

Soviets far ahead of the U.S. in these fields.

Western, sources agree that at the end of ten years of school a

Soviet Student probably is further along in math and science

than American high school graduates. But perhaps only one in

four goes on to a university or institute. One specialist.says

'U.S. high schools over all may be weaker:in science and math than

the Soviet's, -but American universities are unquestionably stronger. 304/

It also has been reported that "education experts in the U.S. agree that

. .

the raw figures may present a somewhat misleading picture. They point out that

rural schools and those in smaller cities
far from-the mainstream of Moscow are

slow to receive new instructional materials and to adopt innovations.' Addi-

tionally, "what the Russians have in their country," Thane Gustafson, a- Soviet

specialist at the Rand Corporation is reported as saying, "isn't far from the

one-room schoolhouse of yesteryear." 305/ Notwithstanding, the NSF and

302/ Ibid., p. 16.

303/ Ibid.

304/ Trimble, Jeff. Russia's New Challenge to U.S., p. 50.

305/ Ibid.



119

Department of Education's study states that "though the problem arena in the

educationand employment of Soviet scientists and engineers appear to be many

[they report that there is extensive underemployment of the science and engi

neering workforce in the Soviet Union), their potential capacity to compete .

internationally should not be underrated. There are many signs that the in

efficiencies are being recognized and the Soviets' general acceptance of the

legitimacy of science and engineering pursuits provides a context in which

quality may well improve very rapidly." 306/

Dr. Wirszup has stated that the Soviet Union has made a large investment

in manpower, the general population has achieved signifil'ant educational accomp

lishments, and the country has acquired a superb science and technology manpower

pool that will affect extensively its technical, industrial, and military

power. 307/

306/ National SCience Foundation and Dept. of Education. Science
and Engineering Education, p. 60.

307/ Trimble, Jeff. Russia's New Challenge to the U.S., p. 50.

13
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IV. SCIENTIFIC AND ENGINEERING EDUCATION IN WEST GERMANY

A. GENERAL EDUCATICN IN WEST GERMANY

The Federal Republic of Germany in composed of ten states (Lander) and

West Berlin. In the states; compulsory'education lasts nine years, between

the ages of six and 15 years. In West Berlin, students must attend school for

ten years ending at the age of 16. 308/ Students spend about 185 days per year

in school. Fallowing compulsory'education, students attend vocational school

part-time, between six and 12 hours per week, or continue on to secondary

school.

The West German school system'has been termed as being a "vertical" system

in that the lower- and upper-secondary
school levels Include many kinds of

schobls that are not "organizationally
connected with one another and that re-

late to each other rarely or in a very limited manner." 309/

Parents and children have to make educational decisions early in life that

usually cannot be reversed. A general requirement is that parents and children

decide what'secondaryschuol the child will attend after only four years of

schooling at'the elementary level (in Bremen and West Berlin, elementary schools

last for six years). Recently, however, the Standing Committee on Ministers of

Education and Cultural Affairs, a committee within the Ministry of Education

308/ von Dohnayni, Klaus. Education and Youth Employment in the Federal

Republic of Germany. Berkeley, California, Carnegie Council on Policy Studies

in Higher Education, 1978. p. 17.

309/ Ibid., p. 20.
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which is the highest educational authority in each state that is reuponsible for

the administration of the school systems, eutablished the Orientierungentufe or

orientation level. Created for grades 5 and 6, it was designed to prepare and

guide students in their selection of a school for further secondary education in

' the general education schools- -the Hauptochule, Realschule, and the Gymnasium. 310/

Because of the incluoion of the orientation lev'el, the ability of otudento to

transfer 211/ from one educational track to another has greatly improved, and

decisions regarding.schooliis beyond the elementary level hnve been extended

to the 7th grade.

The orientation level aloo can be organized au a separate stage of school

independent from the others. This arrangement has been effective in Bremen

since 1'977. Under this system, secondary school begins with the 7th grade. 312/

For oecondary school, students may choose to attend--(1) the basic school

(Hauptschule) which lends only to opportunities at the age of 15 to work as an

"unskilled ldborer," or by way of an apprenticeship, in a "skilled trade," in

"practical vocations." "Certificates" are not given after one finiehen basic

school and students must seek employment without one. Graduates from basic

schools do not generally have access to continuing schools (Realechulen or

310/ The Educational System in the Federal Republic of Germany. Prepared
by the Secretariat of the Standing Conference of Ministers of Education of the
States of the Federal Republic of Germany in Cooperation with the Federal Minis-
try for Education and Science and the Conference of West German University
Rectors. New York, College Entrance Examination Board, 1979. p. 1.

311/ See appendix 7.

312/ The Educational System in the Federal Republic of Germany, p. 1.
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Gymnaaien), but "every tenth graduate nttenda a fulltime vocational odhool";

(2) Realochule, "a modern secondary or intermedinte echool," which awards

graduates an intermediate degree (mittluru Rolfe), in a second choice. Graduates

have the opportunity of attending nn upper technical achool (Fachobernchule) or

a technical high school
(Fachhochschule), that provide chances for a more eminent

career, but usually not for an academic career; and

(3) The Gymnasium which usually leads to the "matriculation examination

(Abitur),"..he university, and then to an academic or professional career. 313/

Studdats may attend all public educational institutiona
free of charge.

Necesearyachaol snpplies,are furnished without charge or freely loaned to them.

Financial aasiatance is provided for students beginning with the 11th grade

with insufficient funds when such assistance may become necessary under certain

conditions in both general and vocational secondary schools and in instltntione

of higher education. 314/

B. SECONDARY SCIENTIFIC AND TECHNICAL EDUCATION

The general secondary school education
in West Germany seems to be eo com

plete that students who specialize in such diverse areas ae clasalcut mathematics,

or modern languages may pursue a degree in engineering at the higher educational

level, and thus compete with students who have a more technical background. 315/

313/ Ibid., p. 21722.

314/ Ibid., p. 2-3.

315/ Engineering Our Future, p. 219.

.

(J
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There is a standard curricul.--1 in West German schools that stresses science.

and mathematics for all students through the tenth grade. Once a student has

reached'the tenth grade and has maintained adequate grades (B, B +), the student

may continue through the upper secondary schools grades 11 to 13. 316/ Approxi

mately 75 percent of graduates from the upper secondary schools go on to uni

versities. Also, about onethird of these graduates'seek degrees in science,'

engineering, or mathematics. .317/

C, ENGINEERING EDUCATION

Individuals entering the field of engineering in West Germany uspallycom

plete the academic program of secondary school And continue into higher education.
o

Some persons, however, who have worked as apprentices in industry may decide to

reenter fulltime education through attending special schools and eventually

take engineering degree courses. In essence, one can become an engineer in West

Germany not only through the academic route, bOt also by an "employment based

route." 318/

Through the, academic route, which is the "traditional . system," there

are two different kinds of engineers that can be produced--the Ing. grad.

(Ingenieur Graduierper, or graduated engineer), who studies in.a threetofour

316/ National Science Foundation and Dept: of Education.
Engineering Education, p. 59.

317/ Ibid., p. 60.

318/ Engineering Our Future, p. 219,

Science and
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year program at a Fachhochschule, and the Dipl. Ing. (Diplom Ingenieur, or an

engineer with a diploma), who Could be refer'red to as a technician. 319/

The student seeking the Ing. grad. award usually has worked for a period

of time in industry after attending a lower secondary school, and then pro-

gressed to full -time study in a technical high school (Fachhochschule). In

the technical, high school, a three- or four-year course program is taken that

basically prepares the student to work as a "mainstream engineer." Immediately

following graduation, or after a few 'years' experience, many "graduated engineers"!

begin immediately to take courses leading toward the Dipl. Ing. award, "al-

though the career prospects and revarde for Ing. Grads. are good enough to keep.

the majority in this stream." 320/

Students pursuing the Dipl. Ing. basically are required to complete a

program that lasts-five to six years and sometimes longer at a Technische Uni-

versitat or a Technische Hochschole 'here advanced training in "engineering

theory end applications" is acquired. ,During the first three years of study,

which is basically' composed of engineering
science courses, the student is re-

quired to work in industry for at least six months. The next two years em-

phasize professional engineering practice in particular engineering fields.

Instruction relies heavily "upon the close integration between those institu-

tion& and industry and on the substantial industrial experience (required by

319/ Ibid. Also discussed with a spokesman during a telephone conversation

on Feb. 12, 1981 in the Office of Science and Technology at the embassy.of the

Federal Republic of Germany. A technician inyest'Germany, the spokesman in-

formed CRS, is not equivalent to one in the United States, but is more advanced.

320/ Ibid., p. 220. _
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.

law) of engineering professors."' 321/ During the final two years, developing,

. aggregate skills is stressed along with the balancing of knowledge and tech

niques in order "to,equip the student for work. in any of the process engineering

industries either in a specialized capacity or as an allrounder." 322/

Technical education and training in West Germany is thorougH anduses quality

staff and equipment. 323/ In recent years, however, this system of educating,

engineers has experienced considerable changes. Since the middle 19606, the

number of students seeking a higher education his increased from 240,000 to

9300,00 in 1979 -80. As a result, there has been a decline in students pursuing

the Ing. grad. award, and an increase in those seeking the Dipl. Ing. The reason

that students have begun to opt for the higher award is "for status reasons and

because it is .a more secure ticket to the better engineering jobs." Aside from

this, many Ing. grads. have not entered employment as junior engineers upon

graduation. Insteaci, a large number have chosen to stay in school and study'

toward another degree--in economics, or business, for example--or improve their

qualifications and meet requirements i1t order to.receive the Dipl. Ing. award.

The utter choice has been popular among engineers "entering the public sector

where academic qualifications are important, in salary and career terms." 324/

As a consequence, this switch in the supply of engineers has caused a

shortage of individuals...with "practical skills associated with the Ing. Grad."

321/ Ibid.

322/ Ibid.

323/ Ibid.

324/ Ibid., p. 221.
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for West German industry. Various prOposals are, being considered to counteract

this situation. "The new planning framework," the
Finniston report states,

"prOvides a potentially 'powerful means of ensuring that engineering education

keeps in step with industry's requirements." 325/

The most current data available
reveals that, ih 1980, a total of 22,400

!degrees were awarded in engineering in West Germany. 326/

D. SCIENTIFIC AND TECHNICAL ABILITIES OF WEST GERMANS

The National Science Foundation
and Department of Education report has

concluded that "the overall picture in
[West] Germany is one of a very high

level of science and mathematics
literacy among college graduates as well as

a strong science/mathematics
understanding among the general population. This

provides them with the basic tools to continue their education (German,law

guarantees. that all people
are entitled to a free education to as high a level

as they desire) at a latter point in their careers, as many choose to do." 327/

325/ Ibid., p. 222.

326/ Received through a telephone
conversation on Apr. 28, 1982 with a

spokesman at the American Society of Engineering Education.

327/ National Science Foundation and Dept. of Education. Science and

Engineering Education, p. 60.
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V. RECAPITULATION AND BASIC COMPARISONS: JAPAN, THE SOVIET UNION,
AND WEST GERMANY

Japan, the Soviet Union, and West Germany reportedly emphasize science

and mathematics intheir educational systems and introduce these subjects

at earlier ages and grade levels. In fact, it was reported that West Germany

provides such a well-rounded secondary education that students specializing

in such diverse subjects as modern langUages or the classics in high, school

could pursue an engineering degree at the higher education level. In Japan

and the Soviet Union, students maintain a mathematics/science-oriented program

from the first grade through'the completion of upper secondary education.

All students are exposed to this program, not just the elite students.

In comparison, in the United States, "over 56 percent of the [U.S.]

school systems require-no mathematics course or only one for graduation

from the secondary school program. Changing patterns for courses in secondary

schools in the United States do seem to reveal, however, more and better

mathematics training for some students,. especially advanced college-bound

students; these students generally complete a calculus course and perhaps

a course in probability', and statistics." Surveyors discovered that, for most

students, "the, general level of education in the United States seems to

provide at least some training in general mathematics, geometry, and algebra

(basic and advanced)." 328/ The NSF and Department of Education study con-

cluded, however', "that one-half of 11 high school graduates take no'mathemeties

328/ Ailes, Catherine P., andiFrancis W. Rtishing. The Science Race,
p. 20.
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of science beyond the 10th grade and only one-half of the students entering

college have had any significant exposure to physical science or advanced

mathematics beyond the 10th grade." 329/

The structure of the educational systems
of each country discussed are

quite different:

-- Japanese teaching methods emphasize the use of imitation and rote learn-

ing, which the majority of U.S. educators consider outmoded;

-- Japanese students rarely question their teachers' viewpoints and are

judged on standardized tests by their,joemorization of facts and concepts;

-- Many U.S. educators encourage
class discussions, allowing students to

present their views, thereby presenting an opportunity for students to increase

their creativity;

-- General education in the Soviet Union is designed to direct students

toward the work force at an early age;

-- In the United States, in many cases, emphasis in general pre-college

education is designed to lead
students to pursue and complete higher education

before entering'the job market;

The Soviet Ministry of Higher and Specialized Education has declared a

need for a more flexible curricula
because Soviet education seems to be very

narrow in specialized training.
This flexible curricula would place a greater

emphasis on training and provide a general academic background, that would allow

a wider range of knowledge to be acquired;

In general, U.S. higher education institutions have flexible curricula

that tend to provide students with general academic backgrounds; and

-- Persons labeled as "engineers" in one country may be referred to as

"technicians" in another. .

329/ National Science Foundation and Dept. of Education. Science and

Engineering Education, p. 47.
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In spite of these and other differences, sone Other comparisons can be

made with the number of degrees awarded by each country in the engineering

field as well as in some scientific areas. 330/

Data (see appendix 9, table .11) show that, for 1976, the United States

had the largest number of graduates in all fields of academic study, followed

by the Soviet Union, Japan, and West Germany. The Soviet Union, however, had,

in total and relative to all graduates, the largest numbet,of graduates in

science and engineering, with the United States second in absolute number and

last relatively. Japan was third in the number of science and - engineering,

graduates, but second in the number of engineering graduates per se.

Data for 1979, (as shown in table 9, in appendix B) available only for

phe United States and the Soviet Union, indicate that the United States con-.

tinues to surpass the Soviet Union in the total number of graduates for all

fields. The Soviet Union, hoWeyer, continues to graduate more than twice

/the number in science and engineering than does the United States, and

almost fiVe times as many engineering students. In the physical, life

science, and mathematics areas, the United States continues to award almost

twice as many degrees as 'does the Soviet Union, but lags behind in the

agricultdral sciences. The Soviets graduate over two times,phg number. of

U.S. graduates in this latter field.

The data in table 10 in appendix 8 also reveal that the Soviet Union

has the largest total number of engineering graduates.,,plus the largest

percentage of engineering graduates relative to its total population,

,330/ The data 'showing the.number of engineering graduates in table ll
(column 5) differ slightly from those of 'table 10 (column 5) for 1976,
but.ate consistent enough for the broad conclusions suggested here.

I.

1,1j
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while Japan ratka second, the United-States third, and West Germany fourth,

in, mth categories. 331/

While the general populace of the United States has been characterized

''its heading "toward virtual scientific and technological illiteracy," 332/

the general populaces of Japan, the Soviet Union, and West Geimany are

believed to have a strong level of understanding of science and mathema

tics. "The key question, of course, is whether it matters that a laige

part of our population is uncomprehending'Of science'and technology,"

ststes Daniel S. Greenberg, editor and publisher of the Washington Science

and Government Report.
"After all," he continues, "it is possible to use

modern machinery without having the remotest notion of how it works; the

ubiquitous handheld electronic calculator is a case in point The

American political and
administrative tradition," he points out; "holds

that the nontechnical generalist
leader can get by with the assistance

of highly skilled advisers; also
that engineering management can make up

for lack of trained skills on the factory floor." 333/

Concern regarding the technical literacy of the U.S. population re

lates not only-.to industrial strength, but to military capabilities as well.

Dr. Izaak Wirszup has been-quoted as warning that "the,Soviet Union's tre

e

mendous investment in human resources,
unprecedented achievements in the

education of the general population and immense manpower pool in'ecience

331/ See appendix 8 and 9a.

. 332/ U.S. Report Fears Most Americans Will Become Scientific Illiterates.

The New York Times, Oct. 23, 1980. p. A22. It should be taken into con

siderstion, however, that there are many U.S. schools with advanced and

special science and mathematics education tracks for bright students.

.333/ Greenberg, Daniel S. Germany and Japan Outproduces Us From

Classroom On. Chicago Tribune, June 25, 1980. p. 8.
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and technology will have an immeasurable impact on that country's scientific,

industrial and military strength." 334/.

The NSF and Department of Education report concluded that:

For all of these countries [Japan, the Soviet Union, and West
Germany), it is difficult to separate the effects of government
policy, market factors, and social pressures,: What is clear
is that in cach case there is a strong national commitment to
quality science and mathematics'instruction.as an essential

,part of the precollege educational The result is
a work force which, at all levels, has a ellitively high degree
of science and mathematics skill, and this-has been a factor
in the very rapid expansion of technical inOetties. 335/

334/ Trimble, Jeff. Russia's New Challenge to U.S., p. 50.4

335/ National Science Foundation and Dept. Of Education. Science and
Engineering Education, p. 60.

1,45
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PART III: POTENTIAL DIRECTIONS, FOR SCIENCE AND ENGINEERING MANPOWER
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I. FUTURE DEMAND FOR TECHNICAL. MANPOWER IN THE UNITED STATES

The United States Bureau of Labor Statistics (BLS) developed two sets of

projections of the demand for scientists and engineers at all degree levels in

1990 for the NSF and Department of Education study.. These projections are

based on assumptions regarding economic conditions and Federal policy goals

during the 1980s. The first projection (referred to as the baseline assumption)

assumes that there will be a decrease in unemployment to 4.5 percent by

1990 and a yearly "increase in labor productivity to 2.4 percent by 1985-.

1990 above the current rate." Based on these and other assumptions, the

BLS made the following predictions concerning the demand for scientists

and engineers in 1990: 336/

-- . . . [T]he employment of scientists and engineers in
science and engineering occupations and at all degree
levels will grow by about 40 percent between 1978 and
1990;

-- This growth would.create about 180,000 new jobs in the
mathematical, physical, life and social sciences, about
480,000 new jobs in the computer professions, and 250,000
w engineering jobs during the twelve-year period [1978-

. . [T]he most rapid growth, about'110 percent, is
projected for computer professions;,

-7 Eaploymen of all engineers combined is projected to grow
by less the 25 percent, with the most rapid expansion
for mining almost 50 percent) and petroleum engineers
(40 percents;

336/ National Science Foundation and Dept. of Education. Science and
Engineering Education, p. 27.



134

-- Estimated' growth:in all other major subfields [in

engineering] ranges"between 19 an4 28 percent; 337/

-- Among the sciences
[occupational) growth is put at 40

percent for psycholngists,.geologists, statisticians,

and economists;

-- Occupations with
projected slow growth include atmos-

pheric scientists,.Pilysicaliind-Wit-roneders-,--and--
mathematicians, all of which are proj -.ed at ten

percent or less. 338/

. The chart' below shows BLS
1990 projections for job openings in the computer

science field compared with 1978. The BLS predicts that in 1990, there will

be 400,000 job openings for systems analysts, 500,000,for,programmers,

850,000 for computer operators,
and 160,000 for computer service technicians.

Compared with the 1978 demand, this is a'119.7 percent increase in demand for-

systemsanalysts, 102.4 percent increase for programmers, 116.2 percent in

crease for computer operators, and a 153.9 percent increase for computer

.service technicians. 339/

337/ Many computer professionals,
the NSF and Department of Education

report points out, receive their degiees from. electrical engineering depart-

ments. Therefore, if demand for this
particular group of computer profes-

sionals were combined with the demand for electrical engineering, employment

in the electrical engineering
field probably would grow at a faster,rate.

338/ National Science Foundation and Dept. of Education. Science and En-

gineering Education, p. 27.

339/ 'Scientific, Engineering,
Technical Manpower Comments, v. 18,

no. 2, Mar. 1981. p. 5. Percentages were computed by CRS from the BLS

projection data.
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CHART 2. 340/

OPENINGS IN COMPUTER SPECIALTIES

INANOWIlless n NOISY 1111./INMI.

The second set of BLS. projections were based on three Federal policy

goals--(1) "a sharply augmented defense budget"; (2) "large -scale deielop-

menu of synthetic fuels"; and (3) "a balanced Federal budget." The effects

that each policy goal would have on.the demand for scientists and engineers

will be discussed separately below. ,

(1) A sharply Augmented Defense Budget. Under this assumption, be-

tween 1978 and 1990, defense spending, excluding payment of military personnel,

would increase by 14 percent or $6 billion in 1972 dollars. Under the assump-

tion that defense expenditures would grow more rapidly and increase by 43

percent, or $18 billion in 1972 dollars, the'prejected employment of

scientists and engineers would only be slightly affected except for aero-

nautical engineers. Under this condition, the demand for aeronautical engi-

neers, over the twelve-year-period, would increase by about 40 peLent; 341/

340/ Ibid.

341/ National Science Foundation and Dept. of Education. Science and

Engineering Education, p. 27.
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(2) 'LargeScale Development of Synthetic Fuels. To determine the

impact'of this assumption onrthe
occupational.demand for scientists and

engineers in 1990, the BLS consulted with the Department of Energy; Subse

quently, it created a theoretical
prograi that called for the "construction

and operation' of new facilities .for coal liquefaction and gasification and

)
oil shale Aevelopment." This hypothetical program would produce about three

quadrillion BTUs. This would be "about three percent of the total energy

supply, including imports, projected by BLS to be available in 1990, and

equivalent to 1.4 million barrels of oil per dar(MHBPD)." Based upon such

a synthetic fuels program, the
BLS suggests that there would be only a small

impact upon science and engineering
employment in 1990 that would not change

the market assessment made under the first set of prOjections. 342/ Under

the impact of a larger synthetic fuels program, the BLS "assumed that existing

technology would be used in production
facilities installed over the next

ten years." Additional employment, therefore, would be for the building and

operating ,of new plants, requiring
only limited numbers of scientists and

engineers; 343/ and

(3) A Balanced Federal Budget. With the assumption that the Federal

Budget'would be balanced by 1983 and continue to be so through 1990, the

BLS predicts that this would have "no major effect upon projected 1990

science. and engineering employment,
since the assumed changes in fiscal

policy would affect the economy as a whole and have relatiyely little

342/ Ibid., p. 28.

