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Highlights

© A \hortage ol high technology manpower (graduates in engineering, mathematios, computer scienee, and

the hard sciences) is expected in the region in this decade,

This high technology manpower shorttall will be aveentuated by changing national priorties toward
increased research and development, greater capital expenditures to improve industrial productivity, and
an emphasis on national defense.

Although there will not be enough new entrants into high technology fields, libor market imbakances may
be partly adjusted through apward and oceupational mobility of persons with reluted skills, Still, since
these persons too will be in high demand, the total ceonomy may be impeded by the overall ack of
personnel with the requisite skills for a highly technical society.

Further increases in engineering enrollments are probably not to be expected in the immediate future. The
traditional source of engineering enroliments—young white males—will be reduced by the demographic
facts. Theretfore, maintaining the present level of enroliments, or increasing them G engineering colleges
can expand to accommodate the increase), would depend on higher participation rates by women and
minorities. These groups in the past have avoided the tield.

An inerease of degrees in engineering and other high technotogy fields depends to a considerable extent
upon greater stress on mathematics in the high schools. A rigorous four-year high school mathematics
sequence is the usual prereguisite for enroliment in the high technology tields. Yeta limited proportion of
today’s high school students have this preparation.

Greater participation in high school mathematics as well as the general improvement of mathematical
achievement is hindered at the present time by the serious shortage of mathematies teachers in schoot
districts throughout the region. The declining interest among college students in mathematies education
diminishes the hope of any imniinent improvement of the shortage of mathematics teachers.,
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Foreword

. R

Colleges and universities fnrclLi\iny increased attention to the realities and implications of the new
environment ol the Eighties, They are keenly aware of the deelining pool of college-age vouth and of threats
to the adequicy of hlg.hur cducitional lundmL But they also realize that o decrease in the number of culiege
eraduates may lead 1o shortages in some types of professional manpower before the end of the decade.

These conditions may  tempt some eumpuses to lower admission stundards, not only to maintain
enroliment levels but also to re spond to society’s manpower needs. Yet, the sacrifice of quality implied by
reducing college entrance standards is 1ot the answer to meeting manpower needs. A preferred approach is
for all levels of education to work toward producing a greater number of youth qualified to complete «
rigorous college curriculum, By not sacrificing standards, the focus is then on strengthening high school
instruction and also on providing remedial studies for inadequately prepared college freshmen.

Today. more than ever, higher education leaders are aware of their dependenee on the clementary and
secondary school systems to prepare candidates for college study. This report singles out one arca of this
interdependency. namely. the relationship between the adequacy of high school mathematics instruction to
the capacity of higher education to meet society's need for skilled. high technology manpower.

SREB recognizes a growing public concern for i more effective relationship between our schools and
higher cducation. Currently, SREB is directing attention toward problems of teacher preparation and
certification. The present report illustrates the fact that content of the secondary curriculum, as well as high
school prerequisites for the virious avenues of postsecondary education, deserve added attention by all
cducational sectors.

Winfred L. Godwin
President
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Wanted: High Technology Graduates

During the past several years, supply ol high technology graduates has not kept up with demiand,
Employer demand Tor college graduates in the Tields ol engineering, computer scicnee and mathematics,
and the physical sciences has been very strong, But despite strong inereases in the absolute number of
enrollments in computer science and engineering, the current pereentage of total college graduates in the
highly teehnical ficlds remains below what it was in the carly Sixties. In mathenmaties there has actually been
it deerease in the ubsolute number of graduates, What do these contrasts bode for the future’? Will graduates
in the highly technical Ticlds be in short supply through the decade, will there be a reversal of this tight
situation. and is there possibly even a danger ol overexpansion”

During the latter Seventies, demand for engineering graduates was phenomenal, Throughout the nittion
and in the Southern region, placement officers reported that on-campus recruitment activity showed
engincering runking among the highest demand disciplines. The high salaries engincering graduates
command bear out the strong market, Although in other fields examined by the Coliege Placement Counvil,
salary offers to new baccalaureates declined in real dollars during the 1970s, for engineers they rose.' The
strong market has held up despite an increase to 52,600 engincering bacealaurcates in the United States in
1979—the highest annual number sinee the 1950s,

Similarly. the market has been strong for computer science graduates. Like engineers, they are in the
position of chioosing among employment ofters. while their peers in the liberal arts scrambie to find suitable
jobs. Furthermore, complaints are being heard increasingly from school districts unable 1o locate
mathematics and *+ ience teachers. Competing opportunities in business and industry lor people with these
technical «\ills a.e siphoning off the limited number of graduates.

In other techrical fields, such as physics and chemistry., the job market has also been strong. Even at the
doctoral level, where there was an oversupply of physicists in the mid-Seventies, conditions have improved.
Fewer Ph.D.s are staying on as *'post-docs”—positions sometimes serving as a **holding patiern™ for
doctorates who cannot Tind employment. The American Institute of Physics Employment Survey of 1978
Graduates reports that only 2 percent of those surveyed at all degree Jevels were still looking for work six
months after graduation,

In sum. the market for highly technical graduates is booming. The Deutsch. Shea and Evans High
Technology Recruinnent Index. a nationally known indicator of the market for engineers and related
personnel. rose to 144 in 1979—the highest point the /ndex? has reached except during 1966 (see Figure 1),
Despite the recession, the /ndex continued to rise early in 1980. although it tinally reflected the weakening
cconomy with a decline by the spring months.

