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" ABSTRACT

In response to a National Science Foundation (NSF)
request to conduct a mu1t1phase study of the professional education
and utilization of engineers in the United States during the
‘remainder of this ¢century, the Assembly of Engineering, National
Research Council, estab11shed {as Phase IJ‘'the Committee of Education)
and Ut111zat1on“of the Engineer. This report presents the findings i
and recommendat1ons of this committee regarding desirable content,
methodology, and ‘part c1pan%s in a .2-year Phase II study. Follow1ng a
general summary, a lis f goals and rationale for such a study, key
questions to* bezanswered are listed. Questions focus on: (1) the
engineering infrastructure (infrastructure defined.as the total
complex of institutional system elements that selects, tr%1ns,
employs, -supports, and uses engineers and the1§ services); (2)
h1Story and _status of the imfrastructure, cons18er1ng both the
-engineering workforce and engineering educat1on, (3) “infrastructure
behavior; (4) long- and short-term stresses related to future demands
on eng1neer;ng, and (5) 10 general areas related to infrastructure
changes, such as preeng1neer1ng/undergraduqte/graduate educat1on, and
facultz concerns, among others. Recent studies of engineering
education problems, .a tentative outlxne of a Phase 1I Study Report,
and possible future eng1negr1ng/prob1em 1hterfaces are presented in
appendices. (Author/JN) ‘ .
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* N NOTICE: The project thatyis the subject of this report was approved
" by the Governing Board of the National Research Council,’ whose mem-
_ bers ‘are drawn from the Councils of the National Academy %f Sciences,
: the National Academy of Engineering, and the Institute of Medicine.

- The members of the committee respons1b1e for the project were chosen
’ for their special competences-and with 'regard for approprlate bal- ;
ance.

. - . .

)

. This report has been reviewed by a group other than the authors

'accordlng to procedures appraved by a Report Rev1ew Commlttee con- ¥

sisting of members of the National Academy of "Sciences, the Natlonal
Academy.of Engineering, and the Institute of Medicine.
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3 " The National ‘Research Council was established by the National =
Academy of Sciences in 1916 to associate the broad community of )
science and technology with the Academy's purpose of furthering
knowledge and of adv1s1ng the federal government. The Council P
operates in accordance' with general p011c1es determined by the o
. Academy under the author1ty of its congressional charter of 1863, y L
. which establishes the Academy as a _private, nonprofit, self- ‘ ' '
' ) governing membershlp corporation. The Cognc1l has:become. the p}ln- e -
cipal operating agency of both the Natlonal Academy, of Sciences and
the National Academy of Englneerlng in the conduct of their services |
to the government, the public, and the scientific and engineering ~
communities. It is administered jointly by both Academies.and the
Institute of Medicine. The National Academy of Engineering and the
. " Instityte of Medicine were established in 1964 and 1970, respectively,

" under ‘the charter of the National Academy of Sc1ences,n
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This study was supported under Contract No. EAS-8107881 between the
‘National Science Foundation and the Natlona1°Academy of Sc1ences,

and Contract No. B1981-16 between the Alfred P. Sloan FOundatlon and
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Late in 1980, the National Soience Foundatbon requésted that the .
Assembly of Engineering, National Research.Council, conduct a - : .
maltiphase study of the professional education and utilization of '
englneers in the United States durlgﬁ the ‘remainder of the ‘century.

The first phase would be devpted to the 1dentif1cat10n of issues

‘related to the status,” neéeds, and opportunities for the profession,

"to the plannlng and structuring of an appropriate study effort, and

to identifying some desirable kinds of participants for the- study..

The study was to be Pliase II of the activity;~and a short-term Phase ..
III effort would disseminate the study results. Phdses II and III ’ ,
wWere to be contingent upon th'satlsfactory completion of the Phase 'l '

- planning. Moreoyver, while Phase I was to be wholly su ported‘by the

NSF ,; it was ekpec;ed that Phases 11 and III would 1nvo€ve joint spon- L -

sorship with. the Department of Defense, National Aevodautics and s

Space Administration, Department of Engrgy, and possibly other, .
- *

. -

federal agencies. '
In response to the NSF request, early in 1981 the %ssembly es-
tablished the Committ&e on‘Educatlon and Utilization of the Engineer
The commlttee held four meetlngs at approximately monthly intervals
for the purpose.of déveloplng the plan and recommendat.ions containe
in this-report. Early in its deliberations, the committee estab— ®
lished a tasR-group to prepare a poténtial outline for a Phase II
study report and six additional task 'groups to develop topics for

study in the areas of: g oo N\ > >
[
- . .
o The current status of the englneerlng : a0 .
jinfrastructure : . .
. % ) .. - . .
. . N ¢
. o The current status of engineering manpower .
o The'.current manpower adequacy . ' . R T

]
. . .
- v . i . ° A
.

o .Future demands on engineers . .

114 - LT .
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o The rgspoﬁse adequacy ofthe infraqtructure

0 Changes needed in the infrastructure
L] ’ . ~ ] "

¢« This report presents the findings and recommendations of the
committee, based on the task group activities, with regard to a de-
sirable content, methodology, and participants in a two-year Phase,
I1 study. Within the time available, the committee was able to
1dent1fy a large range of topics needing study, but not to'assign
priorities for their address. While intellectually unsatisfying,
such an omission was not considered critical for several reasons.
First, the resources to be made available in support of a Phase II
stady were nqt known to the present cemmittee. Second, the Phase II
study would be conducted by a substantially different committee mefr i

‘

bership. Since Phase II would have to be cut to fit the financial
and intellecte®l cloth yet to bé woven, it was thought more impox-
tant to procede directly into the Phase II activity rather\Ehan to
take the time to polish the details of a necess4rily 1ndeterm1nate
study position by the Phase I committee. ¢ .0
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Although the eng1neer1ng profession has served “the United States well
thus far in the 20th century, there are/widespread perceptgpns of -
problems that cast doubts about the adequacy of the nation's future
englneerlng capab111t1es.‘ Many persons, partlcularly those involved
in engineering. educatlon, view some of the problems as having reached
major proportlons, therefore such concerns as those relating to the
‘retention of adéquate engineering faculties or the updating of col-:’
leglate instructional equipment require 1mmedlate attention by appro-
priate groups. Beyond this, however, a need exists for a coordi-
nated, comprehensive study of the outlook for the whole englneerlng
community of educators, users, and support groups over the next
twenty years to establish the dimensions of the problems that may
have such important implications as to require major efforts for re-
splution, and those problems that can be resolved with less drastlc
actions. . .
& . oY {
- It is recolmmended that such a comprehen31ve study be ponducted

- .+ within the next two years. - "o . ' .

a

A study of such’ limited duration will necessarily be limited to
a general consideration of the englneerlng 1nfrastructure, but it
should be organized so that later, supplemental analyses of specific
. engineering fields and disciplines can be undertaken through an

/ " extension of the study protocols. ' .. '
* To be recéived as balanced, reasoned, and objective by engineers
) and nofh-engineers aliKe, it will be important that insofar._as possible
within thestime limits, .the study .
; j ) . .
ﬂﬁg o Define the engineering'infrastructure and interre-
. - lftions among the main elements; °* L ’ .
\f N ’ ’

. 0
. ) ments and their recent-historical«relationships
to major economic, political, and technological ,

. . events, ~ : Iy . N

e —es

# Determine the currenmt status of the principal ele- :

P .
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At
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° Determine the decision-making factors for the main
elements, and i1dentify the typical response modes;

. N

v 4 N .

e e ) Project plausible future kinds of events, that e =
might drive the need for major dec1s10ns~1n the
.engineering 1nfrastructure, and . *

=, 0 Recommend policies ané programs that will be needed
to make the infrastructure elements capable of ’
meeting future national demands “and propose

o - . prlorltles for' the various actions. .

e . :

