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NOTICE : The proj e c t  th at i s  th e subj ec t of th i s  report was approved 
by the Gove rning Board of the Nat ional Research Counc i l ,  whose me m
bers are drawn from th e Counc ils of the Nat ional Ac ademy of Sc ienc e s ,  
the Nat ional Academy of Eng inee ring , and the Ins t i tu t e  of Medic ine . 
The members of th e c ommi t tee re spons ib le for the proj e c t  were chosen 
for the ir spe c i al c ompetence& and wi th regard for appropriat e  bal 
anc e .  

Th i s  report h a s  been reviewed b y  a group o ther th an the authors · 
ac cord ing to  procedure s approved by a Report Review Commi t te e  con
s i s t ing of members of the Nat ional Ac ademy o f  Sc ienc e s , the Nat ional 
Ac ademy of Eng ineer ing , and the Ins t i tute  of Med ic ine . 

The Nat i ona l Re search Counc i l  was e s t ab li shed by the Nat i onal 
Academy o f  Sc ienc e s  in 19 1 6  t o  as soc iate  the b road community of 
sc ienc e and t echno l ogy w i th th e Ac ademy ' s  purpos e  of furth ering 
knowledge and of advis ing the federa l government . The Counc i l  
ope rates  in accord anc e w i th general po l ic ie s  determined by the 
Academy under the au thority of i t s  c ongre s s ional ch arter of 1863 , 
wh ich e s t ab li shes  the Ac ademy a s  a private , nonprof i t , s e l f
governing membersh ip corpora t i on .  The Counc i l  has become the prin
c ipa l operat ing agency of b oth the Na t ional Ac ademy of Sc ienc e s  and 
the Na t iona l Ac ademy of Eng ineering in the conduc t of the ir servi c e s  
t o  th e government , t h e  pub lic , and the sc ient i f ic and eng ineering 
c ommuni t ie s . I t  i s  admini s te red j o in t l y  by b oth Academie s and the 
Ins t i tute of Med ic ine . The Na t i onal Ac ademy of Eng ineering and th e 
Ins t i tu t e  o f  Med ic ine were e s t ab li shed in 1964 and 1970 , re spec t ive ly ,  
under the ch art e r  o f  the Na t i onal Ac ademy o f  Sc ienc e s .  

Th i s  s tudy wa s supported under Contrac t No . EAS-8107881 b e tween the 
Na t i ona l Sc ienc e F oundat ion and the Na t i onal Ac ademy o f  Sc ienc e s , 
and Cont rac t No. Bl981- 16 be tween the Al fred P. Sloan F oundat ion and 
th e Na t i onal Ac ademy of Sc i enc e s .  
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PREFACE 

La t e  i n  1980 , th e Nat iona l Sc ience F oundat i on reques ted th at the 
As semb ly o f  Eng i neering , Nat iona l Re search Counc i l , conduc t a 
mul t i ph a s e  s tudy of th e profes s ional educ at ion and u t i l izat ion o f  
eng i neers i n  the Un i t ed St a t e s  during the remainder o f  th e century .  
The f irs t ph a s e  wou ld b e  d evo t ed t o  the ident i f ic at ion o f  i s sue s 
re la ted to the s tatus , need s , and opportun i t ie s  for the pro fe s s ion , 
to the p l ann i ng and s truc turing o f  an appropriate  s tudy e f fort , and 
to ide nt i fy i ng s ome d e s i rab le kind s o f  part i c i pant s for the s tudy. 
The s tudy was t o  be  Ph as e I I  o f  the ac t iv i ty , and a short-term Ph as e 
I I I  e f fort wou ld d i s s eminate  the s tudy re su l t s.  Ph ases  I I  and I I I  
we re t o  be c ont i ngent upon the s at i s f ac tory comp l e t ion o f  the Phase  I 
p l anning. Moreover ,  wh i l e  Ph ase I was t o  b e  who l ly supported by th e 
NSF , i t  was expec ted tha t  Phases  I I  and I I I  wou ld invo lve j oint  spon
s or sh i p  w i th the Department of De fense , Nat iona l Aeronaut ic s  and 
Space Admi n i s trat ion ,  Department of Energy , and pos s ib ly o ther 
feder a l  age nc i e s .  

I n  re sponse to  t h e  N SF  reque s t , e a r l y  i n  1981 t h e  As semb ly e s 
t ab l i shed th e Commi t tee o n  Educ at ion and Ut i l izat ion o f  the Eng i neer 
The c ommi t tee he ld four mee t ings a t  approx ima t e l y  month ly interva l s  
for th e purpos e  o f  deve l op i ng the p lan and rec ommendat ions contained 
i n  th i s  report . Ea r ly in i t s  de l iberat ions , the commi t tee e s tab
l i shed a t a s k-group to  prepare a potent i a l  ou t l ine for a Phase II  
s tudy report and s ix add i t iona l t as k  groups to deve lop topics for 
s tudy in  th e areas o f :  

o The current s tatus of the eng inee r i ng 
infras t ructure 

o The current  s tatus o f  e ng i nee r i ng manpower 

o The current manpower adequacy 

o Fu ture demands on e ng i neers 

iii 
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o The re sponse adequacy of the infras truc ture 

o Change s needed i n  the infra s truc ture 

Th i s  report presents  the f ind i ng s  and recommendat ions of the 
c ommi t tee , b ased on the task group ac t ivi t ie s , w i th regard to  a de
s irab l e  content , me thodo logy , and par t ic ipants  in a two-year Phase 
I I  s tudy . Wi th i n  the t ime avai l ab le ,  the c ommi t tee was ab le  t o  
ident i fy a l arge range o f  top i c s need i ng s tudy , b u t  not t o  as s ign 
pr i or i t ie s  for th e ir addre s s. Whi l e  inte l lectual ly un sat i s fy i ng ,  
such a n  omi s s ion wa s no t cons idered c r i t i c a l  for s everal reas ons . 
F i r s t , th e re s ourc e s  to  be  made avai l ab le  in support o f  a Ph ase I I  
s t udy we re not known to  the pre s ent commi t tee . Sec ond , the Phase I I  
s tudy wou ld b e  conduc ted by a sub s t ant i al ly d i f ferent  c ommi t tee mem
b e r sh ip .  Si nc e Phase II wou l d  h ave to  be cu t to  fi t the financ i al 
and i n t e l lec tual c lo th ye t to  b e  wove n , i t  was th ought more impor
tant  to proc ede d i rec t ly into th e Phas e  II ac t ivity  rather th an to 
t a ke th e t ime t o  po l i sh the d e t ai l s of a nec e s sar i ly inde t erminate  
s tudy pos i t i on by the Phase I c ommi t tee . 

iv 
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SUMMARY 

Al th ough th e e ng i neer i ng profe s s ion h as s erved th e Uni ted St ates  we l l  
thus  far in the 2 0 th century ,  there are wid e spread percept ions o f  
prob lems th a t  c as t  d oub t s  about th e adequacy o f  t h e  na t ion ' s fu ture 
e ng ineering c apab i l i t ie s .  Many persons , part icularly th ose i nvolved 
in e ng inee r i ng educat ion , v iew some of the problems as h aving reached 
maj or proport ion s , th ere fore such c oncerns as those re l a t ing to  the 
re tent ion of adequa te e ng i neer i ng facu l t ie s  or the updat i ng of c o l 
legiate ins truc t ional equipment requ ire imme d i at e  a t tent ion by appro
pr iate  groups . Beyond th i s ,  however ,  a need exi s t s  for a c oord i 
nated , c omprehens ive s tudy of the ou t look for the who le eng inee r i ng 
c ommun i ty of educ ators , users , and support groups over the next 
twenty year s  t o  e s t ab l i sh the d imens ions of the prob l ems tha t  may 
h ave such important imp l icat ions as to requ ire maj or e f forts  for re
s olu t i on ,  and those prob lems tha t  can  b e  re s o l ved wi th l e s s  dras t ic 
ac t ions . 

I t i s  rec ommended th at such a comprehens ive s tudy be  c onducted 
wi th in the nex t two years.  

A s tudy of such l imi ted durat ion wi l l  nec e s s ari ly b e  l imited to 
a genera l c ons iderat ion o f  the engineering infras truc ture , bu t it  
shou l d  b e  organized s o  th at l ate r ,  suppleme ntal analyses of spec i f ic 
engine e r i ng fie l d s  and d i s c i p l i ne s  can b e  undertaken th rough an 
extens ion o f  th e s tudy pro t oc o l s. 

To b e  rece ived as ba l anced , reasoned , and objec t ive by eng ineers 
and non-engineers a l ike , it  wi l l  be important that insofar as  pos s ib l e  
w i th i n  the t ime l imi t s , th e s tudy 

o Define the e ng i neering i n fras truc ture and interre 
l a t i ons among th e ma i n  e lement s ;  

o De t ermine the current  s tatus  o f  the princ ipa l e l e 
men t s  and the i r  recent h i s torical  re l a t ionsh ips 
t o  maj or ec onomic , po l i t ic a l , and te chno log i c a l 
event s ;  

- 1-
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o De t ermine the dec i s i on-maki ng fac t ors for the mai n 
e lemen t s  and ident i fy th e typical response mode s ;  

o Proj e c t  p l aus ible future ki nd s o f  even t s  tha t  
might dr ive t h e  need for maj or dec i s ions i n  the 
e ng i neer i ng i n fras t ruc ture ; and 

o Re c omme nd pol i c i e s  and programs th a t  w i l l  be needed 
t o  make the i n fras truc ture e lement s c apab l e  of 
mee t ing future na t iona l demand s and propose 
priori t ie s  for the variou s  ac t ion s .  

The s tudy shou l d  i ndent i fy opt iona l ac t ions , wherever pos s ib le , 
i nc lud i ng those  tha t  migh t  be taken by pr iva te indu s t ry or ac ademic 
i ns t i tu t ions , a s  well as  those th a t  are c lear ly appropr i a t e  for 
governmen t  ac t ion s .  

Th e proposed s tudy migh t  proper ly be  viewed a s  a precursor o f  a 
cont inu i ng evaluat ion of the e ng ineering communi ty. Wi th i n  a two 
year s tudy i t  w i l l  be  d i f ficu l t  t o  de f i ne , describe , ana l yz e , and 
d i agnose  a l l  o f  the prob l ems o f  a l oos e l y  de f ined e ng ineering com
muni ty of more th an one mi l l ion ind ividuals , and to pre s c r ib e  needed 
reme d i a l  ac t ion s .  I f , h oweve r ,  a re l a t ively c lear consensu s c an b e  
reach ed among t h e  l eade r s  o f  th e commun i ty o n  the prob l ems and 
po tent i a l  s olut ions , so tha t  nat iona l pol icy and program gu idanc e 
c an b e  deve loped to ensure the future eng i neering s treng th o f  the 
na t i on , the e f f ort wi l l  h ave been worthwhi l e .  

