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Chapter 4

Engineers: A Special Case

INTRODUCTION
Among the many thousands of workers displaced

from defense jobs, one group of special concern is
engineers. Their skills and education make them a
national asset. An important public policy issue is
how to put displaced defense engineers to good use
on the civilian side of the economy.

Engineers are heavily represented in the defense
sector. Military purchases are concentrated in manu-
facturing, especially durable goods, and these are
engineering-intensive industries.1 Moreover, the de-
fense side of durable goods manufacturing industries
(e.g., aircraft manufacture) is more engineering-
intensive than the commercial side. Estimates of the
number of engineers engaged in defense work differ,
depending on definitions and method, but a reasona-
ble estimate for 1990 (the latest year for which data
are available) is 342,000, or 18 percent, of the
Nation’s 1.86 million engineers, including 73,000
employed directly by the Department of Defense
(DoD) (table 4-l).

Recent layoffs reflect the concentration of engi-
neers in defense industries and their vulnerability
during downsizing. Roughly 30 percent of the 6,500
layoffs at the McDonnell Douglas facility in Long
Beach, CA from July 1990 to June 1991 were
engineers. About 30 percent of the 3,000 workers
laid off at McDonnell Douglas in St. Louis in the
summer of 1990 were engineers. Of the 3,000
workers laid off from the same facility immediately
after the A-12 program was canceled in January
1991, nearly half were engineers, The General
Dynamics facility in Fort Worth, TX, laid off 9,000

employees from July 1990 to July 1991; of these,
2,500 (27 percent) were engineers.

Reports from several places affected by defense
cutbacks since 1988 indicate that many of the
laid-off workers have had some difficulty finding
new jobs, but engineers generally fared better than
blue-collar workers. Eventually, most defense engi-
neers have found jobs in their fields at good salaries.
However, the job search is often long and arduous,
and not infrequently the new job is with another
defense firm and thus vulnerable to future layoff.
Certain subgroups, chiefly older engineers and
nondegree engineers, have had the most trouble
finding new employment. By the end of 1991,
defense layoffs were still accelerating.

PROSPECTS FOR DISPLACED
DEFENSE ENGINEERS

Total engineering employment grew during the
1980s, rising from 1.6 million in 1984 to 1.86
million in 1990.2 OTA’s estimate of 342,000 engi-
neers, or 18 percent of the total, in the defense sector
is based on a National Science Foundation (NSF)
survey in which engineers reported whether their
jobs were funded by the Department of Defense
(DoD). The percentage replying in the affirmative
was then applied to total engineering employment,
as reported by the Bureau of Labor Statistics.3

OTA estimates that from 1990 to 1995 as many as
127,000 defense engineering jobs could disappear
with reductions in defense spending, the winding
down of established weapons programs, and a
scarcity of new programs.4 This estimate assumes

lsix~ ~rmn[  of alI en~n=fing  jobs are in tie manufacturing sector, 53 percent in durable goods. National Science Foundation Science und
Engineering Personnel: A National Overview, Special Report, NSF 90-310 (Washington DC: The Foundation 1990), table B-18.

‘W.S. Department of Labor, Bureau of Labor Statistics, Employment and Earnings (various issues), amual  averages.
JThls includes en@ncers  cmployed as civilians by DoD, but not those whose jobs depended on non-DoD defense spending (see table 4-I fOr fticr

explanation).
4An ~ftcn cited and substantially  lower esti~te is tie forecast by the Institute of Electrical ~d Electronics Engineers, Inc., (fEEE) of a loss of 55~ooo

defense engineering jobs from 1989 to 1995. (Engineering Manpower New.~le(ter, vol. 2, No. 10A, Oct. 15, 1990, p. 1.) However, this estimate assumed
a very modest decline in spending, smaller than is currently projected by DoD, and a base level of defense engineering employment of only 240,000.
IEEE’s base-level number for defense engineers rests on application of the DRIjNSF economic modeling system to the Bureau of Labor Statistics (BLS)
estimate of the total number of U.S. engineers (based in turn on the Current Population Surveys conducted by the Bureau of the Census). OTA has
concluded that tlus method produces an underestimate of defense engineers, because it assumes that defense manufacturing at the individual industry
level is no more engineering-intensive than commercial manufacturing in the same industry. The IEEE estimate also assumed a 3 percent annuat average
reduction in defense spending. However, DoD now projects an annual average reduction of 4.1 percent from 1988 to 1995, and if DoD spending
eventually declines to as low as $169 billion in 2001, the rate of reduction through 1995 would probably be slightly faster. In the case of the faster paced
reduction, OTA estimates elimination of 127,000 defense-related engineering positions from 1990 to 1995.

–lo3–
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Table 4-l-Engineering Occupations in Defense and the U.S. Economy

Annual
Total

Nondefense engineers Defense engineers
Percent of employment

engineers total in growth
Specialty (thousands) (thousands) percent (thousands) percent defense 1987-1990

Aerospaoe . . . . . . . . . . . . 109 62 4% 47 14% 43.2% 1.6?40
Chemical . . . . . . . . . . . . . 71 67 4 4 1 5.3 4.1
civil . . . . . . . . . . . . . . . . . 234 210 14 24 7 10.1 3.7
Electrical . . . . . . . . . . . . 581 428 28 153 45 26.4 2.2
Industrial . . . . . . . . . . . . . 204 176 12 28 8 13.8 –2.6
Mechanical . . . . . . . . . . . 316 266 17 50 15 15.9 4.5
Subtotal . . . . . . . . . . . . . . 1,515 1,209 80 306 89 20.2 2.2
Other . . . . . . . . . . . . . . . . . 347 311 20 36 11 10.5 3.7
Total . . . . . . . . . . . . . . . . . 1,862 1,520 100 342 100 18.4 2.5
alnd~es defense  in~st~ engin~rs and DoD miiitary  and civilian engineers.
~ndudes  electn!cal  and electronics engineers.
SOURCE: Total U.S. engineering employment from the Bureau of Labor Statistics (BLS),  Employment and Earnings, various issues. Defense industry

engineering basedon data from the National Sdence  Foundation, U.S. Sc.#enMs and Engineers: 1986, NSF87-322 (Washington, DC: 1987). The
percentage of engineers in e=h  occupational category reporting that their jabs were funded by DoD was applied to the total number of engineers
reported in that category by BLS. This method was adapted from Ann Markusen  and Scott Campbell, ‘The  Occupational, Industrial and Regional
Distribution of Defense-Related Economic Activitv,”  draft DaPer  for txesentation  at the Annual North American Meetinas  of the Reaional Science
tiation, Boston, MA, Nov. 8-9, 1990. “ ‘ .

that engineering positions would be reduced in
proportion to the overall reduction in defense
employment. On the other hand, if DoD decides in
the future to develop new systems without putting
them into production (one strategy proposed for an
era of smaller defense budgets), the reduction in the
defense engineering work force could be less than
would otherwise be expected.

The timing of layoffs for engineers is often
different from that of the defense work force
generally. Engineering reductions tend to be front-
loaded, preceding layoffs from production lines.
This is because programs nearing the end of their
production runs are less engineering-intensive; the
engineers have completed their work and can be
released before shop floor workers. Many of the
biggest defense programs of the 1980s (e.g., General
Dynamics’s F-16 and McDonnell Douglas’s F-15
fighter aircraft for the Air Force, Grumman’s F-14
for the Navy, and General Dynamics’s M1A2 tank)
are coming to an end and few new programs are on
the horizon to replace them, which means engineers
can be let go while many production workers are still
needed. Also, engineers are more heavily affected by
the termination of new systems in their development
stage. For example, the cancellation of the Navy’s
next generation attack jet, the A-12, caused the
immediate dismissal of 7,000 workers, half of whom
were engineers. In this case, the engineers were laid
off before most of the production workers were even
assigned to the program.

This suggests that yearly employment loss for
defense engineers may have peaked. However, some
individuals could go through a second or even a third
wave of displacement, because considerable num-
bers of laid-off defense engineers have found new
jobs with other defense companies. This is an old
tradition among defense engineers, but it has new
meaning in a period of long-sustained cutbacks.

During the 1980s defense buildup, there was a
good deal of employment shuffling among defense
companies, as one started work on a new contract
and ramped up while another finished a program and
shrank. Sometimes, as in the enormous Plant 42
complex in Palmdale, CA, these companies were
next door to each other. Movement between firms
was fairly easy in an environment of increasing or
stable spending. But in 1990, when Lockheed closed
its aircraft manufacturing facility at Burbank with a
layoff of 9,500 employees, McDonnell Douglas in
Long Beach reduced employment by 5,000, and
other companies also cut back and laid off workers,
this previously open regional job market suddenly
shut down.

Early reports from outplacement centers that have
tracked laid-off defense engineers indicate that
many engineers (sometimes 40 percent or more) are
still finding work in the defense sector. Most of these
hirings are to replace workers lost to normal
attrition. But as the number of total defense engi-
neering positions continues to decline, this high rate
of industry reemployment cannot be sustained.
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While engineers as a group have been successful
thus far in avoiding overly long periods and high
costs of displacement, many are still at risk.

None of this means that defense engineers are in
a desperate position. For years, engineers have fared
better than the work force in general. Throughout the
1980s, the average annual unemployment rate for
engineers ranged from 1.4 to 3.0 percent while the
overall rate varied from 5.2 to 9.5 percent. Neverthe-
less, unemployment rates that look small on the
national scale can indicate hard times regionally for
engineers; the peak unemployment rate for engi-
neers in the 1970-73 period was 2.9 percent, in 1971.
Yet unemployment among engineers was severe in
some areas, especially in and around Seattle. With
the current layoffs of engineers not only by defense
contractors but also by computer companies and
automobile manufacturers, the national unemploy-
ment rate for engineers rose from 1.4 percent in the
first quarter of 1989 to 2.6 percent in the first quarter
of 1991.5

Until recently, unemployment among engineers
was low even among older, typically less employ-
able, engineers. The Institute of Electrical and
Electronics Engineers, Inc. (IEEE), which represents
nearly 250,000 engineers in these specialties, found
in early 1990 that only 1.9 percent of its members in
the 50 to 59 age category were “involuntarily
unemployed, compared with 1.4 percent for all
member engineers. However, an indication of weak-
ening demand was the finding that 20 percent of the
engineers over 50 had been offered incentives to
retire early in the previous 2 years (up from 16
percent in IEEE’s 1989 survey) and 14 percent of the
engineers over 50 had retired before they intended to
(up from 6 percent in the 1989 survey).6

Forecasts from the late 1980s, before the end of
the Cold War changed the outlook for defense

Figure 4-l—Bachelor’s Degrees Awarded in
Engineering, 1945-90
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SOURCE: Engineering Manpower Commission, summer 1991.

employment, predicted a healthy market for engi-
neers through the end of the century, with employ-
ment growth of 2 to 3 percent per year.7 Whether
those demand projections will prove out is open to
question, but there is firmer evidence of a diminish-
ing supply of engineers. Demographic trends sug-
gest that the number of engineering school graduates
will not increase. The source of potential students,
the number of young adults in the U.S. population,
peaked in 1982 and will decrease steadily until
1998.8 The percentage of college freshmen selecting
engineering over other majors might change direc-
tion and rise, but the recent trend has been down.9

Figure 4-1 shows the number of bachelor’s degrees
granted in U.S. engineering schools each year since
1945. Degrees awarded peaked at 78,178 in 1986
and have fallen steadily since, to 65,967 in 1990.10

To the extent that new engineering graduates are in
short supply, engineers affected by the defense
build-down could be a valuable resource to meet the
demand.