' The study should 1ndent1fy opt10na1 actions, wherever possible,

including those that might be taken by prlvate industry or academic

. jnstitutions, as well as those that are clearly approprlate for
- N geveérnment actions. “ . -

\

‘

. (

The proposed, study might properly be viewed-as a ‘precursor of a
¢ cont1nu1ng evaluation of the engineering communlty. Within a two-
) year study it will be difficult to define, describe, analyze, and
! ) dlagnose all of the problems of a loosely defined engineering™com-

: munity of more than one m11110n individuals, and.to prescrib® needed
remedial actions. If, however, a relatively clear consensus can be, ’
reached among the leaders pf the commuynity on the problems and
potential solutioné, so that national pollcy and program guidance
,can be developed, to ensure the future engineering strength of the
- : " nation, the effort will have been worthwhile.
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The ZQ?h century has been a perlod of impressive and unprecedented

. techndloglcal growth that has revolutionized the lives of most of )
“the world's populatlon. THe United States has been a leader in that "
technological revolution, and 1ts englneerlng profe551on has been 2
pr1nc1pal factor in establlshlng such supremacy. In the prodess,
the englneerlng profession hias been subJect to a11 the pressures
that arise from new technologies, new englneerlng tools, and new
expectations .of continuing innovation and improved performance,

. safety, and reliability. ) . e

&

., We are now entering a period.that some characterize as 'an era
. ‘of increasingly scarce human and physical resources. At the same
time, scientific discoveries are proliferating, and there is every
. reason to believe that the -pace of 4echnological transformations will
) increase for the. remainder of this century. There 4is increasing con- :
> - cern by some that the englneerlng community may not be able to re-
spond adequately tﬁ the tasks ahead. Many persons are troubled by -
perceptions that tHe U.S. is not developing or using its full in- -
, tellectual potential, that it is not capitalizing on its available
5. technology, and that it is losing its technological 1eadersh1p.

.ot Almost all of the persons directly involved with emgineering sohools.

‘4 . are convinced that there are ‘already severe problems in engineéring
. education that if left unéﬁecked will'lead to a progre851ve de-
deterioration of the technical colleges ard universities .of crlses:
proportions¥, Lo , ) N
Lo L. ) - t , § (r
. s - - - V
. “ N ‘ - ’ . .
. / . ao.—“‘):, ] 7 ) . o . ¢
*A nymber of groups have addressed various aspects of" englneerlng/ -
"education concerns over the past’ year or so. Appendix A outlines-the '
. pr1nc1pa1 efforts and the patuge of their findings.’ .
-, . "" -~ . $
Y .L.;...:\..‘_‘.,.,; ! <
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Peré&ptions such as these would seem to signal serious future
- problems fon -the nation, and those that are of cledr 'and present

“ A . cohcern,‘such as. a number of issues dealing with: the'adehuacx.qff- !

-englneerlng school facu1t1es,,or with 'the obsolescence of gchool -
. equipment for training engimeers, need to receive immediate ad EBE
) attention. Unfortunately, the evidence’ required to verify th
* ) accuracy;‘extent and, 1mport of some of the perceived problems is

and deploymtnt,“for 1nstance, have  many qu§§t1tat1ve and qua11tat1ve' -
def191enc1e and their interpretation.is cbmplicated. Furthermore,
several of the 1mportant aspects .of the perceived problems -are partly

. < . or wholly matters of judgment that'do not lend themselves to quant1-
+ 8 ’ fiable.analyses:- * - . L~

° . . . - N

[y

This report présents the f1nd1ngs of an effort to define‘the"
\ approach for # longer~term, compréhen8ive study. that needs to be
conducted to determine the present and prOJected v1ab111 gﬁlthe
S eng1neer1ng profession in the United States, vis—a-vis its op-

Phase II, accord1ng1y, is the comprehensive study that would serve
~ © ‘as a basis for the deVelopment of coherent national policiés and' .
programs to assure adequate numbers of eng1neers and their appro-
. ’ priate education and utilization for the rest of thqs century. Such’
a study should seek to develop specific, realistic™s options for the
publ;c, pr1vate, and academic sectors of society, andfto recom—'
mend priorities for‘posslble actions. .

(%

¥ N

. o .To be most useful; the- report resultlng from the proposed study.
will *heed.to be directed to the eng1neer1ng profession, the public
- . they serve, and the youth' from which their ranks will have to be
* - rep1en1shed, in addition to all goverhmental academ1c, and indus-
. tria1 leaders who will be in pos1t1ons to advocate, debect,' or im=_ -+
. . plement partgcular optlons, The tatter groups 1nc1uQe. .

. \

b

L d

° o The r1nc1pa1 employers of ergineers—- overnmental N
’P g g
P

* : and Jprivate; - . L e\ P se-

-

for th

‘ educational and motivational preparat1on of = .
r - . potenti

1 “engineering studénts; ‘ *

.. . eng1neer1nglsc ools; . . .

o Governmehtal officiaks resp6ns1b1e for the’ support of
't e

\ o- Federal executive and legislative leaders |
. responsible’ for' duthorizing or fundlng educat1ona1 . 4
_support and un1vers1ty research programs; |

r . . » . . ' .

[
2
-

' . d1ff1cu1t ,to marshall‘ Data on engineering manpower’ava11ab111ty &

. portunities and challenges. This report marks the-<end of Phase- 1; .

~ * - ) . 0” ’ ) - T L] &‘
1 . - ™ o State szd local governmental officials responsible <,

ra

at
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, O Admlnlstrators in -the eng1neer1ng schools, and 2 PN
the universities of which Ehey are .a_part, as . v
well as the facu1t1es, accre 1tat10n*bod1es; and B
-(foundatlons involved 1n engineering edbcatlon,

. engineering education through grants, scholar- .
ships, spongored research programs; cooperat1ve \
training_programs, etc., -

q_.. ‘
o Societies and academies that represent the
. technical and’prof9551ona1 1nterests of engi- ‘ <
neers. L

ot
°

Theére have been numerous stud1es of englneerlng which directly
relate to the proposed study. ¥ ¥These pripr ‘studies, together with
current perceptions of knowledgeable‘e ”:gors,«managers, and en-
gineers, would probably suffice to 1de&%%fy many=-if not most--of
the problems within the engineering communaty and to suggest their
p0551ble solutions. However persuasive such flnglngs might be to !
the engineering commun1ty, they are not llkely to enlist the crit-
ical support and action of other decision makerss Consequently, to
be effective, the findipgs should contain an objective and balanced
set of conclusions, options, and recommendations based on a more re-
liable data base than has beén available in the past and on analyses
that have also been lacking in the past.

To attempt to define, describe, analyze, collate, ‘diagnose, in-
form, and mobilize support for a loosely defined engimeering com—
munity of more than a million individuals in the United States is a
task that may not be possible to accomplish with precision and within
a reasonable time period. Therefore, the Phase II study outlined
herein may become only the .first step in a continuing -activity:
1f, however, a relatively clear consersus on the groblems and their

s podential “solufions " 'can be achieved, so that' broa pollcy and pro-
gram guidance can be offere?ico ensure the future engineering
@trength the nation i certainto need, the effort will have been
worthwhlle. v <
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THE PROPOSED STUDY

S v
N et

* v 1

. . , )
As a _guide to its consideration of a p5551ble study, the committee .
prepared a suggested outline for a Phase II report, the main ele- ) TN
ments of which are'presented in Appendix B. It is to be expectgd .
that the actual Phase II report will differ from this outline .
because of the 1n51ghts andggmp@ases of the study groupw The out- ?