- 2 -
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I 

INTRODUCT ION 

, The 2 0th century h a s  been a period o f  impres s ive and u nprecedented 
technolog i c al growth that h as revo lut ionized the l ives o f  mos t of 
th e wor l d ' s  popu l ation.  The Un i ted St a t e s  h as b een a l e ader in th at 
t e chno log i c al revo l u t i o n ,  and i t s  engineering profe s s i on has  bee n  a 
princ i pal f ac tor in e s tab l i sh i ng s uch supremacy . In the proces s ,  
the e ng inee r i ng pro f e s s ion h as been sub j ec t  t o  a l l  the pre ssure s  
th a t  ari s e  from new techno l og i e s , new e ng i neering tool s ,  and new 
expe c t a t ions of cont inu i ng innovat ion and improved performanc e ,  
s a fe ty ,  and re l i abi l i ty. 

We are now entering a period th at  some ch arac terize a s  an era 
of increas i ng ly sc arc e  human and phy s ic al re sourc e s .  At the s ame 
t ime , s c ient i f ic d i scoveries  are pro l i fera t i ng ,  and there i s  every 
reason to b e l ieve tha t  the pac e of techno l og i c a l  tran s forma t i on s  wi l l  
inc rease for the rema inder o f  th i s  century . The re i s  i nc reas i ng c on
cern by s ome that the e ng i neering c ommunity may no t be ab l e  to re
spond adequate ly to th e t a s ks ahead .  Many persons are troub l ed by 
perceptions tha t  the U. S. is no t deve lop i ng or u s i ng i ts fu l l  i n
t e l lectua l  potent i al , tha t  i t  i s  not c ap i t al i z ing on  i t s  ava i l ab le 
techno l ogy , and tha t  i t  i s  los i ng i t s  tech no logi c a l  leadersh ip.  
Almo s t  a l l  of  th e persons d irec t ly i nvo lved w i th e ng i neering schoo l s  
are convinced th at th ere are a l ready s evere prob lems i n  e ng ineering 
educ a t i on th at i f  l e ft unch ecked wi l l  l ead to  a progre s s ive de
de t e r i orat ion of the tech n i c a l  c o l l ege s and un ivers i t i e s  of c r i se s 
propor t i ons*. 

*A number o f  groups h ave addre ssed variou s  aspec t s  o f  eng i nee r i ng 
educat ion c oncerns ove r  the pa s t  year or so. Append ix A out l ine s the 
princ i pal e ffort s and th e nature of the ir f ind ings.  

- 3-
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Perc e p t i on s  such as th ese wou l d  seem t o  s ignal serious future 
prob lems for the nat i on ,  and those that are of c l ear and pre sent 
c onc ern, such as a number of i s sue s deal ing w i th the adequacy of 
eng ineering s ch ool fac u l t ie s , or wi th the ob solescenc e of s ch ool 
equ i pment for training eng ineers , need t o  rece ive immediate ad h oc 
at tent ion. Unfortunate ly , the evidenc e requ i red t o  verify the --
ac curacy , extent , and import of s ome of the perc e ived prob lems i s  
d i f f i cu l t  t o  marsh al l.  Dat a on eng ine ering manpower avai l ab i l i t y  
and dep l oyment , f or ins t anc e , h ave many quan t i t at ive and qual i t at ive 
de f i c ienc ie s ,  and the ir interpre t at ion is c omp l ic ated. Furth e rmore , 
s everal of the impor t ant aspe c t s  of the perc e ived prob lems are part l y  
or whol ly ma t ters  of j udgment th at do not l end thems e lve s t o  quant i 
f i ab le analy ses.  

Th i s  report pre sent s th e f ind ings of  an e ffort t o  define the 
approach for a longe r-t e rm ,  c omprehens ive s t udy that need s  to be 
c onduc ted to dete rmine th e pre sent and proj e c ted viab i l i ty of the 
eng ineering profe s s ion in th e Uni ted St at e s , vi s-a-vi s i t s  op
portun i t ie s  and ch a l lenge s. Th i s  report marks the end of Ph ase I ;  
Phase I I ,  ac c ord ing ly , i s  the c omprehens ive s tudy th at wou l d  serve 
as a b as i s  for th e deve lopment of c oherent nat ional pol ic ies  and 
programs t o  as sure adequat e  numbers of eng ineers and the ir appro
pri ate educat i on and u t i l i z at ion for th e re s t  of th i s  century .  Such 
a s tudy sh ou l d  s eek to deve lop spec i f ic , real i s t i c  opt ions for the 
pub l ic ,  pr ivate , and ac ademic sec tor s  of soc ie ty ,  and to rec om-
mend prior i t i e s  for pos s ib l e ac t ions.  

To be  mos t u s e fu l , th e report re su l t i ng from the proposed s tudy 
wi l l  need t o  be  d irec ted t o  the eng i neering profe s s i on ,  the pub l ic 
th ey serve , and the you th from wh ich the ir rank s wi l l  h ave t o  be 
re p l e n i she d , in  add i t i on t o  al l government al , academic ,  and indu s 
t r i a l  leaders who wi l l  b e  i n  pos i t ion s  t o  advoc ate , s e l ec t , or im
plement part icu l ar opt ions.  The l at ter groups inc lude : 

o The princ i pal emp l oyers of eng i neer s--governmental 
and pr ivat e ; 

o St ate  and l oc al gove rnmental of f i c ial s  re spons ib l e  
for the educ at ional a n d  mot ivat ional preparat ion of 
potent ial eng i neering s tude nt s ; 

o Governmental of f i c i al s  re spon s ib l e  for the support of 
eng i neering s ch ool s ;  

o Federal execut ive and leg i s l at ive leader s 
re spons ib le for au th or i z ing or fund i ng educ at ional 
support and un ivers i ty re search programs ; 

- 4-

Copyright © National Academy of Sciences. All rights reserved.

Education and Utilization of Engineers:  Recommendations for a Study
http://www.nap.edu/catalog.php?record_id=19724

http://www.nap.edu/catalog.php?record_id=19724


o Admin i s trators in the eng inee ring s choo l s , and 
th e univers i t ie s  of wh i ch they are a part , as  
we l l  a s  the facu l t ie s ,  ac c red i t a t ion bod ie s , and 
f oundat ions invo lved in eng ineering educ a t ion ; 

o Execu t ive s in indus t r i a l  compani e s  invo lved in 
eng ineering educa t ion th rough grant s ,  sch o l ar
sh i p s , sponsored re search programs , cooperat ive 
tra ining programs , e tc . ; 

o Soc i e t i e s  and academie s  th a t  repre sent  th e 
technical  and pro fe s s iona l intere s t s  o f  e ng i 
neers.  

There h ave been numerous s tud i e s  o f  eng i neeri ng wh ich d i rec t ly 
re l a t e  to the proposed s tudy. These prior s tud ie s , toge ther wi th 
current perc e p t ions o f  knowledgeab le  educa t or s , managers , and e n
g i neer s , wou ld prob ab ly s u f f ice to  ident i fy many--i f  no t mos t--of 
th e prob lems w i th in the eng inee r i ng c ommun i ty and to  sugge s t  the i r  
pos s ib l e sol u t ions.  However persuas ive such f ind ings migh t  b e  t o  
th e eng ineeri ng c ommu n i ty , they are not l ike ly t o  enl i s t  th e c r i t 
i c a l support and ac t ion o f  o ther dec i s ion makers.  Consequent ly , to 
be  e f fec t ive , th e f i nd ings shou l d  contain an ob j e c t ive and b a l anc ed 
se t of c onc lu s ions , op t ions , and rec ommendat ions b ased on a more re 
l iab le  data b as e  th an h a s  been ava i l ab le i n  th e pas t  and on ana lyses  
tha t  have also been lack ing in the pas t .  

To a t tempt to  d e f i ne ,  describe , ana lyze , c o l l ate , d iagnose ,  in
form ,  and mob i l i ze support for a loo s e ly de f ined eng ineering com
mun ity o f  more than a mi l l ion ind ividua l s  in the Un i te d  St a t e s  i s  a 
task tha t  may no t be  pos s ib le to accomp l i sh wi th pre c i s ion and wi th in 
a re asonab le t ime period. There fore , th e Ph ase I I  s tudy ou t l i ned 
here in may become only the f irs t s tep in a cont inu ing ac t ivity.  
I f ,  howeve r ,  a re l a t ive ly c lear c onsensus on th e prob lems and the ir 
po tent i a l  s o l u t ions can be  ach ieved , so  tha t  b road po l icy and pro
gram gu idanc e  c an be o f fered to  ensure th e future eng i neer i ng 
s treng th the nat ion i s  c e rtain t o  need , the e f fort w i l l  h ave been 
worthwh i le.  
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I I  

THE PROPOSED STUDY 

As a gu ide to i t s  c ons idera t i on of a pos s ib le s tudy , the c ommi t tee 
pre pared a sugge s ted ou t l ine for a Phase I I  report , th e ma i n  e le
men t s  of wh i ch are pre s ented i n  Append ix B.  I t  is  to b e  expec ted 
tha t  the ac tua l Ph ase II report wi l l  d i f fer from th i s  ou t l ine 
because of th e i n s i gh t s  and emph a s e s  of the s tudy group. The out 
l ine i s  only intended t o  provide a focus for appropriate s tudy 
t op i c s .  For examp l e , to  wri te the report sugge s ted by th e out l ine , 
i t  wi l l  be  nec e s s ary for the Phas e  I I  s tudy t o  addre s s  such b as ic  
que s t i on s  a s : 

What i s  th e " e ng i neering c ommuni ty" and th e·infrastruc ture 
th rough wh i ch i t  operat e s ?  

o Wha t are i t s  pr i nc ipa l  e lement s ?  
o How doe s  the sys tem operate , in  genera l ?  
o How has i t  evolved? 
o Wha t h a s  been i t s  importanc e t o  our s oc iety?  
o What i s  i t s  import ance to  our future ?  

Wha t i s  the current s ta t e  o f  the e ng i neering i n fras truc t ure ? 

o What i s  th e eng i neer i ng popu l a t i on by subd isc i p l ine 
and by func t ion? 

o What are our educ a t i ona l and trai ning fac i l i t ie s ?  
o How are eng i neers used?  Where? 
o How e f fec t ive i s  our pre sent sys tem in terms of 

mee t i ng e ng i neer ing need s ?  
o What are th e shortcoming s ?  

How doe s  th e eng i neer i ng infras truc ture func t i on i n  
a dynamic sense? 

o How do th e e lement s respond to prob lems? 
o Wha t are the c ontrol me chan i sms ? 
o What are th e t ime-c on s t ant s ?  
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What migh t  the re s t  o f  th i s  c entury requ ire from our 
eng ineering infras truc ture ? 

o What are the po tent i al fu ture drivers o f  
eng ineering? 
(e. g. , nat ional progr ams , new techno logie s ,  e t c . ) 

o What k ind s o f  demand s migh t  b e  p l aced on the i n fra
s truc ture e lement s ?  

o How do we as s e s s  the ab i l i ty o f  th e infras truc ture 
to  re s pond? 