5Unpublish~  &ta from the BLS, U.S. Department of Labor. These quarterly rates are not seasonally adjusted. The unernpIoyrnent  rate for engineers
dropped later in 1991, falling to 2.1 percent in the third quarteq the average unemployment rate for the year ending !kp~ 30, 1991 was 2.3 percent.

s~ti~te of )31ectrical  and  Electronics Engineers, rnc., IEEE Member Opim”on Survey, J990 (New York NY: 1990), pp. 2-11, 2-18, and 3-16.
TGwrge  s~ves~  ad Jo~ L~i~c&  c{~ojwtiom  of occupatio~ Employment’ Month/y Lubor Review, November 1989,  P. 45; U.S. Natio~

Science Board, Science andEngineenng  Zndicafors4989,  NSB-1  (Washingto% DC: U.S. Government printing Offlce, 1989), p.235; Gary Sti ‘From
Swords to Plowshares,’ IEEE Spectrum, November 1989, p. 45; U.S. Department of Energy, “Energy-Related Scientists and Engineers, 1988 to 1994,”
internal working paper, December 1989, pp. 3-5.

~estor E. Terlechyi,  Employment of Natural Scientists and Engineers: Recent Trena3  and Prospects, Report No. 224 (Washington DC: National
Planning Associatio~  1986).

90~ ~ Previouly  dmwmt~  a d~l~e  in interest of entering freshmen in natural science and engineering @Ors---fiom 27 Wrcen4  or about
286,000, in 1978, to 24 percent, or about 246,000, in 1986. U.S. Congress, Office of Technology Assessmen4  Educating Scientists and Engineers; Grade
School to Grcxi  Schooi,  0121-SET-377 (Wa.shingto4  DC: U.S. Government printing OffIce, June 1988), p. 48.

lo~anpower  comnt~,  VO1. 27, No. 10, December  l~o~  P. 26”
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ENGINEERS’ EXPERIENCE
AFTER THE VIETNAM WAR

Current decreases in the defense budget have
aroused interest in examining previous reductions
for indications of what to expect and lessons on how
to cope. However, the previous reductions differed
significantly from the present one. The sharp drop
after World War II did not result in much unem-
ployment for engineers because pent-up demand for
automobiles and other consumer items supported a
rapid conversion of companies (and engineers) from
defense to commercial work. Layoffs at the end of
the Korean War were minimal because the Cold War
had begun. Defense spending (especially in aircraft)
remained high compared to the peacetime levels just
after World War II, including substantial spending
for research and development (R&D) on sophisti-
cated weapon systems.

The concern today is to avoid repeating the
dislocations of the early 1970s, when the Vietnam
War build-down coincided with detente between the
United States and the Soviet Union. Inconstant 1991
dollars, defense outlays dropped from $342 to $235
billion from 1968 to 1973, with a further drop to
$213 billion in 1976. NASA and its contractors
watched their employment plummet from 410,000,
including 86,000 scientists and engineers, to 135,000
from 1965 to 1973.11 Civil aircraft sales fell sharply
in the 1968-71 period, from $5.0 to $3.8 billion.12

The result of these three simultaneous blows was a
steep drop in aerospace industry employment, from
1.5 million in 1968 to 920,000 in 1972, and a further
decline to 820,000 in 1977. Defense industry jobs
plunged 900,000 in the 2 years 1969-71. A Depart-
ment of Labor (DOL) program begun in 1972 to
provide assistance to unemployed engineers, scien-
tists, and technicians estimated that 75,000 to
100,000 of these professionals were out of work at
the time.13

Current economic and employment conditions
bear some resemblance to those in 1968. From 1968
to 1976, defense industry employment fell 47
percent; from 1987 to 1995, it could drop as much as
40 percent. In the early to mid-1970s, the U.S.
economy moved in and out of recession; unemploy-
ment climbed from 3.4 percent in 1969 to 5.8 percent
in 1971, and then, after a partial recovery in 1972-73,
up to 8.3 percent in 1975. In 1990, the economy
again moved into a recession, and unemployment
rose from 5.1 percent in June 1990 to 6.7 percent in
October 1991.

Other aspects of the economy and employment
are quite different now. In 1968 defense spending
was 9.2 percent of the gross national product (GNP);
it was 6.5 percent in 1987 and had dropped further
to 5.5 percent by 1991. Defense contracts are less
important to many local economies now than they
were in 1970.14 Importantly, the defense and com-
mercial aerospace businesses both fell sharply at the
same time in 1970-73, while in the early 1990s
commercia1 aircraft production remained fairly
strong as military aircraft production declined. And
where total employment in the space program fell by
two-thirds between 1965 and 1973, it has been
relatively stable ever since. The aerospace industry
is more diverse now than in the past; in the 1960s,
government spending was responsible for approxi-
mately 80 percent of aerospace sales, but it currently
accounts for only about 55 percent.15

All in all, the stability of the nondefense segments
of the aerospace business (commercial aircraft and
space) has softened the impact of the engineering
layoffs in the defense segment. In 1970-73, defense
industry cutbacks and other layoffs resulted in a 13
percent reduction in total engineering employ-
ment.l6 From 1987 to 1990, while defense industry
employment was declining 6 percent, total engineer-
ing employment continued to increase. Even if there
were no overall growth in engineering employment
between 1990 and 1995, and 127,000 defense

1lTrudy Bell, ‘‘Back to the Future: A Perspective,’ IEEE Spectrum, November 1989, p. 44; Aerospace Industries Association Aerospace Facts and
Figures 1990-91 (WashingtorL DC: 1990), p. 152.

lzAero~a~ hdustri~  Association Aerospace Facts and Figures 1983-84 (WM@tom Dc: 1983), P.15.

lscomp~oller  General of the United states, “Reemployment Assistance for Engineers, Scientists, and Technicians Unemployed Because of
Aerospace and Defense Cutbacks, ” Report to the Congress horn the General Accounting OffIce, Acaxsion  Number 093372, Dec. 5, 1973, p. 1.

]dAs not~ ~ Ch. 1, tie defe~e  pwc~es iII Cwofia dec~ed from 14.6  percent  of gross Stite product in 1968 to approximately 7 percent  kl 1990.

15&rospace  ~du~~es Association “~mspau Employment  Trends, 19G1-9&~e  kpact  of Defeme ~d commerci~  Spending ~d other
Factors,” March 1990.

16 Natioml ~ademy of En@~Mg, committee cm ~g~eering ~npower  policy, Engineen”ng  ad Scient.$c  kfanpowc?raecovwe&ti@M  for
the Seventies (Washingto~ DC: 1973), p. 8.
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engineering positions were lost while no new jobs
were created elsewhere-not a likely prospect-less
than 7 percent of engineering positions would be
lost. To reach a 13 percent loss, an additional
117,000 nondefense positions would have to disap-
pear. This seems beyond the bounds of reasonable
likelihood, given recent and long-term trends.

These comparisons indicate the employment situ-
ation for defense industry engineers as a group
should not be as difficult in the early 1990s as it was
20 years earlier. The larger, less defense-dependent
economy should more readily reabsorb the engi-
neers. The lessons from the government programs of
the earlier era will be discussed later in this chapter.

MOVING FROM DEFENSE TO
CIVILIAN EMPLOYMENT

Defense engineers have several distinct demo-
graphic and professional characteristics that may
affect their prospects for finding jobs in the civilian
sector. First, they are somewhat older and have
higher levels of education.

17 While they may possess

educational advantages in seeking new jobs, the
pool of equivalent commercial engineering jobs may
be limited. It is possible that their extra education
may even be a handicap; they could be rejected as
overqualified.

Some people fear that the nature of defense work
makes engineers too rigid and specialized for work
in the commercial environment. Also, defense engi-
neers are said to be slow to move to the civilian
sector because they are overpaid in the defense
sector and hold unreasonably high expectations for
their earnings potential in commercial enterprises.
The available evidence, discussed below, suggests
that these fears are exaggerated.

Finally, defense engineers have different special-
ties from the general run of engineers, and moving
to another specialty requires substantial retraining.
The principal engineering specialties are electrical
(including electronics), civil, mechanical, industrial,

aerospace, and chemical. As table 4-1 shows,
defense engineers are much more concentrated in
aerospace and electrical specialties than engineers
generally, and less in civil and chemical specialties.
Displaced defense engineers whose specialties have
a comparatively limited civilian market----especially
if that market is not growing-are likely to encoun-
ter more than the usual difficulties moving into
civilian jobs. But so far data on actual reemployment
experience by specialty is too limited to allow any
hard and fast conclusions.

Inter-Industry Mobility: The Record

Some civilian employers are predisposed against
the defense industry and its employees—sometimes
even when the employer and employee are in
different divisions of the same fro-on the grounds
that defense and civilian work environments differ
too much for defense engineers to make the move.18

Key differences are the time frames for product
development (long in defense, short to medium in
commercial); the balance between cost and perform-
ance (cost is often second to performance in defense,
cost and reliability are more important in commer-
cial); and the need to satisfy one customer in
defense, versus many in commercial. In addition, the
critics say that defense engineers put so much of
their effort into pushing paper to meet burdensome
DoD documentation requirements that their techni-
cal skills become obsolete from under-use.

These opinions can be tested against recent
experience. Reports so far show that more than 60
percent of Lockheed’s white-collar outplacement
from its Burbank facility, 82 percent of Texas
Instruments’s white- and blue-collar outplacement
from its Dallas defense plants, and 83 percent of
laid-off McDonnell Douglas’s engineering out-
placement have been with nondefense firms. How
many of the placements from Lockheed and Texas
Instruments were engineers moving to new engi-
neering positions is not clear, but officials at both
companies believe it is a substantial number.19

17Joshua  I.erner,  ‘‘The Mobility of Corporate Scientists and Engineers Between Civil and Defense Activities: Evidence from the SSE Database,”
Science, Technology, and Public Policy Program, Harvard University, Science, Technology and Public Policy Program, Discussion Paper 9002,  August
1990, p. 12.

lgAccording to Business  Week (JulY 2, 1990,  p. 67), “Even highty skilled engineers sometimes have trouble finding jobs, tainted by the defense
industry’s reputation as being bureaucratic, late to marke~ and frequently over-cost. ’ Seymour Melrnan+ an advocate of defense-to-civilian industry
conversions, states: “Engineers with long experience in the military industry are professionally incapacitated to various degrees from performing in the
civilian economy. ” (quoted in Stix, IEEE Specrrum, op. cit., p. 45.)

l~a~wn G~i~s, ~~eed  @~bank)  c~eercentm, personat communi~tio~  June  3, 191;  DaII  McM~, Texas Instruments Placement Center,
personal communication% May 16, 1991.
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Grumman reported that most of its engineers out-
placed during 1989 ended up in engineering jobs,
with slightly less than half outside of defense.20

Many of the younger engineers left manufacturing
and were working in financial services and computer
systems. None of these company officials offered
examples of moves by defense engineers into
nondefense aerospace engineering. However, a rep-
resentative of the engineers’ union at Boeing, the
Seattle Professional Engineering Employees Asso-
ciation, stated that the company frequently moves
engineers between the defense and commercial sides
of the company .21

The National Science Foundation’s (NSF) Survey
of Scientists and Engineers (SSE) shows more
mobility between the two sectors than might have
been expected. In a study for Harvard University’s
Science, Technology and Public Policy Program,
Lerner used the SSE data to examine mobility
between the defense and civilian sectors from 1982
to 1986, a time when employment in the defense
sector was increasing rapidly.22 He found that 24
percent of the scientists and engineers employed in
the defense industry in 1982 had transferred to
civilian industry jobs 4 years later. He also reported
that much of this mobility apparently took place
within firms.