“line is only intended to provide a focus for appropriate study -
topics. For example, to write the report suggested by the outline,
it will be necessary for thqh?hase!gl study to address such ba51c

o " questions as: e oo

. What is the "engineering community" and the infrastructure

. . through which it operates?
o What are its principal elements? .
o How dpes the system operate, in general?. - q'
o How has it evolved? ~
. o What has been its-importance to our society? M .
o What is its importance to our future? -
: ) B . Voo,
) . What..is the current state of the engineering infrastructure? v
b TR . . . L.
o What'is the engineering population by subdiscipline
and by function? .
. o Mhat dre our educational and training facilities? ? e
T, 0 How are englneers used’ Where?
o . o How effective is our ‘present system in terms of s
- L s meeting engineering needs? ., .
‘ o o What are the shortcomings? - .
. .. .. 8 '
i ' . How does the engineering infrastructure function in i
a dynamic sense? g
a - ' .~ _o Howdo théselements respond to problems? .
’ %%  What are the control mechanigms? _ . .
\> . 0 What are the time-constants?
" . " -
N * ?
. . - _6_ . -
| ) 4 -
— L -
7. Qo - ‘ . '
LLRIC A - . -
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. What might the rest ‘of this century require from our
engineering inffastructur:%

. .
N >

3

o What are the potenti%Y future drivers of
. " engineering? . .

(e.g., national programs, new technologles, etc.)
o What k1nds'of demands might be placed on the 1nfra-

structure.elements’ .
‘o .How do we assess the ab111ty of the infrastructure
o to respond’ e

. N - t
- ' . ’
i N

*

What must we do as a nation to ensure ‘that the engineering
infrastructure w11k be capable of meeting our pqtential -needs?.

* . .
[

o For numbers of engrneers and requisite skllls
.0 For problém7solvrng versatiljity?
o. For quick responses to opportunities? .
o' ,For anticipating and supplying developing needs?
o’ * - y
} What are the opt#ons and their probablé consequences? |
What recommendatlons canNe made to our leadership in ~ ™
governmentg universities, and industry?

* ’

]

It'is clear that the engineering community exists and functions
as an integral part of societys Engineéring goals and directioms ’
are intertwined with and reflect societal goals. It is equally
clear that policy and program requirements to assure adequacy of the
éngineering ptofession for its future societal role require broad
societal consensus--a consensus based upon knowledge and under-.
standing of engineering and its complex interrelationships with
national needs‘qu goals, human and physical reéources, etc.

These questlon§ and considerations' arrayed in the -outline can
be grouped into clusters of topics for in-depth study. Many of the
topics ,are related, and their study will neede to be time- phased, for
most efficient progress. Some, however, can be examined indepen-

" dently. ) - :

| < .
E)
. ! . 4

. THE ENGINEERING INFRASTRUCTURE \

In many.respects, the key to a comprehensive understanding and ‘anal-
" ysis.of the, strengths and weaknesses of the engineering profession

lies in the clarity with which/the engineering infrastructure can be
discerned and described. "Hence, the description of the infrasfruc-
ture should be the flrst ordexr of buslness for the Phase II study.

4 - '
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* The infrastructure is the total complex of institutional system
.elements that selecks, trains, employs, supports, and uses engineers
, and their services, Over a career cycle, engineers as a class gen— *
" erally follow a somewhat predictable path through the infrastruc-

ture, but ijdividuals may enter and leave freely, depending upon
competing incentives and opportunities and often at some cost to ‘% '
society. . \ ) '

The systems that comprise the infrastructure may be grouped
into several major categories, according to the functions'that they
. serve ‘along the career path: ¥ ’
Al
.0 ‘Educatidnal systems
- Precollegiate .
- Undergraduate erigineéring colleges
. - Graduate engineering.universitie§
- - Technical institutes -
T - Nonacademic facilities for continuing
. education 'T i ’

v
N

0 Emplo?er community
- Self-employed .
. s ¢ ,
- Priyate sector . -
ANe .
O - Local, state, ard federal government .
ﬁguéational'institutions

y . -

o Post-entry support groups ‘ .
T - Technical spcieties .
o= Professional societies )
- Academies . . ’

b Public at large -
-~ " Media , .
- Advisors ) -
- Friends, relatives, acquaintances
In~order to study the expected reactions of the gngineering \
system elementg to any problems or proﬁbsed changes, it will be
necessary to describe the mutual interactions of- the &lements. An
rderly represéntation,;or~ﬁode1, of the infrastructure will aid in
he description, and this committee st;onglywﬁrées the development
of such a model early in any comprehensive study. Figure 1 shoys"a
simplified flow model: of the sort the committee considers ‘desirable.

In principle, a model such as that §n Figure 1 could be used,
.if properly refined and eXpanded, as‘a dynamic-fldﬁ'model to examine
the detailed flows, reservoirs, and capacities of the engineering
system over time. The significance of such -numbers on a highly
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Figure 1: Simplified Model of ‘the Engineering Infrastructure.
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scale is doubtful, however, ang unahbiguous statistics at a more -

**detailed level are lacking. Thus, it is not anticipatéd’ that dn,
infrastructure model can be exerciséd to give meaningful quanti-
tative flow' reactions. However, it may be possiblé to discern from .
the model, Gn qualitative terms, some near:tgrm response tripds. .

- ¢ ’
Judging the infrastructure needs in response to changes over .
the long term will require judgements of a more sengitive kind. Fbor
example, the use of fomputers and microelectronic control circuitry
in design and manufacturing przzages majoF changes in engineering .

. as well as manufacturing productivity. Any forecast of engineering
manpower requirements will have to take this_into actount by pro-
jecting both the penetration of computer-aided design and manu-
facturing, into appropriate industries and the resulting effects on
the .demand for number amd type of engineers in those industries.

"The explosive technological develgopments of the recent past, and
those that seem likely in the future, should provide ample warning’
against unduly static projections of future requirement trends in

" terms of numbers, fields, or educational levels. .
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,engineering

‘profession.

HISTORY AND STATUS OF THE INFRASTRUCTURE

Once the engineering 1nfrastructure is def1 ed, it w111 be necessary
to understand thes present status of the major elements as a back®

+ ground for the analysis of necessary or desirable future changes to
' the engineering system. In ‘assessing the future capacity of the

infrastructure to adapt to changing conditions, it would be helpful
to have an historical perspectlve on past accommodatlpns to changes
Thus, the history and the present status of the 1nfrastructure will
need to be examined in consistent terms,
Landmark events in the recent history of engineéring need to be
studied from the viewpoimt of ke impacts that these imposed on the
q@ystem and the responses of‘the system elements. An
examination &f the last 50-60 years, for instance, should provide
some valuable insights on the system's responses to the impacts of
the great,depression, World War II, the post-war boom, the space®pro-
gram, and the advent of computers and solid-state electronics on the
changing demands for different types of engineers. .What were the
impacts of such great civil engineering programs as the interstate
highway system? Or the n&clear power program? How did the infra-
structure respond to the maJor program fluctuations in the aerospace
industries? Or energy shortages or requ1rements for env1ronmenta1
protection? Y.
s €
Any historical view of the engineering field would need to '
consider the gradual and subtle changes that flow'from new scien~
tific ‘discoveries and their tra sformations into eng1neer1ng tools
and technologies 1n various industrial sectors. Such a view should
éI?o include the deyelopment of new ehglneerlng specialties, revi-
sions in ‘educati nai currlcula, organization of new technical
societies, and o her changes with long-term 1mp11cat10ns for the

w..
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The changes need to be examined in the light of industrial
developments that trigger events and\trends in engineering, bearing
in mind the individual and organlzatlonal decisions involwed—in the
changes. The hlstorfLal examination sho 1d; be correlated with a. ‘~3
parallel ana1y51s of, the Current status 8t the eng1neer1ng system. in
order to give,a sense of the condltlon of the eng1neer1ng infra-
structure today, how this has evolved and how economic, p011t1ca1-
and technologlcalsiorces and declslons haveﬁgffected or directed
that évolutlon. . ﬁ,; . 3