343/' Ibid.

tr's
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effect on those industries with high concentrations of scientists and

engineers." 344/

The demand for science and engineering graduates between 1978 and 1990,

the "report states, was determined from 1990 employment estimates. This demand

would be for "trained but inexperienced workers to replace experienced personnel

who would die or retire and to fill the new'jobs created i the twelveyear

period." Under both sets of BLS projections of the demand, "about 360,000 scien
n,

tistsand over one million computer professionals and engineers,of'a.tpts1 of '

about 1.4 millionientista and engineers would be needed to filkotrowhrand

replacement demand (excluding openings in academia.") 345/

344/ Ibid.

345/ Ibid.

c

q
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II. FUTURE SUPPLY OF U.S. TECHNICAL MANPOWER

Projections in the NSF and Department if Education study indicate that,

by 1990, the supply of scientists and engineers should be adequate to meet

the demand in all fields except the computer professions,. statistics, and in

dustrial engineering. 346/ Also, there is a possibility of shortages in some

areas of aeronautical engineering if there is a rapid expansion of defense

prograis. 347/

Table 12 in appendix 10 gives the report's overall projections for the

science and engineering market in 1990. The report states that these projec

tions may be optimistic because they are based on the assumption tfidt colleges

and universities will have the necessary capabilities to educate all qualifie6

undergraduate and graduate.level students who will be seeking various science

and engineering degrees. ,348/ Skeptics, however, suggest that this assumption

may be unfounded, especially for
engineering colleges because of "rising under

graduate enrollments, falling levels of Ph.D. production, and faculty shortages

[which] indicate that these colleges may not be able to train all qualified

applicants." 349/ "In this case," the study concludes, "there would be fewer

engineers available in 1990 than the projections indicate, possibly resulting

346/ Ibid., p. 26.

347/ Obid.

348/ Ibid., p. 27.

349/ Ibid. The Scientific Manpower Commission has found that the'number of

Ph.D. degrees awarded in engineering has continuously declined since 1972, and.

"averages below 200 per year in computer sciences." Scientific, Engineering,

Technical Manpower Comments, v. 19,.ho. 1, Jan./Feb. 1982. p. 1.

1 5 u
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in continuing tight markets 350/ in most specialities and, perhaps, serious

personnel shortages in a few of them." 351/ The NCES findings corroborate

this conclusion. It projects that, by 1985, engineering degrees will increase

to 73,400 before declining to about 65,100 in 1990. 352/ The NCES chart below

shows that there will be significant decreases in the number of bachelor's

engineering degrees awarded in all fields by 1990, except in environmental,

mining, and nuclear engineering where the data show no change in degree reci

pients. 353/ "The decline in 1990 reflects demographic changes," it was re

ported, with "decreases in the collegeage population which is expected to

impact at that time." This decline, it is stated further, "should result in

degree outcomes that are lower than the 1985 projections for total engi

neering." 354/ On the other hand, in the arehand, a of computer science, NCES

data show that bachelor's degrees will probably increase by 58 percent be

tween 1979 and 1987. 355/ "Any increase," notes the Scientific Manpower

Commission however, will intensify "a faculty shortage already in evidence,

350/ "Tight market" indicates that employers might have difficulties in
finding qualified individuals to fill existing job openings.

351/ National Science Foundation and Dept. of Education. Science
and Engineering Education, p. 27.

352/ Scientific, Engineering, Technical Manpower Comments, v. 18, no. 3,
Apr. 1981. p. 1.

353/ Ibid.

354/ Ibid.

355/ Ibid., v. 18, no. 2, March 1981. p. 5.
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at least for the short term." 357/ Chart 5 below shows the projections for

bachelor's degrees in computer science:
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356/ Ibid., v. 18, no. 3, Apr. 1981. p. 1.

357/ Ibid., v. 18, no. 2, March 1981. p. 5.

358/ Ibid.
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'N

One of the pitfalls of these, projections, appears to be that the BLS,

NCES, and NSF do not address, to a large extent, the future supply/demand

situation that may exist in various scientific and engineering aubfields where

future discontinuity between supply and demand is expected. The shortages

that may occur in aeronautical engineering if defense programs quickly expand

also may be true in other eubfields if certain changes, which these projections

do not take into account, take place. '359/

359/ Discussed during a telephone conversation with an NSF'spokesman on
Feb. 22; 1982.
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Ill. REVIEW OF THE POSSIBLE SITUATION

The following table,`,, prepared by the BLS and the National Center for

Education_Statistics, compres estimates of employment openings by occupation

(the BLS contribution) with LACES
predictions of the supply of bachelor's and

master's degree graduates from
I978,through 1990 in each scientific and engi

neering field. The SCES projects, that, between
1978 and 1990, there will be

\ TABLE 7. 360/

Comparison of Projected'Job Openings with Projected

Degrees in Science and Engineering 1978-1990
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about 3.4 million graduates receiving bachelor's degrees in science a engi-

fleecing, and 630,000 science and engineering master's degree recipientso. 361/

The comparisons indicate that there are likely to be large shortages

of people'with bachelor's and master's degrees in the computer professions

and statistics. Large numbers of individuals, however, with mathematical

training may be attracted to these fields, the NSF and Department of Educa-

tion report predicts, thus probably decreasing the projected shortage. 362/

A pitfall in these, projections, seems to be that the number of degrees

awarded in engineering, especially bachelor's degrees, do not always refleCt

the number of individuals who actually enter the engineering field as an occu-

pation. This -aspedt-was not considared in the projections. Therefore, there

may be fewer numbers of engineering or scientific degreed persons vivailabli

for employment than the projections indicate. 363/

In engineering. fields, as mentioned previously, industrial engineering

may have fewer graduates than available job openings; and the fields of

aeronautical engineering may experience a small deficit in 1990 if the

defense program is accelerated. Nuclear engineering, according to the De-

partment of Energy, may have future shortages, because several universities

are eliminating nuclear engineering departments and more are planning to

do so. This projection shows disagreement with NCES data 364/ Which indicate

that there will be no change in the number of nuclear engineering bachelor's.

degree recipients by 1990.

361/ Ibid., p. 26.

362/ Ibid., p. 28.

363/ Discussed during a telephone conversation with an NSF spokesman on
Feb. 22, 1982.

364/ Mentioned on p. 139 of this report.

19 -177 0 - 83 - 11
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A study, sponsored by the Department of Agriculture concerning current

and future supply and demand in occupations that may require agricultural or

natural resources training other than agricultural science, has found that,

in 1985, "there may be shortages of workers with training in several job

categories such as agricultural engineering and food and agricultural chemis-

try." 365/ In general, the report concludes that for the overall engineering

labor market in 1990, employers may have greats difficulties in locating

qualified individuals to fill existing job openings than are indicated by

the numbers in the table. 366/

Statistical predictions of overall
engineering manpower trends prepared

by Lieutenant Colonel Jim Graham of the U.S. Air Force shows that, between

1981 and 1990, there will be 731,000 job openings for 617,000 available en-

gineeringgreduates, indicating a 114,000 personnel shortage in all engineering

disciplines. 367/

365/ Ibid. ,

366/ Ibid.

367/ .Graham, Jim, LTC. The Engineering Shortage--A National-Problem.

Long Range Planning. Washington, U.S. Air Force.
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IV. PREDICTIONS OF THE FUTURE SUPPLY OF SCIENTISTS AND

ENGINEERS IN THE SOVIET UNION

Projections of the future supply of
scientists and engineers in the three

major countries previously discussed were
located Only for the Soviet Union.

Forecasts of the supply of and demand for scientists and engineers in the

Soviet Union play a vital role in current
and future plans for the Soviet

economy. Consequently, an annual plan, five-year plan, and future plans,

basically 10-, 15-, or 20 -year projections, are designed by Soviet fore-

casters. 369/ If any differences are found in the estimates of manpower

needs and availability, they must
be remedied through "training and redirec-

tion of manpower flows."
Any shortcomings in methods of planning and pre-

diction may affect significantly the operation
of the Soviet. economy. 370/

A recent U.S. study reported
projected graduations in science and engi-

nbering In the Soviet Union for the 1980 and 1990 period. 371/ Two estimates

were made--high (variant A) and low (variant 8)--of the total number of

possible diplomas that may be awarded In all fields, in science and engi-

neering generally, in the physical, life sciences and mathematics, in

engineering as a separate entity, and in agriculture. Over the period of

1975 and 1979, the rate of the total
number of graduates seemed to be

stabilizing as compared with high rates of increases in graduates during

369/ Ailes, Catherine P., and Francis W. Rushing. The Science Race,

p. 177.

370/ Ibid.

371/ Ibid., p. 187-190. See table 13, in appendix 11.
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the 1960s and early 1970s. Therefore, the rate of graduate growth experienced

during the 1975 to 1979 time frame was applied for the 1980 to 1990 projections,

which Variant A represents. "Variant B uses the average percentage of the 23-

year-old population graduated in each broad field in the 1975 to 1979 period,

applied to population projections for 1980 to 1990." Variant A 372/ shows

gradual increases in the total number of graduates, under the assumption that

"the Soviet leadership will increase the percentage of graduations of the 23-

Year-old population from the average rate of 16.6 percent in the 1975 co 1979

period to 24.3 percent in 1990, of gradqations in the physical and life sciences,

and mathematics from 1.0 percent to 1.6 percent, and graduations in engineering

from 6.4 to 10.0 percent of the 23-year-old population." ...91"37.7;7"--.antB shows

a decline in graduations beginning in 1984 which'probably "reflects the prospects

for the decline in this age group of the population in the Soviet Union in the

1980s." 374/ The actual number of graduates from 1980 and 1990, according

to Ailes and Rushing, probably will fall between the two Variant A and B en-

timatea. 375/

Predictions for Candidate and Doctor of Science degrees appear to be more

difficult because of the differences in the ways in which the two degrees are

P

372/ See table '5, in appendix 4.

373/ Liles, Catherine P., and Francis W. Rushing. The cience Race,
187.

374/ Ibid. See table 13, in appendix 11.

375/ Ibid.

15 t)
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awarded. Projections, however, have been made by the Soviet Defense Intelli

gence Agency (DIA) for the "benchmark years" 1979, 1985, and 1990. 376/ The

Candidate of Science degrees are predicted to remain relatively constant after

declining from the 1979 level of 27,800 total degrees in all fields, to 26,300

and 26,400 in 1985 and 1990, respectively. Total Candidate of Science degrees

awarded in science and engineering in 1979 were 20,800, and are forecasted to

drop to 19,700 in 1985 and remain stationary in 1990. Such degrees conferred

in physical, life sciences, and
mathematics totaled 7,800 in 1979, and are

predicted to decrease to 7,400 in 1985 and 1990, jointly. In 1979, total

Candidate of Science degrees awarded in
engineering were 11,500, but Will

probably decline to 10,800 In 1985 and 10,900 in 1990. 377/

Doctor of Science degrees, which normally take an average of about

ten years to be awarded, in view of the fact that they are conferred for

outstanding scientific achievement, are
predicted to increase from the 1979

level in both 1985 and 1990.
Subsequently, they are expected to decline. 378/

Alice and Rushing, however, concluded that these data indicate that

"demographic problems (i.e., a decline in the 23yearold population group

in the 1980s) in the Soviet Union may
force a reduction in the number of

graduates at the higher education and
Candidate levels la the 19800 and at

the Doctorate level in the 1990s." The tIchniques used in making the pro,

jedtions, however, "do not account for the possibility that Soviet planners

376/ See table 14, in appendix 12

377/ See table 14, in appendix 12.

378/ Mies, Catherine P., and Francis W. Rushing. The Science Race,

p. 189. See table 14, in appendix 12.
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may increase the level of enrollment in formal aspirant training in response

to demographic constraints and as a result, produce a greater number of

Candidates and Doctors of Science than the data would indicate." In addition,

"there is a possibility that Soviet planners may increase the percentage en-

rollment in the science and engineering fields in response to declining aver-

all enrollment patterns." 379/

379/ Ibid.
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V. RECAPITULATION: POTENTIAL, DIRECTIONS FOR SCIENCE AND

ENGINEERING MANPOWER

-- The Bureau of Labor Statistics reports that the employment of U.S. scien-

tists and engineers in science and engineering occupations, aad in all such college-

degree Levels, will increase by 40 percent between 1978 and 1999;

-- About 180,000 new U.S. jobs will be created in the mathematical sciences,

physical, life and social sciences, about 480,000 In the computer professions,

and 250,000 in engineering between 1978 and 1990, the ULS predicts;

-- The ULS surmises that the most rapid growth in U.S. demand will be for

the computer professions, about 100 percent;

-- A total of about 1.4 million U.S. scientists and engineers will be needed

in 1990 to fill growth and replacement demand, according to the'BLS;

-- By 1985, the number of U.S. engineering degrees awarded will increase to

73,400, before declining to about 65,100 in 1990, the National Center for

Education Statistics concludes;

- - The NCES states that there will be significant decreases in the number

of engineering U.S. bachelor's degrees awarded in all fields by 1990, except

in environmental, mining, and nuclear engineering where the data show no

change in the number of degree recipients;

- - The SMC has found that the number of Ph.D. degree awarded in engi-

neering has continuously declined since 1972, and "averages below 200 per

year in computer sciences in the United States";

NCES data show that U.S. Bachelor's degrees in computer science prob-

ably will increase by 58 percent between 1979 and 1987;
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-- Statistical prOjections of overall engineering manpower trends, pre-
1

paxed by Lt. Col. Jim Graham of the U.S. Air Force, show that between 1981

and 1990, there will be 731,000 job openings for 617,000 available engineerfng.

'graduptes, indicating a 114,000 personnel shortage in all engineering disci-
.

plines;

-- Predictions of supply and demand for scientists and engineers in the

Soviet Union play an important role in current and fulure plans for the Soviet

economy. As a result, 10-, 15-, and/or 20-year projections of manpower needs

are designed. If any discrepancies are detected in manpower needs and avail-

ability, they muSt be remedied through 'training and redirection of manpower

flows according to SRI International;
4

-- SRI International researchers state that the Soviet, leadership will

increase the percentage of graduation in the physical and life sciences and

mathematics from 1.0 percent in 1975 to 1979 period to 1.6 percent in
.

1990, and'engineering graduations from 6.4 percent to 10.0 percent of the

23-year-old population;

- - The Soviet's total Candidate of Science degrees awarded in science

and engineering in 1979 were 20,800. This figure is predicted to drop to

19,700 in 1985 and remain stationary in 1990;

- - The Soviet's Candidate of Science degrees conferred in the physical,

life sciences, and mathematics totaled 7,800 in 1979,. and are projected to

decline to 7,4007both in 1985 and 1990;

-- In 1979, total Soviet Candidate of Science degrees awarded in en-

gineering were 11,500, but are anticipated to decline to 10,800 in 1985,

"and 10,900 in 1990; and

c>

6,J
, , .
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-- Soviet Doctor of
Science degrees, which take an average'of about ten

years to be conferred because they are given for outstanding scientific achieve-\

ment, are predicted to increase in 1985 and 1990, from the 1979 level.

0



153

0

TART IV: THE SUPPLY OF DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS

160



154

I. INTRODUCTION'

This report thus far has focused on science and engineering education-as

it relates to the supply and demand of scientists and engineers in the academic

sector, as well as the industrial sector of the United States economy. Certain

aspects concerning this issue in Japran, the Soviet Union, and West Germany also.

have been reviewed.

The supply and detand of scientists and engineers also play a role in the

area of"defense. Between 25 and 35 percent of the total employed scientists

and engineers in the country are supported by defense work. 380/

The demand for engineers in private industry, however, has increased

engineer salaries to such a level that the military cannot compete, and

therefore is experiencing problems in recruiting new engineering college

graduates, as well as, retaining experieneed engineers. 381/

t An expert has warned-that "the growing gap between the scientific training

of Americans and their Soviet counterparts . . . poses a grave threat to

America's economic and military security." 382/ According to a recent Congres

sional Research Service (CRS) report,

It has been a longstanding tenet of U.S. defense policy to

counter Soviet military superiority in numbers of men and

equipment with technologically superior weapons and supporting

systems. U.S. ships, planes, and tanks have become increasingly

'' 380/ Gensler, Jac Shortages of Scientists and Engineers. Unpublished

statistical report. T e Analytic Sciences Corporation (TASC). 19 p.

381/ Katonak, M jor Thomas T., USAF. The Ingineer Shortage: An Analysis.

Executive Summary. eport No. 1365-81, p.

I
i .

382/ Glockner, David. Wirszup: U Sf cience Education Lagging. The

Chic aroon,Ap 7, 1981. p. 1.

1Ud
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more sophisticated and reliant on high technology . . . [T]here is a
general concern, [however,] that whatever edge the U.S. and its all es
have enjoyed may be evaporating. 383/

The impact of the perceived shortages of scientists and. engineers on

the Department'of Defense (DOD) has been reported to cause: "decreased military

preparedness, increased 'cost of weapons (design), reduced productivity (pro-

duction), and diminished innovativeness." 384/
.

In a study analyzing the engineering shortage as it relates to the military,:

particularly the U.S. Air Force, Major Thomas T. Katonak observes that society

has become so complex that research and development (R&D) permeates human exis-

tence. The status of nations is estimated by the level of technological achieve-

ment and, in essence, scientists and, engineers have become national assets.

Therefore, it appears that a country "can develop economically and militarily

defend itself only to the extent that it can exercise its R&D resources."

Furthermore, the effective-use of R&D 'provides the competitive edge whether'

the issue is balance of power or balance of trade." The R&D aspects of the

Nation's "military-industrial complex," he states, is of utmost interest and

importance. In addition, this complex not only invents, develops and maintains

all the weapon systems that make up our military machine but also, makes a sig-

nificant contribution to our gross national product by virtue of the'many

systems exported to other countries and the vast number of people employed by

government contractors and their subcontractors." It is obvious from this ex-

planation of the R&D process, he says, that 'scientific and engineering manpower

383/ U.S. Library of Congress. Congressional Research Service. Engi
neering Manpower: A Survey of the National Problem and the Problem in the
Department of Defense. By Paul Zinsmeister. Washington, 1981. p. 2.

384/ Cansler, Jack. Shortages of Engineers and Scientists.
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141, relatively, "responsible for the fundamental wellbeing of the United States."

Also, "this process functions well only when adequate resources exist." 385/

Because of these and other concerns, the supply of scientists and engineers

in the DOD also is discussed in this report.

:=

385/ Katonak, Major Thomas T. The Engineer Shortage.
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II. THE EFFECTS OF THE SCIENCE AND ENGINEERING MANPOWER
SUPPLY ON THE DEPARTMENT OF DEFENSE

A. MILITARY

The United States Air Force seems to be the branch of the service most'

concerned with engineering manpower personnel. 386/. "This does not mean that

only the Air Force has problems in filling engineer requirements; it probably

is more indicative of differences in personnel management concepts and priori

ties among the services." 387/ In response to a CRS inquiry, the Army reported

that it is experiencing shortages in scientific and engineering fields, but

the "gravity of the problem is not as acute as the Air Force or the Navy."

The Navy, in answering a similar CRS request, did not evaluate its current

or possible future engineering personnel. This branch of the service, CRS

was told, has been focusing its priorities on "meeting its officers require

ments in other specialties." For example, the Navy is involved extensively

in solving shortages of nuclear qualified 'officers. 388/

During the t%oday October 1981 hearings of the House Committee on

Science and Technology regarding engineering manpower concerns, General ,

,Robert T. Harsh: Commander of the Air Force Systems Command (AFSC) at

Andrews Air Force Base, stated that, because of higher starting salaries

386/ U.S. Library of Congress. Congressional Research Service. Engi
neeringManpower, p, 12.

387/ Ibid., p. 13.

388/ Ibid.

i 6 ,)
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being offered by industry (about $7,000 more) than by the Air Forte, indus

try is outbidding it for technically qualified people. In 1968, he reported,

"the Air Force recruited over five percent, of thecollege engineering graduates."

Currently, this figure has dropped to about one and a half percent. 389/

Gt ti Marsh announced that, since 1976, the Air Force has experienced a

continuous decline in engineering perE;onnel Today, the Air Force is almost

1,100 Military Engineering Offiters short of the minimum requirements. 390/

4

The AFSC, the primary user of engineers in the Air Force, he continued, has

a shortage of over 500 military engineers, or ten percent. Shortages are

especially critical in the "electrical; astronautical, and aeronautical en

gineering disciplines" which forms the core of the Air Force engineering

manpowef-staff. 391/

As a result of these shortages, he informed the House committee; the

number of experienced military engineers has begun to decline. Within the

last three years (since 1978), the AFSC has "suffered a net loss of nearly

7,500 man years" of such experience. "Unlike industry," he reported, the

Air Force "cannot hire into middle and top management levels. We must 'grow

our own' -- and to date we simply have not been able to replace this exc

perience." 392/ Although the AFSC recently has hired a total of 1,750 `new

389/ House Committee on Science and Technology, Engineering ManOower Concerns,

T. 41.

390/ Ibid., p. 44.

391/ Ibid., p. 45.

392/ Ibid.
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lieutenants covering all its engineering fields, this has not eliminated the

overall shortages in the Air Force.

It has become evident that this shortage of engineers has affected work

in "promising technology areas." According to General Marsh, several problem

areas are:

In the [AFSC] labs, we started the Aviation Turbine Fuel
Technology Advanced Development Program which we hope
will develop advanced fuels to reduce our dependence on
high cost foreign petroleum. We have had to slow the pro-
gram down because of lack of people. Ultimately, this
slow down will cost us in additional petroleum costs and
cause us to continue to rely on foreign supply;

[The AFSC has] started'technology programs in the space
countermeasures arena which require 15 additional technical
people we have only been able to assign one;

AFSC has not been able to develop new, non-destructive
inspection procedures for detection of fatigue damage in
B-52 and A-7D aircraft. This has adversely affected the
operational readiness of these aircraft;

AFSC attempted to contract out 264 Minuteman Missile circuit
boards--no bids were received. The work had to be scheduled
in-house, but, because of engineer shortages, the work will
take three years versus the originally scheduled two years;
and

-- In another instance, AFSC lacked the engineering manpower to
promptly identify the need to correct damage left after
pylon hole rework. Wings on three aircraft had to be re-
skinned--at a cost of $600,000. 393/ .

To help stave the engineering manpower personnel shortage that the Air

Force is experiencing, several Air Force scientists and engineers are

searchin for qualified talent on various university campuses .to "try to sell

the Air F rce as a career." At the present time, there are over 30 different

393/ \bid., p. 47.

1 9-1 7 7 0 - 83 - 12



160

enterprises being put into operation to
"attract, retain, and improve the

productivity of engineers in the Air Force . . . ." Some of them are listed

below.

