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LETTER OF TRANSMITTAL

Houst or REPRESENTATIVES,
Commrrree oN Science ANp TECHNOLOGY,
Washington, D.C., April 19, 1983.
Hon. Don Fuqua, :
Chairman, Commit.ec on Science and Technology,
U.S. House of Representatives. -

Drear MR. Cuamrman : The following report is a study of the current
situation 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 L

this area. o s :
The study is the product of the dedicated work of Mrs. Edith Fair-
~~man Cooper of the Congressional ‘Rescarch 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, :
Dove WALGREN, ..
Chairnuwn, Subcommittee on. Science, -
Lesearch and Technology.
(o)



Congressional Research Service
The Library of Congress

Washington. DC. 20540 LETTER OF SUBMITTAL

July 22, 1982

Honorable Don Fuqua

Chairuwan, Committee on Scilence
and Technology

House. of Representatives .

Washington, D.C. 20515

Dear Mr. Chairman: ‘

1 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 cﬁrrent and future condttians of the Nation's.scientific and engi—
neering manpower recently have become a major concern of mnnyueducdtors, in-
dqst[ial adoinistrators, Members of Congress and others. There are severql

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

lead in science and technological innovation anq productivity. These include
the quality and extent of pre-college science and mnthematics'instruction, which
in large part determines the quality and number of scientifically nng techni-
cally oriented high.school sfudents from which most future U.S5. scientists and
engineers must come; the current and potential shortage of high-quality collegé
2ngineering faculty members; the deterioration and obsolescence of scienttfic

. and technical laboratory.equipment in educational institutioﬂh; the current and
potential shortage of wanpower percelved in various disciplines of scientific
and engineering fields; foreign national studént enrollment and graduates in
U.S. sclence aéd engineering sch;ols; the unfavorable qomparison made, 1n'many
cases, of U.5. sclentific and technical capaBilities with o;her wajor industrial
countries; and the current and long-range impact of the supply and demand of

scientific and technical manpower on the Nation's economy and security.  ~”
, The terms "sclence” and “engineering,” two distinct technical areas, at
timés become blurred in meaning, especially when used concurrently. Sclenge

‘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 sclence for the use of munkind."£/
Although there are many hlstoricul, cultural, and other difftrencea between
sclentists and englneers, . . . englneering cannot exist without science and
conversely, . » . science . . . must be mindful of the needs of engineering.” 2/
This report recognizes the differences between fhe two fields, although the terms
are used together in most cases.

This flve-part report examines several aspects of science and engineering
educatlon as it relates to sclence and enginecring (S/E) manpower. Part 1 dig~

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

_future carecer declsions of students and that will subsequently affect the sup=

ply of scientiflc and technical manpower; the importance of scieﬁce and tech-
nology in higher educaiion for the sclentific as well as the nonsclentific and
thchnically oriented student; and how all of this relates to the tasic techni-
cal literacy of the U.S. population. Also diacussed 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 1is reviewed through a dis-—
cussion of the number of recent S/E deérees awarded_to'Undergruduate and gra&-
uate students and the current demand in some of these degree areué; and the
nusber of non~U S. citizens enrolled in, and graduating from the Nation's sci~
ence and englneering schools. The question regarding whether or not 8 sho;:age in
gcience and engineering manpower actually exists 18 examined, and a final chapter
reviews the implicatians that the issue’of sclence and engineering education

0

1/ Young, Leo. Sclence and Engineering. Science, v. 209, Sept. 26, 1981.
p. 1475,

2/ Ibid.



(XI

has on the Natlon's sclentlifle and technologleal role in the world, and some

~
possible solutions to the problems involved, as recommended by some experts and
various corporate and profcsslonu} organizations.

Part II of the report examines the sclence and engineering education
instruction prov%dud in three other industrialized countries=-Japan, the S;vicc
Union, and West Germany -and how it relates to the technical competence of thelr
general populace.

Part IIl presents forecasts concerning the possible future supply of and
demand for S/E manpower in the United Stat=2s, and trends of the future supply
of sclent!sts and engineers in the Soviet Unlon. l/

Part IV examines the supply of engineers and scicncisqa in the Deparcmeét
of Defense in both the military and clvilian sectors.

Part V 1s a historical overview of congressional interest and actions re-
garding these issues, which 1£c1udes some of the actions also-taken by the Na-
cionql Science Foundation. The discussion begins with the Pre-Sputnik era,
1953 to 1957; and coqtinu;s with the Post-Sputnik period, 1958 to 1970. A re-
" view of such actions from 1971 to 1982 is provided, along with thosec taken by
‘ Conﬁress and the NSF up to April 1982,

A selected annotated bibliography and appendices also are included.

2

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

.
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EXECUTIVE SUMMARY

PRE-COLLEGE SCIENCE AND MATHEMATICS CONCERNS

Science and mathemat;cs instruction at the pre-collegﬁ level has a signif- ’
icant relationship to the future subply of scientific and technical manpower in
the Nation. How teachers at this educational level approach sciénce instruction——
what they know or do not know aQ?ut;science,-their impressions regardiné the im—
portance of science instruction, and how they actually teach science—-have a
direct bearing on how their students perceive the 1mporthncg of science and the
interest they will probably have in thﬁ subject. X ’ \\

Because of the "back-to-basics” movement, in whicg‘science 1;\not consid-
ered to be a "basic,” science does not appear to receive as much emﬁhqsis as the
“basic” courses‘An the pre—college level and relatively little time is spent

~—

on its 1nstruct1§p-—an average of 19 minuteA per day in kindergarten through
the 3rd ggades;’and 35 winutes per day in grades & throuéh 6.
Most élementary school teachers in the United States who were surveyed
by the National Science-Foundation (NSF) were found to lack confidence ih their
knowledge about science and their understanding of scientiﬁ;c concepts. Those
teachers who did have confidence in certain aspects of their scientific knowl-.
e&ge'reported that, in most instances, they did not have the time or material
resources. to develop what they would consider a meaningful scientigig program.
On the junior high school level, NSF found that most science programs

~ pgeemed more cffective than those at the elementary school leveél. Most junior

high schools surveyed had designated science teachers. What was actually

8))
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taught in thisg subject, however, was. left to the discretion of the teacher,

similar to elementary school. The most commonly taught science courses were -
found to be generél sclence, earth sclence, 1ife sclence, and physical sci-

ence.

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

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

science course for graduation-in schools across the Nation wirh such requirements.
Essentially; it is the last sclence course taken by a large num%er of high school

students.

Assessments of sclentific achievement, made by the Naridnal Assessment of

Educational Progress (NAEP) of the Education Commission ofé%he States, discov-

e
ered that there was a downward trend in science achievement of.9-- and‘lB-year-

olds, from the first to :he _second- assessment- Results from a third assessment
tshowed the trend tn be improving for these age levels. The 17~year—olds rested
showed a continued Aecline {n scientific competence in all three measurements
that were administered. L o

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

on the pre-college level and a_concentrsrion on ‘computational skills from the
2nd grade through the 12th grade is evident. About 95 percent of all elementary
teachers surveyed apparently felt “adequately qualified” and "very well quali-
-iied" to teach mathematics. About an average of Qé minutes per Aax 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 renuired by most‘schools surveyed by NSF. One year ofbaigebra also was
taken by most students. ‘

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

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

T :
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for other courses, such a: science courses required for a future college major
- )
-0
or vocation. NSF'found that 21 percent of the ‘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-
A{"olds showed that there was a dec}iﬁe in such,achievement during the 1970s.

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

the Scholastic Aptitude Test (SA?)rgporea,-from 502‘in 1863 to 470 1in 1977, as

well as in the’véfbﬁiubortion of the test.

The quality of pre-college mathematics and physical aciéncg instruction

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

- . s
Council of Teachers of Mathematics (NCIM) 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 réaching 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 wathe- -

w

matica instruction. Also, the sfatua of college and university level gcilentific
instruction of noﬁ-g;ience majors may have a bearing on the scientific compe-
tence-of the populace. A N?tiénal Reaéarch Council report has fouad that, at the
%~ undergraddate level, individuals who Qré not majprihg in a ac;entific field may
v not be receiving aé understanding of qcience and technology adequate for those
who may become civil and profeaaionalyleadera. éurthermore, the report notes,

the educational needs of persons who are scientific majors, but who do nogvplqg

to seek scientific careers upon graduation, are not being sufficiently considered.
- 12
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Recent trends in doctorate program enrollments in the mathematical,

physical, and life sclences show declines that may later affect-the numbars
of 9 ualified individuals available to fill vacant faculty positions that are

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

d university faculty in these fields. A similar concern exists at the gradu= .- -

ate level in college and university engineering departments where graduate—
degree production in _many engineering disciplines has declined.

i Since the 1970s, the number of engineering doctoral degrees awarded has
dropped 25 percent. This decrease is belleved to be largely contributing to a
developing engineering faculty shortage. Also significantly affecting this
shortage is the luring away of engineering bachelor's degree reciplents by

various industrial companies offering comparatively large starting galaries.

Many “tenured .professors in these fields also are said to be leaving the univer-—

" sities for higher paying fndustry jobs. Academic employment hss become less

attractive for thege 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, undergraduate engineering
school enrollments have almost doubled since 1973, placing increased workloads
on a smaller number of englineering 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 {nstrumentation centers; encourage greater flexibility
of Federal research grant and contract procedures; and encourage university~
tadustry cooperation. 7

Some firmg already have pledged support for improving the situation-

These include the Exxon Corporation, du Pont, General Electric, General Motors,
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Amercian Telephone and Telegraph (AT&T), International Business Machines (IBM),

Union Carbide, General Télephone and Electronics, and the U.S. Semiconductor -

¥

Industry Association.

. N -

STATUS OF SCIENCE AND ENGINEERING MANPOWER

According to Dr. John Slaughter, the NSF Director, there is currently a
. 3
_manpower . short&age in nearly every degree level and specialty of engineering and

the computer sciences, as well as in certain physical and bilological sclence
fields. Shortages inlthe sclentific areas, however, do not appear to be ag '
critical as those in various engitirering fields. Computer science, déverthé-

less, 1s one of .the fields in which personnel 18 in great/demgﬁd. Recently,

there has been a significant increase in the numbe;ﬂofvbachelor's degrees

awarded in this area. In 1979 and 1980, theré/;;re also increases in the num=~

ber of advanceJZAegrees awarded in ;%e"ég;puter field. In spite of such in-

creases, because of the extegsivéf£e$and for computer science professionals,

the current supply ig/iné&;quate ;o meet that demand. This situation does not
e - .

show signs of }qgf;ving because the “computer world" seems to be advancing at

o .
such a éapia'paée. ’

,

//u/;ih the engineering fleld, electrical, electronic, and mechanical englineers
with two to fiveiyears of éxperience seem to be the most in demand. During
1982, it has Seen predicted that such experienced personnel plus qed graduates’

vg%so will be sought in oost of these engineering fie;ds, as well as in chemi-

»cal engineering. ‘

: . . A . .
There has been a particularly noticeable increase in recent years in the
number of foreign science and engineeting graduate students in the United St;;és.

The increase has becope mogt neticeable in the aréarof petroleum éngineering. If

this trend continues throughout the 1980s,.NSF projects that nearly ‘all petroleum

13
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engineering graduate students will be non-U.S. ritizenh. Also, NSF ﬁrojeots that
non-U.S. citizens will comprise over 50 percent of graduate students:enrolled

in most science and engineering flelds. As a result of the decline in U. S.-born
engineering studenta, faculty, and graduates, non—U.S. citizena are filling
vacancles in collgge and university classrooms, uufilled faculty poaitions in
acadepiat and vacancles in technical-induatrial 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 {n supply and demand of U.s. engli-
neers, although there may “be shortages in certain specialties.

The United States s still considered to be the world leader in most sci-
entific andlengineering disciplinee. 1f solutions are not found, however, for
most Of the problems the Nation faces in its sCienCe,’mathematics, and engl-
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 qcientific and technological capa-

! bilities to produce new and cffectual innovations and to be economically com~
petitive with other major nations (such as Japan, West Germany, and the Soviet
Union). 1t also may have a direct impact on national security and militaty
preparedness. The Soviet Union in particular, acoording’to an expert in Soviet'

mathematiea-and science educatior, has made a’tremendous investment in manpower,

v the general population has made important educational achlevements, 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. 5\
- . \
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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

511 educational levels.
A major joint NSF and Departmékt of Education study discovered that mana=~
gerial positions in both tae Government and Lndustries of the Soviet Union and
especlally Japan, were staffed by individuals with engineering degrees. Eyrther-
more, especipily in%{gpan and the Soviet Union, all students are exposed to a

science and mathematics program from the first grade through the,gompletion of

i
Yl .

e

the upper secondary level.

Japanese students are required to spend a8 minimum of 210 days per year in
s;hool. ﬁost schools, however, aée open between 240 and 250 days per yeﬁr,
coﬁpared with about 180 days in the United States. In the Soviet Union, stu-
dents spend 240 days per year in school. In West Germany, students typically
spend 185 days per year iu school.

In the Soviet Union, 98 percent of all students complete secondary school
and, consequently, receive chprehensive‘}nstruction in arithmetié, algebra, ‘
geomgtry; and calculus, alqu with pgysics, chemis;ry, astronomy, biology, geo-
graphy, and other such ;ourses. Inlthe'United States, more than 56 percent of
the State and, local gchool systems do ;ot require any particular maghemacics
courses, or require o&ly one such course for high school g;addation.

Data for 1979 indicate that the United States surpassed the Soviet Union
in the total number of graduates for all flelds. The Soviet Union, however,
graduated more than twice as many sclence and‘engineering students as aid the

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

-
J
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engineering graduates in the Unit;d States, Japan, and Fhe Soviet Union, showed
that the SoQiet Union had the largest total number of engineering-graduates and
the largest percentage gf enéineering graduates relative to total population,
while Japan ranked second, tﬂe United ?gates third, and West Germany fourth in
both categories.

I; contrast to a prediction that the general population of the Uhited States
‘s heading toward scientific and technological illitepacy,'the general popula~
tions of Japan, the'Sovieé Union, and West Germany appear to have a strong level

of understandiﬁg of science andvmathematics-

POTENTIAL DIRECTIONS FOR SCIENCE AND ENGINEERING MANPOWER'

Through predictions developed by the Bureau of Labor St;tistics (BLS),'the
empioyment demand for scientists aonEHgineers in science and engineering occupa~
tions, at all éegreeilevels, has been projeétedlto increase by 40 perce;t between

.. 1978 and 1990.- In vie; of this growth,ithe BLS has bredicted that about 180,000
new jobs will be available in the mathematical, physical, life,vand gocial sci-
ences. In additlonm, they estimate about 480,000vnew job; will be ;reated in
the computer professions, and 250,000 ih engineering. The BLS also forecasts that

“the most rapld growth in occupational demand‘will be in the coﬁpu;er professions..

In 1990, the BLS has stated that a total of about ‘1.4 million scieptists
.and engineers will be required tovfill new jobs that will be created between
1978 and 1990, and to replace experienced workers who will retire or die during
that iZ-year period. » .

The National Center for Education Statisttcs.(NCES) has predicted that, by
1985, the total number of engineering degrees conferred will 1ncr;ase to aﬁout
73,400, before dropping to about 65,100 ;n 1990. Significant decreases in the

number of bachelor's degrees awarded in all fields by 1990 have been forecast
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by the NFES, except in environmental, wining, and nuclear engineering where the
trenda ahod no ;hagge in the number of degree recipienta. The NCES data pro-
Jecta that bachelora'a'deéreea in compﬁter science, however, prﬁbably will
increaae b} 58 percgqg between 1979 and 1987. Any auch increaae, warna the
Scightific Hanﬁouer Commiasion (SMC), will in;enaify an already evident faculty
ahortage, at leaat for a ahort term. Doctoral degreea in computer acience, the
S¥’ haa atated, average leaa than 200 per year.

Lt. Col. Jim Graham,‘of the U.S. Alr Force haa predictéd that, errgll,
engineering manpnwer trenda ahow that, between 1981 and 1990, there wili be
731,000 joba available for 617,900 engineering graduatea, indicating a 114;000
peréopnel shortage;in all engineering diaciplinea.

In the Soviet Uniqpy the only country other than the Unitéd Statea for
which future ﬁrojections of sclence and engineering—manpower were fognd, the

" total Candidate of Scilence degreea awarded in aclence a;a'enéineering”in 1579,
20,800, have been predicted to drop to about 19,700 in 1985, and remain ata-—
tionary in 1990. Such ?egreea conferred in the phyaical, lifé,,and mathematical

" --aclencea are projected to decline to 7,400 in botk 1985 and remain at that
level iﬁ 1990. bTotal Can&idéte of Science degréea awarded in engineering apeci~

fically in 1979 were 11,500. Such degreea are anticipated to decreaae to 10,800

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

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

The aupply and demand of sclentista and engineera alao play a role in the
area of national-defenae. Between 25 and 35 percent of the total number of

employed acientiata and engineera in the Nation are aupported by defenae work.
. .

An expert has cautioned that the increaaing gap between the aclentific training
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of U:S. citizens [and thelir goviet counterparts places a gerious: threat to Soth
the U.S. economic and military security.

The effects of the perceived shortage of acientists and engineers on the _
Department of D fense {(DOD) have been reported as producing a de*line in mili-
“tary preparedn ss, an increase in the cost of weapons design, a®drop 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.
Industri has been outbidding, for example, the U.S. Air Force for techni~

cally quali ied personnel because of higheﬂ starting salaries (about §7,000

more).” The mllitary, as well as academia and .other branches of the Federal

t
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 f9100 Military Engineering
Officers short of its minimum requirement. The Air Force Systews Coummand (AFSC),
the primary user of engineens in the Air Force, is experiencing a 10 percent
shortage .of military engineers (over 500 vacanciea). Since 1978, as a renuit
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 ics Seven laboratories, at least 120 vacancies have been re~

ported in sclence and engineering positions.

t Coa
A HISTORY OF CONGRESSIONAL CONCFRN AND SOME ACTIONS TAKEN BY THE
NATIONAL SCIENCE-FOUNDATION RELATED TO SCIENCE AND ENGINEERING EDUCATION

Science and engineering educatior 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

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

appear to be ﬁos: prominent are the following: !
ohe N

~~Shortages in science and engineering manpower were reported in the second \}\\
annual NSF gepér: to President fruman. One of the rgasons given for the short- -
ages was that indus:fy was offering jobs with high starting salaries to science
\‘qgf engineering bachelor's degree recipients. A January 17, 1933 article
inufhe New York Times stated that NSF concluded that promising students ﬁroﬁ;

ably wo d not turn down high-salaried industry~jobs in favor of four more
\
years of postgradua:e work;

By
--High ‘'school scilence teachers were repor:ed “to be lured away by industry's

.

large starting <salaries as early as 19553
-~The" Soviet Qnion graduated more than three times as many engineers :haﬁ
the United States in.1955~=50,000 to 15,000 respectively; e

P -~In the early 1960s, a book on sclence and engineering education in the

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

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

graduates;

':Invthe mid-1960s, an American Council on Education report, entitled Man,

Educatjon, and Work, concluded that "J . . the American education system 1s al-

most 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 ;ducatlon [should] take {gmediate steps to assure 8n adequate Bup~
ply of technical and highly skilled manpower below the bachelor's level;” 2/
and, abouf/}s yeara ago, A

--An {nternational study evaluating the mathematical achlevements of stu~
dents in 12 natlons found that students in u.S. BChoola ranked low in ma:hema-
tical attainment compared with pupils in flve other nations--Japan, Eng}and,

sweden, France, and Belgium.

In essence, the problems that the Nation currently faces concerning sci~
ence and englne;ring education and, consequentl&, its supply of sclentists and
engineers, do not appear to be new. !

Before the Soviet's earth satellite, Sputnik I, was launched in October
1957, there was slgniflcani congressional concern about the state of U.S.
gclence education. Several forms of legislation were introduced between

the thh Congress and the end of the first session the 85th Congress, {mmedi-

. . ) -
ately prior to the lauaching of the first Sputnik. No definitive actlon oc=

curred. lovlng'sﬁuthfk 1, public demand was aroused for more adequate
scler _ation instructlon. Congress reccted with the paaaaée of the
Natiofa. e Educatlon Act in ééptemher 1958, whléﬁ enacted a four—year,

$887 mill. on aétan for student loana, fellowships, and other alds to im= =~
prove U.S- hclentific manpower reaourcea.

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

the Unl:éd>5tates in the number of engineering degrees 8warded each year.

- »

U g

5/ Venn, Grant. Man, gducation, 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- L. (See Selected Annotated Bibliography,
Part V, P 217.)

20
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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 sclence and mathematics

}nszructign than does the United States.

'

. Within the last Eew'aecades, Japan has been reported to have “gained world

leadership in the production of steel, the manufacture of automobiles,'aﬂd the
- - m

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

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

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

r“"v

Between 1959 and 1962, the President's Scientific AdJi:ory Committee

released th:ea reports concerning the strengthening of sciencé and engineering

edﬁcation-il)lzdhcatlon 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 Sciencé and Technology (December 12, 1962).

All three reports emphasized the need for an expansion of the role“.of the Federal

Government @9 enhancing ‘science and engineering education and for improving the

e

" quantity as well as quality of sclentific and engineering manpower. Some of

the recowmendations wmade in these reports—-scientific curricula i{mprovement,
. h
b

support to develop scientifically and technically talented'individuals, sup-

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

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

.
r

6/ wWillenbrock, F. Karl, and Cecil H. Green. United Statze and Techno-
logical Preeminence, pe 1319. .

1/ Glockner, David. Wirszup:. U.S. Sclence 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. B8/
Several problems identified at the time of the writing of these Teports con~~
tinde to exist tnday--including pre~college gclence and mathematics teacher
shortages, inadequate understanding of gcience and technology by the general
u.S. population, and fewtt ﬂgineeting gtadua:es geeking academic euployment.
An increased role for ‘the Federal Government in helping to. resolve these prob—
lems way be neceSsary for the 1980? and for future decades.

+ Federal. funding for sclence and engineering education programs in fiscal
year 1982 was §20.9 wmillion, the lowest in alﬁost 25 years. For fiscal year
1983, the Administration has eliminated all funding for NSF prograws in these
areas. Instead, it has supported graduate tesearcn fellowships in_sciences
and engineeting ($15 million has been requested). Recognizing that there ate
problems in science education and digagreements on how to solve them, the NSF,
according to its Director, John Siaughtet, will “"play a catalytic role;" to help
define precise needs, and, suppott the efforts of state and lbcal governments,
gclentific and‘ptofessional organizations,.private industry, and other Federal
Govetnment agenCies to solve thems

Legislation has been introduced in the 97th Congress (H.R. 525@; Reps .
_Fuqua and Walgren, the National Engineering and Sgience Hanpowet Act of 19823
H.R. 5742, Repe skelton, to create a National Commission on Sclence, Engi-
neering, and Technology,Education, and S. 2421, Sen. Glenn, the National Engl-
neering and Sclence Manpowet and Education Act of 1982) tecommending various

actions that can be taken by the Federal Govetnment. Even those calling for

- -

[

g/' See appendlx‘14 for evaluations of some NSF science education pro~
grams. )
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15

1
increased Federal involvement, however, argue that such regponsibility does .
not seem to be that of the Federal Government alohe{' New iqitiatives in-

volving cooperation between industrx,.apademia, State and local governments,

approach to evolving workable solutions for all aspecté of current concerns

with 'the state of the Nation's scigntif%c and engineering education and manpOwér-
Some attempts at such cooperation already are underway. On January 17-19,

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

gponsored by "five leading engineefing socleties attended by some 80 leaders ’

of industry, gducation and ggvernmenk“. Arizona State University is “developing

a 532 million 'Center for Excellence in Enginegring' that represents . a partneri;'

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

‘Engineering Action Conference convenea on April 7, 1982 in Néw Yor# Cigy.with

R - .
representatives of industry, academia, professional ‘societies, and the Govern~

ment to discuss solutions to the problem.

(18-177 0 - 83 - 3~
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SCIENTIFIC AND TECHNICAL EDU
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CATION IN THE UNLTED STATES AS 1T RELATES

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

The state of pre-college-level and college-level science and mathematics
instruction and emphasis for scientifically, as well as non-scientifically,
oriented individuals has a8 direct influence on the supply of U.S. technical
manpower. 9/ Recentiatudiea have.aiacowered that, as a result of the "back

to baeics“ movement , acience, which is not considered 'to be a "ncaic," does -
not ceceive much emphasis at the pre-college level and relatively very lit-
‘tle time is spent on its instruction. In addition, mathematics inatruction
emphasizes "computational skills, not problem:aolving.“ ig]
There 18 a shortage of pre-college mathematics and physical acience
tearhera that may be cffecting the quality of instruction in theae areas.
"It is widely knoun," a report has stated, that when poaitiona cannot be
filled through new hiring of qualified inatructora, they are often filled by
" teachers with lower subject matter qualificationa or by the transfer of
. ltenured teachera from other subject areaa.'“Thua, inevitably, many secondary

school mathematics and physical science teachers have insufficient training

‘to teach coursea in these subjects.” 11/ Furthermore, a large number of

. K '

(,'o'" . ' s
co 9/ Galambos, Eva C. Engineering and High Technology Manpower Shortagea.
The Connection with Mathematics. Atlanta, Georgia, Southern Regional Educa—
tional Board. 1980. p. 3. .

10/ Walsh, Efthalia, and John. Criaia Jn the Science Claaaroom. Science
80. v. 1, no. 6, Sept. /Oct. 1980. p. 17. \Y s ’

11/ National Science Foundation and Department of Education. Science and
Engineering Education for the 1980's.and Beyond. Naahington, U.S. Govt. Print.
"Off., Oct. 1980. p. 49. + - Ny S
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pre-college science and mathematics teachers expfesséﬁ feelings of inade-
quacy in teaching these subject areas, 12/ ’

‘A National Research Council study has found tha; at the undergraduate
university and college level, persons wﬁ; have non‘sciéntific oy Jors--in law,
theology, journalism, elementary educagion, and other‘a;eas,;;and o ma‘ even—
tually become civil and 5rofessionul leaders, are not recelving “the under=
standing of science and technology that they need to function effectively.; 13/

.As a result of the factors pentioned in the Foreword of this report,
it has beén announced that “there is a éroving {technical] illite;acy" in the
éeneral U.S. pépulhtion.which, 1f not reversed, "means that important national
decisions'involving science and technology will be made increasingly on the
basis of ignorance and pisunderstanding.” 14/ - ’

A large number of tenured college and university faculty members are due
to retire by the.mid-19909.' Recently, there has been a noticeable decline
in Ph.D. program enrollmenfs in the muthematical,'phyéicul, und‘life sclences.
This situation, 1f ﬁot'reversed, may result in an iysufficient nunmber of quaii-
fied teachers to fill future fSCU1t§ vacancies. 1In Colleg; und~university
engineering departments, there 18 a similar concern at the graduate levgl whe;e

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

contributing to a developing engineering faculty shortage. Apparently there

‘15 a diﬁinishing'attraétiveness to academic employment in some areas due, in

3

- , .
12/ TIbid. ‘ -

li/ National Research Council. Commission o Human Resources. -S¢lence
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 Sclence Foundation. Washington, National Academy Press. 1981. p. xi.-

LY Technical Illiteracy Threatens u.S. Science. Sclence News, V. 118,
Nov. 1, 1980. p. 276. :
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part, to relatively large starting salaries being offered by industry to
bachelor's degree-level recipients, which deters some students from deeking .
advarced 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 quineering degreed persoqpel
seems to'be developing, specifically at the graduate ;evel in computer sclence,
geological and geophysiEaI éngineering;_petroleum engineering, a;d others,
while the demand for sﬁch graduates appears to be increasing. This belief,
however, 1s not a universal one. The;e 18 no consensus on the gcience and-
engineering shortage issue. Leaders of the Instiéute of Electrical and
Electronics Engineers, Inc., for example, have stated that there is a balance
in supply snd demand of U.S. engineers; although there may be shortages in
some areas or speclalties.

Non-U.S. citizens are filling the places of U.S.-gorn students in both_
pollege and univeréity classro;mq and.nébsequently in faculty positions in
academia,uAd in technical-industrial occubqtions. Iﬁ 1980, 46.3 percent of all'
engineering.doctoral degrees were awarded to foreign na{ional students.

Several experts that te;tified at the October L?Bl House hearings of the
Co;mittee on §c1ence and Technology agreed that there are important concerns
that need to be addressed regardiﬁé sclentific and technical education and

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

. N
the economy, national defense, and the msintenance of the Nation's technologi-

cal lead vis~a-vis other Nations.
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1I. PRE-COLLEGE SCLENCE AND MATHEMATICS CONCERNS

A. ELEMENTARY SCHOOL

.

1. Science Instruction

oLl ent

For pre-college-level students, the importance of scilence to them and
their interest in sclence 15/ depends an what their teacher(s) believe about
the importance of gcience education, ‘knows -or does ﬁot Enow about sclence, and
does or does not do about teaching science, according to the findings of a
Na;ional Science Foundation (NSF) reporte 16/ 1In elementar§ school, one
teacher is usually reSpoﬁsiblé for the instruction of all academic subjects.
A teacher's perception regarding,,his or her:abiiity to teach Qarious.subject
areas was found to correspond with the amount of time spent per day'o; each
gubject. Of all the elementary teachers responding to an ﬁgF survey (1,667

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

—— e
15/ ‘The NSF defines "science” to {nclude the natural sclences, social

sciences, and mathematics. Science (the natural and social sciences) and
mathematics will be treated separately in this report. .

lﬁ’ 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 I1linodis—
Urbana-Champaign. Jan. 1978. In National Science Foundation. Directorate
_for Sclence Education. The Status of Pre-College Science, Mathematics, and
Social Studies Educational Practices in U.S. Schools: An Overview and Sum—
wmaries of Three Studies. Washington, U.S. Govt. print. Off., July 1981.
ps 19:1. ' ’
17/ 1Im 1977, a national survey was conducted for the NSF by the Research
. Triangle Institute to assess the “"needs and practices io pre-college sclence,
mathematics, and social studies in the nation's schools:™ Welss, Iris R
' . (continued)
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"very well qualified” to teach reading. 1In contrast, only about 22 percent

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

" 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 aver;ge of 65 minutes pér day. 1In grades K-3, how—
ever, teachers spent an average of 20 minut;s per day teaching science and, in
grades 4-6, 30 minutes per day. About 60 percent of the teachers, however, felt
“adequately qualiffed™ to teach science.

.

For mathematics instruction, 49 Rércent of the teachers felt:"very well

.

qualified” to teach this subject’and spent, on the average, 45 winutes, per day
in grades K-3 and 50 ‘minutes per day in grades 4-6. 18/ (See chart 1 on the
follouing p;ge.) , B v

Dr. Iris Welss, who conductéd this particﬁlat NSF sﬁrvey? founa that, of
the States and districts responding, only about 25 percent gf the States®and
40 percent of the districts set requirements for the minimum amount of time’
for élementary grade teachers to spend on science, matheéatics, and'soclal
studies instruction. The recommended time was an 8Veragé of 20 wminutes éer
day for science and social studies and 30 minutes per day for mathematics

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

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

_(contlnued)‘31977 National Survey of Sclence, Mathematics, and Soclal Studies: -

‘Education Highlights Report. Center for Educational Research and Evaluation{

Research Triangle Institute, Research Triangle Park, N.C., Mar. 1978. 1In
National Science Foundation. Directorate for Education. The Status of Pre-
College Science, Mathematics, and Social Studies Educaticnal Practices in

_U.S. Schools: An Overview and Summary of Three Studles. 'p. 12-14.

18/ 1bid.

@ . ‘



22

CHART 1

MATHEMATICS

SOCIAL STUDIES o ALADING

i

",
8 ot wews auauirieo
] aoeouarsLy aualirieo
[ very weLL ouaLirieo
UNXNOWN '

ELEMENTARY TEACHERS’ PERCEPTIONS OF THEIR QUA
TEACH MATHEMATICS, SCIENCE, SOCIAL STUDIES, AND RE‘;‘DF::(A!“ONS o . -

4

1977 National Survey of Science, Mathemat;é: ani
) Highlights Report. Research Triangle
Bduce ngle 1978. p. 13.

Weiss, Iris R.
rch Triangle Institute, Mar.

social Studies:
park, N.C., Resed

Source:
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areas. In grude§ 4-6, 30 to 40 minutes per day were recommended for the
minimum amount, of fime to be spent on each subject individually. 19/

Dr. Weiss concluded that one out of six elementary school teachers .
responding to the NSF questionnaire fﬁlt 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
. AN
supervise instruction in reading, mathematics, and social science. In scilence
* gupervision,' however, nearly 20 perceht who responded felt less competent. 20/

Two university researchers, Robert Stake and Jack Easley, found the fol~
lowing situation regarding the teaching of pfe-college-level gcience from case
studles that they compiled. 217

Most schools we et;died had some written policy about what and how

elementary science shoulu 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/ - o

19/ 1bid., p. 22. : .
20/ 1bid., 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 sclence education (including mathematics
and social studies) in the Nation's schools. Surveys were taken and case
studies prepared indicating their findings.

P

® 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.5. 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 ‘such teachers was 8O small, Stake and
Easley stated, that 1t could not be concluded that “eveé‘hnlf of the Nation's
youngsters would have & single elementary school year which their teacher would

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

\_,—'

Tt 23/ .

_ This NSF survey determined ‘that there 15 a heavy reliance on textbook
\\\\\"’.mnterial for elementary science instruction. in most elementary schools can® .
. vassed, learning sclence by reading from a textbook permeated the sclence

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/ ,
Elementhry science teachers a;e very uncomfortable with science, a junior
hig; school principal has commented. According to him, science ingtruction
. . .
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,

'

[

o .23/ 1Ibid., p. 19:3.
.24/ Ibid., p. 13:6.

25/ Helgeson, Stanley L., Particia E. Blosser, and Robert W. Howe. The
Status of Pre-—College Science, Mathematics, and Social Science Education, 1955~
1975. v. 1, Science Education. Ohio state University, Center for.Science and
Mathematics Education.: Prepared for the National Sclence Foundation. Direc=
torate for Scienee Education. Office of Program Integration. Washington, U.S.
Govt. Print. Off., 1978. p. 32.
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eapecially comprehonsion, 26/ and mathematics when they reach . « . junfor

~

high school.” 27/

2. Mathématics 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 Nav

tion. The most comwonly understood definition of “back to.basice,” according to

Stake and Easley, {9 an increaned emphasis on rcading 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 i8 abfnt on its instruction. While mathematics is considered to be

a "basic,” the new approach to teaching mathematics han been viewed as “ex2

tremely narrow” because it centers on "computational skills, [and] not on
problem solving." This "almost e;cluaive concentration on éémputation [con-
tinueai from second grade math to that in senior year." 29/

Ninety-five percent of all elementary tééchera responding to the Nsé
survey by ‘Weiss reported that they felt "adequately qualiffed” (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.

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

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

29/ Weiss, Iris R. 1977 National Survgy of Scienqe, Mathematics and
Social Studies: Education Highlights Report’’ p. 13. -

- N
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textbook 1# a dominant wource for mathematics instruction, along with a dafily
lecture and dlscusaion perlod. Aa previoualy stated, about 45 minutes per
day wap reported to be spent on teachlng mathematica in grades K~3, and 50
minutes en grades 6=0. The tlme apent, howaver, may Vury from teacher to

teacher and much less time than indlcated may actually bu uesed. 31/

B.  SECONDARY SGHOOL

1. science Instruction.
At tqﬁﬁjgnloy"highkﬁghool level (grades 7-9), Stake and Easley found that

science prog:nga u@eﬁé&’to "operate Somewhat more offectively than the elementary

acience programs.” Most Junior high schools were found to be departmentalized 4

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

however, was left to the“discretion of the téucher, similar to the aituuti;n at

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

.; key role in determining what content wqa_;uught and how it was taught.” gg/
Generally, the most common science courses found to be taught in grades

7-9 were general n;ience, earth science, life science, and physical sclence. 33/

.
Most of 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.e,Ohio State University, Center for Science and Mathe—
patics 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, Sclence and Social Studies in American Schools, and
Recommendations fér Improvements. Commission on Human Resources. Panel on

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

&
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At the high cohool level (usually grades 10-12, but.bome high schools* were
. (‘ .
found' that also included grade 9), the most generally offered sclence 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,

C~ -

Chemistry II, Physics II, and so on. 34/ - . : ’ ’ "
 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 thai they were there to teach only the¢ excep-

’ .

tional students. One teachdr was noted as saying:
+ + » Of course I'm elitist=~1'm’here to teach the elite of this school.
1f they disappear so'do I and the physics class. You want to know why -
physics classes have gotten smaller” in the past few years? It's because
parents have become anti-science and they don't want thelr kids to be
part of the sclence elite. 35/ )

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

éollege-bound\hfudent stated: .

I've been very disappointed with the district for watering down'the f/;
{science] courses. There used to be a really strong physics program. . .
but then {the .teacher] decided he needed to accommodate the low to mid-
dle achiever so he threw out theﬁgcod program and came up with this

, other one that .is less comprehensfve. It really hurt the well-

* motivated kids. 36/

In contrast, a pafent of a student unlikely to attend college commented?
I think it would be all right L{f students didn't take any science at all
at the high school level . . . . There are a lot of things kids are
never going to use again. 37/ . B

.34/ 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 Studles in Science Educa—
" tion: Design, Overview and General Findings, p. 12:19.

35/ Ibid.

37/ Ibid., p. 12:20.
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Such elitist attitudes about sctenc;, Stake and Easley reported, may be
one of the reaspni ﬁhaézenrbllments in chemistry and .physics classes have
declined in recent ye;rs. . -

Another reason that enrollm;nts in soﬁe science"coursgs/have.gqcreased
may be that those courses have become electives. For example, enrollments 1d
cﬁemist:& and physics, which usually were found to be electives'(b;ology was
basically a requirea subject), seemed to be decreasiﬂg more rapidlyjthan the

. general enrbllments in science courses. Explanations for the decline Qe?é
» given ap--”morf éompetition from other elective courses; the image of science

and sclentists is bad; reduced gfa&uationirequirementsf-Oppor;unity to pick
these;subjects up in jiunior college, Lf ngedea;‘and the percepti;n'of high
school stddents that the content of physics and chemistry are Just ﬁﬁt ?éle;r
. vant.” 38/ oOn the other hand, ft was pointed out that “undoubtedly the =
ind%vtdual teacher p1ay; an important‘role in attracting students t; his or
her courses. In an instance where physics enrollment showed a slight increase
after several years of decline, the physics teacher was settling into her third
year, and was high1§ resgected by students.” 22/‘ . .

Several high scﬁ%ol sclence teachers, high school counselors, and high
'séhool senlors were asked about-what tﬁey felt was wrong with high school sci~
ence courses, in the NSF survey. OQF of thése ind}vidqals respoﬁding, 39[ -
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- T )
39/ 1bid.

40/ Out of 150 'teachers surveyed, 101 responded; out of 86 counselors:
46 responded; all 375 seniors surveyed, responded. : .

O
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that impeded thelir .teaching, particularly remedial Iinstruction 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 attentYon
* glven to individual students. 41/

Senior students ﬁg/ also were qugsti;ned r?garding whaf they considered
to be “the one thing most wrpngL with the sclence courses they had takén, and
"thé one thing most right.” For the "most wrgng," the largest percentage of
‘students stated that the "courseﬁ were boring” (29 ﬁercént) and “overemphésized
facts.and memorization” (24 percent). For the “most right," 22 percent stated
théigﬁhe courses “stressed the basiciﬁacts," and 20 percent stated that the
"courses were interes;ing.ﬂ: ?heae responses seemed to indicate to the can~
vassers-thati"students were sensitive to and divided on the issue of stressing
‘the ‘basic facta' 1n high achool scie;ce. Some liked it, some.did not. Charges
that the courses were undesirable elitist or impractical did not get much sup~
port from these students.” 43/

a. Sclence Requirements for High School Graduation'

The NSF (Welss) survey questioned several State and district supervisors
throughout the Nation by region--Northeast, South, North Central, qnd.west--

regarding sclence course requirements for high school graduation, 44/ 1f any,

“41/ Ibid., p. 13:5. _ o ' .

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” question.

43/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa-
tion: Design, Overview and General Findings, p. 1315,

44/ Mathematics and social studies course requirements also were included.

O
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in grades 9-12. The requirements also yere broken down by the size of the
State. 45/, It was found that, nationwide, 21 perceﬁt of the States_require_b

¢ .
more than one year of sclence instruction, 53 percent, one year; ‘12 percent,

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

indicate that they have no requirements {for] the subject.” It élso was

" found that blology was the “most common” Subject fequired in sclence for high-

schooi'graduation. 46/ .

. -
In an NSF report analyzing relevant 1iterature related to pre-college sci-.

ence instructlon, 1t was discovered thac, for the majority of high school stuJ

dents, "blology is :he-last sclence course [taken], usually in grade :10." 47/

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

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

“post students had to take a gclence course to meet graduation requirements and
it appears they frequently,selected Btology." 48/

b. National -.ssessment of Science Achievement and Attitudes Toward
Science ’ :

N

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

Education Commission of the States measured the sclence achievement of the

et e

45/ See appendix | 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, Sclence
Education. p. 26. . .

48/ 1bid.