Limited Supply of High Technology Graduates

Degree production has not kept pace with this strong demand for high technology graduates. As shown in
Table 1. the proportion of college students choosing such fields has declined in recent years. For both the
nation a1¢! the region, the proportion of buccalaureates with degrees in engineering, mathematics, computer
science, and physical sciences combined was one-third lower in 1977-78 than in 1963-64. At the master’s
level. this decline is even more mirked—the proportion is less than haif.
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TABRLICL

Proportion of ‘Total Degrees in High Teehnology Fields*

Baveilinreatye L ‘M_'.tjlu‘rv‘s‘ ‘
Uniteed Stintes Suuth L United States South
1903601 15,64 15,14 IR, NY 10,7
1970-74 1.7 1.2 F2R 1A
1976-77 100 v RN 7.0
1977-78 10.7 10,3 u.i 7.1

* Ineluded dre compuler seience, engineering, mathematics, and physicat seienees, as defined wder HGHS v as
reponted by NCES.

What is still more alarming is the fact that in the region the absolute number of degrees Tor these
combined ficlds aetuilly dropped between 1971 and 1977—a period during which the otal number of
bachelor's degrees awarded rose 16 pereent. This drop is aecounted for by the mathematies field, cven when
computer scienee is included (see Tuble 2). The 1977-78 degree data do show it slight wrnaround in student
avoidance of the highly technical ficlds, with engincering and computer scienee aecounting tor the overall
gain. Mathematics, however, continues to be u Joser—both relatively and absolutely—cven in combination
with computer science. The American Council of Education's 1979 report on the plans of freshmen
regarding their college majors does indicate a small shift to the highly technical fields, both nationally and in
the South.

The decreasing proportion of degrees in highly technical areas is not totally unexpected during a period
when college enroliments have been rapidly expanding. These are the ficlds that in the past attracted young.,
male. high achievers. This group. for the most part, wits already well represented in the college population
before the huge enroliment expansion of the lute Sixties and carly Seventies. The “'new™" college students
who contributed to the boom in higher education—women, minoritics. and older students—have been less
inclined to choose the fields in yuestion.

TABLLE 2

Proportion of Total Bacealaurcate Degrees in High Technology Fields Scleeted Years

1963-64 1970-71 1976-77 1977-78

Number Pereent Number Percent Number Pereent Number Pereent

South
Computer Science — — 596 0.3% 1.676 0.7% 1,931 0.8%
Mathematics 5.450 4.6% 6,723 3.1 3.656 1.5 3.215 1.3
Engincering 8.238 6.9 11.646 5.4 12,197 4.9 14,551 5.8
Physical Sciences 4.251 3.6 4.9%9 23 5.987 2.4 6,271 25
United States
Computer Science — —_ 2.388 0.2 6.426 0.8 7.224 0.8
Mathematics 18.649 4.1 24912 2.9 14,295 1.5 12,701 1.4
Engincering 35.354 1.7 50.357 59 49,607 54 56.009 6.0
Physical Sciences 17.507 38 21.548 25 22,609 2.4 23,175 24

Source: Degree Output reports, based on HEGIS data, Southern Regional Education Board. The **engineering” ficld,

as reported by the HEGIS system, includes engincering technology baccalaurcates and is not comparable to the
“cngincering”* category as reported by the American Association of Engincering Socicties.
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There iy considerable virintion among reports onhigh sehool pactiepation: i mitheminies segienees.
The National Longitidinal Stuidy (NESY, which his Been traeking anational sample of 1972 high sehool
praduintes, corrolortes e rebtonship hetween ath ahers™ i high sehool and the likelihond of
completing eollege inany tiekd, and b of magoring i one ol e e hinicnd Tieddy ' NMath ke e
NES teport e those who taok at leist siy seniesters ol math during e Tust thres years of hiph sehood,
This does not insure that they were allenrolled i rigorous math sequenee ending in trigonammerry, e i
experienee muy e inferred Tor a considerable portion ol the gronp OF e 1972 elisy, B8 pereent were
math takers, For Dlaeks, the proportion wis 1920 percent, The propartion was Bigher for males thim for
females. Sulsequent freshman choiee of major among mth ke peaviated oward the haed e hnieal
Fields mare aften for white males than for minorities and women,

The Edueation Commission of the States recently reported on e study of 1978 high sehool seniors i the
mathematios courses in which they were enrolled, ™ For males, 3 pereent lad tiaken or were tiking
triganometrys for femades, 27 percent. The National Assessmient of Fdueationnl Pragress, howeyer,
reported anly 15 and TH pereent of the mades and fengides, vespectively, as having ken trigonometry in the
same yearS Wakelamd, ol the University ol Hinois College of Fngineering, reported in 1978 that the
proportion of high sehool students completing mathentatics and seienee studies declined frony 197010 1977,
but that o turnaraund appeared to be taking place.”

Women and Minorities:
A Potential Source?

The absalute number af high sehaal graduates in 1985 will be 15 percent Jower than a decade carlier,
Thus, ta produce any substantial increases in high technalogy manpawer, the patential poal will have
extend beyond its traditional canstitueney af white males. In the past, wamen and minorities have been very
pourly represented in engineering and in the ather ficlds under review here. Only 5.5 pereent al the nation's
engineers in 1978 were members: of o minarity. Amang these. blacks canstituted an even lawer
proportion—1 percent. Women in 1978 accounted far less than 3 pereent of emplayed engineers.”