-- Increases in ROTC scholarships from 6,500 in FY81 to 7,000 .

in FY82 with proposed increases of 500 per year thrbugh

FY85 ,(pending congressional approval); 394/

-- Increases in the Airman Education. Commissioning Program fiom

309 in 1980 to 450 in 1983. Through this program, airmen

with some college education in.science
and math are sent to

college full time to earn an engineering/scientific degree;

-- The College Senior Engineering Program. This . . program

offers college engineering students the opportunity to

enlist in.the Air Force at the beginning of their senior

year. Students receive full senior airman pay and allowances/

benefits while they go to school. Upon graduation, we send

them through Officer Training School,
commission them, and

-place in an engineering job. Our FY82'recruiting quota is 150

versus 85 for FY81;

-- The coop student program which is designed to attract students

into our civilian engineering work force. We have approximately

500 people in the program and enjoy an 80 percent retention

'rate; and

-- Increase in the Air Force Institute of Technology programs,

both at the undergraduate level.
[In 1981,] 160 newly com

missioned officers and 60 from active duty with technical

degrees were sent to AFIT for a 8S in electrical or aeronau

tical engineering . . . . On the graduate aide, [about] 570

highly qualified officers were sent back to universities

to receive advanced engineering
and scientific degrees --

a 12 percent increase. 395/

394/. According to a spokesman with the AFSC during a telephone conversa

tion on Apr. 12, 1982, Congress
has approved the increase in ROTC scholarships.

The additidnal increases
through FY 1985, however, are still under discussion.

395/ Ibid., p. 49.
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B. CIVILIAN

The Department of Defense has indicated in a repoit that "the sho'rtage of

qualified engineers, skilled technicians, and to some extent, scientists with

certain expertise--while affecting all- sectors--can be particularly critical

for Defense." 396/ Starting salaries for many engineers and scientists at

DOD are about $4,000 to $6,000 less than those in private industry. Therefore,

it has become more diffidUlt to fill entrylevel positions. In addition, the

quality of the individuals being hired is becoming questionable. 397/

/ A survey of the seven laboratories in the Army's Electronic Research and

,Development Command discovered 120 unfilled science and engineering (S6E)

/ positions;

31 S&E positions have been vacant for up to 89 days;

55 SSE positions have been vacant for up to 179 days;

22 SAC positions have been vacant from 180 to 269 days;

6 S&E positions have been vacant from 270 to 359 days; and

7 S&E positions have been vacant for a year or more. 398/

These statistics reflect serious problems being experienced by DOD laboratories

in recruiting new personnel and retaining experienced scientist and engineers

396/ Office of the Under Secretary of Defense. The Status of Scientific
and Engineering Personnel in the United States; An Analysis of the Problem,
Its Impact on DOD, and the Role of the Defense in the National Arena. White
Paper. Washington, 1981. p. 3.

397/ Ibid.

398/ Ibid.
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already employed, according to the MOD stay-t--Such-problems-are-believed_to____

stem from "inferior facilities and equipment in the DOD laboratories, [and)

a lack of opportunities for growth and advancement!" 399/

Several procedures have been implemented tha,; DOD hopes will improve its

ability to select9and keep science and engineering employees. They include:

studies conducted by the military services to review areas of need; "the -'de-

velopment of the DOD Science and Engineering
Apprenticeship Program for High

School students; the initiation of fellowship programs in scarce skill areas;

and the NOSC [Naval Ocean Systeme
Center) and [the Naval Weapons Center in)

China Lake experiments designed to retain
S&E's by modifying the rigid Civil

Service pay and promotion systems." 400/

In addition, DOD has begun to devise a plan that it predicted will com-

bine the various studies by public and private sector groups regardng the

perceived national shortage of scientists and..engineers, and examine the evi-

dence from the DOD viewpoint; generate
fresh data on the situation of science

and engineering employees in DOD laboratories; supply "policy-level" support

by identifying resources and
giving direction in order to assist the attempts

by the individual military services to
interest and retain science and engi-

neering employees; and. devise, examine, and implement innovative ways to solve

the problem, and coordinate them with .urrent undertakings. 401/

399/ Ibid., p. 4.

400/ Ibid.

401/ Ibid., P. 5.
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III. RECAPITULATION: DOD SCIENTISTS AND ENGINEERS

-- General Robert T. Marsh, Commander of the Air Force Systems Command'

at Andrews Air Force Base, has reported that, because of industry's higher

starting salaries (about $7,000 more), industry is outbidding the Air Force

for technically qualified personnel; i

- - In 1968, the Air Force recruited over five percent of the engineering

graduates. As of October 1981, this figure had dropped to about one and one

half percent, Cen. Marsh stated;

- - Since 1976, according to Cen. Marsh, the Air Force has experienced a

continuous decline in engineering manpower. At the present time, the Air Force

is almost 1,100 Military Engineering Officers short of the minimum requiremeht;

-- The AFSC, the primary user of engineers in the Air Force, is experiencing

a ten percent shortage, over 500 military engineers;

AFSC engineer shortages are most critical in the electrical, astro

nautical, and aeronautical engineering fields which, Cen. Marsh explained,

forms the core of the Air Force engineering manpower staff;

Since 1978, Cen. Marsh reported, as a result of the engineering manpower

shortage, the AFSC has encountered a net loss of almost 7,500 manyears of engi

neering experience;

- - DOD starting salaries for many engineers and scientists are-about

$4,000 to $6,000 less than those in private industry; and

- - A survey of the s.,ven laboratories in the Army's Electronic Research

and Development'Command, discovered 120 unfilled science and engineering po

sitions.
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-- The Navy currently is involved
extensively in solving shortages of

nuclear qualified officers

1 ati
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PART V. A HISTORY or CONCREbSIONAL CONCERN AND SOME ACTIONS TAKEN BY THE
NATIONAL SCIENCE FOUNDATION RELATED Trj, SCIENCE AND ENGINEERING EDUCATION
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I. HISTORICAL OVERVIEW OF CONURESSLONAL INTEREST AND SOME NATIONAL SCIENCE

FOUNDATION ACTIVITIES IN SCIENCE AND ENGINEERING-EDUCATION

A. INTRODUCTION

1

The Congress and the National Science
Foundation together hcive played an

important part in the growth and strengthening of U.S. science and engineering

education since the establishment of the NSF in 1950: Because in many cases the

Congress directs (through authorization and appropriations bills) programmatic

developments which the NSF subsequently carries out, this discussion interweaves

congressiodal and NSF actions as they have occurred over the periods covered,

rather than provide summaries of congressional and NSF actions in separate

sections.

B. PRE-SPUTNIK ERA (1953-1957)

The National Science Foundation, in its second. annual report to

President Truman, yarned tocia.. of a cri7.ical shortage of scientists

in .the United States that it expected to grow worse in the next

few years.

. .
[C]ontrasted to that in the Soviet Union, where governmental

programs call for a schooling of technical and scientific experts . . .

there will be only 15,000 engineering graduates fin the United States]

it 1955, (compared] with 50,000 in the Soviet Union, where there had

eon only 9,000 in 1943.

In the engineering ':field, . . .
the shortage tends to feed itself.

College seniors are besieged with personal representatives, so

that many students have a choice of jobs upon graduation." Under

\
these circumstances; the foundation concluded, it is too much to

xpect the requisite number of promising students to turn down
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offers of $1,000 to $6,000 a year in favor of spending three or
'four more years in postgraduate work. 402/

Sfiortages in scientific and engineering manpower do not appear to be a

new occurrence in the United States, as this 1953 excerpt from a New York

Times article indicates. Job offers from industry, with high starting

salaries to baccalaureate science and engineering graduates also'were evident

in the. early 1950s. In response to this situation, the National Science

Foundation which has a mandate to "promote the progress of science", took no

oyert steps to attract more students into . . . science and engineering" ac-

cording to Milton Lomask. Contrary to this statement, however, Lomask points

out that as early as 1954, [Dr. Alan T.] Waterman, [the NSF Director], was

opposing the suggested creation of a special manpower commission by the President.

[Waterman's] argument was that shortages' of scientific and technical workers were

'confined to a few fields, and likely to improve.' Any 'dramatic emphasis' on the

problem, he wrote, 'might lead to oversupplies.'" 403/

In a statement befoiir the Senate Appropriations Subcommittee on Indepen-

dent Offices in April 1953, Dr. Waterman' explained that the NSF was 'providing

financial assistance for 'the training of scientists and enginedrs; through the

awarding of fellowships for graduate scientific training, to help ease the

scientific and engineering shortage that the Nation was facing at that time. 404/
o

, 402/ Lack of Scientists is Called Critical: 2d Regort of U.S. Foundation
Says Russia is Outdistancing Us in Engineering Graduates. New York Times,
Jan,. 17,11953.

403/ Lomask, Milton. A Minor Miracle: An Informal History of the National'
Science Foundation. Washington; U.S. Govt. Print. Off., 1976. NSF 76-18. p. 121.

404/ Waterman, Alan'T. Statement'of Alan T. Waterman, Director, National
Science Foundation. Before the Subcommittee on Independent Office's, Senate
Appropriations Committee, Apr. 24, 1953. In: Remarks of H. Alexander.Smith.
Congressional Record, Daily Edition, v? 100, May 5, 1953: 4439.
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In fiscal year 1952, NSF awarded its first fellow.htps to 569 pre-doctora,

students and 55 post-doctoral students, out of ..,977 applicants. In fiscal

year 1953, 515 pre-doctoral and 42 post-doctoral awards were granted out of

4

3,298 applicants/ 405/

Obligations to NSF for education in the sciences for fiscal year 1954

increased by 5480,000 over fiscal year 1953--$1.41 million was allotted in

FY 1953 and $1.89 million in'FY 1954.406/

In addition to providing more funding for science educiltior, several Members

of Congress expressed their concern regarding thevneed for additional scientists

and engineers, and also the need to make'more adequate use of U:S. scientific man-

power. Representative George H. Bender, in extensions of remarks in the Mouse dn

May 1953, stated that 'without (thej skills.tof scientists], the Nation'imight find

itself in peril. When we realize that this group constitutes only two-tenths of

ono rnrcLnt of the uopuletion, we recognize that we must be constantly seeking to

in res4e this number." 407/
Senator Alexander Wiley commented in the Senate in

August 1954 414 on mimerous other occasions
regIrdIng his concern that the Soviet

Unton van "far. Outdistancing us in expanding the reservoir of skilled engineers,

4r./ Ibid.

406/ National Science Foundation. Directorate for Sdience Education.

Science Education Patabook. Washington, SB 80-3. p. 19.

0 407/ Our Reservoir of Scientists: Asset No. 1. Extension of Remarks of

George H. Bender. Cong-,sional Record--Appendix, DaLly.EdLtion, v. 100, May 15,

1953. p. A2839.
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scientists, and other technicians." 408/ Also, he stated that "under these cir-

cumstances, for us to fall 'to provide adequate incentive to talented young scien-

tists; . . is to be. committing, in my judgment, a tragic blunder." 409/

These sentiments appeared to be similar to those of many other Members of

Congress as it became more apparent that the Soviet Union rapidly was overtaking

the United Stites in its training of technical manpower. Science magazine reporter

on the Soviet Union's progress in strengthening its trained prOfessional and scien

tific manpower between 1940 and 1953, and its plans to graduate 50 percent more

engineers 4Com higher educational institutions by 1956. 410/ The Soviets were

said to place more emphasis on science and technology training than did the United

States and at that time had_400,000 engineers compared with 500,000 in the United

States, and 150,000 scientists, compared with 200,000 U.S. scientists. 411/

In addition to the expansion of Soviet technical manpower, there also was

apprehension in Congress over the fact that many high school science teachers were

being lured away by industry by larger salaries. Several oil companies were of-

fering to,double the salaries of high school science teachers. 412/ Senator

408/ Wiley, Alexander. More Adequate Use pf Scientific Manpow,r. gemarks
in the Senate. Congressional Record, Daily Edition, v. 101, Aug. 6, 1954.
p. 13505.

409/ Tbid.

410/ DeWitt, Nicholas. Professional and Scientific Personnel in the U.S.S.R

_...411/ Kelly, Harry C. Trends in Supply of Scientists and Engineers in the
Unite States. Science, v. 120, July 2, 1954. p. 5A. The statistics ,also were
noted/in remarks made by Rep. Adam Clayton Powell, Jr. who later introduced the
National Defense Scientific Education Act in May 1955.

Science, v. 120, July 2, 1954. p. 1-4.

412/ Anderson, Clinton P. ReTarks in the House [regarding the study of
science at the high achcol level). Congressional Record, Daily Edition, v. 101,
July 11, 1955. p. 10151.
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Clinton P. Anderson observed that "one of the most serious probiems now con

fronting us arises by companies which wish to obtain the services of science

teachers, whereas today we need more',than ever before in our lives competent

science teachers to train the new generations." 413/ He suggested that

awarding scholarships to outstanding high school students who did exceptional

work in physics, chemistry, and mathematics
may be one way t':.!r the Nation

could catch up with the Soviet Union. 414/

The National Science Foundation apparently anticipated Sputnik. 415/

In 1953, NSF began sponsoring summer
institutes for college science teachers

to assist them in learning about, new
developments in their own and related

fields. Two summer institutes were held in 1953. The number increased to

four In 1954 and, by 1955, 11 were being conducted. In 1956, the number

had grown once again to 25 summer institutes. Also in 1956, a new and ex

panded "scienceteachertraining" program was established--"the academic

year institute for high nen.1 teachers of science and mathematics"--and

conducted through two /e,,t tetea, held , 1957. 41..8/ Through this plan,

high school teachers C.0,71:: t:41.±
kei.,,e of absence from their jobs and

attend a special stud? program at
7.versity during the regular school

'4\11/ ibid.

15td, p. 10152.

415/ Loma, Milton. A Minor Miracle, p. 122.

416/ U.S. Congress. House. Committee on Science and Astronautics.

Si.bcommittee on Science, Research, and Development. The National Science

Foundation: A General Review or its. First 15 Years. Report prepared by

the Science Policy Research Division,
Legislative Reference Service, Library

of Congress, 89th Cong., 2d Seas.,
Washington,y.S. Govt. Print. Off., 1966.

p. 130-131.
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year. 417/ By the 195/-58 school year, the high school academic institutes

had grown to 16. In the fiscal year 1957 NSF budget, Congress increased support

for the improvement of high school science and mathematics teaching by allotting

$5 million dollars more for this purpose than the NSF had requested. 418/

For promising students, durimg the 1956-57 academic year, the NSF established

the Special Projects in Science Education Program which paralleled the Summer In-

stitutes program for teachers. This new program involved three main areas: (1)

Curricula stud 8, which responded to the concern that pre-college instructional

programs failed "to use motivating interesting and understanding of. the scien-

tific disciplines", (2) Student-Participation Projects, that were "planned to

increase interest in and understanding of science by s dents at all educational

levels", and (3) Teacher-Training Projects that included pecial programs for

teachers designed to improve science teaching . . . ." 419/

In November 1956, the NSF initiated the Physical Science Study &r.:it:ea

(PSSC) at the Massachusetts Institute of Technology to present a new way of

teaching physics, which included new instructional materials. The PSSC was pre-

sented by eight teachers experimentally, to high sc!lool students during-the

1957-58 school year; and was considered a success. Various pieces of legisla-

tion were introdt .pd Congress for the furtherance of science and engineering

417/ U.S. I .dress. 1'7A180. The National Science Foundation and Pre-College
Science Eaucattor d. 50.

418/ U.S. Congress. HOuSe. The raCiooal Science Foundation: A General
Review, p. 133.

419/ Nat!nnal Science Foundation. Seventh Annual Report, Fiscal Year 1957:
Washington, U.S. Govt. Print. Off.,

0
195J. p. 72-76.
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education between the 84th Congress and the end of the first session of the 85th

Congress, prior to the launching of Sputnik I.
Such legislation ranged from a

National Defense Scientific
Scholarship Act, which authorized the "Commissioner

of Education to grant scholarshlvs for study, at 11T college or graduate

level, of subjects in the fields of engineering, physics, chemistry, or

similar scientific courses, in order to increase the supply of trained scien-

tific and technical personnel in the United States " 420/ to a Federal

Tuition Loan Guaranty'Act, which
would provide that "lenders . . be insured

against losses, on made by them for tuition to science and engineering

students after January 1, 195d." 421/ No action however, was taken on any

of the 'legislation.

One set of hearings held within
this period was related directly to

science and engineering education. The "Shortage of Scientific and.Engi-

neering Manpower" hearings were conducted by the Subcommittee on Research

and Development of the Joint Committee on Atomic Energy during the 84th

Congress, 2nd session on April
17-19, 25-26, and May 1, 1956. This subcom-

mittee appeared "mindful of
the mounting threat to this country posed by

420/ Bates, Dorothy M. Analysis of Legislation Related to Improvement

of Scientific Study, Teaching,
and Progress in the United States: 79th

Cong. to the 85th Cong., 2d Sees, 1945-57. In U.S. Congress. Senate.

Committee on Government Operations.
Science and Technology Act of 1958.

Washington, U.S. Govt. Print. Off., 1958. p152-177. (85th Cong., 2d

Sess., Senate. Document No. 90) See Selected Annotated Bibliography,

Part V, p. 212.

421/ Ibid.
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the Soviet Union," according to Representative Melvin Price, a member of the

subcommittee. 422/

The 85th Congress, 1st session was adjourned on August 30, 1957. Sputnik

1, the first Russian earth satellite, was launched into space on October 4,

1957.

C. POST-SPUTNIK ERA (1958-1970)

1. The 85th Congress, 2nd Session

With the start of the 2nd session of the 85th Congress on January 7,

1958, "an atmosphere of tension and crisis" was evident as legislators re-

convened three months following the launching of the Soviet earth satellite.

Dissatisfaction with the state of the Nation's science and engineering educa-

tion in the schools became more evident. 423/ ". . . [Title appearance of

Sputnik I both confirmed the vigor of Soviet technology and stirred a public

demand in this country for more education in the sciences . . . ." 424/ By

March 1, 1958, about 90 percent more legislation had been introduced in regard

to scientific study, teaching, and general aid to higher education than had

422/ Price, Melvin Meeting the Need for Scientific Manpower--An Intel-
ligent Approach to the Problem. Remarks in the House. Congressional Record,
v. 104, Feb. 3, 1958. p. 1572.

423/ Summarized Legislative History of the 85th Cong., 2d Sess., Report
No. 14, Jan. 7, 1959. Washington, American Enterprise Association, Inc.,
p. 1.

424/ Lomask, Milton. A Minor Miracle, p. 122.
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been apparent during the entire first session of the 85th Congress. Ulti-

mately, the 85th Congress initiated
a program that granted $900 million for

national assistance to education. 425/

President Eisenhower, in his State of the Union address to Congress on

January 9, 1958, called for
"scientific cooperation with our allies" and

urged Congress to'pass the necessary
legislation to "permit the exchange of

appropriate scientific and technical information with friendly countries."

He also suggested a-
"billion-dollar, four-year program to stimulate and im-

prove science education and research." 426/ Consequently, Congress enacted

(1) the Euratom Cooperation
Agreement (P.L. 85-846) passed August 12, 1958

and signed by the President on
August 28, 1958, that authorized cooperation

with Belgium, France, West
Germany, Italy, the Netherlands, and Luxembourg

(which comprised the European
Atomic Energy Community) for the "peaceful

developmsut of atomic energy;" and (2) the National Defense Education Act

of 1958 (P.L. 85-864),
approved September 2, 1958, which established "a

four -year, $887 - million program of student loans,
fellowships and other

aids to improve our scientific manpower resources" 427/ and which included

provisions for science and mathematics instruction, at all educational levels

in the United States and
the creation of a Science

Information Service in

:he 'NSF. 428/

4

425/ Summarized Legislative History, p. 1.

426/ Ibid., p. 4.

427/ Ibid., p. 10, 11.

428/ U.S. Library of Congress.
Legislative Reference Service. Legis-

lation Dealing With Science
and Technology, 85th Cong., 2d Sess., 1958.

Compiled by Dorothy M. Bates, Analyst dn American Government and Public

Administration, Oct. 15, 1963. p. 1.
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Following the launching of Sputnik i, 429/ Congress granted $8.7 million

to NSF, stipulating $2.3 million for the teacher - training institutes. By

1958, a total of 126 summer Institutes were held--Ive for college teachers

only; three for both high school and college teaci,r, and 118 fa': high school

teachers only. The Academic Year Institutes conducted had grown to 19. 430/

In addition, there were 85 In-Service institutes which allowed selected

secondary uclence and mathematics teachers with thelor'n degrees to take a

peraonal study progr,i,. lee program usually stretched over one, two, or

three summers, and helped teachers improve their ,ompetence in these subject

areas and, in many erases, complete work for an advanced degree. 431/

Au a result of the success of the Physical Sciences Study Committee

project, initiated during the 1957-58 school year, NSF agreed to support a

similar project created at Yale University--the School Mathematics

Stow"? Group. This program was the product of a new course for grades four

through 12 that eventually became known as "the New Math." 432/ One objec-

tive of this project'was "to provide a sound basis for a solid college

course- in calculus and analytical geometry by the end of the 12th grade." 433/

429/ On Jan. 31, 1958, Explorer 1, the first U.S. satellite was launched.

430/ U.S. Congress. House. The National Science Foundation and Pre-
College Science Education, p. 60-61.

431/ National ;,,ience Foundation: Eigth 'Annual Report for the Fiscal
Year End-ed June Washington, U.S. Govt. Print. Off., 1959. p. 53-
54.

432/ Lomask, Milton. A Minor p. 125.

433/ National Science Fou
Year Ended Joni, 30, 19;9. Washin,,o

19-177 0 - 83 13

-ith Annual Report for the Fiscal
Goot. Print. Off., 1960. p. 42.
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[hose courses were referred to as the NSF Course Content Improvement Program,

designed to pruvide support to secondary
and elementary schoola in order to

improve the content of science and
mathematics curricula and courses, and to

provide various types of teaching and learning aids to help modernize the

Nation's science and mathematics education. 434/ The program eve tually in-

cluded the Chemical fond Approach Project, a Chemical Education Materials

Study (GEMS) project, both presenting new
approaches to the study of chemis-

try; "a resource book on topics in geology by the American Geological In-

stitute, and a group of texts, lanL,rn slides, and films on the atmosphere

sciences by the American Meteorological
,ofety"; a Biological Sciences Cur-

riculum Study (BSCS) project, and a social studies project entitled, "Man:

A Course of Study" (MACOS). 435/

During the 1958-59 school year, the Summer Science Training Program

for Secondary School Students
(SSTP) was created as part of the Student-

,
Participation Projects. Through the new program, 'high-ability "secondary

school. students [were provided
opportunities] to study and work during the

summer with experienced scientists and mathematicians
at sponsoring [higher

education] institutions." 436/

434/ National Science Foundation:
Tenth Annual Report for the Fiscal

ear Ended June 30, 1960. Washington, U.S. Govt. Print. Off., 1961. p. 100.

