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the Next Century

Introduction

Study and scrutiny of what we doo whae we ~hoald do and
what the future should bring are not new far engineening education
Rather. italmast seems to be the norm. During the 1980s alone thare
were at least mne major studies and reporis (-9 cach of which
analyzed and diagnosed the s of the engimeenme education
enterprise and prescribed remedies. Increasingly. wdividoal
faculty and institutions are seehing and nnplementing mnoy ation
in the educational expenience oftered to ensineering students

When we step back and review the teponts, the proposals e
discussions, along with wihnt encimeenng taenlis and then il
ministrators are doing.a pretare cmeroes that sigoosts engmect
g education s on the verge of a pernod of changee that pronnses
to be both broader and deeper than any we have seen in the past
several decades. The answers to fonr gquestions should help os o
understand hetter what this chimee may be

L. What i« the nature. scope and direcion of the chiange tha
seems 1o be evolving !

2 Whart purts of engineerving education do we do best?

3 What parts of engineermy educanon appear o have been
neglected”

4. What parts of engmeerning cducation appear to be prone

candidates for signiticant change?

Nature, Scope and Direction of Change
Several indicators suggest that sezmficant chanze s part o
the tuture for engincering cducitinen

I Society appears to be recogmizing that enginegrs aie the

ones to solve many of the most pressing socieial prohlems

2 The demand for mercased breadth ot cogimeerig cduca
tion--tor both techmaal and contertnal aspecissecmis o be
aceelerating

3. The baccalaureate m enericernnze s secias o Lo vea
program followed, with mcreasee froqueney G tat) fome sty

at the masters level

Edward W. Ernst

b broaeder vange of career opportunities lor gradmates of
cizineenne programs - developmg. i both the undergraduate
and craduaste levels Career opportunities witlinclude notonly the
cnes we reand s centnt o engineering research. design and
developentsand those aomaorty of our graduates now pursue
i hetmge d araagzements but aneven hroader arav: systems
aind' v i poline o enteeprencur, aed others This emphasize< one
ol the trends fon the tubme of enzmeening educaton the mcreased
diversiny gl e career opporuniies and the corespondime need

For e reased diversity of the enginecimg education procranis

Best Aspects of Engineering Fducation
Fhe prosent proctams m ongmecnng educanon: particnlarh
ab the nnderadie e elsine espeaiadby sttong i o nimmber of

gt e deding o sy o dcach
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1. Technical content,

2. Techniques tor analysis, modeling and stmutation,
3. Design,

4. Problem solving. .

Neglected Aspects of Engincering Education
By comparison the present programs in engineering eduga-
tion, seem 1o have neglected several aspects, including the
following:
I. The capability for teaching:
a) Problem statement and problem lonmulation,
b) Contextual issues (economic, pohitical. societal. en-
vironmental),
c) Communication skills.
d) Business related topics.
2. The use of innovative methads for the detivery of education
3. Faculty/siudent interaction for the development of students
as creative professionals.

Candidates for Significant Change

Six aspects of undergraduate enginecring edvcation scem 1o
be the most likely areas for change in the neat decade. For cach
of these, pilot projects are either underway or in the plunming
process in one or more institutions.

1. The focus for the undergraduate program will sinft from
the content of the courses to the development of voung people
as emerging professionals. Course content will continue to be
important but the attitudes and capabilities students develop
during their educational expericnee will be recognized to be as
important as the content that is presented.

2. The four-year baccalaurcate enginecring education will he
designed ". . . to provide the knowledge base and the capabiliy
for life long learning.” (8)

3. Engineering as a topic for study. including problem detim-
tion and problem tormulation as well as problem solution, will
be introduced early in the undergraduate progeam, perhaps the
freshman year. The motivation this furnishes will "drive” other
aspects of the educationa! experience.

4. The emphasis in the t ndergraduate program will shift from
almost exclusive attention to the techoical or the techm-
cal/feconomic axes to technical/economic/socictal/politicalien-
vironmental axes.

S. The educational delivery system has had relatively hatle
change and seems ripe to benefit from recent advances i cony-
puters, communications and information processing Com-
puters, along with video and audio storage and etrieval will be
combined with telecommunications in way s that will allow new
enhanced educational delivery that is muie responsive o the
needs of the individual student thin we have been able to offer.

6. Future uses of computers will recognize that computers
have changed the way engineering is done, the way engineers
understand engineering, and should change the way engineenng
is learned.

Impact of These Changes

At present the lecture drives the education of the sudent. The
future will see the education of the student denven by faculty /stu-
dent interacuon. The role of the lecture as dispenser of infor-
mation will continue and will be supplemented by vadeo,

scommunications and compuiers. Students will learn to learn.
willlearn touse multiple learning resources Students-learning-
from-stedents will be recognized as a sigmficant factor in the
fearning expenience and will be used as a critical part of the
cdacution of students.

The learming experience of students will use as a paradigm a
student/faculty partnership in learning in which the faculty
role is that of helping the student design and manage the learning.

The radivonal tormat for engineenng education includes
little envineenng content i the freshann or even the sophomore
year Than which is included is tocused on the deyvelopment of
incthods of analysis or the development of skills and. thus. tails
toconvey the excitement of enginecring. Future students will be
involved i the detimtion of problems and wal! understand that
defimmg as well as solving the problem is what engincering ix
about. Students will be put in a position where they are forced to
sech additional information bevond what s covered in the class
or what s " the book * They will become active, aggressive
tearners. Freshiman, sophomose courses in the engmecring pro-
gram hine become "companmentalized” encouraging the stu-
dents o learn only that needed to pass the test and then forget
that as the reliionstap to other courses i the curriculum i
neither understood nor believed o be important. The studies i
the hirst two years of the engineering curricuhiim will be in-
tegrated o, ar the very [east. be presented in such a wass that the
student i helped to mtegrate the material presented. This i
particulardy true of the math, science and enginecring taught at-
this level One can use the engineening taught as the basis for
mtegrating the mathematics and science into the engincering
curriculunm. The common core of technical studies in the firs
o years is o be a functional core. T imperative that the
matterial for the niest two years of the engineering program be
presented o manner that helps the student o mtegrate the
matera! and o relate cach part to the other parts.

Computers are presently focused on roles as giant caleulators
amd as Large. accessible file cabinets. Now the capatbiny o
compuing systems. communication systiems. and otherelements
of our mtormation age allows us to plan innovation that will
eapund the mitellectual efforts of an indiadua! just as the
development of mechamical and electrical machines has ex-
panded the muscular etforts of an individual.

The preceding changes in the undergraduate program will
make the study of enginecring more attractive for under-
araduate students. Other steps that strengthen and enhance facul-
ty-student eluiorships as well as those that <trengthen and
enhance student-student interactions will alse serve to mahe
cugmeenng o more attractive arca for study. Thiso in tarn, will
mcrease the retention of students in engineermy. (Retention of
engineering students s the fraction of those students who start
the study ol engineering at & given campus [as freshimen| and
also gradhiane with @ baccalaureate in engineering.) The in-
craansed retention will mcrease the number of engineering
graduates with no merease in the number of studenis that are
atbacted o the siudy of engineering. The potential for increasing
the nober of engmeenng graduiates from under represented
groups nxy be even higher as the retention for these groups s
ustially below the wverage for all students i engineering, Im-
proved rerention s oo sigmificant key to the engineering pipehine
problem s this wall:
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1. Increase the number of graduates with no mcrease w the
number who start the study of engineering;

2. Attract more students when those studying engmeering are
seen by others to be successtul in this endeavor:

3. Increase the number of students Trom undes represented
groups graduating and attract more students from these groups
to the study of cngmeermg.

Faculty

In any plan for changing engineering education, it must he
recognized that the faculty is central o the quality ol enginecring
education and changes will occur only through the participation
of faculty members who bring their experience, capabihty and
enthusiasm (o the task. Unfortunaely. theie is considerable
anecdotal evidence that a significant fraction ol engincerig
taculty are either avoiding participation in undergraduae cn-
gineering education efforts or e giving thas part of their respon-
sibility & very low priority. Mostof the discusstons suggest tin
the relatively low prionty gnven to onderaraduate teachme
the faculty reward system s the reason faculty give ander-
graduate teaching such a low priority. Although this may be o,
the unattractivepess of undergraduate tcaching may be even
more responsible tor the widespread apathy toward under-
graduate teaching by facully. Thus, the changes made 1o the
undergraduate program should be done in such a way as to nithe
participation in the teaching effort more anractive od nwwe
meamngful for faculty. Undergraduate teaching should be
regarded as a teaching opportunity rather than a teachmg load.

One of the neglected areas Tor which new approaches are
needed is that of improved and strengthened student-Fiv uliy
relations o give greater emphasis to the development of studems
as emerging professionals. Increased student-faculty interaction
is usually seen as requiring more timne for faculty than present
approaches to undergraduate education. Fortuately, this need
not be so. The focus for student-laculty relationships shoulld be
on management of the student learning experience. The faculty
role should be that of helping the student manage the fearning
experience, to use the student’s time and etfort eftectivety in
meeting the goals that have been set. In this model--with the
student as an active. aggressive learner--the availamiiny ol the
individual methods for educational delivery (compulers. video,
telecommunications) become significant and are part of the
resources for learning to be managed.

A Look to the Future

In December, 1989, under the sponsorship of the Nationad
Science Foundation, the National Academy of Engineenng con
ducted a workshop entitied. Engincering, Engineers, and Engiecr-
ing Education in the Twenty-First Century. The pavticipants were
challenged by questions in three main categorics,

1. The future work environment tor enginecis

2. Necessary future engineering shills and competencies

3. The future form and coment of engticentng cducatien

Five dominant themes emerged from the discussions:

1. The scope. diversity. and depth of engineering have grown
immensely and will continue (o do so mthe twenty-lirst cenun.

2. To meet futwre opportunities and needs i engineering.
vastly greater numbers of people must be attracted to the profes
sion than al present.

Winter 1990

N0 sughe, fow-year college curmeulum can give the full
artay o techmcal and contextual knowledge needed tor the
diverse span of engimecrng caeers

4. No smgle institution can encompass the full range ot
engieeing courses, contextil courses, and auvlary cour-
ses nevded o educate all types of engineers needed by our
\l"{lk‘l}’

S A diversity of institutions with consortia, coabitions and
networks among these institutions will be needed to meet these
challenges.

The promany inpression from the workshop is that of diver-
sity tor all categonies of challenges given o the purticipants
Diversity in the engineerig workplace. diversity m the skills
and competencies needed. diversity i the form and content of
cngmectng edication.

The demands this creates for engineering education are
pariiculan by prguant and the engimeering cducaton enierprise
will be partcularly hird pressed 1o make an adeguate
response. s will requice: More inpovation i the learming
cnvionment. wethods of delivery. the curscuinm  the wiiy
the student learns, the way enginecting education s done:
Mare diversity i programs, in Kinds of institutions, in tacul:
1y antcrest. i students. More sharing of resources, hioth
huntm and curmcalar, This picture is insharp contrast o moch
of what we donew

Major Reports On Engineering
Education During The 1980s

L TON - "Engineering Education: Aims and goals lor the
RO Proceedings of an Engineering Foundation
Conierence
21983- "The Undergraduate Engineering Laboratory.”
Proceedings of an Engineering Foundation Con-
lerence
3 1984--"Mid-Course Corrections in Engineering Educa-
uon,” IEEE Centennial Education Torum
4 TUSS- "Engineening Education and Practice in the
Uimited States.” National Academy Press

1uR6 - "Undergraduate Science. Mathematies and En-
vincering Education.” National Science Board.
NS 86-1(1)

6 1986 - "Quality of Engincering Educanon.” Report of
the Quahin of Engmecering Education Project,
ASEL

7. 1980-- " Enginearing Educanion Answers the Challenge

af the of the Future.” Procecdings of the Nanonal

Congress on Engimecerine Educanon ABET

"\ Natonal Action Agenda for Engincering

Fducation.” A Report ot the Task Foree, ASEE

) 18N “Report of the 1988 NSF Workshop on Linder-
araduate Enginecning Educavon.” pp. 51-55,
NSERO-3 Report on the Nunonal Mcience Foun-

davion Disciplivary Workshapy on Under-
eraduate Education

n

N IUNT
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42 Maple Street
Auburndale, MA 02166
April 2, 1992

Congressman Howard Wolpe

Investigations and Oversight

House Science, Space, and

Techinology Committee

B374

Rayburn House Office Building

Washington, DC 20%1%

Dear Congressman Wolpe:

Further discussions with Ms. Edith Holeman and my observations
convince me that there is a serious problem with the NSF

than just the discredited engineering forecast numbers. First,
the discredited numbers that have been quoted by nearly every
enqlneerlnq academic to recruit young women and minorities into
science and engineering. Samples are attached.

The net effect of what has been done is to cause the "best and
brightest™ to choose other careers. Even NSF work has documented
this effect. Clearly this is not in the national interest.

The more serious questxon is what is to be done to prevent this
action in the future? First, the initial releases received wide
pub11c1ty in the press. That same level of publlclty has not been
provided by those who have proved the data to be incorrect.

Senator Kennedy from Massachusetts has used the data for the basis
of the new immigration bill.

In the past, the NSF has been criticized for a counting of
engineers that differs with the Us Department of Labor. The April
17th, 1989 article in the Electronic Englneerlng Times describes

a University of Michigan study on the deficiencies in the NSF
counting of engineers.

Let me suggest a remedy that may help to overcome the damage done
to many young people provided inappropriate advice based on NSF
publicity.

1) A press release be issued clearly discrediting the previous
work in projecting shortages. This action should be taken by no
later than May 1st 1992.

2) The NSF, subject to oversight, be required to determine where
their pro;ectlons were used to establish publlc policy and
publically recommend reversal of the policies or laws based on
research.

3) All programs financed to increase the supply of engineers by
the NSF be immediately terminated at the end of the current
academic year (May 1992).

4) A1l academic institutions using the discredited numbers to
recruit young people after the press release be declared
ineligible to receive federal funding for engineering programs
two or more years after they have made these statements.
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Congressman Howard Wolpe April 2, 1992

_2_
Second there is an even more serious problem in the NSF funding
of many science and engineering programs in academia. Approval is
done by "Peer Review." This inbreeding of research does not lead
to the innovation we need to compete in the 20th century.
Professors use the research funds to get the lowest pa1d hardest
working graduate students. American students find this
enV1ronment unsatlsfactory and tend not to get advanced degrees
in science and engineering, except at the best institutions, where
this is less of a problem. This situation is somewhat more
complicated, but is like Gresham’s law of coins. The cheap coins
drive out the good ones, so it is with students. The solution is
to limit funding for research to US citizens. A foreign
graduate student could not be funded from US taxpayer funds.

The NSF has been known as an organization prlnary funding
academic research. Many times, faculty members will take a period
of time to work at the NSF and later return to their
institutions. They may even make judgments on programs to be
financed by some of their colleagues during the time they are at
NSF. The Publish or Perish environment is funded by the US
taxpayer. The fundamental issue is, are we getting our money’s
worth from the activities of the NSF?

Sincerely,

John) P. Densler
244-4417
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FICECeRY

42 Maple Street
Auburndale, MA 02166
March 11, 1992

Dr. Saul K. Fenster

President

New Jersey Institute

of Technologvy

323 King Blvd

Newark, NJ 07102-9938

Dear Dr. Fenster:

In the Summer 1991 issue of Planning for Higher Education, vou
coauthored an article titled, "Attracting Blacks into
Engineering."™ In that article vou included a statement. "By the
vear 2010, the United States could face a shortage of a half
million technically trained professionals."™

Your source of data can be indirectlv traced back to the National
Science Foundation. The studv has been widelv discredited, by no
less than the National Academv of Engineers. A copy of Alan
Fechter’s paper has been enclosed for vour information.