John S. Robottom, executive directar of the Texas Alliance far Minarities in Engineering. estimates that
only 10 percent of the annual high schaol graduates in Texas have completed trigonametry. " Fewer yet,
only 1,700 students, have taken physics, the one science an which engineering is based. The Texas
Education Agency (TEA) has no figures on the numibers of minority students who have tuken these essential
courses, but those of us in engincering education know that the number is infinitesimal,™*

Mr. Robottom's cancern aver minority participation in high school mathematics sequences stems from
his awareness of demagraphic trends. He points to the TEA projections that in the late 1990s. 60 percent af
the state's K-12 population will be black ar Hispanic, as compared to the current proportion of 40 pereent.

“Yet minority students rarely consider technical careers. In Texas, he projects, ™. . . asevere overall decline

in engincering production commencing in the next few years; clearly. we must bring our minority
population into the mainstream of technical careers—not as a response to federal mandate or from & humane
impulse to aid the less fortunate, but to sustain the highly technical society which we have built here in
Texas.™

Much has been written about "*math anxicty and avoidance™ among women. The subject becomes more
important, now that women constitute over half of total college enrollments. Is there any innate difference to
account for their math avoidance and their consequent disproportionately small representation in technical
ficlds?

Current research finds mathematics achicvement at lcast as high for females as for males into the lower
high school grades. By the 12th grade. however, males surpass females in both the number of math courses
they have taken and in their achievement levels. When only those males and females are compared who
have taken an cqual number of math courses. males perform somewhat better than females in the
problem-solving and application areas. However, the two sexes perform at puar on the purely computational
skills.”

The relative failure among females to persist as *math takers' has been explained as stemming from
environmental factors. Girls are said to have less confidence; they perceive less parental, teacher, and peer

10
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expectistion it they shoudd teke saathemitios amd i they will sueceasdmmithemation. NMany vontinie in
enpect it their fwidre career chiodees will noatdepened on i mathematical grounding. e engion tochanee
el atitdes s heen suggested meorder 1o mervise: lgh sehool e nities pareipation aiong
woren. !

Some eolleges hive developed progrims o help women overcome math anyien ™ The siecess of thes
progrranns i hreshing the payehologieil Dirrers il iy women face iapproaching math, howeyer, does
not imply e sueh conrses will put tese wamen it e Tevels reqiived for suecesstul completion of nghly
teehnivnd Tields, Sueh programs tend o improve their Chraduate Reeond Tasamination (CRTD seares, Dt ie i
SET e e ddead wiy o embark on i eileulins sequenee as it oF iy engineering progriny,

Consideruhle ofTort s beens expended By professional engineering prodps 1o invreise Tenile il
minority partivipation inengiseering. Yarious sk forees gind special projeess thratighout the ntion hinve
Focused on this need over e past devide with Tinvbted sieeess, B FO7RL the proportion ol women among
enpineering bacvaloureates wis 7 pereent, up frome Leb pereent only Tive vears eurlivr,

For blaeks, e change was only one-hall of o pereentage point Parieipaney in i 1977 conlerence
spotsared by the Engineers Joiot Couneil coneluded it minority members would not play a large role i
e supply of engineers, U Eagineering, as @ wiy ol lite, is not today the sa-ealled “in® thinge with minority
proups, Fheir provious tiining, eovivomment, edueations] buehground, and even their way of thinking doe
HOL PORERY & hass miovement toward the engineering professions,” ™ Althought not w sign of u v
movement,” blaek engineering curothnents tn the South in 1979 represented O pereent ol the total - up from
the <4 percent tive years varlier,

Mathematical Achicvement:
A General Decline

Inereasing the proportion of high school students who take rigorous math sequences is only part of the
concern over the current stiatus of mathematics education in the schools, The general decline in mathematics
achievement, as evidenced by Scholastic Aptitude Test (SAT) scores and other assessnients, iy @ worrisome
trend to @ society that seeks to maintain @ lead in @ technological era.

The deeline of SA'T math scores has been thoroughly analyzed. By 1979, the 10-year drop in math SA'T's
in the South was 4 percent, from an average of 458 1o 444" A longer perspective is available for national
average SAT scores—itrom 1952 to 1980-—-with verbal scores down 11 percent and math scores down 6
pereent, from 494 10 466. (Fhe average scores for the region are fower than those for the nation.)

The unalysis of the decline in the national average SAT scores by the Advisory Panel that studied this
issue concluded that the change in the composition of students taking SATs accounted tfor most of the drop
during the 1960s."" In 1964, only one-third of the high sehool graduates were entering college. while by
1970 the proportion had risen to approximately one-halt. However. the continued drop in SAT scores sinee
1970 cannot be explained simiply by the changing composition of test takers. Instewd, the proliferation of
clectives in high school. declining academic standards, television viewing, and the changing role of the
family are all thought 10 contribute to the poorer results.