31

'

Nation's'9- 13-, and 17-yenr-old students, during three different school -
years——1969—70 1972-73, and 1976-77. The following results were found: ﬁg/;

-[A] downward trend in science ach{évement {was] observed from the
first to the seconh asecessment {that] appear{ed] 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 phyeical science is accompanied by some stability in
+ acklevement in biology;

~The achievement level of 17-year—olds continue{d} to decline.
Seventeen—year—olds declined in performance from the first to the
second assessment and from the gecond 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 sclence assess—
ments. [In addition,]

--A gap continued to exist in the achievement levels of whites 5
and blacks: the achlevement level of whites was higher than
that of blacks in each assessment. However, black 13-
year—olds .lmproved in achievement on physical sclence 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-
. - -y

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

. S - . t .
< —Attitudes of 13- &nd 17-year-olds toward sclence were in many cases
. very much alike. Similar percentages at these ages expressed favor—
able attitudes toward sclence classes, were interested in pursuing

v

[

49/ National Assessment of Educational Progress. Three National Assess—
ments of Science: Changes in Achidvement, 1969-77. Selected Results from the
Third National Assessment of Scienck. Prepared with the National Center for
Education Statistics, U.S. Department of Health, Educption, and Welfare, Educa-
tion Division. Denver, Colorado, Education Commission of the States, June 1978.
p. xiii. : i , !

50/ National Assessment of Educational Progress. Attitudes Toward Sci-
ence: A Summary of Results from the 1976-77 National Assessment of Science.
Denver, Colorado, Education Commission of the States, Oct. 1979. p. xiii.
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écience-related careers, used the sclemtific method of 1nqu1ry
and were personally involved in solving science~relatéd societal
problems. « « ¢} ° ’ o

-More 9-year—olds expressed favorable attitudes toward science
classes than 13- or l7-year-olds. They also appeared more willing
than the older groups to try to ‘help solve societal problems;

-About‘ﬁalf the 13~ and 17—yeaf-olds,fon'the average, expressed -
favorable attitudes toward science classes and science~related

~Males were more likely 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 s¢lence were about the
same; and . 0

~-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 1iving in the Southeast, people living
in disadvantaged-urban comminities and those. living in big cities.
Thirteen~year—olds in these groups exhibited more favorable atti-
tudes toward science-related careers than the entire nation, while
13-year-olds living in advantaged-urban areas showed less favor—
able attitudes than the nation toward science’ classes and sclence-
related careers. ' : IO

2. HAthématics Instruétion

Se;ondary school mathemutic? was EounA to be “"just as.trad4t£?nal and w;rkr:
oriented as learning to Compute.in the‘b%ementary school.” Elj» At Ehe'jﬁﬁior
high school level, two yéars of mathematics beyond eleméntary scLool'uas found
to be gfnerally required. One year of algebra wag taken by.moét students and
an emphasis was placed upon preparing as man} ht;dents as poss&ble for high

school “"academic track math courses.” 52/ . r

51/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa~
tion: Design, Overview-and General Findings, p. 13:23.
~

52/ 1Ibid., p. 13:21. Usually students bound for college take special
.science and mathematics courses. Three “"tracks” of mathematics are usually
taken, the most difficult track consisting of "geometry, algebra II and trig,

" path analvysis and advanced placement_calculus-" (Ibid., p'-12i17)
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‘At the high school level, NSF surveyars found that most teachers and
stﬁdents seemgdizb"accept mathematics as a " dry mechanical thing, to
. " -

] . . - . . .,
be done stoically.” Students took as.many mathematics .courses as needed

for pre-rejuisites for other couraes, such as‘sciencé courses required for a
future college major or vocation. It also appeared "obvious and acceptable”

that the reason:for ‘schools offering the “traditional_high school mathema—

. tics content'(algebfa, geometry, trigonometry, and their continuation into

analytic geometry and calculus)” was to prepare students for engineeriné,

) physics, economics, statistics,.-and other basic relevant uses of matheqatics.,,‘

"In this sense,” surveyors found that “mathematics was a pre-Vocationai sub~

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

‘value for oéhef purposes seemed less lmportant.” 53/

Senlor students were asked, through a survey, what was “thé’thing most

wrong"” and the “most right” about-mathematicé courses. - Out of 318 responding

to the "most wrong"” category, 31 perceht checked that .the courses were boring
. , . . ) ~ '
and 26 percent stated that the courses “were too much aimed at the 'bright

kids.'" 'For the “"most right” list;’do percent indicated that the courses

"strgssed 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 for High School Graduation

. '

N

Weiss found through nationwide questionnaires that 21 percent of the

States feduire more than one year of mathematics fnstuction for high school
N . 18 L

53/ 1Ibid., p. 13:24.

54/ 1Ibid. : -
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gtaduation, 57 percentlrequire one year, and 22 percent reqnire less than
one year. Sevenypercent of the States also indicated that they require °
specific mathematica coursea to be taker, but none.ﬁere listed. 22]
Nationwide enrollment patterns in high achool mathematics .courses have
been found to be basically stable in recent yeara, although slight decreases
were noted in some instances.- 56/ 1In New York state, data from 1971—76
showed that, of 62 courses offered, a glight' year-by-year enrollment decline .
was noted for "Math 7, 8, 10, 11, and 12; Algebra 1 and II; Trade and Shop
Matn{ Advanced and Aalytic Geowetry; Problem Solving; and History of Mathe~
patics.” ~Enrollments of students in other couraea.indicateq an "increasing

trend.” élj &

‘

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 N
during the 1972-73 and the 1977-78 school yeara. Changea in- studenta' per~

formances between 1973 and 1978 vere meaaured by providing exerciaea that )

‘. helped determine mathematical understanding.-'Studénta were asked to "pro-

vide an explanation or illustration of different mathematical knowledgea oy

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

that knowledge to solve 2 groblem.

e e
-~

55/ Welss, Iria R. Report of the 1977 Natlonal Survey of Science,
Mathematics, and Social Studiea Education, p. 24. See appendix 1 for table.

56/ Suydam, Hnrilyn N., and Alan Osborne. The Status of Pre=College
Science, Mathematics, and Social Sclence Education: 1955~-1975. V. 1I,
Mathematics Education, p. 44. L .

“

_-51/ Ibid.
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Sone of the results, which "should . . . be interpreted with caution
[be%ause] the {tems used to measure ihanges in achievement did not provide
as broad of a coverage of the coutent of school mathematics as the entire
1977-78vmnthematics nsgessment," are as follows: 58/ L e

-: « . The overall results indicate that there has been.some decline in
unathematics achievement during the 1970s. [This may, however, reflect
certain factors that affected student performance not strictly :ela:ed
to mathematics instruction};

-Changes in pérformance differed by age group, with declines beconing
more apparent for the older students. Nine-year-olds 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
cognitive process 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 could deal with topics such as,percent and prob-

“ ability and statistics.

Panelists chosen to.enéluaie these results attribute the decline in prob-
° N ’ )

. lém solving to several factors:

.- /
-{T}he emphasis on."back-to-basics" [which] has often resulted in a nar-
rowing of the curr(culum, with more attention focused on computational
skills and knowledge of facts and definitions and less time spent on

problem solving;

~[T)extbooks 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;

KR ;

“[V]ocabulary in problems can cause difficultiés. "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 thé Second Assessment of Mathematics.
‘Denver, Colorado, Education Commission of the States. - Aug. 1979.. p: ?4:?5.
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—. . . [T}he development of a mechanistic approach to problem solving.
Teachers often.try to train students to look for clues, of "key
words ,” to deqide 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 for

R 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 te€st . o o ¢ “Rote drill and memoriza=
tion can prepare students for. cértain types of tests, but problem
golving demands more effort,.both on the part of the teacher and

the student.” 59/

3. Scholastic Aptitude Test Scores . L&

The scholastic Aptitude Test (SAT) generally is taken by 1lth and 12th

grade high school students who are considering attending college, and speci;
fically those colleges and uniQ;rsities that require applicants to take the
test. It ipcludes two parts, verba1;aﬂalmatﬁé;a;i;al. The mathematical
section calls for a general background in mathematics that 1s“usu811y.acquired
‘from the first through the ninth grades, depends moré on the reasoning ability
. . : g T ..
than formal knowledge, anq assesses the problemggélvihg gkills in three areas™—
“arithme?ic reasoning,-éiementary algebra, and geometry.” ‘ggj -?he verbal
portion of the SAT measufés “reading skills and word relationships.” Scienti=’
fic paterials also are covered in this section of- the test. Since 1963, there
has'been a notable decline in studenf.SAT scores. From 1963 to 1977, there

was a 49-point decrease in the avéfage scorejon the verbal part (from 478

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

S g

- 59/ 1bid., p. 25.
. » , "
60/ College Entrance Examination Board. Advisory panel on the Scholastic

VAptitude Tegt Score Decline. On Further Examination. New gork,‘College En~-
trance Examination Board, 1977. p. 3. A
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- (from 502 1a 1963 to 470 1n 1977). 61/ Reasons for ché deéiine during the
1960s have_béen attributed to a change in the ”compogicion of scudeﬁcs taking
SATS.” The continued drop in the 1970s 1s:be11eved_co be due-;o the increase
f; “electives 'in high school, déclining 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 Erend in a country “that seeks to maintain a lead in a tech~
nological era.” In addition, “the quality of math~ and spience-oriencedxpeople
are beingvdrai;ed from the field,” according to a recent report. 63/ Larger
salaries are being offered outside of the education fleld. For example,
teachers can about double thelr galaries 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 yeaf, almost 10 percent of .
wdif.matics teaching positions in the Nation were vacant. 65/ The NCTM also

stated- that a change {n the situation could not be e*pecced within the nexc‘

five years. 66/ ) o o
61/ 1bid., p. 5. : P R
-y .
62/ Ibid. . .

63/ Galambos, Eva C. Engineering and High Technology Manpower Shortages,
pe 5. ' ' . -

64/ walsh, Efthalia and John. Crisis in éﬁé Science Classroom. p. 22.

: . - 5
65/ Natlonal Council of Teachers of Mathematics. NCTM. Documents Shortage
of Mathematics Teachers. News Release, Oct. 19, 1978.

66/ Ibid.

Ch
~
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“Unfilled teacher positions in mathematics and physical sclence évi-
:dently result both from a lessening in the attractiveness of science and mathe-

(\
. matics teaching careers and from opportunities for wore desirable employment

‘outside of-teaching, an NSF and Department of Education report has stated,
nvalthough an ample supply of peopl- with bachelor's.and master e degrees 1n
.'_-these fields seens 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 [1n 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
sclence teuchera, with the deficit becoming worse.” gg/ 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 1s graduating less than 1,000

persons per year who are traincd to teach mathematics in the Nation's schools
- and tte “picture for science teachers is almost a'darbon copy of that for
math.“ .19( .
. i
In spite of the fact that potential mathematics teachers do not all origi-
(nate amony mathematics majors, the National Education Association. (NEA). esti~

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

— e

67/ National Sclence Foundation and Dept. of Education. Sclence and
Engineering Educatilon, p. 49.

68/ Galambos, Eva C. Engineering and H1gh Technology Manpower ‘Shortages.
a. 6o L ) .

69/ Tbidi e o et

10/ Scientific, Engineerfng, Technical Manpower Comments, V. 18,vnof 10,
Dec. 1981. p. 7-8. ’

O
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graduaies_brebared to teach aecon&ary schogl ma:hema:ica.v‘llj Although the
estimated supply of such graduates still éxceeds the demand for the mathema-
tics fleldy, according to the NSF and bepar:men: of ﬁduca:ion feport, the NEA
listed .the mathematics field, along with "trade-industrial, agricul:u;al, and
acience,” as :eaching sreas on the "'tight' end of the scale.” 72/ The
‘Bureau of Labor‘S:atistics has corroborated fhis opinion by reporting that

mathematics teachers are being lured away by higher salaries in computer sci—
S i
encg'areas. " As salaries for computer persofinel continue to incréase, schools

o

will.flnd‘i: more difficult to compete” for these”workers. 23/

Téachers of other subject areas, who are bddigallx non-apeciaiis:é in
science and maéhema:ics, qsualfy are gelected to help.fill,:heae vacén: poéi;,
tions. Zi/ TheISREB.Téék‘Force on Highér Education in the Schools recommends
that “"states should develop an array of incentives to attract sclence %nd math .

teachers, including scholarships or loan programs for prospectlive Eeachera, tied
N K

Yy .
to the teaching of these subjects within the state, following the establighed.

pattern of -state subasidies to train-medical personnel in short supply.” lz/

o

’

71/ Na:ional‘Education-Assbciation. 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 Qutlook Quarterly, v. 25, no. 2,
Summer 1981. p. 7-8. v

Zi/ Galambos, Eva,C. Engineering and High Technology Manpower Shortages,
pr 6. R : : .

4

__ﬁ“wli/ Scientific, Engineering, Technical Manpower Comments, v. 18, no. 10,
Dec. 1981, "pvBe

i
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III. COLLEGE;HEVEL SCIENCE AND ENGINEERING CONCERNS

A. 'UNDERGRADUATE SCHOOL N

P

1. sSclence and Mathematics Majors

During the 1§505 and 1960s there was a raﬁid growth in university science ' .

«departments throughout the Nation. A main emphasis was placed upon prepgring
/- . :

undergraduate students for graduate or professional study in both universities
and fouriyear colleges, according to the &S? and Department of Education study.._lﬁf
The study reports, however, that more atudenta received "bachelor's degrees in i
science and mathematics than sought admission to graﬂuate or professiopal sc ools.”
§Ome entered the labor market directly after graduation in sclence-related occupa~
tions, while others voluntarily sought other kinds of employment. fhia situa=

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

. eﬁrollmints in science and mathematics« 1In addition, "undergraduate gclience
education has been crittc;zed as belng too theo;etical and esoteric for most
students, and still oriented toward those who Are~intent on.graduate study.“ llj
Therefore, it appears thgt the needs of the science majors who do tot intend.
to enter graduate school and those who Plan to pursue nonscientific careers

are not being gufficlently met. 78/

e

76/ National Sclence Foundation and Dept. of Education. Science and
Englneering Education, p. 39. '

77/ 1bid.

78/ 1Ibid., pe 40.

e .
. A
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2. Engineertné Majors

»

23
ginfe 1973, undergraduate engineering ;Eh;ol enrollments have almost
doubled.. 79/ dIn‘ the fall of 1973, there were 186,705 total full-time under=
grédJQte engineering students enrolled in the United States. In fall 1980, the
number had grown to 365,117, a 95,6 percent increase, §9j Mnny:engineering
sch&ols are now Flnding it necessary to limit undergfaduate enrollments. 81/
A survey conducted by the American Soclety for Englineering Educdtion (AQFE)
revealed that about "21 percent of 30 top engineering schools have restricted
entrants and three more are considering,dofﬁg so.” 82/ The chart below shows
a list of the schools that ;ere limiting enrollments, considering 1imiting, or

had not limited enrollments in early 1981.

—_—

79/ Peer, Elizabeth, and Lucy Howard ilelp Wanted: . Engineers. Newsweek,
v. %6, Nov. 17, 1980, p. 87. :

80/ Computed by CRS from unpublished data received from the Natfonal Center
for Education Statistics. :

81/ Englneering Crunch Seen Tightengng. Engineering News—Record, v. 206,
Apr. 30, 1981. °p. 10. . - . *

82/ 1Ibtd. » o /
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* CHART 2

Schools Limiting Englineering Students

Limited

Univ. of California, Berkeley

U.C.L.A.

‘Univ. of Cincionati

Cornell Univ.*
Univ. of Florida

Ceorgla Institute of Technology

Univ. of Illinois,. Urbana~
Champaign

‘Univ. of Maryland

Michigan State Univ.

Univ. of Michigan

New Jersey Lnstitute of
Technology*

s.U.N.Y., Stony Brook

Univ, of Notre Dame*

Ohio State Univ.

Univ. of Oklahoma

Penn State Unlv. ~ «

purdue Univ.

yirginia Polytechnic Inst.
and State Univ.

Englneering News-Record, V.

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

Considering limits
Univ. of Alabama

Univ., of Houston

Univ. of Texas, Austin

Not_iimited

Carnegle-Mellon Univ.

111linois Institute
‘of Technology

Massachusetts Institute
of Technology

Univ. of Missouri
~Rolla .

Univ. of Southern
California

stanford Univ.

xLimite apply throughout university.

206, Apr. 30, 1981. -p. 10.

The Lncreased enrollments have been attributed to high starting galaries
. R -

sistants or part-time faculty.

yrbana), for example,

)

Nov.

L
various firms in industry to engineering graduates with bachelor's
51/ Because of the ‘surge in engineering school enrgllmenta, a large

d to adjust to the problem by increaaing teaching

and hiring more faculty from foreign

- ‘
{\lso, many schools have bro

adened the use of graduate teaching as—
84/ At the University of ILilinois (Champaign-

Dean Daniel Drucker has been reported to be reducing

Ql/ peer, Elizabeth, and Lucy Howard. Help Wanted;} Engineers, p. 87

84/ National Science Foundation.
Faculty Positions Vacant {

2, 1981. p. 3:

A

n Fall 1980.

Engineering Colleges Report 10% of
Science Resources Studies: Highlights,
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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--
mitted. Those who are accepted, “score at 'the 97th percentile on entrance

exams——a level Drucker finds 'ridiculously high for a public univé;sity.'" 85/

3. Non~Scientific and Technical Majors

Underfraduate 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 sclentific careers appear

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

tion report. 86/ Furthermore, it was found that there {s no general Qgreement
regarding what information should and should not be included in science and
mathematics courses.fgr non—~technical majors. §1/‘ Many co}lgﬁes and univer-
sities generally offer less rigorou;'and more descrintive courses for these
n}udents than for snience majors. It also was stated that a large number of
sucn students tend to avoid the more rigorous subjects because such courses

are considered to be more difficult. Therefore, in many cases a considerable

ks ld
number of college-level students do not receive exposure to science and mathe-

matics courses beyond 10th grade blology 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/ 1bid.
88/ 1bid.
8
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A National -Research Council QNRC);Committee for a Study of the Federal Role
in the Pollege science Education of Non-Specialists has studied the situation of
non-sciénce and technical coilege m;jors and has concluded that science educa=
tion for non—specialists 1s deteriorating. §2j The Committee contends that the
"enlightened non-specialist” can make significant contributions to "help imple~
ment the pluralist function of democratic decisionmaking ahbout prgssihg" science:
and technology concerms; "serve'ss opinion leaders {n the American structure to
help theTpublic at large understand the/complexities as'well as the risks and

benefits of science and technology”; and “lead the way in thelir professions more

effectively 1if they have a comm;nd of science and technology.“' 29/

" The following findings were reported as evidence that the majorihy of the
Nation's institutions o§ higher learning are not providing the type of scienti~
fic and technicalleducation that the NRd Committee believes is essential for
non-specialists, in order for them to function effectively in gociety. 2}_/

~The historical evolution of college science education has benefited the
gcience wajor jpmensely but has left- the non-specialist largely unsttended;

—Colleges and universities in general have lowered their science require~
wments over recent years to the alarming point where the average non-
gpeciallst student devotes only about 7 percent . . - of 8 college course
load to work in the sclences; *

-Within such subpinimal requirements, thegse students are often allowed to
choose willy-nilly from sn ever—growing cafeteria offering "topics
courses” that rarely fit into a well-conceived, comprehensive pattern
of educatilon;

~In wany cases, those topics courses, which were designed as a response
to the student concern for relevancy in the 19608, have outgrown their
relevancy; . :

-In all too many other cases, those topics courses, asg they reach for rele~
vancy, fail to provide students with an understanding of the basic princi-
ples of sclemce;

o

———— . N

gg/ National Research Council. Science for Non-Specialists, P« xii.
- T 2
90/ 1bid., P xi1-xi11.
.
, 91/ 1bid., P xi=xil.’ '

3
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\ .
-When students do opt for more traditional introductory science courses,
learning often suffers because so many students come to college 111-
prepared in secondary-school science and mathematics; and

~These students often are subjected to iqadequate teaching that stresses
dull lecturing more often than exciting laboratory experiments and

A ‘%g demonstrations.
g

The American Association for.the Advancement of Science (AAAS) conducted

EEN ,

a survey among non-sclence majors 2&/ and found that many are not necessarily

unin:erésted in sclentific subjedts. Over 500 U.S. colleges and univerai:iés
were located that offer courses that examine the relationship between acienEe,
technology, and societj or provide courses in the hia:ofy or s?ciology of sci-
ence. 93/ Several of the brograms were found to be cooperative ventures
“between sclence or engineering, and‘sgcial aciencé and/or Humanities departj
ments.” Through analyzing course enrollments, it was'found that the response
of s:udeé:s were usually moderately good. After examining the AAAS survey,
the NSF and Department of Education study concluded, however, éha: "{the] ap-
psrent relative [course] popularity is a positive development,” but "few such
courses lead to famiiiari:y or competence with the concepts and processes of
science and technology themselves." 94/

The NRC Committee suggested several goals that U.S..colleges and uniQersi—
ties could set that migh; improve undergfgdua:e 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.

H # .

©

93/- Ibid, p. vJ3*TTN 7

K , : o .
bd . o
94/ Natlonal Science Foundatlion and Department of Education. Science and
Engineering Education, p. 40. ° : :

22/ National Research Council. Science qu Non-Specialists, p. xiii.
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—College science ‘education should enable non-specialistd to overcome fears
that might prevent them from launching a lifetime learning experience

about science and technology, . .

~. « » [E]lnable non-specialists to develop their capacity to engage in
critical thinking;

-« « « [E]lnable non-specialists to know how to seek reliable sources of
scientific and technical\information and how to use them throughout life;
-. . . [Elnable non-specialists to gain the scientific and technical knowlf

edge needed in their professiona, and

~. « « [Elnable non-specialists to gain the scientific and technical knowl-
edge needed to fulfill civic responsibilities in an increusingly techno™
logical society. A .-

The NRC Committee suggests that college and university science faculties

have the major responsibilities of preparing students to reach these goals.

These faculties need the assistance, the NRC Committee stuted 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. Geils, staff executive of the ASEE, reported that the Council
for Ehe Understanding of Technology in Human Affairs (CUTHA), an organization

created in 1980 that is composed of over 100 U.S. colleges and universities,

is "attempting to get liberal arts facultigs to understand and teach the 16=

_.portance of technology in toduy's human environment. Only through real improved

understanding,” Mr. Gelils suggested, “can tomorrow's lay civic,Kleaders make

intelligeac declsions concerning energy, environment, genetics, sophisticated

weapons systems, [and] the impact of computers . « « o

,/D .

——— e

96/ 1Ibid.
* 97/ U.S. Congress. House. Committee on Science and Technology. Engi=~

neering Manpower Concerng. Hearings, 97th Cong., lst Sess- wWashington, U.S.
Govt. Print. Off., 1981. . p. 25.

,/ - -

)
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4. The Level;of Scientific and Technical Competence of the U.S. Population

I ™,

. N ‘\ N
The state of pre-college sclence and mathematics education and collgge-

level science education for non-science majors are among the reasons 98/ * for

recent concern about the level of scientific and technical literacy of many
. . n -
college graduates and the general U.S. population.

An NSF survey has found that the” public attitude toward gecience and tech-
nology is basically favorable. The general understaqding about the “gsubstance
of science and the methods by which sclentists seek to answer questions,” how-

‘ever, is slight. 99/ It was concluded by one NSF analyst that “probably not .
;ore than‘12 percent of ths']U.S.]‘adult population really upderstands what ig
meant‘by the sclentific apﬁroach." 100/ 1t was determined 1; a report pre-
pared for the Nsé, that “the level of [an individhal'sj understandiné of sci=-
ence is directly, related :6'tﬂe level of education attatined.” 101/ Furthermore,
this is not just the case with gcience. Information obtained through national
public opinion polls have revealed that:

+ + « [The] results of all . . . the infofmation 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 aga, sex, or family background. It is
true for information normally learnmed 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 Foundatlion. Papers Commissioned As Inputs
to Second Annual Science and Technology Report (ASTR). v. VI, Public Policy
Decigslonsaking and Science Literacy: Inftmation Needs for Sclence and Tech-

- nology. - Washington, U.S. Dept. of Commerce, National Technical Information
Service, 1980. .p. 13.

~ 100/ Ibid., p. 14. : -

101/ Ibid. T .o

. N
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normnlly learned in vchool. Persons with more formal education continue

to learn more during their adult lives than do persons whose schooling

gtopped at nn'Farlicr age. 102/

Results of National Aauesamcnc of Educational Progress studies, discussed
previoualy, have shown a general decline in scientific knowledge of 9-, 13-,
and 17-year-old5. This was determined through the decrease in average test
scores, between 1969 and 1972, for answers to questions about physical and
bioiogicaltscienée. From 1972 tn-1275, average scores for 17-yedr-olds con~
tinued to decline, while averages remained basically the same for 9= and 13-
year-plds. Measurements of mathematics achievement between 1973 and 1978 showed
a decline for all age groups. lgll This decrease in knowledge, it has been
coqcluded, is “;onsiSCenc with other evidenceIChac many children are not
learning as well .in school as their predecessors §f 10 to 30 years earlier:" 104/
By 1979, the high achool seniors surveyed had joined the general workforce or

become college 8ttendees- Within che decadc or lesa, the 9- and 13-year-olds

will oe in the same or similar posicibna. If the trend of ‘underachievement

continues, the cycle of aciencific {lliteracy in the Nation may‘bﬁ\perpecuaced;
Various means that could be used to help lmprove the public's sclentific
literacy have been atudied--cﬁe news media, magazines, newspapers, and tele~
vigion. Effective programs, however, probably would ;equire'long-cerm and
continuihg commitments of these médié, sclentific organii&clona, the Nacionfa
schools, and ochér nonprofit associations related to medicine, science, and

education Eo produce any 4mportant changes. 105/ 1In 8ddicion, the amount of

e

o a

- 102/ 1Ibid. ' e
103/ Ibid. .
104/ Ibid., p. 15.

105/ 1bid., p- ii. ¢
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.
education and interests that lndiéiduals,alfeudy have attuined.has an 1mporf'
tant bearing on who would “take advantage of opportunities for continuing
education, self.st;H , and other means of learning."” Therefore, aﬁ 1mp§r—
tant conclusion is t§> the people who would gain significantly from these
efforgs to improye sciik e literacy would be those who are already fairly
literate. lgé/.

\

B. GRADUATE SCHOOL \-"

1. Science and Mathematics Departments ¥

Throughout the 1950s and 19608, there was ; rapid growth in university
facilities, in addit;on to rising undergraduate and graduate enrollments re-—
sulting in a rapid expansion of university science faculties, the creation
of new Ph.D. programslin many schools, and the advancement of a large numbér

"of young college teachers to.tEnured rank, most of whom are due to retire
around 1990. lgl/ Alsé.during this time, -university science and mathematics
graduate level courses had been structured to prepare students fo; teaching'
positions and research. In the.early 19705: howevér, the “sizes of science
and mathematics faculties began to stabilize and, in some cases, to decrease
asg Fede;al reéearch support declined and the growth rate of undergraduate.n
enrollments slowed down. As a result, junior faculty positions have become
felatively scarce, particularly in physics and mathematics and most of the

social sciences.” 108/ For this reason, there is concern that because of o

.

106/ 1bid., p. 20.

107/ Necilonal Science Foundation and Dept. of Education. Science and
Engineering Eaucation, p. 38.

108/ 1bid.
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the recent decline in Ph.D. enrollments in the mathematical, physical, and
1ife sciences, there may not be sufficient numbers of qualified individuals
to £111 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 brinmg in "new
blood' could hu@pe: their ability to provide {nnovative instruction and re=

gearch opportunities to thelr students.” 110/

2. Englneering Graduate Students A .

In contrast to the increased undergraduate student enrollmentsvin engi~
neering, graduate enéineering school enrollments are decreasing. 111/ The
prcportidn of engineering school graduates who pursue advanced degrees in engi-~
neering, speclficallx the doctorate, has “fallen from an average level of about
11 percegc {n the 19708 té only about 5 percent” in 1980. 112/

Data from the Engineering ﬁﬂnpower Commission (EMC) shows that in fall
1980, there was a total of 44, 335 full—fime engineering Etudents enroiled inN
graduate. school. Compured with 38,381 in fall 1978, this 1s a 15 5 percent

increase 1n.enrollment, and a 7.1 percent increase over fall 1979 €41,384). 13/

Nevertheless, the National Center for Education Statistics projects that

¢

e

109/ - Ibid.
110/ TIbid.

111/ Willenhrock F. Karl, and Cecil H. Green. United Stutes\and Tech=
nological Preeminence. ~Sclence, vi'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-
phone conversation 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 buchelor'; degree recipients. The dif-
‘ferences between industry salaries and acuﬂgmic salaries may be discouraging
many studeﬁta from Beeking“udvunced degrees And eventually teaching in college'
and university faculties. lli/ Daniel Drucker, President of the Américan
Society for éngineering Education, has estimated';hat "15 percgnt%:E the top

engineering graduates [enroll} in graduate programs.” “"The figure,” he con—

£

‘cludes, “should be at leasr 35 peveent.” 116/

C. ENGINEERING FACULTY SHORTAGE

’

B .
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. Abﬁut two~fifths of these positions had gone

vacant for at least one year. By fileld, 13 percent of unfilled industrial

engineering faculty positions and 16 percent of the computer science/computer

engineering unfilled faculty positions represent the higheat vacancy levels. 117/

Large starting salaries offered by various industries to recent bachelor's

degree g;addétes, 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 Sclence Foundation. Engineering Colleges Report 10%
of Faculty Positions Vacant, p. l.

( I
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luring potential englnuering Ph.D. reciplents and future faculty members away
from academic careers. An NSF survey conducted by the Americun“Counéil on
Education hQs revealed that a large number of deans at various engineering
gchools are in agreement with this atntement} llﬁ/ In'fuct, it wusbreported
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 Cbmmissipn (SMC) reports that the average 1981
starting salaries for petroleum englineers 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-
entigt began with an average. salary of $20,712. 121/ For individuals with
master's J;grees‘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 éngineering,

and $33,516 for a Ph.D. level electrical and computer engineer. 122/

—_————

118/ Ivid., p. 3.

"3
119/ One tenth Of Eﬁgineering Faculty Slots Vacant, p. 30, '

: \

. 120/ 1In early 1982, the SMC reports that starting salaries have increased
for petroleum and chemical engineering by 12 and 10.2. percent, respectively.
Petroleun engineering has the highest average monthly satary offer of $2,488.
Chemical englneering. is second with $2,236 per month.. scientific, Engineering,
Technical Manpower Comments, v. 19, no, 1, Jan./Feb. 1982. p. 1l1. -

121/ Babco, Eleanor. Salarles of Scientists, Engineers and Technicians:
A Sumpary of Salary Surveys. Uyt ed. Washington, Scientific Manpower Com=
nission, Nov. 1981. p. 4. .

: Starting salaries f-r computer scientists, in early 1982, - increased
compared with the July 1981 level. The average monthly salary offer now is $1,785
per month, as opposed to §1,736 in July 1981, as recorded in the above cited
Eleanor Babco report, p. 5. :

122/ 1bid., p. 8¢ . *
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Along with differences in valarles offercd'ﬂar. ﬁuﬁry and academia, dif-
ficulty in obtalning tenure also has been noted as a deterrent, for some new
buchelor}a degree holders, to pursulng academic careers. In ucédemin, an”{in=
dividual with a doctoruate generally beglins as an ausslstant professor, teaches
for about alx years, and only then L8 advised as to the status of hie or her job.
The average salaries for full~time englneering faculty members for a nine month
pérlsd for fall 1981, were as follows: - lzg/
Aaslstunt Professor -— $24,100!
Assoclate Professor ~- 528,100
Full Professor -- $35,300
Experlenced engineering faculty members also have been luréd away by.
{ndustry. lgﬁ/ In 1980, about three percent of full-time fucultyvﬁemberq in,
permanent positlons voluntarily left for jobs in industry. Oély englneering .’
faculty who worked Ln khe fleld of computer gclence had a algniflcantl& high
mobllity rate, of about 5.6 percent, the survey indlcated. lgg/
According to Danlel Drucker,,Prealdent 9f the ASEE, -"the need for engl-
neer {ing proféaaora"is golng to get worse npd’the quality of imstruction will

continue to degrade . . . .' The problem s not just that too few englineers

123/ Provided during a telephone convérsation with John W. Gells, Staff
Executive with the American Assoclatlion of Englneering Socletles.

124/ Natlonal Sclence Foundatlon. Englneering Colleges Report 10%
of Faculty Positlions Vacant, p. 3.

125/ 1bid.
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are going on to graduate school, but that 'far too many of the best graduates
are not going on.'" 126/ As a refult, there is also a shortage of teaching
ussist;nts. 127/
The Accreditation Board for Engineering Technology (ABET), affiliated with”
the American Association of Engineering Societies (AAES), has been reported t&
have "gtunﬁed full six-year accreditation to only 56 percent of the {engincering
college‘znd university] curricula it evaluated in the past year. The temuinin
44 percent received a conditional three-year accreditation or were denied it."” 128/
Leland Walker, the ptegident of ABET, is reported to consider thisk"relutively
low percentage of full acctedit;tion as a sign of deterioration in education
lquality." The decline he has stated, "is showing itself in faculty sﬁottuges,
«.  obsolescence of laboratory equipm;nt and oversized classes.” 129/ Dr. John C.

Hancock, Dean of Engineering at Putdué UniQersity, expressed a similar concern
-

BB

o -

when he stated at the recent [EEE Spectrum meeting that "there are people being
placed on university faculties today that 10 years ago we would never have con*
LI . . . . ’
sidergd . . . they are going to get tenure because the shortage is going to

! .
continue. Substandard teachers,” he also pointed out, "turn out substandard

engineeting graduates.” 130/

126/ McCurdy, Jack. Faculty Shortage Perils Engineering School's Growth,
pr 1l . .

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. 198l1. p. 67.

O
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Possible solutiona to this gituation were considered by various paneiists -
at the IEEE Spectrum meeting. One suggéscion 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 ihat in the face of all.che economic'pressurea universities are
facing angralso in thg face of increasingly bitter complaints from faculty else-
where that 'this 18 not falr; yoli are raising those folks' salaries faster than
mine.’" 131/ Dr. Herbert H. Woodson, chairman of the Electrical Engineering
Departme;t at the University of Texas, 'stated that this was not a serious problem
at his university. Engineering faculty wembers received a small increase in
January 1981, he repofted, that was not given to other faculty members. There
were sqm; “disgruntled féculty in the other collegés,” he admitted, but this di&
not "cause any real problems." 132/

In 1981, the University of Minnesota was reported to have in?reased
engineering school tuition costs at about $250 per semester in order to raise }f
engineering faculiy salariés. Richard J..Gowgn, Dean of Engineering at the
N . .

South Dakota School of Mines and Technology, has stated that "his school and
several others have made similar tuition increa;és and are channeling the money
‘almost entirely {nto faculty salaries.” 133/

Finding- the necessary funds cs increase engineering faculcy salaries was
débagéd'at the IEEE Sgeccru? meeting. Dr. Gray stated thg} the extra stipend
’shouly come from endowments and tuition because fthe sala;y 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,

1327/ 1Ibid., p. 68.
One tenth of Englneering Fus. .2t “lots Vacant, p. 30.

' .
berry, Tekla, S. Englneerin, ' .acation, p. iZ2.

¢
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dismissed possible financlal asslstance from the Federal Govetnm;%f because of

the "economic views, of the present Administration.” He suggested, h@wever, two
i

\ .
alternatives for assistance--industry, and. the Department of Defense (DOD). He
stated that the DOD could "allow a portion of resecarch grant woriey to Increase

135/ Dr. Hancock, Dean of Engineering at Purdue University,

salaries 40 percent.”
did Ao: agree with this §uggestion. He stated thaF grant money could not be used
to raise salaries. 136/ Dr: w1111;m J. Perry, fortter DOD Under Secfe:ary %f
Research and Engineering and qurrently chairman of a committee of electronics
industry leaders coordinated by the American Electronics Association (AEA),
stated that the AEA could recommend that its member companies hire new univeréf%y
engineering ‘Instructors as part—time consultants. "Most . . . prﬁfessors with

16 to 15 years of tenure have all the congultancies they want," he stated, "but r
entry—level 1ns:ructot§~don't. 1f we can pa;kage something Eo the university can

offqr.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
grante to hélp allay the probiem of the developing engineering f;culty shortage.
The money wouid guarantee 100 teaching fgllowships that would be "three-year
arants totaling st,SOé t; cover tuition, fees and living stipends for recipients,”
and 10U 3alary support gruntsfio,gngineeting faculty at 66 coll:ges anA univer- .
sities in an'effort to encourage more engineering géadua:es to pursue careers in
academla. 138/ 'The support grants would ‘be ff;ve-yeat, 51003000 awards to

135/ 1bid., p-. 69.

136/ Ibid.

»

137/ Ibid. K ' -

lial Exxon Announces $15 Million fér Engineering Education. Higher Education
Daf{ly, v. 9, Sept. 21, 1981. p. 5. .

&
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engineering departments dcutghed 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 unlxersity equipment in science and
enginéering laboratories:exceeds 14 yearé. 140/ Another source cfaims that at
many universities much equipment dates from World War II. \lﬁl/ According to man;
experts, aging laboratory equipment and facilities have been a deterrent to students
in seeking advanced degrees and academic éareérs. In‘addition, it has been stated
that many "engineering professors le;ve their academic pogts bCCaus?.iddustty
“provides them with more exciting and challenging research opportunities.” lﬁi/

The NSF and the Department of Education rébort states that "equipment-
intensive researﬁh areas such ;3 physics, engineering, chemistry, and qyg life
sciences have exper;enéed a decade in.which the development, purchase, and
maintenance costs of Instrumentation havg escalated rapldly, while the-state~of-
the-art apparatus, needed to conduct fesearch at the»éutting edge of séience, has
become increasinglf sophisticated--and expensive.” 143/ Federal funds for

university reseatch>equipment declined in the 19708, the report states, and

-

»

138/ 1Ibid.
0

140/ Sclentific, Technical, Englneering Manpower Comments, v. 18, no. 2, N
Mar. 198t. p. 7. ot .
141/ Reinhold, Robert. View From the Lab: Prospects Are Glum for Engi-

neers. The New York Times, Dec. 23, 1980. p. Cl.

142/ Sclentific, Technical, Engineering Manpower Comments, v. 18, no. 9,
Nov. 1981. p. 5.

143/ Natlonal Sclentific Foundation and Dept. of rEducation. Science and
Engineering Educationm, p. 39., |
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equipment costy excecded inflation levels. Indu;trial laboratories, by con‘. o “
trast, have been updated continuousiy with necessary sclentific appaerJs. lﬁi/
To help remedy part ;f the problem of obsolete u;iversity lgboratory equipmenéﬁ
the gtuéy sugg;sts that there be "greater flexibility in Federal r;searéh grant
and contract administtatibn that.would encourage pooling of,équipment funds and.
. Shar;ng apparatus between\;niversi;y departments; further development of reglonal
instrunentation centers; and eHHanced universi;y-induspr§ cooperation.” 143/

In 1981, the NSF made 235 awards, through its Instructional Scientific
Equipment Program, to quleges and u&iQersities 19/45 States and the D!Qtrict
of Columbia. The awards totaled $3 million for Ehé purchase ‘of laboratory i
equipment to help-improve undergraduate sciencé and.eygineering gducation‘in -
the Nation. 146/ The program is designed to “strengthen, classrooo, laboratofy

‘ ‘

and field work experience for undergradudfe students by exposing them to up-to=
. N s .

/

date laboratory instrumentation and current educational®technology.” Colleges
‘and universities recelving the awarﬂé were asked to match or exceed the

A /
Foundation's contribution. .This brought the total invéstment to over $6 oillion

. in equipment: /
7/
/
et e S ’//
144/ TIbid. s *
145/ 1bid. [

146/ Muldoon, R}chard- NSF Awards $3 Million to Colleges and Universities

for Imstructional Sc¢ientific Equipment. National Science Foundation News ~Release, —
Sept. 17, 1981. - p. . -
....__At_NSF Authorifation Hearings, FY 1983, held Mar. 4, 1982, by the House
Committee on Scieng¢eand-Technology, Subcommittee on Science, Research, and
Technology, the qyestion was raised regarding-whether_thg_§§F has a way of
deternmining if funding designated for purchasing new laboratory equipment-is— .
actually used for that purpose. Dr. -Donald Langenberg, Deputy Director of the

NSF, responded that NSF does not have such a method. The concern was that some
equipment may b undergoing repairs instead of being replaced by new equipment.

For fiscal yeay 1983, the NSF has stipulated $95.3 million for improvement of
instrumentation.

O
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1V, STAJUS OF SCIENCE AND ENGINEERING MANPOWER

%

A. THE SUPPLY OF RECENT COLLEGE GRADUATES IN SCIENCE AND ENGINEERING -FIELDS.

Concern. about the current avallability of sclentific and enginéering

degreed personnel for employment has become evident because there appears to be

shortages of qualified individualéloccurring in sowe enginecering flelds, sub—

specialty scientific fields, as well as in college and university enginéering

<

faculties.

Data are p:ovided'below that show recent undergraduate and graduate degrees

awarded in several sclentific and engineering flelds.

l. Undergraduate Degrees Awarded in Several ‘Scientific Fields

Dr. John B. Slaughter, Ditector of the National Science Foundation, has

“stated that “we have current personncl 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
exaople.” 147/ It appears, however, that shortages in sclentific areas may not
be as critical as those in some areas of the engineering profeseion 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/ Pperry, Tekla S. Eugineering Education, p-. 68.

148/ nNational Sclence Foundation and Dept. of Education. Science and-

Ky
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p
fnd biologists available. The numbers of undergraduate degrees awarded in 1978

through 1980 are shown in table 1 below.