You and others that quote a study that is technicallv deficient
in methodoloav and widelv discredited are doing a disservice to
voung people that mav choose to studv enagineering. What will vou
tell them when they have trouble findina iobs when thev agraduate
or are terminated after 40 vears of age and no lonager can find
professional emplovment?

I find serious ethical considerations in what vou are doing to
voundg people. You either knew or should have known that the NSF
study had serious defects in its methodologv.

Minorities and women have been able to determine where the

rewards are in our society. They have been choosing careers in
accounting, business, and law. These areas do not need to use
exaggerated forecasts of future needs to recruit vouna people. Why
do vou and others use these unethical methods?

Sincerely,
0

n P. Densler
6l17-244-4417
att.
cc
Bob Bruce, American Enaineer
Dick Lowrie, ACE News
Bob Bellinger. EE Times
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FILE COPY

42 Marle Street
Auburndale. MA 02166
March 11. 1992

Letters to the Editor

Fortune

Time & Life Buildina

Rockefeller Center

New York. NY 10020

In Fortune Peopnle (March 23, 1992} vou tell about Jack Kuehler.
President of IBM visitina schools durina Enaineers Week to
encouraae students to studv enaineerina. The article guotes
Donald Beall of Rockwell savina. "Everv lona-term proiection that
I've seen suagaests that we’re going to have a continuing
sianificant shortace of enaineers and scientists in the decades
to come, unless we get at it."

The widelv cuoted NSF enogineering and scientist shortaace
proiection has been shown to be defective research, bv no less of
an authoritv than Fechter from the Natiocnal Academy of
Engineerina. Manv business leaders have used this bad research to
recruit vouno veople, especiallv women and minorities into
engineering and science. This is unfortunately not in their best
interest as the career long rewards are much better in law.
accounting or business.

The lavoffs and age discrimination in engineering are heard by
vouna people in their neighborhoods and have resulted in
decreased enrollments in engineering brograms. Rather than
correcting inherent problems in the emplovment of enaineers,
these industry leaders choose to simplyv recruit another group cof
students. Thev avoid the issues of retraining experienced
technical professionals in favor of lavoffs and earlyv
retirements.

John P. Densler
617-244-4417

ENGWK
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Annual surplus of 10-15k EEs predicted

Br MARGARET RyAN norities who could become en-  ber 1989, which project a short- the Bureau of Labor Statistics on economics, not NSF projec:
gineers in the 1920s, Rivers ar- ag:nfmmw::md Current Population Survey and tions. Heatednbodtlrylllr

recent issue of Engineer- gues there will be 10.000 to  engineers in the United States forecasts from DRIIMcan vard University professor Rich

ing Manpower Newsletter 15,000 more engineers than by 2000. Hil, a Washington research ard B. Freem~a, entitled Tk

disputed the prediction will be needed tomeet industry  ~“The NSF's numbers are based  think tank. Market For College-Aged Man-

demand. The figures do not onErichBloch's preconceivedno-  He suggests NSF is using en-  power, in which Freeman found a

take into account any possi- tion of a shortage and a ) between the
ble effects of Pentagon bud-  projection from the early * changes in engineering
get cuts. to mid-'80s when engi- ¢ college freshman enroll-
Paired with an engineering neering demand was e, J “  ment and changes in en-
to 15,000 electrical engineers work force that expands at the higher because of the =7 -V n -3 gineering starting sala-
per year.” Inaddition, the news- rate of 35,000 per year, accord- Reagan administration’s ‘“ - TN
letter reports that unemploy- ing to trends from the Bureau of defense buildup,” Rivers - ~Ed The current econo-
ment among electrical Labor Statistics Current Popula-  explained. 'y . could steer mext
is on the rise and will continue tion Survey, “the excess supply Rivers, a retired en- oss year's college freshmen
to increase until the first quarter  will result in early retirements, gineer and member of 2L [ away from engineering.
of 1991 inability for some engineering the IEEE Engineering -H"-t ________ e According to Rivers,
According to Robert A. Rivers,  graduates to obtain engineering Committee ‘jm' s - ae  CREinecring
the editor of the newskter, the employment and disaffection of who has reported sup- ment averaged 26,000
pool of working engineers will engineers to other occupations  ply and dems7d of engi- during 1989 and grew
grow faster than the demand in during their careers,” Rivers neers for muny years, based his gineering shortage publicity as  to 37,000 in the first quarter of
the next decade. contends. oninformationonthe a“scare tactic,” toincrease engi- 1990 and to 39,000 in the second
With existing working engi-  Rivers’ isn't concerned that work force and the economy neering school enroliment quarter just completed. It is
neers, BSEE and BSET gradu- his projections are at odds with from the Federal Reserve Board  Rivers pointed out that such forecast to grow to 42,000 in the
ates, immigrant engineers and those released by the National quarterly average of tactics are useless, since college  first quarter of 1991 and then'to
the untapped supply of mi- Science Foundation in Novem- the federal funds interest rate, freshmen choose careers based decline
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Bromley Scoffs At Warnings Of R&D Manpower Shortage

Warnings of impending shortages of scientists and ergineers
have been a standard theme for decades in tha scerce
astablishment’s appeals for increased federal suppon for research
and training. Having been repeatedly proclaimad, the shortage
thesis has comea to be accepted as reality In public aiscourse.

l-alalr however, mmmmummmmm

Ww_"?m_ﬁjhmm The strongest
sign ¢l repositioning 1s evident in atalk on September 11 by D. Allan
Bromlay, the President's Sciance Adwisor, at a conference on
“Enginears in America’s Future. Shonlage or Surplus.” held in
Washington by the Enginaenng Manpower Commession and the
American Association of Engineenng Societies

Cinng declines in the college-age poo! and a shift away trom
science and math siudies, Bramley acknowledged that ‘these
rgnds would seem to ind:cata that this country faces rather severe
shuﬂages of scientists and ergireers In the near {uture,

"But," he onntinued, "thave learnaed 1o approach these pro;echons
with soma caution.
fi It 0 where many baccaiaureate-
level engineers can be tramed m just a few years, {luctuations in

The position stated by Bromlsy represents a remarkable turn-
about 1n a relatively short tme. In July 1989 at his confirmation
hearing bafore the Sanate Committee on Commerce, Science, and
Transportation, Bromiey matter-of-factly repeated the warnings ot
shortages that have long emanated from the Natonal Science
Foundation.

*NSF surveys.” he told the Commitiee, "have alteady dentihed
major shorlages amounting to more than 100,000 computer scien-
tists per year in the early 1930s and to correspanding shonagas n
the 35,000-50,000 range in many tieids of engineering.” He added
that “There are correspanding shortages in biomedical science, in
biotechnology and inthe number ot physicians commited o careers
'n research.”

ir. his recent address. Bromlay tinked his conversion lo an
examination of the prophetic powers of the alarm criers. Referring
to a retrospective study of manpower madeling and forecasts
conducted for the National Science Foundation by Ronald L.
Oaxaca and Larry Leslie, economists at the University of Anizana,
Bromiey said: “None of the modeis of inferest 10 policymakers had
much validty bevond 0ne year, By the end of two years, the model
predictions were almost invariably worthless. Inthese cases, tisthe
demand numbers that turn out to be wrong: supply numbers are
rglatively easy 10 abtain from the educatonal pipeline and are
relativaly reliable.”

Bromiey then turnad o history to support his skephicism. In 1962,
herecalled, apanel of the President’s Science Advisory Committee,
‘rasponding to aw-despraad parception of mpending shortages of
parsonnel for the nalion’s space and military programs, recom-
mended a crash program of suppon for students and universities.

“Universities responded enthusiastically——in ratrospect, much
too enthusiastically—so that the 1970 manpower goals were
achieved in 1967, and. not surprisingly, the crash program was
terminated,” Bromley said. He added, "The large number of stu-
denis, parhicularly doctoral students, educated i the 1960s in the

Notice On Postage Paid
Reply Mail Permit
Due totheincreased costof postage, we have discontinued our
Business Reply Mai permitwhich aliowed the member 1o mad his

orher applicaton on a self addressed, postage paid basis Anyot
you who stil have the postage paid envelopes should destroy

T vmm 2O MEFIGE WILL NOF DELIVER THEGR ENVE-
LOPES! To continue w. . : = *axe: gnvelopes wil only cause all of
us problems We have not printeu . ? -'buted these envelopes
nover ayear Thanks for your cooperation

Page 7 - Jaruary. 1992 . "Amencan Engineer”

crash program had diticulties tnding employment in the 1970s.
Med:a reports of these difficulies—irequently axaggerated—influ-
enced a new generaticn of students to shy away trom graduate
traiming in scbenca and angmaermg."

1 ning, But, he
eor'ﬂnued MWMW
proiections .

1 n figa ity SO that enginears can
shift employment as market needs changa.

standing plea for e*'or1s (0 encourage more American studens 10
pursue scignce and engineanng careers. He tied that goal to the
poassibiity that many cf the {oreign students who now fill enginearing
classes and remain 1o work here may aventually be lured back to
ther homelands And he reiterated the Administration's call for up-
grading science in the schools.

This campagn. a centerpiece of Mr. Bush's anemic domaestic
program, nas been aimed at the dual goals of raising sciantific
I{eracy in the workforce and puiting mora students into the educa-
tional pipeline that leads o PnDs. Bromlay left the impression that
the Administraticn’s thinking on advanced fraining and US man-
power neads 15 in an inchoate stale.

Bromiey 1old the meeting of engineers that he endorsed a pro-
posal by Roland Schmitt, President of Rensselaer Polytachnic
Insttute, for “engineenng-based liberal education.* The aim would
be, Bromiey said, !0 prepare engineers 10 go on i “broader
managenal roles.” and to enrich the education of non-engineers.

In support of this proposal, Bromley cited an odd couple: "People
trained as engineers are now making many important contributions
10 saciety—Boris Yeltsin and John Sununu are cnly the two ex:
amoles that come most immediately to mind.”

Meanwhile. the beliel that the nation is short of scientists and
enginaers pers:sts as a popular article of faith, though in many fislds,
jobs are scarce. An aeditorial in the Washington Poston September
21, “Math, Science. and Uncle Sam,.” argues for improving the
quality and extent of science in the schools. Tests show American
students perform poorly in math and science, the editorial states,
adding, without explanation; “The evidence also lies inthe debilitat-
ing shortage of American scientists.”

On Capitol Hiil. the manpowaer alarms have drawn the skaplical
interest ot the Subcommittee on Oversight and Investigations of the
House Scsence Space and Tachnology commmaa (SGR Sthem—

: . a).
Heaps of da:a requested 1rom NSF were dalwered ™ the Sub-
commitee last week and are now being examined by the stafl. No
decision has been made al the Subcommittes on the next step, if
any.

in political terms tha skepticism works against calls for a major
gﬁw iederal !e!'OWshsp prcgrarn tu oounlar wamad-u! shortagss

g !

han t I Two yaars ago Atkmson ca!culatad
in a widely publicized papar that a major shortage of PhDs in
science and engineering would peak inabout 15 years, withdemand
at about 18,000 new degree hoiders and a supply of only 10,500. At
present, loreign students account for 30 percent of the PhDs in the
physical sciences, 50 pgrcent in math and 80 percent in engineer-
ing.

By Atkinson's account, the future is bieak and no time should be
lest n providing incentives for Americans to procsed through
advanced training

should ba noted the Bromley is mcrofy argumg 1ha| me warmngs of

nhem:.’:szaw»mnﬁrw B e
{This article reprinted from the Oct. 1, 1991 issue of “Science &

Covernment Repon’, with permission of Danigl S. Graenberg,
Editor & Pubhsher.}
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Roteet A, Rivuz., EQJ.
buglneerlng Manpower Hewsi=ttes
PO Box 129
Union NH H38u7

Rep, Howard Wolpe, Chna-xmsn
Inveibligation ard Oversiaht Copmittee
House Seience ard Techonoweay Committee
House Annex #1, km, 82

Washington DC 20515

I wish to thank the committee for this opportunity to provide
input for its investigations and oversight activity.

Enclosed are copies of a letter to Dx. Erich Bloch, a three page
response from Petexr W, House, and my subseqguent letter to Dr.
Biock rebutting Peter House's comments. No response was ever
received to my second letter. My comments refer to an April 13,
1990 Working Dratt of "FUTURE SCARCITIES OF SCIENTISTS AND
ENGINEEKS: PROBLEMS AND SOLUTIONS". The report was misleading in
stating that demand would exceed supply. It used a proxy for

demand extrapolated from an abnormally hlgh demand period in the
mid-eighties.

The report introduces and defines the terw "Shortfalls® saying
tirst that "shortfalle" do not mean Shortages yet, In a muher of
places in the report, the terms are wused Interchangeabhly
including in the very last paragraph of the report, first and
third sentences. Thé¢ press and others intexpreted it as a
"Shorrage" forecast and so used it even as late as last month.

The rerort and its originators should have beer and still si..uld
bz vepudiated by the NSF because it discusses the supply-~demand
8Ysten in the U, S. on the basis of "Shortfalls", a
characteristic of a COMMAMD economy such as in the old Soviet
Union or in the U. 3, in WWIl., Fox most of the last 47 years, w:
have had a MARKET economy in which prices adjust to efficiently
diatribute the suvpply of people as weil as thinags. To even use
the word Y3hortage" or its euphamism is to confess to lack of
even rudimentary knowiedge of Economica 101. In a market
econowy, the 1inability of an employer to hire individuals below

the uarket price does not prove a shortage but demonstrates an
unrealistic attempt to buy cheap.

In sumnary, tle NSF should not have used and should not in  the
future use the word "Shortage" or its euphamiswms to describe the
U, S. Enginee:ing and Sclientific lahor :markets. The NSF should
be c¢constrained from using "Shortage" projections to enhance the
supply of engineers and scientists beyond the ability of a free
market economy o provide career utilization of the societal and
individual edu: ationa: investment. To Ao otherwise 1s an
irresponsible waste of scarce resources.

fﬁ;?efijﬁ?~ﬂ1vfgu 47 ol
iV 2/92 o
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Cobert As Kyt
Pe O BoXx 179

Unton b 04687
L34/ 3=23.3

PL. Fvach Blocn, baled ot
Nati1onil O.oience Focirmial isn
Washington b, . 20540

You ud u disservicve to the NoF and to Scientists and Engineers by
allowing NSF to contribute ammunition to the "Engineering
Shortage Industyy" by the enclosed and similar articles. That
"Industry" attempts to promote enrollments and supply for the
benefit of the educational establishment and irdustrv and to the
detriment of the professionals. Such "shortage" promotion
diminishes the repuzation of the NSF as a responsible
organization. In addition, it does not accomplish its aim of
influencing the c¢ollege bound youths whe respond to the real
world of real money and career opportunities.

Where 1s the specific article misleading? In the title, "Demand
to exceed supply for engineers", it is presumed the author Knows
something about demand while in the actual publication, page
8,"quantitative projection of the demand for individuals with
NS&E knowledge and training is highly uncertain, and was not
attempted in this work." That caveat destroys the demand side of
the equation, Further "Even market forces may not help because
similar chortages are expected in all academic fields and little
correlation exists between the higher starting salaries in
engineering and natural sciences and the number of bachelor of
science degrees produced in these fields." In the report page B8
however "the subfields of engineering and computer science do
show some response to relative salary changes," Iin addition,
over 19 years ago a respected researcher, Richard B. Freemen,
found "an extremely c¢lose connection between changes in
enrollment and changes in engineering starting salaries (r=0.71,
where the 1% siqnificance level is 0.55)."

