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influence of companies on educational policies a8 the development of

‘links between the two institutions were -also-explored. Information
was gathered from: personal interviews with 130 officials from
education, industry, and government; a survey of- 158 Secondary
mathematics and science teachers at high schools on Route 128;
reanalysis of & national survey of American high school seniors in.
1980-commissioned by the National Center for Education Statistics;
and review of documents and reports. It was found that there is

. considerable interest on the part of students and -school ‘
-administrators at all levels of education in courses and programs of
study that would lead to technical careeﬂs. However, the capacity .of
educational institutions to respond to student interest is limited by
‘budgetary considerations. A shortage of staff and equipment exists in
all programs. Industry support for the schools is concentrated mainly
on baccalaureate and postgraduate degree programs. There are a few
cases'of mutually satisfying cooperation programs between the
companies and other sectors of education; but, for the most part,
school-industry ties are fragmentary, weak, and of short duration. It
is concluded that despite .new interést in industrial-education
partnerships, it is highly unlikely that corporations yill be able to
provide schools with the resources traditionally supplied byﬁﬁ
government funds. A bibliography is appended. (Authory/sW) !
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This study examined the relationship between high technology firms
an educational institutions in the Boston metropolitan area. The research
-focused on the responsiveness,pf public schools, community colleges and
. four year colleges and.universities to the demands of the industry for
technically trained personnel. The influence of companies on educational
pol“cies and the development of liriks ‘between the two ingtifhtions were
exp. ored as well. Information was gathered from several sources: personal
intarviews 'with 130 officials from education, industry and government; a
surrey of 158 secondary mathematics and science teachers at high schools on
Rouke 128; reanalysis of a national survey of American high school seniors

1980 commissioned by the National Center for Education Statistics, and
num rous documents and reports. :

There is considerable interest on the part of students "and school
administrators at all levels of education in courses and programs of study
that would lead to technical careers. However, the capacity of educational
institutions to respond to student interest is limited; by budgetary ‘ 4
considerations. A shortage of staff and equipment exists in all programns~--— ’
" high school mathematics and science, high technology vocational courses, two
year post-gsecondary technical curricula, and engineering and computer science
education. Industry support for the schoolss is concentrated mainly on
baccalaureate and post-graduate degree programs. There are a few cases of
mutually satisfying cooperative programs between the companies and other

sectors of education but,.for the most part, school-industry ties are o

fragmeniary, weak, and of short duration. Despite new interest in industrial-
education partnerships, it is highly unlikely that corporations will be able
to provide schools with the resources traditionally supplied by government
funds. !

The Public Schools

-~

Massachusetts, public schools have been well-funded and have enjoyed a
favorableracademic reputation over the years. The .percentages of students
enrolled in mathematics and science courses are significantly higher than
prorortions enrolled in such classes in all other regions of the ,country.
Mar:;achusetts and New England students score slightly above the national
‘avecage on a variety of achievement tests. However, declining enrollment
anc. recent budget cuts are causing a deterioration in school programs, including
thc ;e in mathematics '‘and science. A generation of younger teachers has been
laii off, class sizes are increasing in some schools, and needs for new
equipment, supplies and textbooks are going unmet.

The most critical problem is the probable dissolution of a cadre of highly
qualified, experienced mathematics and science teachers. Some schools are
already losing these teachers to industry. And data from the teacher survey
show that only two-fifths of these instructors plan to remain in public school
teaching. The numbers currently being trained for these positions in colleges
and universities are miniscule. Schools are: having difficulty finding qualified

.




teachers,‘and as layoffs occur, colleétive bargainigg contracts are allowing
elementary teachergs to displace less sefior mathemafics and science specialists |
in the junior high schools.

-

e

Vocational and industrial arts educators face similar problems in
attracting qualified staff for electronics and computer courses and in
obtaining adequate budgets for equipment. Their difficulties are compounded.
by recenf federal cuts in occupational education fumds. ) =

'’ While nearly all educators want to have productive collabarative ties .
with high technology industry, relations between scheols and companies are
strained, partly becauge of the support of the Massachusetts High Technology -
Council for Proposition 2!35, a property tax reduction measure passed in 1980.