The National Assessment of Educational Progress (NAEP), a recurring testing program of 9, 13, and 17
year olds. also found a drop in mathematical scores in the 1978 tests, compared with 1973, The scores for
all three age groups declined, although the greatest decline was for the oldest group. The most pronouneed
drop in scores was for problem-solving portions. Computational skills. such as adding. subtracting. and
multiplying. were mastered. But on such a relatively simple task as figuring the per unit cost of an electricity
bill. only 10 percent of the 17 year olds were able to comply. Only 37 percent of this age group was able to
correctly estimate on a multiple choice question that **2™ is the whole number most nearly equaling
12/13 + 7/8. On the tests in 1973 and 1978, the students in the Southeastern region performed below the
national level.'*®

The competeney-based movement in public education has been blamed for the decline in problem-solving
abilities. Rote procedures and simple word problems at the end of a chapter that repeat. rather than

: 11
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Festrucrre. miitenial presepied e Jessans facrigate fepeniy e ditis hie b b el easaptivg
abibiires D Shirdey BE prestedeni an the Natoral Connetl ol Fearivis ol Matheniion. swams i
h exeesspy e Siertn e wmal campetencies canld resiie e s hecnmig cetfines ol
pertormanee. i F ik diere s enpierable evgepee gy that s rygaekeed swhad s Bappens] Shewt-
e rerention i e gaale ot e vy elenimn and abihiey ooapply

The Shoetnge of Mathematies Teachers

'

[ stends 1o reon i s mereise e nwth abersme e el schnobs i ag nprosement e
penerind sehool poputation = mathemiteal aeliesement kevels depemd o the analabidity o DI TIRIC
teachiers. Yer o shorige of mathenitios wachers e elementans and secnmdiny edieation wis penerivly
recopntzed i e Pnted States duomg the sprng ol 1950 What bk beenr salated repopis b il
teacher ShortEes 1 viroas Tocilies and Trony some: stiare eduvation aeeneies durmg the preveding yea
Bave o been ranslited o ponal press: Trontpage aecoants abotit the pervisise ey ol
mathematies teachers.

Reports medieate thit e Howston, Tesing for example, one-foarth ol the iy elisses e st tesd by
nonspecialists, Virgks reports i puap oF 38 pereent between the mrmher of vpenms Kist seir for heastining
math teiehers amd e number of prankiates prepared by colleges o eaeh e sabeet witlin e stie. A
North Carolina report estinates an sl shortige of 300 math aied seienee peachiers, with the detici
Deconung worse,

Two fmmediate reasons explain el of e shortage: a sharp decline in e number of pugors in the
disciphine, wnd the Ture of higher pay in non-teaching jobs for those who do have the preparation. In the
region, the number of hacealarente degrees awarded in nuitheniatios in P78 was 31 pereent below the
aumber in 1971, Although the potential supply of new graduates prepared to each mathe naties dues ot
originate solelys among math majors, the deeline i that grodp s indicative ot the wend, Fhe National
Education Association (NEA) estimates of 1978 graduates prepared to teach mathematies at the secondary
fevel showed a 12 pereent nadonal decline inone year. NEA sl estimited supply as exceedhng demand for
the fickl, although it did list the discipline. together with trade-industrial, agricultural, and science, as
teaching fields on the tight™ end of the saale. ! ‘

Another anabysis of baccalaureates prepared to teach mathematies showed a ¥ pereent decline in 1979
from the previous year. OF all baccakaureates prepared to teach that year, only 2.2 percent were in the
mathematies specialty arca, while 12,2 percent were included in the health, “'phys ed,”” and recreation
area. " The actual number of 1978 baccaladreates with degrees in “*mathematical education” was only 15
for the entire region. But 7,502 were prepared to teach physical educution.

The general oversupply of teachers in recent years probably contributed to the luck of awareness about the
impending shortage in the mathematics arca. Rigid teacher pay plans, that do not differentiate salaries by
specialties. generally cannot respond to shortages inany one diseipline. With goad opportunities in business
and government, where math majors can adapt their skills to-computer programming, research, and
analysis. school systems are at a competitive disadvantage.

If a greater number of teachers prepared - teach mathematics is one answer toward reversing the
achievement declines of these students, enrollment in college mathemitics courses does not provide
evidence of an imminent turnaround. The latest report on undergraduate mathematics enrollments compares
1976 data with those for 1971." While total enroltments in four-year institutions during this period rose 11
percent, math enrollments were up only 8 percent. What enroliment increases did vecur were coneentrited
in the lower division courses and in computer science and statistics courses. Upper division mathematics
courses (caleulus and above) were down 32 percent. These are the courses commonly taken by math,
physical science, and engineering majors, whose enrollments in the 1970s did not keep pace with college
enrollments generally. Enroltment in “"mathematics for elementary teachers™ declined 24 percent.

Increases in fower division courses are explained in part by the declining mathematical preparation among
entering freshmen. In the two-year colleges, the same trends were evident— 1976 enrollments compared to
1971 showed shifts to remedial arithmetic and high school algebra, with slower growth in the pre-caleulus
and caleulus courses.
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Supply and Demand Projections,
Southern Region

A comparison of openings versus graduates in mathematics and computer scicnce and in engineering
indicates that the Southern region will experience shortages in these ficlds. Projections of occupational
openings which refleet employment growth, as well as replacement needs. are contained in reports of the
State Employment Security Agencies (ESAs). These projections are developed by the ESAs on the basis of
underlying assumptions established by the United States Bureau of Labor Statistics. Among these
assumptions are the suppositions that no fong-lasting energy shortages or technological changes will
drasticaily affect the economy. To the extent that such assumptions may not refleet the actual state of futare
affairs. the demand for high technology graduates may differ from the projected openings. Still. these
projections provide a point of departure for estimating the number of graduates who will be needed annually
in the region to fill job openings over the next five years.