435/ Lomask, Milton. A Minor Miracle, p. 126, 127, 257.

436/ National Science Foundation:
Ninth Annual Report for the Fiscal

Year Ended June 30, 1959.
Washington, U.S. Govt. Print. Off., 1960. p. 78.
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2. The 86th Congress

Although many strides had been made in improving the inutruction of

ackence education in the Nation's school system, n warning by NSF wee brought

to the attention of the House by Representative Victor L. Anfuso, that:

We have only made a beginning; the major job is still to
be done. As a nation, we appear to forget that we live
in a competitive world and shall continue to do so. It

seems abundantly clear that we shall rapidly lose in
competition, unless we can.show more determined and con-
structive efforts than we have during the past yearn. 437/

With that quote prefacing Mr. Anfuso'a remarks, he introduced legisla' ,n

for the creation of a Science and Technology Agency. That bill, r I

like it, did not receive congressional action during the 86th Cony!

Another bill, however, introduced by Mr. Anfuso, to establish
r-t Nat

Medal of, Science to be awarded to individuals who make outsteralic.;

tions in the physical, biological, mathematical, or engineering ociencep;,

signed into Public Law 86-209 on August 25, 1959. 438/

Several hearings were held during the 86th Congress in teferenru to science

and engineering education. The House Committee on f 'ence a, stronautics held

hearings on Scientific Manpower add Education to examine the problems facing the

Nation, at that time, concernlng_the improvement of science teaching anclthe

437/ Need For an Overall Science an hnology Agency. Extension of
Remarks of Victor,I. Anfuso. Congressional Reco 105, Mar. 24, 1959.
p. 51.22.

26,

438/ U.S. Congress. Senate. Legislative Record: Digest of Achieve-
ments and Status of Presidential Recommendations, 86th Cong., 1st Sess.,
Jan. 7, 1959, to .Sept. 15, 1959. Five-Year Review of the Democratic Controlled
84th, 85th, and 86th Congresses (by the Honorable Lyndon B. Johnson, Senate
Majority Leader' Washington, U.S. Covt. Print.,Off., 1959. (86th Cong.,
1st Seas., Senate. Document No. 63) p. 62.
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effectiveness of science edncation at all educational leveln; Scientific

Information Dissemination, to P1udy the problem of improving the collection

and distribution of scientific information within the Nation and abroad by

varieua U.S. libraries, Federal Government agencies, and private institutions,

and to what extent such information is available to 0.S acientiata and engineers;

Scientific and Technical Personnel (H.R.
7981), which involved the creation of a

committee to study the need for, composition of, and most efficient means for:

obtaining a co., ) 4., current record of scientific and technical U.S. personnel:

and a 1)111 41 a National Science Academy under the National Science

Foundation. Bearings on the National Science Foundation Comparison of the

United States and U.S.S.R. Science Education were held.by the llo5se'fommittee

on Appropriations. 419/

In fiscal year 1959, Congress had provided $64.3 million in science and

engineering education funding, compared with $20.3 million in fiscal year 1958 -r

to NSF. A new International Science
Education program was established ln NSF.

[ha, was:

. . . designed to foster international cooperation and improve

communications among nations with respect to problems of science

education and scientific manpower. Appropriate professional

groups in the various disciplines were given support for a

study and evaluation of science subject matter offered in

foreign educational systems, with the cojective of improving

science curriculums in this country. Distinguished foreign

scholars were brought Ito the United States] to visit the

various institutes sponsored by the Foundation. Advanced

students and scientists .
received Foundation support to

.
permit them to participate in international educational

.c.cc,...,...4z,.....ograms. 440/

439/ See the Selected Annotated
Bibliography, Part V, p. 199.

440/ U.5. Congress. louse The National Science Foundation; A General

Review, p. 135.
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For fiscal year 1960, Congress appropriated to NSF $66.8 milliOn for

total support of scientific manpower, a 3.8 percent increase over fiscal

year 1959. 441/

3. The'87th Congress\

In 1961, total urdergrnduate engineering school enrollment, in the United

States was 232,000, a 0.9 percent decline from 1960. This was reported to

be the smallest decrease in four years. 442/ Engineering graduate enrollment,

however, had increased at all levels--master's degree enrollment was 32,800,

a 5.1 percent increase over 1960; and doctor's degree enrollment was 7,900,

22.1 percent more than the previous year. -443/

Engineering degrees awarded for the 1960-61 academic year showed a 5.2

percent decline in bachelor's degrees conferred compared with 1959-60, which

4'
had 35,900 engineering degrees awarded to recipients; master's and othet pre

doctoral engineering degrees had increased 13.6 percent with 8,100 awarded;

and 943 doctoe.s degrees in engineering were conferred, a 20 percent increase

over 1960. 444/

441/ National Science Foundation: Tenth Annual Report, p. 169.

442/ Tolliver, Wayne E., Henry H. Armsby, and Leah W. Ramsey. Advance
Report.on Engineering Enrollment and Degrees: 1961. Washington, U.S. Depart
ment of Health, Education, and Welfare. Office of Education. Feb.)1962.
0E-54004-61. p. 1.

443/ Ibid.

444/z Ibid.

1
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In conjunction with the increases in graduate engineering enrollment

and engineering degrees conferred,
Congress legislated to extend, for two

0

years, the previa:1.6ns of the National Defense Education Act, to "s=imulate

a nationwide effort to strengthen instruction in science, mathematics, and

foreign languages" (P.L. 87-344). 445/ The second session of part two of

hearings on "A Bill to Provide for the
Establishment Under the National

Science Foundation, of a National Science Academy," was held on March 28,

and May 25, 1 "61.
Originally introduced as H.R. 4986 in the 86th Congress,

1st session, the bill was reintroduced in the 87th Congress, 1st session as

H.R. 1, the National Science Academy Act, for "a National Science center

consisting of an academy and research institutes to train selected persons

in science or engineering for service as
officers or employees of the United

States." No further action was taken on this legislation.

In 19;1, Congress received criticisms
from several constituents con

cerning the NSF's Course Content Improvement Program. Many parents were

convinced that "their children were
'being educated by Federal civil ser

vants.'" 446/ "In a long letter in 1961, the NSF DirectoriAlan WatermaL

assured &nator Mike Mansfield of Montana that these fears were groundless":

. . .
(NSF] limited its support of new high school courses to

their development, production, and testing. Grants were made

to bodies of scholars and
teachers qualified to study curriculum

needs. When a study committee produced
acceptable material, NSF

445/ U.S. Library of Congress. Legislative Reference Service. Legis

lation Dealing With Science and Technology, 876 Cong.rlst Sess., 1961.

Compiled by Dorothy M. Bates, Analyst in American Government and Public

Administration, Oct. 15, 1963. p. 1.

446/ Lomask, Milton. A Minor Miracle. p. 126.



allotted funds to cover :he preparation of the books for publica-
/Lion and the study group arranged for a number of schools to try /

out the material . . . items provided with the help of NSF funds,
. . . were available to 'all potential users' but the Foundation
'always took the position that it should not promote the use of /
such materials at the local level.'" 447/

Effective June 8, 1962, Reorganization Plan No. II established the Office

of, Science and Technology (OST) within the Executive Office of t e President.

An area of OST's responsibility involved "assuring that good a d close rela-

tions exist with the Nation's scientific and engineering com so as

to further in every appropriate way their ::articipat!on in trengthening

science and technology in the United States and the free w rld." 448/

4. The 86th Congress

In 1963, James R. Killian, Jr.,'former President,/ and at'that t.irml Chair-

man, of the Corporation of the Massachusetts Institute/of Technology (MIT),

sta1.ed that enrollments in U.S. engineering schools lke:leclived four years

in succession. 0449/ It was reported in the April ?, 1962 issue of the Wall,

Street Journal that several U.S. industries, such 84 the Coneal

447/ Ibid.

448/ U.S. Congress. Senate. Summary of th¢ Three-Year Kennedy Record
and Dige t of Major Accomplishments of the 87th pong. and the 88th Cong.,
1st Sess., Jan. 3, 1961, to Dec. 304 1963. Togdther With a Statement by
the Honorable Mike ,Mansfield, Senate Majority Leader. Washington, U.S,
Govt. Print. Off., i964. p. 259. (88th Cong.! 1st Sess. Senate.' Document
No. 53)

.

449/ Killian, James R., Jr. Can Government Maintain Vital Scientific
Leadership? A Public Service Report of the NStional Civil Service League,
New York. p. 1. /

1 9,3
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Corporation, had been recruiting
scientists and engineers from other countries.

"During the year ending last June 30,': the article
reports, "a total. of 3,795

engineers and scientists
entered the U.S. as immigrants, compared with 2,862

during the year ending June 30, 1955." 450/ In addition, Nicholas
DeWitt had

recently published a book e .:.umenting science and
engineering education in the

Soviet Union which was said to provide evidence
that the Soviet Union was ma-

producing the United States in numbers of engineering graduates. 451/

During the 88th Gong -ess,
three bills were introduced

that directly re.

lated to U.S. science and engineering educationH.R.
1012 and H.R. 1016,

The National Science
Academy Act, to establish a

National Science Center under

the NSF consisting of
"an academy and research

institutes to train selected

persons in science or
engineering for service as Federal employees"; and H.R.

1981, to establish "a
12-member Commission on the United StatesSciance Academy

to make a study with
respect to the

establishment in or near the District of

alumbia of a United States Science Academy under
the jurisdiction of the

Secretary of Health,
Education, and Welfare to offer education and training

beyond the baccalaureate
level in the fields of the

physical sciences, mathe-

matics, and engineering."
Referred to the House

Committee on Science and

Astronautics, no further action was taken on the bills.

450/ MacDougall, A. Kent. Recruiting Abroad:
U.S. Concerns Step Up

Overseas Search for Scientistit, Engineers.
Wall Street Journal, Apr. 23, 1962.

p. 1.,

451/ Walsh, John. Manpower: Activist Administration
Finds Congress

Hard to Convince on Bigger Investment in People. Science, v. 139, Mar. 1, 1963.

p
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5. The 89th Congress

In the 89th Congress, a bill oimilar to H.R. 1012 and H.R. 1016 was intro

duced, H.R. 153, for the creation of a National Science Academy, under the NSF,

for the training of selected.individuals in science and engineering for Federal

employment. Also referred to the House Committee on Science and Astronautics,

nc further action was taken.

Concern about the issue was still evident in floor statements and remarks

made by a few Members of Congress, Senator Howard W. Cannon stated, ". . . it

is r.;-., personal belief--and a bel'ef held by many other people knowledgeable in,

the field--that our entire scientific ef:ort in the decades ahead might well run

aground because of an insufficient supply of trained technical personnel." "452/

Senator James W. Fulbright made remarks in the Senate about an article that

had appeared in an issue of the Wall-Street Journal questioning whether there

was really a shortage of science and engineering manpouor. The article, 453/

printed in the Congressional Record;. suggested that there may have been a

surplus of such manpower at that time, at least in the defense and space
a

industries, because of the practice of "stockpiling" engineers in these --

industries. There was a current "slump in demand for engineers" and several

defenseoriented companies were laying off engineers.

452/ Cannon, Howard W. The Nation's Scientific Manpower Policies. Re
marks in the Senate. Congressional Record, v. 109, Feb. 7, 1963. p. 2055.

453/ Malabre, Alfred L., Jr. Uneasy Engineers--Many Seek to Acquire
New Skills as Demand Softens, Layoffs Mount--Defense Cutbacks Big Factor;
Firms Curb Stockpiling of Engineers to Cut Costs--Rush Back to the Classroom.
In Remarks of James W. Fulbright. Congressional Record, Daily Edition, v.
110, Feb. 27, 1964. p. 3808-3810.
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In fiscal year, J964, NSF established the graduate traineesnip program

to provide supplementary support for engineering graduate education. Enai

neers, it was perceived, were in need of advanced training. Statistics,

showed that "only one percent of the engineers in the United States ]held;

the doctoral degree and sdcen percent [held] . . master's degrees." In

comparison, U.S. scientists were found to have a higher percentage of graduate

degree holders--19 percent with doctor's degrees, and 38 percent with master's

degrees. 454/

Congress appropriated $102.5 million for science education programs for

FY64; $120.4 million for. FY650124.3 million for FY66; and $123.3 million

ilf FY67, all awarded during the 88th and.89th Congresses.

6. The 90th Congress

Two bills were introduced to establish a National Science Academy (H.R.

1185, H.R. 6894) as in the 88th and 89th Congresses. Referred to the House

Committee on Science and Astronautics, no further action was taken.

Several proposals were introduced for a National Institutional Grants

Program. One such bill, H.R. 875, proposed by Representative George P. Miller,

"set forth the congressional-finding that support of scientific research and

the education of scientists are essential to the security and welfare of the

United States." It authorized "$150 million for fiscal 1967-and each of the

four succeeding years for allocation to institutions of higher education."

454/- U.S. Congress. House. The National Science Foundation: A General

Rcview, p. 136.
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One-third of the funds would be allocated to such institutions, based on

project awards from certain Federal agencies; one-third among the States

according to the number of high school graduates, and utilized by the States

to assist institutions with well-rated programs in various scientific fields;

and one-third to higher education institutions based on the number of advanced

degrees conferred. The National Institutional Grants Program would be adminis-

tered by the Director of the NSF. Referred to the House Committee on Science

and Astronautics, two days of hearings were held on June 25, and July 18, 1968.

No further action was taken.

7. The 91st Congress

In the 91st Congress, H.R. 35, also introduced by Congressmen Miller,

called for a National Institutional Grants Program. Hearings were held

February 18-27, 1969 by the House Committee on Science and Astronautics.

No further action occurred. H.R. 576, the National Science Academy Act,

was again reintroduced in the 91st Congress as in the five previous Congresses,.

Once again, no further action was taken.

In the Senate, Senator Claiborne Pell voiced concern about the future

supply of trained scientific and engineering personnel when he stated that,

. at the present time our Nation does not have, in the education pipeline,

enough engineers to insure that we will possess the needed supply of trained

personnel for the years to come." 455/ In the House,-Representative John.

455/ Pell, Claiborne. The Expected Shortage of Engineers. Remarks in
the Senate. Congressional Record, Daily Edition, v. 113, June 6, 1967.
p. 14754.

<."
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Brademas placed articles in the Congressional
Record from the New York Times

and the Washington Post
announcing the results of "a 12-nation educational

endeavor," sponsored LT the
International Project for the Evaluation of Educa-

tion AchieveMent 456/ which compared student achievement in mathematics.

The project found that
U.S. schools ranked low in an international comparison

of pupil's mathematical achievements.
Schools in Japan were said to be dolng

"the best over-all job" in that field. U.S. students lagged behind Japaa and

four'other EurOpean
countries in mathematics- -England,

Sweden, France,'and

Belgium. 457/ "Although this country fared well," Mr. Brademas observed,

"our achievements in this all important field--the
basic building block of

scientific research and technological innovation--are
far from what they

might be." 458/

Through the NSF-sponsored
teacher-training institutes,

the quality of

U.S. science instruction had vastly improved,
according, to the NSF Annual

Report of 1969. It noted a critical
need, however, fo': supplementary training

of teachers since the NSF- funded Course Content Improvement Program Continuously

upgraded science and mathematics curricula used
throughout the Nation. 459/

NSF received about a 20 percent reduction in its total appropriations

for fiscal year 1969. Its education programs,.
however, received less than a

456/ See the Selected Annotated Bibliography, p. 199.

457/ United States Ranked Low in Math Teaching. In Remarks of John Brademas.

Congressional Record, Daily
Edition, v. 113, March 7, 1967. p. 5734-5736.

458/ Ibid., p. 5734.

459/ National Science Foundation.
Nineteenth Annual Report for the Fiscal.

Year Ended June 30, 1969.
Washington, U.S. Govt. Print. Off., 1969. p. 81.
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10 percent decrease-- "graduate education in science,wau reduced by about 13

percent; undergraduate educntion in science . . . increases by 27 percent";

and precollege science education was reduced by 17 percent. 460/

' For fiscal year 1970, Congress appropriated a total of $461.2 million for

the NSF budget. Out of this total, $120.1 million was allotted for science .

education programs. In fiscal year 1971, the reduced amount of $98.8 million

was allotted for science education. 461/

D. REVIEW OF RECENT CONGRESSIONAL INTEREST (1971-19821

1. The 92nd Congress

After the successtul mission of Apollo 11 when it landed on the moon in

, July 1969, a large number of scientists and engineers, especially aerospace

engineers, lost their jobs. Budget cutbacks were evident in the areas of

space, defense, and industry. 462/ The effect of the mass layoffs on student

interest in science and engineering education seems to have been significantly

reflected in engineering school enrollments. In fall 1968, there were 77,484

fulltime freshmen enrolled in engineering schools across the country. In

460/ U.S. Congress., House. ,The National Science Foundation and Pre_
College Science Education, p. 124.

461/ Ibid., p. 131, and insert of appropriations for science education.

462/ Hartsfield, Jack. Gold Mine of Local Talent Just Sits. In Remarks
of James B. Allen. Congressional Record, Daily Edition, v. 116, Aug. 21,

ti

9
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fall 1969, the number decreased
to 74,113, in fall 1970 it

dropped to 71,661,

in fall 1971 there were
58,566, and by fall 1972, there were 52,100 freshmen

enrolled In engineering, a 29.7 percent decline within three years. 463/

J Similarly, full-time
sophomore engineering enrollment

declined 25.3 percent

during this period, and a nine percent
decrease was evident in full-time

engineering junior enrollment.
Substantial increases were not evident again,

until fall 1974.

Congress gave much attention to the unemployment of scientists and engi-

neers as evidenced by the various legislative proposals
Introduced in both

the 92nd and .93rd Congresses to assist such individuals. lt.to bills directed

toward science education were
introduced in the 92nd Congress. These were

H.R. 8, and H.R. 746, for a National Institutional Grants
Program, by Repre-

sentatives George P. Miller and non Fuqua, respectively, to authorize Federal

funding, for fiscal year 1972 and
succeeding fiscal years, to higher educe-

tionaynstitutions for support of academic science instruction in the United

States. Both bills were referred to the House Committee on Science and As-

tronautics. No further action occurred.

2. The 93rd Congress
4

During the 93rd Congress;
Representative Fuqua reintroduced a bill (H.R.

555) for 'S National Institutional
Grants Program, that was again referred to

the House Committee on Science and Astronautics. No action occurred.

463/ Engineering Manpower Commission of Engineers Joint Council. Engi-

neering and Technology Enrollments,
Fall 1978. Part I, Enrollments By Schools,

Enrollments* Curriculum For All Students. New York, Engineers Joint Council,

Jan. 1979. p. 9.
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Senator William Brock propoaed S. 2242, that directed "the Secretary of

each military department to eatablinh an engineering and technology academy

to train persons in the technical fields naceasary to the militar/ department

concerned." Sent to the Senate Committee on Armed Services for conaideration,

no further action wan taken.

3. The 94th Congress

During the 94th Congrenr, particular Interest was nrouned regarding the

social studies curriculum of an NSF pre-college science education program en-

titled "Man: Course of Study" (MACOS). 464/ Congresaional action was

generated through the introduction of legislation, and discussion by the House

Committee on Science and Technology (formerly the House Committee on Science

,., and Astronautics) an the issue related to the 1976 NSF authorization report.

MACOS, one of 53'curriculum projects on the pre-college level created

and developed by NSF, was a course on human behavior designed for fifth

grade students. MACOS dealt with one specific question, "What is human

about human beingo7", and two additional ones, "How did they get that way ? ",

and "How can they be made more so ?" "One of its purposes is to demonstrate

464/ See Appendix 14 for a evaluation of the MACOS program. Also, the
MACOS program is discussed extensively in a committee print prepared, by CRS- -
U.S. Congress. House. Committee on Science and Technology. Subcommittee
on Science, Research, and Technology. The National Science Foundation and
Pre-College Science Education: 1950-1975. Washington, U.S. Govt. Print.
Off., 1975. p. 194-206.
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that the values cherished by one
culture are not necessarily regarded in the

same light by another." 465/ The course, which required additional training

of the teachers involved,
consisted of 65 pamphlets and color films that

focused on the lifestyle of the Netaillk Indians, a community oi primitive

hunters in the Canadian ALitc.

Controversy arose, during the House debate concerning the NSF Authorization

bill (H.R. 4721) for the fiscal year
1976 budget, over the course content of

MACOS and the method by which it was taught. 466/ Two amendments, introduced

by Representatives John B.
Conlon and Robert E. Bauman, were voted on. Repre-

sentative Conlan'a amendment
stipulatva that no 'funds should be authorized for

appropriation to the NSF for the
implementation or marketing of course or

curriculum programs or materials
unless approved by the House Committee on

Science and Technology and the Senate Committee on Labor and Public Welfare.

The amendment failed to pass by 215 to 196. 467/ The Bauman amendment would

have allowed legislators to
scrutinize all annual NSF grants that had been

approved by the Foundation. 468/ The amendment passed the House by 212 to

199, 469/ but. failed Senate approval. No further discussion occurred Con-

cerning the MACOS controversy at that time.

465/ Lomask, Milton. A Minor Miracle, p. 258.

466/ Authorizing Appropriations to the National Science Foundation. (De-

bate and vote in the House]
Congressional Record, Daily Edition, v. 121, Apr. 9,

1975. p. 9486-9518.

467/ Ibid., p. 9508.

468/ Lomask, Milton, A Minor Miracle, p. 259.

469/ Authorizing Appropriations to the National Science Foundation,

p. 9517.
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Senator Jesse Helms'inkroduced a bill (S. 2160) similar tdkthe Bauman

amendment that would'have provided that "no funds authonized'totbe appropriated

to,the National Science Foundation shall be available t implement elementary

--or secondaFy curriculum programs or materials. unless such programs or materials

have been approved by Congress." Referr to the Senate Committee on Labor

and Public Welfare, no further action occu ed

Other legislation related to science and' engineering education introduced

during the 94th Congress were H.R. 5202 by RepOulen'tative Torbert MacDonald

and S. 32 by Senator EdWIrd Kennedy, to create a council of advisors.on Science

and Technology in the EXecutive Orrice'of the President and to establish a con

tinuing science, d enginee#ing education program through the NSF. Referred

to the House Comm tree on Science and TeChnology and the Senate Committees on

Labor and Public elfare; Commer

further action Ci a taken.

4. The 95th Congress

nd Aeronautical and Space Sciences, no,-

.
During the 95th Congress, Senator Edward Kennedy introduced S. 32, the

ContinuingEducation in Science and Engineering Act, that would have mandated

the NSF to create a program of continuing education for personswith scientific

and engineering training who have either been working in their profession for

the.last three years or have had careers interrupted for the last three years.