-
. L2

Engineerirg Workforce: In’addition to éxamining the principal
infrastructure institutional elements, the study}W111 need to assess .-
the changes in engineering human resources.}/}he hlstory and . current
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status of engineers in the workforce needs to be analyzed in terms
of such obvious categories as ages, educatignal sources and levels,
.technical d1sc1p11nes, etc. Seve?al sourceés of current and his-
torical®data are the Eng1neer1ng Manpower Commission, the National
. Science Foundation, the(Bureau of Labor Statlst1cs, and the Natiomal
Cente; for Education Stat1st1cs. These-sources have been valuable
in estab11sh1ng a general profile of the~eng1neer1ng workforce and’
engineering employment patterns. However, much more remains to be
done in this area. In somé iLnstances the} data are at varlance, or
the data are inappropriately aggregated or inadequately. class;fleg.
Much moté information is needed on what engineers actually do, on

. understanding the adequacy of engineering education, on the quality

of eng1neers~1n the work place, and on unders%“gnéhgngccupat1ona1 j,
* mobility in terms of the flexibility of the eng1neer1ng labor force
to fill field-specific shortages.. It will be necessary, therefore,,
to do a comparative analysis of the data bases, to identify any i
~differences and their causes, and to determine'how improved col=.
" lection methodolog1es and classificaton schemes may provide the
needed information. Such an effort should be based on a consistent
definition of engineers in terms of qualifications and functlons,
and on the development of differentiating céassuf1cat1ons amongst
engineers, technologists, and technicians employed in the same
fields., After such a study, ,one important outcome could be the
identification and designation of the Best available data base for
maintaining a historical record. Such a study could also afford an
opportun1ty to mobilize the available resources, which are now be1ng
used in a scattered fashion, to ensure that the pr1nc1pa1 sets of -
statistics are at least coherenty if not fully coordinated.

- .

\ .
If possible, the workforce déta should be collected in a man—
ner that will provide information on the various flow processes
described by the infrastructure model. (An importart aspect of’ this
approach m1ght be the use of eng1neer1ng manpower models. Much
progress 'has heen made in this area .in recent ye!&s by C.B, Freeman
at Harvard, F. Landis at the University of Wlscon51n-M11waukee, and
M. Sirbu at M.I.T. These models have been helpful, for example, in
identifying the reple of- R&D expendltures and salaries lﬁ alternative
professions on eng1né§r1ng employment demand. In the Phlase II study,
manpower: mddels could be very useful tools, and support should be
given to improving thelr forecasting capab111t1es.
L 4

. " Any study gf the engineering workforce needs to go beyond mere
inventory questlons, important though\they may be, to an examination
of the current agequacy ‘of the manpower mix. Important supply and

" demand trends in significant industries and in cr1t1ca1 englneerang
dlsc1p11nes should be investigated. For instance, current manpower
shortages in certain dindustries shduld be 1nvest1gated to determine
their causes and their implications for the overall profess1on.

v

&

-,

-

-

-

-4




R . ) e,"‘, /

. Moréover,. there needs to be an assessment ‘of the current
adéquacy of both the quantities and qualities of engineering man*
manpower. of these, the quantitative aspects will be easier to" .
. evaluate. The measures of the adequacy of manpower quality will, i™
. ' of necesslty, tend to be qua11tat1ve. Possible measures might
include comparlsons of today S englneers with enginters at some:
- earlier period or with, englneers in -other developed couritries.
Evaluations of current englneers mlght also be made by examlnlng
o perceived engineering needs in comparison with current eng; eering
capablllgles, or by looking at the quality .of goods, services, ‘and
~ "technologiés in comparison with desired quallty lewels. “Surveys to
assess quality might include the training 4rnd educational programs
offered by 1ndustry ﬂ? response to perCelved needs, performance
appraisals, engineer”turnover rates, and proflle characteristics of
» , both successful and ynsuccessful englneers. Such 1nformat1on might
) be obtained from in-depth surveys or visits with repreeentg
companies in various industries. .

. .

) Edgineering Edﬁcation Obviously, the educational sys
' . trains the nation's englnders is a key element in the englneerlng
) i 1nfrastructure. We need to have a better querstandlng of shat -
systemﬁ Have universities been able to keep pace with rap1d devel-
opments in technology by upgrading th®ir curricula and Staying in .
the forefront with their. research ,proggzamsh As in’the case of the .
analysis of the engineering workforce, “much of the needed “nformation
. is in the nature of gn historical inventory. What are t%e accredited
departments?’ How haze the schools and’departments'changed with t1me
. and events? How 1nadequate are university 1nvestments 1n plant and
) eguipment’i What has beep the history of engineering school capaci-
*-* tips as measured by enrollments and graduation rates? What s the
corresponding p1cture i™the technical schools and technology in-
o stitutes which train-emgineering technicians and technologists but’ —
*’i .do got offer engineering degrees? - . _-f *

1

. Another important educational subsystem .provides continuing .
P educatién to the practicing engineere, What is known about the )
. extent and effectiveness of sug activitied? To what eﬁient are the
accredited engineering schoels involved in fopmal trainihg programs
on and off campus? What do industry and the governft do.to make—
> jobwrelated technical training available to ‘their empLoy;/s? To ..
what extent have the technical societies aided their professional

‘

- members in maintaining and enhancing their engineering skills in s
times of expandlng/and changlng technolog1es7 T . .
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No 1nventory of educatlonal capacities would be complete w1th- .
Aout some measure of the pre-eng1neer1ng educational, infrastructure
What has happened, over time, -to the number and qua11ty of secondary .

. .school graduates who are academlcally qug ified to enroll gin accred- -3
1ted enginéering schools’ ‘To what extent have the able studénts
actually enrolled in eng1neer1ng courses? How have they fared in v
: their progress toward eng1heer1ng dagrees? Can the data be rélated
ig any meaningful way to primary, and}secondary school academic )
r@qu1rements and curricula? - ;- : _
Eng;neering Users: To comp efe the 1nventory of the infra- —————

structure, ‘it will be essenfial to have 2 coherent, crédlkle under-
. . standing of the areas and ways ip whach pract1c1ng engineers are N
emp¥oyed, and of how employment patterns haver varied with time, ..
ome of this information can be gleaned from the NSF and EMC studies;
particularly with Pegard to areas ofgemployment--self governfiental, . a
private sector, and academ1c. More 1nformat1on 1s needed, however,
. on expected educationgl levéls, on how eng1nee§s are actually used,
~ : on the relationship b®ween eng1neer1ng classifications used by J
’ : 1ndustry and the t%ad1t1ona1 classxf1cat10ns by earned degree, on

career mob111ty, on the quality of -eggineers; and on ‘the impact of

: new engineering tools on careeré a .

- .
-

ThlS committee 1is part1cu1ar1y concerned with the very broad .

-,

connotations of the descriptor '

eng1neer.

! < There are thany leVels of’

engineering ﬁ&d

it will be con51dered essent1a1 for .the_ Phase II .

study “€o chqracterlze the varroup eng1neer1ng ocdhpat1ons to deter-
mine the generic similarities and ‘differences. “Unless this is dene, -
it will be difficult to discusspthe fluture quantrtatlve and quali—

-, tative manpower ut11§§@t1on problems in ‘engineering in,a rea11y~
' mean1ngfu1 way. . . . 'té . y
- ° -~ » , 6‘_ ) .- ) . ai ) :.S? . , v
’ . 5 2 -
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i~ INFRASTRUCTURE BEHAVIOR
e , .o R S
. LA ¢ ) - _L"
The‘1dent1f1cat10n of substantive actions that m1ght be taken .
to correct or improve the elements of the “engineering system.will be
. expedited and clarified if the ways that these’ elemerfts ‘respond to 1

s external factors 1§9understood.

the main elements of the engise
status, and“their historical ba

Therefore, in addition to describing
ering 1nfras;ructure” theLr present
ckground, the Phase Il study should

examine how the ‘major elements have reésponded to pressufs-for change

and the constancy and predictability of the responses, if any. Such
response charactexistics should be examined 1n terms of the kinds of
decisions that are made in-response to external factbrs, the issues
that the decisions confront, and the patterns of response that
emerge. , ) ‘ ’
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.. In analyzing these adaptive behaviors, it will be ‘important to
determine the time scales associated'with the typical responses d
the long term effects of the behavior. It may be des1rable in the
future to shorten response’ time; thus the costs and benefits of
changes in the responses will need to be examined.