Taken together, the SSE data and the more recent,
though incomplete, company outplacement data
show that many defense industry engineers do
successfully move into civilian industry jobs. Indi-
vidual defense engineers may fail to maintain
up-to-date technical skills and thus limit their
reemployment possibilities, but this failing is not
unique to defense engineering. Many defense engi-
neers are working on the leading edge of technology
in materials, electronics, and communications, and
are in a strong position to move into the civilian
sector.

Salary Levels

Another factor said to limit mobility between the
two sectors is differing pay levels; some employers
generalize that defense industry engineers are over-

paid compared to their counterparts in the commer-
cial sector. Two sets of figures, comparative salaries
in different industries and the salaries of engineers
moving from one sector to the other, cast some doubt
on this perception.

Table 4-2 shows median annual salaries in 1989
for engineers in six major industrial groups, by
number of years since the engineers received their
bachelor’s degrees. The first three industry groups
(aerospace; electrical machinery, electronics, and
computers; and electronic equipment) have a signifi-
cant defense industry component. But salaries for
engineers in those groups trail those in two of the
three commercial sector groups (electric utilities and
chemicals, drugs, and plastics) and are only slightly
ahead of the third (automotive). Table 4-3 shows the
mean total compensation for all engineers in five
manufacturing areas in 1989, without regard for
years of experience. Defense industry engineers are
concentrated in the third of the five areas listed,
electronics and aerospace products. Engineers in this
category have an advantage over those in the
business equipment and wood products industries,
but not over those in chemicals and primary metals.

The 1982 SSE compared average salaries for large
numbers of defense and nondefense scientists and
engineers. It showed that salaries were somewhat
higher on the defense side: 32 percent of defense
industry scientists and engineers made over $40,000
in that year, compared to 26 percent on the nonde-
fense side. The survey also indicated, however, that
the differences could be attributed to: 1) age
differences between the two groups (61 percent of
the defense scientists and engineers were over 40
years old vs. 45 percent of the nondefense); 2) the
higher education level of defense engineers (53
percent with 5 or more years of post-high-school
education vs. 48 percent of the nondefense); and 3)
the longer tenure of scientists and engineers in
defense companies with their current employers.23

Another indicator that defense industry engineers
are not overpaid is their ability to maintain salary
levels when they move into civilian jobs. In general,
mobility-hanging occupations, changing employ-

20Richard  Opsaul, Grumman Corp., Bethpage, NY, pemonal communication Nov. 7, 1991.
2 1 Dan ~omy, presid~t, s~ttie ~fessio~  l@~x@ Em@oy&s ASSOChtiO~  ~rSO~ comm~~tio%  ~. IQ lg~.

n~mr,  op. ~it. ~terafigly, r~~h on ~ved  defmw  layoffs in the early 1960s, a time when defense wloyfnmt  w~ ~so  ~~~~, fo~d
that 35 percent of defense engineers transferred to nondefense  work. (B. Curtis Eatom “Defense En@eers : Do They Have Special Reemployment
Problems?” Monthly Lubor Review, vol. 94, No. 7, July 1971.)

~~mer, ibid., p. 12.
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Table 4-2—Median Annual Salaries of Engineers by
Industry Group and Years Since Bachelor’s Degree

(In 1989)

Years since baccalaureate

Industry o 9-11 18-20

Aerospace . . . . . . . . . . . . . . . . . . . . . . . $30,050 $41,500 $51,650
Electrical machinery, electronics,

and computers . . . . . . . . . . . . . . . . . 30,450 43,350 51,650
Electronic equipment . . . . . . . . . . . . . 30,450 43,500 51,800
Chemicals, drugs, and plastics . . . . 31,700 49,100 59,800
Automotive . . . . . . . . . . . . . . . . . . . . . . . 30,150 40,950 46,300
Electric utilities . . . . . . . . . . . . . . . . . . . 31,600 47,100 56,750

SOURCE: Sa/arkwof  ScienMs,  Engineers, and TAniuans,  compiled by
Commission on Professionals in Scienee  and Technology, 14th
cd., February 1990, adapted from table 126; data originally
accumulated by Engineering Manpower Commission, American
Association of Engineering societies, 1989.

Table 4-3-Total Mean Compensation of Engineers
in Manufacturing, by Product Area (in 1989)

Total
Type of product compensation

Chemicals, pharmaceuticals, plastics,
and rubber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $40,388

Primary metal products . . . . . . . . . . . . . . . . . . . . . . . . . 39,411
Electrical, electronics, aerospace, and

aircraft products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39,106
Business equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34,299
Furniture and wood products . . . . . . . . . . . . . . . . . . . . 33,257

SOURCE: Sa/ariesofScientists,  Engineers, and T~nidans,  compiled by
Commission on Professionals In Seienee  and Technology, 14th
cd., February 1990, adapted from table 156. Data originally
accumulated by Abbott Langer  and Associates, Compensation
in Manufacturing, April 1989.

ers, or moving into a field that does not match the
field of highest degree-has negative effects on an
engineer’s salary.

24 However, several defense indus--

try outplacement officers reported to OTA that
displaced engineers who had found new engineering
jobs did not take salary cuts; a 1991 survey of
defense workers displaced from McDonnell
Douglas made a similar finding.25 SSE data showed
that scientists and engineers who moved from
defense to nondefense jobs between 1982 and 1986
fared better in salary changes than those who moved
in the opposite direction; 20 percent of the first
group had salary increases of $15,000 or more
during the 4-year period, against 14 percent of the
second group.26

In short, experience before the current defense
cutbacks provides little indication that the salaries of
defense engineers were inflated compared to those
of nondefense engineers or that their expectations of
maintaining salary levels when they moved into
nondefense jobs were unrealistic. However, finding
a new job after layoff is a different proposition from
a voluntary move, which was probably the situation
in most of the moves between defense and nonde-
fense jobs tracked by NSF in the period 1982-86.
Even if they were laid off, displaced professionals
had a far easier time finding new jobs without
sacrificing pay levels than most blue-collar and less
skilled white-collar workers in the prosperous mid-
and late 1980s. This may no longer be the case. The
stagnant or recessionary economy of the early 1990s
makes this a less propitious time for finding a
replacement job at equal pay, even for engineers.
Moreover, as the discussion below suggests, engi-
neers who have moved into management positions
and have not kept up their technical skills, or who
have become overspecialized or inflexible, or who
do not have an engineering degree but are neverthe-
less classified by their company as engineers, may
indeed have difficulty in moving to another job
without a significant cut in salary.

CURRENT LAYOFF AND
REEMPLOYMENT EXPERIENCE

Although no accurate count is available, it is clear
that tens of thousands of engineers had been laid off
from defense jobs since defense spending started to
decline, with the biggest layoffs occurring in 1990
and 1991. Because sizable layoffs began so recently,
few studies on engineers’ experience have been
completed. Most of the following discussion is
based on interviews with company human resource
staffs, State and local government personnel, and the
engineers themselves, supplemented by reports in
newspapers and magazines. This evidence indicates
that engineers are by no means as distressed by
displacement as they were in the cutback following
the Vietnam War, but that the job search can be long
and frustrating, and that older engineers and those
without up-to-date skills face genuine difficulties.

~Ro~rt C. Da~enbach  ‘‘Quali~ and Qualiilcations  in the Market for Scientists ~d E@ecM, ” Final Report to National Science FoundatiorL
NSF-SRS-851  1331, 1990, p. 56. Changes in responsibility are an exception.

~Fifty-seven percent of the engineers laid off from McDonnell Douglas’s defense facilities in St. Louis in 1990 and 1991 received the same salary
at their new jobs as at their old, while 20 percent went up and 23 percent went down. E. Terrence Jones, “The Layoffs at McDonnell Douglas: A Survey
Analysis, ” mimeo,  September 1991.

?li~mer,  Op. cit., pp. 20 ‘d 25.
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Layoffs

Some plant closures or contract cancellations
result in layoffs of all engineers, regardless of age,
experience, or performance. For example, at UNC
Nuclear in Montville, CT, termination of the plant’s
contract to build nuclear reactor powerplants for
Navy submarines means that all of the facility’s 300
engineers will have lost their jobs by the end of 1992.
Similarly, Lockheed’s decision to end its aircraft
construction program at its Burbank, CA facility has
meant layoffs for most of its engineers, regardless of
their skills or experience.

In other cases, companies are picking and choos-
ing. McDonnell Douglas’s vice-president of human
resources said of the company’s 1990 elimination of
17,000 positions, primarily white-collar jobs, ‘Gen-
erally, we thought, okay, what are the things we can
eliminate and what are the things we must do? After
we decided that, we asked, who are the people best
suited to do the work that’s left?”27 Genera l
Dynamics, United Technologies Corp.’s Pratt and
Whitney Division, and General Electric’s Aerospace
Division are among the major defense contractors
who are selectively downsizing to reduce costs and
increase efficiency and competitiveness. In addition
to layoffs of engineers in technical positions, eco-
nomic pressures are leading companies to thin out
management layers and reduce the size of their
central staffs.

State and local reemployment assistance agencies
report that, in some companies that are laying off
selectively, older engineers are being replaced with
lower-salaried young engineers. Confirmation of
these reports is difficult to come by. However, the
IEEE survey noted previously indicates that more
older engineers are being ‘‘encouraged” to retire
early than were in the recent past.28

Reemployment

Engineers’ prospects of finding a satisfactory new
job depend on a combination of factors, chiefly: 1)
their age; 2) their credentials and special skills; 3)
their willingness to relocate; and 4) the health of the
local and national economies. The health of the
national economy is an overriding deterrninant of
employment opportunities, but each of the other

Table 4-4-involuntary Unemployment Rates for
Electrical and Electronics Engineers, Early 1990

All other
Region ages Over 55

Northeast . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8% 1 .7%
East . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3 1.7
Southeast . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 3.0
Central . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2 3.7
Southwest . . . . . . . . . . . . . . . . . . . . . . . . 1.8 1.7
West . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9 3.1
United States . . . . . . . . . . . . . . . . . . . . . . 1.5 2.4
SOURCE: Institute of Electrical and Electronics Engineers, Inc., “IEEE

Member Opinion Survey, 1990” (New York, NY: 1990), pp. D-15
and D*7.  Table is adapted from data on these two pages, with
all retired respondents, voluntary and involuntary, excluded.

factors has considerable impact on how engineers
fare.

Engineers under 35 combine relatively low sala-
ries, high mobility, and well-developed computer
skills. Most young engineers with some experience
are having little difficulty finding new jobs. In
contrast, most outplacement and employment of-
fices interviewed reported that older (over 50)
engineers are having more trouble. The IEEE survey
of electrical and electronics engineers in late 1989
indicated an involuntary unemployment rate of 2.4
percent for those over 55 years of age compared to
a rate of 1.5 percent for those of all other ages
combined.29 Table 4-4 shows comparable unemploy-
ment rates in the two categories for six U.S.
geographic regions. Since 40 percent of the respon-
dents aged 55 or over were retired, and since 14
percent of those indicated they had been forced to
retire prematurely, the actual involuntary unemploy-
ment rates among over-55 electrical and electronics
engineers is likely to be 5 percent or more.

Outplacement officers reported that many mid-
level engineering managers (aged 40 to 55) are
having a hard time finding reemployment after the
1990-91 layoffs. Their difficulties often involve one
or more of these factors: 1) high salary expectations;
2) unwillingness or inability to relocate; 3) technical
obsolescence; and 4) corporate restructurings, which
have reduced the number of management levels in
many companies. Engineers who have been pro-
moted into mid-level management positions may
have let technical skills atrophy; they find reemploy-
ment as an engineer after layoff difficult.

Z~B~iness  Month, October 1990, p. 78.
2S=, op. cit., pp. 2-18.