Supply and Demand, Mathematics and
Computer Science Specialists,
SREB Region, 1985

6,000

4000 JOB OPENINGS

(MATH AND COMPUTER
SPECIALISTS)

GRADUATES, INCLUDING
THOSE PREPARED

2,000 TO TEACH

GRADUATES, EXCLUDING
THOSE PREPARED
TO TEACH

Figure 2
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Mathematics and Com: uter Sciences

Although teaching has traditionally been th argest employment sector for mathematics majors. other
arcas offer good opportunitics. Mathematicia — pply their skills in business and government at jubs as
diverse as developing insurance rates to trackn satellites. A recent report on the exodus of mathenatics
teachers from the schools listed @ cartographer’s v as an example of a higher paying opportunity that lured
a math teacher out of the classroom, At the prese — time. computer programming. operations rescirch. and
systems analysis offer widespread opportunitic  for mathematics mijors with exposure (o computer

applications.

With the exception of elementary and high sche ¢ teaching of mathematies. for w hich computer scienee
majors who lack education credentials are not eligit :. many mathematics and computer science majors tend

to be interchangeable in the job markel. Thus
mathematics and computer specialists together, for
two fields combined.

A comparison of supply versus projected openir:
the South is shown in Figure 2.

According to the projections of the ESAs in
average annual vpenings to account for growth a»
compulter specialists. (1t is assumed that these opr o
1978, in the South, only 5,146 baccalaureate degre
fess than the number ol openings.

This supply ol graduates includes those mathe 1,
teaching certificates. 1t the latter are presumed as ¢

supply 1 diminished by perhaps as much as one. + ¢
against projected openings. It is no wonder that s v
prepared to teach gravitate toward non-teaching jobs.

these graduates can still command higher safuries

teachers.

The booming job niarket for computer specialist:

+ makes sense o consider projected openings for
wparison with the emerging supply of graduates in the

for mathematics and computer science specialists in

4 SREB states. there will be approximately 6,150
splacentent peeds through 1985 Tor mathematics and
i will require persons with a college degree.) Yetin
were granted in these two disciplines, or 16 pereent

Cs who take education courses to qualily for
2 for teaching openings. the annual entering
e supply deficit of more than one-third
d up Tor such graduates, and that nujors
- 1 they have not taken compulter courses.,
2 programmer trainees than as beginning

wrated by a report from a national personnel

consulting firm noting that, in 1979, employers hired St ventmore programmers than in the previous

year. For systems programmers and systems analysts.
respectively. " Yet national totals for bacealaurcates in com,

10 percent annually in the 1980s.*!

The shortage of personnel in computer science is borne
coneludes annual needs for manpower at the baecalaureate leve
than five to one.* The deficit at the master’s level is shown as

w had risen 35 pereent and 29 pereent.
sciciice are projected to increase less than

1wy Hamblen's recent assessment. e
:eeeding annual production by more
 one. Even in the event of gross

inaccuracy in assumptions and data. such ratios indicate a severe pro. v asoeiety which may be largely
dependent on sophisticated automation to pull itself out of the prode. ity aump.?

The one exception o the rosy outlook for mathematics majors is & e doctoral level. The academic
market has been the major employment sector for such persons in the pa hut a recent study projects that
new academic hires will decline to perhaps as low as 8 percent of the 1976 sel during the next decade !

The Outlook for Engineers

In the past. supply and demand for engineers have often been out of syne. Enrolin. ts and the number of
graduates expanded in response to rising demand and high salaries, overshot the mark.  d were then caught
in a downward swing of the cconomy. By the time enroliments and graduates respondy o the diminished
market. the demand was once again on the upswing, outstripping supply. Figure ©illus s this situation
with the Deutseh. Shea and Evans Index and the gyrations in numbers of engineering  aduates at the

baccalaureate level.

¥ Hamblen recognizes the large production of computer personnel by two-year college programs and by proprictary schools, and
concludes that the job market for such graduates is balanced The deficits at the baccalaureate and higher degree levels exist despite

the huge owtputs at the lower Jevels.
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The drop in demund during the late 1960s (as NASA and defense spending were cut) was not mirrored in
the trough of degree production until the mid-Seventies. By then, demand was once again on the rise. The
current jarge enrollment expansion in the enginecring schools raises the spectre of another boom-bust cycle
which could be in the offing.

Unemployment rates for engineers, which in recent years have been negligible, and certainly lower than
for other professional-technical manpower, substantiate the very strong demand for engincers. College
graduates in general were hard-hit in the recession of the mid-Scventics. But the Nationul Science
Foundation (NSF) follow-up surveys of 1974 and 1976 graduates show unemployment rates two years after
graduation for baccalaurcate engineers at only 2.9 percent and 0.6 pereent, respectively. These rates are
one-third of the rates shown for all graduates covered by NSF surveys.™

The impact of the mid-Seventies recession on the High Technology Recruitment Index, as seen in Figure
1. was less severe than the declines of the late 1960s when the United States economy was shifting towards
emphasis on social services rather than space and rescarch and development spending. Even then, when the
plight of laid-off aerospace and space program engineers attracted great attention, the unemployment rate of
engineers was still only in the 2 percent range. These layoffs accounted for the one instance in the last
decade when the unemployment rate of engineers was higher than that for all professional-technical
workers.® During the spring of 1980, when the current recession took hold. the demand for engineering
baccalaureates held up very well, despite the increased number of graduates in 1980.