The Community Colleges #nd Other Two Year Schools : ¢
It A _

4+

] . . .
Public community colleges.in ‘Massachusetts are small and poorly funded.
Ac, a result, otQer training establishments, particularly proprietary schools,
play a major role in providing electronics and other technicians to the labor
force. Desptte few resources, however, some cormunity colleges have developed
a range of technology-oriented offerings and student enrollments in them are
growing. Enrollments at private and proprietary technical schools have risen
as well. There are pockets of constructive training relationships between two
year schools and high technology firms, and a few companies have made donations

//io'the colleges. But as in the case of the public schools, relations with

these schools are of marginal interest to most companies.

Uncertainties exist over workforce projections for technicians., Company,
officials .in a few firms'caug4oned that technological changes are automating
the work of some of their technicians, resulting in lower employment demand.
Others, however, pointed to countervailing trends that will increase the need
for technicians. . . -

The Four Year Colleges and Universities

Massachusetts is a center for higher education. The state's schools

. tvain a disproportionate share of the nation's engineers.. Like co}leges,and

un.iversities all over the country, enrollments in engineering and computer
Shience have risen dramatically in response to the job opportunities in the
high technology sector. The schools are not able to keep up with student
denand, however, because of the lack of qualified faculty, an inadequate

p 'vsical plant, and insufficient research and training facilities.

Some industrial leaders have helped to focus attention on the probIematic
conditions of engineering. education, and have launched several initiatiwes to
increase industry aid to these progrdmh. The Massachusetts Institute of
Technology continues to have close ties with companies and receives considerable
financial support from them. Other colleges and universities have been less
frequent beneficiaries of corporate largesse. A consensus has been reached .
among university administrators and industry leaders on the problems of engineering
education and some of their solutions. But they disagree on the role that the

federal government ipauld play in alleviating the crisis that besets the schools,

.
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, with eduéétore favoring greater involvement of the government and managers
‘ opposing it.‘ 4

'

» Student interest at all educational levels in Masaachusetta is moving
in a direction congruent with industry needs, but the capacity of educational
institutions to respond to that demand remains in doubt.
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INTRODUCTION

Y

The Boston area is one of two major centers in the, United States of
technologically sophisticated industry. Its manufacturing economy, along
with that of Santa Clara Valley in northern California is both a microcosm
anq a harbinger of the new age of m1croelectronics that is emerging in
industrialized'naaions: This study), which is similar in purpose and coverage
‘to a study conducted in 1981 of California's Santa Clara Valley,l focuses
. on the relationship between high technology firms and educational institutions
ln the Boston metropolitan 'area.2 The research examines the responsiveness
of schools at all levels to a growing industry's demand for a better educated
labor force, the influence of high technology firms on educational policies,

and the development of ties between the two institutions.

A number of electronics and other science;based firms existed in the
Boston area prior to 1940, but it was the massive federal support for war-
related research during the early 1940s that provided the major impetus for
the development of new technologies in the Boston region. A large number of
ncew companies formed soon after the end:of-the'Second World War, many of
them spinoffs from research laboratories at the Magsachusetts Institute of
Technology, ''the undisputed fountainhead of high cechnology firmq in the
area." 3 Route 428, the famed '"Golden Horseshoe' built in the late 1940s
and.carly 19508, eventually became the home {or over a thousand high technology
companies. Today, approximately 33 percent of the state's manufacturing
workforce is employed in high technology firms, the bulk of them in the
Route 128 area or on Route 495, the circumferential highway lying outside of
Route 128. Employment growth in the industry has been particularly dramatic
since 1975, increasing by a third (32 percent) between 1975 and 1979.%
Although two-thirds of Massachusetts workers are employed in the service
sector, the fastest growing part of the regional economy since the 1950s,
and while the number of workers in New England emplowed inlhigh’technology
companies still does not exceed the number .employéd in the textile mills in
previous, yeara,5 the impotrtance of the presence of the high technology

companies cannot be overestimated. For example, high technology firms have

higher growth rates and invest more heavily in plant and cquipment than other -

manufacturing firms. In 1981, $0.41 out of every dollar of capttalmspending

by all manufacturing companies in New England was accounted ﬁbr by high
- o,
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technology companies.6 As _labor economists have often pointed out, rhe

periodic revitalizations of the regional economy have historically depended

on the growth of new, technologically 1nnoVative firms.7

= b4 "