TABLE 1. Total 1978-1980 Bachelor's Degrees Awarded

in Selected Scientific Filelds -
1978 1979 1980
Total, all fields,.including sclence . .
and engineering ' 930,201 921,390 929,417
Blologlical Sciences, N :
Total ) ’ 52,213 48,846 46,370
Physlcal Sclences, . -
Total ° 23,175 . 23,207 23,410
Compuger and Information Sciences,
Total 7,224 8,769 11,213
Mathemat Lcs, Total ' 12,701 11,806 11,378

e o o i, o et e

Y
Source: Compile& by CRS from 1979 and 1980 unpublished data received from
the Natlonal 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
deyrees awarded between 1978 and 1979. 1In the specific sclentific-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

3.8 percent additional decline between 1979 and 1980. The other fields listed==—
£,

physical sciences afid computer and information sciences-~indicate slight increases

{n degrees awarded--=a 0.13 percent increase in total physical science degrees

awarded between 1978 and 1979, and a 0.9 percent increase between 1979 and 1980;

and a 21.3 percent increase in computer and information sclences degrees between

=1
e
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1978 and 1979, and a 27.8 perceht incfease between 1979 and 1980. Computer

[ .

sclence 18 one of the flelds {n which personnel is in great demand. This may

. s
be one‘gf the reasons for the significant increases i{n bachelor's degrees in
this area. 149/ T . o ,

2. Undefgraduate Degrees Awarded in Ensinééring Flelds

A notable increase has been reported in the number of recén; engineering
. graduates at the béchelot's degree level, lég/ This is belie;ed to be because
of éhe recent large undergraduate enrollments in engineering schools. Th; Na-
tional Center for Education Statistics (NCE§) of tﬁg Department of® Education
notes that in 1979, 62,375 engineering students received bachelor's degrees, and,
v 1n 1980, 68,893 bachelor's degrees‘were awarded, a 10.4 percent increase. 151/
Table 2 below shows the total number of Sachelor's'degrees awarded in
;arious éngineering fields from 1978 to 1980. ' .

TABLE 2.7 Total 1978-1980 Bachelor's Degrees Awarded in
Various Engineering Fields

: v 1978 1979 1980
Total, all fields, including M
science and engineering 930,201 921,390 929,417
_ Englneering, Total 1’ 56,009 62,375 68,893
Aerospace, Aeronautical ’ ) -
Astronautical Engineering - 1,186 1,386 1,424
Bloengineering and Bio- 350 422 395

wedical Engineering

149/ See Section B below, The Demand of Recent College Graduates in
Science and Engineering Flelds, p. 66. :

1291 Dickson, David. U-S--Grad&éte Sala;ies} Engineers Ahead. Nature,
v. 292, Aug. .20, 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 in

Chemical Engineering

Civil, Construction, and
Tpanspo:tattoh Engineering

Electrical, Electronics,
Communications Engineering

Geological Engineering’
Geophysical Engineering

Industrial and Management
Engineering

Mechanicél Engineering

Nuclear Engineering

. Other Engineering
4

Various Engineering Fields (cont.)

545

13,396

1979

5,568

9,809

12,338
191
36

2,785
10,107
787

18,099

Source: Nditional Center for Education Statistics.

1980

6,320

10,326

13,821

56.

3,175
11,808

893
19,958

Total bachelor's degrees awarded in engineering have increased - by 23 percent

since 1978. All other bachiclor’s engineering degrees listed show increases, al-

though sdme are relatively small in absolute numbers. For exa

aeronautical, and as;ronauticai engineering rose .by 33, and geological fngineerigg

mple, aérospace,

& \
tncreased by 31, from 1979 to 1980. More bioengineering and biomedical engineering

bachelor's degrees were conferred in 1979, a 20.5
than in 1980, which showed a 6.8 percent decline. Fifty-six bachelor's deégrees
' \

were .awarded in geophysical engineering in 1978.

percent increase over 1978,

: \
This dropped to 36 in 1979,

but increased back to 56 in 1980. This no-growth situation in geophysical

a—shortage-in-this area .on.the_undergraduate degree level.
1

Other factors, however, may also be relevant to the small numbers. Nuclear

v
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engineering bachelor's degree recipients have continued to diminish since—-ﬂ?
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 predicis future shortages in nucleaf‘enginee;iﬁg because several -

universities are eliminating nuclear engineering departmenfs and more plan'to"

do so. 152/

3. Advanced Degrees Awarded in Various Scientific Fields

Dr. Géorge A. Keydorth,»the President's scicnce advisef; has stated that

“many industrialists are finding that they cannot get Ph.D.s when they ;eed

thea.” 153/ This problem, ﬁe indicated at tﬂe IEEE Spectrum meetigg, reflec;s
the "deterioration of academic 1ife.” He also stated that most students who g0
after a Ph.D. do sb because it ensures the possibility of pursuing an academic
career, so if they see an academic cdreer as unattractive[ at least half the
.métivation for a Ph.D. disappears.’ 154/ Dr. John C. Hancock, Déan of Enginééring
at Purdue University, stated at the same meéting that "1n§ustfy was not sigpaling
to students that they needed [the Ph.D.}. Rafher 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.“> ijjf The President of Exxon Research and Engineering; Dr. Edward

E. David, added that “there was a peed in indust;y for advanced dcgree holders
'who understand how go,design in an overall systems context, as opposed to

: National Science Foundation and Dept. of Education. Science'and
Engineerifg Education, p. 28.

153/ \ Perry, Tekla S. Engineering Education, p. 66.

154 /bids —m

155/ 1bid.

19-177 0 - 83 - & S
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designing a box or a plece.'” Bachelor's degree graduates, specifically in
engineering, do noﬁ have this "broad view.” 156/

Table 3, below, shows the number of various sclentific master's and doctoral

degrees awarded from 1978 through 1980.

TABLE 3. Total 1978-1980 Master's and Doctorate Degrees Awarded
in Various Sclentific Fields

1978 ~ 1979 )\\\ 1980
M.S. . PheDe M.S. - PheDe M.Se Ph.D.
Total, all flelds,
including sclence
and engineering 312,816 32,156 301,079 32,730 298,081 32,615
Blological Sclences,
Total . 6,851 3,313 6,831 3,542 6,510 3,636
\
Physical Scleaces, 1 N \b
Total - 5,576 3,137 5,451 3,102 5,219 3,089
Computer and Informa= ! \\
tion Sclences, Totat 3,038 196 3,055 236 - 3,647 240
i
‘Mathepatics, Total 3,383 go5 3,036 703 2,860 724 \

source: National Center for Educatlon Statistics

Total master's degr;es awarded in all scientific fields ;how a decline~—in
1979, there was a 3.9 pércent decline over 1978, and a slight decline of 1 percent
tn 1980 over 1979. On the Ph.D. level, total degrees awarded in 1979 showed an
{ncrease by 1.8 percent, but had a Sméll decline by 0.4 percent in 1980, Of the
sclentific fields listed, there were decreases in all fields in at least one de~
gree level except {n the computet and information sciences where there were

{acreases on both degree levels for 1979 and 1980, Total degrees awaraed in the

physlcat sclence fleld declined at both degree levels In 1979 and 1980. 1In the

156/ Ibid.

-1
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blological sciences and mathematics areas theré 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, bu£ in-

creased 3 percent tn 1980, indicating, however, an overall 12 percent decline

in the number of degrees awarded since 1978.

- 4. Advanced Degrees Awarded in Varioug 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 Engineering Master's and Doctoral
Degrees Awarded in Various Engineering Fields

1978 1979
M.S. Ph.D. M.S. Ph.D.

Total, all fields

including science

and engineering 312,816 32,156 301,079 32,730
" Engineering, Total 16,409 2,440 15,495 2,506

Aerospace, Aero—

nautical,: Astronau— - 411 115 372 .95

tical.Engineering

Bioengineering and Bio~

medicdl Engineering 191 61 189 50

Civil, Construction,

and Transportation o

Englneering 2,691 277 2,646 253

’

Electrical, Elec-

tronics, Communica—

tions Engineering 3,742 503 3,591 586

Geological Engineering 52 —-— 27

Geophysical Engineering 19 1 16 1

Industrial and Manage-

ment Engineering 1,722 118 1,502 - 149

1980 -

M.S.

298,081

16,243

382

209

Ph.D. !

32,615

2,507

99

49

116
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TABLE 4. Total 1978-1980 Engineering Master's and Doctoral

. Degrees Awarqéd {n Various Engineering Fields (cont.)
: Fooers 9 1980
. © M.S. Ph.D. : M.S. Ph.D. } M.S. Ph.D.
Mechancial Eﬁgineering 1,943 279 1,877 271 ‘ , 2,060 281
Nuclear Englneering 49 113 401 91 365 49
, petroleum Engineering . 98 21 127 24 - 122 25
Other Epgineering 3,809 694 3,598 679 1,948 32§

Source: National Center for Education Statistics

The Wall Street Journal reports that the number of doctorétgs awarded in

engineefing has dropped 25 percent within the last decades léij " Stnce 1978,
however, total engineering Ph.D. degrees awarded, as indicated by NCES data,
have increased by 2.7 percent in 1979, and a further 0.04 percent in 1980.
Docﬁoral degrees awarded in certain engineering subspecialty areas listed above,
however, have declined~-no Ph.D. degrees were awarded in geological engine;ring
in 1978, three were conférred in 1979, and only two.given in 1980; one Ph.D.
mdegrgf-uas awarded in geophysical engineering in both 1678 and 1979. The number.
{ncreased to four in 1980. .
‘ According to a report by the National Aséociation of State Univgrsiﬁies
and Land=-Grant Colleges, ’ . o
The production of engineering doctorates {n the U.S. is far short of" .
requiremeants. Thiz shortage threatens to undernine (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

cgeativity for new materials and industries; and (5) the fundamental
capability of our universities in teaching and research. 158/

e et

157/ Lowenstelin, Rogér. Two-Edged Sword: Surge in Engineering Enroll-=
ments Begins To Ease Industry's Shortages But Stirs Trouble at Colleges. The
e ——tall-Street-Journal, Aug.-20, 1981, p. 52.

-, 158/ National Assoclation of State Universities and Land-Grant Colleges,
p. 1.

O
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3

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 éngineering and computer scieACe. According to the SMC, a
sqrvéy conducted by the Fox-Morris Personnel Consultants of Delaware found, for
example, that the overall demand for electrical and electronic engineefs increased
2 percent from eariy 1981 to che'séme time in 1982. 1In addici;n, electrical/
electronic and mechanical englneers head the demand for engineers with 2 c§ 5
years experience. During 1982, ;uch expegienced'personnelland new graduates

¥
159/

will be sought mostly in electrical, mechanical, and chemggal engineering.

BLS spokesmgn rgporé cha; there are not epough computer specialists
graduating from colleges and universities to meet the current demand. 160/
"Gradbbces of prdgrams in computer science are f11ling 1 out of 6 [available]
jobs at che‘%achelor'; level, 1 out of 11 jobs at cQg mascer'; level, and 1 out
of 4 jobs at the doctor's level. lélj/

A Scientific Manpower Commission staff member has stated that it is un~
clear whether there is a shortage at che undergraduate level in compuﬁer sclence,
but it is;clear that there is one on the graduate level. Computer sclentists,
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 "cohpucef world" ;s advancing at such a rapid bace. lﬁgj

. 159/ Sclentific, Engilneering, Technical Manpower Comments, v. 19, no. 1,’
Jan./Feb. 1982, p. 3.

160/ Computer Occupations. Occupational Outlook Quarterly, v. 25, no. 2,
Summer 198l. p. 24.

161/ 1bid.

162/ Discussed during a telephone conversation with Betty Vetter of the

“'SMC on Nov. 30, 1981, — - S
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The SMC reports thut this dewand is about 20 to 40 percent greater-than the

supply. Recent graduates cannot fill “even the present demand for systems

s

analysts and programmeré.f This hasaresulted in “students with majors in
other fields who have eompleted computer sclence courses in college also « «
finding jobs in this area.” 163/ . . !
The Fox-Morris 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
deman;; they note,—are “gystems analysts, telecommunication specialists, auditors
with data précessing knowledge, various levels of managers ang:executives, and
new B.S. graduates.” 15/ .
R -
In 1978, the BLS reports that there were 182,000 job opep}ngs for systems
analysts), 247,000 for prograsmers, 393)000 for computer Opérators, and 63,000
for computer service techniclans. 166/

C. FOREIGN NATIONAL GRADUATES 1IN SCIENCE AND ENGINEERING FIELDS
IN THE UNLTED STATES

~ i . , “
There has been a particularly noticeable increase in recent years in

foreign sclence and engineering graduate students in the United States.

Petroleum englneering seems to be the area in which the most remarkable grawth

-

63/ Sclentific, Engineering, Technical Manpower Comments, v. 18, no. 2,
1 . .

Mar. 8l. p. 5.

164/ 1bid., v, 19, mo. 1, Jan./Feb. 1982, p. 3.
165/ 1bid., v. 18, no. 7, Sept. 1981, . 3. -

166/ 1bid., v. 18, no. 2, Har. 1981, p. 5.

o
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has o surred L suen trends continue throughout the 1980s, a recent NSF
Le.:vt has stated, 2luost all petroleum englneering graduate students will be
non-- 8. rcitlzens, and non=C... clitlzeas will couprise over 50 percent of
sraducss students enrslled {0 most science and englneerlng tlelds. lél/
Table -, below, compares U.S. sclence aud engineering full—clm; graduate
stude. 3 with full-time forelgr greduate students in thu“Unlted States
earolled In Institutlons granting doctoral degrees.

Tadl? 5. Cowmparlson of U.S. and Ferelyn kull-rime Graduate Students

in Doctorats Gramilng Institations 168/
Flscal Year Lu74 o ’.ﬁlsqal Year 1979

Field of Sclence
or EZnglincering U.s. Yoreign % ¥oredgn J.8. Forelgn % Forelign

Petro . Eing. Yo 163 627 171 250" 687%
flects Eoy. 5,243 2,401 31% 4,549 3,709 *45%
Mech. Zng. - o7 1,438 3ux 2,754 . 2,241 45%
Comp. Scl. 2,957 319 z2% 3,685 1,590 30%
Math & Appl. Hath 7,082 1,305 " ole% 55,204 . - 2,066 28%

Source:  Acadenic heleuce Cradnate Durslleedr and Support, Fall 1979, p. 48, 64,
WS¢ Jocument HU-321. N

et

.

In all 2telds, agaln referring to the data In table 5, cheré haJe been
sigalifcant fncrease; in »nrcilment € full=tlme forelgn graduate ;cudents be;ween
fiecal years 1974 and 197%. In petroleun engineering, full-tlme cnrollment of
aon=U. 5. cl;ﬁ;cns tacreasz! by $3.3 percent in FY 1979 over FY 1974, compared to
a 19.3 pureent geowth ia U.S. clelzen E;aduace enrollment; in electrical engineer-
ing, forelgners Increased by 54.4 percent, thle U.S. cleizen enrollment in this
field declined by 15.3 percent; In mechanlcal englneering, full—time graduate

L67/ Matlomal Sclence Foundation. Situatlon Report—-Selected Federal
Agedpleq' R&D Budgets. Report by hr. M. Keat Wllsom, birector OPRM. [By] Syl

McNlncy, Jr , Executlve Assistant for Budget Pollcy, Washington, June 22, 1981,
updated, July 6, 1981. p. 9. .

188/ Ibld.
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englneering enrollment of foreiyners expanded 56 percent, while comparable u.Ss.
citizen graduate ;nrollmenc decreased slightly by 0.8 percent;win computer
gclence, gr}duace foreign entpllments increased 94,1 percent, U.S. citizen

L yraduate enrollment in this .fleld increased by 25 percent; and in‘\mathematics
and applied wathematics, non—U.Si/c¥cizun graduate school enrollménc expanded

- 58.3 percent, and rhe full-time graduate enroliment.of U.S. citizens in this
a;ea declined 36 percent.

A common cbncern of both U.S. industry ‘and universicieSEQeems to be that

"there'is a dearth of Auerican-born students pursuing adyanced degrees in engi—

- neering, and in related research and technlcal flelds. The results are a dwind-
ling pool of U.S.~born talent from wﬁich [various] companies can draw their R&D
stafts and unilversities can obtain faculty, and a troubling export of know—how
to other counzcies.” 169/ The places of U.S.~born students are being filled
by non-U.S. nitizens in both college Qné yniversity ‘classrooms, subsequently
in faculty positions in academia. and ip technicalindustrial occupations. 170/

According to data compiled by the SMC 171/, in fall 1980, a total of

44,335 full-time engineeringlspudencs were enroiled in all U.S. graduate |
schools, lpcluding those which'do ;oqvgranc doctorates. Out of this number,
16,120 or 36.4 percent were foreign national siudeqcs. Students enrolled ™
part=time in graduate engineering schoﬁl totaled 23,250, of which 2,690 or

. 169/ swanted: U.S.-Born Graduate Students. Chemical Week, v. 128,
Juné\i&, 1981, p. 44. : ‘" o

70/ Chesser, Thomas M. Forelgners Snap Up the liigh-Tech Jobs. The
New York Times, July 5, 1981. p. 13. .

; \ X &
LLQ( Vetter, Betty, and Eleanor Babco. Professional women and Minor=

ftless Manpower Data Resoyrces Service. Washington, Scientific Manpower
Cowmission, Feb. 1981. p. 150. © '

ERIC

Aruitoxt provided by Eic:



71

11.6 percent were foreign nationals, The Mational Research Council reports
" that 1n,1980, 46.3 percent of all doctoral degrees awarded in engincering
went to non-U.S. citizens (1,149 o;t of a total 2,479 awarded). ll_/ of
those forelgn nucion51 students, 259 (12.1 percent) hold permanent visas, whilé
430 (34.3 percent) hold temporfary visas. lzgf
The NRC also haF found that the type of position that most of the non-citizen
Ph.D. reciplents expected varied between the permanent and temporary visa groups.
0f those holding permanent visas with firm employment plans, 45.8 percent were:’
antictpating jobs in industry or business while 41.8 pergeﬁl fndicated commitments
to work in the academic environment. 174/ Of the temporary visa hbldgrs with -
definite employment plans, 6l.1 percent intended to work in academe.
Pdul Morris, Jr., Head of Chemical Process Industries (CPI), who recruits
tor the pr-Horris Company of Wilmington, Delaware, has stated chac‘"foretgners
who'decide tp remain in cﬁe U.S. are forced by the marketplace co.geclhigher
degrees to compete with U.S. citizens for the ;ame jobs. The majority are of a
very higg caliber, aéong the best cﬂeir country has, and graduate in the top
fLfeh of their class.” ll_/
In the academic afeg, Yatish T. Shah, professor and chairman of pecroieum
and chemical engineering at the UniverSICy of Pittsburgh, has observed that

, "ic is difficult to ger c.Op-qualicy American graduate students. We have to take

forefgn 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, Natlonal Academy Press, 1981. p. 12. RN
173/ Ibid. ' :
174/ 1bid., p. 21.
175/ Wanted: U.S.-Born Graduate Students, p. 453.
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‘ ° -
{s a problem. Slxty to 70 percent of plee's full-time gr-duate enrollment in
chemlcal englneering 1s forelgn.” 176/
At the Massachuserts Institute of Technology,(HIT), Robert C..Seamans, dean

of thie school of englneering,.reports that, out of 345 faculty wembers, 20 percent

are non-U.$. cltizens, and thls percentage could go even higher. 1In 1981 "we
have an opening for an assistant professor of aeronautical englneering « « and
recelved 12 applications-—none from U.S. ditizens.” 177/

The practice of using forelgn englneers as faculty members ralses two
problems, accordlitg to Dr. Robert A- Frosch, President of the American Assocla-
tion of Englneering Socletles (AAES)e (1) the question of "whether these
englneers are in effert immigrants, and chgrefore permanent recrults to the
y.3. scene, or whether they are wmerely a temporary fgrce which will go back to
thelr howe u;uncrles ach; a while"; and (2) "language problems, in some
cases compounded py cultural d1fferences from the students they are teachlng."” llgj
These latter differences, however, may be overcoﬁe, by requlrl;g néw forelgn faculty
sewmbers to take “lntensive English languuage tralning and possibly some cultﬁral
orlentation, as part of caelr early faculty work.” 179/

The following list 18 of various industrial firams chac"have reported
the percentage of aon~U.S. cirizens that they employ:

7= The Xerox Corporation—-15 percent of its 2,000-person domestlic

c+ (f are resldent allens;

176/ 1Iblid.

177/ .Ibld. - ’

llﬁ/ U.S. Congress. Hbuse. Committee on Sclence and Technology.
Engineertny Manpower Concerns. Hearings, 97th Cong., 1st Sess. Washlngton,

U.S. Govt. Print. Off., 1981, p. l4.

179/ 1bld.

&

~
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~= General Elccérlc~-25 percent of a 350-person research and develop-

ment staff at i{ts research facility in Schenectady, New York,

’

are non-U.S. cicizens;
: . P
~- Intel, a manufacturer of computer memory circuits and other
électronic components-=Non-U.S. citizens account for 40 pércenc,
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/ . ‘ ‘
vDu;ld Small, president of $cientific Placement, an executive search firm
that locates positions for middle- and upper-level technical personnel, has been
rep;rCud as atating tPat many corporations make consecvative estimates of fhe
numb;r of non-U.S. citizens they employ. “Most don’t include the number of
aliens that have since gone on to become U.S. citizens. TIf you want to.count
them, you can add another 5 to lO percent to their total.” 181/

According te a report by the Ame;ican Electronics Assogiation,’about
one~third to one~half of all foreign national graduates i{n technical areas
return to their native lands. 182/ The study points out, however, that there
are beneflts to having these foreign students in the United States. 183/

They =re:

-

~~ [P)ayment of badly needed non-resident tuition dollars to universities
and colleges; : y

180/ Chesser, Thomas M. Foreligners Snmap Up the High-Tech Jobs, p. F 13.
181/ 1bid. - -
182/ American Electronics Assocfation. Technical Employment Prolecctions
I Professtlonals and Pare,rofesslonals, 1981-1983-1985. Palo Alto, Cali’.,
American Electronics Associ.:lon, 198l. p. 184.

183/ 1bid., p. 183-184., ' :

- e
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-~ [L)ndirect assistance to help third world ccuntries develop as
graduates return home;j and ' . K

-~ [G]raduates who do return to thelir native .countries . . . remain
sensitive to Western ideology and U.S. products within the inter~
national marketplace.

On the other hand, the report also 1ists some disadvantages:

-~ [I]n scme cases U.S. students with adequate grade-point records are
being excluded for college entrance in fevor of foreign students
with high records;

-~ [N]on-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-

~= « + . [We] have a large number of senior faculty in our ¢olleges
today who are at or near rezirement age. Who will teach the
technical students tomorrow? Foreign students who cannot or do
mot wish to remain in the United States are lost 28 either teachers
or as employees.

D. The Engluacring Manpower Shortage: ‘Real or Imagined?

The previo.. dara aung discussions pres;hted by different authoritles seem
to indicare rhet thers % e ignificant'decrease in the supply of some degreed
engineering maipoes werv.nuel-and 2lso similar decreases of personnel to lesser
extents ir variouw scisartrie fields, in relation to the demand. There has been
some questy . “u.oiter, as te vhether there is actualiy a shortage., No consensus
exists on tue shortage question, the SHC reports, especially concerning a future
ahortage. 184/ ¢

bn-Novembernlé and 17,'1981, a "Conference on Engineeriné Manpower Suéply
and Demacd” was held by the IEEE's United States Acéiyt:ies Board (USAB). Au

IEEE news re'ease reports that, at the meeting, "LEEE leaders argued that, overall,

184/ Sclentific, Engineering, Technical Manpower Comments, V. 18, no. 10,
Dec. 1981. p. 6. . . )
<

- »
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. /
/“ .
there lg a balanée lo supply and demand of U.S. engineers, though there might be
r

1 shogrdge In some regions or speclaltles.” 185/

Robert A. Barden, Chairman of the IEEE/USAB Career Activltjes Counclil, -

. ‘

contends that, 1f thu}e were an engine;ring shortage across the board, wedian
englneering salarles would increase significantly. Statistics cited by Burdeﬁ
Indicate that englneering salarles decreased between 1458 and 1981 "when measured
in 1968 dollars.” "ile also pointed to a drop in the ratlo of "median egpurlenced
salaries” to'starting salariés over ‘the 13—;ear period. Barden suggested that
conference participants m;ke a discinction between "Spot” manpower sho;tnges and
“"percelved™ national shortages. 186/

Dr. Bruno 0. Welnschel, Chairman of the American Assoclation of Engineering
Socletles (AAES) Englneering Affairs Councfl, stated that "a natlonwide engineer—
Ing shortage {s dlfficult to establish, but theré oight be a2 shertage of blue-
collar techniciang.” Ip addition, he céutioned ;hat "some flgures on the.enginger-
Lng shortage mlght be mlsstated because of unjustified or multiple future expecta—
tlons. 'We have to examlne some of those squeaky wheels to see 1f they really need
what they clalm.'" He also suggested, huwever, that the current p}obléﬁ with
englneering wanpower lg quality, not qugn;ity lél" a very {important concept
In the context of this report, be: one which has not been addressed here in
detall ~ o s2 of lack of appropriate data. It will be remembered, however,

that thet. was an apparent decrease {n the quality of pre—college science and

mathema.. = aptltuue discussed lu section II, above.

185/ 1Instltute of Electrical and Electronics Engineers, Inc. IEEE
Leaders Challenge Parceived Shortage of Englneers: Presidential Scienceé
Advlser Plans Engineering Educatjon 'Manifesto.' News Release, Nov. 30,
1981, d

186/ 1Ibld., p. 3.

187/ 1bid.
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Whether ur not there are shurtages of engineers across the board or Just
{n several diverse engineering disciplines seems not to be the major concérn
expressed by the witnesses at the October 1981 hearings held by the Huuse
Committee on Sclence and Technology. The belief that there are a number uf
slghiflcuﬁt problems that need to be undreanéd involving the U.S. scientific
and technical educatloq, aud its impaet-on the Nation's technological produc=

tivity, appeared to be the general 1oncarnluv1den: at the two-day hearings.

F. Imp)icattons for U.S. Science and Technolopy

The United Stutea‘ls sti11l widely econgidered the scientific and tech=
nological leader.of the world. If solutions are not found for the several
gcientific snd engineering manpower problems that have been previously dis—
cussed, however, thire {s concern that this lead may be in jeopardy. As
Dr. Frauk Preus,.Presldent of the National Academy of Sciences (NAS) and
formerly science adviser to President Carter, testiffed at the House Committee
on Science and Technology hearings, “there is a widespread belief that our
technology today is growing less competltfve with other industrial nations
and tha;.the scieatific and englneer1n§ facilities in which we educate and
trdln<future generations show an alarming slippugé in comparative quality,”
tncluding the “outmoded equipment” used by university science and engineering
depur:méﬁns that "often lags behind the technological facilities employed in
the laboratories of our induscrial plants.” 188/

Dr. Press also expressed concern about whether the Nation's colleges

and universities could keep up with the “"accelerating advances of modern

iéi/ House Committee on Science and Technology. Engineering Manpower
soncerni, po137. '
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cuchﬁulugy" tn such rapidly growlng f{elds as "compnter unglnuurlng; robotics,
clectronies, gunutlc engineering, and the several fields of cnurgy engincering,”
with the shortage of gqualified unglnucrlﬁg faculty members and overcrowded
umdergraduate engineeriog schoolss  In addition to this, the previously mentioned
decline in pre-college student performauce of uclunéu and mathematical abilities
are “longer-term conditionsg that ecould iimit our ability to stay in the fore-
front as the world's tuuhﬁoluulcul teaders™  Dre Presy warned that “an fmpending
crlais awWaits us  {n the next decade as thcsc {11-prepared secondary schonl
ﬁ;uduncu begin to wuve luto society or to the level of CO}luge education.” 189/
John Re Opel, the president and chief exceutive officer of the IBM Corpora-
tion, seems to agree with Dr. Press's conclusions. le has stugud,.}n 4 Tapes .,
that “the United States is slipping in the race to strengthen not its capacity in
butidings and machinew, vital as they are, but the capabllities of {ts people:
talented, uduéuted, and trained human beings — the ultilmate resource in any
nation.” ng/ Furthermore, he indicates, that this pational problem also can be
qeen in international economic competition., Specifically, he states that, “we
~risk losing out against tougher, more pragmati:, more ndventurous international
contenders in the years ahead.™ 191/ To emphuélzc this polnt, he lists several
areas in which he feels the Nation has ;egun slipping -~ our imports of Japanese
dnd German u;tomohllcs, steel, and television sets (not to mentlon semiconductor
memory chips); our logs of market share in exports of manufactured goods; and
nsovu all our rate of increase in manufacturing product ivity, which has been lag-

ging behind that of virtually every other industrialized country in the world. 192/

Y
189/ Intid., o s . ‘ .

194/ wopel, John R. Education, Science, and National Econonic Cohpetl-

tivenesss  Selence, vo 217, Sept. 17, 1982, p. 1116,
191/ 1Ibid.

192/ Ibid.
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Many ludustrial Liews, educators, aud several enginecring professional
socletles are attempting to resolve the englneering manpower and sclence and
englnevring uaucutlou conce--u discussed- above. Examples of such efforts are:

- Eight U.$. corporatious, ATAT, buPont, Exxon, General Electric,

Ceneral Motors, Gueneral Télephonu and Electronics, IBM, and Union Carblde, are
taking actlon to help solve the university englneering faculty shortage; .

- The Exxon Corporation has announced a 51% million grant to 66 schools
to provide living expenses for graduate students and supplemental salaries foé
unglnuerlnébfnculcy;

- The Council for the Understauding of Techuology in Human Affalrs

(CUTHA), a consortlum of over 100 colleges and universitles, i trying to get
——— :

Liberal arts facultles to understand and teach the lmportance of technology
ln today’s environment; ‘
~ The Natlonal Research Cuuncil of the Natlonal Academy of Selences,
and the Natloual Academy of Englueering, has been involved In extensive study

of the englneering manpower problem;

- A Natlonal Englneering Action Confersnce with representatives from

< academia, Industry, professional gsocletles, and the Federal Government

convened on April 7, 1982, to discuss solut lons regarding the situation;

- The Massachusetts iigh Technology Councll (MHTC) 1s supporting a
prapusal for lts punbers to glve up to 2 percent of thelr annual research and
development budgets to assist universities in hiring more englneering faculty
and in buylng computer equlpment; and .

~ The U.S. Semiconductor Induscr;vAssociaclon anticlpates a $6 willion
budget for 1982 and a $10 miilion to 515 mililon budget In 1983, These funds
would be wade avallable to universitles for research projects in the semi-

conductor fleld and also weuld be used to help increase the number of technical

carteer-oriented graduate students.

QO
'
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“

In addition to theue endeavors, the LEEE has snnounced that George Keyworth,

the president's science adviser, has comsltted his office to expedite yuch efforts

through thes

.= Development of a “wanifesto” siys~! YW key U.S. Jeaders stating englueer~

ln$ education’s prublems and possible solutinma;

= Creation of model programs for sgharing limited engineering and sclence

talent betweer academia and industry; and

=~ Coustderation of a4 gscheme to allow {ndustries to contribute to a

university equipment leasing fund. 193/

General Robert Marsh stated doring the hearings of the House Committee ‘on

Sclence and Technology that “If this natlon I8 to retain its position as first

and foremost in world ceﬂhnolbglcal leadership, {it] must: pursue a comprehensive,

decisive and far-reaching national educational policy for the coming de-

cade + + 5 lgﬁ/ He listed the following recommendations that may assist

in accomplishing this task: 195/

. .
= « + « [A] national goal [should be set] to be fivat 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 facillitlies as well;

= + + « [l]ncreased pay and benefits [should be supported] to attract
the quantity and quality of teachers needed to ensure a quality
education for our students;

= « « « {A] long range plan [should be implemented] to increase the
capaclty of our institutions to turn out quality scientists and

en e0rs in the numbers needed to handle the challenges of the
fu. 0o e
193/ 1EEE Spectruv: Lo nt, Nov. 6, 1981, p. 1
194/ House Committee ace and Technology. Engineering Manpower,
50, : :

P

195/ 1bld., p. S0-32.

19-177 0 - 83 - 7
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LPromote the selenti! fe and englneering educatlion of a vast untapped
regource-—the minorities and women of the nation;

. « .« [D]evelop and -implement a couprehensive program to increase
thcﬂpuhlic's awareness of the challenges, benefits and wonders of
sclence o o o o} ’

. o« [P)lace significantly increased funds into research and
development for challenging and far-reaching projr-ts 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 qualicy of scientis: : and engineers
we need to provide a strong military force .
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Vo RECAPITUALTLION:  SCIBNTIF S Auo TECHNICAL EDUCATION IN THE, UNITED STATES

' == Most elementary school teachers surveyed by the NSF lacked con-

o -

fidence about their knowledge and understanding of science and science concepts;

=~ Biology was found to be the most commonly required gcience course needed
for high school graduation in schools across the Nation with guch requirements.
NSF also found it to be the last science course taken by most high school .utudents,

"

,usually in the lOth grade. Consequently, a.largeunuhber of culleye stulents do
not ‘recefve exposure to science courses beyond lOth gfbuc blale wy;
l - Schntcén-ycﬂr—olda showed a continued dccli&c in sc” » achievemc.nt
in all three afsesgwents taken by the National Assessuen. © “anal Progress
(NAEP) over the periods 1969-70, 1972-73, and 1976-77;

== The NAEP found, overall, that tlerr was a d;cl‘ﬂo . matics .
achievement among 9-, 13~, and L7-year-olds during the lu/ug;

-~ br. ¥rank Prcs; has stated that the decline in the scleatitic and math-
ematical capabilities of pre-college students are "Le' . t-° .- conditions" that

=3

may hinder the Nation's ability to maintain its technolovical lead;

.~= Undergraduate scienﬁe educatfon has en crii.c.ized by the NSF and
bDepartment of Education study as being too theoretical and esoteric for most

students, and oriented toward those who intend to do graduata study;

~= There have been recent declines in Ph.D. enrollments in the mathematical,

5\

physicail, and life sciences aceording to the NSF and Department of Education's
' n .

study.. Because of this trend, there may not be sutticient numbers of qualified

individuals to f11ll anticipated vacant faculty positions in these areas in the

mid~1990s when mass faculty retirements are predicted to occur;
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-= Graduate englneering :%Huol enrollments are declining, especially at the
doctoral levall As a result, it hae been reported by the Wall Street Jgggﬂgl that
the number of.englinecting doctoral degrees conferred has dropped 25 percent within
the last decade; S, P

-~ It ts not clear whether there ls a shortapge at the undergraduate level
in computer saclience, but Lt ls clear that there Ls one on the graduate level
according tu a Sclentiflc Manpower Conml 13lon spokesman;

wom etet sclentiois, especlally programmers, are tn great dcmnpd and

Ceply 1 unadequatt. The demand ls about 20 to 40 percent greater than the
supply. This sltuation shows no slga of lmproving, because the “"computer world"”
ts advanelng at such a rapld pace, an SMC sﬁokusmun has found;

~- Iu receut years, there has been a notlceable lncrease in the number of
forelgn sclence and englneering éruduacc students in the Natlon, especlally In
the fleld of petroleum englneering- If this trend contlnues throughout chg'19505,
sredlcts the NSF, almost all petroleum englneering graduate students will be non-=
U.s. cltlzens, and aon~U.S. clflzeus will conPrise over 50 percent of graduate
students enrolled in most gclence and englneerlng flelds; and

- There Ls no unlversal agrccmcgt as to whether currently there actually
tg a shorc;gu of engineers. Leaders of the Instlitute of Eléc:rlcal and Electronic
Engineers (LEEE) belfeve that, overall, there'ls a balance in supply and demand

of U.5. englneers, although there may be a ghortage in some flelds or speclaltles.
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1. INTRODUCTION

Tn Japan, -he Soviet vnlon, and West: Germany, special ewphasis 1s placed
on sclence, mathematics, and engineering in their educational systems. Leaders

in these countries, and perhaps others, apparently believe that sclentific and

v
- technical literacy plays a significant role in their world positifons. Soviet

Chairman Leonid Brezhnev, for example, has been quoted as saying that “the field
cf scientific and technological progress 1s today one of the major frouts in the

historical battle between the tws [U.S. and Soviet] systems.” 196/ Such a belief

' may have been the lmpetus that has led to a work force with extensive sclentific

and technological literacy ard which may become a major threat to the ability of
che United States to "generate and incorporate technolbgical-change in its
prusuction and utilization of goods and services." lgl/l

The NSF and bepartment ;E Educetion study has found that managerial posi-~
tions in both the government and Industries of the SoQiet Union, and particularly
of Japan, are staffed by individuals with engineering degrees. Furtherwore, it ’
étates ;hat “over the past 15 years .« « . , while {West] Germany and Japan con~
tinued to stress sclence and mathematics for all thelr secondary students, and~

while U.S. secondary students not intending to major in science and engineering

wer< choosing. to take fewer science and mathemag<:s 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 Sclence Foundation and Dept. of Education. Sclence and
Engineering Education, p. 59.
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of world :r;de 19 manufactured 1:ems.§exc1uding food and fu:l) changed . . . ." 198/
Between 1963 and 1977, “productivity increased in the ménufacturing 1ndust;ies
» of . . . West Germany, Japan, and the Ulnited) S[tates] . . . by 114 pé;ceqt,

}97\percént, 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 5c1entifia and technical understanding and capabiLities of the general
éopulations are examined. Notable, basic comparisons between the coun:rlep\ahﬁ

the United States in regard to this instruction are discussed.

198/ 71bid.

199/ Ibid.
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1I. SCIENTIFIC AND TECHNICAL EDUCATION IN JAPAN

.

A. ELEMENTARY SCHOOL

The standard Japanese school systeo i1s divided into four stages ™
elementary (6 years); Junior high (3 years); .eninr high (3 years); ond higher

education (4 years). K!ncergartens are placed at the pre-school level for

00/

pupils between the agee of 3 and 5 years, and most are pri@ate institutions.
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 zge of l4. 201/ "All students—=
regardless of achievement, retardation, or attendancelreéords-—are automatically
promoted each year. . o - [A]fFer 6 years in elementary school, all students
grqqﬁqte and are passed on to the junior high school.” At the age of 14, the
sgu;ent decides whether or not to contlinue on to senior high school and eventually
pursue a higher education. As of 1972, 90 Eercentvqf Jqpan’s 15-year—olds entered

senior high ‘school. 202/ . -

v

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 sclence and pathematics curriculum per week for each grade congists of

o

———————

200/ Statistical Handbook of Japan. Bureau of Statistics, Office of the
Prime Minister, Tokyo, 1978. p- 125.

2017 Anderson, Ronald S. Education in Japan: A Century of Modern Devel-
opment. U.S. Dept. of Health, Educatfon, and Welfare, Office of Education.
Washington, U.S. Govt. print. Off., 1975. p. 1l1. ’

-
-

202/ Tbid., p. 147
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“7 to 9 hours'of social studies, 3 to 6 hours of arithmetic, [and] 2 to 4 hours
. i
of sclence. . . " 203/ The number of hours per week spent in scierce and

«

mathematics is significantly higher than in the United States, as discussed in

part 1, section LI, 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 Schtnnd 6th gradé students in Japan
revealed a decline in writing Zbiiicy 29&/, the Jearning of srithmetic was found
to be very successful. Teachers use';;e iascruccion technique of ﬁechodics} drill
along with the new macheméc%cs. Tt has been reported that mathemstics ‘plays an
imporcahc role in Japan's total culture, an? that it is introduced to the child
at an early age, beginning with 3 hours per waek;in the first grade and progresging
to 6 hours per week from the Acﬁ through the 6th grades. Arithmetic 1s'be11eved
to be one of the most effeccively caughg elementary level courses in Japan;u 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 grsde 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/

e

203/ Ibid., p» 112. See appendix 2.’
204/ 1Ibid., p. 117.
205/- Ibid., p. 119, 121.

206/ Vogel, Ezra F. Japan As Number One:’ .Lessons for America. Cambridge,

207/ Education in Japan, p. 122.
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2. Science Instruction
/

One expert has started that Japan was the flrst country in the world wher.

_.elementary-level teachers stressed sclence as fun and interesting to students,

thereby instilling in them a positive attitude toward science. 208/ In spite of
this, similar problema“have been reported to exist in Japan as_in the United
States regarding the purposes of sclence education and the necessity of dEVelopiné
a sclentifically literate populace. 209/

Apparently most Japanese elementary school teachers lack the ability Qnd
experience to perform correct techniques for sclentific experimeuts and observa-
tions neceasarx'for teaching sclence. 210/ Consequently, {n-gservice training
in science is provided for elementary te;cbers through sclence education centers.
The time spent for training-by taking in—serviée courses can range from a éew
meetings to one-year programs. Between‘196i‘and 1974, training was provided for
about 2,300 elementary teachers out of a total of 28,000 at the Osaka Prefecture

sclence center; one of several such cenfers in Japan. 211/ Teachers who receive .

the in-service traiﬁing are expected to become “jead teacherg” in their schools
and assist other teachers with sclence 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

et et i e

208/ Mentioned during a telephone conversation on Apr. 14, 1982, by
Dr. K. Michael Troost of North Carolina State University, who hag extensively
studied pre-college science education in Japan.

gggj Thier, Herbert D. In-Service Training of Elementafy School Teachers:
A United States—Japan Seminar. Science Education, v. 60, Oct./Dec. 1976.
p. 356. : :

210/ Ibid., p 552

211/ Ibid.
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on science inmstruction in Japanese elementary schools, which is slightly less

than the time spent on mathematics. 212/

B. JUNIOR HIGH SCHOOL

AL AL LA At

The 3-year jﬁnior high or lower secondary school, as it is referred to
in Japan, consists of about 4.7 million 12-to-l4~year-old youthg‘enrolled.in
nearly 11,000 schools at this level. Entrance examinutions, 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."” _glgl

The basic course program oecessary 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. ‘Diring the first 2 years, however, every student must take

30 hours of required subjects and only 4 hours of an elective. 'An elective

.19 usually a 3~ or h ~hour English course which most students take, although

it 1s not required. glﬁ/
Junior high, along with p;eparing college-bound students, also is designed
to allow "job-bound“ students tﬁe_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,

o
212/ See appendix 2 for a breakdown of tnstruction time spent on these

subjects. N ’ - ’
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 progras 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 ch; 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 inco two Streams:‘ one for the college~
bound or academically oriented students, and the other for the nonco}lege-bound
students. The first group has a total of 5 hours per: week; the latter takes 3
hours per week."” 216/

" The International Project for the Evaluation of Eduqacion Achievement, a
study conducted by the Uniced Nations,Educacional,’Scién;ific.and Cultural
Organization (UNESCO), found that 13-year-old Japanese groups of studencs "ranked
highest in mathematical achievemenc among those of 12 other councriea, including
the United States, Australia, and several European countries."” 217/ Seventy-six
percent .of the Japanese students scored,in the upper half of the scale.

as previously menciongd, entrance examinations are reqdired for all upper
level educational institutions {n Japan. . These examinations, which usually
emphasize mathematics, are believed to significantly motivate acudenfs to master
the subject. In addition, because of pressure from family and peer-groups to

pass the examinations, mathematics 18 considered to be a “very important subject

215/ 1bid., p. 128.