-
v

Pl

The various parts of the infrastructure and the individuals .
within it have a variety of adaptlve behaviors that <an influence
the health and vitality of 1ndustr1es, universities, and society as
a whole. The principal participants in the system are individual
% * students and engineers, and the prihpary 1ns;1tut1ons are unlvers1-
'ttes, industries, and governme%fg}»&

N\ | . N )

4
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) s * Jndividual Responses - .
Ind1v1duals must make a succession of career choices in response
© to che follow1ng k1nds of dec1s1on drivers (in no otrder of rank):
. §- N “;
) Percé?ved perippal satisfaction;
Reldtiye economic rewards;
o Perceived autonomy; .-
’ . - o, Intellectyal excitement; .
0 Perceived security and stability; ,
o Perceived social status, $ocial utility, and
contribution to society and the community;
o Knowledge and ekbosure. ,

v ] 13
L4
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Students have to make -a number of career cho1ces w1tR regard to
engineering. Should they take engineering or-:some pther college °
degree? If.engineerigg, what should be the field of specialization? -
When the B.S. degree, is obtained, should they enter the workforce?

g Take an‘:advanced engineering degree’ ~Take an advanced degree in
o ) esome other field (MBA, MD- . etc3’
N\ T
' ¥he issues to be studied with regard to these decisions include
the impacts of primary and secondary school mathematics“and science,
- preparation, the ,impacts of interactions with practicing engineers,
and the response co the personal decision drivers listed above.
There should be afl attempt to understand why so few women and mem-
o bers of m1nor1ty groups elect engineering careers, and why qpere is
an increasing appeal for foreign students to take advanced engineer-
ing degrées, but a“tfeduced appeal for U.S. citizens?
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The practicing engineer must make periodic choices about his
career. Should he or she change employers within a field? Should.
he or she change fields? Continue 2is formal techmical education?
Early in his career? ' At mid-career’
rétirement and a second career? Each such decision affects the

R engineer's availability to the profess1on.
T . - . N '

Faculty members who have selected teaching and research as
theirengineering role, have their own special set of behavioral
responses to tHElr own career decision drivers. " Typical responses
include leaving teach1ng, chang1ng schools, 1ncrea51ng consulting

,/’act1v1t1es, forming small companies, organizing new prOJects or new
f1elds, or taking temporary leaves of absence to work 1n the
\ ‘government or 1ndustqy ) o ,

. . 4
*» Institutional Responses

-

* Institutions also must choose periodically from among manage- y
- _ ment options. Some of the: drivers that might necessitate such
«_, choices are the follow1ng . \h
& ’ 4 . -

o , New technologies that' become teachable, clearly .
recognizable, and rewardable; . .
o Compet1t10n for survival and growth; ‘1R -
~ q Cost and eff1c1ency of operatloﬁs, and
o Political actiofs.

v ) ¥4

-

) Colleges and ‘Universities and their .constituent departments .

must make successiye decisions "aboyt the kind of eng1neer1ngw€du- .

cation they offer. In making such decisions, they may find 1t
appropridte to change or create eng1neer1ng departments, to change

" the relative emphases of basic sc1ence,and/app11ed eng1nequng
xnstructlon, to emphasize research, to expand or contract faculty
sizes, to strengthen or weaken faculty qualifications, to encourage
faculty interactions with industry and government, to eXpand or
restrict overall enrollments, to encourage or limit admission of
foreign students, or to seek outSLde ‘support for research and
education.’ ' . [

. . .
. - . . . N
x

Industries, in dealing with technological developments, busi- ‘
ness competition, and economtc conditions’, make fréquent decisions :
about expanding (or contract1ng) their engineering workforces. They
may, for instance, adjust.beginners salaries to entice holders of
B.S. and advanced degreeg arfd, sometimes, facuLty members _to enter
‘their employment. They may upgrade ‘technicians to eng1neer1ng clas- ®
gifications or use sc1ent1sts in engineering roles. To’ upgrade and

“'Ft’engthen employees they m&y support .the self-lmprovement of

3 l . o« .
Y /"'w -.
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Should he or she opt for early .
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eng1neer1ng employees, or sponsor 1n-house or off-site continuing
edugation and reeducation courses for tmid- caree& employees.

.- o

It would, appear that many industries rely heavily.on free

market, mechanisms in adjusting the makeup and size of their en-
gineering workforces in response to chang1ﬂg~needs. They'depend on
the1r organlzat1ona1 capab111t1es-to identify and acqulre talent on
an "as-needed" basis from the national reservoir ,of engineers on the

_assumption that adequate reservoir resources exist. ' This appreach

needs to be examined for effectlveness and dependability under

various future cond1t1ons. s . -
. .

Government agencies can influence the infrastructure far beyond
the direct employment of engineers. Federal programs in defense,
space, energy,-etc.,.exerf great quantitative and qualitative de-
mands on the engineering system. Government R&D programs are the
predominant sources of engineering research support for university
programs. -Government- programs im support of-education (both teaching
and equ1pment) can affect all levels of education. Faculty. exchange
programs and postdoctoral program$ at government laboratories can
st1mu1ate and strengthen the faculty. Graduate enfineering programs.
'are affected in a major way by “the - availability of governmentally
sponsored university research and graduate fellowship programs.N_In
a less direct way, @qvernmental tax policies influence the levels”’
and kinds of educational support forthcoming from indifiduals and
compénies, as well as the level of~R&D sponsor%d by private industry.

»

The dominant government rol€ in support of un1vers1ty R&D has
another, more subtle, impact that warrants examination. It is be-
cominf increasingly difficult to get funding for a research proposa1
to the governmenf*‘tnnsequently more and more faculty effort 1s being
expended on "grantsmanship" act1v1t1es, rathér than on teach1ng or,
reséarch. This has not gone unnoticed by students and may serve to

" turn them away from consideration of‘eng1neer1ng faFulty roles for

themselves.

»

g ¥ Other Responses

~ [
.

» The technical societies, professional societies, and academies
have a more indirect effect. They work collectively and influepce
the eng1neer1ng system on a longer time scale than do, either the
schools or the employers. Their adaptive behaviors are directed to
the support of the profession and to individuals within it. Each
serves a different 1nd1v1dua1 function, but collectively these
organlzat1ons affect the frastructure by cont1nuously rédefining
engineeripng specialities, maintaining engineering standards, up-
dating and changing accreditation standards, providing communication
channels through journals and meet1ngs, conducting studies in areas
of d1°c1p11nary 1nterest, and arranging and conducting education
programs. N
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In the study of response character1st1cs of the several system
elemenis, it will be important to ascertain the extent, if any, to ¢
which specific responses can be anticipated and' guided by spegific

stimuli or sets of stimuli. To' the extentifthat such cause-and-effect

relat1onsh1ps cannot be established, the efficacy of actions proposed

to torrect known or anticipated- sy tem def1c1enc1es will rema1n con~
* jectural, }_ o e
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o o ) . FUTURE DEMANDS ON ENGINEERING . “en
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. Although the past and thedbresent af@ important elements in
understanding the engineering 1nfrastructure, the real concern 1ies
with .the future su1tab111ty of the-systems. To anticipate the
"problems that might limit the future capab111ty of the' engineering
infrastructure to respond to changes, it willk be necessaryy to pro-
ject and examine.a number of'poss1b1e situations that could cause
;g stress to,the system's elements. Such situations may be grouped

into twoeclasses. First, there are combinations of circumstances
+# .+ . “with relatively short-term impacts on a few system elements.