' t’hile the high technology sector in the postwar period was expanding,
¥ : -
older industries in the state such as textiles and leather goods were in

a period of sign?ficant decline;8 The recent spurt of growth of science-
based industry since 1975, particularly coming as it did on the heels of a
recessionary period from 1970-75 in the state, has led manhy business and
A political leaders to view high technology firms as a kind of savior of the
‘Masnachusetts economy. The fact that the development of the industry
rescued Maesachusetts from the economic doldrums is one .reason why high
technology executives have significant political clout when they choose
to act collectively. Their nain trade association, thelnassachusetts High
", ' ) Technologthouncil, is a highly visible corporate interest group. Founded *
_in 1977, its membership includes' 124 companies which together employ 115,000
Massachusetts workers. Although many high technology companies are not ’
members (e.g., Raythéon, Polaroid, and General Electric), the Council 1is

widely regarded as the voice of that industrial sector.

The Council has been particularly effective in publicizing labor |
shortages of technically txained personnel. Industry leadere in Massachusetts,
along with the American Electronics Association, stress that despite the N
current business eldwdown, there is an increased long term demand for '

\

en ‘ineers, conpdter scientists and programmers, electronié¢s and computer

technicians, computer operators, and othef“tredespeople such as draftefst

Go rernment agencies and other economists have made similar forecasts. The* \
Council has made a concerted effort since -its founding to_encourage post~ ) ’
vsenondary institutions in Massachusetts to produce such skilled professional ‘}

. anh'technical workers. 1Its members argue that their companies' explosive '
growth has led to personnel shortages and thave are now a constraint on
continued expansion. , Refently, its leaders have also expressed a need to
upgrade high school mathematics and science programs, to develop better
career awareness among secondary students, and to introduce computer literacy
in the school curriculum. This study examines the inclination and cepacity

» of educational institutions in the Greater Boston area to respond to this
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projected demand for skilled technical workers by high technology firms.
The research also focuses on the ties which-exist between industry and
-‘education and the factors which promote or hinder collaborative efforts‘

between the two, ’

This study draws on several types of information. One hundred,and
thirty interviews with officials from education, industry and, government
were conducted between Septepber.vl981. and April, 1982. 10 A broad range
of documents, studies, and reports on high technoldgy and education in
Massachusetts was assembled. A survey was conducted of mathematics and
science teachers in eight secondary schools in the Route 128 area. And |
data on New England high school seniors, drawn from a national sample

of 28,000 students were obtained and analyzed from the High School and

Beyond study of the National Center for ‘Education Statistics.ll Where

relevant, comparative data on California is included.
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"I. THE PUBLIC SCHOOLS

: “w
The Current Status of Massachusetts Public Education - "

Y
v

Mgs;achusetts has traditionally given high priority to its public
scnoois. . In 1980 it ranked fourth among the states in the absolute amount .
of money it spent per pupil,l'2 ahd sixthjin expenditures for public schools -
as a percent of personal 1ncome.13 Caiifornia, by con&rastj.places 48th
amonz’thé states on the latter measure.la Teachers salaries are somewhat
abov: the national average, $18,288 coﬁpared to $17,400 nationally in "
193?.15 aﬁd the pupil teacher ratio has been lower than the national )
average.16 The state, however, has proportionately fewer children than
the national ayerage in gifted and talented prograha.17 According to the
1980 census, approximately three fourths (76 percent) of Massachusetts

residents 25 years of age and over have graduated from high school compared to

66 percent nationally, and almost one quarter have four years of college

compared to 16 percent in the nation.18 Levels of educational attainment

in New England, however, are lower than Pacific and Mountain States.l9

Students in high schools in New England and the rest of the Northeast
are much more likely than students from other parts of the country to be
enrolled in an academic curriculum and to take mathematics and science
couvses (Table 1.1). Data from Massachusetts students taking tﬁe 1981
Sclinlastic Aptiﬁude Tests show the same pattern (Table 1.2). Regional
difcerences in the percentages df students taking mathematics and science
courses are quite striking (Tableé 1.3 and 1.4); According to the High