How High Can Engineering Enrollments Go?

Engineering enrollments in the United States grew substantially in the late 1970s, These increases
resulted because of the strong job market for engineers, as well as relaxation of student distrust of
technology and “*big business' that had prevuiled earlier. By 1979, junior-year enrollment, as shown in
Figure 3, had risen 80 percent above the low point in 1973. These junior-year enrollments, which reflect
transfers into engineering from other majors as well as the effects of attrition, give an indication of the trend
in degree production, and point to further increases above the 52,598 baccalaurcates granted in 1979, As
shown in Figure 4, the number of baccalaureates in the United States has finally returned to the level of
1950, reversing the sharp decline of the early and mid-Seventies.

Extrapolating the number of degrees from current junior enrollments indicates that some 62,000 to
67.000 engineering baccalaureates will be granted annually in the nation during the Eighties. In addition,
some 9,000 baccalaureate degrees in engineering technology* are likely to be earned annually. Does the
surge of engineering enrollments presage an even greater expansion of degrees?

Most observers think it unlikely that this range will be exceeded. Although large numbers of students
continue to seek admission to engineering schools, state schools, now at peak capacity, see no way 1o
further expansion, given the climate of governmental fiscal stringency. Some colleges of engineering have
already raised entrance requirements to cope with the surge of applicants. Institutionul rigidities make it
very difficult to shift resources, especially faculty, from declining higher education fields to expanding
ones. Some private institutions are not yet at full capacity of engineering enrollments, but it remains to be
seen whether unmet demands for admission to engineering programs will shift to the private sector, where
costs are higher.

The surge of admissions may be self-limiting. The major pool from which engineering students are
drawn—18 1o 21 year olds—is declining. Therefore, a continuation of the high volume of engineering
applications would have to come by way of a higher proportion of students choosing engineering to oftset
the absolute decline in the total pool. This increase has occurred, as shown in Table 3: freshman engineering
enrollments stood at 8.4 percent of undergraduate first-year enrollments in four-year colleges in
1978—already much higher than the 4.8 percent proportion of 1973. It is questionable whether there is any
considerable potential for this proportion to rise further, given the constraints of adequate high school
preparation discussed earlier.

* The engineering technology programs do not include the same stress on the fundamentals of science. math, and
technology as do the traditional engineering programs. They are designed to provide manpower for middle level
management jobs, with stress on the production process rather than the design, planning, and administrative
functions. The content of the bachelor of engineering program stresses creativity towards new technology, while
the technology programs are more concerned with the continuous functioning of existing technologics.



Supply and Demand for Engineers in the South

Despite recent inereases in engineering graduates in the 14 SREB states, itis unlikely that demand will be
met. The supply is composed of baccaladreate graduates in engineering and in engineering technology . The
growth of engincering enrollments and degrees in the Southern region has paralleled the national pattern. In
1979, 12,685 baccalaurcates in enginceering were granted in the South, plus 1,986 in engineering
technology. This represents a 20 pereent inerease over 1976, This total will probably be exeeeded during the
next several years. as reeent enroltlment inereases are retlected in graduation totals. However. it is unlikely
that such growth will be sustained when the demographic drop takes hold.

From this supply of graduating seniors in any one vear  reduction must be allowed (o account for
engineering students who choose to go into some occupation other than engineering, as, for example,
management. Estimates at the national level indicate that eventually 80 to 85 pereent of the graduites.,
including those who pursue full-time graduate studies. enter the profession. ™ For the region this would
reduce the total annual supply of new entrants to approximately 13,000,

Engineering Full-Time Enrollments,
United States 1950-1979
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Source: American Association of Engineering Societies, Engineering Manpower Bulletin, March 1980.
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TABLE 3

Engineering Enrollments As Part of Total Enrollments

Fall 1967-1979

Full-Time Undergraduate

Engincering as Percent of Fresbmun Engineering
Full-Time Undergraduite as Pereent of
Enrollment. First Year Enrollment,
4-Year Institutions 4-Yeur Institutions

1967 7.44% 7.8%

1968 6.4 7.2

1969 5.7 6.7

1970 5.6 6.4

1971 5.0 5.3

1972 4.7 4.9

1973 4.5 4.8

1974 4.8 5.6

1975 5.3 6.5

1976 5.9 7.3

1977 6.5 7.8

1978 7.1 8.4

1979 7.7 (preliminary) N.A

Sources: Engineering Manpower Commission. Manpower Bullctin Number 51, and National Center for Education
Statistics. Announcements of Fall Enrollment in Higher Education. and Projections 1985-86, and preliminary
tables. Projections 1987-88.