What mu s t  we do as a nat ion to e nsure th at the eng i neering 
infras truc ture wi l l  b e  c apab le of mee t ing our potent ial need s ?  

o For numbers o f  engineers and requ i s i te sk i l l s ?  
o F or prob l e m- s o lving versat i l i ty? 
o For qu ick responses t o  opportun i t ie s ?  
o F or ant ic i pat ing and supp lying deve l op i ng need s ?  

What a re the opt ions and th e i r  prob ab le consequenc e s ?  

What rec ommend at ions c an be made t o  our l eadersh i p  i n  
government , univers i t ie s , and i ndu s try? 

I t  i s  c l ear that the engineering communi ty exi s t s  and func t ions 
as an integr al part o f  s oc i e ty.  Eng ineeri ng goa l s  and d irec t ions 
are intertwined wi th and re f lec t soc ie t al goal s .  It is equal ly 
c le ar th at po l icy and progr am requ irement s  to  a s sure adequacy of the 
eng i neering pro fe s s ion for i t s  future soc ie t al rol e  requ ire b road 
soc ie tal c onsensus--a c onsensus b ased upon knowledge and under
s t and ing of eng ineering and i t s  comp lex interre l at ionsh ips wi th 
nat ional need s  and goal s ,  human and phy s ical re sourc e s ,  e tc .  

The s e  ques t ions and c ons iderat ions arrayed in the out l ine c an 
be  grouped into  c lus ters o f  top i c s  for in-depth s tudy. Many o f  th e 
topic s are re l ated , and the i r  s tudy wi l l  need to be t ime-ph ased for 
mos t  e f f i c ient progre s s. Some , however ,  c an be  examined indepen
dent ly. 

THE ENGINEERING I NFRASTRUCTURE 

In many re spec t s ,  the key to a c omprehens ive u nders tand i ng and anal 
y s i s  o f  th e s t rength s and weakne s s e s  o f  th e engineeri ng pro fe s s ion 
l ie s  in the c l ar i t y  w i th which the eng ineering infras truc ture c an b e  
d i sc erned and desc ribed. Henc e , the de script ion o f  the i nfras truc
ture shou ld b e  the f irs t order of bus ine s s  for the Phase II s tudy . 
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Th e infr a s t ruc ture i s  the t ot a l  c omp lex of i ns t i tu t iona l sys tem 
e l emen t s  tha t  s e l ec t s ,  tra i n s , emp l oy s , suppor t s , and u s e s  engineer s 
and th e ir servic e s .  Over a c areer cyc l e , e ng ineers a s  a c l a s s  gen
era l ly fol low a s omewhat pred i c t ab l e  pa th through the infras truc
ture , but  i nd ividua l s  may enter and l e ave free ly , d epend i ng upon 
c ompe t ing inc ent ive s and opportuni t ie s  and often a t  s ome c os t  to 
s oc ie ty. 

The sy s tems th a t  c ompr i s e  the infras truc ture may be  grouped 
i n t o  s evera l maj or categor i e s , acc ord i ng t o  the func t i ons tha t  the y  
serve a l ong t h e  c areer path : 

o Educ a t i ona l sys tems 
Precol legiate 
Unde rgradua t e  engineering c ol l ege s 
Graduate e ng i neering univers i t ie s  
Te chnic a l  ins t i tu t e s  
Nonac ademic fac i l i t ie s  for c ont inu i ng 

educ a t i on 

o Emp loyer c ommuni t y  
Se l f-emp l oyed 
Private  sec t or 
Loc a l , s tate , and fede ral gove rnment 
Educat iona l i ns t i tut ions 

o Pos t-e ntry support groups 
Tech nic a l  soc ie t ie s  
Profe s s i ona l s oc ie t ie s  
Ac ademie s  

o Pub l ic a t  l arge 
Med i a  
Adv i s ors  
F r i e nd s ,  re l a t ive s ,  acqua intanc e s  

I n  order t o  s tudy the expec ted reac t i ons o f  th e e ng i neering 
sys tem e l eme n t s  t o  any prob lems or proposed ch ange s ,  i t  wi l l  b e  
nec e s s ary t o  d e s c r ibe the mutual interac t i ons o f  the e lement s.  An 
order ly re pre sentat i on , or mode l ,  of the i nfras truc ture wil l aid in 
th e descrip t i on ,  and th i s  commi t tee s trong ly urge s the deve lopme n t  
o f  such a mode l ear ly i n  a n y  c omprehens ive s tudy. F i gure 1 shows a 
s imp l i f ied f low mode l of the s ort the c ommi t tee c ons iders d e s irab l e. 

In  pr i nc iple , a mode l such as th at  in F i gure 1 cou ld b e  used , 
i f  proper ly re f i ned and expanded , as a dynamic f l ow mode l  t o  examine 
the d e t a i led f l ows , re servoirs , and c apac i t i e s  of the eng ineering 
sys tem over t ime . The s igni f ic anc e  of such numbers on a h i gh ly 
aggregated 
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s c a l e  i s  doub tful , h owever ,  and unamb iguous s tati s t ic s  at a more 
deta i led l eve l are l ac king . Thus , i t  i s  not ant ic i pa ted tha t  an 
infra s t r uc t ure mode l c an be exerc i s ed to  g ive meaning ful quant i 
t a t ive f l ow reac t ions .  However ,  i t  may b e  pos s ib le to disc ern from 
th e mode l ,  in q ua l i t a t ive terms , some near-t e rm  response t rend s.  

Judg ing the infras truc t ure needs  in re sponse t o  changes over 
th e l ong term wi l l  require j udgements of a more s en s i t ive kind. For 
examp l e , th e us e o f  c omputers and microe l e c tronic c ontro l c irc ui try 
in de s ign and manufac turing pre s age s ma j or ch ange s in eng ineer ing 
a s  we l l  a s  manufac tur ing productivi ty. Any forecas t o f  eng ineering 
manpower re quirements wi l l  h ave to take th i s  into account by pro
j ec ting both the pene tration of c ompute r-aided des ign and manu
facturing into appropr i ate industr i e s  and th e re s ul t ing e f fects on 
the demand for numb e r  and type of eng ineers in those ind us tr i e s . 
The e xp l o s ive tech no logi c a l  deve l opments o f  th e recent pa st,  and 
th ose that seem l ike ly in the future , should provide amp l e  warning 
aga inst und uly s tatic pro j e c tions o f  future requirement t rend s  in 
te rms o f  numb e r s , f ie ld s , or educ ationa l leve l s . 
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HI STORY AND STATU S OF THE I NFRASTRUCTURE 

Onc e th e eng ineering infras tructure is de f ined , it wi l l  be nec e s s ary 
to understand the pre sent s ta tus o f  the maj or e l emen t s  a s  a back
ground for th e ana ly s i s  o f  nec e s sary or des irab l e  future changes to  
th e eng ineering sys t em. In a s s e s s ing the f uture capac ity of the 
infras truc t ure to  adap t t o  ch ang ing c ond i t ions , i t  would b e  he l p f ul 
to h ave an h is tori c a l  perspec tive on pas t accommodations to change. 
Th us ,  th e h i s tory and th e pre sent s t atus o f  the infras truc ture wi l l  
need t o  b e  e xamined in c ons i s tent t e rms .  

Landmark events in t h e  recent h i s tory o f  eng ineering need to b e  
s tud ied from the viewpo int o f  the impac t s  that the s e  imposed o n  the 
eng ineering s y s t em and th e re spon s e s  o f  the system e l ements . An 
examination o f  the l a s t  50-60 years , for instanc e , should provide 
some v a l uab le ins i ghts on th e sys tem ' s re sponse s to th e impac t s  of 
the great depre s s ion,  Wor l d  War I I ,  the post-war boom ,  the spac e pro
gram ,  and the advent of c omputers and s o l id- s tate e lect roni c s  on the 
ch ang ing demands for d i f fe rent types o f  eng ineer s .  What were the 
impac ts o f  s uch great c iv i l eng inee ring programs as  the interstate 
h i ghway system? Or the nuc l ear power program? How d i d  the infra
s truc ture re spond to the maj or program f l uc t ua t ions in the aerospace 
indus tr ie s ?  Or energy shortages or requirements for envi ronmenta l 
prote c ti on? 

Any h i s toric a l  view of the eng inee ring f i e l d  would need to 
cons ider th e gradua l  and s ub t le ch anges that f low from new s c ien
ti f i c  d i scoverie s and th e i r  trans formations into eng i neering too l s  
and te chno l og i e s  i n  vari ous ind us tria l sec tor s .  Such a view sh oul d 
a l s o  inc l ude th e deve lopment o f  new eng ineering spec i a l tie s , revi 
s ions in educ a t iona l c urricul a ,  organi zation o f  new technica l 
soc ieti e s , and other changes with long- term imp l ic a t ions for the 
pro fe s s ion. 

The change s need to b e  examined in the l ight of indus t r i a l  
deve l opment s  tha t  trigger events and trend s in eng ineering ,  b e ar ing 
in mind th e ind ividua l  and organ i zational dec i s ions invo lved in the 
change s .  Th e h is toric a l  examination should b e  corre l a te d  wi th a 
para l l e l  ana ly s i s  o f  the c urrent s ta t us o f  the eng ineering sys tem in 
order to g ive a s ense of the c ond i t ion of the eng ine er ing infra
s truc ture today , h ow th i s  has  evo lved , and h ow economi c , po l i tic a l , 
and techno l og i c a l  forc e s  and dec i s ions have a f fec ted or d irec ted 
th a t  evo l ut ion. 