%id., pp. D-15 and D-67.
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Engineers without bachelor’s degrees are also
having a hard time getting new jobs. Many defense
contractors have, over the years, promoted or hired
non-degreed people for jobs classified as engineer-
ing, and now report them as having trouble finding
new jobs. The 1982 SSE showed that 5.7 percent of
people employed as engineers at that time lacked
bachelor’s degrees. Seventy-five percent of those
classified as ‘‘aeronautical engineers’ possessed
aeronautical or other engineering degrees, but 13
percent either lacked a degree in science or engineer-
ing or had no bachelor’s degree at a11,30 When
members of these groups are laid off, they often
suffer from the lack of broad-based technical skills
developed in engineering degree programs. Person-
nel offices may add to the problem by being
unwilling to take a chance on applicants without the
proper paper credentials. During the hard times for
engineers in the early 1970s, there were similar
difficulties for non-degreed engineers: in mid-1971,
the unemployment rate for engineers without a
bachelor’s degree stood at 4.4 percent, compared to
2.8 percent for those with the degree.31

Several outplacement centers report exceptional
reemployment difficulties for engineers who have
become very specialized, especially those engaged
for years in engineering activities peculiar to defense
contracting, e.g., reliability, documentation, and
defense software. Staff members at the outplacement
center for the General Electric Aerospace Division
plant in Burlington, MA say that 15 to 20 percent of
the engineers laid off there are niched in very
narrow, defense-oriented fields and are having
considerable difficulty finding new jobs.32

On the other hand, many outplacement offices
reported little trouble in placing engineers who were
in nonmanagerial jobs in high technology fields.
UNC Naval Products, in Montville, CT, for exam-
ple, reported few problems in placing its electrical
and mechanical engineers, many of whom were

actively involved with robotics. Engineers with
sophisticated processing and manufacturing exper-
tise often make employment transitions easily.
Engineers at the M-1 tank production facility at
General Dynamics Land Systems Division north of
Detroit, for example, are frequently drawn away by
the area’s automobile manufacturers.

Finally, the willingness and ability to relocate can
be important. With the New England economy
having hard times, the UNC Naval Products plant
reported that half of its engineers laid off in 1990
found new jobs outside of Connecticut. Earlier, exit
interviews with 70 engineers laid off from Grum-
man’s Aircraft Systems Division at Bethpage, Long
Island, in 1989 indicated that almost all had stayed
in engineering jobs but 53 percent had had to move
out of New York State.33 Some engineers, particu-
larly those in two-career families, may be less
willing to relocate, and hence may have a harder
time getting reemployed.

Although aggregate data on engineers’ reemploy-
ment experience are mostly lacking, a few compa-
nies have at least partial records, At Lockheed’s
company-operated outplacement service for white-
collar workers in Burbank, CA, half of the people
served were engineers, and about 70 percent of the
total were in technically oriented professions. The
office reported on 299 placements through May 10,
1991: 39 percent found jobs with other defense
contractors and subcontractors; 12 percent with
other commercial aerospace companies; and 49
percent with other commercial sector employers
including some in computer services, entertainment,
environmental services, health, insurance, and man-
ufacturing. 34 The high percentage reemployed in
other defense fins-a finding confirmed in less
quantitative reports from some other companies—
raises the concern that these engineers may go
through additional rounds of displacement as de-
fense spending continues to decline.

~r)afienbach Op. cit.

sl~~leen  Naughton, “Characteristics of Jobless Engineers,” Monthly bbor Review, October 1972, pp. 16-21.
Szsuch difficulties me not new. A major study of the transferability of defense engineers by Stanford Research Institute in the mid-1960s  (C.H.

Rittenhouse,  The Tran$erability  and Retraining of Defense Engineers, Report No. ACDA/E-l  10, prepared for U.S. Arms Control and Disarmament
Agency, November 1967) pointed out there were a substantially greater number of engineers in the defense industry engaged in documentation activities,
e.g.! in fiting specifications> ~dboo~, ~d ~n~s, and in systems atiysis and design+  than there were in civilian industry. wthough  systems
approaches are now widely used in commercial and nondefense government programs, in the mid- 1960s many of the engineers laid off from all of the
aforementioned job areas had major problems because of the shortage of comparable jobs outside the defense industry.

qqfic~d Opsaul, Grumman Corp. representative to the American Institute of Aeronautics and Astronautics (AIAA), personal communication Jan.
2, 1991.

W@- Griffiths,  Lockheed  (Burbank) Career Center, personal communication June 3, 1991.
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An April 1991 survey of 1,000 salaried and hourly
workers laid off by Texas Instruments in 1990
showed greater mobility from the defense to the
commercial sector—possibly a characteristic of the
electronics sector. Ninety percent of the respondents
were from the company’s defense sector, and
roughly two-thirds were salaried, with a substantial
(but unreported) number being engineers. Eighty-
two percent of the reemployed workers found their
new jobs in commercial sector firms, 16 percent
were rehired by Texas Instruments, and only 3
percent went to other defense fins. The data also
indicate the value of early warning. In this layoff, all
the workers received 60 days’ advance notice; 44
percent had found new jobs within 6 weeks, well
before the actual layoff occured.35

MOBILITY AND
CAREER-LONG EDUCATION

Adaptability is the key to mobility of engineers
from defense to civilian jobs. Too many years in too
narrow a specialty is the greatest handicap to an
engineer seeking to move into the civilian sector.
More broadly, flexibility is increasingly important
to all engineers and their employers in a time of rapid
technology change, intense global competition, and
shifting national priorities.36

Companies, the government, engineering col-
leges and universities, and individual engineers all
have responsibilities in maintaining a versatile
engineering work force. Engineers need a lifelong
commitment to continuing education to avoid tech-
nical obsolescence. Universities can offer courses, at
convenient times and places, that meet a midcareer
engineer’s professional needs. Companies can struc-
ture engineers’ careers to help them avoid obsoles-
cence by providing both internal mobility and
continuing education opportunities. Government

has a part to play both in providing scholarship aid
directly to engineers for continuing education, and in

tion, technical assistance,giving companies informa
and incentives to provide their engineers with
lifelong training.

As layoffs of longtime employees are increasingly
a fact of life in many U.S. companies, engineers are
having to look at their jobs as renewable, short-term
contracts rather than lifetime positions. It is becom-
ing common practice, for example, for companies to
reduce engineering staff to a core group and hire
contract engineers for one project at a time.37 IEEE
recently advised its members to become ‘‘mature
realists’ and not to ‘assume that your employer will
take care of you or that your job has tenure. ” It
emphasized the importance of taking responsibility
for one’s career, and advised engineers to “recog-
nize the need for lifelong learning to stay current and
competent in your profession. ’38 The case of
obsolescence may sometimes be overstated.39 Nev-
ertheless, engineers who continuously refresh their
professional skills increase their value to their
employers (and to society) and are less vulnerable to
replacement by recent graduates who have less
experience and cost less, but are trained in up-to-date
skills.

Career-long learning for engineers includes on-the-
job experience, professional development, and for-
mal course work. Several surveys indicated that
most engineers had taken part in formal training at
some time in their careers; that in the early 1980s
about half of all engineers were participating in
some kind of continuing education every year; and
that participation tended to decline with age.40 The
inconvenience of course offerings, especially long
travel times and distances, and excessive time taken
from family and personal life were the primary

sSDan  McMurtry,  Tew Instruments Placement Center, personal COmInUniUtiO~  My 16, 1991.
36Nati~~  Re~em~h  Council  ~c), committ~ on tie Eduction  and Utitition of the _&r, Mnel  on continuing  &hlCatiO@  Continuing

Education o~Engineers  (Washingto% DC: National Academy Press, 1985).
37u.s.  con=ess,  offlCe  of T~hno]ogy  ~ssmen~  Higher Ed~ation  for scie~e and Engineefln& llack~round  Paper, OTA-BP-SET-52

(Springfield, VA: National Technical Information Service, March 1989), p. 220, note 69.
3SIEEE, “fiofessio~ practices for Engineers, Scientists, and Their Employers,” Entity Position Statexnen4  IEEE United States Activities Boa@

Aug. 13, 1990.
WS=, for ~~ple, H.G. ~b “continuing  Professional Development at Mid-Career,” Proceedings, 1982 College-Industry-Education

Conference of the Amem”can  Society forEngineering Education (Washington DC: 1982), P. 12S. Kaufman said: “It may be thatj at least until midcareer,
professional obsolescence may decrease with age, mostly as a result of accumulated experience and selMearning. Obsolescence may be used by
employers as a convenient excuse for hiring younger and less-experienced professionals at salaries considerably lower than those which older
professionals have attained.”

‘@NRC, op. cit., pp. 19-27.
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reasons engineers gave for not taking training
courses.41

Help in overcoming these barriers might come
from both universities and companies. Most univer-
sities, however, have other priorities. A few major
ones (e.g., Stanford) have long taken an interest in
continuing education to engineers and provide it in
well-organized extension programs. But the large
majority give it little attention, concentrating instead
on what they see as their central tasks of undergrad-
uate schooling, traditional graduate education, and
research.42 In its 1988 report on continuing educa-
tion for engineers, a National Research Council
(NRC) panel suggested that since industry has a
direct interest in continuing education for engineers
that accommodates diverse students, extends the
boundaries of classes, responds to rapidly changing
technology, and controls costs, industry itself should
take on the primary responsibility .43 There are ways,
however, of combining industry and university
responsibilities. An example is the National Techno-
logical University, described in box 4-A, which
brings high-quality engineering courses from 40
universities to thousands of engineers and scientists
in private industry. Several States have also sup-
ported the formation of regional technology net-
works of a similar kind.

Companies have much more to offer in career-
long training of engineers than support of formal
courses offered by university engineering faculty.
Possibilities include rotations within the company to
avoid over-specialization; short courses (possibly
computer-based and self-paced) on specific topics;
and long-term guidance by supervisors on training

44 Some U.S. companiesneeds and opportunities.
an excellent job of devising training programs that

will keep their engineers versatile, flexible, and
up-to-date. (See box 4-B for an example.) However,
Japanese companies generally take this obligation
more seriously. One study found that large Japanese
firms are far more likely than U.S. companies to
broaden engineers’ experience by moving them
around within the company .45 Another described the
Japanese employer’s obligation to train the em-
ployee as “a corollary of the traditional long-range
outlook in Japan” and a complement to “the
employee’s sense of duty to the company. ‘ ’46 Young
engineers are introduced to the company with a
combination of formal classes at a company insti-
tute, assignment to a specific but off-line engineer-
ing project, rotation within the company, and most
important, long-term guidance by a mentor who is
responsible for the engineer’s well-being and educa-
tion. For older engineers, there are corporate techni-
cal schools, engineering seminars, internal l-year
‘‘engineering cramming“ programs, Company -
funded studies at Japanese or foreign universities,
and for many mature engineers, a job as production
manager, which draws on the engineer’s years of
on-the-job training and job rotation experience.

The Federal Government has not taken a very
active part in supporting or encouraging continuing
education for engineers. The National Science
Foundation offers fellowships for graduate engi-
neering study, but the grants are targeted to conven-
tional graduate students who have recently com-
pleted BS degrees, not to midcareer engineers
looking for support of continuing education. Federal
tax law does provide some encouragement for
engineers to use employer-provided tuition assist-
ance, since employees do not have to treat this
assistance as taxable income (if employers provide
it in a manner that meets Federal requirements).

dlIbid.,  p. 16.
az~id.,  pp. 49.55. me NRC ~epfl  noted that nei~m  the ~titutions nor tie eWin~@ fa~lty  tive much incentive to develop and take pti h

continuing education for engineers.