216/ 1bid., p. 130. -
/

17

Ibid. .

P
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in terms of woclal needs und carcer fulflllmcnc.".glﬂl Credlt for the Japanese
success in mathematlcs also Is given to high teaching scapdards In the eleméncnry
gradea: 219/ 7 ¢ ) ) ‘ .

Ezr; F. Vogel found during his research that many times durlng elementary
and uec;ndury achool'yeurs,bov?r half of all Japanese students attend "supple-
mentary schools (j;ku)T which are baslcally deslgned to Improve students' '
chances of passing subsequent entrance exnminations to a more desirable high
school or college. “Entrance examlinations,” he acﬁcaa‘ “to high acﬁools or
universities can be so competitive as to cause students to restrict thelr intel-
leltual breadth, eliminate extracurricular activicies, neglect their social
development, and, in case of fallure, become psychologically depressed.” This
problem, he concludes, “shows deep failures in Japanese education.” 220/

Japanese students scugy mathematics at a more rapid pace than their U.S.
counterparts. Geometry is taught in the 7th, 8th, and 9th gradgs, instead of
In the lo:nhgrade as 1s usually the practice in the United States. Also,
"trigonomecric.idencities" are studied in the 9th grade rather than in the
lith grade as In the Unlted States; and calculus generally is compieted by
coliege-bound Japanese students in senfor high school. 221/

in contrast to this seemingly fwpressive course structure, there Has been

concern among sowme Jabanese mathematicians‘regarding the 1£;c1e time that

teachers spend on “lengthy explanations”and cheofy.“ The teacher who is
considered to be "good" tries to prepare students for entrance examinations
218/ 1Ibid., p. 130.

219/ Ibid. _ o

‘Vogel, Ezra F. Japan As Number One, p- 162.

220/
221/ Anderson, Ronald S.” Educatlon in Japan, p. 130~131.
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Aruitoxt provided by Eic:



92 ' X

by gliving then Information and methods needed to face the examination, thereby,
perhaps, sacrificing “free inquiry-centerud learning methods.” 222/ HMichael
We Kirst has observed that “cluugroom teaching techniques in Jupan reveal some
veiknesses that the U.S. may be able to uvoid.' A persistent Japanese teaching
strategy”is the use of lmitation and rote luurning--me;hods conslidered outmoded
by most U.S. educators. « « s Japanese high school students rarely question
their teachers' viewpoints and are judged on standardized tests by thelr

memorization of facta and concepts.” 223/

Ronald Anderson has discovered that “Japunese mathematics teachers are 14
following closely the movements for modernizing muthe@ntics education in

.« varlous parts of the world, purticulurly the new mathematics programs in the

United States.” Furthermore, the Japan Soclety of Mathematics Education
(JSME) "assigned a cufriculum study group to work on experimental programs

and textbooks,” and had as one of 1ts themes at a JSME meeting, "improving

the teaching method so as to Increase the children's creativity.” 224/

The wathematice curriculum that was under revision during the 1970s was
almed at ‘"greater differentiatlon of junior high mathematics to allow for

the widely different abilities of individual students.” 225/

N

222/ - 1bld., p. 131

223/ Kirst, Michael W. Japanese Education: 1Its Implications for Economic
Competition In the 1980s. Phi Delta Kappan, 7. 62, no. 10, June 1981. p. 707.

Teaching by using the method of rote ‘learning is also a technique usea in
many U.S. schools. This method, therefore, probably is not unique to Japanese
schools. R

224/ Anderson, Ronald 5. Education In Japan; p. 131.

225/ 1bid.
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“

2. Sclence Instruction

In the 19708, the Japancae Minfotry of Education continued the revislon of
{ts sclence curriculum that began {n the 19605 In order to “absorb the Industrial
and sclentific progress of the world and strengthen [its) positlon in world
trade.” During the 19603, sclence teaching w#s {uvigorated. Teachers placed
cmphasls on experlucnts and observation during the f=hour-per-weck sclence
courses required In grades seven through nine. Anderson reports, bowever, that
this was not cnou. tae to cover all the subjects ndequutelx. Laboratory work
and observations were nchQCCcd.vahcrcforc. revislons were made {n the 19708 by
adding more material to the curriculum, and making lnschctlon more "flexible
to meet the individual differences of the students.” In this manner, Japan

.

has tried to "keep pace with the rapid progress in sclence and technology.” 226/

The Min{stry of Education (Hombuého) {s the national authority responsible

. for all. school educatlion in Japan, and forms the nucleus of educational adminis—

tration. The Mombusho formulates standards for curricula, supports and directly

controls certaln natlonal schools, such as natlonal unIVﬁfslcies, junior

colleges, and technical colleges, in addition to some vocatlonal high schools
and experimental laboratories attached to national universifies. It provides
financial aid to local toards of education and 1s r95P0ﬂ51ble'f0r national
museugs, art galleries, the Japan Academy'pf Ar;s, as well as several ru;eurch
insclcuc;s. \ -
Sclence teaching in Japan is considered to be successful by.most independent

obsef?hrq$§wfor example, a comparative study was made regarding the “geographic

" concepts and images of the physical world" of Tokyo ninth graders with thelr

counterparts in Chicago, Illinois. Results showed that most of the Tokyo students,

——— : ™~

226/ 1Ibid., p. 131-132.
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who at a whole wade a dean aeore of 7%, could reat a topographical uap and,
{n turn, loeate Washington, D.C. In contrast, about half of the U.s. ytudenta
could read a topographical wap, and very few could identify Tukyo. 227/
Michael Kirst reports that, ironieally, Japun wakes extensive uuu'o[ educatjonal
materiats that orlglnated In the United Stutes tn both fte sclence and mathe~
matlies curricula, including new physics, chemiatry, and bloloygy materials that
were developed by the Hatlonal Science Foundat lon. Japanese sclenee teachers
are kept up-to-date, unlike the typleal case tn the Unlted Staten which, Klrat
ways, does very little tn comparison. 228/
[
C. SENIOR HIGH SCHOOL

s

1t is not compulsory in Japan for students to attend senior high school.
The majority of the Nation's l5-year-olds, however, attend and comﬁlutu senior

high school. 229/ Students have the cholce of attending three types of upper

gecondary schools: 230/ . .

- Comprehensgive High School » « . provides two major cholces for students.
+ + + (1) the general curriculum, which {ncludes a coliege preparatory
course, and a terminal course-~the latter being a less denanding course
designed for those who {ntend seceking employment on graduation but have
aot yet chosen a speclfic vocatidn; and (2) the speclalized eurriculum,
offering elther vocational or nonvocational courses;

Vocational tigh Schools *are generally counsidered low-prestige schools
that can recruit only youth of lower ability., [T}hey do command gréater
esteem than the vocatlional stream of the comprehensive high school o o o
For boys without financial tesources, the vocational gchool is a godsend.
It is not a dumping ground for lower ability youth, as it is in some
tnstances in the United States. The entrance examinations to some of

227/ 1btd., p. 132.

228/ Kirst, Michael W. Japanese Educatiom, p. 707.

229/ Anderson, Ronald S. Education in Japan, p. 147.
/

Ibid., p. 154-156.
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the good industrial schools are &s difficult as those for good’acudemic
sghools « « « « [They are, however, terminal, which 18 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. Junfor 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. .

'

Part-time programs 3136 are offered to students during the day or evening.
A small percentage of senior high school students are enrolled in the parf-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
sgcondary schools.

Part-time courses often-ure taught by the same faculty members ag teéchAin
the ful;-tlmé'schoolq. Thcéeforé, the course offerings are nearly equal in
quality to the full-time aubjgc;s; If has been reported, however, that “many
part-time schools lmitate the full-time high school, preparing their students
for university entrance exams and neglecting the nceds of u;rking youth.” 231/
Nevertheless, "among the Japanese, the part-time senior high ;chool is widgly
considered inferior to the full-t;me day school. The education it pipvides is
terminal for most of its studenté, but a few do aspire‘to attending a univéfsity

or Junior college." 232/ Basically, graduates from these schools aprear to be

discriminated against because "employers often bar [Qﬁchl graduates from sitting

231/ 1Ibid, p. 157. . ST ..

232/ 1bid.
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for the examination to enter their .firms.” . Consequently, these individuals have
to dccept "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
solving ability, increased symbolic thinking, understanding of axiomatiz‘structure,
and the ability to use matnemat1Cs in science, technology, and other studies.” 234/

In order to achieve these objectives, all high school freshmen (10th grade) ~
must take mathematics 1, a 6-hour course consisting of a}gebra and geometry,

probabilicy, and fundamental analytic geometry. In 1982, mathematics I require-

ments are supposeq tq be reduced to a A-hour course. 235/ The second year

7(11th gtade), college preparatory students continue with mathematics 1I-B, com—

posed” of “advanced “algebra and geometry, including vector mathematics, matrices

and determinants, and dlfferen:ials and lntegrals," taken S5 hours per week; the
third year (12th grade) such students take mathematics 111, 3 hours per week,
totaling ‘14 credit hours of "analytic geometry, differentials and their applica-
tions, integrals and their applications, plus probability and statistics.” Z}é/
Contrastingly, vocational students must take the freshman 6=hour Course,'mathe- e
matics 1, and a 3-hour applied mathematics course, "a practical course as for,

engineering,” in their senior year (12th grade). . 237/ L

233/ 1bid.
234/ 1bid., p. 168.

235/ Outline of Education in Japan. Science and International Affairs
Bureau, Ministry of Education, Science and Culture, Japan, 1979. p- 20.

236/ 1bid., p. 167. . -

237/ 1bid. See appendix 3, table 4.
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151nce ¥973, over 100 senlor high schools have offered a special com-
prehensive sclence and mathematics track for students who plan to majof in
mathematics and science at the university. Such students are expected to take,
following mathemitics I, "a new course in advanced mathematics, combining

!
mathematics II {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

sclence courses in the hours usually set aside for electives. 238/

2. Scilence Instruction

for students in the academic track, a total of 15 hours of sclence is
required in physics, chemistry, biology, -and e;rth science. 239/ For vocational
. —~ ¢
étudents, only two or more of these subjects are necessary. The teaching of
) science ana mathematichs {ﬁ Japan has been reported as geared éoward teaching
the "upper ability groups.” (This is reminigcent oé a trend in sclence education
in U.Sﬁ secondary schools, noted above in section II.B of part I, which has been
criticized as being “elitistf\in the United States.) Other students‘are often
P bored, frustrated, and left béhind. Teachers use the textbook extensively
because they Cover generally ;E} material in university entrance examinations. -
As previously mentioned; Japan's;mathematics and sclence curricula make
extensive use of materials developed in the United ‘States, specificallylEy

the NSF. 240/ Materlals from one such program, the Physics Science Study

v

238/ 1Ibid., p. 168.
]
239/ Ibid., p. 164,
240/ Kirst, Michael W. Japanese Education, p. 707.
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Committee (P55C), was imported by the Physics Eaucation Sociefy of Japan

which conduétgd seminérs with participating U.5. specialists, and adapted

the PSSC laboratory equipmeﬁt to Japanese needs. gﬁl/ Similar use; ha;e been

made of educational materials dealing with chenistry, biology, and_geoiogy or <
earth sclences, to help upgrade Japa;ese upper secondary level scignce

instruction. A )

The Japanese Government generously sUpports sclence Eddcation[ according
to Anéerson- 242/ The Science Education Promotion Law was enacted in:1953 - |
to improve_sc{gnse education in the elementary and secon&ary schools. Basic

' 'science equipment at tﬁe'senior high sch;ol level cost $18,006 per school

at the time of the writing of the Anderson report, and additional GovarnQent
suﬁsidies_were expected to ensure more_gquipmeﬁt. gﬁg/ Sc‘énce Education
Centers are also financed by the Government, along with assistance for re—

. i .

search by professional associations ‘on science education, and numerous scholar—

ships ta senior high school and university science students. 244/. ’ .

D. PRE-UNIVERSITY EDUCATION IN JAPAN, IN dENERAL

Programs in mathematics and science, as discussed above,.seem Lo be quite
_,rigorﬁus in Japan. Japanese youth, according to Anderson, .1ike some of thelr

counterparts in other paris of the world, are "currently suffering from

241/ anderson, Ronald S. Education in Japan, p- ¥65.
G
.242/ 1bid., p. 166. c .
"243/..1n the United States, funds for purchasing baﬁ}cfscience equipment
are provided through the budget of local school districts. "'Therefore, the amount
of funding for such equipment would vary across the Nation. i This information
was .received through a telephone conversation with a spokesman at the National
Association of Secondary School Principals on May 14, 1982.° st

44/ Anderson, Ronald S. Education in’Japan, p. 166.

\
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alienation, disillusionment, and bor:dom.” Instead of alleviating some of

the strain which such a curriculum would seem to impose on Japanese students{
however, the "educational‘hutﬁorities are making it more structured, with

toughet contené. e s To help students cope with these preégdres, counéeling
appeags:té be indicated, ﬁut very few ﬂigh schools have professiqnal couﬁgelors.
.A survey.team fér the Organization for Economic Cooperation and Development
(OECD) suggested that Japanese students’ pgrsonalitieg need to.be deygloged
“through a more flexible and less pressured schéme of eduéaéion, with more ’

free time, more curricular freedow, more diversity in extra-curricular activities;
and more cooperation among pupils. The OECD report stated that the school system
overemphasized "discipline, competition, and imitQtion, énd:[did] not giv[e]

sufficient attention to _cooperation and creativify.’ 245/

-In Décember 1976, the Japanese Curriculum Council made recémmendations

to the Minister pf Education for improving the curricula in all educational
school levels pri;; to higher edu;atlpn, “that would help pupils and students
fullj master the carefully selected educationéi contents in all the stages of
elementary, lower secondary and upper secondary schoALS, so as to make school
;1?@ freer and more enjoyable without lowering educational standards." gﬁé/.
Accordingly, the Ministry of Education revised the “"Course of. Study” ln

- element;ry and lower secoﬂdary schools in July 1977, and in upper secondary

- schools in August ié78, and made statutory arrangements for 1mp1§mentation. 3&1/

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/ 1bid., p. 178.
246/ Outline of Education in Japan, p. 50.

247/ 1Ibid. -
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secondary schools in 1981. Ilmprovements are scheduled to be made at the
upper seconéary school level in 1982 foilowing similar changes on the ele-
mentary and lower second;ry'school levels. The.improvements-are to be based
on the following general policiles:

.

- To pay regard to the independent initiative of each school, thus
enabling it to build up th= school with its own characteristics;

- To aim for the education adapted to,individﬁality and ability of
each student;

. 2 To enable students to lead a freer and more enjoyable, school life
without lowering educational standards; and

-~ To have students comprehend and appreclate the pleasure of the
working life and lay emphasis on moral and physical education. 48/

E. UNIVERSITY-LEVEL SCIENTIFIC AND ENGINEERING INSTRUCTION

N

1! Higher Education Institutions -

. . L . P
There are.three types of ingtitutions of higher education in Japan—-—

universities, junior colleges, and technical colleges. 249/

P .
A The university, admitting upper secondary school graduates or
those having the similar gcholastic ability, 1s an institution

of higher education, where .the wide academic knowledge 1s imparted
to students and specialized arts and sciences are profoundly
taught and studied. Ingtituted 1nathe.university are the
specified types of facultles where 4-year courses are provided

as a principle (in the medical and dentistry course, however,
6-year courses are provided); T

-~

P ’
N o :
248/ TIbid., p: 30—51. . .

249/ Technical~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 perlod

of study extends over 5 years covefing industrial-related courses, and-5 and 1/2
years in "mercantile marine~-related” subjects. o

.
.
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= The junior college is an institution . . . aimeb 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 graduatés or
those having the similar scholastic ability with 2- to 3~years education. .
in various specialized fields. . « {V]aried types of courses are
insgtituted; and -

°

- The technical college . . .,‘unlike the universlty and junior-college;
« « +.l8 aimed at having lower secoudary 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 navigatfon- course. 250/
\ The Japanese” have actively promoted the education of'scientists_and ~.
engineers, although the éducation has been ériticized in some' quarters for
being too theoretical and general. According to Kirst, "in the 1980s, the
-Japanese educational system isfmuch better equipped than its U.S. counter=
part to produce workers with high levels of skili iq math, science, and
engineering that the economy of the future will require.” 251/ -
Engineéring is reported to be more popular than pure science and is tﬁe
largest subject area within higher education. 252/ This may be one of the
" reasons that Japan bestows fOlpercent of all bachelor's and about 40 percent
of all master's degrees to engineers, figures tﬁat have been reported as
4 staﬁle for the past 10 years. 253/ 1n épmparison, about 5 percent of all
degrees awarded at each’degree level in the United,Statéé are in engiqegring. 254/

250/ Outline of Education in Japan, p. 4.

251/ Kirst, Michael W. Japanese Education, p. 707. .

© 252/ Engineering Our Future. Report of the Coumittee of Inquiry into the -
Engineering Profession. Sir Montague Finniston, Chairman. London, Her Majesty's >
Stationery Office, Jan. 1980. p. 209. This study i8 referred to as the Finniston
Report and will be so calléd in this report. - P

253/ Naitonal Science Foundation and Dep::“of_Education. Science and
Engineering Education, Pe 59.“".,“wﬂ~~»—

e Qi
s 2547 1bdd. : - s . .
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The “engineering course” in Japan usually 1asﬁs 4 years. A general edﬁca'
tion is provided in the fi;ét 2 'years. Although such courses as ﬁuménities’and )
foreign %fnguageu are included, 3 years are permeated with engineering science.
The objective ;E the final 2 years is to increase étudents' knowlédge of one
special engineering subject area, soO that a specific engiﬁeering discipline 18

- gtudied in some depth. 255/ 1In the last yeaf, students usually‘work’on a
project that {s aimed at helping the student apply the acquired knowledge that
hag been learned. Some cr;ticism, however, attributed‘to Japanese industry, is

“that “courses {are] too b;sic and [do] not provide enough detailed knowledge
which [can] be put to use directly {when] the graduate enter(s] {ndustry.” g§§j
In response, the universities have c&ntended that “they prov;de graduates'with a
firm foundation on which they [can] builid foq‘maximum flexibility and responsiée-
ness to cﬁanging técﬁnology in tPe future.” In geperal, however, employgrs
expect "their graduate recruits to have a sound basie technicalhgnowledge and a
certaiﬁ breadth of ;erspective; cémmercial ability, leadership And specialist

. skills were generaliy seen as being the, respondibility Af\the embloygr to

develop through training and structured exberience.“ 251/

2. Graduate School

According to the report, Outline of Education in Japan,

. . . [T}he graduate school’ may be attached -to the university.to enable
faqulty,graduates‘to'maké‘further more profound study of the academic
—f—f—"’“"”‘fﬁéories 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). . « gzg/

255/ Engineering Our Future, p. 210. ' . \

255, \
256/, Tbid. ) \

A
257/ Ibtd. - - _ 4

258/ Outline of Education in Japan, p. 4.
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It has been reported, however, that "J;bﬂnese society does not sufficiently
reward those who elect ;; go on for an advanéed'degree;.instead, industry tends .
to snap up graduates as fasé 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.C of

part I of this report. In fact, the advanced degree program in Japan generaliy
parallels the program in the United States. Students are ﬂwﬂ?ded a master}s
degree after.an additional 2 years of study beyond the bachelor's, which
includes 30 credicﬁhours and rgseﬂrch leading to a thesis. In Japan, however,
only the fleld of specialization is emphasized and little study is done in
relﬂted.areas. 3&9/ Despite the fact that there seems to be.ﬂ relatively low

number of students in Japan interested in pursuing advanced degrees, “thefe ‘

is keen competition aﬁong institutions to establish advanced programs,

-ﬁrobﬂbly because graduate schools bring status to the university.“_261/

In engineering, differences in éhé numbers of bachelor's degrees compﬂred_
with total graduate degreés awarded in Japan in 1980 may reflect this situation-~
73,468 bgchelor's degrees, 7,?92 total;grﬂduate degrees. In spite of the fact
that tﬁe United Stﬂqes awards more calieie and university—level degree;‘thﬂn
Japan because of its largef population, Jgpﬂn "graduates more engineers from
undergraduate college programs than the U.5." ggg/ In 1980, Japan conferred
wore englneering dégrees in absolute numbers than didtthe United States, & 9.8

percent-difference. See table 6 on the following page.

259/ Amderson,‘Ronald S. Education in Japan, p. 203.

260/ Il';id., ‘P 202-203.

261/ 1Ibid., p. 204.

262/ - e

|

" Kirst, Michael W. Japanese Education, p. 707. I
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TABLE 6. 1980 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 87,543 i 0.038
Japan b/ 15,012 73,468 7,135 657 96,272 0.082

e .

a/ Data received from the National Center for Education Statistics.

Ej 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 Japarnese Society of Engineering Education.
Various engineering cdurses 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:

t

F. THE SCIENTIFIC COMPETENCE OF THE JAPANESE PEQPLE

. The {apanese reading public is cénsidered so sophisticated that it can be as-—
sumed thag ghe “typical reader of the three major dailies [in Tokyo] is better in-
formed abcué_international affairs than the typical reader of America's east coast
elite daLlL;s-” gﬁg/ Also, “news ccmmentators‘on Japanese national commercial

televigion,” he. states, “can assune that the audience has sufficient scientific
¢
understanding to use various chemical formulas when discussing pollution, nuclear

plants, or other scientific questions.” 264/

——

i7" 063/ Vogel, Ezra F. Japan As Number Ome, p. 158.

264/ 1bid.
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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]ttendancé rates in primary and junior high school are wmuch higher
in Japan; : ’

~ By the late 1970s over 90 percent of both Japanese girls and boys were Co
completing high school, compared to approximately 80 percent of all
American youth; i

- Virtually all Japanese who enter a school complete it. In 1975, for
. example, 97 percent of those entering high school completed it, compared
o 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 ifi their mid-twenties have completed
four-year colleges compared to ahout 20 percent of Americans.(although
‘the American figure rises to about 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, R
for uniGersity openings are still not adequate to meet the demand.—— "7

In America virtually any high school graduate can-find‘a college or

- university to attend, but in Japan theré are roughly three openings
for four applicants;--and” :

™

e 7T ~ [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. [Likewlse, 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.]

65/ 1bid., p. 160-162.
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I1I. SCIENTIFIC AND TECHNICAL EDUCATION IN THE SOVIET UNION

A. GENERAL EDUCATION IN THE SOVIET UNION

fd

In 1966, the Central Committee of the Communist Party of the Soviet Union

iasued a resolution that responded to the demands of the “gcientific and tech-

nological revolution” that was underway for a technically prepared labor force
B, . ot - R .
with a more égte531Ve educational background and higher level of literacy. To
/
accomplish this goal, the U.S.S.R." Academy of Sclences, and the U.S.S5.R. Academy

of Pedagogieﬁl Sciences; “the highest scient)fic and educational institutions
p

in theﬁEpViet Unibn,"” launched a reform in general education. 266/ Several

BChoi;}s and educatora established objectives to be gqhieved,—redeéigﬁeﬁ ;;;ri-
cula, and wrote textbppks and manuals f5f4stﬁd;6ts and.teﬂChEKs-

Géneral edchgion in the Soviet Union is "designed to channel students
into the work force at an early age with a background in science'}nd mathematics
sufficient to permit them to fupétion productively in a changing high~technology
economy.” 267/ Accordingly, a national form of education was created with official
curricula and examinétion policies. 208/

b3

266/ Wirszup, Izaak. The Soviet Challenge. Educational Leadership, v.
38, Feb. 1981. p. 353. N P

267/ Alles, Catherine P., and Francis W. Rushing. The Science Race:
Training and Utilization of Scientists and Engineers, U.S. and U.S.S.R. Stra-
regic Studies'Center- SRI International. New York, Crane, Russak and Co.,
Inc., 1982, p. 13.

268/ TIbid. : ;

12q
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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 étudenta spend about 240 days per year inm school. The
structure of the school system consists of the pri#ary or elementary level,
grades 1-4; incompfete secondary level, grades 5-8; and general secondary ievel;
grades 9-10. Specialization begins d;}ing the post—seccndary level in “the
'épeciélized secondary school and in the extensive network of’vocational-tech—

nIEal schools.” 269/

Mag?ematica and acience 1natnuTtion are emphasized and introduced at early

ages and érade levela--mathematica, introduced in grade one; biology, grade flve;
N 3
physics, grade six; and chemistry, grade seven. 210/ When students have reached

the end of the elighth grade, they have already acquired “eight years of exposure

to mathematics, ‘three years to physics, and two years to chemistry . . « .
" 22 .

Those students contipuing on to the two years of general aecondgry education will

_maintain the “mathematics/science-ofiented program.” 271/ Soviet elementary-

level teachers of grédea one through three are sald 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/ 1bid.

271/ On Mathematics in the U.S5.S.R.: A Conversation With lzaak Wirszup.
Educatlonal Leadership, v. 38, Feb. 1981. p. 362.
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equal to that va;ired-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 basica}}; different.as the United States and the Soviet Union, according to
Dr. Wirszué.. In spite of this observation, however, he has wade .the follqwing

comparisona: ; .
. - In the United State;,‘. . « about 75 peréent’graduate from high
.school [after.completing a 12-year curriculum];

- [U.S. students have] an average [0f] eight or niﬁe years of arithmetic,
one year of algebra, one year of geometry (at most), and [a} lack of
high gchool level physics, chemistry, biology, and astrpnomy.‘273/

In contrast, 98 percent of the Soviet“school-age population completes secondary

.

achool. Upon such completion, totaling ten years of .schooling, students have

) received:
- Three years of arithmetic (grades oqe—three);
- Two years of arithu iic combined with algebra (gradeé four-fiﬁe);

- Flve years of a' “ra (grades six-ten);

- Ten yeara of ;ry'(five of intultive geometry in grades one-five;
three of sea. ~cus plane geometry in grades six-eight; two of
semi-rigorous souetry In grades nine-ten); and

- Two years of cz uly yrades nine-ten; in the future calculus may be -

taught in grade ten ...ly). 274/

—_—

” 72/ 1bid., p. 16.
w Ibid., p. 359-360.

/
74/ Ibid., p» 360. .

s
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Additionilly, the general Soviet educat%on nlso includes: -

- Five years of phy;ics; o ) S
l - Four years of chemistry; '
= One year of astronowmy; . .
- Five and one ﬂalf yea;s of biology; |
- Five years of geography;
- ‘Three years of mechanical drawing; and
.~ Ten yeers of workshop training. 212[
Asidé from the achlevements of the Soviet education, which exposes all stu—
dents, not just elite students, to the mathematics and sclence osignted prograo,’ -
.pr. Wirszup wentions somelproblemg with the Soviet's educational syste&. It has
become overbu;dened with 1ts mathematics program combined. with "demanding science
courses.” The system has produced overwork?d students, wany teaghers with almosE
ioprffctical hardships, and displeased pqrengb. It'hag aggravated notable dif-
ferénces between rural and wetropolitan cultural levels ?nd educati;nél standards,
and also between "the western Soviet Union and the eas:ern:(Asian) republics, at
a time whea authoritles were priding'thémselves.on narrowing theseﬂghps." llé/
> . : . o

¢

C. POST~SECONDARY EDUCATION

- o ’

Foliowing the cowpletion of the eighth grade, Soviet students hﬁ%e four

options in continuing theiriedqutions--(l)‘"con:inue general secéndary edpcation

©275/ wWirszup, Izaak. The Soviet Challenge, p. 260.

276/ 1Ibid. P : B

ERIC

Aruitoxt provided by Eic:



110

for another two years [ninth and tenth grades) to prepare for t;e entrance

- examinations for higher: educational 1nat1tufiona"; (2) " . - . enter the
apéc&alizéd gecondary institutions which provide the atudeéf with the final

jtwo years of secondary education plus two to three additional years in .
specialized post—secondary tnstructior.”. (3) “lenter] vocaéional-technical
education [which focuses) on the training of skilled manpowér"; and (4) "stu-
dents, parficularly those whose academic performances has not been up to
standards or. who for a variegy qf'reaaona elect not to pursue the other optiog}
(for .Ainstance, youth in rural aecfiona of the.U-S-S.R.) [can). enter directly
fato the labor force as unskilled workers.” é11/~ ) !

In_the past, general secondary education was ugually the route Soviet stu~
?enta sought to enter highér e&ucationﬁ Since 1965, however,lthe number of
general secondary edugat}on graduates who actually enter higheiveducation insti-
: tuti;na has declined from 63.7 percent to 26.2 percent in 1976. 278/ Students,

ff has Eeen found, have been gDing\either to specialized secondary schools,
'vocationai—ﬁechnical schools, or waiting for-othef-opportunitieé to take entrance
examinations to higher education institutions while neither in school nor in
the labo;‘fo}cg. ’212( This latter/option,h;a been criticized by Soviet 'authori-
ties and educational specialiat# who have "attempted to make altérnative educa~

. tienal options atfractive.” 280/ .

P .

————— .

=

277/ Alles, Catherine P., and Francis W. Rushing. The Sclence Race, p. 22-23.
- 278/ .Ibid., p. 23. .
273/ 1Ibid. : -
280/ 1Ibid. ; :
s > .
v .
' ‘ 1N = . i
J./.'i -
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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 gchool is the primary source of technicians trained

to work under the direction of university graduates, usually scientists and

engineers, to assist in perforwing some of the tasks that would be normally
DU

done by scientigts and engineers. The demand for technical’ ‘trained personnel
. o

has grown recently because of the increasing technological .. Jirements of the

Soviet economy. 282/

Dr. Wirszup reports that "over 1,200,000 students graduate nnnually from

-secondary specialized schools for middle—level professionals, over two~thirds

in enginaerlng, agn&culture, 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 ag possibie." 284/
Technical training 1s provided for both eighth and tenth grade graduates

of general secondary schools, in full- and part-time programs. Eighth grade

! . “ r‘ )

281/ Ibid., p. 25.

282/ Ibid., p. 26. T .

283/ wirszup, Izaak. The Soviet Challenge, p. 358.

73§il Alles, Catherine, P., and Francis W. Rushing. The Science'Race,
p. 27. -
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v graduates enter a four;year program and recei&e "technical-applfed training,”
wﬁile tenth grade graduates receive training in technical skills in a one=
and-one-half to two-and;;ne-half year program. FStudents may select from a list
of over 450 different spééialties. 'In recent years, economics has been the
speclalty with the largest enrollment and graduatibn growth rate, while the

. -

numbers enrolling and graduating in engineering ;pecialties has remained con—
stant. 285/ . » )
Regardless of the speclalty, s&udents spend atileas: three to Eive'months
completing ron~site” industrial training, followed by examinations upon their
;eturn to school. Subsequently, the student is ;equired to work,on a “diploma
_f // proiect," s}milar to a thesis, for complefion of the program, usually done
*while working at an {ndustrial enterprise of the type in which the student
will be placed upon graduation.” ‘After this is'accomplished, the student re-
rurns once again to the schooi he or she iﬁ attendiqg {n order to complete the

“diploma project,” and defend it before the State Qualifying Commission. 86/ .

F  UNIVERSITY-LEVEL SCIENTLFIC AND TECHENICAL PREPARATION ‘ /*'“, ¢
4 . :
A recent atudy by U.5. researchers has determined that "+ . . all higher R

education programs in the Soviet Union are professionally oriented, involving
a degree of specialization even greater than that in the functiqnally4oriented

courges of study in professional schools in the United States.”. 287/ The term
e . . —_
- . . \\
-~ . .

—e—
R v

285/ 1bid.

0

286/ Ibid., p. 29. . i A

287/ 1Ibid., p+ 4.

il
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‘over 200 are in engineering~industrial fields. 88/

113 .

“specialty” indicates a student's field of siudy that is

for admission to a Soviet higher educational institution.

chosen when applying

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 specilalties

offered in Soviet universities, which are combined in 22

specialty groups ia a category called "university speci

eciafty groups,

so, among the 22

ties” which includes

physics, mathemacics, biology, and others, along with thelsocial sciences . .-

aﬁd humanities. These fields are very similar t

_ States. 289/

Soviet higher educational institutions have been criticized as being very

narrow in specielized training, and therefore "highly susceptible to obsolescence

education specialists.” 290/ 1In July 1979 a decng regarding higher eaucation was -

and [have]‘fdr this reason been ttre subjeci of frequent controversy among Soviet
4

issued by the Ministry of Higher and Specialized Secondary Education declaring

“the 'need for more flexible curricula and greater emphasis on genbral theoretical

background in the training of 'broad-spectrum specialists'” whp would have a

wider range of knowledge. Notwithstanding, higher education in the'Soviet Union

has remained basically the same since the 1960s. 291/

288/ 1bid. : o .
289/ 1Ibid., p. 44. . N

©290/  Ibtd., p. 43. . : \

291/ Ibid., p. 43. The Soviet Ministry of Higher and Specialized Secondary
Education Eugervises the educational process in the U.S.S5.R., which:includes
curricula, textbooks, teaching procedures, as well as other aspects of secondary

‘and higher education.
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There are two‘types of higher educational organizstions'in the Soviet
Union--universities and institutes. Universities essentially offer programs’
{n the natural and soclal sciences, but also include others in various fields.

W2,

Institutes generally emphasize a particular "sred of related speciolties ~
specifically oriented toward a glven 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 lsrge indus~
trial firoms. 222/ Training in the institutes is not considered to be as
“qualitatively superior“ as that received in the universities. The number of

university graduates, howeyer, is relstively small in comparison. ) B —

. .

Students who successfully complete scsdemic requirements at higher educs-
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 educstional estsblishments in the Soviet Union complete their under—
grsduate education and receive a diploma.” Compsrstively, 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
postérsduste work beyond the essential studies required im higher educational
'progrsms. 295/

. L . I

Ibid.
Ibid., p+ b«

v/ 294/ 1bid., p 50

295/ 1Ibid.
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The following 18 8 breakdown of the requirements in the bssic- academic
program of higher education necessary in order to receive a diploma in the
Soviet Union.

=~ Acadewic programs generally contain frow 40 to 50 different
h courses or subjects which the student must complete.- These .
subjects are organized into cycles: socloeconomic, genersl
sclentific, and specialized. 1In the higher educational
institutes in the engineering-indmatrial branch, a genersl
engineering cycle is included in  addition to the other three
cycles, .

- General theoretical disciplines, fncluding wmathematics,
physics, and .chemistry, are covered during the first threc
to three—and-one-half yesrs of the higher educationsl pro-
gram. Following the first phsse of higher education, more .
intensive.study directed toward the narrow fleld of speciali-
zation is undertaken . . . During the latter years.of. the -
academic progrsm, students are allowed gome cholice in the
selection of courses; and

- During the last half-year of the higher educational program.

students prepare for state exsminstions 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 exawinations. 296/

Upon graduation, students are not free to pursue whatever occupations they
may desire. After receiving,a diploma, “"gstudents are assigned to Joba. .at enter-
prises o; institutes where they are required to work for three years. Some -
students with particularly good undergraduate records are allowed to take
entrance examinstions for graduste study after two years of work.” Furthermore,
"during the first year at theventerprise or Lnstitute,'new éiaduates of higher
educstional institutiors undergo a traineeship, or probationar} period, in
order to gain practical and organizational gkills in their speclalties.” 297/

0 ! . D
- 296/ 1Ibid., p. 55-56.

297/ 1bid., p. S6.
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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
1960 to 1979, indicates that, "for all fields combined, there were almost 30 per—
cent more gradudtions from undergruduate programs in the United States than in
the Soviet Union. Within the science and engineering fields, tne United States
graduated about twice as many specialists in the physical and life sclences
and mathematics as did the Soviet Union . ¢ » In engineering alone, the
Soviet Union graduated almost six times the: number of specialiste graduated
in the United States . - ... Largely because of the great number of engineering
graduates, in the sclence and engineering flelds combined the Soviet pnion
graduated about twice as many specialists as did the United States (8.6 per-—
eent of. the 22/23-year-old population as opposed to 4.3 percent.)” 298/

Nem

F. GRADUATE STUDY

advanced degrees in -both the United States and the Soviet Union are awarded
‘to individuals who compiete educational training beyond higher education. Ad-
vanced degrees offered in the Soviet Union are referred to as the Candidate of -
gsclence and the Doctor of Science degrees rather than the Master's and the
poctor of Pnilosophy degrees as 18 comnsn in the United States.

In the Soviet Unionm, there is no degree jdentical to the U.S. Master's
degree. The Soviet Candidate of Science degree {s awarded to a student upon

completion of an agreed“ course of study and after a digsertation has been

——— ey

298/ 1Ibid., p- 65 and appendix 4,

| S
Co
R



O

ERIC

Aruitoxt provided by Eic:

" for outstanding scientific achlievement. 300/

_G.  EXTENT OF THE SCIENTIFIC SKILL OF THE SOVIET POPULATION

17

yrittep and defended. At the same time, “"there arévcxceptions .« . ..to both the
course of study and the dissertation requirement. A large number of students
earn the degree by passing examinations and writing and defending a dissertation
without ever having been enrolled in a formal program of courses, and the.de~
gree 18 occusionaily awarded for the accomplishment of outstanding research

work to individuals who Eave>ng;ther taken examinations nor defended a disser—
tation.” 299/ Therefore, in comparison with U.S. degrees, the Candidate of
Science degrée roughly resembles the U.S. doctoral degree, "but at perhaps a
slighkly lower level of preparation.” )

The Soviet Doctor of Science dégree 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 "genior research personnel”

[

igpe scientific competence of the general Soviet population may.not compare
ﬁgxq;;bLQ with ghat of the United States. The average number of years of edu—
‘catidn completed by the general U.S.S.R; population has increased from "5.9
years in 1960 to B.f yéars in 1977, and 13 projected to rise to 9.9 yéars by

1985." 301/ 1In the United States, 15.4 percent of the total popylation had

299/ ~Ibid., p. 71.
300/ 1bid.

301/ Ibid., p. l4. See appendix 5.
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coppleted four or more years of college, compared with 6.7 percent of the total
population of the Soviet Union fhat had attained an equivalent levél (L.e.,
completed about five years of higher edUCutinn); 302/ "The distribution of the
Soviet population at the higher levels of éducutinn," however, "ig far more
heavily skewed toward the scieﬂtific and technical fields than is that of the
Ugited States, « . . and can be expected to continue into the future.” 292/

“On the other hand, a wagazine correspondent in Moscow has announced that

‘ There {s little support here [in Moscow] for the contention that

content and scope of sclence and mathematics curricula place the
Soviets far ahead of the U.S. in these fields.

ey
¢ )

Western sources agree that at the end of ten years of school a

Soviet student probably ig further along in math and science

than American high school graduates. But perhaps only one in

four goes on to a university or imstitute. One specialist.says

"U.5. high schools over all may be weaker -in science and math than

the Soviet's, but American universities are unquestionably stronger. 304/
1t also has been reported that “education experts in the U.S. agree that
the raw figures may present a snmewhat‘misleuding picture. They-ppiqt out that
rural schools and those Ln smaller cities far from-the mainstream of Moscow are
slow to recelve new instructional materials and to adopt 1nnnvét%9nb.' Addi-
tionally, “what the Russians have in their country," Thane Gustafson, a-Soviet

specialiék'éi the Rand Corporation is reported as saying, “ign't far from the

one-room schoolhouse of yesteryear.” 305/ Notwithstanding, the NSF and

302/ Ibid., p. l6.

303/ 1bid.

304/ Trimble, Jeff. Rugsia’s New Challenge to u.5., p. 50.

L

305/ Ibid. -

2y -
132
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Department of Education's study states that "though the problem areas in the
edu;ationlund employment of SoQiet scientists and engineers appear to be many
[they report that there is extensive underemployment of the science and engi-~
neering workforce in the.So§iet 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' Béneral acceptance of the
legitipacy o} science and engincering pursuits provides a context in which
quality may well improve very rapidly.” ggé/‘

Dr. Wirszup has stated that the Soviet Union has made a large investment
in manpower, the general population has uchieved,aignifizunt educational accomp~
lishments, and the country has acquired a superb sclence and technology manpower
pool that will affect extenaive}y its technical, industrial, and military

power., 307/ S

306/ National Sélence Foundation and Dept. of Education. Science
and Engineéring Education, p. 60. ’

307/ Trimble, Jeff. Russia's New Chullengé to the U.S., p. 50.

o “
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IV. SCIENTIFIC AND ENGINEERING EDUCATION IN WEST GERMANY
. Y

‘

A. GENERAL EDUCATICN IN WEST GERMANY

The Federal Republic of Germany 18 composed of ten states (Lander) and
West Berlin. In the. states, compulsory’educuclon lasts nine years, botween
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 ;chool. Fgllowing compulsory education, students attend vocﬁcionul aschool
part-time, between six and 12 hours per week, or continue on to gsecondary
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

achodls that. are not "organizationally'connccted with one another and that re-
late to each other rarely or in a very linited manner.” 309/
. - s . -

Parents and children have to make educational decisions early in life that

usually cannot be reversed. A Seneral requirement is that parents and children

decide what-secondary school the child will attend after only four years of

schooling at 'the elementary level (in Bremen and West Berlin, elementary schools
Yy :

last for six years). .Recently, however, the Standing Comuittee on Ministers of

tducation and Cultural Affairs, a coommittee within the Ministry of Education

308/ von Dohnayni, Klaus. Education and Youth Employment in the Federal
Republic of Germany. Berkeley, California, Carnegle Counclil on Policy Studies
in Higher Education, 1978. p. 17. :

309/ 1bid., p 20.

et
kS
h: S
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which {8 the higheet cducational authority in each gtate that is reaponsible for
the administration of the school systems, established the Orlentierungustufe or
orientation level. Created for grades 5 and 6, it was designed to prepare and
gulde gstudents in their selection of a school for further secomdary education Ln
the general education schools--the Hauptschule, Realschule, and the Gymnaslum. 310/
Because of the inclusion of the orlentation 1eVul,.the ability of students to
transfer 211/ from uné educat{naal track to another has greatly lmproved, and
decinlons regarding schoolilg beyond the clementary level have been extended
to the 7th grade.
‘ The orientation 1ﬁve1 also can be organized as a scparate atage of school
independent from the others. .Thls arrangement has been effeétlve in Breman
since 1977, Under this system, secondary gchool beglng with the 7th grade. 312/
For secondary achool, students way choose to attend--(l) the baslc school
(Hnuptncﬂule) which leads only to opportunities at’the age of 15 to work as nn‘
"unskilled ldborcr[“ or by ;uy of an apprenticeship, in a “skilled trade,” in
“practical vocutiﬁns." "Certificates" are not given after one finishes basic

school and students must seek employment without one. Graduates from basic

schools do not generally have access to continuing schools (Realschulen or

‘
s

310/ The Educational System i{n 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 Cerman University
Rectors. New York, College Entrance Examination Board, 1979. p. 1,

See appendix 7.