Engineering Workforc e : I n  add ition to  exam1n1ng the princ ipa l 
infra s truc ture ins t i tut iona l e l emen t s , the s t udy wi l l  need t o  as s es s  
the ch anges  i n  engineering h uman re sourc e s .  The h i s tory and c urrent 
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s tatus o f  eng ineers in the workforc e needs  to b e  ana lyzed in terms 
of s uch obvious c a t e go r ie s  a s  age s , educationa l sourc e s  and l eve l s , 
technica l  d i sc ip l ine s ,  e t c .  Seve ra l sourc e s  o f  c urrent and h i s
toric a l  d a t a  a re the Eng ineering Manpower Commi s s ion , the Nationa l  
Sc ienc e  Found a t ion , the Bureau o f  Lab or Stati s tic s ,  and the Na t iona l 
Center for Education Sta t i s ti c s .  The s e  s ourc e s  h ave been va l uab l e  
in e s tab l i sh ing a general  pro f i l e o f  th e eng ineering workforc e and 
eng ineering emp loyment pa tterns.  Howeve r ,  much more rema ins to b e  
done in th i s  area. In some instanc e s  the data a re at varianc e , or 
the d ata are inappropriate ly aggregated or inadequate ly c las s i f ie d .  
Much more information i s  needed o n  what e ngineer s  actua l ly do , on 
understand ing the adequacy of eng inee r ing educ ation , on the qua l i t y  
o f  eng ineers i n  the work p l ace , and o n  under s t and ing occupationa l 
mob i l i ty in te rms o f  the f l exib i l i ty o f  th e engineer ing l ab or forc e 
to f i l l  f i e ld-spec i f ic shortage s.  It wi l l  b e  nec e s s ary , th ere fore , 
to do a c omparative ana l y s i s  o f  the data b a s e s , to identi fy any 
d i f ferenc e s  and th e i r  causes , and to determine how improved c o l 
lection me thodologi e s  and c la s s i f ic aton s cheme s may provide the 
needed information. Such an e f fort should b e  based on a c ons i s tent 
d e f inition of engineers in terms of q ua l i f i c ation s  and functions , 
and on the deve l opment o f  d i ffe renti ating c l as s i f ic ations amongs t 
enginee r s , te chno log i s ts , and technic ians emp loyed in the same 
f i e l d s .  Af te r  s uch a s tudy , one important outcome could b e  the 
identi f i cation and d e s ignation o f  the b e s t  ava i l ab l e data b ase for 
ma inta ining a h i s tori c a l  record. Such a s tudy could a l so a f ford an 
opportunity to mob i l i ze th e ava i l ab l e re s ourc e s , which are now be ing 
us ed in a scattered fash ion ,  to ensure th at the princ i pa l  s e ts o f  
s tati s ti c s  a r e  at least coh e rent , i f  not fu l ly coord inated. 

If pos s ib l e ,  th e workforc e data shou ld b e  co l l ected in a man
ner th at wi l l  provide information on the var ious f l ow proc e s s e s  
desc r ibed b y  th e infra s truc ture mode l .  An important a spect o f  th i s  
approach mi ght be  the use o f  eng ineering manpower mode l s .  Much 
progre s s  has  b een made in th i s  area in recent years by C. B. Freeman 
at Harvard , F. Land i s  at the Univers ity o f  W i sc ons in-Mi lwaukee , and 
M. S i rbu at M. I. T.  The s e  mode l s  h ave been h e l p ful , for examp l e , in 
identi fy ing the ro le  of R&D expend i ture s and s a l ar i e s  in a l te rnative 
pro fe s s ions on eng ineering emp l oyment demand. In the Phase II s tudy , 
manpower mode l s  c ould be ve ry use f ul too l s , and s upport should b e  
g iven to improving th e ir forecas ting c apab i l i tie s.  

Any s tudy o f  the engineering workforce needs  to go beyond me re 
i nventory que s tions , important th ough th ey may b e , to an examination 
of the current adequacy of the manpower mix. Important s upply and 
demand trend s in s igni f icant industr i e s  and in c r i ti c a l  engineering 
d i s c i p l ine s shou ld b e  inve stigated . For ins tanc e , c urrent manpower 
shortage s in c e rta in indus tr i e s  should be  inve s tigated to de termine 
the ir caus e s  and the ir imp l ic ations for the overal l  pro fe s s ion. 
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Moreove r ,  there needs  to b e  an a s s e s sment o f  the current 
adequacy of b oth th e quanti tie s  and qua l iti e s  o f  engineering man
manpowe r. Of the s e , the quanti tative a spects wi l l  be e a s ie r  to 
eva l uate.  The mea s ure s o f  th e adequacy o f  manpower qua l i ty w i l l ,  
o f  nece s s i ty ,  tend to b e  qua l i tat ive. Pos s ib le mea s ure s mi ght 
inc l ude c ompari sons o f  today ' s  engineers with engineers at some 
ear l ier period or with engineers  in other deve l oped countrie s .  
Eva l uations o f  c urrent eng ineers  might a l s o  b e  made b y  e xamining 
perce ived engineer ing need s in compar i son with c urrent engineering 
capab i l i tie s , or by l ooking at th e qua l ity of good s ,  s e rvice s ,  and 
te chno log i e s  in c ompar i s on with d e s ired qua l i ty leve l s .  Survey s to 
a s s e s s  q ua l i ty might inc lude th e train ing and educ ationa l programs 
o f fered by indus try in re spons e to perce ived need s , performanc e 
appra i s a l s ,  eng ineer turnover rate s ,  and pro file ch arac teri s tic s o f  
both s uc c e s s ful and unsuc c e s s ful enginee r s .  Such information mi ght 
be obtained from in-depth s urvey s or v i s its with repre sentative 
compan i e s  in various indus trie s .  

Engi neer ing Ed uc ation : Obviou s ly ,  the educ ationa l s y s tem th at 
tra i ns th e nation ' s  e ngine e r s  is a key e l ement in the eng ineering 
infras truc ture. We need to h ave a b e tter under s tand ing of th at 
system. Have univers itie s been ab l e  to kee p  pac e with rap id deve l 
opments in tech no l o gy b y  upgrad ing th e ir curri c ul a  and s taying i n  
the fore front with the ir re s e arch pro grams?  A s  i n  the c a s e  o f  the 
ana ly s i s  o f  th e engineering workforc e ,  much o f  the needed information 
i s  in th e nature of an h i s torica l inventory . What are the ac c red ited 
depa rtments ? How h ave th e schoo l s  and departments ch anged with time 
and events ? How inadequate are univer s i ty inve stments in p l ant and 
equipment? What h a s  b een the.h is tory o f  engi neering sch oo l c apac i 
tie s a s  meas ured by enro l lments and grad uation rate s ?  What i s  the 
corre spond ing picture in the technic a l  schoo l s  and te chno logy in
stitute s wh i ch tra in engineering te chnic i ans and techno logis ts b ut 
do not o f fer enginee r i ng d e grees? 

Anoth e r  important educ ationa l s ubsystem prov ide s continuing 
education to th e practic ing engineer. What is known about th e 
extent and e f fec tivene s s  o f  s uch activiti e s ?  To wha t  extent are the 
accredited e ng inee r ing schoo l s  invo lved in forma l tra i ning programs 
on and o f f  c ampus ? What do indus try and the governme nt do to make 
j ob-re l ated technic a l  training ava i l ab le to th e ir emp l oyee s ?  To 
what e xtent h ave the technic a l  s oc ietie s aided the ir pro f e s s iona l 
memb e r s  in mainta ining and enhanc ing the i r  engineering s ki l l s  in 
time s of expand ing and changing techno logi e s ?  
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No inventory o f  educa t ional c apac i t ie s  wou ld be  c omp l e te w i th
ou t some measure o f  the pre-eng ineering educ a t iona l infras truc ture 
What has  h appened , ove r t ime ,  t o  the number and qua l i ty o f  secondary 
s chool graduat e s  who are academi c a l ly qua l i f ied to enro l l  in accred
i ted eng i neering schoo l s ?  To wha t  extent  have the ab le  s tuden t s  
actua l ly enro l led in eng ineer ing cours e s ? How have they fared in  
th e ir progre s s  toward eng ineer ing degrees ? Can the data b e  re l a t e d  
in any meaningfu l way to primary and secondary s chool ac ademic 
re quireme n t s  and curricu la?  

Engineering Users:  To comp l e t e  th e inventory o f  the infra
struc ture , i t  wi l l  b e  e s sent i a l  to h ave a c oh e rent , c re d ib l e  under
s t and ing o f  the areas and way s in wh ich prac t ic ing eng ineers are 
emp l oyed , and o f  how emp loyment pat terns h ave varied wi th t ime . 
Some o f  th i s  informa t ion c an b e  g l e aned from th e NSF and EHC s tudie s ,  
part icu l ar l y  wi th regard t o  areas o f  emp l oyment--se l f , government a l , 
private sec t or ,  and ac ademic . More informa t ion i s  needed , however , 
on expec ted educ at iona l leve l s ,  on how e ng ineers are ac tua l ly used , 
on the re l a t i onsh i p  be tween eng ineering c l as s i ficat ions u s ed by 
indu s t ry and the trad i t ional c l ass i f ic a t ions by earned degree , on 
c are er mob i l i ty , on th e qua l ity of eng i neers , and on the impac t o f  
new engineering too l s  on c areers .  

Th i s  commi t tee i s  part icu l ar ly concerned w i th the very b road 
conno t a t ions of the d e s c riptor "engineer . " There are many l eve l s  o f  
eng ineer i ng and i t  wi l l  be c ons idered e s sent i a l  for the Ph ase I I 
s tudy to ch arac t e r i ze the variou s  engineering occupa t ions t o  de t e r
mine th e generic  s imi l ari tie s  and d i f ferenc e s . Un l e s s  th i s  i s  done , 
i t  wi l l  be  d i f f icu l t  to d i scuss the fu ture quant i t a t ive and qua l i 
t a t ive manpower u t i l izat ion prob lems i n  eng ineering in  a rea l ly 
meaning fu l  way . 

INFRASTRUCTURE BEHAVIOR 

The ident i f ic a t ion o f  sub stant ive ac t ions tha t  migh t  be t aken 
t o  c orre c t  or improve the e l ements  o f  th e eng ineer ing sys tem wi l l  b e  
expe d i ted and c l arif ied i f  th e ways that th e s e  e l ement s  re spond to 
e xterna l fac tors is unde r s tood . The re fore , in add i t ion to de s c r ib ing 
the ma in e lement s o f  the engineer ing in frast ruc ture , the ir pre s ent 
s t a tu s , and th e i r  h i s tori c a l  b ac kground , the Ph ase I I  s t udy shou ld 
examine how the maj or e lement s h ave re sponded to pre s sure s for ch ange 
and th e c ons t ancy and predic t ab i l i ty of th e re spons e s , i f  any . Such 
re sponse ch arac t e ri s t ic s  shou ld be examined in terms of th e kinds o f  
dec i s ions th at are made in re sponse to  exte rna l fac tors,  the i s sues 
tha t  the dec i s ions c on front , and the pa t tern s  o f  re sponse tha t  
emerge . 
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I n  ana lyzing th e s e  adapt ive behavior s ,  i t  wi l l  b e  importan t  t o  
de t e rmine t h e  t ime s c a l e s  as soc iated w i th the typica l re sponse s and 
th e l ong t e rm e f fec t s  of th e b ehavior . It may be d e s irab le in the 
future t o  shorten response t ime ; thu s the cos t s  and bene f i t s  o f  
changes  i n  t h e  responses wi l l  need t o  be examined . 

Th e variou s part s o f  the infra s t ruc ture and the ind ividua l s  
w i th in i t  have a vari e t y  o f  adapt ive behavior s tha t  c a n  inf luence 
the h ea l th and v i t a l i t y  of indu s t r ie s , univers i t ie s , and soc ie t y  as 
a who l e . The princ ipa l part ic ipants in the sys tem a re ind ividua l 
s tudent s and eng ineers , and the pr ima ry insti tut ions are un ivers i 
t ie s , indus t r i e s , and government s .  