: Second, thqfe are longer ‘term scenarios that could result in more ..
gradual but)more 1asq;ng impacts on the infrastructure and might )
require more sic and far-reach1ng sﬁﬂtem cHanges for the1r ™
satisfactory solut1on. CL

. »
¢ . .
. ¢ ®,

~ ’

- Y Short-term Stressg )

- '.3 ,
Changes in establlshed methods alwdys 1nduce stresses in the-

assoctated work1ng structures. . With the rapid changes in tech-’ . -

nology, bqs1ness, and social expectations in this country, it is,

: rot surpr1s1ng that the engineering community is frequently beset
by localized, short-term problems that can have intense 1mpacts on --»*
affected system elements and on their responses. While it is un-
likely that a1terat1ons in the 1nfrastructure~can anticipate and .
prevent the future occurrence of such short-term system drivers, a
better understanding of their characteristics might enable some
common system corrections to be identified wh1ch could easé\adverse
impacts in the future. T . ,

<
- , e

* ES .

hy Several categories of;short‘term problems warrant exam1nat1on.
Because of the specific events and circumstances that cgntr1bute “to
each such occurrence, the committee suggests that rather-than
hypothesizing problems for evaluation in Ehase II known problems
from the recent past should be selected ag representative case «

"studies. ‘Although anecdotal evidence- abounds about such probrems,
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it will be necessary to examine each selected case in enough detail
to establish a factual, credible understanding of the c#use-and-

effect relationships. Categories that should be investigated

. includéd: .
‘ - 0 Industry-wide shortages of engigeering manpower )
y . (e.g., integrated circuit design)
* . o Industry-wide surpluses of englneerln manpower -
. (e.g., aerospace in the early 70's fé&,
N o Fields on hold (e.g., nuclear power system design); and N
o + 0 Retooling for malgr productivity changes; (e.g., as in ‘“Hﬂw-““"
%%E& b the auto industry). _ . PRI
- o a ' e e ’
: i ' __“va““lbué-term SE%esses .

There are a number of plausible future circumstances in which.
_.ofie ‘or more of the major elements of the engineering 1nfrastructure

s might be :stressed to the p01n€70f failure unless extensive and rela-

- tively perpmanent changes are made. Th¢ commigtee recommends that
illustrative scenarios be developed for such cases to enable the
potential stress points to be identified. {The extent to which
common problem areas are discerned through guch analyses should
strongly influence the nature and prlorlty'of future policy and

program recommendations. .
* »
At least four classes of major .ngineering driving forces can
@e v1sua112ed . . . )

N

g . The national adoption of one or more major Federal
programs with high scientific_and technological

content; .
LY o
' 0 The emergence of new technologies with benefits
e o that warrant rapid introduction into commerce;

"

o’ The coalescence of, social expectations into man-
dates for extensive changes with technolog1ca1
immplications; and , : T e

o ~ International competltlon. .

-

’
. . . oY
.

. A number of broad topics should be 1nvesu;gated to determine
_ . the potent1a1 impacts of future events on the varlous elements of
o - the engineering infrastructure. Plausible illustrative scenarios
should be developed in enough detail to show the manpower, educa-
¢ tional, and job-perfdrmance implications of the topic. Enough
. topics should be’ investigated to establish whether a reasonably
' broad range of future 'scenarios produce common or topic-specific

"N~ - " stimuli to the engineering system*,
¢ *
hd hd N
P .. . *The Committee was able to quickly develop a representative list of

“potential topics, as discussed in Appendix C. i
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o " INFRASTRUCTURE CHANGES

. %\ y-3

For example, certain long-term programs, such as national de-
cisions to develop and deploy certain types of defense systems or
advanced energy systems, require fundamentally different types of
engineering mobilizations than do most industrial or consumer-goods
developments, The magnitude and Complexity of the effort may re-
quire the pdrallel- development of new infrastructure relatlonshlps.
One of the characteristic impacts on requirements for englneers is
the long period of soph1st1cated R&D in which great demands are made
on graduate-schooled engineers and sc1ent1sts, with a blurrlng of
the normal distinctidns between science and engineering in the .drive
to create, analyze, and use new and novel systems. Instead of re-
lying on the "creative few" for technical leadership, these 'super-
programs" begin to require the "creative many.”" As a consequence,
such efforts may require engineering talent that is qualitatively
different from the present output from today's gxaduates.

-

3

Ideally, when the foregoing tasks are completed, the Phase Il study
should be in a position to gdescribe: :
L4

£

i
o What the engineering elements are and how they .

interact; .
o The current status of each €lement, and its cuyrrent
strengths and weaknesses; @
o How (and how quickly) the major elements tend to
) trespond to.change; and . .
o What the range of future stimuli and pressures on
A the engineeéring infrastructure mighf be. * .

L
In fact, some of these understandings may only be qualitative, at
best. Nonetheless, the study group should be able to proceed to a
4conv1nc1ng discussion of the kinds of infrastructure changes that -
appear desirable or necessary for the foreseeable future,” where in °
the system they should occur, and when they should occur. - "
) . -

The range of posslble changes in the education and utilization
of engineers that might be identified can be very large. At least.
the following topics need to be examined: : f .

o The status of engineering vs. other sociggal needs . '

- o Priorities for the most talented manpower
- - Priorities for other, resources -

[P




U
Co ) . ;
- o - .
. T o Preengineering education -
) . - “he needed content, quality, 4nd, 1ntenslty of
. ’ 5 preparatlon in mathematlcs, sc1ence,khuman1-
Lot ) ties, and social science
- The impact of career guidance counseling
. : 0 Undergraduate education '
: - Nature of thé curricula (e.g., fundamentals vs.
’ . specialization, uniformity vs. diversi-.
- . . ication, segmentation of engineering)
’ ° - Curricula content, new fields (e.g., flexi-
g . . bility in response to state-of-the-art
- and to industrial needs) ’ .
‘ - Or1entat10n (preparation for industry vs. ,
preparation for consulting practice)
. - Facilities (e.g., adequacy of capacltw, level
, ) of sophistication)’
: " - Teaching productivity (use of modern
s . techniques and procedures) ’

-  Computer technology (integration!|into the
: educat10na1 process)
- ' .- Alternative delivery methods (e.g., co-op and

other programs)
L -

3

v @ ©. Graduate education ° Y .

' . - Foreign students - oo
‘ -  Student quality (competitive opportunities)
-~ Research funding (uncertain behavior)

> ~ 2 . e . . .
. e - -~  Equipment, facilities (e.g., institutional
i sharing, consortia)
o i ‘ - Role of industry s o (
’ - - Role of government
IR . o “Faculty concerhs- : >
C - - Availability (intense_ competition.for limited
talent pool) ’
! ’ -, Recruitment/retention (attractiveness of other
7 . . career options)’
£ . = Compétence (e.g., respon51b111ty of’ faculty to ’
) * o  Yemain_current in their field of expertise)
- Motivation (e.g., the quality of work situation
. in texyms of compensation, prerequisites,
workload, personal 'satisfaction) ‘o -,
- LT, . - B
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.. . . i
o Continuing 'education/professional iself-renewal
-  Motivatien for persfPal/pxofesslonal self~-
- renewal - .

Cost sharing

- Outreach-(on-site delivery)

The role:of ptqfessional 30c1et1es, industry, .
academia

- The qua11ty of available educatlon

o Financing prbféssional education Yo
- Relative: importance to. soc1ety
- Role of government

C L - " Role of industry (individual companies; s
3 consortia) 0
P - Role of educational institutions T -

- The student's share

o Qua11ty of work life ..
Challenging work ' ' .
- Involvement with managemént
- Communication within the organlzatlon
- Opportunity and growth 0

-  "Dual.Ladder" advancement .

' ~  Compensation . \\\\:
- Affirmative action
- ~ Recognition apd other intangible awards )

) - Flexible. hours .

- Stability and security
. 1

o Utilization on a national scale

~ Engineers as a nationail resource’

- Size of the eng1neer1ng reservoir
- Deployment against problems and needs
\ = Image and recognition ; )

.~ Retention

=  Impact of the computer on the profes81on

- National; R§D poélicy

.