Schinol and Beyond survey, 54 percent of New England secondary studengs take

thi'ne years or more of mathematics compared‘to 26 percent oF California
students. And 36 percent of those from New England have three or more years
of science education compared with oﬁly 13 percent in California. While

19 percent of the nation's 1980 high school seniors had taken physics, 30
percent had done so in New England. Almost half (49 pefcent) of New England
seniors have had chemistry, a percentage considerably higher than' the
national average (37 percent) or that of California (32 percent). 1In

fact, in all academic subjects except social studies, New England students

.‘ 1

Vi ,




Table 1.1

Percentage of 1980 High School Seniors in General, Academic, and
Vocational Curriculum by Geographic Region

New North- . "North
England East* South Central West ** Pacific

Academic 47%  s1% 33% 35% 347 332 ’
General =~ 25 24 39 40 45 47
Vocational 28 25 28 24 20 21
*Includes New England , Source: High School and Beyond,
**Includes Pacific National 'Centey for

° ; Education Statistics, 1980.

A . : s
Table 1.2

" -t
Selected Data on 1981 Students Taking Scholastic Aptitude Tests (SATs)

¥

National - Massachusetts California

Percentage of Eligible Seniors «\ : ,

Taking SATs o 33% 63% 36%

;j;\ ) - &
Verbal Score ’ \ 424 422 426
Math Score 466 462 475
a.

Parents' Median Income $24,100 $21,700 '+ $26,300
Estimated High School Grade i

Point Average 3.06 2.90 3.13

‘ ’ _ ‘ . ]
Number of Years of Study of

Mathematics , 3.52 3.72 3.29

»
Number of Years of Study of
" ‘‘Blological Science 1.40 1.45 1.32
F. AR - o

Number of Years of Study of L) ‘ C

Physical gfience p 1.78 1.87 1.33

!‘“ -
N Soarce: The College Board,

"College: Bound Seniorg,
1981" - National,
. Massachusetts, California.
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, .‘ .. A ] B : ‘m{ ) Table 1 3 ‘e ] v “_ s xl
’ o Cumulative Percentage of 1980 High School Seniors Taking Varying Amounts
.of Mathematics and Science Coursework by Geographic Region
. . oo 'v . . : ' - ' - e . ) 1 -r_...
. : RV . ! o e o R ,
L .. Amount of . New, : North- . = “North .~ ' . Cali-
Coursework """ England ~ - East* .. South . . Central = West*# fornia
) ' S : L : _ . e o
\ ﬁ ** 1 year or more ° 98%° . - 96% 967 - .89%7 91%2 .-90%
g' 2 years or more 84 . 79 . ~ 73 <60 - 58 - 58
"é, 3 years or more - " 54 ) 48 " 36 P\\29 L 24 26
3 ‘z . L - ) . . .
v  1year or more - 92. 93 92 8 90 88
.- *;/ i§' 2 years or more 65 - 66 . 56 48 4k L 4L
~ . . ) ) - L : ) . . ) k ) \, ‘
@ 3 yéars or more . 36 35 o200 21 15 13 .
*Includes New England_ . l o Source:f High School and Beyond;“‘
. **Includes California : o B : .« National Center for
LS . St , ' . co ¥ Education Statistics, 1980.
v . . ; . . . e . . S ) N . '. ‘ -
& Percentage of 1980 High.School Seniors Taking:
: S Lo %nthematics, Scienaf, and Selected .Courses
* wv?i Course I National : »l} California - New England , ‘
Algebra'I R f79% : , sT19% 2o 83%
. Algebta II  ° - 49 49 .62
Geometry C56 - R 72 -
Trigonometry . C26 : o 26 - 32
calculus * . ° 8~ . 8 10 - ‘
 Physics T "- 19 _ : ‘17;- R - 30 - PR
) Chemistry ' S 37 T 32 - __;'. ;49” v < _
Family Life or - o .‘ o IRV <t Y S
Sex Education 48 .. 60 coo 33
© ‘Acohol or Drug = ' ' o ' R
Abuse Education 39 51 o 31 ‘
: ; I : . - .
- v a ) . v
. . ' Source: High School and Beyond,
' National Center for _
Education Statistics, 1980 °~

g
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have had greater amounts -of coursework than their West Coast counterpartsf
The latter, however, were much more likely to have carried a family life or
sex educatloh course (60 versus 33 percent), and a class in alcohol and

i : drug abuse education (51 versus 3l percent)

-

7z
a -

New.England studehts'do a little more hOmework than the national awerage .