1 suggest that the NSF refrain from supporting the "“Shortage
Industry" with support of slanted reporting.

Sincerely

Robert A. Rivers 5/15/90
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NATIONAL SCIENCE FOUNDATION
1530 G STNLTT, NW
VL NGION, DG ot

June S, 19n0

DEYIsTal OF ol f
RESEAGROH AHD ANAL (SIS

Mr . Roberl A. Rivers
P. O. Box 129
Union, H.H. 013887

Dear Mr. Rivers:

Thank you for your comments on the engineering employment market.
Mr. Bloch asked us to reply to your letter, since our analysis
played an important role in developing his policies to encourage
the production of more scientists and engineers. A copy of our
discussion paper, "Future Scarcities of Scientists and Engineers:
Problems and Sclutions," is enclosed.

It is probably true that if the government were to subsidize or
otherwise augment the production of engineers, engineering salaries
would not rise as fast as without intervention, and that employers
who need such talent would benefit in terms of reduced labor costs.
It could be argued, on the other hand, that since engineering
starting salaries are already among the highest for bachelors
degree recipients, intervention to constra’in the rapid escalation
of starting salaries is socially beneficial.

Nonetheless, if the National Science Foundation were only concerned
with the engineering professions, we might agree with your
philosophy. hs explained in the enclosed report, however, our
concern 1is with the supply of both engineers and natural
scientists. The analysis provides justification for treating these
professions as a single pocl of highly trained technical personnel.

It is the NSF position that for American industrial, governmental,
and educational institutions to remain on the forefront of
technical knowledge, they need a continuous supply of new
scientists as well as engineers. In particularly short supply are
the natural scientists (physical, life, and environmental science).
In studying the preduction of natural scientists and engineers over
the past three decades, we have found a remarkable complementarity
between engineering and natural science bachelors degree
production. Whereas participation in the engineering curriculum
has varied by #50% participation in the combined fields of natural
sciences and engir:ering has varied only by about +10%. 1In other
words, it appears that when the market doesn't demand engineers,
persons who might ‘e elacted engineering pursue natural science
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carcers instaad.  The new cvumputer science protession is the only
discipline which appears Lo have recruited additional individuals
into the guantitative fields,

This stability in participation rate for the combined engineering
and natural science fields suggests that there may be a relatively
fixed fraction of the population with specialized interests and
talent whose career choice is constrained to such fields. That is
why we tnink it highly probable that the future annual production
of U.S. bachelors degrees in these fields will closely follow the
population of our 22-year-old citizens (Figure 1 in the paper)
unless some effort is made to encourage a larger fraction of
qualified individuals to choose those careers. With no change in
participation, the annual production rate in the mid-1990s could be
as nuch as 25% below the peak rate of 1986. This decline in
production has already started, and could lead to a large
cumulative shortfall over the next two decades (Figure 4).

How can we have a shoxtfall when we don't know what the demand will
be? In fact, we used a sinple constant demand projection for the
future, equal to the average number of bachelors degrees granted
from 1984 to 1986. So the "shortfall" is simply the cumulative
deficiency from a constant production rate. There is an upward
pressure on demand because of the increasing penetration of
technoleogy into all of ocur social functions. Downward pressure on
demand might be caused by automation of simpler science and
engineering tasks, increasing salaries, reduction in defense
procurement, and ‘loss of product markets to foreign corporations.
However, we don't have enough data to determine even if the demand
trend will be positive or negative. Many pecple consider the flat
demand assumption a conservative estimate.

Of course, simply by making the concerned communities aware of this
potential problem, we are inducing actions which will lessen its
severity--that is Mr. Bloch's objective. Finally, even if not
employed in occupations formally titled "scientist" or "endgineer,"
many science and engineering graduates find their training to be
beneficial in other occupations such as management, education,
medicine, law, and business. We are well aware of surpluses of
technically trained individuals created in the past due, in part,
to Federal programs and have therefore cautioned that any programs
started now may require termination in the future.
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Althwugh the vulcome ol our eiforts to stinulate the pursuit of
science and engineering careers is dirticult to predict precisely,
the Foundation is convinced that the chance of beneficial results
is tfar higher than negative results.
We appreciate your interest in these important issues.

Sincerely,

/

1L o ——

Peter W. Houce
Director

Enclosure
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Reterence: Reply to our 5/1%/50 letter by Peter House

The arguments to support a policy to encourage the production of
mure scientists and engineers may «pply to scientists but do not
apply to engineers. I encourage any efforts to provide a
scientifically eduzated porulation bhased on its necessity for a
well rounded education in our times. Promotion based upon
supposed shortages without foundation is intellectually dishonest
and irresponsible in that it induces people to follow courses of
study for careers that do not exist,

In paragraph 2z, the facts are that over a 40 year period there
has been no significant chanyge in the real wages of engineers.

In paragraph 3, no justification for grouping engineers and
scientists can hold water wh2n we know that engineers are highly
career oriented with more engineers employed than the last 40
years of BS engineering graduates living. The rest come from
immigration and upgrading.

In paragraph 4, [ have no argument with the facts, but suggest
that any so called short supply can be traced to an unwillingness
for employers to adequately compensate those scientifically
literate individuals, .

In paragraph 5, scare tactics are used to make the numbers big by
accumulation over a period of time for which no-one can predict.

in paragraph 6, any shortfall argument is destroyed by the
statement " we don't have enough data to determine even if ¢the
demand trend will be positive or negative."

In paragraph 7, " many science and engineering graduates -:find
their training to be beneficial " would be more accurate 1if
stated only for science graduates leaving engineering graduates
only referring to engineering management.

In paragrapn 8, " beneficial results ® can only refer to
emplovers of ercx’ nd scientists, . not engineers and
scientists as ihulviu...s whdse investment in career education
may be destroyed by oversupply.

SinCeﬂ%¥y
¢ .
Robert A. Rivers 6/11/90
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Engineering and
Electrical Engineering-
Supply and Demand

ROBERT A. RIVERS
Main Siree:
Unien, NH, C3287

Abwreact

Change in emplcyment of angineers is enown to ba related to the
Deutsch and Shea index of Engingering Demano. A relationship is
given that shows e Changes w1 enginvering smpl¢yment on 8
quaiteity aad annuai basn. Engineenng employment has turned
upward for the fus1 ime since thy last quarter of 1969. We have
displaced ond siured gver B0 OG0 qualified sngineers since 1969, in
addition to displacing cver 40 000 not qualified by an enginesring
sducation. Estimates by some of the need tor 48 000 enginean per
year is shown 1o be highly questionsble. Current demand is stilf
msufficient to sbsurb the current gutput withaut displacing some
cunently employed. It is suggested that demand in specisities can be
determined by advertising linesge devoted 10 spetialtiaes in the same
manner that the enginesring demand is determined by the Deutsch
and Shea Index. Yha years 1970, 1971, and 1972 were characterized
by o dacrease in employment of 62 000 enginesrs, 150 000 new
graduates, 25 000 immigrants, and only 65 000 narmal retirements
and deaths,

Manuscmpt received September I, 1973 revisec September 20,
1973

IEFE TRANSACTIGNS ON AERGSPACE AND ELFCTRONIC SYSTEMS

Introduction

witeade o gl oty aetats gl feeaio b
wi-d Shes Lode s st Lugineet acienust Demand with the U S.
Bu.au or 0aner Statmnes Cupent Popatation Survey
sngiincatng sieployinery data. Cianges i empiovment
trtom this approximation aze much smoother than the
Current  Population Survey sample and permit the
development of an input-output tsble. The cumulative
surplus of deficwncy of engi.cers appears to corréspond
with teality in the peniod frem 1962 10 1971, Continuation
of the calculations through 1972 indicates a continuing
bnildup of displaced engineers. Fnginecring supply as
characterized by Wh¢ Burean of Labor Statistics. or the
Census Burean, is a rather flexible quantity. A large
percentage of engineers are non-degree holders. Ancther
significant  peicertaze c©f engineers are other than
engineering degree hoiders Again, not all engincering
praduates stay in enginzering occupations. The calculations
shown tend to substantiate the fact that there is 2 large
dispiaced pool of engineers that could be available if the
society decides that it wants (o support mare enginecring
work with public or private funds.

The supply of engineers is determined by the output of
the educational institutions, and the upgtading of
expertenced non-gegrce people. The demand for engineers
is determined by the level of the economy and expenditures
for future growth. While it would be desirabie to be ablc to
tell an individuat just what the demand is for his serviges,
we are far from the pont of being able to address ourseives
to any of the specialties of electrical and electronic
ergincering. We do have a statistical base available to
address the problem of (agineering in general, and, by
inference, the problems of electical engineering supply ard
demand. It is hoped that dedication to the collection of
detalled electrical eng:neering statistics will produce results
in the future.

A N L

Discussion

Table I is an input-cutput 1able for engineering supply
and demand. It summarizes the supply-demand flows and
shows the cumulative surpluses and shortages It shows a
cumulative surplus of 29 53} engineers in 1954, a year of
engineening recession. It shows a cumulative shottage of
engineers amounting to 5198 in 1967, at the peak of the
Vietnam escalation. It also shows a cumulative surplus of
96 002 at the end of 1972,

The “degree” column of Table I is the number of
engineering degrees awarded and projected to be awarded in
the United States. The numbers are good out through 1976,
becanse the class 0f 1976 is 1 the educational sysiem, and
these pcople are fairly well committed. Beyond 1976, the
projections ate based on a return to normaley for which
there is no supporting evidence. Engineering graduate
starting salary data for 1973 does show a 4.8 percent
increase for B.S. graduates over the 1972 figure. This
number 1s in the middle of the range of increases over the
previous years, and will probably result in a slight increase

VOL. AFS.10,NO 1- JANUARY 1974 53
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growth of rondegree peapde in engineenng warted at
306 010 i 1960 andircreaed 10476 S04 in 1970 Fre I A)

aark, l'sn.nhm.nnc;ll cathiod e gnrgl e AL ot SR I 78]
o digce et b mondd a1 veas
The vy (g, fnl,,’ A | N e T IR N i TRl 4|

thad poed B0 pev ooty
willin Ll prieen.

LN FR IR S P TR
weel 3 l0year penad 5 suftcent
evide: 8 1o five some rodibility to the hy pothests

Wkile the 56 peicent expansion fizure has been crudely
venficd by the US. Ceusus figures, the base to which the
56 percent has been appiicd bas not been s2pified. The base
for tre exparsion calculation is colume @ of Tahle 1,
enutled “Rivers delra™ Fiz 2 shows a ni mber of curves,
including one entitied fDQ. In additior, sr eianc curve of
US. Bueau of Labor Statntics data on quarterly
employment of engineers is mxluded. At the present time,
" s sufficient 1o say that our !DQ curve 15 3 smoothed
approximanion to the Bureaw of labor  Stanstus
emplovinent data It is 0 this approximation to
employment that we have applied the 56 perent to get the
inflow and outflow of non-degree and other-degree people

Deaths aie calculated on 2 basis of 3 weighting of
mortality rates with the population of enginzers in different
age brackets. Fig. 3 shows the IEEE 1972 population
distribution. We have used the 1969 Mor:slity Tables in
Statistical Abstracts 1970. Fig. 3 also shows that the IEEE
population distribation is roughly consistent with the 1972
US. Census Study of engneering pogulation. Some
corrections and redistnbutions have been made because of
inconsistent age brackets, We have used the 1EEE figure of
9.52 percent in the 55.65 age bracket and assumed a
percentage of 0.952 percent of the populaticn to determine
the “retirements™ column in Table 1.

The “ergineers” column 15 the total population of
working engineers. Comparison of the vaiious staristical
serics is made in Fig. 4. Verification is obtained with the
US. Census data. The Bureau of Labor Statistics Cwirent
Population Quarterly Suneys appcar to be consistent with
the 1970 U.S. Census figures. It 15 hoped that this series of
unpublished data can continuc to be obtained to further
confirm the value of the Deutsch and Shea Index in
showing current changes in engineeting employment.

The “Rivers delta” column ig an annualized change in
employment computed from the Deutsch and Shea Index.
The Deutsch and Shea Index varies from about 40 to about
200. We have assumed that thix demand index ghows the
pressures {0 increase or decrease engineering employment.
Fig. 4 shows the actual quarterly iicrements of
employment computed. A comparison with the raw Bureay
of Labor Statistics curve and, especially, the smaother one
in Fig. 2 dhows excellent agreement. Th¢ curve match
points werc the last quarter of 1965, and the last quarter of
1969. The match data point from the Bureau of Labor
Statistics data was with their 12-month movirg average.

The “surpius or deficit™ column of Table I is the sum of
cusrent inputs and outputs. It is equal to 58 percent degree
+ 56 percent expansion + immigration-desths-retirements-
Rivers delta. This column shows a surplus production of
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Fig 1. iA) Cumuistom aduilror.s of non-degree nd non angingening
degred enginedrs, (B} Current infiow or outflow of nondegree and
other degree engineers. (C) Eng:nearing BS gradustes including 1ach.

nology degrees, (D) Annual inCrease or decrease in engineering am-
ployment using author’s spproximation invalving D&SI.

over 17000 in 1963, It shows a deficiency in output of
over 25 000 in 1966. There was a nominal excess supply in
1968 and 1969. The period from 1970 through 1972
showed annual excess outputs of over 27 000 each year.
While it is not generally accepted that the recession
continued through 1972, the employment statistics of Fig.
4 for that peniod show continued problems. The
educational output and the immigration did not adapt to
the demand during that period.

Fig. S shows graphically the cumulative surplus and
shortage of engineers, as shown in the next to the last
column of Table I. The cumulative surplus shows a peak of
23531 in 1964, which we know qualitatively to h. .2
occurred. It shows a cumulative deficit of 5198 in 1967,
which we also know qualitatively to have occursed. The
same data shows a cumulative susplus of 96 002 at the end
of 1972. 1 believe that this figure represents a combination
of 2.5 percent actual unemployed and 5.1 percent displaced
and qualified persons. It can not be said that this amount
represents the non-degree and other degiee engineers,
because we have previously excluded them in the 56
percent expansion figure (11 430 were displaced in 1972).

Co lusion

‘shere is a large stored supply of qualified engineers and
eloctrical engineers available. The 1964 surplus was not
used up until the rapid expansion of 1966. Similarly, the
present available supply will not be used up unless we have



TABLE ¢
Y 2 R - = = = . i i T S R—— et ¥ F ey £
Yeat | epieR ! 56 b lnrlmw.uwni Licaths i Hetgements ] Engincess 1 Ravess I Surpius op l Accum Acum FE.