Ind ividua l Re sponse s 

I nd ividua l s  mu s t  make a succe s s ion o f  career choices  in re sponse 
to th e fol lowing kind s of dec i s ion drivers (in no order of rank) :  

o Perce ived persona l sat i s fac t ion ; 
o Re l a t ive economic reward s ;  
o Perc e ived aut onomy ; 
o Inte l lec tual  exc i t ement ; 
o Perc e ived s ecurity and s t ab i l i ty ; 
o Pe rc e ived soc i a l  s t a t u s , soc i a l  u t i l ity , and 

con t r ib u t i on to s oc iety and the commun i ty ; 
o Knowledge and exposure . 

St uden t s  have t o  make a number o f  c areer choices  w i th regard t o  
engineering .  Shou ld they take eng ineer ing or some o ther col lege 
degre e? If eng i neering , what shou ld be  the f i e ld of spec ial izat ion? 
When the B . S .  degree , i s  ob t a ined , shou ld they enter the workforce ? 
Take an advanced eng ineer i ng degree? Take an advanc ed degree in 
some o th e r  f ie l d  (MBA ,  MD, e t c )? 

The i ssues t o  be  s tud ied wi th regard t o  the s e  dec i s ions inc lude 
the impac t s  of pr imary and secondary s chool mathema t i c s  and sc ience 
prepa ra t ion , the impac t s  o f  interac t ions w i th prac t ic ing e ng ineers , 
and the re sponse t o  the persona l dec is ion d r ivers l i s ted above . 
There shou ld b e  an a t t empt t o  underst and why s o  few women and mem
bers o f  minority groups e le c t  engineer ing careers, and why the re i s  
a n  inc reasing appe a l  for fore ign s t udents t o  take advanc ed engineer
ing degree s ,  but a reduced appea l  for U. S .  c i t izens? 
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The pr ac t ic ing engineer mus t  make pe riod ic choices  abou t h i s  
c aree r .  Shou l d  h e  o r  she change emp loyers within a f ie l d ?  Shou l d  
he or she ch ange f i e lds?  Con t i nue h i s  forma l  technical  educ a t i on? 
Ear ly in h i s  c aree r? At mid-career? Shou l d  he or she opt for early 
re t ire ment and a second career? Each such dec i s ion a f fec t s  the 
enginee r's avai l ab i l i t y  to the pro fe s s ion . 

F ac u l t y  members who have s e lec ted teach ing and re search as  
the ir engineering role , h ave the i r  own spec i a l  s e t  of behaviora l 
re spon s e s  t o  the i r  own career dec i s ion drive r s . Typ i c a l  re sponses  
inc lude leaving teach ing , chang ing schoo l s , increas ing cons u l t ing 
ac t ivi t ie s , forming sma l l  compan ie s , organ i z ing new proj ec t s  or new 
f i e ld s ,  or taking temporary leave s of ab sence to work in the 
government or indu s try .  

Ins t i tut iona l Re sponses  

Ins t i tu t ions also  mus t choose period i c a l ly f rom among manage 
ment opt ion s .  Some o f  the dr ivers  th a t  migh t  nece s s itate  such 
cho i c e s  are the fo l l owing : 

o New tech no l ogies  th at become teach ab le , c lear ly 
recognizab le , and rewardab l e ; 

o Compe t i t ion for surviva l and growth ; 
o Cos t and e f f ic iency o f  opera t ion s ;  and 
o Po l i t ical  ac t ions . 

Co l l ege s and Un ive rs i t ie s  and th e ir cons t i tuent departments  
mu s t  make suc c e s s ive dec i s ions ab ou t th e kind o f  engineer ing edu
c a t ion they o f fer.  In making such dec i s ions , they may f ind i t  
appropr iate  to change o r  c reate  engineering department s , t o  change 
the re l a t ive emph a s e s  of bas ic s c i enc e and appl ied e ng ineer ing 
ins t ruc t ion , to emphas ize re search , to expand or c ontrac t fac u l t y  
s iz e s , t o  s t rengthen o r  weaken facu l ty qua l i f icat ions , to  enc ourage 
fac u l t y  interac t ions wi th indus t ry and government , to expand or 
re s tric t overa l l  enro l lments ,  t o  encourage or l imi t admi s s ion o f  
fore ign s tudent s ,  o r  t o  seek ou t s ide support f o r  re search and 
educ a t ion .  

Indu s tr i e s ,  in deal ing with techno l ogical  deve l opment s ,  bus i
ne s s  c ompet it io n ,  and ec onomic cond i t ions , make frequent dec i s ion s  
abou t e xpand ing (or contrac t ing) th e i r  eng ineer ing workforc e&. They 
may , for ins tance , ad j us t  beg inners s a laries  to ent ice holders  o f  
B . S .  and advanc ed degree s  and , s ome t ime s ,  facu l ty members t o  enter 
the i r  emp loyment . They may upgrade technic ians to  eng ineer ing c l a s 
s i f ic a t ions or u s e  sc ient i s t s  in eng ineering ro l e s . To upgrade and 
s t reng then emp loyee s ,  they may support the se l f-improvement o f  
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eng ineering emp l oyee s ,  or sponsor in-hous e  or o f f- s i t e  c on t inuing 
educ a t ion and reeduca t ion cour s e s  for mid-c areer emp loyee s .  

It wou ld appear th a t  many indu s tries  re ly heavi ly on free 
marke t me chani sms in adj u s t ing the makeup and s ize of the i r  en
g ineering workforc e& in re sponse t o  chang ing need s .  They depend on 
the ir organizat iona l c apab i l i t ie s  t o  ident i fy and acqu i re t a l ent on 
an " a s-needed" b a s i s  from the nat iona l res ervoir o f  eng ineers  on the 
as sump t ion tha t  adequat e  re servo i r  re s ourc e s  exi s t . Th i s  approach 
need s to be e xamined for e f fec t ivene s s  and dependab i l ity under 
variou s future c ond i t ion s .  

Government agenc i e s  c an inf luence t h e  infras truc ture f a r  beyond 
the d i re c t emp loyment of engineer s .  Federal programs in de fense , 
spac e , e nergy , e tc . , exert grea t  quan t i t a t ive and qua l i ta t ive de
mand s on the engineer ing sys tem. Government R&D programs are the 
predominant s ou rc e s  of engineering re search support for unive r s i ty 
programs . Government programs in  support o f  educat ion (bo th teach ing 
and equipmen t )  c an a f fec t a l l  leve l s  o f  educat ion. Facu l ty exch ange 
programs and pos tdoc tora l programs a t  governmen t  l abora tories  can 
s t imu l a t e  and s t rengthen the facu l ty .  Gradua te eng ineer ing programs 
are a f fe c t e d  in a ma j or way by the ava i l ab i l i ty o f  governmenta l ly 
spons ored unive r s i ty re search and gradua te fe l l owsh i p  programs . In 
a l e s s  d i rec t way , government a l  tax po l i c ie s  inf luenc e the l eve l s  
and kind s  o f  educ a t i onal s upport forthcoming from i nd ividua l s  and 
compan ie s , as we l l  as the l eve l of R&D sponsored by priva t e  indu s t ry .  

The dominant gove rnment ro le in support o f  unive r s i ty R&D h a s  
ano ther , more sub t l e , impac t tha t  warrant s examinat ion . I t  i s  be
coming increa s ing l y  d i f f icu l t  to  ge t fund ing for  a re search propo s a l  
to the government ; consequent ly more and more facu l ty e f fort i s  be ing 
expended on "grant sman sh ip" ac t ivi t ie s ,  ra ther than on teach ing or 
re search . Th i s  has not gone unnot iced by s tuden t s  and may s e rve to 
turn them away from.cons iderat ion o f  eng ineer ing facu l ty ro l e s  for 
themse lve s .  

Other Re spons e s  

The technic a l  soc ie t ie s , pro fess iona l soc ie t ie s , and ac ademie s 
h ave a more ind ire c t  e f fec t . They work c o l l ec t ive ly and inf luence 
the engineer ing sy s t em on a l onger t ime s c a l e  than do e i ther the 
schoo l s  or the emp l oye r s . Th e ir adapt ive behaviors are d irec ted t o  
th e support o f  the pro f e s s ion and to ind ividua l s  wi th in i t . Each 
serve s  a d i f ferent ind ividual  func t ion , but c o l lec t ive ly the s e  
organ i za t ions a f fe c t  t h e  infra s t ru c t ure b y  cont inuous ly rede f in ing 
engineering spec ia l i t ie s , ma int aining eng ineering s tandard s ,  up
dat ing and chang ing accred i t a t ion s tandard s , provid ing communicat ion 
ch anne l s  th rough j ourna l s  and mee t ings , c onduc t ing s tud i e s  in are a s  
o f  d i cc ip l inary intere s t , and arrang ing and conduc t ing educa t ion 
programs . 
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I n  the s tudy o f  re s ponse ch arac teri s t ic s  o f  the several  sys t em 
e lemen t s ,  i t  wi l l  be important t o  a s c e rt a in the extent , i f  any , to 
wh ich spec i f ic re sponses c an b e  ant i c i pa t ed and guided by spec i f ic 
s t imu l i or s e t s  o f  s t imu l i .  To the extent tha t  such caus e-and-e f fec t 
re l a t i onships c anno t be e s t ab l i shed , the e f f ic acy o f  ac t ions proposed 
t o  c or re c t  known or ant ic ipated sys tem de fic ienc ie s wi l l  rema in con
j e c tura l . 

F UTURE DEMAND S  ON ENGINEERING 

Al though the pas t  and the pre sent are importan t e lement s  i n  
unde r s t and ing th e eng ineering infras truc ture , t h e  r e a l  c onc ern l ie s  
wi th the fu ture sui t ab i l i t y  o f  the sys tems . T o  ant ic ipate the 
prob lems th a t  migh t  l imi t the future c apab i l i ty o f  th e eng ineering 
i nfras truc ture t o  re spond t o  change s ,  i t  wi l l  be  nec e s sary to pro
j e c t  and examine a number o f  pos s ib l e s i tua t ions tha t  cou l d  cause 
s t re s s  t o  the sy s tem's e lemen t s .  Such s i tuat ions may be grouped 
into two c l a s s e s . F i r s t , there are c omb inat ions of c ircums tanc e s  
wi th re l a t ive ly shor t-term impac t s  o n  a few sy s t em e l ement s .  
Se cond , the re are l onger t e rm  scenarios tha t  cou l d  resu l t  in more 
gradua l but more· l a s t ing impac t s  on the infra s t ruc ture and migh t 
requ ire more bas ic and far-reach ing sy s t em ch anges for the ir 
sat i s fac t ory solut ion . 