‘%id.
44At tie -e tie tit it advi~  e@&rs to tie c~ge of their  c~eer  development, ME ~SO ~Ornmexld~ tit employers establish policies

for the continuing personal and professional growth of their employees. Top managers were advised to ‘encourage internal job transfers to broaden career
experience and minimim obsolescence as a result of over-specialization” through measures such as ‘‘job posting, skills inventory, internal recruiting,
counseling, internships, rotational assignments, support for personal risk  and liberal relocation benefits.’ IEEE, ‘Professional Practices for Engineers,
Scientists, and Their Employers,’ op. cit.

as~-d H. L~ Hew R. Piehler, ~d W. ~~ -y, ‘‘En@eefig ~ad~tes  iII the Utited s~tes and  J~MI:  A Comparison Of Their Numb~s
and an Empirical Study of the Careers and Methods of Information Transfer, ’ Carnegie-Mellon University, Pittsbur~  PA, 1989. The study found that
62 pemxmt  of Japanese engineers had at least one job rotation assignment, 35 percent were assigned to production at some point, and 50 percent had one
outside assignment in R&D. The comparable f@res for American engineers were 35 percent with a job rotation assignment, 14 percent assigned to
production and 14 percent with an outside assignment to R&D.

46Jeffrey Frey and WuF~ ‘ cE@&fig~u~tion tiJ~~: ACUm-lO~  pf’OCeSS,’ EngineeringEducation, July/August 1991, pp.466-472.
The authors were describing major Japanese companies that subscribe to the practim of career-long employment.
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Box 4-A—The National Technological University: A Partnership for
Continuing Engineering Education

The National Technological University (NTU) is a private nonprofit institution, governed by a board made up
primarily of industry executives, that brings television courses via satellite network to engineers,

i n g  e n g i n e e r i n g
schools, including 27 State universities and land grant colleges and several highly regarded private institutions (e.g.,
Cornell, Rensselaer Polytechnic Institute). Most of the clients are private firms, among them such industry leaders
as AT&T, Du Pent, General Electric, Hewlett-Packard, IBM, Motorola, and Xerox. Clients also include universities,
U.S. Government agencies, and several of the Department of Energy’s contractor-operated national laboratories.
All students are employees of client organizations.

Founded in 1984, NTU had 260 faculty members in the 1990-91 school year, delivering 370 courses to 4,155
students enrolled for graduate credit and 386 noncredit courses in advanced technology and management to about
85,000 participants. By 1990, 150 students had graduated from NTU with the M.S. degree.

The NTU network uses an advanced telecommunications system, operating day and night on the GSTAR-1
communications satellite, and providing four channels of instructional television. Many courses are broadcast live,
and students can communicate with instructors in realtime by telephone or fax. However, most students view the
programs on tape at times of their choosing, and get in touch with instructors by telephone, electronic mail, or fax
during the instructors’ office hours. These adult students seem to fare well enough without the instant two-way
communication that children need for distance learning.2 Students are encouraged to view the programs in groups,
to gain from immediate face-to-face interaction and mutual reinforcement.

NTU is an outgrowth of the Association for Media-Based Continuing Education for Engineers (AMCEE), a
consortium of a dozen colleges founded in 1976 to produce and distribute video programs for practicing engineers.
From AMCEE’s Board of Directors came the idea of a national degree-granting engineering college that would
deliver its programs via satellite. The National Science Foundation gave startup support to AMCEE, and the
Department of Defense put up seed money for NTU, but operations are now funded mostly by fees from clients.
However, the Defense Advanced ResearchProjects Agency recently awarded NTU a $l.5-million grant in matching
funds for installation of a state-of-the-art digital compressed video transmission system. Investments by NTU, its
industrial customers, and its member schools, will bring the total funding for the new system to about $5 million.
Chief advantages of the system will be improved video and audio quality and a many-fold increase in channel
capacity.

IMost of & ~t~ On NTU is dmWXI from Lionel V. Baldw@ ‘6 Higher-13dueation  Partnerships in lhgb=mg“ snd Science,” The
Anna/s of the American Am&my of Political andlhcial  Science, March 1991, pp. 76-92; and National Technical University, Annual Report
1990-91,700 Cenfrc  /kfeQuc,  Fort Collins, CO 80526.

2A detailed exambtm“ of distance learning is inU.S. Congress, Offke of Technology Assessm en$ b“nk”ngforLearni”ng:A  New Course
for Education, OTA-SET-430 (WsshingtoQ  DC: U.S. Government Rinfing  O&km,  November 1989).

However, Congress has never made this tax exemp- training on their own. Moreover, the U.S. Govern-
tion a permanent part of the law, but has repeatedly ment offers little in the way of technical assistance
extended it for limited periods. to employers or professional societies that might

The U.S. Government does little to spur or help wish to develop training programs for their employ-

employers to provide training to their employees ees or members.47 Because of the public interest in
making use of the skills of all the Nation’s engineers,generally, including continuing education for engi-

neers. Several other countries use a payroll-based especially since there are indications that the supply
levy to encourage employers to train workers; the may shrink in the next few years, there is reason for
levy can be forgiven if employers do sufficient the government to give special attention to policies

47F~r  de~led e~tion of worker training issues in general, see U.S. Congrtxs,  Offiw of Technology Assessment, Worker Traim”ng:  Competirw
in the New International Economy, OTA-IT’W157  (WSshingtoq  DC: U.S. Government Printing Ofilce, September 1990).



Chapter 4----Engineers: A Special Case ● 115

Box 4-B--Continuing Education for Engineers at Texas Instruments

Several large defense contractors are strongly committed to continuing education of their engineers and other
employees. An example comes from the Defense Systems and Electronics Group of Texas Instruments (TI). 1

The TI program requires new employees to work with their supervisors to develop a personal 3- to 5-year
training education plan, and then to update it regularly for the rest of their career with the company. TI has developed
training profiles by job titles; the profiles list mandatory, recommended, and optional courses that serve as the
starting point for each employee’s personal training and education plan.

TI provides its engineers with opportunities both inside and outside the company to meet their training goals.
The Group’s Human Resources Development Department offers some 125 2-to 5-day courses, a few of which are
computer-based and self-paced. Among the subjects covered are computer systems, including computer languages,
operating systems, microprocessors, and software engineering; electrical, mechanical, and other engineering; and
leadership and quality development.

For longer term educational courses, TI provides help with tuition through its Educational Assistance program,
which is dedicated to helping individual employees better their job performance through career-long education. For
employees taking an approved course, TI pays all the costs of tuition, books, and fees for the first $100 per semester
hour, and 80 percent of all charges above that. Engineers are encouraged to pursue graduate degrees, especially in
technical areas but also in business administration. Course work is generally done on the employee’s own time.

The TAGER Television Network offers TI employees another way to receive advanced courses in engineering,
computer science, mathematics, and management. Developed by a consortium of North Texas colleges and
universities, TAGER uses one-way television and two-way telephone hookups to present credit and noncredit
courses to 15 companies at 30 sites in the Dallas-Fort Worth area. Courses are offered primarily during working
hours but also on week night evenings. M.S. degree programs in the TAGER network include electrical, mechanical,
and computer engineering, computer science, operations research, and engineering management. TI also provides
satellite-delivered courses in engineering and management from the National Technological University.

IRou@y  one-r  of Texas Instruments’ business is in defense.

.that would make career-long education and training tion workers are often interested mainly in local
for engineers more readily accessible. jobs.

REEMPLOYMENT AND
RETRAINING ASSISTANCE

FOR ENGINEERS

Engineers’ Needs

Engineers laid off by defense industry employers
typically need a range of outplacement services,
many of them identical to the services that are useful
to all displaced workers. These common services
include skills assessment and job counseling, per-
sonal counseling, job search skills training, and job
development, including company-sponsored job fairs.
Engineers’ needs do differ in some respects, how-
ever. For example, job banks and job fairs for the
engineers are more useful if the potential employers
come from all over the United States, while produc-

Retraining needs can also be rather different.
Many blue- and pink-collar workers can gain a good
deal from relatively short-term skills courses, partic-
ularly those designed by local community colleges
to meet the needs of displaced workers. Engineers
who require retraining may need courses that are
considerably longer and more expensive.

Moreover, engineers may need access to employ-
ment and training services for a relatively long time.
Job searches for engineers average longer than those
of blue-collar workers. A personnel officer for
McDonnell-Douglas says, “For every $10,000 per
year a person makes, it takes 4 to 6 weeks more to
find a position.”48 At a General Electric plant in
hard-hit Massachusetts, a personnel officer points
out, “Even in good times, the average placement
time for engineers was 3 to 6 months. ’ ’49 Outplace-

4Spcmomel  offl~r,  McDonnell  Douglas, pXsOMl CO~~~tiOQ  Oct. 19> 1~

dgFr~e~ck  T ~dersom  ~%er, ~rofessio~  s~ng, GE Aerospace,  Lynn, MA, prsonal  communication, Mar. 11, 1991.
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ment offices say that the 1990-91 recession has
typically added another 1 to 2 months to the length
of job searches for engineers.

Responses From 1970 to 1973:
The Worst of Times

The employment situation for engineers was
much worse in the early 1970s than in the early
1990s: total engineering employment then was
considerably less (1.2 million in 1970 vs. 1.8 million
in 1990); the defense aircraft, space, and commercial
aircraft industries had all contracted signicantly at
the same time; and the economy was much more
defense-dependent. A national program for assist-
ance to displaced workers did not exist in the 1970s,
and in its absence several government and other
reemployment and retraining efforts targeted to
engineers were established. These may be applicable--
and perhaps more effective-in an era when the
engineers’ situation is not so difficult.

The Federal Government’s principal response
was expansion of a small, trial assistance effort into
a national program, the Technology Mobilization
and Reemployment Program (TMRP). TMRP pro-
vided funds for job development, travel for job
searches, relocation, and training for specific jobs.
An estimated 75,000 to 100,000 engineers, scien-
tists, and technicians were unemployed when the
program began.

50 When the 2-year program ended in
June 1973, some $28 million had been spent and
34,000 participants were known to be reemployed.51

A 1973 General Accounting Office (GAO) report52

criticized the program for falling short of its
estimates of the number of people it would serve (35
percent of the goal) and the amount of financial aid
it would disburse (19 percent), but otherwise re-
garded the program as reasonably successful.

One aspect of TMRP was a skills conversion
study. Under a contract from the Department of
Labor (DOL), the National Society of Professional
Engineers (NSPE) organized research teams of

unemployed aerospace/defense engineers in 14 cit-
ies with the highest unemployment rates for techni-
cal professionals. The teams examined potential
employers’ needs in 21 fields such as medical
services, criminal justice, food products, and trans-
portation, and identified some 55,000 job opportuni-
ties. 53

Following the skills conversion study, DOL
awarded NSPE a second contract, the Technology
Utilization Project (TUP), to retrain aerospace/
defense workers. Engineers and scientists were
retrained for jobs in 11 industries with good job
opportunities: food products, health care, transporta-
tion, wood products, power resources, pollution
control, criminal justice, banking and finance, solid
waste, educational technology, and occupational
safety. Of 329 persons enrolled in the course, 302
found employment by early January 1973, and most
in the occupations for which they had been trained.
GAO recommended that skill conversion studies be
given high priority for early implementation in
future employment crises for technical profession-
als.54

The TUP’s successes provided a counter to
employer attitudes common in the early 1970s (and
still prevalent in 1991). The attitude was that
aerospace engineers were not good prospects for
nonaerospace employment because they were over-
paid, too specialized, and too old, and would return
to aerospace as soon as they could. After the project
ended, DOL reported the following:

Employers mistakenly thought defense aero-
space engineer salaries averaged $25,000; for
those who participated in the training the
average was $16,000.
The technological spinoff from aerospace spe-
cialization convinced many employers that
experience in defense aerospace was more an
advantage than a disadvantage.
The average age of the participants in training
was 45.4, but these retrained engineers ap-

X)compmoller  ~~ Of the unit~  ‘Mes! “Reemployment Assistance for Engineers, Scientists, and Technicians Unemployed Because of
Aerospace and Defense Cutbacks,” op. cit., p. 1.

sl~~ident’s  fiono~c  Adj~&ment  committ~  and (XfIce  of Economic Adjustment (DoD), Econom”c  AdjustmentlConver.sion,  ~~y,  1985.