¢ ! Dicgree tlh;.m'.l..': 1 ’ i Delta | Deipat Surplus v Surplus o2

! : | l ! ‘ Driit Deficit
1960 | 37 67% | t 3398 [ O T T T T ! ]
1961 1 50 828 1) 1ey ;rv i6%5 2890 5230 7 8% ! 828 3u0 oty . 1206 10 206 2243
1962 I 36070 | 20900 | 17500 : 2940 5490 8260 | 8469 400 I . -3 6419 1412
1963 . 33972 1 15290 | + 5450 4014 S80OG 8740 ' 918300 9720 ; 5450 @ 11873 2612
1968 37014 0 21550 - 9320 E 3128 5950 i 8960 941 300 . -16613 17658 2931 6497
1968 . 38514 I 22300 4313800 3446, 6670 ; 10060 . 10ST0UO* | 26389 | - 2873 26958 593
1966 | 37972 | 22000 ' 44 200 | 4915 ' 6980 | )05 1107 600 19186 ° 25571 1387 305
1967 38691 | 22400 { 24 700 | 8321 7330 I i1 070 1163000 ! 44086 - 6388 , — 5198 - 1144
1968 40 543 i 23500 | 11620 |93 7330 ;10360 D 1193000 20792 4751 ; - 447 | -~ 9§
1269 45517 . 26400 j H 120 7i50 1720 11620 1 }222000 20 981 4549 i 4502 90
1970 | 49678 : 28800 | -10 925§ I 9305 7560 11 400 1193000 | ~29315 s 7092
A971 , 36046 1 19200 | -2 60 | 9015 7330 11 030 1160000 | --16837 36102 ' 68139 15035
1372 51 0HOc. 29 600 i —11430 | 1436 1330 11030 i 1160000 !-20411_1 27663 f 96 002 21120
1973 | S0 S60 INine
1974 | S0 850 !
1978 | 43840 |
1976 4110
1954 | 23820 |
1978 | 45680 |
1979 ' a7110 !
1950 49240 °
1981 | S060C
1952 | 51590 |
Notes.

Col 2. Includes engineenng technology degrees, esririates 1972 and aliter. from the U S. Office of Education.

Cel. 3. Thisis 58 percant of the engineering degrecs awarded, and représents the percentage that stays in engineering.

Col 4. 39 percent of the employment expanson is 10 cover non-degice people coming into of leaving the ficld. Anather } 7 percent of
the employment ¢Xxpar.sion is to cover non-engineenng-degree people who enter of leave the freld This hypothesis is verificd within less than

I percent by the accumnlated surplus or deficiency (=51 38/1 163 i60).

Col 6 Diaths are based on an average popuiation sarple equivalent to the 1972 Salary Survey, leading 10 a 6.322 per thousand rate.

Col. 7. Retirernenid are based on propagation of 9.52 percent population in the $5-65 age group into retitement at 65.

Col. 5 This 's the number employed from two ddferent series, the latier with corrections in 1972-1973,

Col.9. This is the computed employment expansion or contraction from the Deutsch and Shea Index, which equals
75 200 % [(DSI - 9G)/100] . where D51 is the yeatly average Deutsch and Shea Index,

Col 1¢. This is the yrasly contribution 1o 3 surphss of deficit of engincers.

Col. 1. This ot tha accumulated surpluses or deficits. It shows the 1564 recession surplus, the 1966-1968 shortage, and the massive

<utplus from 1970 through the present.

Col. 12. This is the accumulated el=cuical ergineer surplus or deficiency at 22 percent of the engwicer population.
*Changed scries frem Natonal Sciense Foundation 68-38 to Bureau of Labor Statistics Curzent Population Sunvey iunpublished).

of students for the <lass of 1977. Relative starting salaties
and their infiuence on course selection is treated by
Freeman [1]. :

The “S8 percent degree” column of Table 1 is the
iong-term yield of engineering students into engineering
occupaticns. This ilustrates the fact that most of those
educated in engineering stay in engineering. Table 3.18
from the 1960 US. Census Study [2]) of the college
educated population shows 58 percent of the Bachelors
degree holders staying in engineering. The percentage of
Bachelors-plus degree holders is the same. The percentage
for Masters degrees is 57 percent, and the Doctors degrees
number is 80 percent. When the argument is made that
many engineers go into other fields, the above figure will
suppori such sn argument. The majority, however, does not
go into other fields. We have thus taken into account
“loyalty”’ in determining the effective supply.

The **56 percent expansion” column is 56 percent of the
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expansion ot contraction of employment of engineers. It is
made up of 39 percent to account for non-degree people
taking enginecring jobs and being classified as engineers.
Table 4, “Age and Highest Degree, etc.,” from U.S. Current
Population Reports [3]) shows 61 percent of those
employed having Bachelors degrees or higher, leaving 39
percent without Bachelors degrees. The other 17 percent is
10 account for those with other than engineering degrees
being classified as engineers. Table 4.2 from the 1960 U.S.
Census Study [4] shows the sources of other degree people.
No 1970 data is available.

T'have hypothesized that entry and exir from engineering
for the non-degreed and other degree people is a function
of the growth or decline in employment. 1 beljeve that
these two groups are drawn into engineering activities when
there is a shortage, and are the first to go when there is a
surplus. No study by survey techniques has been made, and
no statistics are available to prove it conclusively, but the

JANUARY 1974
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{1] RE Frecman, The Market frr College Tra'ned Manpower. Resrasch Cenrer, Univeruty of Chicago, 1L, Kept 104,
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Robert Alfred Rivers (A'44-M'53-8M'71) was born in Phillipston, Mass., September §,
1923 He recewed his BS. degree in EE from MIT in 1953, In 1954 he founded
AIRCOM, In: , and has remamcd as President since that time.

Mr, Rivers is 2 member of Eta Kappa Nu and Tau Beta Pi as well as a Senjor Member
of IEEE.
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March 31, 1992

The Honorable Howard Wolpe
Subcommittee on Investigation and Oversight
Room 822 House Annex #1

US House of Representatives

Washington, DC 20515

Subj: Investigation of Engineering Shortage
American Association of Concerned Engineers (AACE)
Supplemental Information

Dear Representative Wolpe:

As a member of AACE I have watched with deep concern the loss of jobs by many
engineers primarily due to transfer of manufacturing operations to overseas locations. MTS
Sensors Division, the company I work for has just introduced a new line of position
sensors ("Control Engineering” magazine reprint attached). This new product line
developed by engineers and technicians here at MTS will when fully marketed produce a
number of new manufacturing jobs and the subsequent support positions. I am tooting our
own homn, but these are the types of products which will allow us to compete
internationally. We need the bean counters heading most major corporations today to realize
that pushing all monies to the bottom line for the shareholders will end the needed research
and development which creates new products and manufacturing jobs.

We have seen the results of no new engineering and development in the television and VCR
industries as well as auto manufacturing. The auto industry is playing catch-up but at a
much reduced scale due to their previous shortsightedness.

We have the engineering expertise in this country to compete in any market if we will plan
far enough ahead to allow for strong quality product development. We certainly don't have
any engineering shortage now or in the forseeable future, but, with some real long term
planning by the corporations in this country we could certainly hire back some of those
working at a reduced level or those that have been pushed out of engineering altogether.

I look forward to seeing some feedback on these hearings.

| Smcerely /é Z {2

uck McAhster
7500-202 Cadbury Court
| Raleigh, NC 27615

- ¢c: Representative David E. Price
1224 Longworth House Office Building
i Washington, DC 20515
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ENGINEERING MANPOWER FORECASTS

REALITY VS PUBLICITY

John P. Densler
BOSTON PACE Co-Chairman

With the proposed 25%-50% decrease in defense spending, are we to
repeat the disaster engineers experienced in the 70’s when
defense and space spending dropped? Professionals out of Work, by
Paula Leventman describes the tragic plight of the unemployed
engineer during the early 70’'s in the Boston area . Unemployment
among engineers in Boston reached 20 %!! If widespread layoffs
occur a generation later, many young people will avoid
engineering careers.

From time to time one group or another is widely quoted by the
press as forecasting a shortage of engineers. Most of us see the
headlines, but few have the opportunlty to examine the
methodology and assumptions used in the study. In this paper, I
will analyze three widely quoted forecasts, the Engineering
Manpower Commissior forecast from 1967, the American Electronics
Association forecast from 1981, and the National Science
Foundation forecast from November 1989.

ly-Demand Considerations

Economists explain the actions of markets in terms of supply and
demand. The price of any product determines the supply and demand
both over the short and long term. Surplus or shortage lmplles
some control of the market where normal supply or demand is not
functioning. In a free market, supply equals demand at all times.
Buyers bid up the price of any good or service until the
increased supply meets the demand or some buyers drop out of the
market to decrease demand. Buyers may also compromise with an
inferior good at the same price.

The market for engineering talent is far more complex than a
simple supply demand model at one point in time. A delay in the
number of graduates as a function of starting salaries can result
in unstable market conditions with long term cvershoots and
undershoots. TPl& response to changing demand is known as the
cobweb effect. The supply side is constrained by the rate at
which academic institutions and industry can train people, as
well as the availability and ability of trained people in similar
fields to adapt to the market opportunity. Student choices
determine the utilization rates of academic facilities. It is not
easy or inexpensive to change the capacity of educational
1nst1tut10ns. The demand for eng1neer1ng skills however, changes
with economic conditions much more rapidly than the supply can

1. Freeman, Richard B., "A Cobweb Model of the Supply and Starting

Salaries of New Engineers®, Industrial and Labor Relations
Review, Vol 29, January 1976, pp 236~248

1
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he.kinq work. The level of those seeking unemployment benefits

alone indicated a surplus of engineering manpower of at least
35,200 people!!

In 1981 the American Electronics Association conducted a survey 3
of member manpower needs through 1985. This survey was analyzed
and published by an AEA "Blue Ribbon Committee®™ on Engineer
Education. The conclusion of this survey was that total technical
professional manpower was predicted to grow by 12% per year
uring the period 1980-1985.

This ?routh rate was substantially above the growth rates
experienced in the past and forecast by the Bureau of Labor
Statistics or other organizations. The results compared to
historical experience arg shown in fig::c 2. By 1982 IEEE
President Robert Larson “ criticized survey by stating “"The
AEA’S shortage figures may be grossly overstated.® Dlaspite
widespread criticism, the study was used in industry and on
Cagital Hill to justify the need for a major effort in industry
and academia to produce more people trained in high technology.
By January 1986, Pat Hill Hubbard, the AEA vice president
1ndicateg that *The Electrical Engineering shortage no longer
exists™ “ At that time, Hubbard said the AEA was no longer in the
numnbers game.

Douglas Braddock explained the fundamental flaw in the AEA
(and EMC) methodology in an article in the Monthly Labor Review.

"This report probably overstated future requirements because
of the biases inherent in the methodology. Projections based
on comgany plans are generally upwardly biased because
companies plan and expect growth in sales and therefore
employment. Not only may companies overstate industry growth,
but many companies plan to increase their market share, even
though one company can only increase its share at the
another’s expense. Such overly imistic estimnates of future
needs are particularly striking in the defense related fields
because, only one firm can be awarded each major-defense
contract, each firm is likely to assume that it will get the
contract when responding to the survey. Another drawback of
this survey is that most people tend to see the future as
very much like the present. These projections of rapid growth
may therefore, be extrapolations of the rapid growth of the
past few yaarsarathnr than a realistic assessment of the long
term trends.®

3. American Electronics aAssociation Blue Ribbon Committee
Report, Pat Hill Hubbard, dated May 31, 1981

4. Electronic Engineering Times, March 15, 1982, Page 1

5. E E Times January 27, 1986

6. "The Job Market for Engineers: Recent Conditions and Future
Prospects™, by Douglas Braddock, Qccupational Outlook
Quarterly, Summer 1983. pp2-8

3
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1) The 1984-1986 base period was during the boom in defense
spending. Industry had recovered from the mini recession of the
early 80’s and increased hiring of engineers. Projections of the
econom¥ in the 90’s are different from the mid 80’s. Slower
econonic growth and a reduction in defense spending will sharply
contrast with the mid 80’s. The study does not attempt to predict

BS degree demand, but uses this 3 year boom period as an example
of typical demand.

2) The use of NS&E as a pool does not allow the separation of
engineering demand from scientific demand. The markets are ver¥
different. The number of BS engineering graduates has not remained
constant as a percentage of the number of 22 year olds, but varied
from about 1% to 2% of this population (figure 3).

3) This study chooses to ignore the projections of the US
Department of Education which indicate that the decrease in total
bachelor’s production will be considerably less severe than the
NSF’s projections. Figure 4 shows the USDE data and the
demographic data. The number of 22 year olds will drop by 25%, but
the total number of BS degrees will increase to the peak year of
1993 then decrease by only 5.5%!

4) Ignored is the increase in four year BSET graduates that fill many
of the more practical oriented engineering openings. Some computer
science graduates can be considered to be part of this pool.

Neither group is included as part of the NSF projection of supply.

Fig?re S shows this trend. Note the increase in BSET to BS ENG
ratio.

5) The issue of engineering productivity is also ignored. Without
considering the productivity increases resulting from computer
usage in design, how can demand be realistically estimated?

6) Another branch of the NSF has an Occupations Modeling System
based on the DRI US Quarterly Macro Model. It is informative to
compare the output from this model to the demand listed in the
widely quoted NSF report. Figure 6 and figure 7 show a comparison
of the growth rates experienced in the 1984-1986 period and the
NSF model in early 1990. Why was other data within the agenc
ignored? The most recent BLS model predicts a 2 1/2% engineering
growth rate, before considering the effects of a decrease in

defense spending. Why should the NSF consider a 3.5% growth rate
typical of the future?

Future Outlook

®pDespite substantial growth, (in the 80’s) the projected gains in
S/E requirements should not match past increases, due to the
overall slowdown expected in the 1990s of growth in the labor
force, total employment, and GNP."" Would it not be logical to
project a lower demand for technical manpower? A major factor is

7. Natlional Science Board, -
washington, DC:U.S. Government Printing Office, 1989.(NBS89~-1)

5
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corporation of today is for the most part marked by instability,
not opportunity®.

will we have shortages or surpluses of engineers? 1 frankly don‘t
know. This may not be the 1mportant issue to address. As we
attempt to recruit minorities and women to the profession and
depend upon them to make up for a projected "shortfall", they
will perceive the same problems as do white males. Will the
"shortage" problem be solved? These newly recruited engineers
will leave as do about half the working graduates in NS&E fields.
The greater part of the demand for engineers comes from those
1eav1nq the field, not from an increase in the demand for
engineers. The more important issue is why graduates leave the
field. If the rewards are percelved to be better in other areas,
people will switch fields. Changing the reward structure and
better working conditions will have a much more positive

influence on young people than advertising or public relations
approaches.

August 20, 1990
TLKPHX1
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AMERICAN ELECTRONICS ASSOCIATION
MANPOWER FORECAST MAY 1981
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NUMBER OF 22 YEAR OLDS
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ENGINEERING GROWTH

5% PER YEAR
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DEUTSCH, SHEA & EVANS
HIGH TECHNOLOGY RECRUITING INDEX
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me&mioml
Activities
Committees for

By Richard F. Tax

Rutgers University And
Montclair State Crx Shoriage

Like a cheap serial movie with the monsier returning each yearto
wrgak havoc on the community our engineering ~Shortage Shout-
ers” raturn once again to seduce our youth in the engineering
colleges with cries of shortagas and promises oi goiden opportuni-
t.@s. Each year National Engineers Week (NEW), assumed 10 honor
our nation’s engineenng communty, is msused 1o recruit our youth
1o the engineering colleges with fabrications of engineer shortages
and unfulfilled promisas. This year is no exception; however, New
Jersey ecucators have a head stan. Again, the false National
Science Foundation paper is used by educators 10 sell college
credis 1o the nawve public.

inJanuary, a TV program entitied “The Science Gap,” sponsored
by Rutgers Universty, shows Dr. Vaughn Vandergrdt of Montclar
State College quoting the faise NSF report asthe foundationfor their
shortage cnes and college recruding campagn. The ram was
aired many timaes on stations WNET (PES) and WNJN (PBS) for
millions of viewars 10 5ee. Surrounded by other shortage shouters,
Vandergnft has gone to TV crying "woli,” to promise rewarding
anginasering careers ta the viewsrs. Would 1t be indelicate of me to
maention that the “shortage shouters® are usuaily employed in the
pubiic sector and should have some loyaltly to thew smployer, the
U.S. tax payer?