31
3

1/
12/ The Educational System in the Federal Republic of Germany, p. 1.
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~
Gymnaaien), but “every tenth yraduate attenda a full-time vocational néhool”;

(2) Realschule, "a modern secondary orlinturmcdinte school,” which awards
graduates an {ntermedinte degree (mittlere Reife), is a aecond cholce. Graduntes
have the opportunity of attending an upper technical achool (Fachoberschule) or
a technical high thool (Fachhochachule), that provide chances for a more eminent
career, but Qﬂunlly not for an academic career; and

(3) The Gymnasium which uauully leads to the "matriculation examination
(Abitur),Liﬁho university, and then to an academic or profeasional carcer. 211/

Studdnte may attend all publlc educational institutions free of charge.
Lucante ¢’ A

4 19 tr .
Ncceaaury;nchpol supplies, are gyrnighed without charge or freely loaned to them.

R e

Financial aaaitance 'is provided for students beginning with the 1llth grade

with insufficient funds when such assistance may become necessary under certain

conditions in both general and vocational secondary schools and in inatitutions
1

of higher education. 314/

B. SECONDARY SCIENTIFIC AND TECHNICAL EDUCATION
~

The geaeral secondary school education in Wcﬁt Germaay scems to be 8o com=
pléte that students who specialize in such diverse areas as clasaics, 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/

v

e

w

13/ 1Ibid., p. 21-22.

l

31

s

/ 1bid., p. 2-3.

l

-

15/ Engincering Our Future, p. 219.

w

l

-
.
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There is a standard curricul ua 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-
. 1 .
mately 75 percent of graduates from the upper secondary schools gd‘on_to uni-

.

versities. Also, about one~third of these graduates seek degrees Lé sclence,’

engineering, or mathematics. 317/
. ) ' . £ .

C, ENGINEERING EDUCATION v

.

Individuals ente;ing the field of engineeringlin West Germany usmally com—

* .. plete the'ugademic progranm of secondary school hﬁd continue into higher education.
. - .

. Some persons, however, who have worked as ipprenticgs in industry may decide to

re-enter full-time education through atténding sbecial schools and_eventdqlly

take engineering degree courses. - In esgence, one can Become an engineer in West
Germany not onlyctﬁgough the achdemicvroute; bat also.by an "eoployment based
a ’ - e ) . ) Iy

“Ffoute." . 318/ T . ' o . e

Through tﬁe.ncadeQIC~route, which i{s the ?Eradi:ioﬁal'i‘t . system,” there

are two different kinds of engineers that can be produced--the Ing. grad. = -

(Ingenieur Graduierper, or graduated-engineer), who studies in s three-to—four

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

Engineering Education, p. 59.
317/ 1bid., p. 60.

- 318/ Engineering Our Future, p. 219,

1Y
2J
Jd
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engineer with-a diploma), who could be referred to as a ‘technician. 319/ ’ v

124 o

year program at a Fachhochschulé, and the Dipl. Ing._(Diplom Ingenieur, or an

Ihe student seeking the Ing. grad. award usually has worked for a period i

of time in industry after attendtng a lower secondary school, and then pro-
greased to full-time study in a technical high- school (Fachhochschule). 1In
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

'

followlng graduation, or afLer a few years' experience, many graduated engineers“!
- i

begin lmmediately to take courses leading toward- the Dipl. Ing. award, “al-

though the career prospects and rewardé 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’ s
program that lasts five to six years and sometimes longer at a Technische Uni-
versitat or a Technische Hochschule where advanced training in “engineering
theory snd applications” 1; acquired. During the first three years of study, .
which 1is basically'compoaed of englneering science courses, the student 1s re-
quired to work in industry for at least six‘months. The next two years em~
phasize professional englneering practice in particular engineering fields. .
Instruction relies heavily "upon the close integration between those institu-

tions and 1ndustry and on the substantial 1ndustr1a1 experience (required by

e e et ¥

319/ 1Ibid. 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 in .West Germany, the spokesman in-
formed CRS, 1s not equivalent to one in the United Stateg, but is more advanced.

320/ 1bid., p. 220.
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- ’

law) of engineering profesaofs.f' 321/ During the final two years, developing,

. aggregate skills is stressed along with the Balanciag of'knowledge and tech-
niques in order “to equip the dtudent for work. in any of the process engineering
industries either in a specialdzed capacity or as an all—rounder. 322/

Technical education and training in West Germany is thoroughli and 'uses quality

staff and equipment. 323/ In recent years, however, this system of educating

engineers has experienced considerable changes. Since the middle 1960s, the

number of students seeking a higher education has increased from 240,000 to

N

9303&90 in 1979-80. As a result, there has been a decline in students pursuing

.

the Ing. érad. award, and an increase in those seeking the Dipl. Ing. The reason
that stadengs havé pegun to opt for‘the higher award ls "for status reasons and
because it 1s a wmore secure ticket ta'the better engineering jobs."' Aside from

- this, man& Ing. grads. have not entarea ?mployment as junior engineéfq upon
graqaation. Instead, a large number have chosen to stay in school and study’
toward another degree--in economics, or bupiness, for example-—or improve their

.gualifications and meet requirements ih order to: receive the Dipl Ing. award.
The ;atter 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."

Ibid. ‘ .

riva .
322/ 1bid. ’ : .
. 323/ 1bid. ‘
324/ - 1bid., p. 221. ’
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for West Cerman industry. _Various prdposaln are being considered to counteract
this si:ua:ion-‘ “The new planning framework," the Finniston report states,
"prbvides a potentially powerful means of ensuring that engineering eQuéa:ionl
‘keeps in step with industry's requirements.” 325/

The most current data available reveals that, ih 1980, a total of 22,400

'desrees.were awarded in engineering in West Germany. 326/ -

. D. SCIENTIFIC AND TECHNICAL ABILITIES OF WEST GERMANS

ThedeEional Sc¢ience Foundation and Department of Eduna:ion report has
concluded that “"the overall plcture in [West] Germany is one of a veny high
level of science and mathematics literacy among college graduates as well as
a strong science/ma:hema:ics understanding among the general popula:ion.” This

'provideg ghem with the basic :ools’:o'Con:inue :heir education (German, law

guarantees. that all people are entitled :o?a free educa:ion to as high a level

as they desire) at a la::er point in their careers, as many choose to do.” 327/

325/ 1bid., p. 222. ,

- <

326/ . Received through a telephone conversation on Apr. 28, 1982 with a
, spokesman at the American Society of Engineering Education.

3217/ Na:ional Science Foundation and Dept. of Education. Science and
Engineering Education, p. 60.

i
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* V. RECAPITULATION AND BASIC COMPARISONS: JAPAN, THE SOVIET UNIGN,
’ : AND WEST GERMANY ‘.

;

Japar;” the Soviet Unlon, and West Germany reportedly emphasize scilenc®

——

_“and pathematics in.their educational systems and introduce these-subjects

at earlierfagea and grade levels. In facc,'ic was reported that West Germany

provideé such a well~rounded secondary g&ﬁ%
. Lo [ .
in such diverse subjects as modern languaggf'or the classics in high school

b

could pursue an engineering degree at che higher ‘education level.“ In Japan
and the Soviet Unién; students maintain a mathematics/science-oriented program
frgﬁ the first gt;de through’ the complec}on of upper.aeqondary education.
All students are expoaed-cs this program, not just the elite students.
In compaf#aon, in Ehe United States, “over 56‘pefcen£ of the {U.S.}
school systems require .no mathematics course or only!one for gradu;cion
] from the secondary school program. Chaqging patterns for courses iﬂ aecondary
schools 1in Ehe United Scacea do seem to reveal, however, more and better
Qacﬂemacica craininé for some acudenca,.eapeciall; advanced college—bound
scu&enca; these atud;ﬁca.generglly complete a calculus courae‘and perhape
a course in probability and aéﬁciacica." éurveyora diaco;erea that, for most
'acudenc;, “che,general‘f;;zl';f education in the United States seems to
vprovide at least some Ergining in general mathematics, geometry, and algebra

(basic and advaﬁced)-" 328/ The NSF and Department of Education study con~

cluded, however, "that one-half of all high school graduates take no“mathemetiés

328/  Alles, Catherine P., and |Francis W. Rushing. The Science Race,
p. 20. :

. - . 7 4 -
)7' . _l (4 i o
19-1477 0 ~ R3. -~ 1N .
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or science beyond the 10th grade and only one-half of the students enrering o
college have had any significant exposure to physical science or,advanced
Vma:hema:ics beyond the 10th grade.” 2329/ : -
™ The structure of the educa:ional aystems of each coun:ry discusaed are
‘qui:e differenr:

- Japanese teaching methods emphasize':he uae of~imita:ion and rote learn-
ihg, which the majority of U.S. educators consider outmoded,

- Japanese s:uden:s rarely question their :eachers‘ viewpoin:s and are .

) judged on s:andardized tests by their memoriza:ion of fac:s and concepts;

-- Many U.S. educa:ors encourage class discussions, allowing s:udents to
present their views, thereby presenting 'an Oppor:uniry for atudenrs :o increase
v:heir creativity;

-- General education in the éovie: Union ia designed to direc: studenta
‘:oward the work force‘a: an early age;

" == In the United Statea, in many caséa, emphaaia in general preccollege
education is deaigned to lead atudents tO pursue and comple:e higher educa:ion .
before en:ering the job market; N .

' == The Soviet Hinis:ry of Higher and Specialized Education haa declared a
need for a wore flexible curricula because Soviet educa:ion geems to be very
narrow in specialized training. This- flexible curricula would place a grea:er
emphasis on training and provide a general acadenmic background that would allow
a wider range of knowledge to be acquired; )

-~ In general, u.s. higher educa:ion ina:iru:ions have flexible curricula

that tend to provide studenta with general academic backgrounds; and

-— Persona labeled as "engineera” in one coun:ry may be referred to as

"technicians” in another.
. :

329/ Narional Science Foundation and Dept. of Education. Science and
Engineering Education, p. 47.

”~

.
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In spite of these and other differences, some other comparisons can be
made with the number of degrees awarded by each coantry in the-engineering ’
field as well as in some sclentific areas. 330/ . '

N . :

Data (see Eppendlx 9, table .l1) show that, for 1976, the United States

had the largest number of graduates in all filelds of academic study, followed

by the Soviet Union, Japan, and weat Germany. The Soviet Union, however, had,

in total and relative to all graduates, ;he largeat numben>of_gradhatea in
science and engineéring, qithlthe United States ﬁépond in aba;lute number and
last relatively. Japan was third in the numbe; of science and.engineering.
graduates, but second in the number';f engiﬁeerihg graduates per se. .

Data for 1979, (as shown in table 9, in appendix 8) avqilable'only for
the United Statéa and the Soviet Union, indicate that the United Statéa con=
tinues to aurpasa the Soviet Union in the total number of graduatea for all
fielda. The Soviet Union, however, continues to graduate more than twice

/the number in scieace and engineering than does the ‘United States, and. -
almost five times as many éhgineering students. In :hé phyaical, life
Véciepce] and mathemstics areas, the United States continuéa to award almost
twice as many'deggeéa aa’d;ea the Soviet Unioh; but lags behind in the -
agricultural gciences. The Soviet& graduate over two times ;the number. of
U.S. graduates in this latter‘field. ’
lhe data in table 10 in appendix BIalso'reveal Ehat the Soviet Union
. B u

has the largest total number of engineering graduates,, plus the largest
r

percentage of éngineering graduates relative to its total population,

w

.330/ The data 'showing the .number of engineering graduates in table 11
(column 5) differ slightly from those of ‘table 10 (column 5) for 1976,
but. are consistent enough for the broad conclusions auggeated here.

‘

=
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while Japan ranks second, the Uni:ed'Sta:?s third, gnd West Germény fourth,
in_both categories. 331/ 4 - .

Hﬁile the gengral populace of the ﬁﬁi:ed S;a:es has beeﬁlchatacéetized
*ag headiﬁg “:owaré virtual séien:Lfic and :échnological 11literacy,” 332/
=,4£hévgenera1 populaces of Japan, the Soviet ﬁnidﬁ,'anﬂ Wesé Germany are
believed Eo have a strong level of understanding of science and mathema-
tics. "The key guestion, of course, is whether it matters that a large
part ;f our popula:ién is uncomprehending of sciencé'énq technology,”
. s
stetes Daniel S. Greenberg, editor and publisher of the Washington Science

_and d;vetnmenF Report. “After all;" he continues, “it 18 possible to use
modefn machinery %i:hou:'héving the remotest no:ién of how it works;bzhe:
ubiquitous hand-held e}ec:tonic calcuia:or ig a casa in point . . . The
American political and administrative tradition,” he points out; "holds
that the non-technical generalist leader can get by with the asﬁis:ance
of hféth gkilled advisers; also ;hg: engineering pénagemen: can make up

’ fér iéck of trained skills on :hé fac:o:y floor.” 333/ ‘

Concern regarding :ﬁe :echniéal literacy ;5 the U.S. poéula:ion re-
lates not only-to industrial atrength, but to military capabilities as well.
Br. lzaak Wirszup has been. quoted as warning that "the ,Soviet Union's tre~

—— o g t -
mendois  investment in human resources, unprecedented achievements in the

. education of the general population and immense manpower pool im ‘science

. o

——— e

EEL/ _See appendix 8 and 9a.

332/ U.S. Report Fears Most Apericans Will Become Scientific Illiterates.
The New York Times, Oct. 23, 1980. p. A22. It should be taken into con™
giderstion, 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—«Froﬁ
~ Clasgroom On. Chicago Tribune, June 25, 1980. p. 8.

O
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and tecﬂnology will have an 1mmeasurab1e impact on that country's scientific,

industrial and military strength." 334/ _

The NSF and Department of Education report concluded thdc:

s : For all of :hese countries [Japan, the Soviet Union, and West

© Germany], it is difficult to separate the effects of government - /
policy, market factors, and social pressures.. What 18 clear
is that in each case there is a strong national comwitment to
quality science and mathematics instruction.as an essential .

. part of the pre-college educational process.. Thesresult is a
a work force which, at all levels, has a Felbtively high degree . ..
of science and mathematics skill, and this-has been a factor S
in the very rapid expansion of technical indietries. - 335/ N

334 / Trimble, Jeff. ' Rugsia's New Challenge to U S., p. 50, *
33 / National Science Foundation and. Dept. of Education. Science and
Engineering Education, p. 60.
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I. FUTURE DEMAND FOR TECHNICAL MANPOWER IN THE UNITED STATES

The United States Bureau of Labor Statistics (BLS) developed two gets of

projections of the demaﬁd for scientists and engineers at all degree levels in

1990 for the NSF and Department of Education studys These projections are
based on assumptions regarding economic conditions anleederal 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 dem;ndwfor 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

v engineering jobs during the twelve-year period (1978~

‘==, « « [T]he most rapid growth, about 110 pércenC, 18
projected for computer professions;

of all efgineers combined 1s projected to grow
25 percent, with the most rapid expansion : -
almost 50 percent) and petroleum engineers

- for mining
(40 percent!

- .

336/ National Science Foundation and Dept. of Education. Science and
Engineering Education, p. 27.
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— Estimated growth in all other major subfields [in
. ‘engineering] ranges betweea 19 and 28 percent; 337/

— Among the scierices [occupational] growth is put at 40
percent for psycholbgiscs,Ageologis:s, ata:is:icians,
and economists; - . : ,
== Occupations with projected slow growth include atmos=
pheric scieptisps,Aphysicis:s and astronomersy and” T T T o
mathematicians, all of which are proj red at ten.
percent or less. 338/ ' : o

". - The chart below shows BLS 1990 projec:ions for job openings in the computer
. science fieid compared with 1978, Thg‘BLS predicts that in 19§0, there Qi;l

be 400,000 job openings for sya:emé anglysts,‘500,000|for‘progrémmers,

850,000 for compu:eg operators, and 160,000 for coﬁpuﬁer sérvi;e technicians.

Compared with the 1978 dehand, :hig is a’'119.7 percent increase in demand for-

sya:ems;gnélyaps, 102.4 pefcen: increase for‘programmiss, 116.2 percent 1n7v

crease for cdmﬁucer operators, a?d a 153.9 percent 1né;ease for compu:ef ‘

:service technicians. 39/ ) k v '

— e

337/ HMany cooputer professionals, the NSF and Department of Education

report points out, receive their degrees from.electrical engineering depart—

. ments. Therefore, if demand for this particular ggoup'of computer profes—.
sionals were combined with the demand for electrical engineering, employment

in the electrical engineering field probably would grow at a fagter ,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. 198l. p. 5. Percentages were computed by CRS from the BLS
projection data.

- 1dg

O
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CHART 2. 340/

- The second set of BLS. projections were based on three Federal policy
goals——(1) "a sharply augmented defemse budget™; (2) "large-scale develop—
ment Of B&nthetic fuels”; and (3) "a balanced Federal budget.” The effects

thni.each policy goal would have on_the demand for scientists and engineers

will be discussed.separately below. -
o K

(1) A sharply Augmented Defense Budget. Under this assumption, be-

tween 1978 and 1990, defénse spending, excluding payment of military personnel,

- would increas; by 14 percent or 36 billion in 1972 dollars. Under the assumﬁ‘
tion that defense e*penditures would é:ow more rapidly and increase by 43
percent, or $18 pillion in 1972 dollars, the'pr&jected employment of
scientists and engineers would only be slightly affected exéept for aero-

naytical engineers. Under this condition, the demand for aeronautical engi-

- neers, over the :Qelve-year—period, would increase by about 40 percent; 341/

340/ Ibid. ' -

- 341/ National Science Foundation and Dept. of'édﬁéétion.‘—éézgﬂég and
Engineering Education, p. 27.° - R

n

O
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v

(2) 'yarge-Scale pevelopment of Synthetic Fuels. To determine _the
impac:\of this assump:iqn on,the occupa:ionalidémand ‘for scientists and
engineers in 1990, the BLS consulted with the Department of Energy: Subse-
quently, iﬁ created a theoretical program. that called for the “construction

—‘_—FEH'S@erapion of new facilitles for coai-liquefaccion and gasificationAan5,<
oil shale development.” ‘This hypofﬁeﬁical program would produce about three
ﬁuadrillion BTUs. fhié would be “"about three percent of the total energy
supply, including imports, projected by BLS :ocbe available in 1990, and
equivaleﬁ: to 1.4 million barrels of oll per day’ (MMBPD).” Based upon such

. a synthetic fuels program, the BLS suggests that there would be’ouly a small
impact upon science and engineering employmenf in 1990 that would not éhange
the market assessment made under the first set of }rL]ec:ions. 342/ Under
the impact of a larger synthetic fuels program, the BLS "?ssumed that existing
technology would be uged in production facilities installed over the next
ten years.” Additional employment, therefore, would be for the bui}ding and
opera:iqgiof new plants, requiring only limited numbers of sclentists 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 :hééugh 1990, the
BLS predicts that this Qould have "no major effect upéﬁkptojec:ed 1990
science and engineering employﬁen:; gince the assumed changes in fiscal

policy would affect ‘the economy as a whole and have relatively 11;:1e

°

——

342/ Ibid., p. 28.

343/ Ibid.

tod
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effect on those industries with high concentrations of scientists and

englneers.” 344/ . "

n .
The demand for science and englneering graduates between 1978 and 1990,

.the ‘Teport staggs, was determined from 1990 employment estimates. This demand it
2

would be. for "trained but inexperienced workers to replace experienced personnel

who would die or retire and to £111 the new’ jobs created in the twelve-year—
: » \ . S
period.” Under both sets of BLS projections of the demand, "about 360,000 scien— _

af

- tists and over one million computer professionals and engineers, pf‘alxptgi of *
’ o -
about l.4 millionrgcientiats and engineers would be needed to filL!ﬁrowth and .

replacement demand (eicluding openings in academia.”) 345/

' -

4 - ~
-~ -
- Q - .
&
i Al
. A} N
- . v
. 344/ Ibid. .
345/ Ibid.
, .
4
N ’
,
, . .
s> ° 5
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1i. FUTURE SUPPLY OF U.S. TECHNICAL MANPOWER

Projections in the NSF and Department »>f Education study indicate that,
by 1990, the supply of sclentists- and engineers should be adequate to meet
the demand in all flelds except the Computer professions, statistics, and in-
dustrial engineering. 346/ Also, there 1s ; possibility of shortages in some
areas of aeronautical engine;ring'if there 18 a rapid expansion of defense
programs. 347/

T;ble 12 1n appendix 10 glves the report’'s overall projections for the
sclence and englneering market in 1990. The report states that these projec—
tions may be optimistic because ;hey are based on.;he assumption thdt colleges
and universities will have the necessary capabllities zé educate all qualified
undergraduate and graduate«~level Students'who will be seeking various sclence
and_engineering degreesc ,gggj Skeptics, however, suggest that this assumption

® may be unfounded, especlally for engineering colleges because of “risiné 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

englneers available in 1990 than the projections indicate, possibly resulting

_—
v
.

346/ Ibid., p. 26.
© 347/ ¢ 1bid.
—_ N .

34,8/ Ibid., p. 27.

v

349/ Ibid. The Sclentific 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 sclences.” Sclentific, Engineering,-
Technical Manpower Comments, v. 19, 'mo. 1, Jan./Feb. 1982. p. 1.

v
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in continuing tight markets 350/ in Qost specialities and, perhaps, serious
personnel shortages in a few of them.” 351/ The NCES findings corroboraté
this conclusion. It projects that, by 1985, engineering degrees will {ncrecase
.to 73,400 before declining to about 65,100 in 1990. 221/ 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,
oining, and ndcleariengineering where the data show no cﬁnnge in degree reci-
plents. 353/ "The decline in l§90 reflects demographic changes,” it was re-
ported, with "decreases in the college~age population which is expected to
1ipact at that time.” Thip decline, it is stated‘further, “should result in
degree outcomes that are lower than the 1985 projections for total engi-~

negring.' '356/ On the other h;nd, in the aé%a of computer sclence, 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
fy

Commission however, will intensify "a faculty shortage already in evidence,

‘

v

350/ "Tight market” indicates that employers might have difficulties in
finding qualified individuals to f1ll existing job openings.

351/ wNational Science Foundation and Dept. of Education. Science
and Engineering Education, p. 27. ;

352/ Scientific, Enéineering, Technical Manpower Comments, v. 18, no. 3,
Apr. 1981, p. 1. -

353/ 1bid.
354/ Ibid.

355/ 1bid., v. 18, no. 2, March 1981. p. 5.

s
-
)"'»4
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CHART 3. 356/

Bachelor’s Degrees in Engineenng
~ At Propesed N
A L] 1908 1 .
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at leadt for the short term.” 357/ Chart 5 below shows the projections for

bachelor's degrees in computer science:

. CHART 4. 358/
-
BACHELOR'S DEGREES IN COMPUTER SCIENCE

1 t 1 " T
. -;- [
- B =T i
- [r.2 . <
' I-L‘——ﬂj"
[0
_’?
1
™ - " = - - L] » -
Accdosmile Yeore

- PRSreCTIN BY % ATIOWAL CERTSE PO SINCATION FTATWTICE

¢ ’

Ibid., v. 18, no. 3, Apr. 1981. p. 1.

356/
357/ 1bid., v. 18, no. 2, March 1981. . p. 5.
358/ Ibid.
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N
One of the pitfalls of thchewprojectiona, sppesrs to bé th;t the BLS,‘
NCES, snd NSF do not addregg, to a large extent, the future supply/demand
situstion thet may exist in various scilentific and engineering ﬁubfielda where
future discontinuity between supply and demsnd 1s expected. The shortagea
that may occur in aeronautical engineering if defense ﬁrograma quickly expand

also may be true in other subfields 1if certain chaﬁgea, 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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'

\ . )
11I. REVIEW OF THE POSSIBLE SITUATION
. \ )

\ '

The following tubl;}\prepared by the BLS and the Naéional Center for
Education Statistics, compares estimates of employment openings.by occupation
(the BLS contribution) with QCES predictions of the supply of bachelor's and
master's degree graduates from:¥978,through 1990 in each scientific and engi~

A\
neering field. The NCES projects, that, between 1978 and 1990, there will be

) \ TABLE 7. 360/ i
Comparison of Projected\Job Openings with Projected
Degrees in Science and Engineering 1978-1990
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360/ National Science Foundation .and Dept- of Education. Science
and Engineering gducation, pe-29., .
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»

about 3.4 million graduates receiving buchelorfs degrees in science and.engi~

neering, and 630,000 gcience uné engineering master's degrge ;acipfants-& 361/
The comparisons indicate that there are likely to be large shor:qges'

of people ‘with bachelor's and master's degrees'in the cémpucar proféssions-

and gtatistics. 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.  Th1s'aspeéc“wa5 not considéred {n the projécclons; Therefore, there

amay be fewer numbers of engineering or scientific degreed persons available -

for employment than the projections indicate. 363/

in epgineering.fields. as mentioned previously, industrial engineering
may have fewer graduates than available job openings; and the fields of
aeronautical engineering may'exp;rfence a gmall deficit fn 1990 {f the
defense program is accelerated. Nuclear engineering, according to the De-
partuent of Energy, may have future shorCnges{ 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/ 1Ibid., p. 26.
362/ 1bid., p. 28.

363/ Discussed during a Celepﬁone 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 pDepartment of Agriculture concerning current
and future aupbiy 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 agricul:ural engineering and food and agricultural chemis~
try.” 365/ In general, the repor: concludea that for the overall engineering
labor market in 1990, employers may.;ave greaiir difficulties in locating
qualified "individuals to £411 existing job openings than are indicated by

the numbers in the table. 366/

Statistical predictions of o;ernll 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—
gineering graduates, indicating a 114,000 personnel shortage in all engineering ’

diaciplinea. 67/

——— ————

365/ 1Ibid. -
366/ 1Ibid.

367/ -Graham, Jim, LTG. The Engineering Shortage--A National Problem. -
Long Range Planning. Washington, U.S. Air Force.
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1V. PREDICTIONS OF THE FUTURE SUPPLY OF SCIENTISTS AND
—— ENGINEERS IN THE SOVIET UNION

Projectiong Pf‘the future supply of scientists snd engineers in the three
msjor countries‘previously discussed were locate 6n1y for the Soviet Union.
Forecasts of the supply of and demand for scientéfts nﬁd engineers in theJ
Soviet Union play a vital role in current and fu?ﬁ?e 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. 2369/ TIf any differences are found in the estimates of manpower
needs and availability, they must be remedied through "training aﬁd redirec—
tion of Qanpower flows.” Any shorfcomings in methods of planning and pre~
diction may affect significantly the operation';f the Soviet.economy. 370/

A reéen: U.5. study reported projected graduations in scilence and engl- -
neering in the Soviet Union for the 1980 and 1990 period. gll/ Two estimates
were made-—high (variant A) and low (Vﬂriant B)--of the total number of ‘
posaible diplomss thst may be awarded in all fields; in sclence and engi-
neering genefally, in.the physicai,'life sciences and mathematics, in
engineering as a sepsrate entity, snd in agr{;u}ture.. Over the pe;iod of
1975 and 1979, the rate of the total nuober of gradustes secemed to be

stabiiizing as compared with high rates of increases in grsduates during

—_——

369/ Alles, Catherine P., and Frsncis W. Rushing. The Sclence Race,
p. 177, = ’

370/ 1bid.

371/ Ibid., p. 187-190. See table 13, in appendix 11.

ERIC
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P}

the 19608 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 varifant A represents. “Variant B uses the average percentage of the 23~

year-ola population graduated in each broad fleld in the 1975 to 1979 period,
applied to population projections for 1980 to 1990." Variant A 213/ shows
gradual increases in the total number of graduates, under the assumption that
"the Soviet leadership will increase tﬁ; percentage of graduations of the 23-
year-old pobulation from cﬁe average rate of 16.6 percent in the 1975vco 1979
period to 24.3 percent in 1990, of gradiations in the physical and life sclences.
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.” —2227—_;;:7:;:-3 shows
a decline 1nvgraduactona beginning in 1984 which'broﬂably "reEIECtB‘the prospects
for the decline in this age group of the population in‘the Soviet Unlon in the
1980s." 374/ The actual number of graduate; from 1980 and 1990, according

to Ailes and Rushing, probably will fall between the two Variant A and B eo~
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 tﬁo degrees are

372/ sSee table 5, in appendix 4.
E 373/ Alles, Catherine P., and Francis W. Rushing. The Science Race,
p- 187. .

374/ 1bid. See table 13, in appendix 11.

375/ 1Ibid.




O

ERIC

Aruitoxt provided by Eic:

148

awarded. Projections, however, have been made by the Soviet Defense Intelli-

gence Agency (DIA)- for the "bénchmurk 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 flelds, to 26,300

and 26,400 in 1985 and 1990, respectively. Total Candidate of Science degrees

.uburded {n sclence 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

‘tn physical, life sciences, and pathematics totaled 7,800 in 1979, and sre

predicted to decrease to 7,400 in 1985 and 1990, jointly. In 1979, total
Candidate of Sclence degrees awarded in engineering wefe 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 achlevement, are predicted to increase from the 1979
level in both 1985 and 1990. Subsequently, they are expected to decline. 378/
Alles and Rushing, however, concluded that these dats {ndicate that
“demographlic problems {t.e., a decline in the 23~year-old population group i
in the i980s] in the Soviet Union may fO%Ce a reduction in the number of
graduutes‘at the higher educatibn and Candidate levels in tﬁe 19808 and at

the Doctorate level in the 1990s." The téchniques used in making the pro~

'

jeétions, however, “do not account for the possibility that Soviet planners
]
R |
" 376/ See table 14, in appendix 12

.311/ See table 14, in appendix 12.

178/ Alles, Catherine P., and Fruncls W. Rushing. The Sclence 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 {s a possibility that Soviet planners may increase the parcentage en~
rollment in the sclence .and engineering‘fielda in response to declining over-

all enrollment patterns.” 379/

‘3_7_9/ ibid.

| —_—
-
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V. RECAPITULATION: POTENTIAL DIRECTIONS FOR SCIENCE AND
ENGINEERING MANPOWER

-~ The Bureau of Labor Statlstics reports that the gmpﬁoymcnc of U.S. sclen—
tists and englneers Ln sclence and engineering occupuclonu,'nhd in all such college-
degree levels, will increase by 40 percent betwean 1978 and 1999;

~~ About 180,000 new U.S. jobs will be created in the mathematical BCienccu;
physical, life and soclal acicncu;, about 480,000 in the codputer professions,
and 250,000 in cnglncurlhg between 1978 and 1990, the BLS predicts; . .

~— The BLS surmiges that the most rapid growth in U.S. demand will be for ¢
the computer professlons, about 100 percent;

—- A total of about l.4 million U.S. sclentists and engineers will be needed
tn 1990 to fill growth and replacement demand, according to the'BLS; .

~- By 1985, the number of U.S. engineering degrees uwurd;d will increase to
73,400, before declining to about 65,100 i{n 1990, the National Center for
Education Statistics concludes; .

—— The NCES states that there will be slgnificant decreases in the number
of engineering U.S. bachelor's degrees awarded in all fields by 1990, except
in environmental, mining, nﬁd nuclear engineering where the data show no
change in the number of degree reciplents;

—— The SMC has found that the number of Ph.D; degreeb qwurdcd in engi-

neering has continuously declined since 1972, and "averages below 200 per

. year in computer sclences 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;.

[Ny
. CL
Lo
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A} .
¢ —— Statistical projectipns of overall engineering manpower trends, pre-—
L ’ L 4 ’ '
, pared by Lt. Col. Jim Graham of the U.S. Air Force, show that between 1981

and‘199Q, there will be 731,000 job openings for 617,000 available engineering,

" graduates, indicating a 114,000 personnel shortage in all engineering disci-
. N o
plines; B

e Predistions of supply and demand for scientists and engineers in the
1) . . :

.Soviet Union play an important role in current and qupre 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 Bnd redirection of manpower
2 . e
flows according to SRI International;
. £7 .
== SRI Internztional researchers state that the Soviet leadership will

.

. . - -
increase the percentage of graduation in the physical and life sciences and

-

’mathematica’from 1.0 percent in the 1975 to 1979 period to 1.6 percent {in
. om N .

v

1990, and engineering graduations ‘from 6.4 parcent to 10.0 percent of the

’

l23-year~uld population; i

-- The Soviet's total C;Adidate of Science degrees awarded in sciencé
anh ;ngineering in 1979 were 20,800. This figure is predicted to drop to
19,700 {n 1985 and remain stationary in 1990;

-- The Soviet's Candidate of Science degrees conferred in the physical,

life sciences, and mafhematics totaled 7,800 in 1979, and are projected to

deeline to 7,4007both in 1985 and 1990;

-

» ~-- 1n 1979, totai Soviet Candidate of Science degrees aw;rded in en-
gineering were 11,500, but are antleipated to decline to 10,800 in 1985,
“and 10,900 in 1990;'and

N
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-~ Soviet Doctor of Sclence degrees, which take an average “of about ten

yedrs to be conferred because they are given for outstanding scientifgc achieve—\

ment, are predfcted to increase in 1985 and 1990, from the 1979 level.

o
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PART IV: THE SUPPLY OF DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS
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1. INTRODUCTION

This }eport thus far has focused on sclence and engineering education -as

-1t relates to the supply and demand of scientists and engineers in the academic

gector, as well as the” industrial sector of the United States economy. Cértain
aspects concerning this issue in Jagan, the Soviet Union, and Wést Germany also
have been reviewed. :

The supply_and ddmand of sclentists and engineers also play a role in the
area of’defense., Between 25 and 35 percent of the to;él émployed sclentists

/

and engineers in the country are supported by defensé work. 1§9/

The demand for englneers in private industry; however, has Increased

engineer salaries to such a level that the military cannot compete, and

therefore i{s experiencing problems in recru;ﬁing new engineering college

graduates, as(well as, retaining expetiendéd engineers. 381/

{  An expert has warned -that "the gkeéing gap between the scientific training

of Americans and their Soviet counte;ﬁarts . + « poses a grave threat to
. . .

/
America's economic and military security.” 382/ According to a recent Congres=
' /
sional Resecarch Service (CRS) report, . . .
/

It has been a long-standiﬁﬁ 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/ Gansler, Jack.
statistical report. T

§E5ffééééhbf>5ciehtists hndrénginegfé}wuﬁpﬁblished"
e Analytic Sclences Corporation (TASC). 19 p.

381/ Katonak, MAjor Thomas T., USAF. The Engineer Shortage: An Analysis.
Executive Summary. eport No. 1365-81, p. :Z.

382/ Glocknerj David. Wirszup: Uka cience Education Lagging. The

<
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more sophisticated and reliant on high techﬁélogy « « « [T)here 1is a

general concern, [however,] that whatever edge the U.S. and its allles

‘have enjoyed may be evaporating. , 383/ :

The impact of the perceived shortages of scientists and. engineers on
the Department’ of DeEe;se (DOD) has been reported to cause;"decreased military
preparedness, increased ‘cost of weapohs (design), reduced productivity (pro-
duction), and diminished innovatiﬁ;ness." 384/ ’

In a study analyzing the engineering shortage as it relates to the militaryﬁ*
particularly the U.S. Air Force, M;jor Thomas T. Katonak observes that society
has become so complex that research and development (R&D) permeates human exis-
tence. The status of nution;'is estimated by the level of technological achieve-
ment and, {n essence, scientists un&_engineers have become nahiogal assets.
Therefore, it appears that a country “"ean develop economically and militarily
defend itself only to the extent that it can eXercise its R&D resourses.“
Fu;thermore, "thé effective use of R&D provides the competitive edge whether"

the {ssue 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. 1In hddition, "this complex not only invents, develops and maintains
- ks

' .
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 subcoﬁtractors." 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 Zinspeister. Washington, 1981. p. 2.

384/ Gansler, Jack. Shortages of Engineers and Scientists.
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“responsible for the fundamental wellbeing of the United States.”

- 385/

i, relatively,
Also, "this process functions well onlj when adequate resources exist.
Because of these and other concerns, the supply of scientists and engineers

:

in the DOD also is discussed in this report.

e %

PRE——

© . 385/ Katonak, Major Thomas T. The Engineer Shortage.

ot
-
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II. THE EFPECTS OF THE SCIENCE AND ENGINEERING MANPOWER
SUPPLY ON THE DEPARTMENT OF DEFPENSE

A. MILITARY '
-
The United States Air Force seems to be the branch of the service mdstq
concerned with engfneering manpower personnel. 386/  "This does not mean that
only the Air Force has problems in filliné engineer reqﬁirements; it p;obably
{s more indicaﬁive of differences in pergonnel managemen;”coﬁcepts and priori-
ties among the services.” 387/ In response to a CRS inquify, the Army reported
tha? it ié’experiencingvshortages in scientific ;nd engineering fields, but
the "gravity of thebproblem is not as acute as the Air Force or the Navy.”
The Navy, in answering a siomilar CRS request, did not evaluate its cur;gnt'
of possible future engineering pgrsonnel. This branch of the service, CRS
was told, has been focusing its priorities on "mee;ing its officers requi;e-
ments in cher specialties.” For example, the Navy is involved extensively
in solving shortages of nuclear qualified officers. 388/
During the tr.o-day October 1981 hearings of the House Committee on
. Sclerice and Technology regarding engineering manpower concerns, General

. Robert T. Marsh, Commander of the Air Force Systems Command (AFSC) at M

‘Andrews Air Force Base, stated that, because of higher starting salaries

386/ U.S5. Library of Congress. Congressional Research Service. Engi~
neering -Manpower, p.- 12.

387/ Ibid., p. 13.

388/ Ibid.
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being offered Sy 1ndustry {about $7,00C more) than by the Alr Force, fnjps-
et
try is outbidding it for technically qualified people. In 1968, he éepo%ted,
. P

. "the Air Force recruited over five percent of thélgollege engineering grédﬁates."
Currently, this figure has gfopped to abou£ one and a half percent. ggg]
Ge 1 Marsh announced that, since 1976, the Air Force has experienced a
continuous decline in engineering peréonnéi. Today, the Alr Forge is almost
1,100 Military Engineering Officers short of the minimu@ requirements. 390/
The AFSC, the primary user of engineers in the-AiraForée, he continue&, has
‘a shortage of over 500 military engineers, or tfn per;ent. Shortages are
especially critical in the “electrical, astronautical, and aeronautical en—
gineering disciplines” which forms the core of the Ai? Force engineering
ménpowe{‘stuff. 391/ .

As a result of these shortages, he informed the House conmittee, the
number of experlenced military engineers has begun to decline. Wiéhin the
last three years (since 1978), the AFSC has “suffered a net loss of nearly
7,500 man yearsf of such experience. “Unlike industry,"” ﬂe reportedx the

“alr Force “cannot hirevinto middle and top management levels. ‘We must 'grow N

\
our own' ~— and to date we simply have not been able to replace this ex:

perieace.” . 392/ Although the AFSC recently has hired a total of 1,750 ‘pew

—_—_—

389/ House Committee on Science and Technology, Engineering Manpower Concerns,

p. 41.
390/ 1bid., p. 44. : , \
391/ Ibid., p. 45. : _ \

392/ 1Ibid. - i
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Yoo
lieutenants covering all its englneering fields, this has not eliminated the

overall shortages in the Air Force.

It has become evident that this shortage of engineers has affeéced work

. .

in “promising technology areas.” According to GeneralLMarsh, several problem

areas are:

-= In the [AFSC] labs, we started the Aviation Turbine Fuel
Technology Advanced Development Program which wé 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 additlonal 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 s&lvé the engineering manpower personnel shortage that the Air
Force is experiencing, several Alr Force sclentists and engineers are

searching for qualified talent on various university campuses to “try to sell

the Alr Fbrce as a career.” At the present time, there are over 30 different

393/ \btd., pe 47, -

19-177 0 - 83 - 12 D



5

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 through
FY85 {pending congressional approval); 394/

-~ Increases in the Alrman Education- Conmissioning Program from
309 {n 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 gollegé Senior Engineering'Progtah: Thig « « « 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 L
-place in an engineering job. Our FY82 recruiting quota is 150 \
versus 85 for FY81; . i '\

-~ The co-op 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 percenc‘re:encion
rate; and

-~ Increase in the Air Force Institute of Technology programs,
both at the undergraduate level. [In 1981,} 160 newly com—
pissioned officers and 60 from active duty with technical
degrees were sent tO AFIT for a BS in electrical or aeronau=

N tical engineering . . . . On the graduate side, [about] 570
highly qualified officers were sent back to universities
ro 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 additional increases through FY 1985, hawever, are still under discussion.