Sent to the:Senate Committee on Labor and Public Welfare for consideration,

no further action'occurred. Senator Kennedy also introduced S, /550, authorizing

the NSF "to make grants to encourage the education, employment, and training

t.

20
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women in science and technology." Submitted to the Senate.Committee on Human

I,
Resources, no additional action was taken.

In 1976, the NSF created a Women in Science Program to help attract and

retrain women in scientific careers.
Three projectkyere established to imple

ment this program--Science Career Workshops that provided careerinformation

and advice to women undergraduate students or those with at least a bachelor's

degree in science and also guidance regarding further education'or how to

obtain scientific. jobs to Mhke full use of their potential; the Science Career.

Facilitation Project, to aid the entry or reentry of women with bachelor's or

master's degrees in science into scientific careers or into graduate science

education programs; and the Visiting Women Scientists Program, begun in 1977,

under which women scientists visited'high schools across the Nation to promote

interest among young people in possible scientific and technical careers. 470/

5. The 96th Congress

During the 96th Congress,Increed concern
became evident regardin% the

underrepresentation of women,(Minorities, and the handicapped in scientific and

engineering fields. Legislation was introduced (S. 568) by Senator Edward

Kennedy to create an extensive program to expand the contributions and achieve

ments of women in scientific and technical careers. Under this legislation,

the NSF was to make grants to encourage
the education, employment, and training

v.

470/ U.B. Library of Congress. Congressional Research Service. Women

in Science and Technology Careers:
Issue Brief No. 80065, by Edith F. Coopelr"

May 29, 1980 (Archived, Apr. 21, 1982. Updated Apr. 23, 1982). Washington,

1980. p. 2.

tr,

U.1
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of women in science and technology. Hearings were held in 1979 and 1980 by

the Senate COmmittee on Labor and Human Resources,- Subcommittee on Health and

Scientific Research, in which concerns were expressed for providing equal oppor-

tunities for women in science.

On April 24, 1980, the subcommittee voted to send S. 568 to the full

committee (Senate Committee on Labor and Human Resources) for consideration

with an amendment incorporating S. 2462, which authorized appropriations for -

the NSF for fiscal years 1981 and 1982. On May 8, 1980, the provisions of

S. 2462 were incorporated with S. 568, which later was .reported favorably

to the Senate with a written report (S. Rept. 96-713) and an amended title,

the National Science Foundation and Women in Science Authorization Act for

Fiscal Years 1981 and 1982. On June 23, 1980, the Senate passed S. 568

with amendments. On September 4, 1980, the House passed the measure with

amendments: The House and Senate held two conferences to resolverdisagree-'

ments concerning the-athendments. Subsequently, the title of the bill-was

changed to the National Science Foundation Authorization and Science and
ti

Technology Equal. Opportunities Act-",Nktich not only included provisions for

women in science but for minorities and the handicapped in science as well.

On December. 2, 1980, the legislation was sent to'the President, and was

signed into PUblic Law 96-516 on December 12, 1980.

Congress appropriated $30.0 million to NSF to carry out the specifications

of Part 8 of P.L. 96-516--Women, Minorities, Science and Technology, which

stipulates that all underrepresented groups must be given equal opportunities

to participate in science and technology and benefit regardless of race, color,

creed, ethnic origin, or sex.
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The followirl,schedule was
established for the implementation of portiohs

of P.L. 96-516.

September 30, 1981: Deadline for the NSF Director to submit a report

recommending programs to encouragg the full participation of minorities in.

science and technology to
the,Benate Committee on Labor and Human Resources

-----

and the House Committee on Science and Technology;

January 20, 1982: By this date, the President was directed to report .

to Congress on a national policy for promoting equal opportunities for women

and minorities in science, with the assistance of the-NSF and Office of Science

and Technology Policy (OSTP) Directorsr-

January 20, 1982: Deadline for the NSF Director's biennial report on

.
4k

employment statistics of women and minorities-in scientific and technical

positions, to be submitted to Congress, the
Attorney General, the OSTP Director,

the Equal Employment Opportunity
Commission Chairman, the Office of Personnel

Management Director, and the Secretaries of Labor, Education, and HHS; and

'''.---angary 1, 1983: Deadline for the President, with the assistance of

specified Federal officials, to report to Congress suggesting a national

policy regarding the direct and indirect impact of Science and technology

and women and minorities.

°

6. The 97th Congress (Up to April 1982)

In April 1981, during the first session of the 97th Congress, the NSF

:,Director, Ur. John Slaughter,
announced that members of the Committee on

Equal Opportunities in Science and Technology had been appointed, as suggested

in part B, section 36 of the law, P.L. 967516, to advise the NSF Director
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regarding the implementatio% of the Act "and on other policies and activities

of the FoutAation which are likely to result in greater participation of

womenln scientific, engineering, professional, and technical fields." Also

reported during that month, was that the Reagan Administration had frozen

funding for the NSF women and minorities in science programs, pending efforts

to have it rescinded by Congress. In addition, the Administration also proposed

to eliminate the programs entirely in 1982, 471/ along with NSF funding for

science education programs. 472/

The fiscal year 1981 NSF budget for science education programs was on

$85.7 million, but this was reduced by the Reagan Administration to

$67.6 million. 473/ The amount finally enacted was $70.6 million. .474 / The

Supplemental Appropriations and Rescission Act, 1981, (P.L. 97-12) stipulates

that "of the amounts remaining for science education activities under Public'

Law 96-526 [appropriations for fiscal year 1q81 to the Department of Housing

and Urban Development and specified independent agencies including NSF] not

more than (1) $15,000,000 shall be available for women and minorities in

science and technology activities, and (2) $500,000 shall be available

science education programs related to appropriate technology

471/ Association for Women-in Science Newskettei; v. 10, no. 2, Apr./
May 1981. p. 3

472/ Ibid v 10, no. 4, Aug./Sept. 1981. p. 3.

Science and Engineering Education in NSF Budget.' In Remarks of
_--Don Fuqua. Congressional Record, Daily Edition, v. 127, July 22, 1981.

p. E3642.

474/ Supplied by NSF during a telephone conversation with the Congres-
sional Research Service, on Feb. 17, 1982.

20,
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For fiscal year 1982,
the NSF was appropriated

$20.9 million for science

education, the lowest amount
allotted for this function

in almost 25 years. 475/

Essentially, science and
engineering education programs

would be discontinued

in fiscal year
1982, "except for second

and third year funding commitments for

graduate fellowships already awarded." The NSF explained this reduction

by stating, "Mhen
compared to total national

expenditures for education in

the United States, the
Foundation's science and

engineering program s

Lively small, (less than one tenth of one_percent of the meal) . . . [a]

number of the Foundation's
science education goals are at least partially

achieved`throug
research support activities.", 476/

During the first session of the 97th Congress, the Subcommittee on Science,

Technology, and Space of the Senate Committee on
Commerce, Science, and Trans

portation held a day of hearings in
Albuquerque, New Mexico. 477/ Conducted

by Senator Harrison
Schmitt, on the "Scientific and Technical Manpower Needs

of New MexIco,"
testimony was presented by representatives of

Federal research

institutions, academia, and private industry.
Senator Schmitt stated that the

hearing would be "a good
starting point to evaluate how successfully our school

475/
Figure obtained during a

telephone conversation in
Apr. 1982 with

a spokesman at the NSF.

476/ National Science Foundation.
Budget in Brief to the Congress,

Fiscal Year 1982.
Washington, U.S. Govt. Print. Off., 1981. 69 p.

477/ U.S. Congress. Senate. Committee on Commerce,
Science, and Trans

portation.
Subcommittee on Science,

Technology, and Space. Scientific and

Technical Manpower
Needs of New Mexico.

Hearings, 97th Cong., 1st Sess.,

Feb. 9, 1981.
Washington, U.S. Govt. Print. Off., 1981. 69 p.
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systems and universities are training young men and women for the scientific

and technical fields needed in private industry and governmental research.". 478/

In October 1981, the House Committee on Science and Technology held two

days of hearings on "Engineering Manpower Concerns." 479/ .Witnesses repre-

senting academia, industry, and the Federal Government includingothe military,

-expressed their concerns regarding the condition of science. and engineering'

education in'the United States. The purpose of the hearings were twofold,

as stated by committee chairman-Representative Don Fuqua--(1) "to broadly

define the extent of the problem now facing us in engineering and technical

manpower"; and (2) "to explore the alternative solutions--realistic alter-

natives, other than simply putting more Federal dollars into more Federal

programs." 480/

Consequently, Representative Fuqua introduced the National Engineering

and Science Manpower Act of 1982 (H.R. 5254) that "authorizes each Federal

agency and department to estabish programs for training technical and en-
,

gineering personnel and to cooperate with State and local governments on such

programs." -It would also create a special Coordinating Council on Engineering

and Scientific Manpower within the NSF to coordinate Federal efforts in science

and engineering education. Referred to the House Committee on Science and Tech-

nology, two days of hearings were held concerning this bill on April 27, and 29,

1982.

478/ From a News Release by the Senate - .Committee on Commerce, Science,
and Transportation, dated Feb. 2, 1981.

479/ U.S. Congress. House. Committee on Science and Technology. En-
gineering Manpower Concerns. Hearings, 97th Cong., 1st Sess., Oct. 6, 7,
1981. Washington, U.S. Govt. Print. Off., 1981. 174 p.

480/ Ibid., p. 1.
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During the second session of the 97th Congress, the House Committeg.pn

Science and Technology,
Subcommittee on Science, Research, and Technology .

held fiscal year 1983 NSF authorization hearings. 481/ Two days were set

aside to discuss, especially, science and
engineering education; plus women,

minorities, and the handicapped
in science;' and scientific instrumentation.

Of special concern was
the fact that, for fiscal year

1983, the NSF has

eliminated funding for all science education training programs. The only

funding_ that NSF has requested is $15 million for graduate fellowships.

Recognizing that there are problems in science education and disagreement

on how to solve them, the NSF, according to its Director,'Dr. John Slaughter,

will "play a catalytic role, to help identify critical needs, and . en-

courage State and local governments, scientific
and professional organiza-

tions, private industry, and other Federal agencies
to make appropriate con-

tributionsto resolving them." 482/

In January 1982, the National Science Board
(NSB), which is the policy-

making body of the NSF, created a Commission on Pre- College Education in

Mathematics, Science and
Technology to "examine the health and potential of

pre-college mathematics, science and pre-engineering
education in the United

States and make
recommendations to the National

Science Board and to the Nation

481/ U.S. Congress. House. Committee on Science and Technology. Sub-

committee on
U.S..

Research, and Technology.
National Science Foundation

Authorization, Fiscal Year 1983. Hearings,,97th Cong 2d Sess., Feb. 23, 25,

Mar. 4, 1982. .Unpublished.

482/ Taken from Dr. John B. Slaughter's testimony, presented
at hearings

before the Senate Committee
on.Labor and Human Resources on National Science

Foundation Authorization
for FY 1983, Apr. 15, 1982. p. 10.
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as a whole to address identified needs." 483/ The Commission currently is

funded by $700,000 awarded in fiscal year 1982. Additional funding for fiscal

year 1983 has not been requested.

On March 25, 1982, the Senate Committee on Commerce, Science and Trans

portation held NSF authorization hearings for fiscal year 1983. Sciende and

engineering education were among the topics discussed. Also, on Apri1.15, 1982,

the Senate Committee on Labor and Human Resources held hearings on NSF autho

rizations for fiscal year 1983. Several witnesses testified concerning science

and engineering Iducation concerns.

Two bills have been introduced concerning science and engineering educa

tion during the 97th Congress, second session, at the time of this writing.

H.R. 5742 was introduced on March 4, 1982 by Representative Ike Skelton to

create a National Commission on Science, Engineering, and Technology Education.

It has been referred to several House committees--Committeeon Armed Services,

Subcommittee on Military Personnel and Compensation; Committee on Education

and Labor, Subcommittees on Elementary, Secondary, and Vocational Education;

on Select Education; and on Postsecondary Education. No further action has

occurred. S. 2421, the National sneering and Science Manpower and Education

Act of 1982, by Senator. John Glenn, wa introdUced on April 22, 1982 to. create

the National Coordinating Council on Technical, Engineering, and Scientific

Manpower and, Education, and for other purposes. Referred to the Senate Com

mittee on Governmental Affairs, no further action has occurred at the time

of this writing.

483/ National Science Foundation. Justification' of. Estimates of Appro-
priations to the Congress, Fiscal Year 1983. Washington, p. SEEV-1.

2j
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II. RECAPITULATION

-- Congress has appropriated funds continuously to NSF in support of

its science education
activities through the Science and Engineering Educa-

tion Directorate. 484/ Numerous bills have been introduced

science and engineering
education over the 29-year period discussed in Part

V of this, report. Until the passage of the National Science Foundation

Authorization and Science and
Technology Equal Opportupities Act in 1980,

Congress had not passed any substantial legislation focused specifically

on science and
engineering education, aside from the NSF appropriations

to the Science and Engineering Education
Directorate, since the enactment

of the National Defense
Education Act of 1958.

-- NSF has responded to the science and
engineering education problem

over the years by
providing funding for scientific

training of graduate stu-

dents through graduate
fellowships; establishing summer

institutes for college

teachers, which eventually
expanded to include -secondary- and ,elementary-level

teachers; and creating its Course Content Improvement
Program, its Women in

Science Program, as well as various science education programs
to assist

minorities and the handicapped
in science, and many more.,

Funding for NSF

science education programs,
however, dropped to th4 lowest amount in almost

25,.years when, in fiscal
yeir 1982 NSF was appropriated

$20.9 million for

that'purpose. For fiscal year 1983, no funds have been proposed by the

Administration for a science
education prograM at the precollege level.

NSF has requested,
however, $15 million for graduate research fellowships;

484/ See appendix 16.
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-- Before the launching of Sputnik I, there was significant congres-

sional concern about the state of U.S. science education. Several forms of

legislation were introduced between the 84th Congress and the end of the first

session of the 85th Congress, immediately prior to the launching of the Soviet

earth satellite. No definitive action occurred;

-- Following Sputnik I, public demand was aroused for more adequate science

education instruction. Congress reacted through the passage of the National

Defense Education Act in September 1958, which enacted a four-year, $887 million

program for student loans, fellowships,. and other aids to improve U.S. scienti-

fic manpower resources, including the strengthening,of science and mathematics

instruction and the establishment of a Science Information Service in the NSF;

and

-- After the successful moon-landing mission of Apollo 11 in 1969, a

large number of scientists and engineers lost their jobs, especially aero-

space engineers. Within three years, between fall 1969 and fall 1972, en-

gineering schools suffered a 29.7 percent decline in full-time freshmen en

rollments, a 25.3 percent decrease in full-time sophomore enrollments, and
a

a 9.0 percent decline in full-time junior enrollments. 'Substantial in-

creases in engineering school enrollments did not become evident again until'

fall 1974. Since that time, as discussed in Part I of this report, under-

graduate engineering school enrollments have continued to increase.
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PART I: SCIENTIFIC AND TECHNICAL EDUCATION IN THE UNITED STATES AS IT
RELATES TO THE SUPPLY AND DEMAND OF SCIENCE AND ENGINEERING
MANPOWER

American Electronics Association. Technical employment projections of
professionals and paraprofessionals, 1981-1983-1985. Palo Alto,
Calif., American Electronics Association, 1981. 197 p.

The results of a national survey of employment projections
of the technical workforce in the electronics industries through
1985, conducted by the American Electronics Association.

Babco, Eleanor L. Salaries of scientists, engineers and technicians: A
summary of salary surveys. 10th ed. Washington, Scientific Manpower
Commission, Nov. 1981. 140 p.

A compilation of salary information of scientists and engineers
''.Erom various sources for the purposes of comparison and easier
accessibility.

Chesser, Thomas M. Foreigners snap up the high44ech jobs. The New York
times, July 5, 1981: 13.

.

U.S.-educated foreign nationals are being hired with greater
frequency by U.S. high technology industries because fewer American
students are seeking advanced degrees in technical fields.'

College Entrance Examination Board. Advisory panel on the scholastic
aptitude test score decline. On further examination. New York,

College Entrance Examination Board, 1977. 75 p. LB2367.C63

The 21 members of the Advisory -Panel on the Scholastic Aptitude
Test Score Decline served "as an advisory body to the presidents of
College Board and Educational Testing Service," and examined the
significance of the decline in SAT scores and assisted in developfng
an understanding of it.

Dickson,.David. U.S. graduate salaries: engineers ahead. Nature, v.

292, Aug. 20, 1981: 663.

Discusses the recent growth in science and engineering degrees
awarded at the bachelor's and first professional degree-level.
Contends that the continued growth in engineering graduates reflect
the comparatively high starting salaries that are being offered to
even first degree engineering graduates by industry.

n
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Engineering crunch seen tightening.
Engineering news-record, v. 206,

Apr. 30, 1981: 10-11.

Reports that many of the Nation's engineering schools are

restricting-undergraduate enrollment because of "limited resources

with which to. sustain the quality of engineering education."

Exxon annouonce6 $15 million for engineering education. Higher education

daily, v. 9, Sept. 21, 1981: 5.

Discusses the announcement of the Exxon Education foundation

which plans to contribute.$13 million in grants to help strengthen

engineering education.

Galambos, Eva C. Engineering and high technology manpower shorgates: the

connection with mathematics. Atlanta, Georgia, Southern Regional

Education Board, 1980. 16 p.
A

This report discusses the "relationship between the adequacy

of high school mathematics instruction
[with] the capacity of higher

education to meet society's .need for skilled, high technology

manpower."

Helgeson, Stanley L., Patricia E. Blosser, and Robert W. Howe. The status

of pre-college science,
mathematics:and social, science education,

1955-1975. Vol. I, science education. Prepared for the National

Science Foundation. Directorate for Science Education. Office of

Program Integration. .Washington,
U.S. Govt. Print. Off., 1978.

This repo. "review[s], analyze[s], and summarize[s] the'

appropriate literature related to pre-college science instruction,

to science t, her education; and to needs, ssessment effortsi and

identifies ends and patterns in the preparation of science

teachers, r. !,g practices, curriculum materials, and needs

assessmer anience education during the period, 1955- 1975."

Howard, Philip I.. ebra.E. Rothstein. Input for computer workers:

education a Lr 'ng for computer occupations. Occupational

outlook quart 25, Summer 1981: 23-25.

.

The'authors discuss problems involved in-the training of

qualified computer 'personnel-because
of the comparable newness of

the computer field and the rapid changes that are occurring in

computer technology.

Up, up, up, and away: trends in computer occupations.

Occupational outlook quarterly,, v. 25, Summer 1981: 3-11.

Discusses employment in the computer occupations in regard to the

shortage in computer manpower. The authors make projections regarding

the futur'e supply and demand of computer personnel.
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Institute of Electrical and Electronics Engineers, Inc. IEEE leaders
challenge perceived shortage of engineers; Presidential science
advisor plans engineering education 'manifesto.' News Release,
Nov. 30, 1981: 3 p".

DiscuSses an IEEE "Conference on Engineering Manpower Supply.
and Demand," held Nov: 16-17, 1981, do which data suggesting a .

shortage of engineers in the Nation were challenged by the leaders
of the IEEg. he IEEE orgadization has behn reported as the "world's
Largest_professiobal technical society.- i '

ON
Lowenstein, Roger. Two-edged sword: surge in engineering enrollment!)

begins to ease industry's shortages but stirs trouble at colleges.
The Wa111 street journal, Aug. 20, 1981: 52.

The author reports that after years of a scarce supply of
engineers; the supply is beginning to catch up with the demand
and there should be an adequate' supply in most fields by the end of the
1980s.

McCurdy, Jack. Faculty shortage perils engineering schools' growth.
Chronicle of higher education, v. 22, June 29, 1981: 1, 5.

Discusses' the general issue of the problems involved in engineer-
ing education on the' university- level. Industry and education groups

,involved in finding possible solutions, also are discussed.

Muldoon, Richard. NSF awards $3 million to colleges and universities
for instructional scientific equipment. National Science Foundation
news release, Sept. 17, 1981: 2

Announces NSF awards for the purchase of scientific equipment
under the Instructional Scientific Equipment Program, which is
"designed to strengthen classroom, laboratory and field work experi-
ence for uddergradtiate students by exposing them to up-to-date lab-
oratoiy instrumentation and current educational technology."

Nationdl Assessment of Educational Progress. Attitudes toward science:
a. summary of results' frOm the 1976-77 National Assessment of science.
Denver, Colorado, Education Commission of the.States, Oct. 1979.
97 p.

As partrof its 1976-77 assessment, the National Assessment
of Educational Progress (NAEP) investigated attitudes toward science
and science education."

0-
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----- Changes inmathematical achievemeht, 1973 -1978: results from the

second assessment of mathematics. Denver, Colorado, Education

Commission of the States, Aug. 1979. 31 p.

The NAEP conducted' two surveys of the mathematics achievement

of 9-, 13-, and 17- year -old students: The first was conducted

during the 1872-,73 school year, and the second during the 1977-78

academic year. "This report describes changes in student per-

formance between the 1973 and 1978 assessments."

----- Three national assessmen science: changes in achievement,

1969-77. Selected results from the third national assessment of

science. Prepared. with the National Center of Education Statistics,

U.S. Dept: of Health, Education, and Welfare, Education Division.

Denver, Colorado, Education Commission
of the State's, June 1978. 33 p.

tiE NAEP conducted three assessments to determine how "defined

groups of American Students respond .to science exercises, rather

than the performanf4g level of individual students" the first was

conducted during the 1969-70 school year,.the second, in 1972-73, and

the third, during the 1976-77.school year..
This report focuses on

changes in achievement over these periods of time.

National Council of Teachers of Mathematics. NCTM documents shortage of

mathematics teachers. Nerds release, Oct. 19, 1978.

.The NCTM announced that at the end of the 1977-78 school
.

year, nearly 10 perCent,of the mathematics teaching positions in

the Nation were vacant.

National Research Council. Commission on Human Resources. Science for

non-specialists: the college years. Committee for a Study of the

Federal Role in the College Science Education for Non-Specialists.

-Report to the Natiohal Science Foundation Washington, National

Academy Press, 1981. 158 p.

The authors "examined tbe state of undergraduate science education

for those who are 'non-specialists'
in science, and concluded that we are

presently confronted by an educational problem of national proportions."

7---- The state of school science: a review of the teaching of'mathematics,

science and social studies in American schools, and recommendations

for improvements. Commission on Human Resources. Panel on School

Science. Washington, June 1979. 83 p.

The Authors "considered the current needs for improving

education in science and mathematics" and made several recommendations.