Short-term Stre s s e s  

Change s i n  e s t ab l i shed me thod s a lway s induce s t re s s e s  i n  the 
a s soc iated working s truc ture s .  W i th the rap id changes  in tech
no logy , bus ine s s , and soc i a l  expec t a t ions in th i s  c oun t ry , it  is  
not  surpri s ing th a t  the eng ineer ing commun ity i s  frequent ly b e s e t  
b y  loc a l i zed , short-term prob l ems tha t  c a n  have intense impac t s  o n  
a f fec ted sys tem e lement s  and o n  th eir re spon se s .  Whi l e  i t  i s  un
l ike ly tha t  a l terat ions in the infras t ruc ture can ant ic ipate and 
prevent  the future occurrence of such short-term sy s t em drive r s , a 
b e t t e r  unders t and ing o f  the ir charac ter i s t ic s  migh t  enab l e  some 
common sys tem correc t ions to be ident i f ied wh ich cou l d  e a s e  adve r s e  
impac t s  in t h e  future . 

Seve ral c a tegories  o f  short-term prob l ems warrant e xaminat ion . 
Becau s e  o f  the spec i f ic  event s and c i rcums t anc e s  tha t  cont ribut e  t o  
e ach such occurrenc e , the commi t tee sugge s t s  that rather than 
hypothes izing prob lems for eva l ua t ion in Phase II, known prob lems 
from th e recent pas t  shou ld be s e lec ted as repre sent a t ive c a s e  
s tud ie s . Al though anecdo t a l  evidenc e  abound s abou t such prob l ems , 
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i t  w i l l  b e  nec e s sary t o  examine each s e lec ted c a s e  in enough de t a i l 
to e s t ab l i sh a fac tua l , cred ib l e  unders tand ing o f  the cause-and
e f fe c t  re l a t ionsh ips . Ca tegor i e s  tha t  shou l d  be inve s t igated 
inc lud e : 

o Indus try-wide shortages o f  eng ineering manpowe r 
(e . g . , integra ted c i rcu i t  des ign); 

o Indus try-wide surp l u s e s  o f  eng inee ring manpower 
(e . g . , aerospace in th e early 70's );  

o F i e l d s  on h o l d  (e . g . , nuc l e ar power sys tem d e s ign);  and 
o Re tool ing for maj or produc t iv i ty change s ;  (e . g . , a s  in 

the auto indu s t ry ) .  

Long-t e rm  S t re s s e s  

There a re a number o f  p l aus ib le  future c ircums t anc e s  i n  wh ich 
one or more o f  the maj or e lement s o f  th e eng ineer ing infra s t ruc ture 
might b e  s t re s sed to the point o f  f a i lure unle s s  extens ive and re la
t ive ly permanent change s are  mad e .  The commi t tee recommend s tha t  
i l lus t ra t ive scenarios be  deve loped f o r  such c a s e s  t o  enab l e  the 
potent i a l  s t re s s  poin t s  t o  b e  ident i f ied . The extent t o  wh ich 
common prob lem areas a re d i scerned th rough such ana l y s e s  shou ld 
s trong ly i n f l uence the nature and prior ity  o f  future pol icy and 
program recommend a t ions . 

At leas t four c l a s s e s  o f  maj or engineering d r iving forc e s  c an 
be  visua l i ze d : 

o The nat iona l adop t ion o f  one or more ma j or Fe deral 
programs wi th h i gh sc ien t if ic and techno log i c a l  
c ontent ; 

o The emergence o f  new t ech no l og ies  with bene f i t s  
tha t warrant rapid int roduc t ion into comme rce ; 

o The c o a l e s c enc e o f  s oc ia l  expe c t a t ions into man
da t e s  for extens ive change s wi th techno l ogic a l  
i mmp l i c a t ions ; and 

o Int erna t iona l compe t i t ion . 

A number o f  b road topics  shou ld be inve s t igated t o  de termine 
the potent i a l  impac t s  o f  future event s on th e variou s  e lement s o f  
th e eng ineering infra s t ru c ture . P l aus ib l e  i l lus trat ive scenarios  
shou l d  b e  d eve loped in enough d e t ai l  t o  show the manpowe r ,  educa
t iona l ,  and j ob-per formanc e imp l icat ions o f  the topic . Enough 
topi c s  shou ld be inve s t igated t o  e s tab l i sh whe ther a reasonab ly 
b road range of fu ture sc enar ios produce common or topic- spec i f ic 
s t imu l i  t o  th e eng ineering sys tem*. 

*The Commi t t ee was ab l e  to quickly deve lop a repre sent a t ive l i s t  o f  
potent i a l  topic s ,  a s  d i scussed i n  Append ix C .  
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F o r  examp l e , c e r t a in l ong- t e rm  programs , such a s  nat iona l de
c i s ions to  deve lop and dep loy certain type s of de fense sys t ems or 
advanced energy sys tems , require fundamenta l ly d i f ferent types o f  
engine e ring mob i l iz a t ions than d o  mos t  indu s t r i a l  o r  consume r-good s 
deve l opment s . The magni tude and c omp l ex i ty o f  the e f fort may re
qu ire th e para l le l  deve lopment of new infra s t ruc ture re l a t ionsh i p s . 
One o f  th e ch arac ter i s t ic impac t s  on requ irement s for eng ineer s  i s  
the long period o f  soph i s t i c a ted R &D  in which grea t demand s are made 
on gradua te-schoo led engineer s  and sc ient i s t s , with a b lurring of  
the norma l d i s t inc t ions be tween sc ienc e and eng ineering in the drive 
to create , ana lyz e , and u s e  new and nove l s y s tems . Ins tead o f  re
lying on the " c reat ive few" for techn i c a l  leadersh ip , the s e  "super
programs" b egin to  require th e "creat ive many . "  As a consequenc e , 
such e f fort s may requ i re engineer ing t a l ent  tha t  i s  qua l i tat ive ly 
d i f ferent from the pre sent out put  from today's graduates . 

INFRASTRUCTURE CHANGES 

Idea l l y ,  when the forego ing t a s ks are comp l e ted , the Phase  II s tudy 
shou l d  be in a pos i t ion to describ e : 

o Wha t the engineering e lement s  are and how they 
int erac t ;  

o The current s ta tus  o f  each e l ement , and i t s  current 
s t reng th s  and weakne s s e s ; 

o How (and how quic kly) the maj or e l ement s t end t o  
respond to change ; and 

o What the range o f  fu ture s t imu l i  and pre s sure s on 
the eng ineer ing infras t ruc ture migh t  be . 

I n  fac t , s ome o f  the s e  unde rs tand ings may only be  qua l i t a t ive , a t  
b e s t . None the l e s s ,  the s tudy group shou ld b e  ab le  to  proceed to a 
convi nc ing d i sc u s s ion o f  th e kind s o f  infras truc ture changes that 
appear d e s irab l e  or nec e s sa ry for the fore seeab l e  future , where in 
the sys tem they shou l d  occur , and when they shou ld occur.  

Th e range of  pos s ib le changes in the educat ion and ut i l izat ion 
of eng inee r s  th at  migh t  be ident i f ied c an be very large . At l ea s t  
the fol lowing topic s need t o  be examined : 

o The s tatus  o f  eng ineer ing vs . o ther s oc ie t a l  needs 
Priori t ie s  for the mos t  t a lented manpower 
Prior i t i e s  for other re sourc e s  
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o Preeng ineer ing educa t ion 
The needed content , qua l i ty ,  and intens i ty o f  

pre parat ion i n  mathema t i c s , sc ience , humani 
t ie s , and s oc ia l  s c ienc e  

The impac t o f  c areer guidanc e c ounse l ing 

o Undergraduate educ a t ion 
Nature of the curr icul a  (e . g . , fundament a l s  vs . 

spec ia l i zat ion , uni formity vs . d iver s i 
icat ion , se gmentat ion o f  eng ineering) 

Curr icu l a  content , new f ie ld s  (e . g . , f l exi
b i l i t y  in re sponse t o  s tate-o f-the-art 
and to  indus t r i a l  need s )  

Orientat ion (pre parat ion f o r  indus t ry vs . 
preparat ion for consu l t ing prac t ice) 

Fac i l it ie s  (e . g. ,  adequacy o f  capac i ty , l eve l 
o f  s oph i s t ic a t ion) 

Teach ing produc t ivity (us e  of modern 
techniques and pro�edure s) 

Comput e r  techno logy (integra t ion into the 
educat iona l proce s s )  

Al t erna t ive de l ive ry method s (e . g . , co-op and 
o ther programs) 

o Gradua te educat ion 
Fore ign s tuden t s  
Student qua l i ty (compe t i t ive opportun i t i e s )  
Re search fund ing (unc ertain behavior) 
Equipment fac i l i t ie s  (e . g . , ins t itut iona l 

sharing , consort ia) 
Ro l e  o f  indu s t ry 
Ro l e  o f  government 

o F acu l ty conce rns 
Ava i l ab i l i ty (intense compe t i t ion for l imi ted 

t a l ent poo l )  
Re cru i tmen t / re tent ion (a t trac t ivene s s  o f  other 

career opt ion s )  
Compe tence (e . g . , re s pon s ib i l ity o f  facu l ty to  

rema in current in the ir f ie ld o f  expert i s e ) 
Mo t iva t i on (e . g . , the qua l ity o f  work s i tuat ion 

in t e rms o f  compensat ion , prerequ i s i t e s , 
workload , per sona l s a t i s fac t ion) 
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o Cont inu ing educ a t ion/ profe s s iona l se l f-renewa l 
Mo t iva t ion for per s ona l / pr o fe s s iona l s e l f-

renewa l 
Cos t  sharing 
Ou treach (on- s i te de l ivery)  
The ro l e  of pro fes s iona l soc ie t i es , indu s t ry ,  

academia 
The qua l i ty of ava i l ab le educat ion 

o F inanc ing pro fe s s iona l e ducat ion 
Re l a t ive import anc e to soc ie ty 
Ro l e  of government 
Ro l e  o f  indus t ry (ind ividua l companies; 

c onsort i a) 
Ro l e  o f  e duc a t iona l ins t i tu t ions 
The s tudent's share 

o Qua l i ty o f  work l i fe 
Chal leng ing work 
Invo lvement w i th management 
Commun icat ion wi th in the organ izat ion 
Opportunity and growth 
"Dua l Ladder" advancement 
Compens at ion 
Aff i rmat ive ac t ion 
Recogn i t ion and other intang ib le award s 
F lexib l e  hours 
Stab i l ity and secur i ty 

o Ut i l izat ion on a nat iona l s c a l e  
Eng ineers as a na t iona l resourc e 
Size  o f  the eng inee ring reservo ir 
De p l oyment against  prob lems and needs 
Image and recogn i t ion 
Retent ion 
Impac t of th e compu ter on the pro fe s s ion 
Nat iona l R&D po l icy 
Cont inuing educat ion 
Produc t ivity and cos t of eng ineer ing 
Engineers in management and gove rnment . 