Let's setthe record straight. In September, 1991, the Engineerning

Commisson, of the American Association ol Engineer-
ing Sociat ot & Gl % St e Gaciraint
manpower issue. The lollowing “Conferses Say No Shortage Ex-
ists."from IEEE’s "IMPACT" by Frank Lord. Editor, Career Activities
Council, biows away ihe shortage agumsent and the NSF paper.

Conferees Say !:o Sho i Eessx:sts

{ was among a group of members 's Manpower
Commites who participated in a conference on Septamber 11-12in
Washington, DC, sponsored by the Engineering Manpower
Commussion of the American Association of Engineering Societies.
With the theme Engmeering in America’s Fulure: Shortage or
Surpius? the conference addressed the question of the reliability of
supply and demand projections and the kely impact of demo-
graphic and other trends on such (orecasts. The answer was a
judgemant of no shonage, now of in the loresesabls future.

Peopie of all persuasions explored the question, including indus-
try leaders, practicing engineers, government statisticians, and
engineering professors, most of whom waee able 10 maintain objec-
tivity. The program content fiowed smoothly from the first day’s
sessions on Statistical and Future Scenarios to the
Empiloyer Requirements session on the marning of the second day.
The keynole addrass was given by D. Allan Bromley, Directorof the
White House Office of Science and Technology Policy. Thelirst day
ctosed with the presentation of Congressional Perspectives by
Congressman Don Ritter (R-Pennsylvania), the only Ph.D. enginger
in Congress.

Most members of the conterence’s first panel seeed convinced | d,ﬂ,g.‘. mwj'
K T
hax ]

that 3 Sanpower sholage exists, and they weie théfb'io sheak
abo(;_varpus aspects of &. Only the panel modératdr put some
~zyveats on what might be concluded from the present about the

those inadequacies 1o a shortage of snginears. This notion appears
equivalent 10 conciuding that strest people in U.S. cities indicate a
shonage of hame builders. | thaught i ironic that a person unable to
distinguish Detween socwtal and economic needs would be speak-
ing at a conlersnce examining supply and demand.

Circumstances did not get any better when ancther panelist
displayed some graphs, which showed sngineering salaries in-
cTeasing al an average raie of 4.4 percent, and declared thal
enginedrs were doing weli. He neglected to paint out that had the
curves been normaiized to constant doliars, the graphs would depict
engineering salanies as barely kesping up with infigtion,

Keynote spsaker Bromiey did notforesee an imj. 2nding crisis. He
did believe that students should concentrate on scie"ce and mathe-
matics to keep the so-called “pipeline” full. Bromiey said we need
people who can function and contribute in a competitive industrial
society. He dud not say that the sole purpase of tha pipeline was to
direct young people into the study of science and engineering atthe
coillege lavel. He asserted that national policy as well as market
forces should influence our industrial capability.

{EEE-USA Manpower Committee mamber Robert Rivers sur-
prised the afternoon audisnce by deciaring that there was no need
10 hoid the conlerence. He explained that in a free market economy
there is no such thing as a shortage or a surplus, only an equilibrium
point between supply and demand that may shift pasition overtime.
Rivers cited elements of Economics 101 as applied to the engineer-
ing manpower arena. From that point on, | sensed a transition
among the speakers !0 more cauton in stalemants and more

| couching of answers 10 quaestions.

Congrassman Ritter questioned the actual demand for enginears
n the year 2000, seeing if as "less than certain, gven the coming
contraction in defense procureament and possible further declines in
certain U.S. manufactuning industries and their continued growth
ofishore.” He did not shy away from using such words as faid-off,
undenstiized. and siump in describing the current engineering
smpioyment sdualion. Riter spoke of the need for nationat ability in
production, quality, and competitiveness. in effect, he shifted the
focus of the conlerence from academx views and bureaucratuc
concerns o the real world of engineering.

Isaw no evidence of shortages in the second morning's sessions.
Amajor computer manulacturer is spending a great deal on continu-
ing education, but nevertheless, also leying off engineers. The U.S.
Department ol Defense does not have an employment goal. A utilty
company is successiully employing former full-time empioyees on
2 part-time contract basis.

in conirast 1o the mainstream, one participant apparently stll
quoted the dscredited NSF shortfail figures as shortage numbers.
He was experiencing an engineering shortage ini his area of en-
dgavur, because his particular business with its low salaries kept
him out of the normat marketplace. The confersnce moved a giant
step closer 1o what seemed to be iis inevitable conclusion.

in the last session, Conlerence Wrap-Lip, the buk of the effort feil
on Alan Fechter, Exacutive Director of the National Research
Council's Office of Scientilic and Engineering Personnel. He noted
that three major issues had been addressed: shortage or surplus,
tachnical competency. and reliable dala.

On tho first issue, Fechter expressed mild surprise at the ease
with which a consensus of no shornage was reached, with an almost
total iack of contention. He saw no indicators of crisis, only normal
concern about the future amidst uncenainties.

_ In his closing remarks, Fechter distinguished between making
judgments and drawing conclusions. He pointed out that judgments
are based on evidence. Unfoitunately, determinations ara some-
times based on minimal evidencs. in the case of this conference, a
préponderance of evidence led 1o the judgment. YWhile judgments

can be modified time, v‘ isi'mn_ swkward or pmbarrassing 10
L . : e SRl A
is conferericd was a valuable forum. In aggrigateqfhehnien
carries more wiight and is’ leds confusing to public than-a -

collection of statements that miaht have been issuad by the same
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Why Technical Leadership Matters

D. Allan Bromley

DOwector

QOffice of Saence and Technology Policy
Executve Office of the President
Washangton, DC

Bromley 15 assistant to the president for science
and technology as well as director of OSTP. He
is on leave from his former position as Henry
Ford LI Professor of Physics at Yale University,
where he was founder and director of the A. W.
Wnight Nuciear Structure Laboratory. One of the
world's leading nuclear physicists. Bromley has
carmed out pioneenng studies on the structure
and dynamics of nuclei. He 1s considered the
father of modern heavy 10n science. Bromley has
served as president of the American Association
for the Advancement of Science and the
International Union of Pure and Applied Physics. He holds a Ph.D. in nuclear physics from
the University of Rochester. Bromley received both a B Sc. in the Facultv of Engineering
and an M Sc. degree 1n nuclear physics at Queen’s Uninersity, Ontanio. Canada.

Q: How important are intellectual prop-
erty rights to innovation in this country?
A: Extraordinanly imponant, not just
in this country but worldwide. Becausc
if in the highly competitive world mar-
ketplace a company can’t get some ap-
propniate retum for its investment in
developing a new product, then there
can be no long-term research program
that will pay off. It's very important
for me 10 emphasize that we sull have
the strongest science and technology en-
terprise that the world has ever seen.
The fact that some countries by fo. .-
ing their resources into narrow salicnts
have been able to equal us, and in som.
Cases [0 surpass us, is not surprising.

Q: What are the objectives of the High
Performance Computing Program?

A: The goals of the High Performance
Computing Program are quite broad.
First of all, we want to make sure that
we retain the leadership in computer
hardware. Second point: That high-
performance hardware will be of very

The federal government must play a
role, says Allan Bromiey, if Amenca’s
science and technology are to remain
world<lass.

Design News: At a time of tight budgets
for all science and engineering projects,
why should we as a nation put money
into science megaprojects like NASA's
Space Statioa?

Bromley: The space station really is the
first step in a glorious adventure that
will take humankind off the home
planet on the first step to the cosmos.
And it scems to me that we, as the last
superpower on the planet, have an ohli-
gation to provide leadership in this
area. It's going to cost us something like
0.25% of our GMNP. We were talking
about substantially more than that all
through the Apollo program period.
And I remind you that the Apollo pro-
gram was the first time in the history
of our race that we were able to get a
quantum leap forward in both science
and technology without having to in-
volve most of the then-civilized world

in 8 Major war.

Q: Once again we hear predictions of a
shortage of engineers. Should such pre-
dictioas be taken sericusly?

A: The one thing we can say with abso-
lutz cenainty is that we have a very
real shortage of Amencan engineers. In
recent years we have been granting
more than 50% of degrees in engineer-

ing at the Ph.D. and the M.S. levels to
people born outside of the United
States. And we're geting to the point
where the B.S. situation is reallv close
to that level. Now that does not mean
that we've got too many foreigners, it
means that we've got too few Amen-
cans. It's ciear that we have a majo
shortage of American engineers. and we
have to do something about that. We
are doing something about it.

Q: How can companies cooperate in do-
ing R&D without being placed at a dis-
advantage in the marketplace?

A: In the countries with whom we com-
pete most aggressively, there clearly is
cooperation not only among compa-
nies, but also among companies with
assistance from their federal govern-
ments. If we insist that each of our com-
panies essentially reinvent the techno-
logical wheel, independently, then
clearly they're not going to be competi-
tive. That's why the Bush administra-
tion has focused on the federal respon-
sibility not only to support basic re-
search. but also to support the devel-
opment of generic technologies. An ex-
ampie of this sort of thing is the consor-
tium with the automobile companies
that seeks to use composites more efTec-
tively. Another is the battery consor-
tium, where we're working with the
Electnc Power Research Ingjitute, the
big thrge auto manpfacty

numpeq,of battery mpny

€ We still have the
strongest science and
technology enterprise
that the world
has ever seen. §

little use 10 us unless we have software
that is user-friendly and readily avail-
able. ‘We have 10 make a major cffort
to bring our sofiware up to an appropn-
ate level. The third goal is 10 have a
private-sector network initiative by the
end of this century that will make high-
performance computing as accessible
and acceptable as the telephone. And,
fourth, we're going to need a lot of peo-
ple. including a whole new level of
trained technicians.

Q: Yoo asked a Japanese science adviser
why he thought our countries had es-
joyed different rates of success in recent
years. \What was his answer?
A: | aseed him—after two days of meet-
ings, vhen I thought 1 could really ask
a mor: pointed question—why he felt
that thie Japanese economy was more
vigorous than ours. His answer was: It
r may not be unrelated to the fact that
per cadita we produce five times more
engincers than vou do, one-lwenty-

vent1 the number of lawyers. and no
M.B.As at all. .
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Pictare the owner of the local phar- gy implied by the protect the public and the cavironment.
macy that business is 50 good be M::m:hm:
would like somecae 0 a NSF's prog shordfall covers repora poliution
-:-h:‘lhhnu -L.ummgp: #xive: 0 2ered e publc md project oo

realistic soemerio. Comsidor (he s Compuser Science degroes and Engincey.  CRYirOMmcat from this contaminant?
gincering society. | can't pichme SRyORE  degrecs) with oaly 40 percent being heard of NSF expressing their concern

Swowing 2wey 2l CRCUMISIAE  degrery i cuginonrig, #bot their repon being musooeed.
competition. 's called “shooting ,
yoursell @ e B30 4.Buiodon page S of NSFspaperlies _ More difficulties arise from the

the cavent, the disclaimer, that their YAREASE point. Poople get paid w geacrae
: “Without shonfal) sawtsge: this type of pollution while engincers
Gwhm-u_,_,: ,‘-‘ﬁ,‘:&“.: mast volunteer their personal time ©

would respond,“without caginsering S. Eaginsering Manpower require-

clout theze can be 80 cavironmentl  ments camnot be determined without con- m'md.:,“ o o
revolution”. Whea lose their ot and demand.
v ugl:; v, tidering both supply £s Alocmen, 509 Grocn Pond Road.

Rockawsy, N.J. 07866.

do not have any clowt. Eaginsers willl sot 6 The NSF concem s dirocted & the

‘ ,gn::-mmhm ‘pﬂmdlﬂ‘-la A onsd. R '):: w:nu%
: Oour aKe masy

" shorage propaganda. Milioa bisth raec has not kepe up with the “uncon- 272 R0E getting jobs. b

s im VYV * aisthstaemyenm
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| Role of engineer

e ‘J- - .
' is crucial to

the quality of life

Without engineers, there can be no environmen-
tal revolution

Engineers shape our external world, from the
vehicles we ride around in, the roads we drive on and
the bridges we croes, (n the buildings we waek in, (he
rloihes we wear and (he (ood we eat.

Fach -tl:r“almg the way. an engineer is in-
vnlvedd in the development. as well as the quality. of
our stznctured environment

Civil, electrical, mecharical, chemical. automo-
tive, aeronaulical. construction and environmental
engineers  collectively, they are respansible (or
the lifestyle we lead and, to a great extent. even for
how long we live

But engineering - the foundation of Americas
econonue sysiein v beca va & Sumpy, pot halad
road in recenl years as Students’ skills in the sciences

' Gordon Bishop

The Environment

and mathematics have declined in public school sys-
teme from coast o cnast

U'nless these hasic skills improve, nnt just our
high-tech cociety. bul also our beleagnesed enviton-
ment. will be serimsly undermined from withis.

A lack of engineering know-how stands as our
greatest obstacle in improving (he environment and
the quality of lile in the 19909,

The vumber of undergradmate enginvering de-

ees in 1996, for example. will (a!' 1 short of
emand. In only 20 years, (he shoruall will be
700.000.

Over the nest five years, Lhe college-age papu-
Iation will decline and the y of engineers gradu-
ating from college will alse . quite marked-
Iy, according to (he Consuiting Eagineers Council of
New= Jorwov (CFY

Some other sobering (3= fyom the CEC:

* The Uniled ﬁl}hs lrl':u 1,000 lawyers for
every 100 engi . J3
r.m’ m;’:& lawyers. Two-thirds of
the world's lawyers practice in the US.

o The average starting salary for graduate en-
gineers enceeds that of graduale atiorneys.

o Beiween 1,308 and 1,800 engincering facuily
positions at US. colleges and universities are cw-
rently vacant.

o America invesis 2 percent of its Grnas Na.

tional Product (GNP) in peblic infrastreciuore (roads,
sewers, water, etc). Japan invests § percend, or qua-
diuple the amount for improving vilal necessilies.

e On 2 wild-wide hasis, the US. inlerest in

ineering and science is declining (o abowt 18 per-
ml nf 1:5 wnrld's total 244

ineers and scienlists,

while the Sovied 'ninn hat aboul 18 percent of the

|
T teotiaa  rudeau

’ 'Mlt nine Ic;mmmml ,

wo ra in the engineering ~Richard

mlmm%m :

The ::nWNt ‘ edweatic i

ia

heaith and. o!m.m fles, puaic
The lawyers have taken over the environmental

movemnent. leaving the engineers to deal with the

‘Engineering is precise down to
the last decimal point.’

litigious problem-solving process not by the numbers

or t , bul by vagee, ambi lese that

e o e
ml-‘.‘ngmeeﬂn.. is precise down to the last decimal

}:M lawisa rr:mr of : ir tion. .
ocusing on the crocia ipeering in
the 19905, Princeton and Rutgers ﬂm be
participating in National Engineers Week (Feb. 18).
Science teachers will be sending
the rivth throngh 12th grades (o either of two “Engi-
neer Your Career Days” at Princeton (Feb. 22)
Rulgiu {Feb 19).

neening department, and ‘
sociate dean for acadermuc affairs at Ratgers' Col-
lege of Engineering.