2 d
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Commission on Human Resources. Summary Report 1980: Doctorate
recipients from United States universities. Washington, National
Academy Press, 1981. 42 P.

This report, which is published annually, "presents a brief
summary.of data gathered from the Survey of Earned Doctorates
&ring the academic year 1979-1980.

National Science FOundation. 'Supply and Education Analysis Group,
. Division of Science Resource Studies. Engineering colleges report

10% of faculty positions-vacant in fall 1980. .Science Resources
Studies: highlights, Nov. 2, 1981. 4 p.

This report presents the results of a survey conducted by
the American Council on Education during fill 198Q of 181
engineering colleges that are part of the Higher Education Panel
that is composed of 760 postsecondary institutions in the Nation.

----- Situation report -- selected Federal agencies' budgets. Report
to Dr. M. Kent Wilson, Director OPRM. [By] Syl McNincy, Jr.,
Executive Assistant for Budget Policy, Washington, June 22, 1981,
updated, July 6, 1981. 13 p.,.with attachments.

This report discusses the research and development funding
positions of the Departments of Defense, Commerce, Interior, Energy
Agriculture, NASA, and the National Institutes of Health. Included
are discussions regarding science and engineering education as it
relates to the appropriate agency.

National Science Foundation and Dept. of Education. Science and
engineering education fOr the 1980!s and beyond. Washiriton,
U.S. Govt. Print. Off., Oct. 1980. 82 p.

This report analyzes "a number of important and difficult
issues facing the Nation's. science and engineering education
systems.

One; -tenth of engineering faculty slots vacant. Chemical and engineering
news, v. 59, Nov. 30, 1981: 30.

Discusses the NSF survey, conductedby the American Council on
Education which concluded that, "most engineering deans [questioned,'
think the dbief factor in creating the shortage of engineering
faculty is the decreased number of new doctoral engineers being

. ..sraduatedeach- yearim-tbe

Opel, John R. Education, science, and national economic competitiveness.
Science, v. 217, Sept. 17, 1982.: 1116-1117.

Thi4 article is based on a speech delivered by the author at
the 37th annual meeting of the board of, trustees-of the Midwest
Research Institute on May 11, 1982. The author provides an over

, view of the problems facing the country in science, mathematics,

engineering education, and manpower, and what effect they-may have

in the future on the Nation's ability to compete internationally
with other countries.

I
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Peer, Elizabeth, and Lucy Howard. Help wanted: engineers. Newsweek,

v. 96, Nov. 17, 1980: 87.

Discusses the increased undergraduate engineering school

enrollments, some of the reasons for the influx of students, and

problems that have been detected,as a result.

Perry, Tekla S. Engineering education: coping with the crisis. IEEE

spectrum, v. 18, Nov. 1981: 65-72.

Various leaders from,the Federal
Government, industry, and

academia, met to discuss the problems involved in the science and

engineering education issue, and made several recommendations for

possible solutions.

Reinhold, Robert. View from the lab: prospects are glum for engineers.

The New York times, Dec. 23; 1980: Cl, C2.

Discusses the outdated university engineering laboratory

equipment.

Samuelson, Robert J. Engineering enigma. National journal, v. 13,

Dec. 12, 1981: 2206.
S

Discusses the recent growth in engineering school enrollments,

what it means for universities,
various industries, and the Nation.

Stake, Robert, and Jack Easley, Jr. Case studies in science education:

design, overview and general findings, Vol. II.-'Center for

Instructional Research and Curriculum Evaluation and Committee on

Culture and Cognition, University of Illidois at Urbana-Champaign.

Prepared for the National Science Foundation. Directorate for

Science Education. Office of Program Integration. Washington,

U.S. Govt. Print. Off., Jan. 1978. Various paginations.

This report reviews case studies in science education collected

from "field observations of science
teaching and learning in American

public schools during the school year 1976-77.7

Case studies in science education.
Executive summary of chapter 19.

Center for Instructional Research and
Curriculum Evaluation and

Committee on Culture and Cognition. University of Illinois-Urbana-

Champaign. Jan. 1978. In National Science Foundation. Directorate

for Science Education.
The status of pre-college science, mathema-

tics, and social studies educational
practices in U.S. schools:

an overview and summaries of three studies. Washington, U.S.

Govt. Print. Off., July 1978. pp. 19:1-19:72.

'.A summary of chapter 19, 'Knowing and Responding to the Needs

of Science Education," of the
Stake and Easley report which presents

findings from case studies ofscience
education, possible actions

for the NSF Science Education
Directorate, and strengths, problems,

as well as "non-problems" of science education.
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Suydam, Marilyn N., and Alan Qaborne. The status of pre-college science,
mathematics, and social science education, 1955-1975. Vol. II,
mathematics education. Prepared for the National Science Foundation,
Directorate for Science Education, Office of Integration. Washington,
U.S., Govt. Print. Off., 1977. 289 p.

This report is a "study of the state of mathematics education
in the schools with the past used as a backdrop of evidence about
causes and effects of public educational policy formation."

Technical illiteracy threatens U.S. science. Science news, v. 118,
Nov. I, 1980: 276..

Discusses the findings of the NSF and Department of Education
report, Science and engineering education for the 1980's and

LeX9Aci

U.S. Congress. Douse. Committee on Science and Technology. Engineering
manpower concerns. Hearings, 97th Congress, 1st session. Washington,
U.S. Govt. Print. Off., 1981. 174 p.

Two days of hearings were held on Oct. 6-7, 1981 to "broadly
define the extent of the problem now facing [the Nation] in engineering
and technical manpower. . . ", and to ". . explore the alternative
solutions -- realistic alternatives, other than simply putting more
Federal dollars into more Federal programs."

Vetter, Betty, and Eleanor Babco. Professional women and minorities:
manpower data resources service. Washington, Scientific Manpower
Commission, Feb. 1981. 272 p.

Statistical tables of over 200 published and previously
unpublished data reporting the participation and availability of
women and minorities in professional areas which includes the
general professions and workforce, academic workforce, various
scientific fields, arts, humanities, education, and economics
which usually require formal education to at least the bachelor's
degree level.

Walsh, Efthalia, and _John. Crisis in, the science classroom. Science 80,
v. 1, Sept./Oct. 1980: 17-22.

. .

Discusses the state of science and engineering education in
U.S. schools and compares it with similar education in the Soviet
Union.

Wanted: II.S.-born graduate students. Chemical ,week, v. 128, June 24,
1981: 44-46.

22:
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Discusses the increase of foreign national engineering'graduate

students, and degree recipients, and the growing' decline of suchU.S. -

born individuals. This is causing a growing dependence of U.S.

industries and universities on non-U.S. citizens in the field of

engineering.

Weise, Iris R. Report of the 1977 National survey of science, mathematics,

and social studies education. Prepared for the National Science

Foundation. Research Triangle Park, North Carolina, Center for

Educational Research and Evaluation. March 1978. 166 p. end

appendices. ,

Reviews the findings of a survey taken in several school

districts across the Nation, of school superintendents, science,

mathematics' and social studies supervisors,
principals, and, teachers

regarding science and mathematics instruction from kindergarten

through the 12th grade.

Willenbrock, F. Karl, and Cecil H. Green. United States.and Technological

Preeminence._ Science, v. 213, Sept. 18, 1981: 1319. .

Discusses the challenge that Japan and the Soviet Union.,

are giving the United States in maintaining its world leadership

in technology. Authors provide suggestions that they feel will
_

help the Nation meet the challenge.

Wolfle, Dael. Public policy decisionmaking and scientific literacy.

Prepared for the National Science Foundation. July 1979, revised

Dec. 1979. Papers commissioned as inputs to Second Annual Science

and Technology Report (ASTR). Vol. VI, Public policy decision

making and science literacy: information
needs for science and

technology.
Washington, U.S. Dept. of Commerce, National Technical

Information Service, 1980. 33 p.

The author discusses the scientific literacy of the general

U.S. public and what Affect the improvement of such literacy could

have on the quality of 6yernment decisionmaking.

Young, Leo. Science. and engineering. Science, v. 209. Sept. 26,.1980:

1475.

The author examinee what he determines to be the 1"need for

a national commitment to closer ties between science and engineering."

2', 2
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PART II: SCIENTIFIC AND TECHNICAL EDUCATION IN JAPAN, THE SOVIET UNION,
AND WEST GERMANY

Ailea, Catherine.P., and Francis W. Rushing. The science race: training
and utilization of scientists and engineers, U.S. and U.S.S.R.
Strategic Studies Center. SRI International. New York, Crane,
Ruasak and,Co., Inc., 1982. 254 p.

'Thin book reports on an extensive comparative study of'the
training and utilization of scientists and engineers in the United
States and the Soviet Union."

Anderson, Ronald S. Education Su Japan: A century of modern development.
.U.S. Dept. of Upalth, Education, and Welfare, Office of
Education. Washington, U.S. Govt. Print. Off., 1975. 421 p.

This book is'a revision of a previous' work published in 1960
by the same author entitled, Japan: three epochs of modern education.
This new study "focuses upon the contemporary issues in Japanese
education seen in the perspective of the last 100 years of educational
development."

Davis, Robert B., Thomas A. Rombert, Sidney,Tachlin, and Mary G. Kantowaki.
An analysis of mathematici education in the Union of Soviet Socialist
Republics. Columbus, Ohio, Clearinghouse for Science, Mathematics
and Environmental Education, The Ohio State University College of
Education, Dec. 1979. 178 p.

This book provides a report on the current status of mathematics
education in the Soviet Union.

DeWitt,'Nicholaa. The current status and determinants of science education
in Soviet secondary schools. Summary findings. Prepared for the
Commission on Human Resources, National Academy of Sciences,,National
Research Council. April 1980. 12 p.

Thin study provides a summary of thestatua of mathematics
education in,the Soviet Union on the secondary level from 1978 to
1980.

The educational -ayetem in the Federal Republic of Germany. Prepared by the
Secretariat of the Standing Conference of Ministers of Education of the
States of /the Federal Republic of Germany in cooperation with the
Federal Ministry for Education and Science and the Conference of West
German University Rectors. New York, College Entrance Examination
Board, 1979. 147 p.

Presents a description of the West Germin educational-system.

19-177 0 -r 83 16
223



212

Engineering our future. Report of the Committee of Inquiry into the

Engineering Profession. Sir Montague Finniston, chairman. London,

Her Majesty's Stationery Office, Jan. 1980. 258 p.

Referred to as the Finniston report, this study examines the

engineering profession, supply and demand, engineering education, and

the current and future outlook of engineering education, training, and

'employoent.of engineers in the United Kingdom. In the appendices,

the engineering profession, and education of various other countries

including the United States are discussed.

Kirst, Michael W. Japanese education: its implications for economic

competition in the 1980s. Phi Delta Klippen, v. 62, June 1981: 707

708.

The author has found that "Japanese schools are better

equipped than their U.S. counterparts to prepare the workers

of the future." He, however, cautions thilt Japan's success

has been purchased at a high price.

On mathematics in the U.S.S.R.: A conversation with Izaak Wirszup.

Educational leadership, v. 38, Feb. 1981: 361-362.

In a conversation with the editor of this journal, Izaak

/ Wirszup, a University of Chicago
Mathematics Professor who has

studied Soviet mathematical education
extensively, "explains why

he believes science and mathematics
programs in the U.S. must be

improved."

Science and International Affairs Bureau.
Outline of education in Japan.

Japan, Miriistry of Education, Science and Culture (MONBUSHO), 1979.

60 p.

Discusses the Japanese education system including administra

tion, finance, and recent major education reforms of'the system.

Statistical Handbook of Japan. Tokyo, Japan, Bureau of Statistics,

Office of the Prime.Mlnister, 1978. 154T..

This statistical handbook provides a' descriptive text,

tables, charts and photographs . . . [used) to portray the actual

conditions of Diadem Japan, covering
political, economic, social

and cultural fields."

Thier, Herbert D. In service training of elementary school science

teachers: a United StatesJapan seminar'. Science education,

v. 60, Oct./Dec. 1976: 551-558.
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In-service training of elementary school science teachers
was the topic of discussion at a joint science seminar between
the United States and Japan, held Oct. 13-17, 1975 in'Kyoto
and Tokyo, Japan. The seminar was sponsored by the Japan
Society for Promotion of Science (JSPS) and the, U.S. National
Science Foundation.

Trimble, Jeff. Russia's new challenge to U.S. -- in the classroom. U.S.

News and World Report, v. 89, July 28, 1980: 50.

The author discusses the belief that the Soviet Union is challeng-
ing the United States for scientific superiority. .

United Nations Educational Scientific and Cultural Organization.
Statistical yearbook, 1978-79. Paris, France, UNESCO, 1980. 1266 p.

Presents data from member states of the United Nations pith
,information on regulations and statistics relating to the various
countries "educational, scientific and cultural Life and activities." .

'Vogel, Ezra F. Japan as number one: lessons for America. Cambridge, '

Massachusetts, Harvard_University Press, 1979. 272 p. HN723.5.V63

The author states that the purpose of this book is to "describe
selected aspects of the Japanese national system that'are so effective
that they contain lessons for America.

von Dohnanyi, Klaus. Education and youth employment in the Federal
Republic of Germany. Carnegie Connell on Policy Studies in Higher
Education. Berkeley, California, The Carnegie Foundation for the
Advancement of Teaching, 1978. 102 p.

"This is one of seven publications presenting studies
commissioned by the Carnegie Council on Policy Studies in Higher
Education as a means of providing a global perspective for education
and youth employment in contemporary societies,"

Wirszup, Izaak. The Soviet challenge. Educational leadership, v. 38,

. Feb. 1981: 358 -360.

Discusses science and mathematics education in the,Soviet Union
and in the United States. The author warns that ".. . . the recent Soviet

educational mobilization . . poses a formidable challenge to the national
security of the United States. "
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PART III: POTENTIAL DIRECTIONS FOR SCIENCE AND TECHNOLOGY MANPOWER

Graham, Jim, LTC. The engineering shortage -- a L4tional problem. Long

Range Planning. Washington, U.S. Air Force.

Discusses the current and future projections of supply and

demand of science and engineering
manpower in the Nation and the

implications for the U.S. Air Force.

Scientific, Engineering, Technical
Manpower Comments, v. 18, nos. 2 and

3, March and April 1981.

Continuously updated publication prepared by the Scientific

Manpower Commission that provides current inforuation regarding

scientific and technological concerns of the Nation.

PART'IV: THE SUPPLY OF DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS IN

THE UNITED STATES

Katonak, Major Thomas T., USAF. The engineer shortage: an analysis.

Executive summary. Report no. 1365-81. Washington, 1981. 41 p.

The author assesses "the current and projected shortage

of engineers in the U.S. Air Force Officer Corps and analyze

potential solutions to ameliorate the shortage."

Office of the Under Secretary of Defense. The status of scientific and

engineering personnel in the United States: analysis of the problem,

its impact on DoD, and the role of the defense ia the national

arena. White paper report. Washington, 1981. 5 p.

Summarizes the issue of supply and demand of scientific and

engineering manpower in the United States. Reviews the impact on

the Department of Defense.

U.S. Library of Congress.
Congressional Research Service. Engineering

manpower: a survey of the national
problem and the problem in the

Department of Defense. By Paul Zinsmeister. Dec. 21, 1981.

Washington, 1981. 19 p.

Surveys the current situation of the perceived Shortage of

science and engineering manpower
at the national level and within

the Department of Defense.
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PART V: A HISTORY OF CONGRESSIONAL CONCERN AND SOME ACTIONS TAKEN BY THE
NATIONAL SCIENCE FOUNDATION RELATED TO SCIENCE AND ENGINEERING
EDUCATION

Anderson,,Glinton P. Remarks in the House. Congressional record [daily
ed.] v. 101, July 11, 1955: 10151-10152.

Remarks in the House of Clinton P. Anderson regarding the loss of
high school science teachers to industry because of higher salaries, that
was evident in 1955, and the effect on science instruction at the high
school level.

Bates, Dorothy M. Analysis of legislation related to improvement of
scientific study, teaching, and progress in the United States:
79th Gangrene id the 85th Congress, let eession, 1945-1957. In

U.S. Congress. Senate. Committee on Government. Operations.
Science and Technology Act of 1958. Washington, U.S. Govt. Print.

Off., 1958. pp. 152-177. (85th Congress, 2d session. Senate.

document no. 90)

An analysis of proposed legislation "that dealt with the overall
reorganization of governmental scientific activities, the training of
scientists and engineers in particular, and aid to higher education in
general" for each session of Congress beginning with the 79th
Gongrees, let session through the 85th Congress, let session.

Cannon, Howard W. The nation's scientific manpower policies. Remark° in

the Senate. Congressional record [daily ed.] v. 109, Feb. 7, 1963:
2055-2056.

During remarks in the Senate, the Senator expressed his
concern that nothing concrete had been done at that time to combat
the problem of.a shortage of engineers and scientists in the Nation.

DeWitt, NicholaS. Professional and scientific personnel in the U.S.S.R.

Science, v. 120, July 2, 1954: 1-4.

Summarizes 'findings from a study., The Soviet professional labor
force, 1928-1953, that revealed information about Soviet professional
and scientific manpower problems during that time period.

Engineering Manpower Commission. Engineers Joint Council. Engineering

and technology enrollments; fall 1978. Part I, enrollments by.

schools, enrollments by curriculum for all students. New.York,

Engineers Joint Council, Jan. 1979. 189 p.

A compilation of statistical data for all students enrolled
in engineering technology programs by curricula and school, covering'
276 engineering schools across the Nation. This information is

updated for the fall of each school year.
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Hartsfield,-Jack. Gold mine of local talent just site. In Remarks of

James H. Allen'.
Congressional record 'daily ed.] v. 116, Aug. 21,

1970: 29694-29696.

An'irticle taken from the Huntsville (Alabama) Times discUaaing

impending layoff of scientists and engineers who were involved in

the space program.

,Husen, Tol.sten, ed. International study of achievement in mathematics:

'
a comparison of twelve countries. Vo'l II. New York, John Wiley

and sons, 1967. 368 p.

lipporta findings of a l2-nation educational endeavor to

compare student-achievement in mathebatica. U.S. pupils were found

, to rank low in mathematical'achievement compared with students from

Japan, England, France, Sweden, and Belgium.

KellY,,H;rr; C. Trends in supply of scienitiata and engineers In the

United States. Science, v. 120, July 2, 1954: 5A.

Discussea the number of science and engineering students

enrolled in U.S. colleges and universities, the number of sci-

entists and engineers employed in the labor force, and notes

that slightly less than 0.5 percent of the U.S. total population

were scientists and engineers, at that time. Also compared

similar statistics of the Soviet 'Union, and observed that .

the Soviets placed greater emphasis on training in science

and technology.

Killian, James R., Jr. Can Government maintain vital scientific leadership?

A public service report of the National Civil Service League, New

York, 1963. 16 p.

Discusses the problem of the Federal Government, as well as

the Nation's, of keeping adequate numbers of scientists and engineers

in order "to keep pace with the growing size of . national

commitments in science and technology."

Lack of scientists, is called critical:
2d report of U.S. Foundation says

Russia is outdistancing us in engineering graduates. New,York

times, Jan. 17, 1953.

Discusses findings from the second annual report of the NSF

that found that there was a shortage of scientists and engineers in

the Nation and predicted that Russia would graduate more engineers

than the United States.

Lomask, Milton. A minor miracle: an informal history of the National

Science Foundation.
Washington, U.S. Govt. Print. Off., 1976. NSF

76-18. 285 p.

This account of the first 25 years of the National Science

roundatiba is a sele-ctive-one .,. [that] consists of-episodes and

developments chosen from a large number of possibilities in an

effort to convey to the general reader the flavor of,;,a unique Public

institution.

2 I)
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MacDougall, A. Kent. Recruiting nborad: U.S. concerns step up pverseno
search for scientists, engineers. Wall street journal, Apr. 23,
1962:, 1, 6.

Discusses efforts to recruit scientists and engineers in other
countries by an increasing number of U.S. induntries because of a
lack of such personnel in the United States.

Malnbre, AlfredL., Jr. Uneasy engineers -- many seek to acquire new
skills as demand softens, layoffs mount -- defense cutbacko big
factor; firms curb stockpiling of engineero to cut costs -- rush
back to the classroom. In remarks of James W. Fulbright.
Congressional record [daily ed.] v. 110, Feb. 27, 1964: 3808-3810.

The article rIggeots that there may have been a surplus of
englneere, at that Lime, at least in the defense and space industries.
There was apparently "a current slump in demand for engineers . . .

[reediting] primarily from uncertainty about future spending.on
defense and space programs."

Pell, Claiborne. The expected shortage of engineers. Remarks'in the
Senate. Congressional record [daily ed.] v. 111, June 6, 1967:
14754-14755.

Empllasizes that the Nation did not have adequate numbers of
engineers to insure that it.would have the necessary supply of
such trained manpower in years to come.

Price, Melvin. Meeting the need for scientific manpower an intelligent
approach to the problem. Remarks in the House. Congressional record
[daily ed.] v. 104, Feb. 3, 1958: 1572-1574.

Discusses the shortage of science and engineering mar4oweiV
the threat of the Soviet Union as a fesult of the launching of
SputniX I, previous hearings held prior to Sputnik that acknowledged
concerns about the Soviet scientific and technical manpower and
abilities, and proposes means by Which high school science and
mathematics teachers can improve the quality of instruction in
these subject areas.

United States ranked low in math teaching. In remarks-of John Brademas.
Congressional record [daily ed.] v. 113, March 7, 1967: 5734-5736.

Several articles were placed in the record by Mr. Brademas who
reported on the outcome of an international comparison of student-
achievement in mathematics in which U.S. students lagged behind five
other nations, including Japan.

U.S. Congress. House. Committee on Science and Astronautics. Subcommittee

on Science, Research, and Development. The National Science
Foundation: A general review of its first 15 years. Report prepared
by the Science Policy Research Division, Legislative Reference
Service, Library of Congress, 89th Congress, 2d session. Washington,

U.S. Govt. Print. Off., 1966. 286 p.

( 229
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A general review of the first 15 years of the National Science

Foundation, 1950 to 1965. "Included iu [aj discussion of basic re-

search project grants, national research programa, support of

research facilities, science education and institutional programa,

science information services, and support of Reliance policy planning."

Committee on Science and Technology. Subcommittee on Science,

Research and Technology. The National Science Foundation and Pre-

college science education:. 1950-1975.
Washington, U.S. Govt. Print.

Off., 1975. 297 p.

This study examinee the situations and events Which led the

National Science Foundation into an involvement with educational

activities' and with the teaching of science at the pre-college

level,..and which have shaped the Foundation's educational programa

at the pra7college'level over the past 25 years."

Natidnal Science Foundation authorizations for fiscal year 1983.