On the demand side. which is expressed in terms of average annual openings. there are the following
components: openings to account for growth and retirements of engineers (13,200%) and for engineering
technologists (3.300%%), and openings to account for transfers out of the profession. Aceording to national
estimates.?’ perhaps 3 to 4 percent of the engineering work foree transfers out of engineering annually, thus
creating additional job openings. Engineers promoted to managenent responsibilities are an example of
such transfers. Applying a 3.5 percent transfer rate to the engineers cmployed in the region in 1978 yields
11,400 additional openings to replaee transfers. With these, the total number of annual openings is 28,000,

To some extent transfers ouf of engineering are offset by transfers into the profession from other jobs. For
example. job s%ifts by computer specialists, chemists, physicists, and promoted engincering teehnologists
may 1ill openings for engineers in the normal course of oecupational mobility. Yet. since such transfers are
from high technology ficlds, some of which may also face munpower shortages. the overall supply of such
technical people would only be shifted, without making a contribution to overall balance. Thus, the extent
10 which transfers into enginecring openings may serve to balance what would otherwise be a serious
manpower imbalance is indeterminate. :

An additional uncertainty must be considered. Engineering has been one of the most popular ficlds in
attracting forcign students. In 1978, 6.7 percent of buccalaureates in engincering were granted to foreign
students. The proportion for advanced degrees was much higher—over one-third at the doctoral level, Thus,
some part of the engineering graduates represents manpower supply for other nations. These losses are
somewhat offset by immigration of forcign engineers. However. this flow has been restricted since 1973,
when the United States Department of Labor removed engincers from the shortage classification.

+ The reports of the ESAs of the 14 Southern states indicate 13,200 average annual openings for engincers to
[985 to account for growth and replacements. Replacement openings account for deaths and retirements but not
transfers into other oceupations, :

** The reports of the ESAs of the 14 Southern states indicate 16,700 average annual openings for enginecering
technicians to 1985. On the assumption that 20 percent of these openings arc for individuals with a collcge
degree, 3.300 openings are included in these comparisons of demand for baccalaureate cngineers.
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Taken together, as shown in Figure 5. these various factors indicate that the region will probably
experience a shortage of engineers in the next decade. The most promising possibility for bulancing supply
and demand appears to be the upgrading of employed engineering technologists to fill enginecring needs.,
However, the balancing of the market tor engineers through shifts of employed persons from other high
technology oceupations, which may also experience shortages, will not solve the overall deficits of high
technology manpower.

Engineering Iroctorates Sharply Down

The professional literature and other media are beginning to detect impending shortages of engineering
faculty. The explosion of total undergraduate engineering enrollments (up 82 percent in the 1973-79 period)
has put pressure on faculties in the vollege of engineering. tn the early stages, the enrollment expansion was
accommodated by excess resources not fully utilized when engineering became unpopular as the Vietnam
period closed. But eventually this growth necessitated an expansion of faculties.

Ironically. just as demand for engineering faculties began to grow, the production of doctorates declined
sharply. From a peak of 3.691 doctorates in engineering for the nation granted in 1970, the number fell in

Engineering Degrees Earned, *
United States 1950-1979
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“This does not include engineering technology baccalaureates—6,609in 1979.
Source: American Association of Engineering Societies, Engineering Manpower Bulletin, January 1979.
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1978 to only 2.440 (427 in the South). Exacerbating the decline is the high and growing percentage of
foreign students among engineering doctorates. who would ordinarily be expected to return to their own
countries. In 1978. over one-third of the engincering doctorates were carned by foreign students, thus
diminishing the American supply to some 1.600.

Graduate enrollments in engincering have been declining relative to undergraduate enrollments: in 1973,
the number of graduate engincering students was 18 percent oi' the undergraduate engineering population: in
1979. graduate students constituted only 12 percent. Under highly competitive recruitment conditions (and
therefore high salaries), young baccalaureate engineers have reduced incentives to pursue graduate studies.
The lure of immediate employment is reflected in the declining propotion of students at the doctoral level,
In 1972, there was one new American doctorate in engineering for every 12 American baccalaureates
graduated four years carlier. By 1978. there was one for every 23.** Engineering colleges are increasingly
concemed about the prospect of having to rely on foreign-born faculty to staff their programs.

In contrast to other disciplines. only 35 percent of the total stock of engineering doctarates was cmployed
by the academic sector in 1977, as compared to 57 percent for doctorates in all sciences and engineering. ™
Industry and government research and development are heavily dependent on engineering doctorates., I this
overall pattern is any guide, only about 600 new doctorates carned by American citizens are available to the
academic sector. One recent estimate of new hires of engineering faculties (at all degree levels) through the
early Eighties vastly exceeds this number, although it shows supply 2nd demand as being in better balance
by the mid-Eighties.™

New Priorities and Changing Demands
for High Technology Graduates

The impending shortages of high technology graduates detailed above may be greater than shown in the
preceding analysis. The demand projections that arc used are based on a continuation of the existing national
priorities. But some of these priorities arc now being reappraised and. if changed, might increase
considerably the demand for engineers and related manpower.

The current national preoccupation over the need to increase productivity as the fong-run solution for
improvement of U.S. competition in foreign markets bodes well for technical manpower. Productivity
improvement is usually considered as related to investment in research and development and modernized
capital investments. These investments require engineers and other technical personnel. Although output
per worker in U.S. manufacturing still exceeds that of other industrial nations, the U.S. rate of growth in
this productivity measure in the last decade has lagged behind improvements in competing ccononiics.