The future of the environment depends not on
more laws and cules and reguiations. but better az-
neering practices and methods of cleaning up the air,
water and land.

As Ct:{l n& debates tl:.’ Clean Air Aa %

ar, it wi engineers scizntists wi
&mm how to combat acid rain. the
warming of the planet and toxic air emissions.

ronmental challenge confronting America.

Let’s not E.E:me llte'r.ttl'dt one week
under the saa. .
THE STAR LedGels 2fef,

About Letters

The Star-Ledger of-
tampts Lo offer reprosmte-
tive viewpoists in
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NAE OFFICIAL QUESTIONS NSF PREDICTION OF 275.000-PERSON SHORTFALL IN SCIENCE, ENGINEERING
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5/89 73 §fre [ Year
'PACE NEWS—Contnued)
THE AX IS FALLING -
by M. Alterman 2/8/90 ITT Avionics 200 Since 87 «
For tha past year this section has been collecting data on pp ~ 215/90  Drexel 7000 Chap 11
'095@S In 16CNNCIOGY CaMpanies—companias that empioy engi. 22290  Aopie Computér 400
~gers. programmars and/of scantists. Thank you to everyone  226/90  DEC 250  10/89
4NG Sent in contributions 1o this dalabase. Listed below s the 22030  DEC . Severance
resuit of our effarts—75 instances of a company or government  2/25/30  Tekironix 1400
agency cuting ampioymaent with a loss of approximately 200,000 228/90  Shearson 2000
jobs. These cuts have happaned or are scheduled 1o happen /1390 Hams. intersi Fab 350 Ciose
aver the next several manths. This list should not be considerad 225,20 ITT Federal Electnc NJ Close
compiete. :‘2’90 g“ﬂﬂ::'k %zmm%l‘ﬂ;r g,bsud -
/2190 upe TS ay pur
HATE g?,:ﬁ:,‘“v L.:;gFF B COMMENES 4/8/90  Von Neumann Comp Cur Closing
Cipher Data 525 4/15/50 ATOCHEM NJ Close
H-P Agoiio Div 230 4728/90 General Electne 4200 nexi 2 years
5/17/89  Hanman Systems 115 Closed pospes s O 2750
522/89 ControlDataEtaSys 1500 Closed e A"“’O"n elaarog sy g°°°
6/5/89  Conner Paripherais 200 s6m0 S ve U 000
6/5/89  Hughes Awcrah 6000 ater Electric NJ Close
6/5/89 Prime Computer 240 NH Ciose
§/5/89  UTC Nordan Div 400 ENGINEERING LAYOFFS
6/14/88  Sikorsky Aircratt 1300 Please make copies of all articlas en engineering layofts and
§/16/89 Grumman Sys Div 20 send 10. Mike Altarman, 509 Green Pond Road, Rockaway, NJ
7r3/89 BBN Comm AS (CEN) 200 Closed Q7866.
7/3/89 Hopnaywell 300
7/3/89 H-P Appoilo 100 3
7389  Wang oo PACE Committee Meets Monthly
73189  Honeyweil 4000 The PACE Committee meats on the second Thursday of every
7/31/89  Lockheed Electronics 300 month at the ITT Auditorium, S00 Washington Avenue, Nutley,
8/4/88  Olin Hunt chemical 120 Closing N.J. (near the the ITT Tower) at 7:30 PM. Our Section Executive
a/8/89 Brooks Bras clothes 200 NJ Closing Commitee meets there on the first Wednesday of every month
8/21/89 Ashton-Tate 150 {except in Decambaer) at 7.00 PM. Any questicns or commants
822/89 PAR Pharmaceutical 150 will be well received. Contact Richard Tax at (201) 664-0803
8/24/89 Campbell Soup 2800 {after 7:00 PM) or write to R. Tax. 630 Montview Place, River
8/24/89 Kodak 4500 Vale, N.J. 07675.
8/28/89 Tachones (Grumman) 47 Closed
9/11/89 Comport Comp Chap 11
9/11/89 Sprague Technologies 10%
9/18/89 PRIAM 230
10/16/89 Data General 2200
10/23/89 Motorola/Codax 3000
10/23/89 UNISYS 8000
107/24/89 Prime Computer 2500
10/30/89 ATAT 34000 Early Ret
107/30/89 CODEX : Attrition
10/30/89 CODEX 300 7/89
10/30/89 Von Neumann Computer NoFed $
11/8/89 Shearson Lehman 800
11/13/89 Cray Research 400
11/13/89 Data 1O 50
11/13/89 DAZIX 170 . .
1113/89 |BM 1000 Discover the single most vital source of
A M e T e technical information and professional
11;21;:’:3 Sci Comp Sys “00 Closed support available to ymIlEtgmughout
1172 AMDAHL king career... .Jot
1211789 Lockheed Electroncs 1160 Closing l_your WK . b Jn it
11450 US00D 30000  Cwiian FOR A FREE MEWBERSHIF [NFODATION KT
171480 USDOD 20000 Miltary '
116/90  Auto Companies Larmge # =
1/16/90  Marill Lynch 3000 - -
211890 Fairchild Waestion
21580  Grumman 2000 A
211730 Gull Aviation e
2/5/90 ATT Microsiectronics 1% Byo & Frp——rn £
2/5/080  GE Aerospace 5 1 ;
2580 HP 1000  Early Rat A oo et o Chtouas w2 s Caghaaam, o
p 4" 145 Hoes Lase. PO Bex 1331
e . Prscatmmwap. N.J 08855-1331. USA (200) 3626624
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AD HOC PANEL LOOKS AT REFERENCE TO SHORTAGES

IEEE booklet halted

By Rosexrt BELLINGER

Richard Tax, North Jersey Section PACE
chairman, were among several attendees
who raised repeated objections to the
shortage refereni:.

The three men serving on the panel
represent 3 cross section of views. Rivers
is a vocal critic of the pamphlet. Gordon

engneers and acientists
Named to the panel by Michael White- defended it at the PACE meeting, and
law, IEEE vice president of professional maintamed that the controversia para-

i

graph was being taken out of comext.
Doyle. according to Whitelaw, “has had a

: LS. lot of experience in manpower issues.”
ness Comittee; and Gerald Gordon,  The issue is a volatile one. In
chairman of the Member Activities Comncil.  the upcoming “1990 EE Times Salary &
Whitelsw has ordered a temporary hak Opinion Survey,” to be published Oct. 15,
to the distrbution of the pamphlet. “A
Passport to Opportunity: Snlfng Fitom IEEES
wu-:.snn"mnm MMM : I 6 colleTé
ad hoe commitree’s wﬂl he controversial pas-  Zpucwzew
Whitelsw said he has asked Doyle to : ‘The i CommiTTEE
submit 3 report to him before the Nov. 14 sage . United States CNIURED BY
USAB meeting. _ could experience a shortage Lnawce . GRAYS
The passage that has stived 3o much Of as many as half a million :
costroversy reads ss follows: “Based on . and scientists.’ VS DeP7 oF
recent decines in engincering colege en-  CNEINCETS Saenusis. pucarma.
roliments, the Task Force on Women, Mi-

?Bpumdtheml_ﬁﬂ!:: L R GRaysoN

Societies is hokiing 2 conference Nov. 28 and
29 in Washingion, which will be devoted
solely 10 the supply-and-demand question.
Titled "Engneers m America’s Funare: Sup-

B Opportunstses,” the conference will attract
those who believe the US. wont have
encugh techmcal people and those who dis-

|
E
§
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Editorial /

. Burying the EE
shortage myth

T'S THE PREDICTION that will not die. Like

Dracula and “Rocky” movie sequels, the Na-

tional Science Foundation prediction that we're

heading for a massive shortage of engineers
and scientists keeps coming back.

Only the numbers and the people being quoted
change.

A Maryland newspaper: “The United States could
experience a shortage of 750,000 scientists and
engineers by the year 2000.”

A General Motors vice president: “The National
Science Foundation predicts a shortfall of 450,000
engineers and scientists by 2010.”

An IEEE pamphlet: “By the year 2010, the
United States could experience a shortage of as
many as a half-million engineers
and scientists.”

It's bad enough that they're all
harping on the eng'meering shortage
myth. But what is this: fill in the
blanks? These Cassandras can't
evenagreeonthenmnbenorwhattheNauonai
Science Foundation actually said. )

The NSF whines that its work has been misin-
terpreted. First of all, the number covers both
engineering and science—an extremely broad
category, to be sure. Second, the projection is
based on natural-science and engineering (NS&E)
degrees, which is nof the same as scientists and
engineers.

The NSF complains that people are stretching
“our projection of a declining number of NS&E B.S.
degrees into a job market shortage, which we never
intended . . . . We did not undertake to analyze the
supply of NS&E personnel.”

Third, the NSF maintains that it warned everyone
that its analysis “should be interpreted as condition-
al.” Break out the violins and hankies. We don’t have
much sympathy for the National Science Foundation,
now that its analysis is under sharp attack,

F-

- &

y ot

7 -
l 28 December 3, 1990 Electronic Engincening Times

ll\)

The National Academy of Engineering, a cross-
town sometime-rival of the NSF, published an article
recently that thoroughly debunked the NSF's meth-
odology of shortage predictions. The American As-
sociation of Engineering Societies has just come out
with a bulletin that says engineering manpower
shortages are “exaggerated.” And the IEEE, to its
credit, last month yanked its “Passport to Opportu-
nity” pamphlet that referred to shortages, and it
promises to rewrite the offending paragraph. It did
that, however, only after IEEE members raised a
holy stink about it.

In this time of layoffs, underutilization and wide-
open immigration policies, it seems patently ridicu-

lous to perpetuate this myth. Let’s drive a silver
stake into its heart.

——

On IEEE and V/
sho es

Thank you for printing the article
“IEEE booklet halted” (see Oct.
1, page 95). Your article serves
the members of the IEEE by
bringing to their attention a con-
tinuing problem of the insensitiv-
ity of the organization to individual
member needs.

For the three decades of my
IEEE membership, | have contin-
ued to see the 1IEEE mnitiate and |
parrot forecasts of impending en-
gineering shortages—none of
which have ever materialized. All

could be used at less-than-opti-

mum pr .
Thememhersofthe!EEEpan—
el should meet with a cross sec-

sion section has been excellent.

Thank you.
Domald J. Heller
Stow, Mass.

Edmfg Note: The IEEE-USA
board has just voled to pull the
wmmmmnmm»

ven thie nHandins turecape om chort-

it
vee '

ir fra-
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j/" ‘ The foliowing are repiinted from the Long Island Section's
af’ ; ! newsletter calied “The Pulse.*
PACE READERS RESPOND
{In the November issue, we posed two questions from the
NEW S PACE Coordinator. Here is one of the responses )
Would you encourage your child to pursue a career in
By R. Tax engineering? Why?
W; No, No, No
This month | am dedicaling our column 10 our engineers. In e3sion, no irade, no career )
colobration of National Engmnnm Week (NEW) and our steady No patent rights, no design rights, no copyrights
fight against "Engineer Shortage® Propaganda (ESP), we have No honors, no prizes, no recognition
printed a letter from a young engineer from North Jersey and No big paychecks, no bonusas, no overtime pay
NJIT, Class of ‘88, dated September 13, 1989, Please note that No equity, no security, no future
the lefter was written more than a year after graduation. No office, no laboratory, no library ‘
We have also included two responsas, from mnmb:r of g:: No mlh"::':"‘l' no lack of rasponsibility, no end of educating
i ion from the Region 1 4 , ]

’a?é’.ﬁ.';'o‘?."&:?&?&'f' 08 qussion Sssem Som e 4 FAGS No leisure, no end of learning, no end of books and journals
First, | would like 10 invite you 1o attend two PACE meetings No communily ties, no company ties, no work ties o
this month. The first on February Bth wil give you the opportundy No skill portability, no pension ponability, no career continuity
10 suggast and select subjects and meatings of interest for 1990. No organization, no political represaentation, no public

The second is a joint PACE/Engineering Management Society adulation.
mesting about "How To Reduce Your Taxes.” %:.hm“nd letter for NO! NO! NOI
further mformation. if you can, please post our ar.
g A SECOND RESPONSE

e ¥4

Dear Mr. Tax: ) ) I'm writing in response to the inquiry of the PACE Coordinator in

t recently had the opportunity 1o read your articies in the IEEE the November 1989 issus of Puise. He poses the question,
News.etter regarding unemployment among enginaers in the local “Would you encourage your child to pursue a career in engi-
area, particularly unempioyment among recent graduates. | also neenng? Why?*
find myself in that situation, as | graduated in May of 1988 from | have two daughters, now college graduates, who showed
NJIT with a 3.15 GPA and | am currently working as a book- talent in math and science when they were in high school. | told
keeper, a job which is totally unrelated o s.:gineering. In fact, as them I'd pay for thair coliege sducations, except if they studied
it to add insult to injury, | was rejected for an electrical engineering. If they'd been panicularly keen on becoming engi-
engineering officar position in the U.S. Air Force, as the military is neers, they might have argued with my decision. However they

apparently cutting back on its manpower, ) only had to consider what they'd leamed of my career, from my
One of the probiems | have encountered in my job search is dinnei-tables conversations.
that many prospecilive employers scorn applicants who have They observad how 1'd been laid off severai times during

been unemployed for long periods of time, and the longer one is project cancellations and federal budget cuts. They saw how |
out of work, the worse the situstion gets. There is still a belief somatimes came homa from work 100 angry 1o tak to tham. They
among the general public that an EE degree is a guarantced heard how some boss demanded that | meet preposterous dead-
ticke! 10 a good job. fines, sven though the parts of the project that preceded my part
Also, thare is a tendency for empioyers 1o categorize had slipped schedule. if | objected to the schedule compression,
engineers according to specialty, even at the entry level. For the boss would ask if | was a competent engineer. How come |
instance, my senior year at NJIT | had to choose a two-semester coutdn accomplish such an easy task in a short time?
"systems” sequence; | chose communications systems (which | They heard me teli how | tried 10 make my designs maeet the
now regret, as this fiald seems to be very dependent on delense specification and was quastioned in light of budget and schedule
spending). During my job search | found that some employers contraints. They heard how some of my smpioyers made mana-
classified me as a communications engineer and would not Qerial decisions that overruled engineering decisions. They heard
consider me for positions in other areas. | personally don? think &t me tell how ceriain “accidents® resulted from overruling engi-
is fair to classily an individual into & perticular specialty at that mm.mmmmmm_ﬁwmiumnm

point in his or her career. hotal or the BART train overrunning the station.

However, | would lke 10 thank you for your articies, as | have in the face of my experience, which | sometimes brought home
gained a degree of moral in knowing that | am not alone rom the office, my daughters decided 1o pursue carsers other
in my predicament. | wou canainly weicome any useful engineering. They're happy and fulfilled prolessionally.

information or advice that you may offer me. ipclosing | would lame withheld by request
:knbmthﬂmcmmhhmmﬁr‘ulunq by

fortunate to have a PACE committes chairman who is taking such INEERING LAYOFFS
a personal interest in the employment situation, ¢ =
Name withheid by requast Plaase make copies of ail articles on engineering layoffs and

I;M 10: Mike Altarman, 502 Green Pond Road, Rockaway, NJ
EMM:WMW'iMmmM;I.mh IR
some cases it represents other employses involved in the hiring "o
praciice. Most of these people are from the personnei depar-  PACE Committee Meets Monthly
menis and they do nol have an engineoring education or - The PACE Committee mests on the second Thursday of every
small d”f“ Mwmw‘a-ymm.mgm'MWuMMs@_ t
is & very part of an - L€ jo ‘2t 7230 PM. Qus ion ive
eng-neers are flexible. They aiso plsy it safe and disqualily ¥ Committes moets there on the first Wedndsday of mmh
eca~= dates wherever they can. When thcy Ftrn findthoi o 7:00 PM. Any questions oF Samements

e uaW cmanl el Pectcas Dakaed Ta, o ae (DAY BEp Ro- -
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PACE
NEWS

By Richard F. Tax

PRECOLLEGE EDUCATION: Scheme or Scam?