S~ornptroller  ~ne~ of the United s~tes$ “Reemployment Assistance for Engineers, Scientists, and Technicians Unemployed Because of
Aerospace and Defense Cutbacks,” op. cit., p. 14.

3sNau@toq op. Cit., p. 2~, “Aerospace/Defense Job Skills Conversion Project Develops Action Responses to Engineering Employment”
Professional Engineer This Month, vol. 42, No. 6, June 1972, p. 17.

~Comp~oller  General, “Reemployment Assistance for Engineers, Scientists, and Technicians Unemployed Because of Aerospace and Defense
Cutbacks,” op. cit.
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peared to take less time to become productive
than new college graduates.

● Only one-third of the unemployed engineers
returned to aerospace; many preferred the
security of another industry .55

The Aerospace Employment Project was a small-
scale, federally funded program, carried out by the
National League of Cities and the U.S. Conference
of Mayors, that retrained former aerospace and
defense industry professionals for local government
jobs. A total of 376 professionals were selected from
some 7,000 applicants in the 10 highest unemploy-
ment areas in the United States. After attending
30-day courses at Massachusetts Institute of Tech-
nology (MIT) or the University of California at
Berkeley, and after being organized into supportive
self-help groups, the participants were made avail-
able to prospective employers. The program proved
effective in giving the engineers new skills, and most
participants found new jobs, but the job search was
lengthy and most of the engineers took salary cuts.
Roughly 8 of 10 participants were placed within 7
months of course completion, 65 percent in local
government and the balance in private industry.
Most participants reported that the new jobs did
require substantially different skills from those
involved in their old jobs so that retraining was
appropriate.56

Professional societies (IEEE and the American
Institute of Aeronautics and Astronautics (AIMA))
set up other programs to help engineers in the
1970-73 period. Both organizations worked with
DOL to use both volunteers and paid, previously
laid-off engineers in job and personal counseling
programs and in self-help groups in areas where
unemployment was high.57 AIAA, for example,
eventually provided 175 workshops in 43 cities, and
served 14,600 out-of-work professionals.58 Assist-
ance from peers proved to be a key to success in
these programs.59

Responses Today: Professional Associations

During the 1970-73 employment slump-the
worst period for engineers since World War II-the
professional associations were very active in helping
their displaced members get back into the work
force. During the current cutbacks, perhaps because
of stronger outplacement efforts by many defense
firms and the presence of the Economic Dislocation
and Worker Adjustment Assistance (EDWAA) gov-
ernment programs, and because the slump for
engineers is not as severe as that of two decades ago,
the associations are not as heavily involved. They
do, however, provide some services.

IEEE regularly tracks employment trends for its
members, holds biennial Career Conferences, and
has been actively promoting continuing education.
(Electrical engineers represented 44 percent of
defense-related engineering employment in 1990.)
IEEE has taken a lead role in maintaining resume
data banks for professional association members;
developed and published a two-volume “employ-
ment guide” for scientists and engineers; helped
build local consultant networks, which can support
entrepreneurial efforts by displaced engineers; en-
couraged recruiting at IEEE conferences; and con-
tracted with a private firm to present job fairs and job
search seminars for local IEEE sections around the
country.

AIAA (aeronautical and astronautical engineers
represented 15 percent of defense-related engineer-
ing employment in 1990) has taken a very low-key
role in the reemployment effort. It has revised and
reprinted a popular 1970s job hunting guide and has
provided free insertions of “Available for Employ-
ment” ads in the organization’s monthly magazine.

Engineers are not heavily unionized, but those
unions that exist have made some efforts at promot-
ing conversion from defense to commercial produc-
tion. One of the more creative union efforts was the
Wichita Engineering Association’s negotiations with
Boeing, which resulted in the cross-training program
described later in this chapter.

ss~~fi E. Bernd4  ‘‘Government Efforts TO Utilize En@&@ M~wer, “ in S.S. Dubti H. Sheltou  and 1. McCorme~  (eds.), Maintaining
Professional and Technical Competence of the Older Engineer+ngineering  and Psychological Concepts, op. cit.

56H.G.  ~~q profe~siomlsinsearch  of Work: coping ~“th thesmess  ofJob~ss and Unemployment  (New YorL  NY: Job Wiley & SOYM, 1982),
p. 207.

57stix,  Op. cit., p. 47; Berndq  op. cit., p. 140.
58=* op. cit., p. 212.

‘%id., p. 138.
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On Long Island, a group of engineers formed
“The Center for Practical Solutions” in early 1990
to help each other with employment problems and
opportunities and to develop jobs in the area. The
group is trying to create new jobs through infusion
of technology into existing companies and support
of entrepreneurial efforts. The center includes peo-
ple with expertise in marketing, sales, law, and
accounting, to support development of businesses
for the manufacture of commercial, environmental,
transportation, and medical products.

Company Responses

A qualitative review of reemployment programs
for engineers around the country indicates that many
of the better ones are built around active company
participation. When company programs are in place,
government programs can be very effective comple-
ments, providing additional readjustment/reem-
ployment services and staff. Partnerships between
local EDWAA agencies and the companies can draw
on the strengths of both and produce effective
programs.

In the current downsizing, most large defense
industry employers are providing engineers and
other white-collar employees with a wide variety of

60 Companies may have moreoutplacement services.
than one reason for taking on this responsibility.
Besides feeling a duty to longtime employees, some
are also concerned about maintaining morale among
both the workers who have been given advance
notice of layoff and those who will remain with the
company.

Company outplacement services are a relatively
new benefit. Before 1970, most defense industry
firms took no responsibility for helping laid-off
engineers find new jobs. In the San Francisco area
during major defense industry layoffs in 1964-65,
for example, only a quarter of the scientists and
engineers laid off by 62 defense industry firms
received outplacement services. The average time
between layoff notice and end of employment for all
62 firms was only 7 days.61

Company outplacement services may be provided
directly by the employer’s human resources office or
by an outplacement firm hired by the employer, and
are often supplemented by some services provided
by local and State EDWAA agencies. Although
cooperation between companies and government
dislocated worker assistance programs can work
well, companies sometimes lose patience with the
delays or inadequacies of government programs.
Several companies reported that they sought help
from the federally funded, State and locally operated
EDWAA program when facing layoffs, but decided
to provide the primary services themselves because
the government agencies could not get projects set
up quickly enough, did not have funds available, or
declined to fund certain services (such as workshops
by outside consultants).

Table 4-5 summarizes the services provided to
engineers at 13 plants of large defense contractors
after layoffs announced during 1990 or early 1991.
Most of the large defense contractors make substan-
tial efforts, with or without government assistance,
to provide basic services (the second through
seventh categories of “Benefits and Services Pro-
vided’ in table 4-5). The aim is to help the employee
find a new job as rapidly as possible, and to
minimize the stress on employees from the time the
layoff is announced until they find new jobs. Survey
responses from 11 aerospace firms that had laid off
scientists and engineers and provided outplacement
services during 1989-90 indicated the average cost
of the services provided ranged from $100 to almost
$6,000 per employee; the median amount was
$l,000. 62

Reemployment programs for engineers and other
white-collar workers typically start with a 2- or
3-day orientation, which includes topics such as
skills assessment, resume preparation, interview
techniques, importance of networking, and potential
personal stresses. Such basic information may not
seem necessary, especially in areas such as southern
California where many aerospace workers have
changed employers frequently and kept job-hunting
skills honed. However, the layoffs of the 1990s are

@Some-ii~  also provide swims t. ~e~ blue<olhworkers  but tend to rely more on State and local  gover~ent  employment ad ~~ng Progr~s.
Engineers and other white-collar workers frequently receive outplacement services at one office or locatiou  blue-collar workers at another.
See ch. 3.

61R.p ~mb% *‘A Smdy of tie R~Employment  and Unemplowent  Experiences of Scientists and Engineers Laid Off From 62 Aerospace ~d
Electronics Firms in the San Francisco Bay Area During 1963-65,” San Jose State College, San Jose, CA, Feb. 15, 1967.

szAerospace Industries Association Swey, ‘‘Company Policies for Dealing with Economic Adjustment and Its Impact on Aerospace Workers, ” 1990.



Table 4-5—Benefits and Services Provided to Displaced Engineers

Benefits and services provided

Funding
Number of Job-search On-site for
engineers Severance skills Office Job Personal Job Job retraining off-site

Company Location laid-off Dates pay training space counseling counseling banks a fairs courses training
Lockheed Burbank, CA c c c C+G C — —
McDonnell-Douglas Long Beach, CA 1,990 7-90/6-91 — C+G C+G C+G C+G G+G C+G — G
Northrop Los Angeles, CA 1 ,200b 1-90/12-90 — C+G c c G C+G C — G

(multiple sites)
Rockwell-North American

Aircraft Los Angeles, CA 160 10-89 /12-90  C c c c c c G
GD Electric Boatc Groton, CT 75 10-90/1-91 — c c c c G : = G
UNC Naval Products Montville, CT 240 2-90/12-90 C CG c CG c G CG — C+G
Boeing Wichita, KS 60 1 - 9 0 / 1 2 - 9 0  — c c c C d —
GE Aerospace

— —
Burlington, MA

—
150 1-91/12-91 c c c C+G C+G C+G c C+G C+G

GE Aircraft Engines Lynn, MA 350 10-90/2-91 C c c c c c c c c
McDonnell-Douglas St. Louis, MO 1,900 7-90/6-91 — C/G’ C/G C/G C/G C/G
Grumman

c G
Long Island, NY 230 1-90/12-90 c c — c — — c : G

Texas Instruments Dallas, TX 700 1 -90/ 5-91 c c c c c c c c C+G
GD Fort Worth c

Fort Worth, TX 2,500 6-90/ 6-91 — c c c c c C+G — G
KEY: C--company operated and funded.

G~government operated and funded.
C+ G-joint operation.
C/G-company operated, government funded.
— —not provided.

aEvery  State has an Employment Servke that maintains a job bank; displac~ engineers may, however, rely primarily  on job listings developed at the company outplacement Center.
blnclud~ engineers and other white-collar job holders.
cElectric Boat and Fort Worth are subsidiaries of General Dyf’IaI’IIiC$  (G D).
dcompany  provid~ Crwstraining  for 176 engineers to change jobs within  BOO@
eprograms  deslgnat~  C/G were  ~mpany  provid~  until  November 1990, then turn~ over to government agency.

SOURCE: Office of Technology Assessment, 1991.
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also displacing engineers who have been with the
same employer for 15 or 20 years and have not had
to look for a new position since they graduated from
college.

After the orientation many of the engineers are
ready to begin their job searches, while others take
time to evaluate future career directions. Peers are
often effective job counselors for engineers, and job
clubs (peer support groups in which job-hunting
experiences and job leads can be shared) are also
popular and useful. Many companies provide laid-
off engineers with office space for job search
activities; this often includes a desk, photocopying
and long-distance telephone privileges, and access
to word-processing equipment or secretarial assist-
ance.