< Continuing education ‘ )
- Productiwity and cost of engineering
o= Engineers in management and government., B

v .

A thorough exam1nat10n of these kinds of topics will enable the
Phase II study group to make findings and recommendations of a cri-
tical nature . Areas warrant1ng such conclusxons would be expected

to include: . i . ,

”
.
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« The needs of universities, so that they can
" . remain at “the 1le ding edge of the various engineering
dlsc1p11nes and ,developments in an inf#ationary
environment. The issues have both financigl and
pyschological content, and include the maintenance
T and renewal of facilities and equipment; the

AY

aintenance and evolution of academic and research
programs; loss of endowment strength; and the health
and well-being of faculty, including material
considerations, teaching lgRds, pressure, and pace.
§ s
The needs of 1ndustry and government foria cddre
’ of englneers in a widd varlety of dlsclpllnes for use
. 19_expan51ons, new opportunltles, and for replacement
’ and evdlution. These technlcally trained personnel
R must fill roles in a\very complex environment, and
the necessary patch petween the skills of future
engineers and the nkeds of industry and government
P deserves careful study.

-

The needs of society to maintain U.S. technical .
- preeminence and/or predominance in an era of intense
and growing foreign competition. The nation requires
engineers who can solve pressing problems with a high
technical content, as well as those who can contribute
. to continued increases in. the standard of-living ‘by
~ utilizing lower levels of technology. It needs en-
gineers who can establish and monitor technical
quality standards to ensure the protection and safety

of soc1ety. \\ :

. ) \
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' RECOMMENDATIONS /

~

.

The Unlted States ‘has been well served by the engineering community

“and can continue to be well* served if reasonable solutions to the

current and potential problems that beset the various elements of
the communlty can be identified and implemented. Some of the prob-=
lems, particularly in the educatidnal sector, are of such clear and
present concern that they, should receive immediate ad hoc attention
by approprlate groups. However, a coordinated, comprehensive‘study
of engineering over, the rest of this century, as described in the
body of this report, is also needed and we recommend that- such a
study now be conducted. Only upon completion of,such an effort
will it be possible to convincingly establish whether there is an
impending overall englneerlng crisis, as some suggest, that will ,
requ1re far-reaching system corrections, or whether the enginger-
ring community can, with less drastic modifications, be expected to
maintain the resiliency that will warrant our continued national
confidence. Thus, we recommend that the study be, carried out
within“the next two years. ,

Study Objectives

~
¥ {

-

@me engineering community is ‘large, w1de1y dispersed, and very
diversified. Any study of the problems of' the community as a whole
will either have to focus on some level of generalizations or will
have to be very long and'costly.//§Z:ause the availability of the
findings may be critical to the future viability of the system, we
recommend that the study pursue an overall analysis of the engineer
ing infrastructure, rather than attempting to catalogue the indi-
vidual problems and concerm’s of every engipeering discipline or
engineering field. Howeyer, because many of the actions that may
be called for will have to be taken at detailed levels to be ef-
fective, we recommend that the Study structure’be developed so that
later, supplementary studies ‘of specific ;zelds and disciplines can
be undertaken by an extension of the study protocols.

It is further recommended that the ,Sstudy

o Define the elements of’the engineering
. infrastructure and their interrelations;
o Determine the cl3rrent status of the principal
infrastructure el ent%ﬁand their historical
, development over the past 50-60-years, including = .
: thelir hzstorzcal relations to major economic,
political and technologzcal events,

o ) o .

. 32 ,
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o Identify the‘stimuli fér'decision-making for the
. ' main Iinfrastructure elements and\their typical
. responsé modes; . . -—
o +Provide projections:of future events that might affect, the
enzgeeerlng system over the rest of the century; and
. o Reco nd policies .and programs to make necessary *
. .  changes or additipns to the engineering infra-
structure, and ihdicate the priorities for such
actions. . too

.

_ Thé study must recognize the state‘;f flux that exists with’
regard to the availability: of resources for the support of engi-
neering 1nst1tut1ons and programs. a priori assumptions about the
government role may not be tenable. Thus, we recommend that the

. study identify options for private indust and the academic in-
stltutlons, ‘as well as for the government, in the actions needed to
enhance the engzneerlng system.

» -

] . Study Organization . : .

While it is contemplated that the recommended study will
. address a broad spectrum of interrelated issues, it will be com-
- prised of a combination of separate study tasks. To ensure that the
necessary interxrelations among these tasks are present and.consis=
tent, it is recommended that the study be conducted under the aegis
- of an overall steering committee. This committe& should provide
broad policy guidance, assign spec1f1c tasks, review the progress
‘and outputs of the task groups, and act as the principal authgrs of
“a final report containing the éEudy's'finding%land recommendations.

¢
. ¢

After appropriate task assignments are defined by the steering’
'comm1ttee, subcomm1ttees, each cons1st;ng of chairman and add1t1on~
' al members _the steering comm1ttee, together with additional
experts apj to the topic,, m1ght undertake some of the
specific stu nduct of such task assignmentsy it may be -
useful for the'suzcomm1ttees to establish working groups for

. spec1f1c subtopics. . \
) v !

. Some of the subtopics may ledd themselve§ to separate ifnvestiga-
. .. tions that could best Be ¢arried out as individual efforts or may

require more concentrated attention than may be possible from 5
e + part-time voluntéers. HWe recommend that consideration ‘be—given to
commissioned s;gdiés and papers,.as warranted. \

. .

~¢

*In particular, those partsﬁgi/the study that relate to quantita-
. tive data on the engineering workforce, either current or historical
- : may benefit from coordinated analysis and interpretation by outside

" . ’ .t 1 * , »
. \ \ . <\§ K . -~ . .
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bodies of experts. 2com al
lished with active manpower analysis groups for the *

"collection,classification, and evaluation of data related to the

engineering workforce. . ) '

-

Study Participants ' .

If the recommended study is to have a.positive impact, it will
have to be received and.viewed by the various elements of .the engi-
neering community as a balanced, reasoned exposition of engineering
and its problems. Equally important, however; the report will have
to be viewed by non-engineering decision makers as sound and ob-
jective, particularly.insofar as recommendations’ for action may
conflict with other national priorities. Support for the study's
conclusions will be enhanced if a widely represemtative group of
interests @are involved in the study. It is recommended that a
broad group of 1ndustr1a1, governmental, and academic leaders
concerned with engzneerzng, including spokesmen for the principal
enginéering societies, be invited to participate in the study s
together~with representatives of other professions and societal
segments. .

We géEommend that workihg arrangements be estab- . '

“n

“‘
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, Within the past year,

A

I

facing thé engineerin

been of a 1€ss formai <haracter or are st111 in progreSs.

w

f~/In Apfil 1980 the Nat10na1 Academy of Engineering issue
report! 6f a study hased on approximately 400 responses to a.
survey of the engineering commdh1ty regardg’g 1mportant issues in
engineeri educat1on3’1nst1tutlona1 support "of engineering schools,

. un1vers1ty/1ndustry/government relationships, and the soc1a; context

of ‘engineering. By design, the study focused on .the framework ' for
.decision-making, rathe® than on the aec1s1ons themseres, and did
not purport to offer specific solutions for’ specific 'problems. 1In
October, 1980 the NAE extendeq its cons1derat10n of the‘pn1vers¢ty/
in ry/government’ relationships in a sympos1um reported in 19812
g-was no effort to reach any consensus position on the problems

Jof alademe or their solutions. L.
a

' . " ©

At the request of President Carter, the National'Science .
Foundation and the U.S. Department of Education, jointly prepared a
repqrt on, technical education problems that was’released in October,

19803, he. report addressed educational concerns at the secondary
- as well " colleg1ate and .post- colleg1ate.1eve1 for science, mathe-"
matics, E} eng1neer1ng’ W1th\¢egard to,eng1neer1ng, the report .