Hearinga,',97th Congress, 2d scusion, Feb. 23, 25, March 4, 1982.

Unpubliahed.

TwO'days of the three day hearings dealt specifically with

science and engincerAng education, women, minorities, and the

handicapped in science, and scientific instrumentation. Of special

concern was the fact that for /local 1983, the NSF has not proposed

funding for ecienne education programs.

Senate. Committee on Commerce, Science, and Transportation.

Subcommittee on Science, Technology, and Space.

Legislative record: digest of achievements and.status of presi-

dential recommendations0.86th Congress,
let session, January 7, 1959,

to September 15, 1959. Five-year review of the democratic controlled

84th, 85th, and 86th Congresses [by the Honorable Lyndon B. Johnson,

Senate Majority Leader) Washington, U.S. Govt. Print. Off., 1959.

(86th Congress, let session. Senate. Document no. 63) 159 p.

A summary of congressional
achievements- from January 1955 to

the end'of the 86th Congress, let session, Jan. 1959. During this

period, Congress passed the National
Defense Education Act of 1958.

National Science Foundation authorization.
Hearings, 97th Cogresss,

2d session. Washington, y.S. Govt. Pript. Off., 1982. 67 p.

A day, of hearings was held on Mar. /5, 1982 to discuss fiscal

year 1983 authorizations for the National Science Foundation. Science

and technology edUcation and manpdwer issues were diacuseed.

23u
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Scientific end technical manpower needs of New Mexico. Hearings, '9...7th

Congress, let session. Feb. 9. 4 19.81. Washington, U.S. Govt. Print. bff.,

1981. 69 p. .
.

,

A day 'of hearings was held in Albuquerque., N.....New Mexico as "a ..,

starting point to evaluate how successfully . . . [the Nation's)

school systems and universities are training young men and women
for the scientific and technical fields needed in, private industry
,and governmental reaearch."

. .

. .
.

----- Summary of the three-year Kennedy record and digest of major
accomplishments of the eighty-seventh Congress and the eighty-eighth;

Congress,
with

session, January 3, 1961, to December 30, 1963.
Together with a statement by the Honorable Hike Mansfield, Senate
Majority Leader. Washington, U.S. Govt. Print,_ Off., 1964.. 303p.

88th Congress, let session. Senate. Document no. 53)
S.

As a result of the assassination John F. Kennedy

in NahMber 1963; this analysis of cong;ea nal achieveMents was
enlarged to include the three-year record of the Kennedy administration.
In 1962, the Office of Science andtqechnology was established within
the Executive'Office of the President. Among-other duties, the OST
staff was charged to keep a close relationship with the science and

- engineering community in order to further its participation' in
strengthening the nation's science and technology and that of the
free world.

U.S. LibrarY'of Congress. Congressional Research Service. Women in

science 'and technology careers: background analysis and legislative

concerns. By Edith Fairman Cooper. Apr.'25, 1980. Washington, 1980.

85 p. .

Women scientists, especially with doctorate degrees; Constitute *
a'Ver'y small proportion of all, scientists in the science and .

technology professions and are relltively large base of 'untapped

talent for science and technology fields. 'Nis report.provides-a
background discussion about this issue.

. .
. .

Women,in science and technology careers. Iseue:hrief no. 80065,

by Edith.F. Cooper. May 29, 1980. (Anchived Apr. 21, 1981)..

Washington, 1980. 8 p. .

.

ProvAdes an overview of the issue goncerning the participation
of women in scientific and techhological careers.

Legislative Reference Service. Legislation dealing with science

and technology, 85th Congress, 2d session, 1958. COmpiled by

Dorothy M. Bates,''Analyst in American Government and Public
Administration, Oct. 15, 1963. 5 R.

k.This is a compilation of legislation dealing with science'and
technology that was enacted during the second session of the 85th
Congress which began three months after Sputnik I wad ladriched.
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Venn, Grant. Man, education, and work: .postsecondary vocational and
technical education. Washington, American Council on Education,
1964: 184 p. LC1043.174

"It is the thesis of this 'report that technology has created
a new relationship between-man, his education, and his work, in
which education is pladed squarely between man and his work." The

author contends that "unless far more and far better education. on
the semiprofessional, technical, and skilled levels la soon made
.available to greater numbers of citizens, the national economy and
social structure will suffer irreparable damage.":

Waterman, Alan T; Statement of Alan T. Waterman, Director, National
Science Foundation, before the Subcommittee on Andependent Offices,
Senate Appropriations Committee,. Apr. 24, 1953. In remarks of H.

Alexander Smith. Congressional record, (daily ed.] v. 100,. Nay, 5,

1953: 4438-4440.

During his statement before the Senate Appropriation's
Subcommittee, Dr. Waterman explained.thatthe NSF was providing
financial assistnace for the training of scientists and engineers
to help ease the shortage of such personnel evident in the Nation
at that time.
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'APPENDIX Ia

PERCENT OF STATES REQUIRING LESS THAN 1 YEAR, 1 YEAR, AND MORE TRO1 1 YEAR OF

. 4 EACH SUBJECT IN GRADES 9 THROUGH 11 FOR. HIGH SC400L GRADATION,

.. BY REGION AND SIZE OF STATE

1
What/tics Science.. Sot 111 Puna@

hip Than
. 1 Van

.

1 Y10

liars Than

1 rear
Iii Than
''l Yin

. harp Than

1 Yin 1 Yen iliillOW

Len Than

1 VW
. More Thu

1 Yin 1 Yin U1110WM...-----..
lin 104 22 51 21. 12 53 21 13 2 11 , II 13

Porthsad 31 13 14 0 38. 13 30 13 23 31 23

South 1 33 40 i Si 31 0 0 13 11 i
Korth Central 18 12 0 23 42 1 25 0 .25 51 A/
Hut

ilin of Mai

10 40 30 , 13 69 13 0 0 I 11 !

14111

litilleni
21

1)

IA .
61

15

33.

12

11

'51

55

. 11

13

, 13

11

0

6

21

11

74

11 ,

I
0

' Lam 33 41 24 13 46 21 21 0 . 13 52 . 35

lug. I 43 ,
43

. AI

'SOURCE: Weiss, Iris R. Report of the 1977 1/ Regions.

National Survey of Science, Mathematics, Northeast : CT, ME, MA, NH, NJ,

and, Social Studies Education, p. 24.
NY, PA, RI, VT

South : AL, AR, DE,,DC, FL,

GA, ;SKY, LA, MD, MS, .

NC, OX, SC, TN, TX,

VA; WV

North Central: IL, IN, IA, KS, MI,

MN, MO c NE, ND,, OH,

SD, WI

West : AK, AZ CA, CD., HI,

ID, NT, NV, NM, OR,

UT, WA, WY

V
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APPENDIX lb

AVERAGE =M g& OF M:LIUTES PER. DAY SPENT IN Eil3MiTARY SCHOOL
MAIRDIATICS, SCIM4CE, AND SOCIAL STUDIES LESSONS.

BY GRADE RANGE 1/

Grade Range

E-3 (N -801)

4-6 (N -805)

Subject

Mathematics
Standard

Minutes Error

38 2.53

44 2.09

Science
Standard

Minutes Error

19 4.12

35 1.73

Social Studies
. Standard

Minutes Error

22 1.84

40 4.62

Cl in which the most recent lesson was not on the last day school
was in session were assigned zeros for number of minutes spent in the lesson.

SOURCE: Weiss, Iris R. Report of the 1977 National Survey of
Science, Mathematics, and Social Studies Education, p. 50.
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APPENDIX 3

.TABLE 1 -- Sample of Japanese] Senior'High School General Program,
College Preparatory Course;

TABLE 2 -- Sample [of Japanesei_SeniOr_HighL.School_Ceneral_Program, _

Terminal Course;

TABLE 3---Sample [of Japanese] Senior High School Vocational Program,
Industrial Arts (Mechanical Specialty);

TABLE 4 -- Sample [of Japanese] Senior High School.Vocat'ional Program,.
Business.

SOURCE: Anderson, Ronald S. Education in Japan, p. 150-153..
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TABLE 6

U.S. AND U.S.S.R. EDUCATIONAL ATTAINMENT OT 1116 10147LATI0Nt 2940-2117

1170 11175 Inc 1977

0411.64. 4 V ov Vero 7.7 11.0 1).9 14.7 13.4
Nix% School. 4 Years or Noire 33.4 44.2 48.4 41.4 49.5
fifth Grad*. or Nore 50.6 31.5 33.3 32.0 31.4
Lees than 5 Yeare of School 0.3 3.3 4.2 3.9 3.7

N1m6er of Year.
Redtan Legal

10.6 12.2 12.7 12.4 12.4

Percent

Nlaher
2.8 5.0 6.2 6.4 6.7

loc.:owlet* Risher
1.2 1.6 1.5 1.6 1.5

Specialised Secondary 5.7 1.0 I.@ 10.1 10.4
Goefral Secondary 7.4 *4.0 17.6 18.6 tio,s
Incomplete Secondary 23.3 26.8 17.6 27.4 27.1
Primary and Lees 59.6 44.6 31.3 35.1 34.5

*sober of Years
Median L47.1 3.6 7.6 6.3 9.7 6.7

' Date for pardons 23 year. of axe or older.

Oita for persons 16 Teats of age or older.

Space.: S tttttt kat Abtratt of the United . 1916, p. 243;
USSR: Trends and Prospect.. In EduritIonal went 1151.15,
Mattoon* foreign Asnannment Cents', [119-10244. p.7. 2)

(lupe 1979).

SOURCE: Alias, Catherine P. and Francis V. Rushing. The Science Race, p. 15.
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APPENDIX 7

TABLE 8

Estimated transfers to 'different schools or training programs

Academic I.

or Voce.
proles- tional Other Other ,

sional fullthne Training federal mulct.
Graduate of: career schools in firms defense fantails Total

Basic 0.0% 10.8% 64.3% 1.6% 23.3% 100.0%
schools or
special
schools

Modern sec.
ondary
schools
intermediate
degree

0.0 233 66.7 1.9 8.0 100.0

Gymnasium
or other
institutions
matricula.
tion
csamina
tion

89.2 23 5.8 23 0.0 100.0

Source: Kuhinvincl, Mertenuand-Teuarine,19757

SOURCE: von Dohnanyi, Klaus. Education and Youth in the Federal Republic of
Germany. p. 22.

243
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APPENDIX 8

Science and Engineering Degrees Awarded in the

U.S., U.S.S.R., Japan, and West Germany; As Available,

1976, 1979, 1980

-TABLE 9a -- 1979 Science and Engineering Graduates: Unitd States and the
Soviet Union

TABLE 9b [U.S. and U.S.S.R.] Earned Degrees in 1979: Training of Engineers,
Technicians, and Skilled Workers (Excluding Atli: lt Education)

TABLE 10 1976-1979-1980: Engineering Degrees Awarded for All Countries

Discussed

4

2.14
v

*.s`
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TABLE 9a

1979 Science and Engineering Graduates:
OnitedStates and the Soviet Union af

Total SAE SAE Graduates Physical,
All Fields Graduates As Percent Life Sci. A .Eng1. Agri.

of'Total Mathematics

U.S. 1,000,600 179,700 17.92 93,600 62,800. 23,200

U.S.S.R. 799,000 416,900e 32.92 49,800 306,800 60,300

I

al Received frcm SRI .International during telephone conversatinn,with a
staff membee'on Oct. 27% 1981.

b/ Calculated fromAcolumns 1 and 2.
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TABLE 9b

EARNED DECREES IN 1979

TRAINING OF ENGINEERS. TECHNICIANS, AND SKILLED WORKERS

(EXCLUDING ADULT EDUCATION)

la thousands

Doctors la Engineering

Masters

Bachelors

USSR,

2.5 (approx.) 12.0 Candidates its Pagineerhig

Diploma Engineers (Graduates of
401.7 . Higher Technical 'Instituted),

113.2 re.

.53.7
(No corresponding degree!

White-collar Technicians. Grathislea
of Secondary Specialized Schools

(Equivalent of 2-3 years of U.S.

IN. corresponding IrMaingl
779.5 Technical Institute)

Skilled Technical IVeckeraIdbrilluales
of Technical Schools cad Sei4;ndary

IN0 corresponding emitting!
1103.0 Technical-Vocational Schools

Associate Degrees in Science
and Engineering-Related
Curricula (Junior Colleges) 103.7

INo corresponding training!

Graduates el Technical-
Skilled Workers. Graduates of °mass*

Vocational High Schools 7 1,234.0 Technical- Vocational Schools

Trode and Industrial Programs
In High Schools

SOURCE: 'Dr. Izaak Wirszup, Dept. of tlatheloacica, The University of Chicago,

. '1981.

6
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TABLE 10 .

1976-1979-1980
Engineering Degrees Awarded
For All Countries Discussed a/

,
1. 9 7 6

Bach. Master Doctor Post- Total Percent of Total
Degree Degree Degree Graduate Population

U.S. b/ 38,774 16,021 2,791

W. GERMANY 11,241

JAPAN 68,126

U.S.S.R. N.A.

8,058

6,216

N.A.

57,586 0.027

19,299 0.03

74,342 0.067.

280,400 c/ 1.09

1 9 7 9

Bach. Master Doctor Total Percent of Total
Degree Degree Degree Population

U.S. d/ 62,375 15,495 2,506 80,376 0.037

W. GERMANY N.A. N.A. N.A.

JAPAN N.A. N.A. N.A.

U.S.S.R. N.A. 306,800 c/ 1.16
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TABLE 10 (cont.)

1 9 8 0

Assoc. Bach. Master Doctor Total Percent of Total

Degree Degree Degree Degree Population f/

U.S. d/ N.A. 68,893 16,243 2,507 87,643 0.038

W. GERMANY N.A. N.A. N.A. N.A. 22,400 e/ 0.036

JAPAN 15,012 73,468 7,135 657 96,272 e 0.082

U.S.S.R. N.A. N.A. N.A. N.A. 319,800 c/ 1.2

a/ UNESCO Statistical Yearbook, 1978-79, unless otherwise noted.

b/ Vetter, Betty, and Eleanor Babco. Professional Women and Minorities,

p. 139.

c/ Received from SRI International during telephone conversations with a
staff member on Oct. 27 and 28, 1981, and Apr. 28, 1982, respectively.

d/ Received Erma the National Center for Educational Statistics during a
telephone conversation with a staff member on Oct'. 19, 1981.

e/ i..REsp.ved from the American Society of Engineering Education during a
telephone conversation with a spokesman on Apr. 28, 1982.

f/ Calculated by CRS.
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APPENDIX 9

TABLE 11'

1976 Science and Engineering Graduateal All Countries Discussed a/

Total,
All Fields

S4E
Graduates

As Percent
of Total b/

Lifi Sci., and
Mathematics Engi. Agri.

U.S. c/ 997,500 164,400 16.51 98,200 46,700 19,500

W. GERMANY 207,719 71,659 34.51, 49,738 19,357 2,564

JAPAN 504,638 133,561 24.3E 30,182 89,673. 13,706

U.S.S.R. c/ 734,600 383,400 52.2X 46,300 280,400 56,700

N.A. indicates that data is not available.

' a/ UNESCO Statistical Yearbook, 1978-1979. Unless otherwise noted.
Data only available for 1976.

b/ Calculated from columns 1 and 2.

c/ Received from SRI international during telephone conversation with
staff member on Oct. 27 and 28, 1981.

24[)
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APPENDIX 10

TABLE 12

\ Projected Market For Scientists and Engineers in 1990

by Field and Level of Training
. \ (all scenarios).

fleece laureates
and Mantra Dartateues

Physical `Sciences Adequaut- Adequate

AtmosPhaic Balance

Chemical Adequate

Geological, Adequate

Physics and Astronomy Adequate

, \
Eateineeneg Adequate Uncermin

Aeronautical \., Balance-Shortage' (Possible shortages

\ some fields)

Chemical Adequate

Civil Adequate

Elecuical Adequate

Industrial Shortage

Mechanical Adequate

Metallurgical Adequate

Milling +
Adequate

Pctrokum Balance

Other Adequate

Mathematical ScienTs Adequate Adequate

Mathematicians ., Adequate

Statisticians Shaine

Computer Professioni Shortage Shortage

Life Sciences Adequate Adequate,

Agricultural Adequate Adequate

Biological Adequate Adequate

Social Sciences Adequate Adequate

Psychologists Adequate

Other Adequate

AU Fields Adequate Adequate

Shoup odor expeasis define. wadi% eir444444.

MOM .741.q..- ednain projar4.1 supply ...is peproll 444.1.

444 sa prooned soppy a am propm
Mad. .11444'. isd44.4 IRO pr441

ppfy a lem a.. propro dol.. .144.04-
4 mod lo lboorml sagsstr Nur* MT

71441 41 edema'''. Imply 19g0 BLS perms tour INS.

SOURCES! Boom of Lam Sm.., Naomi Cam la Maw. Suirsan. d Pliaaa4

Soso Fameissec

SOURCE: National Science Foundation and Dept. of Education. Science and
Engineering Education for the 1980s and Beyond, p. 26.

2 5 0



239

APPENDIX 11

TABLE 13

Mita lars 01 4511 4000111101 .014 11111117 IDOC4TI004.1, 100111111101151 I1w 1440. 1.0
1144044.1

C14.1.61.....

1344.4014
...... 11410 6

..... ,_____111/14145
V

11rrIrs1 0 114
1141.4,01 4 14.1444111,0,. 'i 10414.46.0

bzji.,....1 A 1
111.11111mr

ALa,A, .10111,110 4,-70771-
1940 4511 0E1 60/.6 410.1 61,1

3,2L .11,12, LI,W,L1 12.W.U.._. 1,41,..j......
11.1 10.1 116.9 .110.0

tuila...1
11.1 61.4

1951 10011 515.1 .529.0 441,9 4)1,0 51.6 3,1.0 125.1 019.0 61.5 61,0
1161 Wm 01.1 041.9 401.0 941.1 01.5 11.9 114.1 124.1 0.0
1151 0149 144.1 501.0 460.1 410.1 55.1 51.0 014 ' 115.5 64.5 '65.1
1104 1111 185.4 514.0 416.0 949.1 14.1 01.6 101.0 115.6 6/,9 14.9

1140 4114 100.4 511.0 411.4 411.9 51.6 01.6 041.4 116.1 49.4 61.1

1144 4141 911.4 151.9 100.0 414.4 41.1 010.4 4014 10.9 19.1

1141 4111 941.4 145.1 511.1 )11.4 40.2 44.1 174 151.1 12.1

1944 4249 141.4 104.4 111.3 110.0 61.0 44.1 304.1 III.) 11.0 11.0

IN II. 501.1 01.6 534.6 151.5 11.1 0.1 171.1 111.0 15.1 51.9

170 4041 1..4 6/0.0 166.6 151.4 61.5 41.0 406.0 251.5 16.5 10.9
. .

41.1 ayl.. 1 11011.4 44444 a 117 Otrsuak 109 445 14741.4.1 1. 77441 II, 7.11. 10-9. 4144 1441-044. II...!
r ...... 1..m. 44grot, 5 prjortinn. 444 O. xv4r44 Prt1.1110 et
(r 19/0 - 19/9 4 Ow.. IA fat. 10.4.

17.0 11."...ahl 1.101.1., 1. Ina nvacII4

Serrreol 0510 04401a11ro 41111 IN 1411 1 of 04417 7447. 1400,144 14 047.0 1911 . th 110.4.4,44110 Ana
.71.1*, 11.5. Selo. ./ 114 Cort04.

SOURCE Alles, Catherine P. and Francis W. Rushing. The Science Race, p. 188.
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APPENDIX 12

TABLE 14

PROJI:CTOWS Of USSI CAN01D471 or 11C17/C1 AID DOCTOR Or

*Clara CW.ClICLa AVAIDtD1 1979, 1985 aM 1990

(la nous4.401

rhyalcal 6

Ceidfdata of 'Dotal. Meal, Scianc. 1.2:: loiancas

.........2ILJLDIletooraea
All 6 20miseerina 6 Matbeeattre. jaatrloloto Urlv.11tmk

1979 27.0 20.0 7.2 11.5 1.6

1915 26.3 19.7 7.4 10.8 1.3

1990 26.4 19.7 7.4 10.9 1.0

Doctor of
Sc tans D.IreOS ,

1979 ' 4.4 3.7 1.4 2.0 .3

,..19.3
i...,,..,--7,9 5.9 2.2 3.2 .4

1990 9.0 7.1 Z.7-----------.3.9
.5

Sourcloo Total Candidate and Dotal
Doctor d eeeee projectioos fron Soviet

Prof...tonal, Scieuttfic,

and Technical manpower. DCA, May 11,
1979, P. 991 breakdoons by field of science based on aspirant

onrolloant pescancaaaa for 1974, shove to Captor V. Table V-1.

SOURCE: Aline, Catherine P. and Francis R. Rushing.
The Science Race, p. 190.
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APPENDIX 13

TABLE 15 -- Effect of Engineer and Scientist Shortage on DOD

TABLE 16 -- [Engineer and Scientist Shortage:] Impact on Defense Industries

TABLE 17 -- [Engineer and Scientist Shortage:] Impacts on, the Air Force

SOURCE: Jack Gensler. Shortages of Engineers and Scientists. The Analytic
Sciences Corporation (TASC). (Unpublished.)
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TABLE 13

EFFECT OF ENGINEER AND SCIENTIST
SHORTAGE ON DOD

DECREASED MILITARY PREPAREDNESS

INCREASED COST OF WEAPONS (DESIGN)

o REDUCED PRODUCTIVITY (PRODUCTION)

DIMINISHED INNOVATIVENESS

2 5 4
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TABLE 16

IMPACT ON DEFENSE INDUSTRIES

o BETWEEN 25% - 35% OF ALL U,S, ENGINEERS AND SCIENTISTS ARE

SUPPORTED BY DEFENSE WORK,

SHORTAGES DISCOURAGE SMALLER COMPANIES FROM BIDDING ON DEFENSE

CONTRACTS AND LENGTHENS SUPPLIER LEAD TIMES

o REDUCTION IN INNOVATION (PATENTS GRANTED TO U,S, CITIZENSDOWN

27Z IN LAST 10 YEARS)

o INCREASED SALARIES AND TURNOVER CAUSE INCREASED COSTS (COMPUTER

SCIENTIST STARTING SALARIES $30,000 7 $35,000)

IT TAKES INDUSTRIES PARTICIPATING IN VLSI PROGRAM THREE YEARS .

TO PREPARE NEW ENGINEERS TO WORK COST EFFECTIVELY

255
19-177 0 - 83 - 18
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TADLE 17

IMPACTS-- ON THE AIR FORCE

"WE HAVE STARTED TECHNOLOGY
PROGRAMS IN THE SPACE COUNTERMEASURES

ARENA WHICH REQUIRE 15 ADDITIONAL TECHNICAL PEOPLE -- WE HAVE

ONLY BEEN ABLE TO ASSIGN ONE.'