A thorough examina t ion o f  the s e  kind s o f  topic s wi l l  enab l e  the 
Ph ase  II s tudy group t o  make f ind ings and recommendat ions o f  a c r i 
t i c a l  na ture • Areas warrant ing such c onc lus ions wou l d  be  expec ted 
t o  inc lude : 
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The need s o f  univers i t ie s ,  so tha t  they can 
rema in a t  the l eading e d ge of the various engineer ing 
d i sc ip l ine s and deve lopmen t s in an inf l a t ionary 
environment . The i s sue s have both f i nanc i a l  and 
pys ch o l og i c a l  conte nt , and inc lude the ma intenanc e 
and renewa l o f  fac i l i t ie s  and equ i pment ; the 
maintenanc e and evolut ion of academic and re search 
progr ams ; los s of endowment s treng th ; and the hea l th 
and we l l-b e i ng o f  facu l ty , inc lud ing ma teria l 
con s idera t ions , teach ing l oad s ,  pres sure , and pac e .  

The needs o f  indu s t ry and government for a cadre 
o f e ng ineers  in a wide var iety o f  d i sc ipl ine s for use  
in expans ions , new opportun i t ie s ,  and for replacement 
and evo lu t ion .  Th e s e  technic a l l y  tra ined per s onne l 
mu s t  f i l l  ro l e s  in a ve ry comp lex environment , and 
th e nec e s sary mat ch be tween the s ki l l s  of fut ure 
engineers  and the needs  of indus t ry and government 
des erve s care fu l  s tudy . 

The needs o f  s oc ie t y  t o  ma intain U. S .  technical  
preeminenc e and/or predominance in  an era  o f  intens e 
and growing fore ign compe t i t ion . Th e nat ion requ ire s 
engineers who can so lve pre s s ing prob lems with a h igh 
technical  content , a s  we l l  as those who can contr ibute 
to c ont inued increases  in the s t andard o f  l iving by 
u t i l iz ing l ower leve l s  o f  techno logy . It need s en
gineers who c an e s t ab l i sh and mon i tor techni c a l  
qua l i t y  s t andard s to ensure th e protec t ion and safety  
o f  soc ie ty . 
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RECOMMENDAT ION S 

The Uni ted S t a t e s  h a s  been we l l  served by the eng ineering communi ty 
and c an c ont inue t o  b e  we l l  served i f  reas onab l e  solut ions to the 
current  and poten t i a l  prob lems th at  b e s e t  th e various e lement s  o f  
th e c ommuni ty can b e  ident i f ied and imp lemented . Some o f  the prob 
l ems , part icu l arly  in  th e educat iona l sector,  are o f  such c l ear and 
present conce rn tha t  they shou ld rece ive i mmed ia t e  ad hoc a t tent ion 
by appropr i a t e  groups . Howeve r ,  a coord inated , c omprehens ive s tudy 
of eng ineer ing over the re s t  of th i s  century , as  desc ribed in the 
b ody o f  th i s  report , i s  a l so needed , and we recommend that such a 

study now be conducted. On ly upon c omp l e t ion o f  such an e f fort 
wi l l  it be pos s ib l e  t o  convinc ing ly e s tab l i sh whe ther there i s  an 
impend ing overal l eng ineering c r i s i s , as  s ome sugge s t , tha t  wi l l  
requ i re far-reach i ng sys tem c orrec t ions , or whe ther the eng ineer
ring commun ity c an ,  w i th l e s s  dras t ic mod i f icat ions , be expec ted to 
ma intain the res i l iency tha t  wi l l  warrant our cont inued nat iona l 
c on f i dence . Thus , we recommend that the study be carried out 
within the next two years. 

Study Ob j ec t ive s 

The eng ineering community i s  l a rge , wide ly d i spersed , and very 
d ive rs i f ied . Any s tudy of the prob lems of the communi ty as a who l e  
wi l l  e i ther have to  focus o n  some leve l o f  genera l izat ions or wi l l  
have t o  b e  very l ong and cos t ly .  Because the ava i l ab i l i ty o f  the 
f ind ings may be c r i t i c a l  t o  the future viab i l i ty of the sys tem, we 
recommend that the study pursue an overall analysis of the engineer

ing infrastructure, rather than attempting to catalogue the indi

vidual problems and concerns of every engineering discipline or 
engineering field. However ,  because many o f  the ac t ions tha t  may 
be c a l led for wi l l  have to be taken a t  d e t a i led leve l s  to be e f
fec t ive , we recommend that the study structure be developed so that 
later, supplementary studies of specific fields and disciplines can 

be undertaken by an extension of the study protocols. 

It is further recommended that the study 

o Define the elements of the engineering 
infrastructure and their interrelations; 

o Deter.mine the current status of the principal 

infrastructure elements and their historical 

development over the past 50-60 years, including 

their historical relations to major economic, 

political and technological events; 
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o Identify the stimuli for decision�aking for the 
main infrastructure elements and their typical 

response modes; 

o Provide projections of future events that might affect the 
engineering system over the rest of the century; and 

o Recommend policies and programs to make necessary 

changes or additions to the engineering infra
structure, and indicate the priorities for such 

actions. 

Th e  s tudy mu s t  re cogn i z e  th e s t a te o f  f l ux th a t  exi s t s  wi th 
regard t o  the ava i l ab i l ity o f  re sou rc e s  for th e support  o f  e ng i 
neer ing i ns t i tu t ions and programs . A priori assump t ions ab ou t the 
gove rnment ro le  may not be  t enab le .  Thus , we recommend that the 

study identify options for private industry and the academic in

stitutions, as well as for the government, in the actions needed to 
enhance the engineering system. 

Study Organiza t ion 

Whi l e  i t  i s  con t emp l a t ed tha t  the recommended s tudy wi l l  
addre s s  a broad spec trum o f  interre l a ted i s sue s , i t  wi l l  be  com
pri sed of a comb ina t ion of separate s tudy t a s ks . To ensure tha t  the 
nece s sary int erre l at ions among the s e  t a s ks a re pre sent and c ons i s 
t ent , it is recommended that the study be conducted under the aegis 

of an overall steering committee. Th i s  commi t tee shou ld provide 
b road pol icy guidance , a s s ign spec i f ic t as ks , review the progre s s  
and ou t pu t s  o f  th e task groups , and ac t as the pri nc ipa l authors of  
a f ina l report conta in ing the s tudy's f ind ing s  and rec ommendat ions . 

Af ter appropr i a t e  t as k  as s ignment s are d e f ined by the s teering 
commi t tee , subcommi t t ee s ,  each cons i s t ing o f  a ch airman and add i t ion
al members from th e s t eer ing c ommi t tee , together with add i t iona l 
exper t s  appropriate  t o  the topic , migh t  undertake some of the 
spec i f ic s tud ie s .  In conduc t of  such task a s s ignment s ,  it may be 
u s e f u l  for the subcommi t t e e s  t o  e s tab l i sh working groups for 
spec i f ic sub t opic s .  

Some o f  th e sub t op i c s  may lend thems e lve s  to s epara te inve s t iga
t ions tha t  c ou l d  be s t  b e  carr ied ou t as ind ividual e f fort s or may 
requ ire mo re conc entrated a t tent ion th an may be po s s ib le from 
part-t ime vo l unteers. We recommend that consideration be given to 

commissioned studies and papers, as warranted. 

In part i c u l ar ,  th ose  part s o f  th e s tudy th at re l a t e  to quant i ta
t ive data on the eng ineering workforc e , e i ther current or h i s toric al 
may bene f i t  from c oord ina ted ana lysi s  and interpre t a t ion by ou t s ide 
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b od ie s  o f  expe r t s .  We recommend that working arrangements be estab

lished wi th acti ve manpower anal ysis groups for t he 

coll ection, cl assification, and eval uation of data rel ated to the 

engineering workforce. 

Study Part ic ipant s  

I f  the recommended s tudy is t o  h ave a posit ive impac t , it wil l 
h ave t o  b e  rec e ived and viewed by the various e l ement s  o f  th e engi
neering c ommunity a s  a b a l anced , reasoned expos it ion o f  engineering 
and it s prob lems . Equa l ly important , howeve r ,  the report wil l have 
to be viewed by non-engineering dec is ion makers  as s ound and ob
j e c t ive , part icul arly insofar a s  recommenda t ions for ac t ion may 
c on f l ic t  with o th e r  na t iona l priorit i e s . Support for the s tudy's 
conc lus ions wil l be enhanc ed if a wide ly repre sentat ive group o f  
intere s t s  are invo lved in the s tudy . It is recommended that a 

bzoad gzoup of industrial , governmental , and academic leaders 

concerned with engineering, incl uding spokesmen for the principal 
engineeri ng societies, be invited to participate in t he study 

together with representatives of other professions and societal 
segments. 
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APPENDIX A 

RECENT STUDIES OF ENG INEERING EDUCATION PROBLEMS 

Wi th in the pa s t  year , several groups have l ooked a t  the prob lems 
fac ing the eng ineer ing educ a t ion e s t ab l i shment in the Un i t ed State s 
Some o f  the s tud i e s  have re sul ted i n  forma l  report s ,  o th e r s  have 
been o f  a le s s  forma l  charac t e r  or a re s t i l l  in progre s s . 

In Apri l ,  1980 the Na t iona l Ac ademy o f  Eng ineering i s sued a 
report l o f  a s t udy b a s ed on approximate ly 400 respon s e s  t o  a 
survey o f  the e ng ineering communi t y  regard ing important i s sues i n  
eng i neering educ at ion , ins t i tut ional support o f  eng ineer i ng schoo l s , 
unive r s i ty / indus t ry /governmen t  re l a t ionsh i p s , and the soc i a l  context 
of  eng ineering . By d e s ign , the s tudy focus ed on th e framework for 
dec i s ion-making , rath e r  than on the dec i s ion s  themse lve s , and d i d  
not purport t o  o f f e r  spec i f ic s o lu t ions f o r  spec i f i c  prob lems . In 
Oc t ober , 1980 the NAE extended i t s  c ons idera t i on o f  the univers i ty / 
indus t ry/gove rnment re l a t ionsh i p s  in a sympos ium reported in 1981] 
There was no e f fort t o  reach any consensus pos i t ion on the prob lems 
of academe or the i r s o l u t ions . 

At th e reque s t  o f  Pre s ident Carte r ,  the Nat iona l Sc ienc e 
Foundat ion and the u . s .  Depa rtment o f  Educ at ion j o int ly prepared a 
report on techn i c a l  educ a t ion prob lems tha t  was re lea sed in Oc tober , 
19803 . The report addre s sed educ at iona l conc erns a t  the secondary 
a s  we l l  a s  c o l legiate  and pos t-c o l legiate leve l for sc ience , ma the
mat i c s , and engineer i ng . W i th regard to eng ineering , the report 
iden t i f ied a fac u l t y  short age i n  mo s t  fie ld s , a s  we l l  as  a sh ort
term eng ineer short age in many f ie lds . In the l onger term, the 
report wa s op t imi s t i c  ab ou t eng ineering supp ly/demand re l a t ionsh i p s , 
except  pos s ib ly a t  th e PhD l eve l .  The s tudy rec ommendat ions were 
genera l ,  and l a rge ly involved propo s a l s  for inc reased federa l 
support programs . 