The latest headiine in Electronic Engineering Times addressas
the efforts of the American Association of Engineering Sociaties
(AAES), led by its chairman Lawrence P. Grayson, to improve the
quality of precollege mathematics and science education in the
U.S. The AAES wants to enlist 100,000 members 10 work with the
secondary and elementary schools in this endeavor.

The E.E. Times anicle indicates that some IEEE membaers feet
that the program is a smokescreen to recruil more students to
the engineering colleges. In the article Grayson denied the
allegation that the objeclive was to increase the number of
engineers. E.E. Times quoted an AAES press release that said;
"In accepting the challange tc anlist an enginesr to work as a
volunteer in each school in the nation for the improvement of
math and science education the Task Force began a major
program to insure the future supply of engineers and scienlists.”
The article also quoted Grayson as saying “That was a poor
release. That went out before | had a chance to see it." He
promisad that this would net hannen again.

In July 1990 | had the opporunily to serve on an Ad Hoc
committee to review the activities of the IEEE, USAB, Precollege
Education Committea (PEC). My observations relating to the
Precoliege Education Committee’s activilies were so strong |
wrote a minority viewpoint and sent it to other officials of IEEE.
The following were some of my observations.

*The PEC published a pamphlet entitied *A Passport to
Opportunity - Strategies for Improving Precollege Education.”
This paper does not mention even 9ne way to improve precollege
(K-12) math and science education. The primary thrust is to
recruit the very young to the engineering colleges. it promises
increased angineering jobs and a concern to yield a large group
of scientists and engineers to keep the “Pipeline™ full. This is
nothing more than another form of college recruiting direcied at
the very young. College recruiling is not a USAS function and our
mambers funds should not te spent on this effort.

The “Discover ‘E’ " (E is for Enginesring not Education) is a
nationwide recruiting directed at all pracoliege students
and is supported by the PEC. The program is intended 10
introduce students to the fisld of angineering and guide them
towards the engineering colleges. Thiis program also satislies the
recruiting needs of our colleges and not our membership’s need.
They promise the children carsers in enginsering that they
cannot guarantee. | don’t believe this activity improves
preccliege education.

The commitiees original and continuously stressed goal is to
“sffect improvements in the quality of precoltege education in the
United States.” With every following objective, word and deed
this commitiee deviates from their original goal. Their main
activities appear to concentrate on efforts to utilize the
membaership's funds 1o afract a steady supply of future students
into the enginesring college pipeline.

in reviewing the PEC data package | found iitle evidence to
indicate a sincere effort to directly evaluste and improve
precoliege math and sciance sducation. We should note that the
membership of the Precoliege Education Commities is not a
homogeneous representation of IEEE's membership. The
committee suffers from a preponderance of academics, 50%,
while academics consisis of less than 5% of IEEE’s general

membaership. e £ & . )
Members of the Precqiiage Educytion Committee constitute a2
large perceniage of me that eamn their income from the field

of college enginsering and science education.” These were just’

st ARiAc s msmsmmaate akacoy “‘-ﬂ. '-—mif‘cn'q

s A

Professional Activities. responded in a letter that stated my
°...minardy positions are so accurately stated in tha Commitlae’s
repont.”

What does the Pracollege Education Commities have to do
with this latest AAES issua? The same Dr. Lawrence P. Grayson,
of the AAES, was the past chairman of IEEE's PEC and is also
responsible for the “engineer shortage shouting® pamphiet being
distributed 10 our young elementary and high school students. He
also happens to be employed by the U.S. Depanment of
Education. He also earns his incoms from promoting education
and not from engineering.

Why is Grayson charman of AAES, an engineering society?
Why was chairman of IEEE's, P.mngcllogn Education
Committee? | cannot sse his relationship to any engineering
function. We also support AAES and his activities with our USAB
assessment. | believe we should improve education on all ievals.
1dont believe Grayson and AAES are doing this.

Tha latest USAB news is that Michael Whitelaw, USAB VP has
put a stop order on the distribution of the IEEE pamphiet “A
:'.asspo:ﬂ Opportunity® and appointed a committee 10 review

materi

Upgrade—Don’t Procrastinate

Advance lo the highest grade that matches your qualifications.
Oues are the same for all three membership grades.

As an Associate Member, you may be able to advance 10
Member or Senior Member grade. Members may be qualified for
Senior Member grade.

for information and an application, contact Don Wainstain,
Kulite Semiconductor, One Willow Tree Road, Leonia, NJ 07605
(201) 461-0900.

NY Section-COMSOC:
80th Semiannual Seminar

On November 15, 1990, the New York Chapter IEEE Com-
s E : mh?:hms?mlmga sﬁ‘“.:"é b
seminar on “Emeng jes for igital
Communications, New Architectures & Applications® will take
place from 8:30 AM to 5:00 PM at the United Engineering Center
345 E. 4Tth St., NYC. in New York City.

Topics to be coverad are as foliows:

Switched Multi-Megabit Data Services (SMDS); SMDS Trials;
SMDS Appiications; Metrocore-140HB; Fast Packet Switching;
:luRmed‘ ia Workstation; ACCUNET Switched 384; Standards Up-

ate.

The seminar will end with a panel discussion.

Fee: $140 for non-Members; $110 for Members (includes
lunch, and coffee breaks. Spaecial student and group fees
available.

To: Robert Puttre, S00 Westchester Ave., White Piains, NY
10604. Make chacks payable 1o "NY IEEE COMSOC"

Name {EEE #
Company Phone#t
, .
Addrens - Y 1 & om T
A, { %e--'tr 8 perme
; Yo relati
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{EEE-USA Publishes New
Employment Guidelines

IEEE-USA's new printing of
Guidelines to Professional Employ-
meat for Bngineers and Scientists is
now available. The third edition has
been updated and approved by 33
engineering and scientific societies,
including the Institute.

Tha guidelines were developed for
use by employers in evaluating their
own responsibilities and those of their
employers, and by new graduates and
other employmnent seekers in evalu-
ating their potential new employers.

A sample copy of the document
and information about receiving bulk
copies for distribution are available
from the IEEE-USA Office in
Washington, D.C.

If You Become Unemployed...

IEEE-USA makes several forms of
employment assistance available to
help you in finding s job.
® Free Employment Guide Includes
Directory of Employers

A free copy of the book, Employ-
ment Guide for Engineers and
Scientists, published by IEEE-USA. is
available to unemployed members
simply by writing to [EEE-USA Office
in Washington, D.C. The 236-page
revised, expanded second edition of
this popular guide contains chapters
on employment agencies, resume
preparation, employment contracts,
and interviewing. The guide includes
a recently updated directory listing
employers of IEEE members by state
with addresses and contact names.
When requesting the book, please
mention that you are currently unem-
ployed and include you IEEE member-
ship number. You can also purchase
the book through the IEEE Service
Center by calling (E00) 678-IEEE

8 Computerised Employment
Registries Are A Member Benefit
IEEE-USA also maintains a com-
puterized resume database called
PEER, the Professional Engineering
Employment Registry, which is free
rs. A segment of the reg-

' stry'ls

Employment Registry, or NEER. The
difference between the two registries
is that PEER is confidential (mem-
bers' names and current employers
are shielded), while NEER is noncon-
fidential and free of charge for
employers. Two other employment
registries are also amlable SEER

contractors; and GEER, the Graduat-
ing Engineers Employment Registry
for graduating students members.

The PEER registries include an
on-line job posting system accessible
to members with a personal computer
(or terminal) and & modem. You can
call the on-line Career Network at
(508) 263-3857. Simply preas your
RETURN key twice and enter the
password "PEER" to log on. Additional
information about the PEER services
is availabie by talking computer. Call,
using & touch tone phone only, (508)
263-6823. When requested, slowly
enter User ID 200# 226# and the
Password PEER#. For more informa-
ton about the PEER services, call or
write PEER Service Center, CTC, 6
Londonberry Commons, 44 Nashua
Road, Londonberry, NH 03053; (603)
437-PEER.

¢ Employment Assistance Seminar
Is Available to Your Section

If your employer has initiated a
large layoff, you might want to contact
your IEEE Section Chairman or PACE
Chsirman. [EEE-USA presents a one-
day seminar entitled Career Planning
& Employment Assistance, which
Sections can sponser. IEEE-USA will
provide planning materials and
handouts and even partially subsidize
a speaker for the seminar from its
Employment Assistance Committee.
For more information about this
service, contact IEEE-USA Employ-
ment Assistance Committee Chair-
man John Miller at (703) 475-3420.

8 Get In Touch With other IEEE
Members

Remember that local IEEE meet-
ings are & great place for networking.

Nonemployed Engineers , You can find more jobs through per-

sonal contacts than by answering ad-
vertisementa. Simply introduce your-
self, and don't b2 embarrassed about
being unampioyed. It happens to moat
people at least once in their careers. If
you are still unemployed at IEEE dues
renewal time, there is & dues reduc-
tion available.

Good luck on your job search! For
more information about any of theze
services, centact JEEE-USA, 1828 L
Street, N.W., Suite 1202, Washington,
DC 20036; (202) 785-0017.

IEEE-USA Selecis WISE Interns
1EEE-USA selected two college
seniors to participate in the
Washingtcn Internships for Students
of Engiceering (WISE) program at a
recent WISE Board meeting. Brian J.
Congeleo is an electrical engineering
major at the United States Military
Academy in West Point, New York.
Bruce Maxwell is a political science
major at Swarthmore College in
Swarthmore, Pennsyivania.

The WISE program's concept is to
bring engineering students to
Washington to learn about the rela-
tionship between engineering and
public policy. Its long-term goal is to
enhance the engineering profession’s
ability to contribute to public policy
decision-making on technology issues.

According to his application,
Bruce Maxwell is particularly inter-
ested in information management an-
storage--specifically in data fron
satellites that NASA currently stores.
Brian Conjelko's interest lies in
electronic communications. He would
like to research government policy in
satellite communications regulations.

Boka Herperverdl




1291

After arguments, delays, policy
dissgreements, consultations, delays,
compromises delays and other
digressions, Congress has enacted a
major reform of immigration law.
Agreement came at the end of the
101st Congress (Oct. 26-27) when
Senate and House approved a
compromise measure. Although both
houses adopted the conference report
by large majorities, they agree that the
measure is far from perfect. Sen. A!ln
Simpeon (R., Wyo.), a "grandfather” of
legislation in this field, characterized
immigration as "the greatest political
no-win turkey” he has ever
encountered. It has "no good resuits
except the national interest.” One fact
of political life is that he can be
:dffeeti;:;n ch;:ging immigration

icy use he represents a smail
state and is able t: steer the law back
into "the classic immigrant stream,
which is more special skills, special
abilities, employer-based immigra-
tion.” Simpson said that during
dabate.

Congress last addressed immi-
gration in 1986 when it enacted a law
that granted amnesty to shout 1.7
million illegal immigrants. The new
bill represents the first major
expansion of our immigration system
in a quater century {(since 1965).
Under its terms, legal immigration
will increase from current levels of
about 490.000 to 700,000 in the first
three years. Beginning in 1995, a
permanent level of 675,000 will be set,
a 38% increase in legal immigration. of
the total, 520,000 visas will be
reserved in the first three years for

will be admitted without regard to
The new law also incresases the

number of t admissions will
include: (1) 40,000 priority workers
(aliens with extnmhnlry abilities in
the sciences, arts, education, busi-
ness, and athletics; outlumhng pro-
fessors and researchers; and multins-
tional executives), (2) 40 000 profes-
sionals with advanced degrees or
exceptional abilities, (3) 40,000 profes-
sionals with baccalaureate degrees,
skilled and unskilled workers, (4)
10,000 special immigrants such as reli-
gious workers and government
employees, and (5) 10,000 employment
creating investors. The latter category
is for persons willing to invest $1 mil-
lion in new businesses, preferably in
depressed areas, that will create at
least ten new jobs.

Catetgories 2 and 3 will be
subject to foreign labor cerification
procedures to ensure that the admis-

Contonts
fhegeert fram e Engien’s Foese! Govarmnes
beBolile; Commmiion. Prolertons ol Sitlled
Ve berspd n bmiganlyGwles 1
Fathond Govermmmt fetislis (55 Commiiieg

Houts WS Local Whsicks 19 padls Lbow
Coriiicntins Proces 1

Toyfimmertng Brcaplrpmust lresving L

with relatives in the US. [ -
PeP 1 1985 that total will be ocaled | TP Mnfyia. 3
‘Back to a permanent 480,000. All | EH-USA Peblishes low Gollalins (]
immediate rem:ivegf .!J.S. citizens -
- g,

sion of foreign workers will not
adversely affect employment oppor-
tunities, wages or working conditions
for U.S. citizens.

In addition, the new law cre-
ates a new category of H-1 (b) tem-
ponry visas for speciaity mpka:nonlu

that require highly specialized knowl-
edge and the sttainment of a bache-
lor's or higher degree. Admissions
under this visa category will also be
subject to labor certification require-
ments.

A new independent commission
is established that requires Congress
to review immigration law and policy
every three years. Thus, no number, no
level, and no category of immigration
will become frozen into law.

Some provisions will serve to
discourage indiscriminate "importa-
tion" of fcreign workers. Employers
who wish to bring in foreign workers
will be taxed for each one hired and
the funds thus generated will be used
for educating and training U.S. work-
ers. Before bringing in a worker(s),
each employer must attest to the

Labor Department that it is unable to
hire U.S. workers. In the ensuing 30-
day period, unions and/or individuals
may challenge the application.

Federal Government
Activies IEEE Committee
Meets With Local Officials

to Expedite Labor

Certification Process

Members of IEEE Committee
are meeting with Labor Department
Regional Alien Certification Officers,
&8 well as with the certification officers
at the state level, to ensure that
employment opportunities for United
States citizens are not adversely
affected by the admission of foreign
workers. According to Edward B.
Farkss, who heads the tion's
committee, IEEE volunteers have
recently visited Labor Department
Regional Offices in New York. IEEE-
USA has also met in Chicago, Dallas,
Seattle, San Francisco, New York, and

aton; as well ap state offices in
%oﬂhﬂ!‘ﬂﬂ. Cdl.fm:ul. Michigan, and

TR s L [ L E e P g o




1292

w

Manpower fluctunﬁo?s Give
Engineers Grie
by Richard F. Tox

The instability of the engi-
neering profession is graphically rep-
resented in the Deutsch, Shea and
Evans, (D,S&E) High Technology
Recruitment Index (HTRI) shown.
Every engineer or person considering
engineering as a career should be
familiar with this index and the
dramatic fluctuations in the demand
for engineers.

The HTRI is a national indi-
cator of technical manpower demand
and based on a monthly count of
recrmitment ads directed to four year
or more degreed engineers and scien-
tists. D.S&E is a national recruitment
advertising agency that has been con-
ducting research on employment,
recruiting and other aspects of human
resources gince 1950. They have main-
tained the Index for 30 years.