Companies also assist their engineers by putting
them in contact with potential employers through
job fairs and job banks. In St. Louis, for example,
McDonnell Douglas brought in more than 115
companies to job fairs for employees it laid off in
mid-1990. Most outplacement offices maintain job
banks (listings of available jobs), although these
range widely in size and quality. Lockheed’s Bur-
bank, CA center for displaced salaried workers
gathers job listings from some 800 potential employ-
ers and also distributes to employers a weekly
newsletter describing the talents of specific Lock-
heed employees being laid off. Some companies,
such as General Electric, maintain listings of profes-
sional opportunities available at the company’s
other locations.63

Personal counseling, usually in the form of group
instruction on potential psychological, family, and
financial problems, is an important service provided
by many companies. Individual counseling on the
same issues is frequently made available, sometimes
through existing company employee assistance pro-
grams. Because unemployment periods for engi-
neers are often relatively long, stresses can build up
and the personal counseling programs become
critical.

Although most large defense companies offer
their laid-off employees substantial reemployment
help, either by themselves or cooperatively with
State and local agencies, others do less. After a large
layoff in early 1989, one Long Island aerospace firm
provided severance pay, job fairs, and informal
counseling, but also: 1) informed most workers of
layoffs on the day they were laid off, in some cases
giving them less than 30 minutes to leave; 2) refused
to permit local and State reemployment assistance
programs to hold briefings at the affected plant to
describe available services; and 3) refused to provide
the assistance programs with the names of the
laid-off workers.64

In addition to the tasks of finding a new job and
managing the stresses of unemployment, laid-off
engineers sometimes need training to fit the new job
or to make them more appealing to potential
employers. Interviews with laid-off engineers, out-
placement office staff, and government employment
agency directors indicate that retraining has not been
a high priority for displaced engineers during the
current cutbacks. Like blue-collar workers, many
unemployed professionals are unwilling to risk
retraining unless they are provided financial assist-
ance and the promise of a job upon completion.65

The responses of the companies (and government
agencies) to retraining needs at the 13 plants are
shown in the last two columns of table 4-5.
Retraining assistance is not provided by nearly as
many companies as the more basic outplacement
services. Training is expensive, and the companies
have generally relied on government programs for
this service. A few companies make tuition grants
for training courses as part of severance packages.
For example, General Electric’s Aerospace Division
will reimburse tuition costs up to $5,000 for each of
the 2 years following an engineer’s layoff. Hughes
Aircraft reimburses each laid-off employee up to
$5,000 for tuition for continuing education, improv-
ing technical skills, or completely changing profes-
sion.66 Texas Instruments provides any worker who
has been with the company for 15 years up to $6,000

Gs~e  ~ven  lq~t aerospace employers in California joined the State in 1988 in forming the Aerospace Human Resources Network  with an office
in Manhattan Beacb  to help engineers and othex  white-collar employees transfer from one company to another as defense contracts ebbed and flowed.
By late 1990, however, no one was doing much hiring. The network had essentially become an outplacement service for all of the employers. The
members decided to end their joint effort and return to local (company- and State-run) employment offkes.

‘Linda Kravitz, “Wages of Peace: Community and Industxy  Experience with Military Cutbacks,” contractor report prepared for the Office of
Technology Assessment  July 1990.

6.5=- op. cit., p. 205.

‘John  Voelcker, “Reemployment Assistance Limited,” IEEE Spectrum, November 1989, p, 54.
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in tuition assistance during the 2 years following
layoff. Other companies complete payment for any
courses in which engineers are enrolled at the time
of the layoff announcement.

When training needs are fairly narrow and shared
by a number of clients, outplacement projects
sometimes offer their own short courses. Typical
subjects include computer-aided design and manu-
facturing (CAD/CAM) and specific computer pro-
gramming languages. Classes in how to start a small
business are popular offerings. These courses may
be paid for either by the company or out of EDWAA
funds.

Mass retraining of engineers for other jobs within
the company is less common. An effort by Boeing’s
Wichita Division to retrain its defense engineers
(described in box 4-C) is a successful but unusual
example. In contrast, a company retrainin g program
launched in a southern California aerospace plant
was terminated when more than 60 percent of the
class members dropped out. The keys to success in
group retraining efforts appear to be careful selec-
tion of candidates and availability of jobs that will
require engineering rather than technician or blue-
-collar skills.

Defense industry employers use several strategies
to minimize layoffs. Normal attrition due to retire-
ment or voluntary quits can reduce employment
levels without layoffs. Some companies offer volun-
tary early retirement, although it appears that some
recent early retirements have not been truly volun-
tary. An approach used in the past in single-fro
cutbacks but less available now is the loan of
engineers to other companies. In 1978-80, for
example, Rockwell’s North American Aircraft Divi-
sion loaned engineers to Boeing and McDonnell
Douglas with an option to call them back at any time
with 30 days notice; Rockwell did so when B-lB
bomber production began in the early 1980s.67

Because the spending cutbacks have hit virtually all
defense contractors, few are in a position to borrow

engineers today. In the 1970s, several companies
used shortened work weeks or work sharing, in
which two employees alternate in a single job slot,
to avoid dismissals;68 they have not been used
significantly in the current cutbacks, at least not by
the large companies.

Government Programs

Federal programs of immediate importance to
engineers facing layoffs because of defense re-
trenchments are the mandate for early notification of
layoffs, under the Worker Adjustment and Retrain-
ing Act (WARN), and the EDWAA program as a
source of funding or provider of retraining and
reemployment services. These programs are dis-
cussed generally in chapter 3. The discussion here
focuses on their effectiveness.

The early notification that WARN requires has
proven very useful to local and State government
agencies in getting programs into place for displaced
engineers-in those cases where WARN has ap-
plied. 69 Like other workers, professionals who start
their job search before they are laid off are likely to
have a shorter period of unemployment than those
who start looking after layoff.70

Federally funded EDWAA services are a major
source of reemployment assistance for dislocated
engineers. As described in chapter 3, EDWAA funds
can be used for retraining, job search skills training,
placement services, relocation assistance, and other
specific support services for dislocated workers.
Although most large defense contractors are cur-
rently providing readjustment and reemployment
services other than retraining to their laid-off engi-
neers, the EDWAA program still plays a very
necessary role. State and local EDWAA agencies
can provide reemployment services to engineers
when companies are too small to afford them, when
larger companies decline to provide them, and when
companies that provide the services initially later
want to turn the task over to someone else. EDWAA
agencies can also provide technical assistance to

6? David Rowley, vlcb~esident,  HumaII Reso~es,  Rockwell hlternatiotlld,  Aircraft Divisio% El Segudo, CA p~so~  comm~~tio%  ‘eb. 1,
1991.

6EKa~mam  Op. cit., P. 259,

6~e WW le~s~tion  rwuhes  e~ly  notification whenever layoffs in a 30-day period involve either one-third Or more of a comP~Y’s emPloY~
(minimum of 50) or 500 or more employees. The law also provides numerous exemptions, e.g., when a plant closing oi layoff is the result of the ending
of a project for which employment was understood to bc limited to the project’s duratiow or when it is the result of business circumstances that were
not foreseeable. McDonnell Douglas and General Dynamics both took exemptions for large layoffs when the Navy abruptly canceled the A-12 program
in January 1991.

%aufman, op. cit., p. 149.
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Box 4-C—Retraining of Engineers: Boeing’s Commercial Airplane Group

A model effort in retraining defense industry engineers for commercial engineering jobs within the company
is in the Wichita (KS) Division of Boeing’s Commercial Airplane Group. After a company reorganization in 1989,
Boeing began to phase out military aircraft work at the Wichita facility, moving the work to other Boeing plants
in Seattle and Philadelphia. At the same time, the Commercial Airplane Group at Wichita had a big backlog of work
and faced a serious shortage of structural design engineers.

Expecting sizable layoffs from the cutback in military work the engineers’ union, the Wichita Engineering
Association, worked out a retraining agreement with the company in December 1989. Association members who
were candidates for layoffs would be offered a chance at retrainingfor structural engineering positions.

Over the next 13 months, 176 engineers--mostly mechanical, civil, and aeronautical-entered the Cross
Training Program. Their previous experience varied widely, and their ages ranged from 24 to 60. To be eligible,
they must have completed basic engineering mechanics courses in statics, dynamics, and strength of materials. And
they had to be committed to careers in airframe structural design.

The training course was on paid time and was taught in the plant by Boeing engineers. It included 6 weeks of
classroom training, followed by 6 weeks of engineering liaison work on the plant floor. All but 8 of the original 176
engineers completed the 12-week program.

Afterwards, the trainees were assigned to structural engineering jobs as “apprentice engineers,” a special
cross-training category they are allowed to keep for 18 months, with no cut in salary from their previous positions.
As apprentices, their progress is reviewed every 90 days. Additional training, such as advanced structural design
courses, is available from Wichita State University. At the end of the apprentice period, the engineers become
qualified structural engineers and move into the pool with others in the same category.

With most of the trainees still in the apprentice designer category at this writing, it is too soon to say whether
the program has fully succeeded. If it does, the company and the engineers will both emerge as winners.

company projects, and they can provide services the took over operation of the company-established
company does not sponsor.

EDWAA agencies that are in partnership with
companies often contribute by training company
outplacement staff, conducting parts of workshops,
preparing discretionary grant proposals, and provid-
ing specific services such as personal counseling to
employees or operation of State job banks. At the
General Electric Aerospace Division plant at Burling-
ton, MA, for example, the State’s EDWAA-funded
contractor provided a job developer, a training
coordinator, and a peer counselor, as well as training
funds, to complement the staff, services, and facili-
ties the company provided. It also counseled com-
pany officials on how best to set up an outplacement
program. In St. Louis, McDonnell Douglas provided
the basic outplacement services to engineers at
company centers while the EDWAA agencies
helped the company establish the centers, provided
advanced CAD/CAM training to a group of engi-
neers and funded individual courses for others,
supported new business development by offering
entrepreneurship training and incubator space, and

centers several months after the initial large layoff.
Sometimes, it is possible for the defense company
itself to become the EDWAA-funded service pro-
vider. At its Montville, CT plant (slated to close
completely by the end of 1992), UNC Naval
Products administers an EDWAA-funded contract
to provide a full range of outplacement services to
the dislocated employees.

In cases where companies do not provide out-
placement help or have closed down their outplace-
ment centers, engineers may turn to EDWAA-
funded and operated centers. Some EDWAA pro-
jects are tailored to respond to a particular plant
layoff, but many are open to all of a community’s
dislocated workers. Some of the centers are effec-
tive, giving individual attention to all workers,
providing a range of readjustment and reemploy-
ment assistance services, and fitting retraining to
each individual’s background and abilities. In oth-
ers, the EDWAA service providers are accustomed
to working primarily with blue-collar workers and
are not committed to serving dislocated white-collar
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workers and professionals.71 Moreover, during the
recession and stagnant economic conditions of 1991,
some EDWAA programs became so overstretched
with demands for services that they provided only
minimal help to those they considered most able to
fend for themselves. This included most engineers.

Earlier, before demands for services became so
insistent, some States had set up centers that were
targeted specifically to professional employees. For
example, the Commonwealth Career Center, located
in Boston’s southwest suburbs, was intended pri-
marily to serve engineers and other professionals
laid off by computer, defense, and financial fins.
This center concentrated on job development and
intensive, individual case management. In Texas,
EDWAA agencies have contracted with the Center
for Applied Technology, part of the University of
Houston, to operate Career Resource Centers for
professional and technical staff laid off in the Dallas,
Austin, and Houston areas. The centers provide a
range of readjustment and reemployment services as
well as a considerable number of training courses.
California’s Employment Development Department
is helping job-seeking engineers and other profes-
sional, managerial, and technical workers by sup-
porting Experience Unlimited (EU) job clubs in its
local offices. The EU clubs are voluntary self-help
groups of the unemployed or underemployed, mostly
mid- to upper-level executives. Members use the
clubs to network and develop job search skills. They
are expected to spend at least 4 hours per week in
club activities designed to help them or fellow club
members find jobs.