395/ 1Ibid., p. 49-

O
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B. CIVILIAN

= The

Departﬁent of Defense has indicated in a repoft that “the shortage of

qualified éngineers, skilled tehhnicians, 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
y =22 h

DOD are about $4,000 to $6,000 less thaﬁ those in private industry. Therefore,

it has become more difficllt to fi11 entry-level positions. In addition, the

qua}&ty 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 (S&E)

/ positions:

31 ésa positions have beén vacant for up to 89 days;

55 S&E positions have been vacant fo; up to 179 d;ys;

22 S&E 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

r

in recruiting new personnel and retaining experienced scientist and engineers

5 '/V)

396/

Its Impac

~

Office of the Under Secretary of Defense. The Status of Sclentific

- and Engineering Personnel in the United States: An Analysis of the Problem,

t on DOD, and the Role of the Defense in the National Arena. White

Paper. Washington, 1981. p. 3.

397/

398/

Ibid. !

Ibid.
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already employed, according to the DOD stadys 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 selectsand keep sclence and ;ngineeting 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
Schoé& students; the initi;:ion of fellowship proérams in scarce skill areas;’
and the NOSC [Naval Ocean Systems Center] and {the Nu?al Weapons Center in]
China Lake éXpEriments designed to retain S&E's by modifying thé rigid Civil

Service pay and promotion systems.” 400/ .
. In adkitlon, DOD has begun to devise a plan that it‘predicted will com—
bine the various studies by public and private sector gtoups\regardfﬁg the
percelved national shortage of‘sci;ntists gndhengineers, and examine the evi-
dence from the DOQ_viewpoiht; generate fresh data on the situation of sciénce
and engineering employees in DOD laboratories; supply "policy-level” support
by ldentifying resources and glving direction in order to assist the attempts
by éh; individual military services to interest and retain sclence and engi-
neering employees; and" devise, examine, and implement 1?novative ways to solve

’

the problem, and coérdina;e them with current undertakings. 401/

1

399/ 1Ibid., p. 4e

400/ 1bid.

401/ 1bid., p. 5
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III. RECAPLTULATION: DOD SCIENTISTS_AND ENGINEERS

. -- Ceneral Robert T. M;rsh, Commander of the Ai; Force Systems Command’
at Andrews Alr Force Base, has reported that, because of in&uscry;s higher
)
scartini salarieé (about §7,000 more),jipdustry 1s outbidding the Alr Force
for technic&ily qualified personnel; -

-~ In 1968, ché Alr Force recruited over five percent of the engineering
graduates. As of Octobér 1981; this figure had dropped to about one and one
half pergent, Gen. Marsh stated; .

-= Since 1976, according to Gen. Marsh, the Alr Force has experlenced a
continuous decline in engineering manp?wer. At the present time, the Air Force
ls.almost 1,100 Milicary Enginéering Officers short of the minimum requirement;

== The AFSC, the ;rimary user of engineers in the Alr Force,.ia experiencing
a ten percent shortage, over 500 wilitary engineers;

—= AFSC englneer shortages are most critical in the electrical, astro-
nautidul,»and aeronautical engineering fields which, Gen. Marsh explained,
forms the core of the Alr Force e;gineering manpower scaff;

== Since 1978, Gen. Marsh‘reportedt as a result of the engineering manpower
shortage, the AFSC has encounceréd a net loss of almost 7,500 man—years of engi-
neering experience;

- DOD.starting;salaries for many engineers and sclentists are-about
$4,000 ﬁo $6,000 less than thosg.in private industry; and

== A survey of the suven laboratories in the Army's Electronic Research
and Developmen;:Eommand, discovered 120 unfilled science and englneering po-

sitions.
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— The Navy currently is involved extensivel

aucléar qualified officers.

10

s

y in solving ghortages of
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L. HISTORICAL OVERVLIEW OF CONGRESSIONAL INTEREST AND SOAE NATtONAL SCIENCE
| FOUNDATION ACTIVITIES IN SCLENCE AND ENGINEERING -EDUCATION
A.  INTRODUCTION
| \

The ?ongress and the Nanloqii Sclence Foundatlon together have played an
{mportant part in the growth and strengthening of U.S. scleace and engineeriné
educatlon since the establishment of the NSF in 1950. Because in many cases the
Congress directs (through authorization and appropriations bills) programmatic
developmentg which the NSF subsequehtly carries out, this discusgion interweaves
congresslonal and NSF actions as they have occurred over the periods covered,
rather than provide summaries of congressional ‘and NSF actions in separate
sections.

a

8. PRE-SPUTINIK ERA (1953-1857)

The MNatlional Sclence Foundation. in its second annual report to
Preslident Truman, warned todat of a cri:lcal shortage of sclentists
{n -the Unlted States that it expected to grow vorse in the next

few years. . :

. . . [Clontrasted to that in the Soviet Unlon, where governmental
programs call for & scnooling of technical and sclentific experts . « -
there will be only 15,000 engineering graduates {in the United States]
{p 1955, [compared] with 50,000 in the Soviet Union, where there had
~zen ouly 9,000 in 1943, ’

In the eaglneering 7ield, . . . the shortage tends to feed itself.

College senlors “ate besleged with personal representatives, SO

that many students have a cho{ice of jobs upon graduation.” Under
! these clrcumstances; the foundation concluded, it is too much to
\\ xpect the requisite ndmber of promising students to turn down
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'offéru of $3,000 to $6,000 s year in favor of spending chree or
‘four more years in postgraduate work. 402/

Stiortages in sclentific and engineering manpower do not appear to be a
4new 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 enginéerlng gradnnCes also were evident
in the. early 19508. In response to this situation, the National Science

Foundation which has a mandate to “promote the progress of science”, took “no

overt steps to attract more students into . . . science and englneering” ac~
cording to Milton Lomask. ConErary to this stutement, however, Lomask poincn
out that "as early as 1954, {Dr. Alan T.] Waterwan, [the NSF Director], wa

2 opposing the suggested creation of a special manpower commiss;on by the President.

i [Waterman's] argument was that shortages of scientific and technical workers were

"confired tn a few fields, and likely to improve.' Any 'drawmatic emphasis' on the
problem, he wrote, 'might lead to oversupplles.'" 403/
In a statement befo%p the Senate Approprlaclons Subcommictee on Indepen—

dent Of fices im April 1953, Dr. Waterman explalned that the NSF was providing

1

flnanClal assistance for ‘the training of sclentists and engineers; 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 /
@ ) . n —_

w 402/ Lack of Scientists is Called Critical: 2d Refort of U.S. Foundation
Says Russla is Oucdiscancing Us in Engineering Graduates. New York Times, l
Jan,. 17,1953,

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.
. .
ﬁgﬁ/ Waterman, Alan’T. Statement 'of Alan T. Waterman, Director, National
Science Foundation. Before the Subcommittee on Independent Offices, Senate
Appropriations Committee, Apr. 24, 1953, In: Remarks of H. Alexander.Smith.
Gongressional Record, Daily Edition, v7 1P0, May 5, 1953: 4439,

179 -
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In flscal year 1952, st awarded ity first fellow uips to 569 pre-doctora’
atudents and 55 post-goc:oral students, out of .,977 applicants. In fiscal
year 1953, 515 pre-doctoral and 42 post-doctoral awards were granted out of
1,298 applicants, 405/ .

Obl‘lg.utons to NSF for evduc::tlun {n. the sciences fort tiscal year 1954
tncreased by $480,000 over fi;cul yeat 1953--$1.41 mtllion was allotted in
FY 1953 and 51.8'; million tn'FY 1554.% 406/

In addition to providing more funding for sclence educhuuf(, several Members

of Congress éxpreased their concern regacding the ‘need for additional lm:lentists
and enginx:;rs, and also the need to make more adequate use of U.S. scientific man~
Fower. Represantative George H. Bender, in extensions of remarks {n the liouse _in,
May 1953, stated that "without {thej al_cil].sg[of scientié:s], the Natlon\m.ighvt find
{tself in peril. When we tealize that this group co:mtltur:ea only cwu—ten.:hs of
onn rarcent of the wopulztion, we recognize that we must be constantly seeking to
in. ressn this nuaber.” 10_9_7_/ Senator Alexander Wiley commented in the Senate in
Auguat 1954 and on mimerous other occasions reg‘fu'dlng his concern that the Soviet

Union wvas “far du:_dla:anch{g. us in expanding the reservolr of skilled englneers,

404/ Ibid.
52(3/ National Sclence Foundation. Dirsctorate for S¢ience Education.
3ctlance Education Patabook. Washington, S2 80-3. p. 19.
)

4 407/ Our Reserveir of Sclentists: Asset No. 1. Extension of Remarks of

ceorge H. Bender. Cong-:=sional Record==Appendix, Daily. Edition, v. 100, May 15,
1953. p. A2839. . ’ ’
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" sclentists, and other techniclans.” 408/ Also, he stated that “under these clr-

cumstances, for us to fail to provide adequate incentive to talented young scien-
tists; . . . is to be committing, in my juiggenc, a8 tragic blunder.” 409/
These sentioents 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 Stffes fn its training of technical manpower. Sclence magazine reportes

on ché éoviec Union's progress in strengthening its trained ptbfessioppl and secien’
tific manéowé; between 1940 and 1953, and its plan§ to g;adupca 50 percent more
engineergjf}om higher educational institutions by 1956. 410/ The Soviets der;
said to plgce more emphasis on science and technology training thun did the Unicaa

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. 4l1/

In addition to the expansion of Soviet technical manpower, there also was

apprehension In Congress over the fact that wany high school science teachers were
belng lured away by industry by larger salaries. Several oll companies were of-

fering to double the salaries of high achool sclence teachers. 412/ Senator

P

408/ Wiley, Alexunder. More Adequate Use of Scientific Manpow.r. Remarks
in the Senate. Congressional Record, Daily Edition, v. 101, Aug. 6, 1954.
p. 13505.

409/ Thid.

410/ DeWitt, Nicholas. Professional and Scientific Persomnel in the U.S.S.R
Science, v. 120, July 2, 1954.. p- 1=4.

2 '4ll/ Kelly, Harry C. Trends in Supply of Scientists and ingimeers in the
Uait 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
*

" Natlonal Defense Scientific Educatlon Act in May 1955. .

412/ 4nderson, Clinton P. Rerarks in the House [regarding the study of
science at the high schcol level]. Uoangressional Record, Daily Edition, v. 101,
July 11, 1955. p. 10151, -
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Clinton P. Andersou observed that “one of the most sérlous probiems now con~
fronting us ariseg by companies which wish to obtaln the services of sclence
teachers, whereas today we need more-.than ever befo;e in our lives competent
Beience teachers to train the new generations.” 413/ te suggested that
awarding scholarships to outstanding high school students who did exceptional
work in physién, chemistry, and mathematics may be one wﬁy t:2t the Nation
could catch up with the Soviet Union. 414/

The NntLonAl Science Foundation apparently anticipated Sputnik. 415/
In 1953, NSF began sponsoring summer institutes for college sclence teachers
to assist them in learning about new developmentu in thelr owﬁ néﬁ related
flelds. Two summer institutes were held in 1953, The numbe; increased.to
four In 1954 and, by 1953, 1l were being conducted. In 1956; the-number
had grown once again t& 25 summer institutes. Also in 1956, a new an& ex-
panded "acience-teacher-training" ptogra@.wap established--"the academic
year institute for high scnon! teachers of s&ience and mathematics"~—and
conducted through two fnmt.tutes, feid . 1957, 416/ Through this plan,
high school teaéhers conlsd tava o Leirc of absence from their jobs and

attend a special studr progrem at ° nwversity during the regular school

-4l3/ fbid.

4y wlds pe 101520

415/ Lowie™s vMilton. A Minor Miracle, p. 122.
. 418/ V.S, Congress. House. Committee on Sclence and Astronautics.
Subcooaltree on Sclence, Research, and Deveiopment. The National Science
Foundation: A General Review of its. Flrst 1S Years. Report prepared by
the Sclence Pollcy Research Divisionm, Legislative Reference Service, Library
of Congress, 89th Cong., 2d Sess., Washington, U.S. Govt. Primt. Off., 1966.
p. 130-131. ' { .
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,
/

year. ill/ B}'che 195/7=58 school year, the high school academic {nstitutes
had grov# ig 16.v In the fiscal yeér 1957 NS¥ 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 requesteﬂ. 418/ l

For promising students, during the 1956~57 acadenic year, the NSF establlshed
the Speclal Projects In Sclence Education Progranm which‘puraIIEIGd the Suumer In-
stitutes program for ceachers._ This new program {nvolved three maln areas: (1)
Curricula studlgs, which responded to the concern that pre-gollege Instructional
programs falled "to use motivating interesting and underBCandLné of tﬂe sclen-
tific disciplines”, (2) Scddent-PartiCithlon Projeccs,'chnt were "planned to :
lncrease interest in and understanding of gcience by stydents at all educational
levels”, and (3) Teacher~Training Projects that includeé “Bpecial programs for
teachers deslgned ro‘ngrove science teaching . . . .~ 419/

In November 1956, the NS% initiated the Physical Science Study éomnittee

(PSSC) at the Massachusetts Instltute of Technoiogy to present a new way cf

v

. teachlng physics, which included new instructional materifals. The PSSC was pre-

sented by elght teachers experimentally, to high scool students during~the
1957-58 school year; and was considered a success. Varlous pleces of legisla-

tion were intradi .ed n Congress for the furtherance of sclence and engineering

ill/ Ues. ¢ 4ress. VPouse. The Natlonal Science Foundation and Pre-College
Sclence Ecucation, .. 50. ’

418/ U.S. Congress. Houde. The National Science Foundation: 4 General
Review, p. 133, .

419/ Nattenal Sclence Foundation. Seventh Annual Report, Fiscal Year 1957.
Washington, U.5. Govt. Print. Off..ulﬂbJ. - 712-76.
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educatlon between the B4th 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 Sclentific Scholarship Act, which authorized the “Commissioner
of Education to gfant scholérahiyn for study, at it noilege or graduate

level, of subjects in the fields of engineering, physics, chemistry, or

similar sclentific courses, in order to increase the supply of trained scien—
tific and technical personnel in the United States . . ‘. .", 420/ to a Federal
Tuitlon Loan Cuaranty ‘Act, which would provide that "lenders : . . be insured
against losses on luuwe aade by them fo$ tuition to §CienCe and engineering

students after January 1, 1954." 421/ Wo action howWever, was taken on any

-

of thellegislatiog. - ' -
One set of hearings held within this period was related directly to
scieqce and engineering educ;tion- The "Shortage of Scientific ané_Engi—
neering Manpéwer" 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

c

e s e

420/ Bates, Dorothy M. Analysis of Legislation gelated to lmprovement
of Sclentific Study, Teaching, and Progress in the United States? 79th
Cong. to the 85th Cona., 2d Sess, 1945-57. In U.S. Congress. Senate.
Committee on Government Operations. Science and Technology Act of 1958.
Wasghington, U.S. Govt. Print. off., 1958. pp3‘152-177. (85th cong., 2d

- gess., Senate. Document No. 90) See Selected_Annotated Bibliography,

Part V, p. 212.

421/ ‘Ibid.



O

ERIC

Aruitoxt provided by Eic:

173

the Soviet Union," according to Representative Melvin Price, a member of the
subcommittee. 422/

The 85th céngresa, lst session was adjourned on August 30, 1957, Sputnik
1‘ the first Russian earth satellite, was launched into space on October 4,

1957,

C. POST-SPUTNLIK ERA (1958-1970)

4. The 85th Congress, 2nd Session

With the gtart of the 2nd session of the 85th c;ngreas 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 w%?h the state of the Nation's science and engineering educa~
tion in the schools became more evident. 423/ “. . . {T]he appearance of
Sputnik I both confirmed the vigor of Soviet technology and stirred a pﬁblic
demand in this country for more education {n the sciences . . . ," 424/ By
March 1, 1958, about 90 percent'more legislation had been introduced in regard

to scientific study, teaching, and general aild to higher education than had

422/ pPrice, Melvin Meeting the Need for Secientific 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, Amerlcan Enterprise Association, Ine.,

p- 1.

424/ Lomask, Milton. A Minor Miracle, p. 122, ' i

PN
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been apparent during the eutire first session of the 85th Congress. ulei-
mately, the 85th Congresd iniciated a program thuc.grancud $900 million for
natlonal assistance to education. 425/

president Eisenhower, in his State of the Unlon address to Congress on
January 9, 1958, called for‘"sclenclflu cooperation with our allles” and
urged Congress LO 'pdss the necessary leglslation to “permlt the exchange of

appropriate scientific and technical tnformatlon with friendly countriess”

Hie also suggested a "blllion-dollar, four-year prograd to stimulate and im=
prove sclence 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 cooperatlion
with Belglum, France, ﬁeac Germany, ILtaly, the Netherlands, and Luxembouryg
(which comprised the European Atomlc Energy Community) for the “peaceful
developreat of atomlc energy;” and (2) the Natlonal Defense Education Act

of 1958 (P.L. 85-864), approved geptember 2, 1958, which established “a
iour-yeﬂf, $887-mililon progra® of student loans, fellowships and other

alds to lmprove our sclent? ffc manpower resources” ﬁzz[ and which tncluded
provisions for sclence and mathematlics tnstruction, at all educational levels
tn the Unlted States and the creation of a Sclence Information Service in
she'NSF. 428/

U SUSE S S
g 7

425/ Sumpar {zed Leglslative History, P- [

426/ Iblde, pr 4
427/ 1bd., p» 10, 1L.

428/ U.S. Library of Congreas. Legislatlve Reference Service. Legls~
tation Deallng With Sclence and Technology, 85th Cong., 2d Sess., 1958.
Complled by Dorothy M. Bates, Analyst An American Government and Public
administration, Octe 15, 1963. p. L. B
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Following the launching of Sputnik {, 429/ Congress gruntcd'38.7 million
to NSF. stipulating 52.3 million for the teacher-tralning institutes. By

1958, a total of 126 summer lnstitutes were held=-five for college teachers

only; three for both high achool and college teacivas, and 118 f£av high school

teachers oniy. The Acadewic Year Institutes conductud had grown to 19. 430/
In addition, there were 85 In-Service fnstitutes which allowed selected
secondary ucléncc and mathematics teachers with t.thelor's degrees to take a
purnvoal study propgrai. 1ne program usually stretched over one, two, or
three sumeers, and helped teachers ilmprove thefr :umpctcnce in these subject
areds dhd;iln many crases, complete work for an advanced degree. 431/

As a regult of the success of the Physical Sciences Study Couwmittee
project, inftiated during the 1957-58 schooi year, NSF agreed to gupport a
sim{lar project created at Yale University--the School Mathematics
Studv Group. This program was the product of a new course for Brades foul
through 12 that eventually hecame known as “"the New M;ch." é}z’ One objec-
tive of thig project wias “to provide a sound basis for_u solid college

codrsc‘in calculus and analytical geometry by the end of the 12th grade." 433/

429/ oOu Jan. 31, 1958, Explorer 1, the flrst U.S. satellite was launched.

ﬁlg/ U.S. Congress. House. The National Sclence Foundation and pre~
College Sclence Educarion, p. 60-61. :

431/ Hatlona! Sctence Foundation: Eigth ‘Annual Report for the Flscal
Year Ended June ! ©#58. Washington, U.S. Govt. Print. Off., 1959, p. 53~
S4. :

432/ Llomask, Miltoa. A Minor .ale, p. 125.

433/ satfonal Sclence Fou suz ath Annual Report for the Fiscal
Year Ended June 30, 1999, Washin,. .o Gort. Print. Off., 1960. p. B2,

a
o
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[hene courses were referred to as the NSF Course Content loprovement Program,
designed to pruvide suppo$c to secondary and-elementary gchools ln order to
laprove the content of sclence and mathematics currlcula and courses, and to
prov ide varlous types of teachlng and learuing alds c; help modernize the
Natlon's sclence and mathematics education. 535/ The program eve tually in~
cluded the Chemical Bond Approach Project, @ Chemical Education Materials
study (CEMS) project, both presenting new approaches to the study ~f chemis=
try; "a resource book 6n topice in geolégy by‘che American Geologlcal In-
stltute, and a group of texts, lant:rn slides, and films on the atmosphere
sclences by the Amerlcan Metcorological . ~fety”; a Biological Sciences Cur~
riculum Study (BSCS) project, and a social stuiles 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 cre9ced as part of the Student=
Pa:;iclpacion projects. Through the new program,'high—abllicy “gecondary
school students [were prbvlded opporcunit[es] to study and work during the
summér with cxperienced sclentists and mathematiclans at sponsoring {higher

education] Lnstitutlons.” 436/

434/ Natlonal Sclence Foundation: Tenth Annual Report for the Fiscal
fnded June 30, 1960. Washington, U.5. Govt. Print., Off., 1961. p. 100.

=
&
=1

435/ Lomask, Milton. A Minor Miracle, p. 126, 127, 257.

436/ Natlonal Sclence Foundatior: Ninth Annual Report for the Fiscal
Year Ended June 30, 1959. Washlngtonm, U.s. Govt. Print. Off., 1960. p. 78.
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2. The 86th Congress

Although many strides had been made In lmproving the Lnstructiop of
sckence education {n the Nation's aschool system, a warning by NSF was brought
to the attention of the House by Representative Victor L. Anfuso, that:

We have only made a beginning; the wajor job s st{ll to

be done. As a natlon, we appear to forget that we live

in a competitive world and shall continue to do so. It

seems abundantly clear that we shall rapldly lose in

competition, unless we can.show more determined and con-

structive efforts than we have during the past years. 637/
With that quote prefaclng Mr. Anfuso’s remarks, he {ntroduced legislat nn
for the creation of a Science and Technology Agency. That hill, m !
like {t, did not recelve congressional action durlng the 86th Conp
Another bill, however, Introduced by Mr. Anfuso, to establish n Nav
Medal of:Sclence to be awarded to individuals who make outstundin, <owvecbus
tions in the physical, biological, mathematical, or englneering sclencer, wan
signed- {uto Public Law B6-209 on August 25, 1959, 438/

" Several hearings wefe held during the 86th Congress in ieferenic to sclence

and engineering education., The House Committee on € “ence a- stronautics held

hearings on Sclentific Manpower and Education to examine the problems facing the

Nation, at that time, concerning.the [mprovemcnt of science teaching and the

. 437/ Need For an Overall Sclence\::a‘qc hnology Agency. Extension of
Remarks of VictorwlL. Anfuso. Congressional Reco « 105, Mar. 24, 1959.
p. St22. .

. o

438/ U.S. Congress. Senate. Leglslative Record: Digest of Achleve-
ments and Status of President{al Recommendations, 86th Cong., lst Sess., .
Jan. 7, 1959, to Sept. 15, 1959. Five-Year Review of the Democratic Controlled
84th, 85th, and B6th Congresses [by the Honorable Lyndou B. Johnson, Senate
Majority Leader] Washington, U.S. Covt. Print. Off., 1959. (86th Cong.,
lst Sess., Senate. Document No. 63) p. 62.

'
]
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effeetivencun of science udﬁ%utlun at all educattonal levels; Sclentific
Information Dissemination, to etudy the problem of tmproving the colleetion

and distribution of sclentiflc tnformation within the Nation and abroad by
vartous U.S. libraries, Federal Governnent agencles, and private {natitutions,
and to what extent such fnformation 1in avallable to U.$. sclentists and englueers;
Sclentific and Tuchnlqul Personnel (1R, 7981), which fnvolved the creation of a
complttee to study the need for, composition of, and most efflclent weans fo~
obtafutng a coo | wir . curcent record of pclentific and technical U.$. personnel;
and o il -« w0’ o Natlonal Scleuee Academy undu; the Natlonal Selence
Foqnducluu. Heartngs on the Natlonal Sclence voundstion Compartson of the

United States and U.S.S.R. Sclence Educatlon were held.by the Eggﬁe’ﬁbmmltceu

on Appropristions. ﬁ}}/
’ o

In flscal year 1959, Congrésﬂ had provided $64.3 million in sclence and
englneering educatfon funding, compared with $20.?_611110n in €lscal year 1958
to NSF. A new International Sclence Rducatlon program was established (n NSF
that way:

« o o« deylgued to foster (nternational cooperation and lmprove
communlcat lons among natlons with regpect to problems of sclence
education and sclentific manpower. Appropr late professional
groups In the varlous disclplines were given support for a

study and evaluation of sclence subject matter offered (n
foreign educatlonal systems, with the cojective of lmproving
selence curriculums in this country. Distingulshed forelgn
scholars were brought [to the Unlted States] to vistt the
varlous Institutes sponsored by the foundatlon. Advanced
qtudents and gsclentlises . . o recelved Foundation support to

s : permir them to partlcipate {n (nternatlonal educattional
% ~ programs. 440/ . ) -

439/ See the Selected Annotaced Bibllography, Part V, p. 199.

440/ T Congress s flouges The Matlonal Sclence Foundatlon; A General
Review, p. 135. e
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Forxgéscal year 1960, Congress appropriated to NSF $66.8 mi11idn for
total support of scientific manpowef, a 3.8 percent increase over fiscal |

year 1959. - 441/

N\

. AN
. N\
3. The 87th! Congress™.,
.
. \\
In 1961, total undergrédqgte enginreering school enrollmen;gin the United

States was 232,000, a 0.9 perceﬁt gecline from 1960. This was reported to

be the smallgst deéreaae in four yéars. ﬁﬁg/ Engineering graduate enrollment,
however, had increaééd at all levels-;master'é degree enrollment was 32,800,

a 5.1 percent increase over 1960; and doctor's degree enrollment was 7;960,
22.1 percent more than ghe previous year. -;ﬁﬁE/

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
had 35,900 éngineering deérees awarded to ;gcipients; master's and other pre-
d?gto;al eégineering degrees had increased 13.6 percent with 8,100 awarded;
ﬁ;d 943 doctor’'s A;grees in epgineering 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

: Reporf:aﬁ Engineering Enrollment and Degrees: 1961. Washington, UKS. Depart-
ment of Health, Education, and Welfare. Office of Education. Feb. /1962.
OE~54004~61. p. 1. - .

443/ 1bid. K

44/, 1bid.
i
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“1In conjun&tionrwith Che increases in graduate engineering enrollment

and engineering degrees confecred, Congress legislated to extend, for two
N .

years, the provisicns of the National Defense Education Act, to “s:imulate

a nationwide effort to strengthen instruction in science, mathematics, and

forelgn languages” (P.L. 8?-34&3. 445/ The second session of part two of

. . .
hearings on "A Bill to Provide for the Establishment Under the National

3cience Foundation, 6f a National Science Academy,” was held on March 28,

and May 25, 1761. Originally {ntroduced as H.R. 4986 in the 86th Congfegs,
1st session, the bill was reintroduced in the 87th Congress, lst session as

H.R. 1, the Naéiohal Sclence Academy Act, for “a National Science center
consisting of an acadewy and research institutes to train selected pefsons
in sgience or engineerin§ for service as officers or employeés of the United
States;“ No further action was taken on this legislation.

In 1971, Congress received criticisms from several constituents con~
cerning the NSF's Course Content Improvement Prograwms. Many pqrents wvere
convinced that "their children were 'being educated by Federal civil ser=
vants.'™ 446/ “In a long letter in 1961, the NSF DirectoriAlan Watermar.
assured Senator Mike Mansfield of Montana that these fears were g;oundless“:

. . « [NSF] :imited its support of new high school courses to o

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, 87th Cong., lst Sess., 1961.
Compiled by Dorothy M. Bates, Analyst in American Government and Public
Adoinistration, Oct. 15, 1963. p. 1.

446/ Lomask, Milton. A Minor Miracle. p. 126.

b
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allotted funds to cover :he preparation of the books for publica- /
tion and the study group arranged for a number of schools to try A
out the material . . . items provided with the help of NSF funds, /
+ ¢ » were avallable to 'all potential users' but the Foundation £
'alwaye took the position that it should not promote the use of /
-such materials at the local level.'" 447/ . i

Effective June 8, 1962, Reorganization Plan No. LI escablisheﬁfche Office
of.Sclence and Technology (0ST) within the Executive Office of the President.
An-area of OST's responsibility involved "assuring that good afd close rela-
tions exist with the Nation's sclentific and engineering com dnifiégﬂéo as .
to further in every appropriate way their rarticipatfon in trengthening

sclence and technology in the United States and the free wdrld." 448/

4+ The 88th Congress
In 1963, James R. Killian, Jr., former President. jand at ‘that time Chair-
man, of -the Corporuation of the Massachusetts Institute/ of Technology (MIT),
sta'ed that enrollments in U.S. engineering schocls héd’ﬂecliued four years
’ . / ‘
in succession. 449/ It was reported in the April ﬁ?, 1962 issue of the Wall

Street Journal that several U.S. industries, such ad the Cnneral Elescric

447/ 1bid.

448/ U.S. Congress. Senate. Summary of thd Three-Year Kennedy Record
and Dige 't of Major Accomplishments of the 87th Cong. and the 88th Cong.,
lst Sess., Jan. 3, 1961, to Dec. 30, 1963. Tog%cher With a Statement by
the Honorable Mike Mansfield, Senate Majority Leader. Washington, U.S,
Govt. Print. ng., 1964. p. 259. (88th Cong., lst Sess. Senate. Document

No. 53)

449/ Killian, James R., Jr. Can Government Maintain Vital Scientific
Leadership? A Public Service Report of the National Civil Service League,
New York. p. }. .

. . " /
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Cnrporation, had been recruiting sclentists and englneers from other conntries.
"puring the year ending last June 30," the article repocts, “a total of 3;795
engineers and sclenticcy entered the U.S. as immigrants; comtared with‘2,862
during the year ending June 30, 1955." 450/ 1In addittion, Nicholas DeWitt had
recently published a book ¢ umenting sclence and engineerling education in the
Soviet Union which was sald to provide evidence that the Soviet Union was out-
producing the United States in numbers of Pngineerino gruduates- ﬁj}j
During the 88th Cong~ess, three bills were introduced that directly re*
lated to U.S. sclence and engineering education--H.R. 1012 and H.R. 1016
The National Sclence Acndemy Act, to establish a National Science Center under
" the NSF consisting of “an academy and research institutcs to train selected )
persons in gcience or engineering for service as Fedelal employees"; and H.R.
1981, to establish "2 12-member Commission on the United States Science Acadeny
to wake a study with respect to the establishment in or near the District of
Columbia of a United States sclence Academy under the jurisdiction of the
Setretur; of Health, Education, and Welfare to offer education and . training
peyond the baccalaureate level in the flelds of the physical sclences, wathe=-

matics, and engineering. Referred to the lHiouse Committee on Sclence and

Astronautics, no further action was takeﬂ on the bills.

et et

450/ MacDougall, A. Kent. Recruiting Abroad: U.S. Concerns Step Up
Overseas Search for Scientisr& gngineers. Wall Street Journal aApr. 23, 1962,
ps Lo ” )

451/ Walsh, John. Manpower: Activist, adpinistration Finds Congress
Hard to To Convince on Blgger Investment in People. Science, V- 139, Mar. 1, 1963.
B E

R
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5. The B89th Congress N

y
i

In the 89th Congress, a bill uimilar to H.R. 1012 and Hl.R. 1016 was intra—
¢uced, H.R. 153, for the creation of a National Science Academy, under the NSF,
{or the t;aining of selected individuals in acienge and engineering for Federal
enployment. Also referred to thé House Committee on Scieuce and Astronautics,
n¢ further action was taken.

Corcern about the issue was still evident in floor statements and remarks
made by a few Members of Congress. Senator Howard W. éannon stated, ". . . it
is m; personal belief--and a bel ‘ef held by many other people knowledgeable in~ ,
tﬁe field-—that our entire scientific eflort in the decades ahead might well run
aground because of an insufficlent supﬁly of trained technical personéel." “ﬁzg/

Senator James W. Fulbright made remarks in the Senate about an article that

had appeared in an issue of the Wail Street Journal questioning whether there

was really a shortage of science and engineering manpower. The article, 453/

printed in the Congressional Record;j.suggested that there may have been a -

éu}plus of such manpower at that time, at least in the defense and space
[ : ’ ..
industries, because of the practice of “stockpiling” engineers in these

industries.' There was a current “slump in demand for engineers” and’severai

defense-oriented 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 Curh 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. 3B808-3810.
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In flscal year 1964, NSF established the graduate traipeeuhip Progrum
to provide s;pplementary support for engineering graduate education. Engl~
neers, it was perceived, were in need of advanced training. Statisticsc
showed that "only oae percent of the qngineern in tﬁe United States [held)}

the doctoral degree and séﬁén percent [held] . . . master's degrees.” In

_ comparison, U.S. scientlsts were found to have a higher percentage of grududte
" ’

degree holders=-19 percent with doctor's degrees, and 3? percent with master's
degrees. 454/ '

Congres; appropriated $102.5 million for science education programs for
FY64; $120.4 million for FYGS;)$124.3 million for FY66; ana $123.3 million
% FY67, all éwarded during the Béth'and.89th Congresses.

\

6. The 90th Congress

Two bills were introduced to establish a Nationai Science Academy (H.R.
1185, H.R. 6894) as in the 88th and 89th Congresses. Referred to the House )
Coymictee on Science and Astronautics, no further action was taken.

Several proébsals were introduced for a National Ihstitutional Grants.
Program. One such_bill, H.R. h75,|proposed by Representative George P. Miller,
"set forth the congreéssional~finding thag’sﬂpport 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.S5. Congress. House. The National Scilence Foundation: A General
Review, pe 136,
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One-third of’th; funds would be allocated to such institutions, based on
project awards from certain Federal sgencles; one-third among the States
nccord}ngmto the number of high school:grnduaten. and utilized by the States

to assist institutions with well-rated programs in various scientific fields;
and one-third to higher education fnsfitutions based on the ﬁumber of advanced
degrees E;nferred.- The Nntionalﬂlnqtitutionnl Grants Program would be adminis-—
tered by the Director of the NSF. Referre& to the House Co;mittee on Science

and Astronautics, two days of hearings were held on June 25, and July 18, 1968.

No further actfon was taken.

7. The 91st Congress

In the 9lst Congress, H.R. 35, also introduced by Congressﬁen Miller,
called for a Nationsl Institutional Grants Program. Hearinge were held

February 18-27, 1969 by the House Committee on Science and Astronautics.

No further action occurred. ﬂ.g. 576, the National Science Académy Act,

was 8gain reintroduced in the 91st Congrese as in the five previous Congresses.

Once agaln, 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 péseesf the needed suppiy of trained

personnel for the years to come.” 455/ 1In the House, -Representative John

©

455/ - pell, Claiborne. The Expected Shoftage of Engineers. Remarks in
the Senate. Congressional Record, Daily Edition, v. 113, June 6, 1967.
p. L4754, )
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Brademas placed articles in the Cnngressionnl Record from the New York Times
and the Washington Post announcing the rfsults of "a 12-nntioa educational
endeavor,” sponsored Ly the IntetnntionnlhbtojeCt for the Evnluption of Educa~
tion Achieveﬁent 456/ which compared student achievement in méthemntics:
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 aOLng
“the best over~all job” inm that field. U.S. students lngged behind Japan and
four other Eurbpedn countries in_mathemntics--Englnnd, Sweden, France, and
Belgium. 457/ “Although this country fared well,” Mr. Brademas observed,
“our ac?ievements in this all important field~-the basic building_block of :
scientific tesearc? and technolégical innoyation--ate far from what they
might be.” 458/ : A

Through the NSF-sponsored teacher-t{?ining institutes, the qudlity of
U.S. Science instruction ﬁad vastly improved, accord;ﬁéifo the NSF Annual

PR}

Report of 1969. It noted a critical need, howeVer,'on supplemeatary vraining 7

of teachers since the ‘NSF-funded Course COnteﬁt Improvement Program continuously
. s .
upgraded science and pmathematics curricula used throughout the Nation. 459/ :
NSF received about a 20 percent reduction in its total appropriations

for fiscal year 1969. 1Its education programs,. however, received less than a

U

456/ See the gelected Annotated Bibliography, p. 199.

457/ United States Ranked Low in Mafh Teaching. In Remarks of John Brademas.

Congressional Record, Daily Editiom, V. 113, March 7, 1967. .p« 5734-5736.
’ 458/ 1bid., p. 5734.

459/ National Scilence Foundation. Nineteenth Annual Report for the Fiscal.
Year Ended June 30, 1969. Washington, U.S. Govt. Print. Off., 1969. p. 81.
. A

v .-
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10 perceﬁt decruuue--"gguduntu education in sclence was reduced by about 13
|

percent; undergraduate educntion in sclence . . . increasea by 27 percent”;.

dnd pre-noilege sciencefeducation 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 (1971-1982)

1. The 92nd Congress

" After the successtul mission of Apollo 11 when it landed on the moon in
. N

July ‘1969, a large number of scientists nnd engineers, eépecially aerospace

.

engineers, lost their jobs. lBudget cutbacks were evident in the areas of
space, Qefense, and fhdust}y; ﬁé&/ The effecg of the mass layoffs'on student
interest in scilence and engineering education seems to have been significantly
‘reflected in engineering school gnrollments. In fall 1968, there were 77,484
'fuli-time freshmen enrolled in engineering schools across the country. In

2

B s
460/ U.S5. Congress.. House. » The National Sciéﬁce Foundation and Pre—~
College Science Education, p. 124. 0 '

461/ 1bid., p. 131, and insert of appropriations for science education.

462/ Hartsfleld, Jack. Gold Mine of Local Talent Just Sits. In Remarks
- of James B. Allen. Congressional Record, Daily Edition, v. 116, Aug. 21, N
‘ 1970. ' p. 29695, .

@
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"fall 1969, the nuaber decreased to 74,113, in fall 1970 it dropped to 71,661,

tn fall 1971 there were 58,566, and by fall 1972, there were 52,100 freshmen
enrolled in englneering, a 29,7 percent decline witﬁln three years. ﬁggj

: . ) . .
simtlarly, full-time sophomore engincérlng enrollment declined 25.3 percent
during this period, and @ 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 scientiais and engi-
neers as evidenced by the various legislative proposals {ntroduced in both "
the 92nd and .93rd Congresses to asuiat such individuals. Two bills directed
toward science education were ingroduced in the 9ind congress. These were
H.R. 8, and H.R. 746, for a Natlonal Institutional Grants Frogram, by Repre-
gentatives George P. Miller and Don Fuqua, respectively, to authorize Federal
funding, for fiscal year 1975 a;d succeeding fiscal years, to higher educa-
tional)institutions for supgort of academic Bciehce instruction 1in ‘the United

States. Both bills were referred to the House' Committee on Science and As-

tronautics. No further action occurred.

2. The 93rd Congress «

N

puring the 93rd Congress, Representative Fuqua reintroduced a bill (H.R.

555) for S National Institutional Grants Program, that was ngain referred to

the House Committee on Sclence and Astronautizs. No action occurred.

ég}j Engineering Manpower Commission of Engineers Joint Ccouncil. Engi-
neering and Technology Enrollments, Fall 1978. Part I, Enrollments By Schools,
Enrollments By Curriculum For All Students. New York, Engineers Joint Council,
Jan. 1979, p..9%
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Sanator William érock proponed 5. 2242, that directed "the Secretary of
each military department to aatablinh an angineering and technology academy
to truia persons in the technical fields nﬁceasury to the military department
concerned.” Sent to the Senate Committee on Armaed Servicee for coneslderation,

no further action was taken.

3. The 94th Congregss

During the 94th Congrear, particular {nterest was aroused ragarding the
soclal studies curriculum of an NSF pre-college science education program en=
titled "Man: . Course of Study" (MACOS). 464/ Congressional action was
generated through the introduction of legislation, and discussion by the House

Committee on Sclence and Technology (formerly the House Committee on Science

“u_and Astronautics) as the issue related to the 1976 NSF authorization report.

MACOS, one of 53 "curriculum projects on the pre—college level created
und’dcveloped by NSF, was a course on human behsvior designed for fifth
grade students. MACOS dcglt with one specific question, "What 18 human
about human beings?”, and two additionsl ones, “"How did the& get that way?",

and "How csn they be made more 807" “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 8 committee print prepared by CRS=-
U.5. Congress. House. Committee on Science and Technology. Subcommittee
on Science, Resesrch, and Technology.. The National Science Foundation and
Pre-College Science Educstion: 1950~1975. Washington, U.S. Govt. Print.
off., 1975. p. 194-206. '
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that the values chertphed by oue culture are not necessarlly rogarded in the

same light by another.’ 405/ The couTse, which requlired additional tralning
of the teachern lnvolved, consluted of 65 pamphlets and color filmu that
focused on the lifestyle ot the Netuflik Indlans, o conmunity uf primicive

L]
hunters Lo the Canadlan Arctic.

¢

Controversy arose, during the House debate concernlug the NSF Authorlzatlion
bL1l (B.R. 4723) for the fiscal year 1976 budget, over the Co;ruc content of
MACOS and the method by which {t was taught. 466/ Two nmundm;ntu, lnt;oducud
by chrcucﬁtutlvcu John B. Conlan and Robert F. Bauman, were voted on. Repre-~
sentative Conlan's amendment stipulate.d that no “funde should be auLhorizud for
upp:Oprlntluu to the NSF for the implumentation or market ing of course or
curriculum programs or materials unless approved by the House Comnittee on
Sctence and Technology and the Senate committee on Labor and Public Welfare.
The umcnémcnc fatled to paws by 215 to 196. ﬁélj The Bauman umcﬂdment would
have allowed leglslators to scrutinize all annual NSF grants that had been
approved by the Foundatlon. 468/ The amendment passed the House by 212 to
199, 469/ but- fatled 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 liouse] Congressional Record, Daily Edition, v. 121, Apr. 9,
1975. p. 9486-9518. .
467/ 1bid., p. 9408.
ﬁéﬂf Lomask, Milton, A Minor Miracle, p. 259.