“identified| a fatulty shortage in most fields, well as a short-
term engipeer. shortage in many fields. In the lopger -term, the
report was optimistic about engineering “supply/demand relationships,
except poss1b1y at the*PhD level. The $tudy recommendations were
general,” and largely involved proposals for increased federal

support programs. g . . v

g

o

Onr “acambexm3wkvnlaﬁgma conference at Shakertown (KY) cQn~

sidered the d1mens1ons of the eng1neer1ng faculty shortage,®and
concluded-that it was of cri'ses proportions. In the report of the
confez;énce4 the American Association of Eng1neer1ng Sociefies
and/or the National Acaﬁemy ofﬁfﬁg1neer1ng were urged to prepare a
definjtive "white paper” on: the shortage.
s \

An Eng1neer1ng Foundation Conference, sponsored by the
Accr itation Board for Engineering and Technology was held July
26-31, 1981 in R1ndge, N.H. on the Aims and,Goals for the Eighties
in eng1neer1ng education. The' proceed1ngs report5 identified
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. T two prlme critical® tssmes. First, the ratio of stidents to .
. fdbulty members in. engineering schools in the Un1ted States has - '
o ¢ 1ncreaseﬂ)to a level that is decreasing tlhe qua11ty of engineering
: education. Second, 1nsu§f1c1ent numbers of U.S. citizeys are
enter1ng graduate eng1neer1ng.§ebpols, and fhis will fbsulq in a
T decreasing percentage of U.S. c1thens who Will become engineering
professors, from which a long-te&@ decrease in the natidf's cre- s
N ¢ at1v1ty and prodpctivity in hfgh—technology areas w111 follows ) o
: THere was no unan1m1ty of views on the most .effective and practical '
solutions to these isgues. *
. [ ~F S ’ :-Q .4- {,\\f',
In addition to these published studies of engineering education
problems, the American Electronlcs Association publighed an exten-
F sive forecast of the technical manpower requirements in the elec-,
- . tronics industries through~’ 19856, The sutvey, taken in ‘the sp;1ng
of 1981, considered the paraprofesslonal as well as professlonal
«’ needs of the 1ndustry. L . - .
L Y -
Several:other studies are either st111 underway, or w1ll not
appear in published form. The Engineering Deans Instjitute ‘devoted . ~
. . sheir meet1ng of Apfl 12-15, 1981 to symposium discussions of
. universjty relatiohships wlth 1ndustry and the federal government. .
1 In the summer of 1981, YEEE/Spéctruf convened a,roundtable discus-
sion of possible programs to overcome faculty shortages, equipment .
renewal problems, student support programs, and the like. An a j/ T
//// . count of the d1scus;\ons will appear in the November, 1981 Spectrum -
A second meet1ng is planned to try- to sharpen suggestlons for ac- )
. : tions. vt }
- . ‘_ - ! , N
The Natlonal Asseciation of .State Universities and Land- Grant
Colleges has, recently established a steering committee to develop & te
_program of industry cooperatlon with land. grant schools for the
- - solution of ®ngineering education problems. ‘A major confererice for: .
, .. 'the discussion of pos31ble actions is be1ng planned for the spring ¢
. T of 1982. . , , o

-

L o0 d - Y

<=7 A tuo-year study has' just been launched by the American Society
—for- Englneerlng_Educa on_to_generateapas51ble solutions to the

! from eight industridl corporatlons made tbroughvthe American
v Agsociation of Engineering Soclegles. . v,

- N
*

., ) Each of these study act1v1t1es has contr1buted to, an. improved
understanding of ‘the concerns of "academe and/or, the industries .
which their graduates flow. So far, ‘howevér, the studies have - ‘ .
tended to look only at pleces of the overall engineering equation, 2 ‘
or have represented the views of only relatlvely small numbers of '
' the participants in the engineering procesf. C . ’ )
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engineering faculty shortage. This study is being funded by grants : K4
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APPENDIX B

POTENTIAL QUTLINE OF PHASE II REPORT

Introduction.
A. Engineering as a field
B. The engineering system .
c. Engineering goals
. ' D. Goals of engineering education
E. Perceptions which call for this study
-4

Historical Perspective'

‘A, The devglopment of the present System
B. Gqod, bad, and neutral’ experlences
C.. Tﬁe dynamics ’
D. Value added N

Tge.F;EEEhQZStatus of the Engineering gystem

" A. Inventory

1. Manpower = . .
2, -“Sourcing and development 1nst1 utions
3. Post-entry support structures \s

Response dynamics of

1. Students .

2. Uniwersities

3. Faculties

4, Engineers

5. Industries

6. Government N

7. Professional soc1et1es and academies
8. Scientists’

°©

~

C. Stimulants to institutional changes

D. Stimulants to individual choices

* “Short-term ‘Issues

A, Maﬂpowar shortages and surpluses
B. Dislocations:

K4
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D. Reindustrialization and productivity : K
. v Long~term Scenarios amd their Possible Impacts )
) . I * N .
) VI Costs of Insufficient and Surplus Engineering
® . Resources ' ‘
! . i
, -,'A.c> Economic
B. Huma “
.C. Industrial -
f . 3
.. ¢ VII Future Engineering Capacities and Capabilities *
\ v, h - ,
! A, “Measurement problems //~
- . . B, Possible improvements - ‘ (
, C. Responsibilities . :
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% VIIi- Findings )
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POSSIBLE FUTURE ENGINEERING/PROBLEM INTERFACES

- < <
: A I .

At its 1nLt1al meeting, the Committee considered a list of almost
150 toplcsAthat mlght be contemplated as important potential driving
forces on the eng1neer}ng communlty over the next nty years as a
2 consequenhce of their poteritial economic, political Mor technological
impacts on the American scene. For purposes of discussipn, thege
were igrouped into twenty-eight subcategorles w1th1n tha»major .
* categories of T N ;
.« ¢ ! % ‘/
The Economy ’ . : «

National Defense LI N . )
Quality of Likfe ) ) ’
. *

Energy s

0O 0 00 00

Information Systems. . .

. -
After a general consideration-of the types of issues and"
problems that might be posed by each topic, each attendee was asked

' to rate faqur characteristics of each subcategory - ,

»
e

-
o The 1mportance of the topic of our national future, (/“N\
S t

o The technological content of thé\toplc, -
o The opportun1ty ggr the application of technology to an
¢ % improved understanding of -the top1c, "and .
. ~o The adaguacy with which the topic is presently being
> hddri%%ed. . .. e s »

o

Based on the ratings, the topits that were identified by the
group as hav1ng the common characteristics of a high potential '~
importance to the national future,’ a high technologlcdl content, and
the opportun1ty for t }f appllcatlon of technology to the mproved
handling of the toplc 1ncluded:

- »

o Prqduct1v1ty 1mprovement3‘ *

o Foreign competition

o+ Quality improvements in goods and. services
"o Growth/energy relatlonshlp%” ’ i

! .
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Technical parlty in defense ’

. 0 Re11ab111ty ‘and maintainability of defense systems
. o Epvironmental quality oy .o
M - 1] v - .
. . .,0 Urban problems R . : . -
. o, 'Health care . : . ’
) .. 0" Education systems s
. : o, Energy St . - 7
o 0 Interc1ty transportatlon systems . ’ . ,,.\/
' ‘ (A o Informatlon systems - e
Most of fhese topics yere cons1dered to be receiving only ~ . .
S relatively low or moder y effective current treatment and could,
. ‘ | presumably, be better ecisions wére to be made to employ -
* . teghnpologies appropr ir nature.- .
LI . " A
>\| Based on this brlef exercise, it was the opinidn of the com- I
o , .mittee that this or similar approach ‘could be readily applied to the ‘
. wﬁ“ﬂaw ©  identification;of a rangé- problém-scenarlos that might impact on ’ \"
. ' . the englneerlng communfty 1n>a signifi€ant way, and from which%
\ selections could be made for detailed 1mpact analyses. Ce \ |
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