The costs of retrainin g usually fall on government
sources, if not on the engineers themselves. Retrain-
ing or continuing education at the professional level
is expensive. Some local service providers have
virtually no EDWAA funds available for individual-
ized courses for engineers; others consider advanced
training for engineers an expensive luxury, and give
priority to shorter term retraining of blue-collar
workers without transferable job skills. Some are
willing to support engineers’ training but restrict
their choices.

The Federal law that established EDWAA places
few restrictions on training choices, but DOL’s

EDWAA regulations state: “Retraining services . . .
should be limited to those individuals who can most
benefit from and are in need of such services.’ ’72

Many State and local agencies interpret this regula-
tion to exclude dislocated workers with college
degrees from EDWAA training. Most do not allow
the use of EDWAA funds for pursuit of a full degree
program, although they may fund a limited number
of courses to complete a degree program already
well underway. One agency (not atypically) inter-
preted the regulation to bar a laid-off defense
industry mathematician from receiving EDWAA
funds for retraining to become a high school
mathematics teacher. The agency would not fund the
retraining because the young woman ‘‘already had
a marketable degree in mathematics. As discussed
in chapter 3, the same DOL regulation and policy
usually disallows EDWAA training funds for skill
upgrading. This could present a particular problem
for engineers otherwise eligible for EDWAA re-
training; jobs may be available in their specialty but
only to those with the most up-to-date skills.

In principle, publicly financed training might
appropriately be given to any displaced workers,
including engineers, who need it to improve trans-
ferable skills. However, considering that training for
engineers is expensive, and that EDWAA funds are
limited--especially when recession is aggravating
displacement and escalating demands for service
service providers will face tough choices over how
to spend their scarce resources. They may have to
limit their help to engineers to outplacement serv-
ices, which are relatively cheap, and save training for
those who can benefit from shorter term, less costly
courses. However, if a particular center serving
engineers focuses too much on outplacement serv-
ices, it runs the risk of coming up against the law’s
requirement that each EDWAA project must spend
half its funds on training (unless the Governor
reduces the portion to 30 percent). As noted in
chapter 3, this requirement removes flexibility from
projects primarily serving engineers, managers, and
other professionals who may be job-ready and need
no training. Considering the value to society of
preserving and upgrading the skills of its engineers,
there is good reason to consider options other than
the EDWAA program for keeping midcareer engi-

71sOme  smiu  D~liv~ &~, con~n~q On -ices  to Iow.income  ~d di~dvan~ged  worke~, hve lime experience  or evc?ll  interest in se~~
displaced workers in gemml,  whether engineers, technicians, operatives, or clerical workecs. See the discussion in ch. 3.
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neers in the profession. Chapter 2 discusses policy
options for encouragement and support of continu-
ing education of engineers-thus helping to avoid
displacement and waste of this human resource. Two
other options that seem particularly appropriate for
engineers are described below.

Teacher Training

One creative approach to the reemployment of
retired or unemployed engineers is to train them as
certified math and science teachers for junior and
senior high schools. Under one such program,
started in September 1990 and funded jointly by
Rockwell International and the State of California,
17 Los Angeles area Rockwell retirees aged 55 to 65
enrolled in a 9-month alternative credentials pro-
gram. (Rockwell, like many defense industry firms,
allows retirement as early as age 55 with 30 years
company experience.) The engineers’ practical ex-
perience was expected to add an extra dimension to
their teaching. The company expected to see the
program expanded to a number of other Los Angeles
firms in 1991-92.73 Several large nondefense com-
panies, including Polaroid, IBM, and Kodak, have
also established teaching as a second career pro-
grams.

Although the Rockwell project was not designed
for laid-off employees, similar programs in other
areas have been expanded to include both retired and
laid-off engineers and scientists.74 Such programs
may be a good alternative for older engineers who
often have the toughest time finding new jobs; at the
same time, school systems would have a new supply
of badly needed math and science teachers. In many
districts, salaries for public school teachers are so
low that the choice is not feasible for midcareer
engineers with large financial responsibilities, al-
though it can be attractive for retirees who are able
to collect both a pension and a teacher’s salary.
However, in some school districts, where respecta-
ble salary increases were adopted during the 1980s,
secondary and middle school teaching has become a
viable alternative for laid-off engineers, especially

perhaps for younger engineers and scientists with
employed spouses.

The National Executive Service Corps (NESC), a
New York City-based nonprofit group that provides
retired businesspeople as consultants to other non-
profit organizations, has used Carnegie Foundation
aid to train retired engineers (and other holders of
relevant degrees) as high school math and science
teachers. NESC works with businesses to recruit
retirees and with local colleges to establish alterna-
tive pathways to teaching credentials. NESC has
found that many engineers and scientists had
thought seriously of teaching while they were in
college, but decided not to because of the low
salaries; the higher salary levels in some districts
have allowed them to reconsider.75 The program
established 12 demonstration projects in 10 States
from 1987 to 1990.

The NESC program is too new to allow full
evaluation of its results, but it has chalked up some
successes. For example, in a NESC-sponsored
program at Texas Christian University (TCU) in Fort
Worth, TX, retired, laid-off, and other individuals
with undergraduate math or science degrees can
receive interim teaching credentials after complet-
ing two courses at TCU and full credentials after
finishing two more courses and 1 year as a paid,
full-time, intern teacher in the Fort Worth system.
Nineteen of the 20 men and women who completed
the TCU training in the first 2 years of the program
were teaching in the Fort Worth schools as of
January 1991, and another 15 were enrolled in the
current course program. Both TCU and the school
district subsidize the second career teachers with
tuition rebates.

State government agencies play an important role
in such projects because they establish the require-
ments for certification for the prospective teachers;
the route to credentials varies considerably from
State to State. The New Jersey Board of Education’s
Provisional Teacher Program, established in 1985, is
among the oldest alternative credentials programs.
Although it is not limited to developing math and

TsTim Violette, Manager, H~ Resources Planning, Rockwell International, Corporate Office, El Segundo, CA, personal communication Jan. 24,
1991.
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science teachers, it is answering some basic ques-
tions about the effectiveness of teaching as a second
career for engineers and others. Candidates for the
program must have a college degree in the field they
are going to teach and a passing grade in that field on
the National Teacher Examination. After 200 clock
hours of training during a year of “provisional”
teaching, the candidate goes rapidly from observa-
tion, to practice teaching, to periodically observed,
but otherwise unsupervised, teaching. At the end of
the year, the new teachers are eligible for the State’s
standard formal certification. While some school
districts give the new teachers credit for previous
work experience, others do not.

The New Jersey program has found that: 1)
alternative credentials teachers of mathematics and
sciences know their subject matter significantly
better than traditional credentials teachers; 2) the
attrition rate during the frost year of teaching is much
lower (5 percent in 1989-90) for alternative creden-
tials teachers than for those with traditional creden-
tials; 3) principals have been very satisfied with the
performance of the “provisional teachers”-
despite initial reluctance to accept them; and 4)
minority participation is a side benefit of the
program-23 percent of the teachers from the
alternative credentials program are from ethnic/
racial minority groups, versus 11 percent from
traditional credentials programs.76

Entrepreneurial Assistance

Helping small businesses get started is a standard
feature of economic development efforts by State
and local government agencies; it is being widely
employed in efforts to respond to defense spending
cuts (see ch. 6). Several agencies providing help to
displaced workers have made entrepreneurial assist-
ance one of their approaches to finding new employ-
ment for laid-off workers, including engineers.

For example, the St. Louis (MO) County Eco-
nomic Council is helping displaced McDonnell
Douglas engineers and other employees start their
own businesses. Typically, after a major blue- and
white-collar layoff, 10 percent of the displaced
employees will at least initially be interested in
going into business for themselves. In the wake of

the July 1990 McDonnell Douglas layoff, the
County Economic Council obtained a $123,000
EDWAA grant to offer the laid-off workers short
courses on starting small businesses. Some 500
people showed up at a l-day entrepreneurial training
seminar, and 275 of them, mostly engineers, signed
up for a lo-session course. Participants got instruc-
tion in how to start and operate a small business and
were required to prepare a business plan for their
proposed enterprises. The council also helped the
prospective entrepreneurs get startup loans from the
Small Business Administration and from a special,
low-interest State fired. McDonnell Douglas do-
nated building space for an incubator for some of the
new enterprises.

There is no accurate count yet of how many
participants in the entrepreneurial training program
started up businesses or what fields they entered, but
at least a few firms based on engineering skills did
result from the entrepreneurial training program. Six
months afterward, the McDonnell Douglas incuba-
tor housed three firms operated by the company’s
former employees, and a fourth was expected; the
three firms specialized in computer repair and
service, software and personal computer system
installation, and contract management. A meeting of
alumni of the program disclosed that seven more
new businesses had started up, in such areas as
desktop publishing, church sound system installa-
tion, and video production. However, it appears that
most of those who took part in the entrepreneurial
training program after the McDonnell Douglas
layoff went into a service or retail business based on
a personal hobby, not on technologies related to their
former jobs.77

The DOL is supporting business startups by
dislocated workers (not necessarily from defense
industries) with demonstration projects in Washing-
ton State and Massachusetts. Patterned on large
programs in France and Great Britain, the U.S.
projects provide financial assistance or income
support during business startups. In Washington
State, workers who decide to start their own
businesses may be granted lump-sum payments
equal to the total amounts remainin g in their
unemployment insurance (UI) accounts to help with

76El]en  Schwhter, Dfiwt~r~f  T~~h~~u@i~U New Je~y s~te~p~~t of~uc~io~prso~comm~catio~  My 22, 1991. S= New Jersey

State Department of Education of the Provisional Teacher Program: “AProfdeof  Applicants to New Jersey’s Alternate Route to Certification’ “Second
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startup expenses. In Massachusetts the prospective
entrepreneurs are allowed to draw their regular UI
benefits while devoting full time to starting their
businesses; standard UI job-search requirements are
waived. In both States the participants receive a wide
range of business development services, e.g., semi-
nars and counseling on planning, marketing, and
management.

In Washington State, 451 of 754 dislocated
workers who showed strong interest in starting their
own businesses were selected for the demonstration
project. A surprising 14 percent of the resulting new
businesses were small-scale manufacturing. In Mas-
sachusetts, 62 of 105 workers were selected for the
demonstration project, and of these 42 reportedly
established businesses; 62 percent of the participants
were from professional, managerial, and technical
occupations .78

Small business support programs apparently do
provide some job opportunities, but the smattering
of evidence so far suggests that few of the engineers
being laid off from defense jobs have started spinoff

high technology companies. According to one St.
Louis service provider, those who want to start a
high technology firm do so on their own, irrespective
of layoff announcements.79 Of the 32 businesses in
the St. Louis Technology Center, a thriving high-
tech incubator, none was organized by laid-off
McDonnell Douglas employees; only one laid-off
employee had approached the director. However,
most of the center’s entrepreneurs had at one time
been engineers or scientists for McDonnell Douglas,
Monsanto Chemical, Emerson Electric, or similar
companies .80

It is possible that not many defense engineers
have the combination of technical and managerial
skills and entrepreneurial drive needed to succeed in
starting up a high technology business. The tempera-
ment to work successfully as a member of a large
defense industry team may differ from that required
to start a new small business. Those that do have the
requisite interest and drive to start a business may
simply leave on their own, without being laid off.

Tsstephen A. Wandner  and Jon C. Messenger, ‘‘The SeK-Employment Experience in the United States: Demonstration projects in Washington State
and Massachusetts,’ paper submitted to the Organization for Economic Cooperation and Developmen~  April 1991.
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%id. Catherine Renault, Director of the Entrepreneurship Center at George Mason University in suburban Washington DC, says the same holds
true for her high-tech  incubator: only one or two people laid off from other jobs have become involved in the 60 companies that have developed in the
incubator.