ﬁég/ Authorizing Appropriations to the National Science Foundation,
p. 9517, :

<.
OO
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Senator Je?ee Helm_s’introduced a _bill (5. 2160) similar tdythe Bauman

amendment that would:haye provided that "no funds uuthox;ized'.to be approariated

to (the National Science Foundation ahall be available to’ implement elementary

or secondary currlculum programs‘or materials, unless such programs or_materiala

have been ap)>roved by Congress. Referr to the Senate Commitree on Labor -

and Public Welfare, no , further action occuxged. ) : " . .
Other legislation related to science and' engineering education introduced

during the 96th Congress were H.R.( 5202 by Repr‘e.aentative Torbert MacDonald

. . .
and S. 32 by Senator Edward Kennedy, to créate a council of advisprs.on Science

and Technglogy in the Executive Offlce 'of the President and to establish a con-
4 : . N
tinulng Science, apd engineeding education program through the NSF. Referred
° .

. .. '
to the House Commjttee on Science and Technology and the Senate Committees on
¢ .

Q
Labor and Public Welfare; Commerc¢ppnd Aergna_utical and Space Sciences, no

: o VN
further action wys taken. *
. :,
A hd .
. . . N A :
4. The 95th Congress - - v
. v . - .

o . .

During the 95th Congress, Senator Edward Kennedy introduce:] S. 32, the
Continuing- Educatio: {n Science and Engineering Act, that would have mandated
the NSF to create a program of continuing education for persons: with 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 Publlc Wwelfare for consideration,

no further action occurred. Sendtor Kennedy also_introduced S. 2550, authorizing

the NSF "to make grants to encaurage the education, ‘employment, and training
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t .
women in science and technology.” Submitted to the Sepate ‘Committee on Human

T . .

Resources, no additional action wag taken.
In 197%, the NSF created a Women in Science Program to helpfaccracc and
retrain women in Ecien:ific careers. Thteﬁ projecci:yere gstaﬁlished to imple—-

ment Ch;s program——Science Career HorkshOpé that provided career—information
and advice c; women undefgtaduaCe students or those with at least a Sachelor's
degteé in science and also guidance regarding Eutthet education or how to
obcgin sclentific. jobs to make full use of their potential; the §cience Caree:‘
Facilitation Project.to aid the entry of reentry of women with bachelor:s or
master's degrees in sclence inéo scientific careers or into graduate gciencé
education programs; and ;he visiting Women Scientists Program, begun inhl977,

under which women scientists vigited high schools across the Nation to promote

interest among youﬁg'people in possible sclentific and Eechnical careers. 470/

5. The 96th Congress . . -

During the 9%6th Congress,'increéﬁed concern became evident regarding the

underrepresentation of women,(hinoricies, and the handicapped in scientific and

e .
engineering fields. Legislation was introduced (S. 568) by Senator Edward
. i

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 maKg grants to encourage the education, employment, and training

-~

-

470/ U.5. Library of Congress-. Congressional Regearch Service. Women
{n Sclence and Technology Careers: Issue Brief No. 80065, by Edith F. Coopexn<
May 29, 1980 (Archived, Apr. 21, 1982. Updated Apr. 23, 1982). WashingCOrqu
1980. p. 2. . :



O

ERIC

Aruitoxt provided by Eic:

193 | —

of women in acience and technology. Hearinga were held in £979 and 1980 by
the Senaté Conmittee on Labor and Human‘Reaourcea; éubcdmmic:eg on Health and
Scientific Reaearch, in which concerns were expreaaed for providing equal oppor=-
tunitiea for women in acience. S
. } .

On Aﬁril ih, 1980, the subcommittee voted to aendIS. 568 to the full L
committee (Senate Committee on iabor and Human Reaourcea) for conaideration
with an amendment incorporating S. 2462, which authorized appropriationa fét o

the NSF for fiscal yeara 1981 and 1982. On May 8, 1980, the provialons of

8. 2462 were incorporated with S. 568, which later was reported favoraﬁly

“to the Senate with a written report (S. Rept. 96-713) and an amended title,

the National Sclence Foundation aﬁd Women.ih Science Authorization Act for

* Fiacal Yeara i9&i and 1982. On June 23, 1980, the Senate paaaed S. 568

with amendmenta. On September 4, 1980, the Houae ﬁaaaed the meaaure with .
amendmenta. TheTHouse and Senate held two conferéncea to reaolvé‘diaagreé;'
menta conce:niﬁg the-adendmenta. Subaequently, the title of the bill-wa;
changed to the ﬁé{}onal Science Foundation Authorization and Science and
Teihnology Equal_OﬁB;;tunities Act, hich,pot only inclgded proviaiona for
women in acience but for minoritiea and the handicapped in acience aa weil.
On Deéeﬁber.Z, 1980, the legislation was sent to the President, and was
aigned {nto Public Law 96-516 on December 12, 1989. N
Congréﬁa apprépriated 530.0 million to NSF tg‘carry'ouc the apecifications

oﬁ»Pért B of P.L. 96-516—-Women, ﬁinoritiea, Science And Technology, which

o . . . .
atipulatés that all underrepreaented groups must be giveh equal opportunitiea

to participate in acilence and technology and benefit Tegardless of race, color,

creed, ethnic origin, or sex.

N
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The following schedule was established for the implementation of portions
Lowing, :

of P.L. 96-516.

September 30, 1981: Deadline for the NSF Director to submit a report
recommending ptoé;ams to encoutaif‘the full participation of minovities in.
science ané technology to tﬁEJSEnate_Committee on Labor and Human Resources
and the House Commit;eé o; Science and Technology;

January 20, 1982: By thig date, the President was ditecteg‘to report . L

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 Sclence
e

and Technology Policy (OéTP) Diréctqrs;f’“
' banuary 20, 1982: Deadline for the NSF Directorig bignnial repoct on
empioyment §;atfst1co of women and pinorgtiéé~1n scientifii and technical
x_poslfi;h;, to be subuitted to Congress, the Attorney General, %ne OSTP Director,
the Equal Employment Opporiunity Commission Chairman, the Office of fersonnel
Management Director, and thehSecretaries of Labor, Education, and HHS; and
‘”’Gﬁﬁaqpary 1, 1983: Dea&line 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 sclence 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
by o

S Director, Lrs 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. 9@;516, to advise the NSF Director

i
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regarding -the implementatio: of the Act “and on other policies and activities
. ) -

of the Fow.lation which are likely to result in greater participation of

womenxﬁn scientific, engineering, professional, and technical fields." Also

reported during that month, was that the Reagan Administrgtion had frozen

-

- funding for the NSF women and minorities in science programs, pending egforts

to have 1t rescirded by Congtgss. In éﬁdiéion, the Administration also pr;posed
to eliminate the programs entirely 1; 1982, 471/ ‘along with NSF funding for
science education programs. 472/

The fiscal year 1981 NSF budget for science education proérams was ori- -
ginally $85.7 miilion, but this was reduced by the Reagan Adﬁinistratip# to .k
$67.6 million. 473/ The amount finally enacted was $7Q.6 million. éli/ The
Supplemental'Appropr;n;ions and Rescission Act, 1981, (?.L.'97—12) stipulates
that “of the amounts remaining for science education.activities uqder Pu511c'
Law 96-526 fuppr;priations for fiscal y;ar 1981 to the Department of Housing
and Urban Dé;;ibphent and spe;if{ed inde}endent agencies 1n;1uding NSF]. not
more”than (1) $15,000,000 shall.be available for women and minorities in

‘" L /”’/,,z’

sclence and teéhnology activities, and (2) $500,000 shall be available 53‘-

" selence education programs related to appropriate techhology.://’f//ifz » i

471/ - Association for Women-in Science NEwBL9t§et. v. 10, no. 2, Apr. / e
May 1981. p. 3.

472/ Thiderrv, 10, no. 4, Aug./Sept. 1981. p. 3.

473/ - Science and Engineering Education in NSF deéet-’ In Remarks of

——Don Fuqua. Congressional Record, Daily Edition, v. 127, July 22, 1981.

p. %?642.

474/ Supplied by NSF during a telephone conversation with the Congres-
sional Research Service, on Feb. 17 1982.

18-177 0 - 83 - 15 -
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For fiscal year 1982, the NSF was abpropriated $20.9 million for science
2 .

education, the lowest amount allotted for this function in almost 25 years. 475/

" Essentially, sclence and engineering education pfograms uould be discontinued

/

in fiscal year 1982; "except for seénnd nnd third year funding commitments for
graduate fellowships already auarded." The NSF explained tnia reduction
by atating, Lv]hen compared to total national expenditures for education in
the United States,-the Fonndation'a ecience and engineering g;ogEam‘iE’FEI;:”””f”’i
Eively small, (less.than one tenﬁh of one _percent of the total) « + {a}
/’/ . -

number of the Foundation's’iﬁience education goals are at least partially
achieved “through research support activities- ﬁzgj

During the firat session of the 97th Congresa, 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. éZZf Conﬁucted
by Senator Harrison Schmitt, on the "Scientific and Technical Manpower Needs
of Neu Hexico," testimony was preaented by repreaentalivea of Federal research
institutions, academia, and private industry. Senator schmitt stated tha; the

hearing would be “a good starting point to evaluate how succeasfully our school

.

=

e s

475/ Figure obtained during a telephone conversation in Apr. 1982 with
a Spokesman at the NSF.

476/ National Scilence Foundation. Budget in Brief to the Congress,
Fiscal Year 1982: Washington, U.5. Govt. print. Off., 1981. 69 P

477/ U.5. Congress. Genate. Coummittee on Commerce, Science, and Trans-
portation- Subcommittee on gscience, Technology, and Space. scientific and
Technical Manpower Needs of New Mexico. Hearinge, 97th Cong., 1st SeBs.,

Feb. 9, 1981.- Washington, U. S. Govt. Print. Off., 1981. 69 p-
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aystema and univeraitiea are training young men and women for the acientific
and technical fielda needed in private industry and governmental reaearch.” 478/

In October léél, the Houae Committee on Science and Technalogy held two

daya of hearings on "Engineering Manpower Concerns.” 479/ .Witnesaea repre-

aenting academia, industry, and the Federal Govefnment 1nc1ud1ngothe military,

-expreaaed their concerna regarding the condition of science and engineeriﬂg'

education in the United Statea. The purpoae of the hearinga were twofold,
as stated by committee chairman'Repreaentative Don Fuqua;‘(l) "to broadly
define the extent of the problem row facipg us in engineering and technical
manpower™; and'(zj "to explore the alternative aolutiona~-realiatic alter=-
nativea, other than‘aimply putting more Federal dollars into more Federal
programa.” 480/ _ ' .

Consequently, Repreaentative Fuqua introduced the ﬁaE}onal Engireering
and Science Munpower Act of 1982 (H.R. 5254) that “authorizea each Federal
agency and department to eatabiah programa for training technical and en-r
gineering peraonnel and to cooperate with State ‘and local governmenta on such
progrhms.f -It would alao create a apecial Coordinating Council on quineering
and Scienfific Manpowér within ;he NSF to coordinate Federal efforts in science
and engineering education. Referred to the House Com@ittee on Sclence and Tech-
nology, two daya of hearinga were held concerniné thia bill on April 27, and 29,._‘

1982.

478/ From a Newa Releaae by the Senate.Committee on Commerce, Science,
and Tranaportation. dated Feb. 2, 1981.

479/ U.S.'Congresa, Houae. Committee on Science and Technology. En~-
gineering Manpower Concerms. Hearinga, 97th Cong., lat Seas., Oct. 6, 7.
1981. Haahington, U.S. Govt., Print. Off., 1981. 174 p.

480/ 1Ibid., p. 1.
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During the second session of the 97th, Congfess, the Houée Committee .on
Science and Technology, Subcﬁmm;ccee on Science, Research, and Technology
held fiscal year 1983 NSF authorization hearings. ’ﬁgl/ Téo days were set
aside to discuss, éspecially, scieﬁce and englneering educatidn; plus women,
minoritles, ;nd the handicapped in sclence; and sclentific instrumentation.
of special concern v#s the fast that, for fiscal year 1983, the NSF has
eliminateq funding for all science educatioy training programs. The ﬁnly
funding that NSF has requested 1s $15 million for graduate fellowships.
Recognizing that there are pfoblems in science education and disagreement
on how to. solve them, ;he NSF, accordiné to its Director, "Dr. John Slaughter,
will “play a catalytic role, to help identify critical needs, and . . . en=
courage State and local governments, sclentific and professional organiza-
tions, private industry, and other Federal agencles to make apprépriatg con~
tributions to resol&lng them.” 482/ ‘ i R

© 1n January 1982, the Na;ional Science ‘Board (NSB), which is the policy-
Qaking body of the NSF, created a Commission on Pré—Coi1ege Education in

Mathematics, Sclence and Technology to =examine the health Qnd potential of

.

‘pre-college mathematics, sclence and pre-engineering educatién in the United

States and make recommendations to the National Scilence Board and to the Natidn

SN ol

481/ U.S. Congress. Houge. Committee on Sclence and Technology. Sub—
committee on Science, 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
pefore the Senate Committee on.Labor and Human Resources on National Science
Foundation Authorization for FY %983, Apr. 15, 1982. .p- 10, A
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\ . .
as a whole to address identified needs.” 483/ The Commission currently is

funded by $700,000 awarded in f;scal year i9é2. Additional funding for fiscal
year 1983 has not been réquested.

On March 25, 1982, the Senate Committee on Commer;e, Science and Trans—
portation held NSF authorization hearings for fiscal year 1983. Science and

engineerfng education wete among the topics discussed. Also, on April.15, 1982,

‘the Senate Committee on Labor and Human Resources held hearings on NSF autho-

rizations for fiscal year 1983. Several witnesses testifiled concerning sclence
and engineeringigducation concerns.

Two‘bills have been introduced concerning science and engineering educa-
tion auring the 97th Congress, aecond 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 Sclence, Engineering, and Technology Educatidn;
It has beeh referred to several House committees—~Committee-on Armed Services,
Subcommittee on Miliﬁary Personnel and Compensation; Committee on Education
and Lébor, Subcommit tees on Ele?entary, Secondéry, and Vocational Edgcation;
on Select Education; and on Postse;ondary Education. Np further action has
occurred. S. 2421, the National ineering and Séience Manpower and Education
Act of i982, by Senator. John Glenn, wad introduced on April 22, 1982 to.create
the Natlonal Coordinating Council on Techniéal, Engineering, and Scientific
Manppwer and,Edﬁcation, and for other purposes. Referged to the Senate Com-
miEFee on Governmeﬁtal Affairs, no further action has occurred at the time

of this writing.

483/ National Sclence Foundation. Jugtification of Estimates of Appro-
priations to the Congress, Fiscal Year 1983. Washington, p. SEE-V-1.
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1I. RECAPLITULATION

-- Congress has appropriated funds continuously to NSF in support of
its scienceé education activities through the Science and Engineering Educa~
tion Directorate. 484/ Numerous bills have been introduced'regarding' )
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 Opportunities Act in 1930,
Congress had not passed any substantial legislation focuged specithaily
on science and engineering eddcatinn, 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 gcience and engineering education Eroblem
over the years by nroviding funding for scientific training of graduate stu~
dents through graduate fellowships; establishing summer institutes for college

teachers, which eventually expanded to include “gecondary= and .elementary-level

teachers; and creating its Course Content Improvement Program, its Women 1in
Sclence Program, as well as various sclence education'programs to assist
. minorities and the handicapped in sclence, and many more.- Funding for NSF
science @ducation programs, however, dropped to thé lowest amount in almost
- Zﬁ\years when, in fiscal year 1982 NSF was appropriated $20.9 million for
that “purpose. For figcal year 1983, no funds have been proposed by the
Administration for a science education program at the precollege level-

NSF has requested, however, 515 million for graduate research fellowships;

-

R

484/ See appendix 16. .

.
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-~ Before the launching of Sputnik I, there was significant congres-
sional concern ;bout 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 ;he 85th Congreés, immediately prior to the launching oflthé Soviet
earth satellite. No definitive action occurred;

- Follow%ng Sputnik I, public demand wga.aroused for more adequate science
education instruction. Congress reacted through the passage of the Ngtional
Defense Education Acf in September 1958, which enacted a four-year, $887 million
'prograh fqr student lgans, fellowships, - and other a}ds to improve U.S. sciﬁnti- i
”fic manpower resources, including the st;engtheningﬁqflgcience and mathematics
instruction and the establishment of a Science Info;mation Service in the NSF;

and 3 _

—- After the successful moon-landing mission of Apollo 11 in 1969, a
large number of scientists and engineers lost their jobs, espec{glly aero-—
space engineers. Within three years, between fall 1969 and fall 1972, en-
gineering schools suffered a 29.7 percent decline in full-time ﬁreshmen en—’
rollments, a 25-5 pe;cent decrease)in full-time sophémoré énrollments, and
a 9.0.percgnt,decline %n fuil—timevjunior enrollments. Substantial in-—
creases in engineering ;chool enrollments did not become evident again until’

fall 1974. Since that time, as discussed in Part I of this report, under~

gradhate 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 pe

The results of a national survey of employment projections
of the technical workforce in the electronics industries through

1985, conducted by the American Electronlcs Association.

. ' FEFIN . . .
Babco, Eleanor L. Salarles of scientists, engineers and technicians: A
N summary of salary surveys. 10th ed: Washington, Scientific Manpower

AN Commi ssion, Nov. 198l. 140 p. “\ Co

AN . \
\\f A coampilation of salary information of scientists and engineers
. rom v

I arious sources for the purposes of comparison and easier
accessibility.

A ™
Chesser, Thomas M.  Foreigners snap up the high-ig;ﬁsch jobs. The New York
times, July 5, 1981: 13. o R -

“

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.t'

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 2] 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 {n developing
an understanding of it.

Dickson,.David. U.S. graduate salaries: engineers ahead. Nature, v.
292, Aug. 20, 1981: 663.

. Discusgses 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 englneering graduates by industry.

DO
ford
<
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Engineeriﬁg crunch seen tightening. Engineering news-record, v. 206,

Exxon

Apr. 30, 1981: 10-1l.

‘Reports that many of the Nation's. engineering schools are .
restricting undérgraduate enrollment because of "limited resources
with which to.sustain the quality of engineering education.”

ahnquoncéé $15"million for engineering education. " Higher education
daily, v. 9, Sept. 21, 1981: .

Discusses the announcement of the Exxon Education roundation
which plans to contribute $15 million in grants to help strengthen
englneering education. . ’

Galambos, Eva C. Engineering and high technology manpower shorgates: the

connection with mathematics. Atlanta, Georgia, Southern Regional
Education Board, 1980. 16 p. N

. <

This report discusses the »relationship between the adequacy
of high school mathematics instruction {with] the capacity of higher
education to meet soclety's meed for skilled, high technology
manpower.” -

Helgeson, Stanley L., Patricia E. Blosser, and Robert W. Howe. The status

of pre-college sclence, pathematics, and social sclence education,
1955-1975. Vol. I, science education. Prepared for the National
Science Foundation. Directorate for Sclence Education. Office of
Program Integration.  Washingtonm, U.S..Goy;._Erint. 0ff., 1978.

This repo- “review(s], analyze(s], and summarize[s] the”
‘appropriate literature related to pre—college sclence instruction,
to science t¢ - ‘her education, and to needs assessment ef fortsi and
jdentif(ies, 2nds and patterns in the preparation of scignce

¢ teachers, t- t..g practices, curriculum materials, and needs
assessmer’ science education during the period, -1955-1975."
jioward, Philip t.. ,ebra_E. Rothstein. Input for computer workers? -
education a Lr 'ng for computer occupations. _Occupational ’

outlook quart rl, +. 25, Summer 1981: 23-25.
The authors discuss problems involved in"the training of

qualified computer ‘personnél ;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 future supply and demand of computer personnel.

L
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Institute of Electrical ind Electronics Engineers, Inc. IEEE leaders
challenge perceived shortage of engineers; Presidential science

advisor plans engineering educatfon 'manifesto.' News Release,
Nov. 30, 1981: 3 p. "

Discusses an IEE E "Conference on Enginearing Manpower Supply"
and Demand,” held Nov. 16-17, 1981, 4n which data suggesting a X
shortage of engineers in the Nation were challenged by’ the leaders
of the IEEE. The IEEE organization has beén reported as the "world's
largest.professional téchnical society.” 1

|

Ea .
Lowenstein, Roger. Two-edged sword: surge in engineering enrollments
begins to ease industry's shortages but stirs trouble at colleges.
The Wall: street Journal, Aug. 20, 1981: 52.

The authot 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

19808

l

W . . c e

McCurdy, Jack. Faculty shortage perils engiuneering schools' growth.
‘" Chronicle of higher education, v. 22, June 29, 1981: 1, 5.

ing education on Fhe'unlveraity~1eve1. Industry and education groups
.involved tn finding possible solutions, also are discussed.
Muldoon, Richard. NSF awards $3 million to colleges and universities

for instruct fonal scientific equipment. National Science Foundation
news release, Sept. 17, 1981: 2 B. :
>

Announcea NSF nwards for the purchaae of scientific equlpment
under the Instructional Scientific Equipment Program, which is
designed to strengthen classroom,’ "laboratory and field work experi-
. ence for undergraduatc students by exposing them to up-to-date lab-
- oratozy 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 part’ of its 1976-77 assessment, the National Assessment

of Educational Progress (NAEP) investigated attitudes toward aciencc.
and science education.” A

O
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-~ Changes in‘mathematical achievemeft, 1973-1978: results from the
gecond absessment of mathematics. Dgnver, Colorado, Education
. Cormission of the States, Aug. 1979. 31 p. :

o

The NAEP conducted two surveys of the mathematics achievement
of 9-, 13-, and _17-year-old students: The first was conducted
during the 1972-73 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.” N

—wm-= Three national assessmenv: ~f sclence: changes 1in 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 States, June 1978. 33 p.

THE MAEP conducted three assessments to determine how “defined
groups of American students respond .to #cience exercises, rather
than the performanze level of individual students™ == the first was ~ ~

N 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 achiavement ovel these periods of time.

National Council of Teachers of Mathematlics. NCTM documents shortage of
mathematics teachers. News 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. . <« O
National Research Council. - Commission on Human Resources. Science for
non-specialists: the college years. Committée for a Siudy of the
- Federal Role in the College Science Education for Non-Specialists.
.Report to the National Science Foundation. Washington, National-
Academy Press, 1981. 158 p. ’ :
. K""’hn—
. * .The authors "examined.the state .of undergraduate science education
for those who are 'non-specialists' in sclence, and concluded that we are
presently confronted by an educational problem of national proportions."

—~—~ The state of school sclence: a review of the teaching of 'mathematics,
science and social studies in American schools, and recommendations
for improvements. CommPssion 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.

...... VUV SO L
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Commission on Human Resources. Summary Report i980: Doctorate
recipients from United States universities. Washington, National
Acadewy Press, 198l. 42 P A R

This report, which is pyblished annually, “presents a brief
summary- of data gathered from the Survey of Earned Doctorates
@wring the academic year 1979-1980." e ,

National Science Foundation. ‘Supply and Education Analysis Group,

Division of Science Resource Studies. Engineering colleges report
102 of faculty positions” vacant in fall 1980. 'Science Resources
Studies: highlights, Nov. 2, 1981. 4 p. '

N v

This report presents the results of a survey conducted by'
the American Council on Education during f3ll 198Q of 181
engineering colleges that are part of the Higher Education Panel
that is composed of 760 postsecondary institutions in the Nation.

4 . .
Situ;tion report -- selected Federal agencles’ budgets. Report
to Dr. M. Kent Wilson, Director OPRM. [By] Syl ¢cNincy, Jr.,

Execut ive Assistant for Budget Policy, Washington, June 22, 1981,
updated, July 6, 1981. 13 p.,.with attechments.

" This report discusses the research and development funding
positions of the Departments of Defense, Commerce, Interior, Energy,
Agriculgure, NASA, and the National Institutes of Health. Included
are discussions regarding science and englneering 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. Washirngton,

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."
v

One -tenth of engineering faculty slots vacant. Chemical and engineering

Opel,

news, v. 59, Nov. 30, 1981: 30.

Discusses the NSF survey, conducted'by thé American Council on
Education which concluded that, “most engineering deans [questioned,}
think the chiéf factor in creating the shortage of engineering
faculty is the decreased number of new doctoral engineers being
ugbaduated«eachmyeaF«innche«Qvaf ----------------------- s e m e e

John R. Education, sclence, and national economic competitiveness.
Science, v. 217, Sept. 17, 1982.. 1116-1117.

This article is based on a speech 'delivered by the author at
the 37th anmal 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 1nternationally
with other countries.
t
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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. Englneering education: coping with the crisis. IEEE

spectrum, V. 18, Nov. 1981: 65-72.
/7

Various leaders from .the Federal Government, industry, and

écademia, met to discuss the problems involved in the sclence and

engineering educatlon i{ssue, and made several recommendations for
possible solutions.

"~ Reinhold, Robert. View from the lab: prospects are glum for englneers.

The New York times, Dec. 23} 1980: Cl, c2.

Discusses the outdated university engineering laboratory
equipment.

N
- Samuelson, Robert J. Engineering enigma. National journal, v. 13,

Stake,

Dec. 12, 1981: 2206.

Discusses the recent growth in engineering sthool enrollments,
what it means for universities, various industries, and the Nation-.

Robef;, and Jack Easley, Jr. Case studies in sclence education

design, overview and general findings, Vol. IIl.-'Center for

Instruct lonal Research and Curriculum Evaluation and Committee on
Culture and Cognition, University of 11lidois 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. Varlous paginations. <

This report reviews case studies in sclence education collected
from “field observations of science teaching and learning in American
public schools during the school year 1976~77."
Case studles 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-
Champalign. Jan. 1978. 1In National Science Foundation. Directorate
for Sclence Education. The status of pre-college sclence, 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
finalngs from case studies of sclence educatlon, possible actions
for the NSF Science Educatior Directorate, and strengths, problems,
as well as "non-problems” of science education

[\
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Suydam, Marflyn N., and Alan Qsborne. The status of pre-college science,
mathematics, and social science education, 1955~1973. Vol. II,
. - mathematics éducation. Prepared for the National Science Foundation,
© Directorate for Science Education, Office of.lntegration. 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
cauges and effects of public educational policy formation."

Technical illiteracy threntehs U.S. science. Science news, v. 118,
Nov. 1, 1980: 276.. ..

. Discusses the findings of the NSF and Department of Education
report, Science and engineering education for the 1980's and

ceyond.

U.S. Congress. House. Committee on Science and Technology. Engineering
manpower concerns. Hearings, 97th Congress, lst 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 minorit}es:
manpower data resources service. Washington, Scientific Manpower
Commigsion, .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 B
scientific flelds, 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,
vy 1, Sept./Oct. 1980: 17-22. N ’
. N\
Discusses the state of science and engineering education in
"U.S. schools and compares it with similar education in the Soviet
Union. B . ; - ’

Wanted: VU.S.-born graduate students. Chemi::}\ﬁeek, v. 128, June 24, .
1981: 44-46. .
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Discusses the increase of forel

gn national engineering graduate

students, and degree recipients, and the growing ‘decline of such U.S.=

born individuals. This is causing 2
industries and un}verai:ies on non~U.
engineering.

Wediss, Iris R. Report of the 1977 Nationsl

and social studies education. Prepar

groving dependence of  U.S.
§. citizens in the field of

gurvey of sclence, matheﬁn:ics,
ed for the National Science

Poundation. Research Triangle Park, North Carolina, Center for

Educational Research and Evaluation.
appendices. -

March 1978. 166 p. dnd

Reviews the findings of a survey taken in several school

districts across the Nation, of schoo
mathematics and social studies superv
regarding science and mathematics ins
through the 12th grade.

1 superintendents, science,
is6rs, principals, and teachers
truction from kindergarten

Willenbrock, F. Karl, and Cecil H. Green. United States -and Technological

Preeminence. Science, v. 213, Sept.

. Discusses the challenge that Ja
are giving the United States in maint
in technology. Authors provide sugge
help the Nation meet the challenge.

Wolfle, Dael. Public policy decisionmaking
Prepared for the National Science Fou

18, 1981: 1319.

pan and the Soviet Union..
aining its world leadership
stions that they feel will

. '
- .

and scientific 1 teracy.
ndation. July 1979, reviséd

Dec. 1979. Papers commissioned as inputs to Second Annual Science

and Technology Report (ASTR). Vol. V
making and sclence literacy: informat
technology. Washington, U.S. Dept. O
Information Service, 1980. 33 p.

The author discusses the scient
U.S. public and what .effect the impro
have on the quality of Government dec

Young, Leo. Science and engineering. Scile
1

The author examines what he det
a national commitment to closer ties

e

AV
OO

1, Public policy decision

ion needs for science and

f Commerce, Na:10?81 Technical
i1fic literacy of the general
vement of such literacy could
isionmaking. o

P

nce, v. 209, Sept, 26,-1980:

ermines to be the ““need for
between science and engineering.”
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PART II: SCIENTIFIC AND TECHNICAL EBUCKTION IN JAPAN, THE SOVIET UNION,
AND WEST GERMANY

Alles, Catherine P., and Francis W. Rushing. The science race: training
and utilization of scientists and engineers, U.S. and U.5.5.R.
Strategic Studies Center. SRI International. New York, Crane, .
Russak and Co., Imc., 1982. 254 p. ,

. "This book reports on an extensive comparative atudy of’ the
training and utilization of scientists and engineers in the United
States and the Soviet Union.” -

Anderson, Ronald S. Educgtion iv Japan: A century of modern development.
1.5, Dept. of Hpalth, Education, and Welfare, Office of
Education. Washington, U.S. Govt. Print. Off., 1975. 421 p.

This book is ‘a reviaion of s previous work published in 1960
by the same adthor entitled, Japan: three epochs of modern education.
This new study "focusea upon the contemporary imasues in Japanese
education seen in the peraspective of the last 100 .years of educational
development.”

Davis, Robert B., Thomas A. Rombert, Sidney-Tachlin, and Mary G. Kantowaki.
An analyais of mathemntica education in the Union of Soviet Socialist
Republics. Columbus, Ohio, Clearinghouse for Science, Mathematicse
and Environmental Education, The Ohio State Univeraity College of
Education, Dec. 1979. 178 p. . -

This book proviaea a report on the current até;us of mathematics
education in the Soviet Union. .

Dewitt, Nicholas. The current astatus and determinants of science education
in Soviet secondary schools. Summary findings. Prepared for the
Commission on Human Resources, National Academy of Sciencea, National
Research Council. April 1980. 12 p.

Thin atudy providea a summary of the status of mathematics

education in:the Soviet Union on the secondsry level from 1978 to

1980.

The educational ‘syatem 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 Gerwany in cooperation with the
Federal Miniatry for Education and Science and the Conference of Weat
German University Rectors. New York, College Entrance Examination
Board, 1979. 147 p. | - ' .

. v
Presents a description of the West German educational-system.

19-177 0 - 83 - 16 .,
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Engineering our future. Raport of the .Commiccee 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, tralning, and
- employment .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: 1ts implications for economic
competition in the 1980s. Phi Delta Xappan, 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, cautlons that 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.

o In a conversation with the editor of this journal, Izaak
Wirszup, a University of Chicage 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, Ministry of Education, Sclence and Culture (MONBUSHO), 1979.
60 p. . o

Discusses the Japanese education Bystem including administra-

tion, finance, and recent major education reforms of the system:

Statlstical Handbook of Japan. Tokyo, Japan, Bureau of Statistics,
Office of the Prime Minister, 1978. 154 -pe. .

This statistical handbook provides " a descriptive text, ~
tables, charts and photographs . . - {used] to portray the actual
condi tions of modern Japan, covering politicdal, economic, social
and cultural fields.” ’ . N

Thier, Herbert D. In~service training of glementary school sclence
teachars: a United States—Japan seminar: Science education,
v. 60, Oct./Dec. 1976: 551~558.
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In-service training of elementary school sclence teachers
was the toplc of discussion at a Joint sclence seminar between
the United States and Japan, held Oct. 13-17, 1975 in 'Kyoto
and Tokye, 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 1is 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 memher states of the United Nations with
1nformntion 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 1s to “describe
selected aspects of the Japanese nationgl gystem that’ are so effective
that they contain lessons for America.

von Dohnanyi, Klaus. Education and youth employment Iin the Federal
Republic of Germany. -Carnegle Council on Policy Studies in Higher .
Education. Berkeley, California, The Carnegle Foundation for the
Advancement of Teaching, 1978. 102 p.

"This is one of seven publication8 presenting studies . .
commiss Loned by the Carnegle 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.- ' B
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. . . .

o~ - .
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PART IIL: \POTENTIAL DIRECTIONS FOR SCIENCE AND TECHNOLOGY MANPOWER

Graham, Jim, LTC. The engineering shortage =~ a i.stional problem. Long
Range Planning. Washington, U.S. Alr 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. Alr Force. N
Scientific, Engineering, Technical Manpower Comments, V. 18, nos. 2 and

3, March and April 1981. :

Contimously updated publicatio}l prepared by the Scientific
Manpower Commission that provides current information 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 Thomés T., USAF. The engineer shortage: an analysis.
© gxecutive summary. Report no. 1365-81. Washington, 1981. 41 p-
- The author -assesses "the current and projected shortage
of engineers in the U.S. Alr Porce Officer Corps and analyze
potential solutions to ameliorate the shortage.” ‘

Office of the Under Secretary of Defense. The 8tatus of scientific and -
engineering personnel in the United States: analysis of the problem,
its’ impact on DoD, and the role of the defernse in the national ’
arena. White paper report. Washington, 1981. 5 p.

Summarizes the issue of supply and demand of. sclentific and
engineering manpower in the United States. Reviews the impact on
the Department of Defense.

U.5. Library of Congress. Congressional Research Service. Engineering
" .manpower: a survey of the national problem and the problem in the ’
‘Department of pDefense. 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. :

DO
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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, .Clinton P. Remarks in the House.. Congressional record (daily
ed.] v. 101, July 11, 1955: 10151-10152.

Remarks in the Houae of Clinton P. Anderson regarding the loss of
high school gclence teachers to industry because of Nigher salaries, that
waa evident in 1955, and the effect on sclence instruction at the high
school level.

Bates, Dorothy M. Analysia of legialation related to improvement of
scientific atudy, teaching, and progress in the United States:
79th Congress to the 85th Congress, lst session, 1945-1957. In
U.S. Congress. Senate. Committce on Government Operations.
Science and Technology Act of 1958. Washington, U.S. Govt. Print.

. 0ff., 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 sclentific activitiea, the training of
scientists and engineers in particular, and aid to highcr education in
general” for each session of Congress beginning with the 79th
Congress, lat aeaaion through the 85th Congress, lst aeaaion.

Cannon, Howard W. The nation 8 sclentific manpower policiea. Remarks 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.S5.R.
Science, v. 120, July 2, 1954: 1-4.

Summarizes ‘findings from a study, The Soniet professional labor
force, 1928-1953, that revealed information about ‘Soviet profeaaional
and scientific manpower problems during that time period.

Engineering Manpower Commiaaion. 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 i8

» updated for the fall of each school year.

_27
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.

Hartsfield, Jack. Gold mine of local talent just sits. In Remarks of
James B. Allen. Congresaional record {daily ed.] v. 116, Aug. 21,
1970: 29694-29696.

, An article .taken from the Huntsville (Alabama) Times discusaing
impending layoff of acientists and englneers who were involved in
the space program. C .

¢Husen, Torsten, ed. International study of achievement In mathematics:
* + 'a comparison of twelve countries. Vol II. New York, John Wiley
and sons, 1967. 368 p.

. . Rgports findings of a 12-nation educational endeavor to
. compare student-achievement in mathematics. U.S. pupils were found
B to rank low in mathematical achievement compared with students from
Japan, England, France, Sweden, and Belgium.

Kelly, Harry C+ Trends in supply of scienitists and englneers in the
United States.- Science, v. 120, July 2, 19543 5A.

DiscuBsea the mumber of science and engineering students
enctolled .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 sclence
and technology.

Killian, James R., Jr. “Can Government maintain vital sclentific leadership?
A public service report of the National Civil Service League, New
York, 1963. 16 p. -

Discusses the problem of Ithe 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
conmitments in science ‘and technology+"

Lack of scientists is called critical: 2d report of U.S. Foundation says
Russia is outdistancing us in englineering graduates. New, York
tlmes, Jan. 17, 1953.

Discusses findings from the second annual report of the NSF
that found that there wis a shortage of sclentists and engineers in
the Nation and predicted that Russia would graduate more engineers

than the United States.

Lonask, 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
——————Fpundatlon is-a selective one » -~ - {that] consists of -episodes and
developments chosen from a large mumber of possibilities in an
effort to-convey to the general reader the flavor of ’a unique public -
ingtitution. ’

O
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MacDougall, A. Kent. Recrufting aborad: U.S. concerns step up overseas
search for sclcntlsts. englneers. Wall street journal, Apr. 23,
1962: 1, 6. . /
)
Discuases efforts to recrult sclentists and engineers in other
countries by an increasing number of U.S. {ndumtries because of a
lack of such personnel in the United States.

Malabre, Alfred-L., Jr. Uneasy enfiineers -- many seek to acquire new
skills as demand sof tens, layoffs mount -~ defense cutbacks big
factor; firms curb stockpliling of enginecers to cut costs == rush
back to the classroom. In remarks of James W. Fulbright.
Congressional record (datly ed:) v. 110, Feb. 27, 1964: Jaos-3810.

. The article ruggests that there may have been a surplqp of
engineers, at that clme. at least in the defense and space industries.
There was apparently "“a current slump in demand for englneers . . .
{reaulting] primarily from uncertainty about future spe¢nding on

v . defense and space programs.”

.
Pell, Claiborne. The expected shortage of engineers. Remarks' in the

Senate. Congressional record [daflly ed ] v. 113, June 6, 1967:
14756=14755.

Emphasizes that the Natfon did not have adequate numbers of
englneers to Insure that {t.would have the necessary supply of
such trained manpower in years .to come.
"
Brice, Melvln, Meeting the need for sclentific manpower ~- an {ntelligent
approach to the problem. Remarks in the House. Congressional record
[duily ed.) v. 104, Feb. 3, 1958: 1572-1574. -

Discusses the shortage of science and engineering mandowcfi'
the threat of the Soviet Union as a result of the launching of
SputnfX I, previous hearings held prior to Sputnik that acknowledged
concerns about the Soviet sclentific and technical manpower and
abllities, 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 {n math teaching. In remarks of John Brademas.
Congressional record [dally ed.} v. 113, March 7, 1967: 5734-5736.

Several articles were placed Iin the record by Mr. Brademas who
reported on the outcome of an internatfonal comparison of student-
achlevement in mathematics in which U.S. students laggcd behind five:
other natlons, 1nc1udlng Japan.

U.S. Congress. House. Committee on Sclence and Astronautics. Subcommittee
on Sclence, Research, and Development. The National Sclience ‘
Foundation: A general review of its first 15 years. Report prepared
by the Sclence Policy Research Division, Legislative Reference
Service, Library of Congress, 89th Congress, 2d session. Washington,
U.S. Govt. Print. Off., 12;66. 286 p.

O
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A general review of the flrsc 15 years of the National Sclence
Poundation, 1950 to 1965. “Included ia {a) discusnion of baslc re-
search project grants, national research programs, psupport of
research facilities, science education and institutional programs,
science information services, and support of nclence policy planning.”

Committee on Science and Technology. Subcommittee on Science,
Research and Technology., The Natlonal Sclence ¥oundation and Pre-
college science educatfont: 1950-1975. Washington, U.S. Govt. Priat..
0ff., 1975. 297 p. . ’

“This atudy examines the situations and events which led the
National Sgience Foundation into an lnvolvement with educational
activities and with the teaching of science at the pre-college
level, ‘and which have shaped the Foundation's cducational programs
at che( prefcolllegh'“,levcl over the past 25 years.”

Yr’,,‘ ' R 2
Natidnal Sclence Paundation authorizations for fiscal year 1983..
Hearingy,'.97th Congress, 2d scasion, Peb. 23, 25, March 4, 1982.
UnpubB}ished. o s

Kot L .

Two'days of the three day hearings dealt specifically with
science and engineering education, women, minorities, and the
handicapped in sclence, and scientific instrumentation. Of gpecial
concern wag the fact that for fiscal 1983, the NSF has not proposed
funding for scienqe education programs. '

Senate. Committee on Commerce, Science, and Transportation. ~
Subcommittee on Science, Technology, and Space.

: ,LegialaCive‘ records digest of achievements and.status of presi=
dential recommendations,\86th Congress, 18t session, January 7, 1959,
to September 15, 1959, Flve-year review of the democratic controlled
84th, 85th, and 86th Congresaes [by the Honorable Lyndon B. Johnson,
Senate Majority Leader] Washington, U.S. Govt. Princ. Off., 1959.
(86th Congress, lst session. Senate. Document no. 63) 159 p.

A aum.mary of congressional achlevements- from January 1955 to
the end of the 86th Congress, lat gesaion, Jan. 1959, During this
period, Congress passed the National Defense Education Act of 1958,

National Science Foundation authorization. Hearings, 97th Cogresss,
2d session, Washington, l,l-S. Govt. Pript. Off., 1982, 67 p.

A day of hearings was held on Mar- 25, 1982 to discuss fiscal
year 1983 authorizations far the National Science Foundation, Sclence
and technology edication and manpdwer {ssues were discussed.

+
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‘wgpe== Scientific and technical manpower needs of New Mexico. Hearinga, ‘l]th
T, Congress, lst session. Feb. 9 1981. Waahington U.S. Govt. Print. Off. .
1981, 69 P- A 1 N
A day ‘of hearinge was held in Albuquerque, New Mexico a8 "a
. starting point to evaluate how successfully . . [the Nation's)
e . school systems and universities are training young men and women
for the scilentific and tethnical fielda needed in private 1nduatry
and govermmental research.