"AFLC ATTEMPTED. TO CONTRACT OUT 264 MINUTEMAN MISSILE CIRCUIT

BOARDS -- NO BIDS WERE RECEIVED. THE WORK HAD TO BE SCHEDULED

IN- HOUSE, BUT,-BECAUSE OF ENGINEER SHORTAGES, THE WORK WILL

TAKE THREE YEARS VERSUS THE ORIGINALLY SCHEDULED TWO YEARS,"

"IN ANOTHER INSTANCE, AFLC LACKED THE ENGINEERING MANPOWER TO

PROMPTLY IDENTIFY THE NEED TO CORRECT DAMAGE LEFT AFTER PYLON

HOLE REWORK. WINGS ON THREE AIRCRAFT HAD TO BE RESKINNED

AT A COST OF $600,000."

GENERAL ROBERT:T. MARSH

COMMANDER, AIR FORCE SYSTEMS COMMAND
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APPENDIX 14

Evaluations of Eleven NSF
Science Education Programs

SOURCE: NSF Office of Program Integration.

J
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Title: A Longitudinal Study of Man: A Course of Study (5 vols.).

Purpose:' The aims of the two-year study of Man: A Course of Study ( MACOS)

were to examine the impact of the HACOS curriculum on what students

learn, what they retain, and how what was learned was different

from what they might have learned otherwise.

Summary

MACOS was one of the more elaborate
developments"of the "new social studies"

projects of the 1960s and was
originally designed as a one-year course for

upper elementary children.
It appeared to combine the content and methods

of behavioral science with a humanistic orientation towards education.

The curriculum provides the
opportunity for information to be obtained in

many ways, e.g., from written materials, films,
records; games, and dis-

cussions. It encourages students to
learn together and to interact with

each other, it encourages
teachers to take a problem-solving role,rether

than a lecture or question-answer-question approach
to teaching, and it

encourages multiple approaches to the presentation of
topics so that teachers

can adapt to the various
interests and abilities of their students.

The present two-year study was
undertaken to examine the effectiveness of

MACOS with respect to achievement
and motivation and sought to explore what

teachers and students see themselves
as doing in MACOS, and why. The study

was primarily descriptive,
attempting to delineate a number of similarities

and differences of MACOS, compared to a variety of programs that students

might otherwise have had.

A number of evaluative
methods were used including achievement and attitude

measures, interviews of students and teachers, analysis of random samples

from tape recordings of classes,
rating scales of teacher and student

activities and interest, and group
discussions with classes.

MACOS lessons were found to have been used quite variably by different

teachers; some used MACOS intact,
others used as little as 16% of it.

Though the diversity of implementation
weakens the conclusions that can be

drawn, it was found that on
generalized tests of social studies skills,

taking MACOS neither helped nor
hindered average class scores, and that

MAC05 classes in general did not stimulate confidence
in the powers of

one's mind significantly more than-the aggregate of non-MACOS classes.

There was marginal indication
that students in MACOS classes tended to

react more positively
toward people who might have unusual customs or

beliefs than those in non-MACOS
classes when tested a year later.

During the course, MACOS classes
scored significantly higher than non-MACOS

classes on three measures of
attitude toward social studies. The following

year, former MACOS students found their present social
studies program less'

interesting than did former non - MACOS students.
Many other comparisons

were made and, while there were significant
differences between the MACOS

and non-MACOS groups of
classes for some classroom process

(what was done), .

climate (what students thought of classes), posttest and follow -up variables,

there was no variable on which
all MACOS classes were

better or worse,

higher or lower, more or
less, Sian all non - MACOS classes.
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Title: ` Evaluation of the PLATO IV Computer-based Education System in.
the Community Ziglege, RTEhard T. Murphy and Lola Rhea Appel
M. [977.

Purpose: The primary purpose of PLATO (frogrammed Logic for Automated
Teething Operations) is to deliver instrUction to students in
an interactive manner through the use of student terminals
located at sites at varying distances from the central computer.
This report prdVides a description of the implementation and
demonstration at the communitj college level and an evaluation
of the educational effectiveness of the PLATO system in terms
of its impact on participating students, instructors, and -

colleges.

Summary

Based on the data collected in the community college project. the PLATO
computer-based education system was implemented and demonstrated essentially
as had been projected in the initial plans of the developers. Based on
the analyses of data collected in 162 classes across the five targeted
subject areas of accounting, biology:. chemistry..English, and mathe-
matics, in four community colleges, and in the two semesters (Pa11.1975
and Spring 1976), the PLATO system provided a medium for instruction
with substantial appeal to both students and instructors. The PLATO
system had no consistent positive or negative effects on student achieve-
ment or attrition. The cooperative effort between instructors and
developers was successful in that a-substantial number of PLATO lessons
were designed,. developed, and integrated into ongoing community college
courses in the five targeted subject areas. The. usage of PLATO by
students and instructors exceeded tte initial expectations of.the
developers although the extent of usage in classes was somewhat less on
the average than had been projected originally. Based on the personal
insights of the evaluators, the critical factor which accounted for the

_high_acceptance and-usage-of-PLATO-was-the-control-that-instructors-ha ,
and perceived that they had. over the use othe system.

C".
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Title: Evaluation of the TICCIT Computer-Assisted Instructional System

in the Comniiiiii-itiirreTi. Donald L. Alderman, ETS, 1978.

Purpose: The ,MITRE Corpocation proposed to develop a small computer

system which would be dedicated to supporting instruttion'wi thin

a school. Their \TICCIT (Time-shared, Interactive, .ornputer-
Controlled Information Television) program was to bring the cost

of computer-assisted instruction down to an affordable level fora
most schools and thus encourage the mass disseminatiOnof comp terr

assisted instruction by private industry.

Summary
.

This evaluation covers the results of a demonstration of theiICCIT program -

at two community colleges. It contrasts the performance of students in

classes taught primarily by computer with the performance of similar students

from 1 ture-discussion sections of the same courses. Comparisons focused

o r aspects of student performance: course completion rates, student

achievesnint, student attitudes, and student activities. The evaluation

also documents faculty acceptance of the TICCIT program and examines the

role of teachers in courses where the primary instructional resource was

the computer.

After several academic terms of experience with the TICCIT system, faculty

expressed uncertainty that the,TICCIT program had positively affected'

instructor .duties. Instructors had become less certain that computer-

assisted instruction, particularly the TICCIT'program,:would benefit them

in fulfilling their instructional responsibilities. Moreover, those

instructors closely associated with the TICCIT project often reacted to the-

program less favdrably than their colleagues in other departments.

The results of this evaluation suggest that the TICCIT pragilem may be

inappropriate or coaaun co
strong i n their.

initial familiarity with the subjectmatter benefited substantially, from

courses offered under the TICCLT 'systein or derived less benefit from

exposure to the program. The strongest argument for a continuation of

applications at community colleges would be a counterexample to the course

completion rates observed in this evaluation. At institutions with amore

select and less heterogeneous student population or with compulsory attendance

in instructional programs, the TICCIT program could lead to uniform, positive

results.

c

<

ti



249

Title: The PLATO Elementary Demonstration Educational Outcome Evaluation,
Spencer Swinton et al. ETS, 1978.

Purpose: The document reports the results of a five-year evaluation of
the Elementary Education Demonstration of the PLATO computer -
based instructional system.

Summary

The developers of PLATO placed terminals and ancillary devices-in elementary
classrooms it the Champaign-Urbana area. Two groups of'curriculuM
developers prepared lessons integinning reading for children from
'kindergarten to grade two and in mathematics for children in grades four
to six.

Two major findings emerged from this evaluation:

1. The PLATO EleMentary Mathematics' Curriculum was a clear success
when delivered in an "add on" mode, and was particularly successful
when integrated teacher mathematics coverage. The PLATO
system demonstrated that it was capable of teaching, as well as of
providing drill and practice of concepts already introduced by
classroom teachers.

2. The °LATO Elementary Readina Curriculum demonstrated negative imoact
on first -grade reading achievement in the pilot year and on kinder-.
aarten reaaina readiness achievement in the first semester-of the
demonstration year.. No effect on attitudes toward reading was found.

In addition to the principal _findings, one conclusion is offered.
.

Teachers and students were quite positive about PLATO and its
potential. Evaluators concurred that the medium is attractive,
flexible, highly interactive, and offers immediate feedback to
lesson authors. The evaluators recommend support of such use.
However, without considerable cost reduction, PLATO IV does not
appear to be on economically viable delivery system for
elementary schools.
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Title: An Impact Analysis of SpOnsored Projects to Increase the

Participation of Women in Careers in Science and Technology.

Purpose: To evaluate and assess the impact of 12 'experimental projects

designed to increase the number of women pursuing science-

related careers.

Summary

The methodology used to conduct the evaluation included assessment of

project documents, site visi ts,. a participant
impact survey, and an evalua

tion.form completed by both the contractor and the project directors. Some

difficulty was encountered in conducting the
evaluation because of the many.

different internal evaluation instruments
developed and used by the projects..

In addition, the design of some of the internal evalhations was not adequate

to permit definitive conclUsions.

The report- contains a synopsis of each of the projects. Each synopsis

includes- a description of the project as
itwasoriginally conceived, the

project as it was actually implemented-y obstacles to Project implementa

tion. a description of project
personnel including role models,. a report of

the primary outcomes described in project documents, the data obtained by

the participant impact survey, and observations derived from the site

visits-. Each synopsis also contains a' section on the secondary impacts of

the project. the materials
developed as/the project product, and the

dissemination strategies employed by project personnel.
Finally, there is

a discussion of project: costsy including the
estimated cost to reuse the.

curriculum products in other settingS.

Given the emphasis on
professional careers in science; it was suggested

that concentration on high -ability women is a realistic program
restric-

tion. It was also recommended that. a distinction should be
made between

career education and programs
to interest women in science -related. careers.

The general conclusion of thentudy was that recruitment
and commitment

should be emphasized in high schoOl years; reinforcement.
support and

retention emphasized in the -college years; and that removing institutional

barriers should be emphasized in graduate school. reentry.programs for

mature women, and post-employment programs. -,.Most of the participants felt

strongly that all-femal
workshops and Classes were

necessary under certain

conditions.

Role ,podels appeared-
to-be-the-most effective.

component of most of the

projects. It was recommended that role models close in age and accomblith-

ment level to the participants be utilized in
conjunction with inspira-

tional models.
successful women at the top of their fields. It was also

suggested that reentry
programs might be more

successful in recruiting .

uncereMployed. rather than unemployed, women.
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Title: An, Analysis of Supported Projects to Test Methods for Increasing
the Access.of Ethnic Minority Students to Careers In Science.and
Technology.

Purpose: The goals of the evaluation were threefold: to document the
experience of the several projects in order to make that
experience available to future efforts; to weigh-the potential of
each project's intervention strategy for more general application;
and. to reconmend to NSF both policy and administrative changes
which would improve prvicedures for the evaluation of new experi-
mental project proposals.

Summa

The work was comprised of 1:wo parallel initiatives. One involved the
attempt to provide a context for the individual intervention efforts by
examining the experience of a wide variety of other projects and collecting
background information related to the typical educational outcomes of
minority students as they proceeded through their schooling. The other
effort was the documentation of the individual project and included
visits to the project sites and extensive interviewing of both staff and
participants.

The report included detailed case studies of all eleven projects and also
brought together information from a wide variety of sources related to the
educational experience of White Americans, Black Americans, Mexican Americans,
native Americans. and mainland Puerto Ricans. "Typical Education Flow
Pattern" diagrams summarized the various groups' experience from first
grade through graduate school and were utilized to compare retention rates
among the five groups at various stages of the education flow. A discussion
of the major deviations in experience was included along with suggested
priori-ties for remediatton..

On the basis of the experience of the eleven projects studied, a number of
common problems were cited including lack of a credible evaluation plan
designed to, survive potential project implementation difficulties; failure
to take advantage of the state-of-the-art of the techniques being considered
for use in implementing intervention strategies; Jack of recogni ti on. that
compromises in choosing project participants can change the thrust of the
project; and, the need to consider the potential consequences of project
failure for all involved.

Policy recommendations deal t with the advisability of expanding experi-
mental programming efforts in the minori ties area. the need to increase the
participation of minority researchers and institutions in the search for
new i nterventi on strategies. and the advisability of NSF assuming more of a
role as a resource for the purpose of raising the quality of potential
projects. In addition. there were a number of administrative recontnenda-
Lions which could serve to improve the technical level of 'proposals and
increase the probability of success of those experimental projects actually
funded.
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Title: An Analysis of Ethnic Minority, *men. and Handicapped Student
Representation in the Undergraduate Research Participation (URP)

and Student Science Training (SST) Grant Programs of the.National
,Science Foundation.

^Purpose: To determine the extent to which minority. women. and handicapped
students participate in the SST and URA programs and. if those
groups are found to be-underrepresented, to make ameliorative
policy recommendations.

Summary,

Telephone interviews were carried out with the Project Directors of a 20%
sample of The 133 SST and 169 URP projects active in 1977 which were not

specifically aimed at minority or handicapped students. All 18 SST and 12

URP POs of minority- or handicapped-oriented projects were also scheduled

and 25 of the 3D successfully interviewed.

It was found that the participation of handicapped students in the standard
projects was very small (5 of 1684 SST and RP students) and the potential
pool impossible to determine within the scope of the study. However, the

fact that 23 handicapped 'students were participating in one project in
marine biology which was specifically for the handicapped suggested that
there are many more handicapped students with interests .n other science
areas who did not find the standard programs attractive. Women seemed to

participate in URP programs in approximate proportion to their presence as
science majors in the host departments. but that proportion'was somewhat
smaller than women's participation in the high school level SST programs.

The number of minority students. was a reasonable proportion of the total
in the two programs, but it was foLind that they participated heavily in a
handful of the projects and hardly at all in the others. A number of PD's

had actively sought minority participants. Most had simply included
minority institutions on their mailing lists and net with very little
success, but two URP and several SST PD's rettru tecratrcrerictitmagerrin
person at locations with a high proportion of minority enrollment and had
far larger response.--

It had been noted that few minority institutions participated in the SST or
URP programs and attempts tp determine some of the reasons for this failure
yielded the following picture: Instructors at minority institutions carry
a larger than usual teaching load and thus have less time for individual
research, or proposal writing, while there is a clear feeling of discourage-
ment with NSF since there is the impression that SST and URP grants go to
the educationally elite institutions._ that most of those are renewals. and
that there is very strong competition for the relatively few new grants
made each year. This last impression was investigated during this analysis
and found to be substantially correct: 30% of the SST and,22% of the URP
grants were first-time awards; the remaining 44 projects averaged about
7-1/2 years of previous funding.

The recarrnendations centered around proposed methods for expanding the
number of SST and URP client institutions. promotino greater interest among
women, minority and handicapped students, and assisting PD's in their
efforts to recruit minority participants.



Title: . Panel EValuation of Nineteen Pre-College Curriculum Development
Projects, December 8-12. 1975.

Purpose: This report detaili the efforts of the National Science Foundation
to evaluate. nineteen pre-college curriculum projects:

Summary-

During the week of December 8-12, 1975, 73 people met in Washington. D.C.
in seven panels to assist in a review and evaluation of the 19 precollege
curriculum development projects currently being supported by the National
Science Foundation. This review wavtesponsive to guidance frcm the Congress
and from the National Science Board (1158), the Foundation's chief policy-
making body.

_

This report documents the reason for the review, its organization, and the
reviewers' responsibilities. It also contains the full report of each
panel, individual panelists' comments, the perspectives of the directors of
the 19 projects, and descriptive material about each project.

Seven panels were formed to perform the review. One'panel dealt with each
of the areas of: elementary mathematics projects.(e.g.. Unified Science
and Mathematics for. Elementary Schoolsl; secondary mathematics projects
(e.g., Sourcebook in Applied-Mathematicsh and social science projects
(e.g.. Exploring Human Nature): Because"of the large amount of material to
be covered. three panels dealt with secondary science projects (e.g.,
Individualized Science Instructional System). The seventh panel consisted
of publishers of elementary and secondary school. science curricula (e.g..
Technology -People-Environmentl.

The reviews were addressed to several questions, including the following:

Do a genuine need and market exist for these instructional
materials? _

Is the content of_the_instructlenal_materials_scientifir.ally
correct and educationally sound?

Are the proposed and anticipated outcomes of the instructional
materials desirable?

Do these instructional materials present implementation problems
for the schools?

What are the general impressions of the curriculum?
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. Title:. Status Studies of Pre-Coliege Science, Mathematics and Social
Science Educational Practices in the U.S: Schools (1978)
7 volumes.

Purpose: These studies.were assembled to determine the status and needs
of science. mathematics and social studies education in the
nation's elementary, junior and senior high schools.

SLITTITtaM

In 1976, the National Science Foundation funded these three Proiects..
ba ;ed on different methodological approaches. to investigate the status
of science, mathematics and social studies education in American schools.
The overriding theme of these studies is that serious attention needs to
be paid to improving the quality of precollege science, social studies
and mathematics education. However, improving quality is not simply a..
clatter of developing up-to-date curricula, the problem is much more
comprehensive than curriculum alone. It involves understanding the
critical and essential role that the teacher plays in classroom instruc,
ti on and in pioneering the. development, of new, instructional materials.
It also involves acceptance. of the fact that the textbook is central to
instruction. Furthermore, it must include consideration of the importance
of student motivation and the teacher's need to foster attentiveness and
responsiveness in students--even through teaching those skills, if
necessary.

Other issues that need to be. faced include those of serious preservice
shortcomings and in-service training needs; the related problem of the
misassignment of teachers and courses; the optimal use of tests and
evaluation procedures; and the. influence of the overall ,organi rational
makeup of the school on precollege education.

0 0
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Title: What Are the Needs in Precollege Science. Mathematics. and Social
Science Education? Views from the Field (1980)' .

Purpose: The purpose of this publication was to serve as a vehicle to aid
in communicating the-findings of the status studies to different
audiences.

Sunrnary

This document presents a compendium of nine interpretive overviews of the
earlier status study publications.

This report suggests a number of strategies to enhance education in science and.
mathematics at the precollege level. The recommendations that follow are
those that appeared most frequently:

1. Federal and state agencies should provide support on a competitive basis
to colleges and universities to conduct workshops for lead teachers
and supervisors in schools that make commitments to organize subsequent
in-service trainingt.programs using these personnel. Workshops should
focus on subject matter and classroom techniques.

2. Teachers should be central figures in research --but not only 'as "subjects."
They should be partners in the research enterprise. Teachers should be
involved to a much greater extent in the process. of defining needed
research.

3. Efforts are needed to make more effective use of the textbook as a
central feature in the education process.

4: A recommended solution to the lack of teacher time is to provide
Paraprofessional assistants. (Paraprofessionals can perform such duties

as setting up and taking down laboratory and demonstration equipment,
maintaining storerooms, checking inventories. ordering supplies, pre-
paring reagents. making minor repairs, maintaining.equipment, dispensing
storeroom supplies to students. and maintaining aquaria, terraria, and

animal cages.)

5. A coMmission:should be established to reexamine.in depth the goals and.

-purposes of American elementary and secondary education.

6 Greater support is recommended for NSF institutes for teachers. both to

increase their knowledge of subject matter and to Improve their skill

in teaching the new courses that will .be developed in the future.

7. Th Education Department could earmark funds for state departments of

edu ation to award to schools seekino.to upgrade science programs in the

el entary and junior high schools.

8. It is recommended that efforts should be made to identify gifted

econqmically disadvantaged students early in tweir schooling, so

as to,. ensure that they will be afforded adequate opportunities to

prepare themselves for admission to scientific and technological

programs in college.

2 7
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Title: Oversight and Evaluation of. Resource Centers in Science and

Engineering: A Progress Report to the Congress (January

1980).'

Purpose: The purpose of this report is to provide an evaluation of the

Resource Centers for Science and Engineering to find how well

the center concept is working and whether the establishment of

more centers would be desirable.

Summary

The report gives a brief overview of the center concept and its impact

uon students and their teachers at three levels: the precollege. the

undergraduate and the graduate level.

A description of the two existing
Resource Centers at Atlanta U iversity

and the Univertity of New Mexico/New Mexico State University (Southwest

Resource Center) is. given.
Activities include support of basic research

and research facilities/equipment
acquisition; serving as a regional

resource in science and
engineering-for the community: and the develop-

ment of joint educational programs.
with nearby precollege and under-

graduate institutions.

Recommendations are given based on external evaluations, internal

evaluations and site visits by some of the Advisory
Committee members: \

Major recommendations are the following:

. It is strongly recommended
that7the National Science Foundation

request funds to implement a minimum network of.seven Resource '\

Centers. \\*

tions which have or show
potential for a strong base on whichIt is recommended that

future Resource Centers be at institu-

the Center could be built; evidence of significant involvement

of appropriate persons in the development and implementation

of the project: and a
convincing case that the Resource Center

would make a difference at the institution
and in the region.

It is recommen etrthat-future-funding-decisions-not-be_delayed

by requiring extensive
evaluations at this early stage in the

development of the center
concept so that momentum may be

,maintained and the center concept fully developed.

O It is recommended that the
Advisory.COmmittee for Minority

Programs in Science
Education be maintained

with no fewer than

nine members in order to monitor and oversee the Resource

Centers as well as other programs.
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APPENDIX 16

TABLE 18

1 National Science Foundation

Science and Engineering Education Directorate: 485/ Obligations, 486/

Fiscal Years 1952-1983

(In Millions of Dollars)

1952 $ 1.5

1953 -- 1.4

1954 -- 1.9

1955 -- 2.1

1956 -- 3.5

1957 -- 14.3

1958 -- 19.2

1959 -- 61.3

1960 -- 63.7

1961 -- 63.4

1962 -- 83.6

1963 '98.7

1964 111.2

1965 120.4

1966 -- 124.3

1967 -- 123.4

1968 -- $124.8

1969 -- 106.5

1970 -- 120.2

1971 -- "68.8

1972 -- 93.7

1973 -- 62.2

1974 -- 80.5

1975 -- 74.1

1976 -- 66.1

1977 -- 74.3

1978 73.9

1979 -- 72.4

1980 -- 73.8

1981 -- 70.7

1982 -- 20.9

1983 -- 30.0

485/ The Directorate has been called various names over the years from the Division

of Scientific Personnel and
Education, to the Directorate of Science Education, to

the current title, Science and Engineering Education Directorate.

486/ The figures, which have been rounded, were
received through a telephone

conversation with a spokesman at NSF on June 20, 1983.

O