We modified the Index to
include the two additional reference
lines at the 90 and 130 levels and the
associated observations from studies
by Robert Rivers. Rivers is & Fellow of
the IEEE, a past member of IEEE's
Manpower committee. £

-« .

The comments by Robert
Rivers highlight the periods of econo-
mic insecurity (unemployment) when-
ever the Index is below the 130 refer-
ence line. The curve also shows peri-
ods where our young engineering
graduates are unable to find engi-
neering employment because the
demand is depressed. They may never
be able to enter the profession for
which they studied so hard.

However, since more engi-
neering graduates are not getting
engineering jobs and more engineers
are being underutilized the original
lines projected by Rivers may naw be
shifted by the influence of a greater
supply of engineers. Rivers said, “The
current recession may be worse than
the recession from 1969 to 1973". See
curve. The increased supply is derived
from the recruitment of foreign stu.
dents by the U.S. engineering schools
and the importation of foreign engi-
neers. Both sources have been promot.
ed by Engineer Shortage Propaganda
(ESP) and erroneous mathematical
models that only predict engineering
manpower shortages. Drastic cutbacks
in defense spending and the comple-
tion of engineering intensive programs
such as the Space Telescope further

inflates the surplus.

There are very good reasons
for addressing the issue of fluctuating
engineering manpower demand. First,
this effects the lives and careers of all
engineers, recent gradustes and stu-
dents who may choose engineering as
their field of study. Second, this indi-
cates that the engineer shortage
reports were false and the shortage
shouters were wrong. Third, this indi-
cates priorites and budgets can be
shifted from producing a surplus of
engineers to investing in research and
development to maintain a fully uti-
lized engineering community. Indeed,
government R&D might be increased
if it were known how many engineers
are available.

The D,S&E High Technology
Recruitment Index sheds light on the
employment situation. Unemployed
engineers and engineering graduates
who cannot find engineering jobs may
find some comfort in the assurance
that they are unemployed for reasons
beyond their control. They are facing
these difficulities, not because they
are poor engineers or students, but
because there is a drastic manpower
unbalance between the supply and
demand of engineers.

(Soasonaly Adposted: Bese: 1961 = 100)

Deutsch, Shea & Evans Hish Tethniology Recruitment Index

* Notes Fram onalyais by Rebert Bivark, 1975,
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Engineering Unemployment Increasing

Eogineering unemployment including Electrical
engineering unemployment is increasing and is forecast to
increase at least until the firat quarter of 1991. Bogineering
unemployment that averaged 26,000 during 1989 has grown to
37,000 in the first quarter of 1390 and to 39,000 during the second
quarter just completed. It is forecast to 42,000 in the first quarter
of 1991 and then to decline. The forecast is based solely on
slowdown in the general economy and does not include the effects
of additional cuts in Defense mdmc

The forecast of engineering unemployment is based upon
a regression of the Bureau of Labor Statistics Current Population
Survey Quarterly Data with the Federal Reverve Board controlled
Quarterly average of the Federal Funds Interest Rate. The
correlation has been found to be 0.719 during the 1980's on a
simple linear regression basis. Actual forecasts are made using a
regression techniques covering & period of almost 20 years. The
forecasting technique was found to be relisble by the prior year
limit testa.

Figure 1 shows engineering unemployment and forecast
engineering unemployment percentages from 1970 to 1992. The
solid line is the real date curve and dashed line is the forecast
equation plotted with the real lata for comparision and plotted by
itaelf for the period form 19590 -econd quarter to 1992 first quarter.
Noting the unemployment curve, it is obvious that the data is
rather noisy. It has a standard deviation of 0.6 to 0.7% and is due
to the fact that the number of engineers in the BLS CPS is small
in the range of 1.5% of the approximately 55,000 sample size.

Sy Tame S Bt

(] o
e 1772 10
(USSP [ R
Figure 1. Percentage Engineering Unemployment & Forecast
have unemployment ranges from

Engineers experienced

0.3% to 3.8%. The 0.3% level'occured in 1866 due to the apuce
program and the Viet Nam buildup and can be considered the full
employment level compared to the average national full
employment level in the 3% range. Engineers like to work. The
1971 level of 3.2% was n major crisis for engineers while it takes
double digit unemployment levels in the general population to
creste & crisis atmosphere.

Figure 2 shows engineering employment from 1973 w0
the present second quarter of 1990. In addition a linear least
squares approximation of the trend is shown =3 the dashed line
and extended to 1993. The trend line tends to accent the penods
when growth is above and below the trend. While growth was
significantly above the trend line during the early eighties, from
1987 on, there s evidence of a flatiening of the demand growth.
On a yearly average basis, growth in employment from 1988 to
1989 was only 16,000 contrasted with an average for the edcade of
46,000 per year.
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Figure 2. Engireering Employment & Trend

Electrical engineering employment from 1972 to the
present is shown in Figure 3 along with a least squares fitted
quadratic curve and projection. Again it shows that there are
periods of above average growth and periods below average. The
period from 1983 to 1986 showed above average growth due to
heady growth of Defense expeditures. A leveling off has occurred
since 1987 corresponding to the topping out and real decline of
Defende expenditures. Defense has more impact on Electrical and
Electronics engineers because a higher percentage are efigaged in
Defense related activities than engineers in general.
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Bt
by Robert A. Rivers For IEEE-USA 7/12/90




1294

FILE COPY o 1

q{z{ﬂb

42 Maple Street
Auburndale, MA 02166
March 11, 1992

Dr. Saul K. Fenster

President

New Jersey Institute

of Technology

323 King Blvd

Newark, NJ 07102-9938

Dear Dr. Fenster:

In the Summer 1991 issue of Planning for Higher Education, you
coauthored an article titled, "Attracting Blacks into
Engineering.” In that artlcle you included a statement, "By the
year 2010, the United States could face a shortage of a half
million technlcally trained professionals.®

Your source of data can be indirectly traced back to the National
Science Foundation. The study has been widely discredited, by no
less than the National Academy of Engineers. A copy of Alan
Fechter’s paper has been enclosed for your information.

You and others that quote a study that is technically deficient
in methodology and widely discredited are doing a disservice to
young pecple that may choose to study englneerlng. What will you
tell them when they have trouble finding jobs when they graduate
or are terminated after 40 years of age and no longer can find
professional employment?

I find serious ethical considerations in what you are doing to
young people. You either knew or should have Known that the NSF
study had serious defects in its methodology.

Minorities and women have been able to determine where the

rewards are in our society. They have been choosing careers in
accounting, business, and law. These areas do not need to use
exaggerated forecasts of future needs to recruit young people. Why
do you and others use these unethical methods?

Sincerely,

. P. Densler

61/=-244-4417

att.

cc

Bob Bruce, American Engineer
Dick Lowrie, ACE News

Bob Bellinger, EE Times,

—a
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As a national shortage looms, universities

try more daning approaches.

Attracting Blacks
into Engineening

Phyllis Denbo and Saul K. Fenster

y 1995 eight of the ten fastest-
growing occupations in America
will be science- or engineering-
based. Between now and the
year 2000, the demand for engi-
neers, scientists, and technicians
will increase by 28 percent (Commission for
Professionals, 1987). By the year 2010, the
United States could face a shortage of ahalf
million _technically trained _professionals
(Task Force on Women, Minorities, and the
Handicapped, 1989). Already several other
industnalized nations produce more engi-
neers per capita than the United States
does. This year Japan will graduate as many
engineers as America will, despite the fact
that Japan's population is half the size of this

SRS T R R
Phyllis Denbo is director of the Office of Planning
and Evaluation at New Jersey Institute of Tech-
nology (NJIT). A graduate of Barnard College
with an M.A. from the University of Pennsylva-
nia. she formerly served as assistant director of
research at the N.J. Department of Higher
Educaton.

Saul K. Fenster, a fellow of the American Soci-
ety of Mechanical Engineers, is president of
NJIT. He graduated from CCNY and earned his
Ph.D. at the University of Michigan. The author
of two textbooks and numerous research
papers, he has worked as a research engineer in
industry and is a member of the National Action
Council for Minorities in Engineering.

nation’s. Business firms in several sections
of the United States are beginning to worry,
and some are starting to invest in science
and engineering education.

Overwhelmingly, the scientific and engi-
neering workforce, and even more the U.S.
science and engineering professoriate, are
white males. But by the year 2000, roughly
75 percent of the new entrants to the U.S.
workforce will be minorities and women.
Therefore, if America is to address its com-
ing shortage of scientists and engineers, col-
leges and universities must plan now to edu-
cate more black, Hispanic, and women
engineers and scientists.

The number of females in science and
engineering has been increasing somewhat,
though women received only 7 percent of
the doctorates in engineering in 1988 (Syl-
via, 1991). The number of Hispanics is also
increasing slowly. But the paucity of African-
Aniericans in the fields of engineering and
science is alarming.

In 1988, there were 139,000 black engi-
neers and scientists employed in the entire
United States, representing only 2.6 percent
of the workers in these categories. In con-
trast, African-Americans accounted for 10
percent of the total U.S. employment and
nearly 7 percent of all professional and re-
lated workers, according to the National Sd-
ence Foundation. The underrepresentation
of black engineers a::i scientists with doctor-

8 PLANNING FOR HIGHER EDUCATION Volume 19, Summer 1991
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42 Maple Street
Auburndale, MA 02166
January 19, 1992

M=, Angeia B. Ginorio

Rlirector

Nertnwest Center tor kesearch on Women

imogen Cunningham Hall AJ-50

University of washington

Heattle, WA 981949

Dear Ms., Ginorio:
I ortered to te a participant in your survey. In the draft
report, the widely circulated NSF numbers were used. I have shown
that the metnodology used in the report is wrong. This has been
also supported by Alan Fechter from the National Academy of
Erngineering. Befare you continue to quote discredited work,
please check to sce if there are any problems with the work. I
understand the NSF has withdrawn their "non released", but widely
quoted study. Perhaps, ycu should check with the authors before
yeu write your tinal report.

The Institute of Electrical and Electronics Engineers has a
manpower committee. The chairman of that committee is Paul
Kostek, Apt 406H, 13517 Empire Way South, Seattle, WA 98178. His
telephone numbers are: (0) 206-367-2815, (0)206-885-8750, and
(H)206-271-8908. You may be able to get a new perspective in
speaking with him.

A number of experienced engineers are increasingly concerned that
academics are attempting to recruit women and minorities into
science and engineering, presenting an overly optimistic
perspective on the future opportunities. If people are doing
this, they are indeed doing a disservice to young people. A more
reasonable approach is to use undergraduate engineering or
science as a better preparation for business or law careers.

If 1 have raised some doubts about science related career
prospects, a simple model of funding for science and engineering
research can help to confirm your doubts. How many of your own
science researchers been able to get funding for their own
proposals? Has the competition become more difficult?

We have a great deal of information on this topic. We would be
happy to share it with you, if you are interested.

Sincerely,

Nl

Johh P. Densler
-244-4417 No mgm

enc. H’}I"iv

UWASH
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Draft Report

Survey of Career Change for Scientists

Over the next decade, the United States could be faced with a
shortage of crisis proportion in the scientific workforce. According to
National Science Foundation (NSF) predictions, a shrinking college-
age population in the 1990s will result in a shortfall of 675,000
scientists and engineers by 2006. A shift in the composition of the
U.S. workforce, to include a growing numbers of women and
minorities, will further influence the future technological workforce
(Holden, 1989). Today. the underrepresentation of these groups in
science is increasingly discussed in terms of the impending shortage:
women and ethnic minorities being the most underutilized pools of
talent in this country. For example, in 1988 women received 32% of
the doctorates awarded in science and 7% of those awarded in
engineering (17, xii). "Despite progress, there is persistent inequality
of opportunity for women in science and engineering, both in
education and employment. Numbers are tapering off; recent gains
may not endure” (Vetter, 1987, p. 2). In order to avert a long-term
shortage of scientists and engineers, increasing numbers of women
and minorities must enter and remain in these careers.

What factors contribute to the success of women in the
sciences? From personal characteristics to family background,
educational experiences to socialization, researchers have identified a
wide range of possible influences. Factors related to the educational

experience have received a fair amount of attention in the women and
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American Association of Concerned Engineers Inc.
P.O. Box 667 Trilby, FL 33593

April 4, 1992
Monica Roblewski
Subcommittee on Investigation and Oversight
Room 822, House Annex #1
Washington, DC 20515

Dear Ms. Roblewski,

The following is a statement prepared by AACE, Inc., for the
committee’s consideration in connection with the hearings on the
surplus and unemployment problems of engineers.

The American Association of Concerned Engineers, Inc., (AACE)
states that, based on studies and many letters from its naticnal
membership, there is no engineering shortage. In fact, there is
a large surplus. Furthermore, based on several factors, it
appears that this surplus will continue to exist and even worsen
for the foreseeable future, at least until 2010.

There are a large number of unemployed engineers and scientists
available and looking for work at this time. AACE has received
numerous letters from engineers all over the country testifying
to the great difficulty of obtaining a job, in some cases even
when a highly educated and experienced engineer is willing to go
from $50,000/yr. to $12,000/yr. just to survive. There certainly
is no shortage now and none likely for at least 15 years.

Reasons for the engineering manpower surplus include:

(1) severe defense cuts,

(2) cuts in the engineering workforce by many companies in the
face of reduced sales and heavy competition,

(3) a large influx of technically trained immigrants under the
Immigration Act of 1990 (PL 101-694) which allows 120,000
engineers and scientists each year to come to the U.S.,

(4) U.S. manufacturing and related design jobs being moved to
low labor rate foreign countries,

(5) Japanese competition in many fields of electronics, machine
tools, appliances, autos, etc. which have eliminated many
products and jobs from the U.S. workforce,
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(6) the move towards a service econcmy which does not need R&D
or engineers,

(7) a large population of engineering students in U.S. colleges,
with the production rate exceeding the demand, and

(8) under-utilization of engineers.

The quality and cost-effectiveness of our products are directly
related to the amount of engineering content. While many highly
qualified American engineers are denied employment in the
interests of “economy", and engineering is held to a miniscule
percentage of the total costs, America’s competitive position
continues to slide. Te turn this situation around, this nation
must give its engineers a chance to restore its position of
technological leadership.

Let us put our engineers to work and take advantage of the very
large surplus of engineering talent now available. Businesses
must have tangible incentives for doing so. Leadership from
Washington can help by providing retraining assistance for
engineers and others displaced by defense cuts, by eliminating
unfair "free trade", by cutting back on almost unlimited
immigraticn, by providing incentives to keep manufacturing
inside the U.S., . by encouraging industrial R&D, and by
maintaining a long-term stable tax policy.

Unless the basic causes for the engineering surplus and
declining U.S. technology are removed or ameliorated by
appropriate legislation, the US will continue to suffer a severe
decline in technology and competitiveness.

The AACE is an independent non-profit national organization
formed in 1990 to improve the stature and professionalism of
engineers.

Signed, AACE, Inc.:

E.Cohen W.Heithaus, P.E. R.Lowrie, P.E. C.McAlister, P.E.

{6/&4 W&/ a5 ﬁ.%ﬂ!— &,&,{{;ﬁr
by Kut by R Sy R

Enclosures- AACE Newsletters, (marked up).
AACE brochure.
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AACE

American Association of Concerned Engineers, Inc.

P.O. Box 667 Trilby, FL 33593
FAX (904) 567-0433