On December 3-4 , 1980 a conferenc e  a t  Sh akert own (KY) c on
s i d ered the d imens ions of th e eng ineer ing facu l ty shortage , and 
c onc l uded th a t  i t  was of c r i ses proport ions . In the report o f  the 
c onf erenc e4 , th e American As soc iat ion of Eng ineering Soc ie t i e s  
and /or the Na t i ona l Ac ademy o f  Eng ineering were urged to  prepare a 
de f i n i t ive "wh i t e  paper" on the short age . 

An Engineering Foundat ion Conferenc e , sponsored by the 
Ac c red i t a t ion Board for Eng ineering and Techno l ogy was h e l d  July 
26-3 1 ,  1981 in Rindge , N . H . on the Aims and Goa l s  for the Eigh t ie s  
i n  eng ineering educ a t ion .  The proceed ings report S iden t i f ied 
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two "pr ime c r i t i c a l" i s sue s .  F i rs t ,  the ra t io o f  s tudent s t o  
fac u l t y  membe r s  in  engine e r i ng s choo l s  in the Uni ted State s h a s  
incre a sed to  a leve l  t h a t  i s  decreas ing t h e  qua l ity  o f  engineering 
educ a t ion . Second , insu f f ic ient numbers o f  U . S .  c i t i zens are 
entering gradua te e ngineer ing schoo l s ,  and th i s  wi l l  resu l t  in a 
de creas ing p e rcentage o f  U . S .  c i t i zens who wi l l  become enginee ring 
profe s sors , from wh i ch a l ong- term decrease in the na t i on's cre
a t ivity  and produc t ivity in h i gh-te chnology a reas wi l l  fo l l ow .  
There was no unan imi ty o f  views o n  the mos t  e f fe c t ive and prac t i c a l  
s o l u t i ons to  the s e  i s sue s .  

I n  add i t ion t o  th e s e  pub l i shed s tud i e s  o f  eng ineering educ a t ion 
prob lems , the American Elec tronic s As soc iat ion pub l i shed an exten
s ive fore c a s t  o f  th e techni c a l  manpower requ irement s  in the e l ec
t ron i c s  indu s t r i e s  through 1985 6 . The survey , taken in the spring 
o f  1 9 8 1 , c ons idered the paraprofe s s iona l a s  we l l  a s  profe s s i onal 
need s o f  the indus t ry .  

Several  other s tud i e s  are e i ther s t i l l  underway , or wi l l  not 
appear in  pub l i shed form. The Engi nee r ing Deans Ins t i tute devoted 
the i r  mee t ing o f  Apr i l 1 2- 1 5 , 1981 to  sympos ium d i sc u s s ions o f  
unive rs i t y  re l a t i onsh ip s  w i th indus t ry and the federa l government . 
In th e summe r o f  1 9 8 1 , I EEE/ Spec t rum c onvened a round tab le d i scus
s ion o f  pos s ib le programs t o  ove rcome facu l t y  sh ort age s ,  equ ipment 
renewa l prob l ems , s tudent support programs , and th e l i ke .  An ac
c ount of the d i scus s ions wi l l  appea r  in the Novemb e r ,  1 98 1  Spec t rum 
A s econd mee t ing i s  p l anned t o  try t o  sharpen sugge s t ions for ac 
t ion s .  

The Na t iona l As soc iat ion o f  S t a t e  Un ive r s i t ie s  and Land-Grant 
Co l lege s  has recent ly e s t ab l i shed a s t eering c ommi t t ee to deve l op a 
program of  indu s try cooperat ion wi th l and grant schoo l s  for the 
s o l u t ion of e ngineering educ a t ion prob l ems . A maj or conferenc e for 
th e d i sc u s s ion o f  pos s ib l e  ac t ions is b e i ng p l anned for the spring 
o f  1 982 . 

A two-year s tudy h a s  j u s t  been l aunched by the American Soc iety  
for Eng ineer ing Educ a t i on t o  genera t e  pos s ib l e so l u t i ons t o  the 
engineering fac u l ty short age . Th i s  s tudy is be ing funded by grant s 
from e i gh t  indu s t r i a l  c orpora t i ons  made th rough the American 
As soc i a t ion o f  Eng ineering Soc i e t ie s .  

Each o f  the s e  s tudy ac t iv i t i e s  has  c ont ribu ted t o  a n  improved 
unde r s t and ing o f  th e c onc e rns of  ac ademe and/or the indu s t r ie s  to  
whi ch the ir graduat e s  f l ow .  S o  far ,  howeve r ,  the s tud i e s  have 
t ended to l ook on ly at p ie c e s  of the overa l l  engineering equa t ion , 
or have repre sented the v iews o f  only re l a t ive ly sma l l  numbers o f  
th e part ic ipant s in th e engineer ing proc e s s . 
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Proj e c t i ons  of  Profe s s i ona l s  and Paraprofe s s iona l s  
1 9 8 1- 1 9 83- 1 9 8 5 . "  Pa l o  Al to , Ca l i f . : Amer i c an Elec t ron i c s  
As soc i a t ion , 1 98 1 .  
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I 

APPENDIX B 

POTENTIAL OUTLINE OF PHASE I I  REPORT 

Introduc t ion 

A. Eng ineer ing a s  a f ie ld 
B .  The e ng ineering sy s t em 
C. Eng ineering goa l s  
D .  Goa l s  o f  enginee ring educa t ion 
E .  Pe rc e p t ions wh ich c a l l  for th i s  s tudy 

I I  His toric a l  Perspe c t ive 

A .  The deve lopment of  the pre sent sys t em 
B .  Good , bad , and neu tral expe riences  
C .  The dynamic s 
D .  Value added 

I I I The Pre sent S t a tus  o f  the Eng ineering Sys tem 

A .  Inventory 

1 .  Manpower 
2 .  Sourc ing and deve lopment ins t i tut ions 
3 . Pos t-en t ry support s t ructure s  

B .  Re sponse dynamic s o f  

1 .  Student s 
2 .  Unive r s i t ie s  
3 . F acu l t ie s  
4 .  Engineer s  
5 . Indus t r ie s 
6 .  Government 
7 .  Pro fe s s iona l soc ie t i e s  and ac ademi e s  
8 .  Sc ient i s t s  

C .  S t imu l an t s  to  ins t i tut iona l chang e s  

D .  St imu l ant s t o  ind ividua l choi c e s  

IV Short-term I s sue s 

A.  Manpowe r shortage s and surpluse s 
B.  D i s l oc a t i ons 
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c .  F ie l d s  on hold  
D .  Re indus t r i a l izat ion and produc t ivity 

V Long-t e rm  Scenarios and the i r  Pos s ib le Impac t s  

VI Cos t s  o f  Insu f f i c ient and Surp lus  Eng i neering 
Re s ourc e s  

A .  Economi c 
B . Human 
c .  Indus tria l 

VII  F u ture Eng ineering Capac i t ie s  and Capab i l i t ie s  

A.  Measurement prob lems 
B .  Pos s ib le improvement s 
C .  Re spons ib i l i t ie s  

VI II  F ind ings 

IX Re c ommendat ion s  
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APPENDIX C 

PO SSIBL E  FUTURE ENGINEERING/ PROBL EM  INTERFACES 

At its  in i t i a l  mee t ing ,  the Commi t tee cons idered a l is t  o f  a lmos t  
1 50 t op i c s  th a t  migh t  b e  c ontemp l a ted a s  important potent i a l  driving 
forc e s  on the eng ineering c ommuni ty over the next twenty years as  a 
c onsequenc e of  the i r  poten t ia l  ec onomic , po l i t ic a l , or t e chno l ogi c a l  
impac t s  o n  the Ame rican scene . For  purposes  o f  d i sc u s s ion ,  the s e  
we re grouped into twenty-e igh t  subcategor ies w i th i n  the maj or 
c ategorie s o f  

o The Economy 
o Na t iona l De fense 
o Qua l i ty o f  L i f e  
o Ene rgy 
o Transport a t ion Sy s t ems 
o Informa t ion Sys t ems . 

Af ter a genera l cons idera t ion o f  the type s o f  i s sue s and 
prob lems tha t  migh t be posed by e ach top ic , e ach a t tendee was asked 
t o  rate four charac t e r i s t ic s  o f  e ach subc ategory : 

o The importanc e o f  the topic o f  our nat iona l future ; 
o The techno l og i c a l  content o f  the topic ; 
o Th e opportun ity for the app l ic a t ion o f  techno logy to an 

improved unders t and ing of the topic ; and 
o The adequacy wi th wh i ch the topic i s  present ly be ing 

addre s s ed . 

B a s ed on the rat ing s , the topic s tha t  were ident i f ied by the 
group a s  h av i ng the common charac teri s t ic s  o f  a h igh potent i a l  
impor t anc e t o  t h e  nat iona l fu ture , a high technolog i c a l  c ontent , and 
the opportun i t y  for th e app l icat ion o f  techno logy to the improved 
hand l ing o f  the topic inc luded : 

o Produc t ivity improvement s 
o Fore i gn compe t i t i on 
o Qua l i ty improvement s in good s and servic e s  
o Growth/ energy re l a t ionships  

-3 2-

Copyright © National Academy of Sciences. All rights reserved.

Education and Utilization of Engineers:  Recommendations for a Study
http://www.nap.edu/catalog.php?record_id=19724

http://www.nap.edu/catalog.php?record_id=19724


o Techni c a l  pari ty in de fense 
o Re l iab i l i ty and ma intainab i l i ty o f  de fense sys t ems 
o Environment a l  qua l i ty 
o Urban prob lems 
o Hea l th c are 
o Educ a t i on sys tems 
o Ene rgy 
o Interc i ty t r an sport at ion sy s tems 
o Informa t i on s y s t ems 

Mo s t  o f  the s e  t op i c s  we re c on s i dered to  be  rece iving only 
re l a t ive ly l ow or moderat e ly e f fec t ive current trea tment and could , 
pre sumab ly , b e  b e t ter hand led i f  dec i s ions were to b e  made t o  emp l oy 
techno log i e s  appropri a t e  to  the ir na ture . 

Ba sed on th i s  b r ie f  exerc i s e , i t  was the op inion o f  the com
mi t tee tha t  th i s  or s imi lar approach could b e  read i ly app l ied t o  the 
ident i f i c a t ion o f  a range o f  prob lem- s c enarios  th a t  migh t  impac t on 
the eng ineer ing c ommuni ty in a s ign i f icant way , and from wh ich 
s e lec t i on s  cou l d  b e  made for d e t a i led impac t ana l y se s .  
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