Research and development (R & D). which are generally thought to ptay an important role in stimulating
productivity, have languished in recent years. In constant dollars, total R & D expenditures in the United
States grew by S0 pereent during the Sixties, but declined through the mid-Seventies. and barely showed a
gain by the end of the decade. There is growing conviction, as by the Conference Board, that in order to
improve economic growth in this vountry, R & D expenditures in real dollars will have to rise. especially in
view of the fact that United States R & D expenditures now constitute a slightly lower skare of Gross
National Product than in 1970. while the proportion has risen in Japan, West Germany. and the Sovicet
Union,*'

Another factor that prevailed during the Seventies, but that may change in the coming decade. relates to
the proportion of engineers relative to other scientific manpower employed. In the mid-Sixties. there were
two employed engineers for every employed scientist.* By 1978 this ratio had changed 1o almost parity,**
Also. although the absolute number of employed engincers has grown steadily. it has not kept pace with the
growth rate of the labor force. During the 1970s the annual growth rate of enginecring employment was only
a quarter of that for the entire work force. and one-tenth of that for scientists.*** In private industry, which
employs almost two-thirds of all scientists and engincers. there has been a shift in recent years to
nontechnical resources. There is concern now that this relative decline in the highly technical component of
the work force inay be a contributing factor to the decline in U.S. productivity.

* *Scientist’ in this context includes social scicntists,
** Excluding social scientists. in this case.
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The national purpose of deflecting energy dependence from oil 1o other sources creates o demand for
technical manpower. Ironically. even the automobile industry-—the hardest hit sector off American
manufacturing in the current wrnaround—will need engineers o redesign its products for the new energy
sitation. This same need o redesign in other industries, and © develop alternate energy sourees. will
reguire an expanded supply of technical manpower. Also. defense spending. which correlates with the
cmploynient of engineers. appears to be on the upswing in response to uncertain foreign developments.

Important technological innovations whieh in o spawn applications having a major ipict on society
usually cannot be predicted. Yet there are indications that somie developing teehnologies are on the verge of
pervasive uses and thus will create expanded demands Tor high technology manpower. The possibility of
fucling transportation with lquid hydrogen. the accelerated use of industrial robots, the adaptations of
satethite communications for business and consumer uses. and the commercial applications ol genetic
engineering are examples of such potential innovations.

Supply and Demand of
Engineers in the South
Will Transfers Fill the Gap?
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Conclusions

The signs in terms of demand are fairly clear: even with & continuation of past treads, the demand for
engincers, computer and mathematies specialists, and other high technology manpower will exceed supply.
After & period of national priorities which deemphasized R & 1) expenditures and defense spending. the
United States economy appeirs to be on the threshold of renewed focus on these areas, This shift in
priorities will place turther demands on the avatlubility of highly technical skills, Will manpower shortages
be a limiting factor?

The fundamental constraint on & rapid expinsion of high technology manpower centers on the number of
high sehool students with adequate preparation in mathematics o embirk on *hard scieoce™ curricula when
they enter college. Yet the shortage of mathematies teachers currently plaguing school districts will fimit the
rite of impraovement that may be expected in mathematics achievement in the schools. The decline of
enrollments and degrees in college mathematics holds torth no promise of any imminent response towird
salving the shortage of mathematies teachers. In short, without deliberate action at all educational levels, if
present trends are allowed to continue their own apparent course, then a serious shortage of high technology
manpower may be in the offing,

In conjunction with greater stress on mathematies in the high schools and colleges. it will be important to
increase participution in the high technology fields among high achievers in those groups that in the past
have shied away from these subjects, With the declining number of college-age students, it will be very
difficult o produce more engineers by relying only an the traditional entrants w the field—white males.
Efforts to involve more women and minorities in the high technology areas are justificd not only on the basis
of equity but also from the standpoint of societal economic necessity. Improved counseling in the high
schoolys is needed to convinee more students o take rigorous mathematics sequences and thereby o seeure
options for pursuit of high technology careers.

As part of a strategy to address supply shortages. rigidities that restrict market responses need attention.
For exaple. the current shortage of mathematies teachers in the schools would be reduced it school
districts could pay higher salaries to teachers in fields where prospective applicants are lured away to other
jobs with higher salaries, At the college level, the shortage of engineering faculties results 1o some extent
from the high salaries that baccaluurcates now command in the job market. The incentives to pursue
graduate study and to prepare for an academic career in engineering have been oo low o produce enough
Ph.D.s in engineering. A measure introduced by Congressman Don Fuqua, Florida, in the 1980
Congressional session to fund Ph.1), traineeships for American engineering students is a sign that the need
for such incentives is gaining recognition. The inability of colleges to shift funds to expanding departments,
such as engineering and computer science. from other departments with less demand is another rigidity that
impedes adjustment to changing conditions,

Greater attention to quality offerings and increased participation in high school mathematics is warranted
not only because of high technology manpower demands but also o mecet societal needs. There has been a
general uproar in recent years about the inability of most high school graduates o compose @ coherent
paragraph. The inability of a mujor portion of young people to solve simple computational problems that
relate to everyday life is appalling. The unemployment problems of disadvantaged youths who can find no
niche in an increasingly technological economy stem to a farge extent from their kack of fundamental skills
in mathematics and English.

The American tendeney to swing widely in one or the other direction. whether this be in wholesale
adoptions of a new educational theory or doubling the number of medical school graduates in a litle more
than a decade. his often amazed friendly foreign observers. The Sputnik reaction was rapid and effeetive,
culminating in Americans landing on the moon: There is no reason to believe that onee this shortage of high
technology manpower becomes generally pereeived. it will not once again be possible. via erash methaods,
to nieet the needs. In that case there is the further likelihood of overreaction. A more gradual but determined
anticipatory strategy of strengthened preparation in mathematics at the high school level, which atmost
certainly will produce greater college participation in the hard sciences and engineering in response o
market demand, is the preferred alternative. Such a strategy will avoid overexpansion in the high technology
fields, and will achieve a greater stability for meeting long-run needs.
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