==~ Summary of the three-year Kenned,y record and dlgeat of major

. accompliahments of the eighty-seventh Congress and the eighty-eighth
-Congress, first session, January 3, 1961, to Decembér 30, 1963.
. Together with a statement by the Honorabl= Mike Hanafield ' Senate e
Majortty Leader. Washington, U.S. Govt. Print. off., l964.~ 303p. *’

88th Congress, lst session. Senate. Document no. 53) ’ ' , -
. <,
o - As a result of the assassination Preaident John F Kennedy

in N(Nember 1963, this analysis of - cong;es nal achievements was
. enlarged to include the three-year record of the Kennedy administration.
’ In 1962, the Office of Science andWJTechnology was established within
. - the Executive 'Office of the Presidént. Among-other dutles,! the OST
«w _staff waa charged to keep a close relationship with the science and
- engineering community in order to further its participation' in :
strengthening the natlon's BC1ence and teCHnology and that of the S
free uorld. L™
. -

U S. Library "of Congress. Congressional Research Service. Women in . -
science ‘and technology careers: background analysis and legislative
concerns. By Edith Pairman Cooper. Apr. 25, 1980. Washington, 1980. )
85 p. . N F ’ : S C s

. . . - i . . ' . " co
WOmen scientists, eBpecially with doctorate degmes, conatitute v
BV a very amall proportion of all scientists in the science and
technology prof esgions and are relatively a large base of untapped e
talent for science and technology fields. Thia report. provides a -
background discussion sbout this issue. '

LI - . o . St
. N Lo

——— WOmen in sclence and technology careers.' I8sué’ brief no. 80065, S / T
by Edith ‘F. Cooper. May 29, 1980. (Ar.chived Apr. 21 1981).. ' ’ )
Waahington, 1980- 8 p. v ) . .o

. ' Provides an ovérview of the. issue qoncerning the participation
of women in scientific and techhological careers. P

———=c Legi slative Reference Ser:vice. Legislation dealing with science .
and technology, 85th Congre’ss, 2d session, 1958. Cdmpiled by
Dorothy M. Bates,” Analyst in American Government ‘and Public *

N Adminlstration, Oct. 15, 1963. 5 p: Ve

-~

-

. b’l‘his is a cmpilation of legislation dealing with science’ and
cechnology that was enacted during the second gession of the 85th ,
Congress which- began three months after Sputnik I was launched.

[y . o
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I

Venn, Grant. Man, education, and work: .postsecondary vocstional and
technical education. . Huhingcon, Ametican Council on Education,
1964. 184 p. o LC1043.V4

"It is :he thesis o". this report that techanology has created .
a new relationship between man, his education, and his work, ia
vhich educstion is placed squarely betwaen man and his vork. The
author contends that “unless fsr more and far better education. on
the semiprofessional, technical, and skilled levels 1s soon made
.available to greater numbers of citizems, the nationsl economy and
social ‘structure will suffer irreparable damage.

Waterman, Alan T Ststement of Alan T. Waterman, Director, National
Science Foundation, before the Subcommittee on ,Independe'nt Offices,
Senate Appropriations Committee, Apr. 24, 1953. Ia remarks of H.
“Alexander Smith. Congressional- record, [daily ed.] v. 100, May 5,
1953:  4438-~4440. R :

During his statement before the Senate Appropriation's
Subcommittee, Dr. Waterman explained that-the NSF was providing
financial assigtnace for the training of scientists and engineers
to help esse the shortage of such persoanel evidenc in the Natioa
at that time.
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*AZPENDIX Ia

PERCENT OF STATES REQUIRIHG LESS THAN 1 YEAR, 1 YEAR, AND HORE THAX 1 YEAR OF
v EACH SUBJECT TN GRADES 9 THROUGH 12 FOR.HICH SCAOOL CRADUATION,
. BY RECION AND SIZE OF STATE

N

) / . Mathesatice . ' Selenes a " Soclal Studiee
lassthen- . HoraTwn | LessTha . Eora Than - lass Than . Kore Thaa
b o d Your  QYesr 1 Yesr L Yoae 1 Year ) Yoar  Unhuown Ht_ur 1 Yorr  § Year  Unkinown
Mt - n o8 w |.om.osm o oa wpoonoe
1/ ' ' ‘
bortheat © | 80w W o » B %l n T T
South ] 1) 0 | 5% ¥ 0 0 T || '
Korth Central 18 " 0 1 Q2 | i 0 Bn A
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$ire of Stata _
bl u ow o ]l ow o w0 oaow .
Mdiva' M} 1] 'R H 5 n e I § noon .0
' large v n W ! N ]| | 0. non N
fasple ¥ B LR . ' A
‘SOURCEt Weiss, Trie R, Report of the 1977 1/ Reglons S _
National Sutvey of Sclence, Hathematics, Northeast . ¢ CT, ME, MA, WH, NJ,
and Social Studies Education, po 24 _. \ NY, PA, RI, VT
' - ! : ' South ) ! AL'AR'DE'DC. FL.'
L ~ GA,SKY, LA, 1D, 15, .
, - HG, 0K, 5C, TH, T, ¢
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SD. :
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_APPENDIX 1b &
. AVERAGE NUMBER 6? \mm:zs PER DAY SPENT IN ELEMENTARY SCHOOL
T MATHEMATICS, SCIENCE, AND SOCIAL STUDIES LESSONS, .
K BY GRADE RANGE 1/ :
S0 . Subject B PR
Az Machematics | Scisnce Social Studies
Scandard | ° Standard . Standard
Crade Range . Minuces EBrror [Minutes _Error |Minutes _Error
®-3  (N=801) ' 38 2.53 .19 4,12 22 1.84
46 (N=80S) , s 2,09 -| 3 173 |40 6.62
1/ Classes in vhich the most receat lesson vas not on the last day school
. vas ia session vere assigned zaros for numbar of minucss spent in the lesson.

SOQURCE: Weliss, Iris R. Repott'of the 1977 National Survey of
Science, Mathematics, and Soclal Studies Educatian, p. S50.
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-
X - . ) —Pnscdbod subjects and class hcun per waek for .umcnwy .choob:
e e N e 197! -72°
. — - ‘ e -
Subject r_ 1 2 -3 4 1 [ >
Yo oo ¥ n»n 1 » "N N
- o ? L] [} [ ? ?
st studies ; 2 2. 3 4 4 4
h 3 4 L] [ 3 [ ] [ ]
Sclence 2 2 3 B IR ) 4
Music 3 2 -2 2 2 2
Arts and crafin 3 2 2 2 2 2
, - - - - 2 2
"~ Physical education. 3 [ 3 3 3
Morsls 1 1 1. 1 1 1
1A “clags Pour™ is l! minutes. . .
Y Eftective April 1971, -
rce: JAdapted from Mlnulg ucation, Education in Jum-—d Graphic mlun. -
. llll (Tokyo: Government ng lunlu. 1970, p. 89 4

n R .

SOURCE: Anderson, Ronald §. . Education in Japan: ‘A Century of Modern Develop-
ment, p. 114. .

- . -
. -
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_ ' S APPENDIX 3

N

B <Y

.TABLE 1 -~ Sample fof Japanese] Senior High School General Program,
" College Preparatory Course;

. - -

TABLE 2 -- Sample [of . JapaneseLSeulor Hign School General Erogran, R
Terminal Course;

TABLE 3'~;‘Samp1e [of Japanese] Senfor High School Vocational Progréﬁ,
. " Industrial Arts (Hechanlcal Specialty);

v

TABLE 4 - Sample [of Japanese] Senior High School Vocational Program,
“ Business.

.
- s

SOURCE: Anderson, Ronald S. Education in Japan, p. 150-153.,

i
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APPENDIX 'S
‘.
. . TABLE 6 . . -
U.S. AND U.5.S.R. EDUCATIONAL Aﬁklm OF THE POPULATION: 1980-1977 h..}
R . 1960 - 2910 - 1913 1ms  aem )
u.s.! . Petcent - B N
College. & Yaars or More LEL IS LI I § KO IR VY BT WY
NIgh School, & Years or More . > N 4.2 0.6 49,3
T10th Grade, of More : 0.4 M 90 20 g
Lese thon 3 Yaars of School (15 ] s 42 28 .7
’ Nmber of 8 .
Nodtan Level 10.6 12.2 12.3 12.4 12.4
v.s.s.x.? - . Parcent
Wisher 28 50 62 ed 67
Incomplete Righer . 1.2 1.6 ‘1.5 1.4 1.3
Spectalired Secondary s.7 6.0 9.8 10,1 (0.4
Ceneral Secondary ) e R T N X X ]
Incomplete Secondary 3.3 6.8 1.6 1.4 1.1
Primary and Lass . 396 46 I3 359 el
' Wumber of ’
———Tuober of Yeare
Nedian Lavel T 3.8 1.6 8.3 8.3 8.7
Date for persone 13 years of sxe or older. ’ .
Data for persons 1% years of age or older. .

A 7 Sources: Statiacics) Abatract of Lhe United Statew, 1978, p. 14):
. USSA: Trends and Prospeeta in Educationsl Attainmenc, 1959-R3,

Mational Foreign Assenmmgnt Cencer, ER79-10344, p.7, 23 (Juas 1979).

SOURCE: Afles, Catherine P. and Francis W. Rushing. The'Science'Rnce,'p.‘IS.F
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‘APPENDIX,b * . TABLE 7 -- Science and Engineering Degrees . .
. ST Lo Avarded in West .Germany, 1978-79-
- i . ) “.l-,Prﬂlungcnanﬂxhuhulcn") : )
Abgeiegie Pribungen m . R

.
1 )
13 .
7
: o .
3
o
1
754
134
. n 12y m
. CrmrsiemschoR 1o ) 13 .
Soret: L L TR
- nas 2841 mm

1381 18 1%
1219 ]
> 1309 1 n ,
im i y
FL I
ia 3 ¥ Fenkani |
o) as - »
- 1820 2 10 7/'" H
. Werticnon: wl Geiadic Mot ! 1M 10 ’ ]
. Pointn- wnd Sansremaiemachaiit 183y 7 . 7
WartichaRimmiemcnsen ) 1 SosesiTy
3 aracrarn [} 2 1]
1 1 18
1 (1] 0
1 [ ] 7
] ] 3} 1
{1 1 ]
181 n 1
3701 kL e
31 1
1739 m
. n
10
Pusemota Mot IEPNES s0
Apar-, Font wn [inshrunpessrnsciohen )
sreautnshen B 1 "
- 3 50
Beatrorcoma 318
Artmteater. i
Bargrarurasion m 131
et Curitwrramchoft m
Somsiqe facher - - — — — - -
i 129 1208 ar nsa-/ sm 14
) Easen dord, . 1) Erie Suatspefung hur Sus Lehwamt rowe Zunnae. Ergensungis oder Ereitervagipridun- -
) Prdospyane = y et he g 1 do7 R gel eronrtd [rots Abtowent e LemDefingung Iuf doer K

merrcMisces. .

SOURCE: Received from the First Secretary, Embassy ) -
of the Federal Republic of Germany, .
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. L ’ ' ’ '
APPENDIX 7 K . '
: ~ s . o .
7 TABLE 8 B %
-~ h R . -
Esti d tranaf to dilferént schools o training prog : l ,
.  Academic - RS
r T ' or Vocs- . | .
profes tional Other— Other— 1 -
. v . sional  fulltime Training federal - mistel. 4o .
Graduate of: career schools in firms* defense laneous Total ' LT . .
Basic 0.0% - 108% 643% 1.6% 23.3% 100.0% )
schools or . -
special . . ' .
schools L
Modem sec- 0.0 238 66.7 1.9 8.0 100.0
ondary - .
“schools— .
. intermediate N !
degree ’
Cymnasium 89.2 25 58 25 0.0 100.0 .
or other a ~
institutions— - . .t
matricula- . :
' tion . . ’
examina- . - °
tion
. S ———
! Source: Kuhlewind, Mertens, and-Tessaring; 1975, .
L
/ 1 L

SOURCE: von Dohnanyi, Klaus. Education and Youth in the Federal Republic of
Germany. p. 22. - N
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APPENDIX b

Science and Engineering Degrees Avnrded in tha
U.S., U.S.5.R., Japan, and Vest Cermany, As Av-ihbh,

1976, 1979, 1980

.TABLE 9a — 1979 Science and Engineering Graduates: United States and thc' .
Soviet Union . - . . e
. TABLE 9b =~ [U.S. and U.S.S. R.] Earned Degrees in 1979: - Trafaing of Engineers, i
Technicians, and Skilled Workers (Excluding Adult Educ-tiou) A%
TABLE 10 — 1976-1979-1980: Engineering Degtees Awarded for Al.l Countrie: .
Discussed {
. ‘/ [
4
o
.
-~ "
. TN , . -
i}
~ 1 ) . [
~N
/
. # >
v f

@

el
!
H
I
|

O

ERIC

Aruitoxt provided by Eic:



. : 233

R TABLE 9a
’ . :
1979 Science and Bngincering Graduates:
United- States and the Soviet Union _a/
. Total S&E S8 Graduates  Physical, .
i All Fields Graduates As Percanc Life Sci. & .Engi. ' Agri.
i of Totll b Mathematics
¢ . T . C
u.s. 11,000,600 179,700 17.92 93,600 62,800 : 23,200
U.S.S.R. 790,000  416,900° 32,92 49,800 306,800 ' 60,300
* [
” 4
* , ’

\ a/ Received frem SRI Internaclonal during telephone converaacmn wich a
staff aenber’on Oct. 27, 1981.

_b/ Calculated from,columns 1 and 2.

O
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(EXCLUDING ADULT EDUCATION)

Doctors ln Exgineering

’

Masters -u

Dachelors ) 53.7

{Ne corcesponding tralalag)

‘iNa correspending (training)

. a

Assoclsle Degrees In Scl
and Englueering-Related

7
Va
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TABLE 9b

A2

. EARNED DEGREES IN 1979
TRAINING OF ENGINEERS, TECHNICIANS, AND SKILLED WORKERS

SA
25

Curricula (Junior Colleges) 103.7

" Gradustes of Technical-
Vecatlonal High Schools

Trade and Industeial Programs
in High Schools

? -

in {hoossnds

USSR
cee e (spx) 120

C1B.2 Lt i e e ee s 4017

Ve e es .. 18030

y.

Candldates lu Engineering

Digloma Esgineers (Gradustes of
ngbefTechnlnl'lullmq),

INo corresponding degreel

White-collar Techalcians, Graddisies
of Secondary Speclatized Schools
(Equivalent of 23 years af u.s.

Techaleal lnstitute

Skilled Techujeal WockersfGradustes
. 'of Technical Schools cnd Sccomdary

Technltsi-Vocational Schosls

INo cosresponding trulnlugl

* gkilled Workers, Graduates of “mazs™

Technical- Yocatlona! Schools

. € ’
SOURCE: Dr. lzaak Wirszup, Dspl- of Mathematlcs, The University of Chleago,

. '198l.

&

s

-~
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‘TABLE 10

1976-1979-1980
Engineering Degrees Awarded

For All Countries Discussed al
Y 19 6 ’
Bach. Master - Doctor Post- Total Percent of Total
Degree Degree Degree Graduate Population
38,774 16,021 2,791 57,586 0.027
11,241 8,058 19,299 0.03
68,126 6,216 74,362 0.067 .
N.A. N.A. 280,400 ¢/ 1.09
P
. 1 9 9
Bach. Master Doctor Total Percent of Total
DegXee Degree ~__Degree Population
62,375 15,495 2,506 80,376 0.037
NeA. N.A. * N.A.
N.A. N.A. N.A.
N.A. 306,800 ¢/ 1.16
. 2 q
47 ;
AR -
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N TABLE 10 (cont.) ' i -

1 980
Assoc, Bach. Master Doctot . . Total Percent of Total
Degree Degree Degree . Degree Population £/
u.s. df N.A. 68,893 16,263 2,507 87,643 ‘0.038
u. GERAANY M. NeA ¥.A. NeA- 22,400 e/ . 0.036
JAPAN 15,002 73,468 7,135 657 96,272 " ¢/ 0.082
U.5.5.R. NAL NAL . N N.A 319,800 ¢/ - L2

—_———
_a/ useso statistical Yearbook, 1978-79, unless othervise noted.

_b/ Vetter, Betty, and Eleanor Babco. Professional Women and H.inoriuen,-
p- 139. '

_;g/ Recelved froa SRI International during telephone conversations with a
staff member on Oct. 27 and 28, 1981, and Apr. 28, 1982, tespectively.

_4/ Recelved frm the National Center for Educational Statistics during a
telephone conversation with a.etaff member on oct. 19, 1981.

_e/‘,R‘e_g;flved from the American Society of Englneering Education during a
telephons Conversation with a spokesman on AprT. 28, 1982, -

_f/ Calculated by CRS.

oqy
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" APPENDIX 9
TABLE 11

1976 Sciencs and Enginesring Gradustes: All Countriss Discuesed _1/

Sk Gedduates~ ——Physteal,—— ..
Total, SaE As Percent Life Sci., and - T
~ __All Fields Graduates of Total b/ Mathematics Engi. Agri. |
U.s. ¢/ 997,500 164,400 16.5% 98,200 46,700 19,500
W. GERMANY 207,719 71,659 34.5% . 49,738 19,357 2,564
JAPAN 504,638 133,561 26.5% 30,182 89,673 13,706
U.S.S.R. ¢/ 734,600 383,400 52.2% 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 avallable fpr 1976.

_b/ Calculated from columns 1 and 2.

_c/ Received from SRI International during telephone conversation with
gtaff member on Oct. 27 and 28, 198i1.
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APPENDIX 10

TABLE 12 .

E l:rojectedlfvhrket For Scientists and Engineers in 1990

by Field and Level of Training

) (all scenarios)

N Baccalaureates
Y and Masters Doctorotes
Physical'Sciences ... "o T Adequate ™ Adcquate
Chemical ..... ceeeeos Adoquae
Cnolo;iul\ ............. Adequate
Physics and Astronomy . . Adequate .
Uncentain
(Possible shortages
some fields)
Metalturgical .« .
Mining ... .
Petroleum . Balance
Other .cooveee . Adequate
Mathematical Sdcncf: veee. Adcquate Adequae
Mathernalicians e eeeeer Adequate
SLAISUCIENS <o oorarcene Shortage
Computer Professiont ... «.- Shortage Shortage
Life Sciences . cceerre Adequate,
Agricultural .. . Adequate
Biological . Adequate
Social Sciences . oveeeaeees Adequate Adequate
Psychologists . . Adequate
- SR . Adequate
Al Fields..cocoeeees . Adoquate Adequate

m-mwynlmmlum-m-ln’.
SOURCES: lmdwmw&—hmmmdﬂﬂ
Scumct Fowadetos. .

'

Science Foundation and Dept. of Education.

{ng Education for the 1980's and Beyond, p. 26.

25u |

Science and
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. ' " APPENDIX 11 . \

TASLE 13

PROJECTIONS OF UBSA CRADUATTONS FROM NICUTR EDUCATIONAL IXSTITVIIONS: (160 threwqh 1990
(18 Thowsand s . . . .

T Itesr.ol, Tovel, atl rield
Lot Pemdmie  GElGLA Vanisid

190 un [2%) sol.s
. [ soon 118}
190 000 "
1) $ay M8
1994 ns L IR}
1943 aves 04,4
14 an [13RY
1987 w1z ws
1% ANy e 1043
138y “an a4 (TN}
1m0 w ma LX)
. B
netel Lot A prolectiions based an 1913 thrsuak | nod In

o 1v, v 17-9,
tlons wsa (he sve ¢ the Il.yesreald papstonion

slon Verleay § e
1973 - 1979 a6 shosm In Tohle 1Vot, .

lgs Demographic Anstyals

" Seurcel USSR pepvletien sotimates for July 1 of sech yeac, prepared (s March 1917 by the ¥
Bivtolen, V.8 Pureaw of the Consua,

0o
T




. 240

APPENDIX 12

TABLE 14 ‘.

PWICI’W 0F USSR CAMDIDATE OF SCIXNCE AND DOCTOR OF
scIpcE wzu?hmmmn 1979, 1983 and 1990 .

, Thousands) -
. Thystcal &
. Candidats of Tetal, Total, Science LiJ: Jefences
Science Degrees All Pields & Engioeering & Mathematice. ln|> tnasriog A‘rﬂulturl
’ 1979 " are 20,8 1.8 1.3 1.6
wes a6 . X 10.0 1.3
19%0 26.4 19.7 7.4 10,9 . 1.3
poctor of - -
Sctarce Degraes . '
s
1979 N 3.7 1.4 2,0 3
. 1983 7,8 3.9 2.2 ©a3 "
19%0 Coes 74 ——— 3.9 .3

Sourcest Total Candidace and total Doctor degtee projections from Sovist Profssefonal, Scisoeiffe,
end Technieal Menpover. DIA, May 11, 1979, p. 993 breakdowns by ffeld of ecfeace based on aspirant
enyolisenc percencages for 1974, showvu {n Chapter ¥, Teble V=1, ‘

.

SOURCE: Alles, Catherine P. and Francis W. Rushing. The Science Race, p. 190.

2 T
d
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APPENDIX 13

TABLE 15 -- Effect of Engineer and ScientiFt Shortagé on DOD

TALE 16 — [Engineer and Scientist Shortage:] Impact on Defense Industries

TABLE 17 — [Engineer and Scientist Shortage:) Impacts on the Air Force

SOURCE: Jack Gansler. Shortages of Engineers and Sclentlsts. The Analytic
Sciences Corporation (TASC). (Unpub;ished.) - v

N
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TABLE 15

EFFECT OF ENGINEER AND SCIENTIST
SHORTAGE ON DOD o

o DECREASED MILITARY PREPAREDNESS

o IHCREASED COST OF WEAPORS (DESIGN)
° REDUCED PRODUCTIVITY  (PRODUCTION)

o  DIMINISHED INNOVATIVENESS

25
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TABLE 16

- IMPACT ON DEFENSE INDUSTRIES

o  BETWEEN 25% - 35Z OF ALL U.S, ENGINEERS AND SCIENTISTS ARE
SUPPORTED BY DEFENSE KORK.

e  SHORTAGES DISCOURAGE SHMALLER COMPANIES FROM BIDDING ON DEFENSE
CONTRACTS AdD LENGTHENS SUPPLIER LEAD TIMES ' '

"o REDUCTION IN INNOVATION (PATENTS GRANTED TO U.S. CITIZENS DOKN
27% IN LAST 10 YEARS)

o  INCREASED SALARIES AND TURNOVER -CAUSE INCREASED COSTS (COMPUTER
SCIENTIST STAKTING SALARIES $30,000 - $35,000)

o ITTAKES INDUSTRIES PARTICIPATING. [N VLS PROGRAN THREE YEARS
TO PREPARE HEW ENGINEERS TO WORK COST EFFECTIVELY

T Sewmsin,

19-177 0 - 83 ~ 18"




244 ’

TABLE 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.'

“AELC ATTEMPTED. TO CONTRACT ouT 264 MINUTEMAN MlsstE 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 TWC YEARS,”

#[n 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, A1R FORCE SYSTEMS COMMAND

25{)
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APPENDIX 14

Evaluations of Eleven NSF
Science Education Programs

SOURCE: NSF Office of Program Integration.

o
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N
Title: A Longitudina) Stucy of Man: A Course of Study (5 vols.).

purpose:™ The aims of the two-year study of Man:

R were to
Tearn, w
- from wha

Sumrma

MACOS was one of t
projects of the 19
upper elementary ¢

of behavioral science with a humanistic or

examine the impact of the

he

more elaborate developments”of the

A Coursa of Study (MACOS)

Corriculum on what students,
hat they retain, and how what was learned wa
t they might have learned otherwisa.

s different

Wnew social studies”

§0s and was originally designed as a one-year course for
hildren. It appeared to combine the content

1gntat10n towar

and methods

ds educatfon. .

The curriculum provides the opportuni ty -for information to be obtained in
many ways, 2.g., from written materials, films, records; games

cussions. It encourages students to learn together and
each other, it encourages teache
than a lecture or question-answer-que

encourages mul tipl
can adapt to the v

The present two-ye

e approaches to the pre
ar

ar study

stion approac
sentation 0
{ous - interests and abili

was undertaken to examine the effec

MACOS with respect to achievement and motivation and sought to

teachers and s tude
was primar{ly desc
and differences of
might otherwise ha

A number of evalua

nts see themselves as doing in MACOS

riptive, attempting to delineate a number of

MACOS, compared to a var
ve had.

tive methods were used in

measures. interviews of students and teache

from tape recordin
activities and int

MACOS lessons were
teachers; some use
Though the diversi
drawn, 1t was foun
taking MACOS. nei th
MACOS classes in ?
one's mind signif
There was marginal
react more positiv
beliefs than those

During the course,

erest, and group discussi

found to have been used
d MACOS intact, others us
ty of implementation weak
d that on generalized tes
er helped ror hindered av
eneral did not stimulate
cantly more than-the aggr
indication that students
ely toward people who mig
in non-MACOS classes whe

MACOS classes scored sig

classes on three measures of attitude towar

year, former MACOS
interesting than d
were made and, whi
and non-MACOS grou
climate (what stud
there was no varia

‘students found thelr pre

ps of classes for some cl
ents thought of classes),
ble on which a1l MACOS cl

higher or lower, more or less, than all non

}

25y

{ety of programs th

, and dis-

to intaract with |
rs to take a probiem-solving role rather

h to teaching, and 1t

f topics so that teachers
ties of their studants.

tiveness of
oxplore what

, and why. The study

sim{larities
at students

cluding achievement and attitude
rs, analysis of random samples
gs of classes, rating scales of teacher and student

ons with classes.

qui ta variabl

y by different

ed as 11ttle as 16% of it.
ens the conclusions that can be

ts of social studie
erage class scores,
confidence in the p
egate of non-MACOS

s skills,
and that
owers of
classes.

in MACOS classes tended to

ht have unusual cus

toms or

n tested a year later.

nificantly higher than non-MACOS
d social studles. The following

sent social studies

program less

nts. Hany other comparisons

di fferences between the MACOS
assroom process (what was done),
posttest and follow-up variables,
asses were better or worse,

-MACOS classes.



O

ERIC

Aruitoxt provided by Eic:

.

Purpose: The primary purpose of PLATD (Programmed Loagic for Automated

247 . -

« . .

——

the Community College, Richard 1. Murphy and Lola Rhea App
s 1977, ' . :

Title: ™ Evaluation of the PLATO IV Compu'ter-based Education System *g_
. e »

Teaching Qperations) 1s to deliver instriction 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 community college level and an evaluation

of the educational effectiveness of the PLATO system in terms
ofﬁts impact on participatirg students, instructors, and -
colleges. . :

Summary . N » .

“Based on the data collected fn the community college project, the PLATO

computer-based education system was implemented and demonstrated essentially

as had been projected in the {n{tial 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 commnity colleges, and in the two semesters (Fall 1975
and Spring 1976), the PLATO system provided a medium for {nstruction

with substantial appeal to both students and instructors. The PLATO ;
system had no consistent positive or negative effegts on student achieve-.
ment or attrition. The cooperative effort between instructors and
developers was successful in that a- substantial number of PLATD lessons
wére designed, developed, and integrated into. ongoing community college
courses fn the- five targeted subject areas. The usage of PLATD by :
students and instructors exceeded the initial expectations of. . the
developers although the extent of usage in classes was somewhat Jess 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—hads

and perceived that they had, over the use of: the system.
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. This evajuation covers the results of a demons tration of meEICCIT progrm;“ -

Title:  Evaluation of the TICCIT CQmEhter-Assisted Instructiona'l'stm"

in the Community Coilece, Donald L. Alderman, EIS, 1978. N

Purpose: The MITRE Corﬁd(&t‘lon‘ proposed to develop a small cbréx;:ut:ei-
: sys tem which would be, dedicated to supporting instru tion 'wi thin
a school. Their WICCIT (Time-shared, Interactive, Gomputar-

Controlled Information Television) program was to bring the cost
.of computer-ass1stea insguction down to an affordable leyel for

mas ¢ schools and thus encourage the mss dissemination of computerr -

assisted instruction by private industry.

at two community colleges.- It contrasts the performance of students in )
classes taught primarily by computer with the performance of similar students
frem lgcture-discussion sections.of the same courses. Comparisans focused

[+} r aspects of student performance: course completion rates, student
aghievemént, student attitudes, and student activities. The evaluation

i1sc documents faculty acceptance of the TICCIT progran and examines the

role of teachers in courses where the primary instructional resource was

the computer. .

«

After several academic terms of experfence with the TICCIT system, faculty .
expressed uncertainty that the. TICCIT program had positively affected.®

ins truc tor .duties. Instructors had become less certain that computer-
assisted instruction, particularly the TICCIT program, would benefi t them.

in fulfilling ﬁleirflristruct'lona‘l rgsponsib‘l‘l‘lties. Moreover, those - )
instructors closely associated wi th” 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 program may be

b
{nappropriate for commnily col lEgBT’OﬂTy-ﬂmsrsmdens-»-s-mng—i n-_thair. .
initial familarity with the subject matter benefited substantially. from
courses offered under the TICCIT System or derived less benefit from
exposure to the program. The strongest avrdument for a continuation of
applications at community colleges would be a countarexample to the course
completion rates observed in this evaluation. At instl tutions with a more

salect and less heterogeneous student popilation or with compulsory attendance

in h;su-uct-lonal programs, the TICCIT program could lead to uniform, positive
results. . o .

-

. M h
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Title:  The PLATO Elementary Oemonstration Edhcat'{on_gi_ Qutcome Evaluation,
Spencer Swinton et al, EIS, 15978.

Purpose:  The document reports the results of a five-year evaluation of
: the Elementary Education Demonstration of the PLATO computer-
based instructional system,

Summa - ) - . K
The developers of PLATO placed terminals and ancillary devices in elementary
classrooms ip the Champaign-Urbana area. Two groups of ‘curriculum -
developers prepared lessons in‘beginning reading for children from .
kindergarten to grade two and in mathematics for children in grades four

to six.

B

Twa major findings emergsd 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 intégrated with 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
" crassroom teachers. .

. 2. The °LATO Elementary Reading Curriculum demonstrated negative impact
on_first-qrade reading achievement in the pilot year and on kinder=-
Qarten reaoing readiness achievement in the first semes ter of the
demons Tration 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 3n economically viable delfvery systam for
elementary schools.

a
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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 wamen pursuing science-
related careers. . - : o

Summa

=Y X .
The‘methodology used to conduct the evaluation included assessment of
project documents, 'site visits, a participant impact survey, and an evalua~
tion. form completed by both the contractor and the project directars. 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 evaluations was not adequate
tn permit definitive conclusions. : o : L

Pt /
S - /
The report: contains a synopsis of each of the-projects. Each synopsis
includes. a description of the ;])roject as it was.originally conceived, the
project as 1t was actually implemented,. obs@cles to project implementa<
tion. a description of project personnel {ncluding 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 ‘davelaped as/the project product, and the
dissemination strategies employed by project personnel . Finally, there is
a discussion of project costs.,. 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. tp interest women in science-related. careers.

The general conclusion of the stud{ was that recruitment and commi tment
should be amphasized in high schoq] years; reinforcement, support and
ratantion emphasized in the -college yearss and that removing ins ¢ tutional
berriers should be emphasized in graduate school, reentry .programs for
mature women, and pos t-employment programs. .Most of the participants felt
strongly that all-femalg workshops and classas were necessary under certain
condfi tions. -

Role models appeared/to-be-the-most effeéve. component of_most of the
projects. It was recommended that role models close in age and accomplish-
ment level ‘0 the participants be utilized in conjunction with inspira-
Tional models, sucfessful wamen at the top of their fields. It was also
syggested that ntry programs might be more successful in recruiting
underemployed, rather than unemployed, women.

!

Y
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" Title: An_ Analysis of‘Suppm"ted Projects to Test Methods for Increasing

the Access of Ethnic Minority Students to Careers in Science and
Technology. B . . ’

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 recommend to NSF both policy and administrative changes
which would improve procedures for the evaluation of new experi-
mental project proposals. . . : .t

Summa

The work was comprised of two 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 educationai outcomes of
minority students as they proceeded through their schooling. -The other
effort was the documentation of the individual projects 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 sugges ted
priorities for remediatfon..

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; lack of recognition.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 dealt wi th 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

nev -intervention 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 recommenda-
tions 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, Woman, and Hand{capped Student

: ' Representation in the Undergraduate Research Participation (URP)
and Student Science Training (SST) Grant Programs of the National
Science Foundation. S o

<purpose: To determine the extent to which minority. women, and handicapped
e students participate in the SST and URP programs and, {f those
groups are found to be ‘underrepresentad, to make amalforative
policy recommendations. : -

-Summary

Telephone jnterviews 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 -
specificaliy aimed at minori ty or handicapped students. A1l 18 SST and 12
URP PDs of minor{ty- or handicapped-oriented projects were also scheduled
“and 25 of the 3D successfully {nterviewed. .

1t was found that the participation of hand{capped s tudents 1vn the $tandard
projects was very small (5 of 1684 SST and URP 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 biclogy 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 preportion to their presence as
science majors in the host departments, but that proportion’was somewhat
smaller than women's participation in the high school lavel SST programs.

_The number of minori students, was 2 reasonable proportion of the total
in the two programs, but it was found that they participated heavily in a
handful of the projects and hardly at all in the others. A number of PO's
had actively sought minority participants. Most had simply includad = -
minority institutions on their mailing 1ists and mat with very 1ittle
success, but two URP and several SST PD's recruf tad—and ancour

person at locations with a high proportion of minority enroliment and had
far larger response..-....: “ -

It had béen 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 followirg picture: Instructors at minority institutions carry
a larger than usual teaching load and thus have less time for individual
research, or proposal writing, while thare is a clear feeling of discourage-
ment with NSF since there is the impression that SST and URP grants ao to
the educationally z2lite insti tutions,_that most of those are renewals, and
that there is very strong competi tion for the relatively  few new arants
made each year. This last impression was investigated during this analysis
and found to be substantially correct: 30X of the SST and 22% of the URP
grants were first-time awardss the remaining 44 projects averaged about
7-1/2 years of previous funding. .

The recammendations centared around proposed methods for expanding the
number of SST and URP client institutions, promotino greater {nterast among
women, minority and handicapped students. and assisting PD's in their
efforts to recrui t minority participants.

] |

T s
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Title: . Panel Evaluaﬁon of Hinateen Pro-(:o'l'ltqo Curriw'lua Deve'lopmant
Projects, December 8-12, 1975.

Purgose: This report detafls the efforts of the National Seience Foundation
to evaluate nineteen pre-college curriculum projects. -

m-'

During the week of December 8-12, 1975, 73 people met in Washington, 0.C. -
in seven panels to assist in a review and evaluation of the 19 precollege “N
curriculum development projects currently being supported by the National
Science Foundation. This review was’ resgons‘lvo to guidam:e from the Congress
and from the National Science Board (NsB), 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' corments, the gerspecﬁves of the d‘lrsctnrs of
the 19 projects, and descriptive material about each project. . e

Seven panels were formad to perform the review. Cne panel dealt w‘lth nch
of the areas of: elementary mathematics projects. (e.g., Unified Science -
and Mathematics for Elementar{hSchools). secondary mathematics projects
e.g., Sourcebook in Applied Mathematics)}; and social science projects

e.d., Exploring Human Nature): Because ’of the large amount of materdal to
be covered, three panels dealt with secondary science projects (e.g., )
Individualized Seience Instructional System). The seventh panal consisted
of publishers of elementary and secondary school. science curricu'la (e.9.,
Technolog.y-People—Env‘lromntl .

The reviews were addressed to soveral questions. 1nclud1ng the fo'l'low‘lng- '

-~ Doa genuine need and market exist for these ‘lnstruct‘lonal e

- Is the content of the 1nstzuct1onal_matemls,sdznr.iﬂmu¥v4—

mna 157 /
/-

correct and educationally sound?

- Are the proposed and anticipated outcomes of the fnstructional . /
materials desirable? - .

~ . Do these instructional materials present implementation problems -
for the schools?.

- .-Nhat are the géneral' {mpressions of the curriculum?

265
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. Title:. Status Studies of Pre-College Science, Mathematics and Socfal
gcie?ce Educational Practices in the U.S, Schools (1978)
volumes. : :

Purpose: These studfes.ware assembled to determine the status and needs
of science, mathematics and social studies education fn the
‘na.tion's elementary, junior and senior high schools.

Summary -

In 1976, the Hational Science Foundation funded these three prajects,.
bazed on different methodological approaches., to fnvestigats the status’
of science, mathematics and social studfes education fn American schools.
_The overriding theme of these studfes {s 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. .
matter of developing up-to-date curricula, the problem is much more
comprehensive than curriculum alone. It involves unders tanding the .
critical and essential role that the teacher plays in classroom instruc—.
tion and in pioneering the. development. of new, {ns tructional ngaterials.
It also involves acceptance of the fact that the textbook is central to,
{nstruction. Furthermore, it must include consideration of the importance
of student motivation and the teacher’s need t0 fostar attentiveness and ¢
responsiveness in students--even through teaching those skills, 1f
necessary. : : .

Other-lissues that need to be. faced include: those of serious preservice
shortcomings and in-service training needs; the related prehlem of the
misassignment of teachers and courses; the optimal use of tests and

evaluation procedures; and the. {nfluence of the overal] organt nﬁona]
makeup of the school on precollege education. _ Y

\
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Title:  What Are the Needs in Preco'i]ege'Science: Mathematics, and Social
Science Education? Views from the Field (1980) .

Purpose: The purpose of this publication was tn serve as a ve.hic'le to ai.d
{n communicating the findings of the status studies to -different
audiences. : . s - ’

. P

-Summa .

This document presents a compendium of nine interpretive overﬂews of the

earlier status study publications. - - S !

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 univers{ties to conduct workshops for lead teachers
and supervisors in schools that make commitments to organize subsequent
in<service training programs using these personnel. Workshops should
focus on subject matter and classroom techniques.

‘2. Teachers should be central fiqures in research--but not only as “subjects.”
They should be partners in the research enterprise. Teachers should be
involved to a much greater extant 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. 4Greater support is réccnmnded for NSF institutes for teachers, hoth to

increase their knowledge of subject matter and to Tmprove their skill
{n, teaching the new courses that will be developed in the future,

7. The Education Department could earmark funds for state departments of

education to award to schools seekino to uggraae science programs in the '

eletentary and Junior high schoois. ;

8. It {s recommended that efforts should be made to_ident1f¥ qifted ]
econgmicanz disadvantaged students early in weir schooling, so
as to ensure that they w1 e atrorded adequate opportunities to ,
prepare themselves for admission to scientific and technological
programs in college. : .
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Title: Qversight and Evaluation of Resource Centers in Science and
%ggar)legring: A Prograss Report to the Congress (January

purpose: The purpose of this report i{s to provide an evaljuation 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 deésirable. : o

Surmary

Tre report Gives a brief overview of the center concept and its impact
won students and their teachers at three levels: the precolliege, the
undergraduate and the graduate level. ’ . .

A description of the two existing Resource Centers at Atlanta Unjversity

and the University of lew Hexico/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 precoilege and under-

. graduate institutions. c e

Recommendations are given based om axternal avaluations, internal o
evajuations and site visits by some of the Advisory Commi ttee members. ‘.
Major recommendations are the following: \

° It is ctrongly recommended that the. National Science Foundation \\
request funds to implement 2 minimum network of.seven Resource
Centers. . . . : \ .

* 1t is recommended that future Resource Centers be at institu- - \
tions which have or show potential for a strong base on_which
_the Centar could be bullt; avidence of significant {nvolvement
of appropriate persons in the development and {mplementation - -
of the project; and 2 convincing case that the Resource Center -t
would make 3 difference at the insti tution and in the region.

i 1t is recommended nhxt‘fuﬂxre—funding—dec—'l,sions-ndt,be_delaxe,d
by requiring extensive evaluations at this early stage in the
development of the center concept sO that momentum may be '
Jmaintained and the center concept fully developed.

° It is recommended that the Advisory Comni ttee for Minority \
* Programs in Science Education be maintained with no fewer than.
nine members in order to moni tor and oversee the Resource

Centers as well as other programs.
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APPENDIX 15

Englneering Faculty Face Serlous Shortages

While {he aumber of B.S. Euluem Impl increnslng . ., -
the ullmlng drop ia Ph.D. dutm becomes mort pmouuud.

J
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SOURCE: Proa 8 compilatfon of information presented with!the tautlmny of

1

Dr. Edward David, President of the Exxon Researcp Co., at hearlnge
on H.R« 5254 before the House Comnittee on Science and Technology,
Subcosmittee on Sclem.e, Research and Technology; on April 27 1982,
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APPENDIX 16

TABLE 18
-

National Science Foundation

Science and Engineering Education Directorate: 485/

Fiscal Years 1952-1983

(In Millions of Dollars)

Obligations, 486/

1952 == § .1.5 . 1968 -- §124.8

1953 —— L4 1969 -- 106.5

R 195 — 1.9 . 1970 — 120.2
Ca9ss — , 2.1 © 1971 —- "68.8

1956 -= 3.5 1972 —  93.7

1957 -- 14.3 1973 --  62.2

1958 -- 19.2 1974 —  80.5

1959 -- 61.3 1975 == 74.1

1960 --  63.7 1976 — ' 66.1

1961 —  63.4 1977 == 74.3

1962 == 83.6 1978 — 73.9

1963 — - 98.7 1979 —  72.4

1964 -— 111.2 - >1?so - n.8

. 1965 == 120.4 1981 -~ 70.7
1966 -- 126.3 1962 — 209

, 1967 - 123.4 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 Edu

cation Directorate.

486/  The flgures, which have been rounded, were received through a telephone
conversation with a spokesman at NSF on June 20, 1983.

\
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