-'(Table l 4), although the percentages'are not impressive in absolute;terms.

Th1rt/-one percent of the 1980 seniors in the High School and Beyond study o ~
- had fwve or more. hours of homework a week comparied to 25 percent nationally._ “

The students are’ equal to the national average in the'percentage who miss

five nr more days of school a. yedr for reasons other than 1llness (21 percent),

while Californ1a reports ‘a high proportlon (29 percent) dolng so.  New, Engla d

seniz ‘s are_a little more likely to be tardy to .school compared to national

v
[

.07 . norms but are s]gnlflcantly more punctual as a group than California seniors

. (Table 1.6). -, S

.
]

» .Variations.by state in levels,of academic'achievement are diffiCult to
assess. since most national'seudics group students by region. Thus, for purposes
of this analysis, data on the Northeast or New Engiand will be used in. addition
g .to the few sqite reports which are available., Compar1sons of Scholastic Aptitude . .
Tests’ (SAT) scores betWeen states are available, but they are not particularly R
. useful since the proportion of seniors taking the test varies from state to state._ .
.Nationwlde, approximately one th1rd of all eligible seniors‘iake the test but _
‘a; much larger percentage, 63 percent, do so in Massachusetts > As a result of /fv
a lar er pool of,students taking ‘the test the SAT sgores of Massachusetts °
studexts are slightly lower than the national average, The state's pupils scored
422 in the verbal portion of the test compared to 424 natlonwlde, and 462

the mlthematics test compared to 466 amohg their counterparts in the rest of.

the~ ation (Table 1. 2) Decllnes ‘in students' scores nationwide have been _
paralieled by a decline of similar magnitude among New England students since .
) compara ive data became available in- 1972 21 ! - s ‘
’ ‘ . ‘K“

N There is evidence that Massachusetts and New England students achieve

above students in other reglons. Massachusettsphas the seventh highest'
icutoff Bcore required for students to qualify as sem1-finalists for a

National Marit Scholarship compared to other states.22 A 1980 study of

ks : N . . . . - . ’. [)
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.+ Table 1.5

. 4

: . _ -
L . , Percentage of 198D High School Seniors Repdrting [ C
: : Amount of Time Spent on Homework Per Week . o'
Average Hours Pe; Week = - - ‘National , . New England California
Less than 5 _ - . ' '282' ‘ | 62% 69%
- . Between 5 andvIO : . B 18 21 . 17
. More than 10~ -« | 7N w7 .
. 'Nd'homework is ever assigned - "');- ‘ 4 . B 3 . ’ . 4
. P! have homework, but I don't do it ' 4 : 5 o 3
’ ) ‘ : Source: High School and Beyond,
. S =7~ - Nationdl Center for
. ) " . Educatien Statistics, 1980.
0. . 1
» Table 1. 6
+ Percentage of 1980 High School Seniors Reporting -t

Absenteeism and Tardiness

E National » NewaEnglend: : Calffdrnia‘

5 days or mo®e absent this year for

reasons other than illness - ' 21% ' 21% - 29%
5.days or more late to school this : I o
year - : 19 : 23 31
\ | . . -‘ . ’ S Source: High School and Beyond,
DY I o T : National Center for

. Education Statistics, 1980.

- ‘ , - J




-achievement was conducted for the Department of Defense of a national

- representative sample of 12,000 men and women ages 18 to 23, ° fhe results
showed that those from New England sdhred highest on the Armed Eorces.,
Qualifying Test compared to'young adults in eight other regions of the

country (Table 1.7). Achievement agq;es from the 1980 High School and

Beyond survey show New England students scoring several points above the
national average in reading and mathematics (Table 1.8). The most
comprehensive evaluations of achié&@fﬁnt are those of the National’
Assessment of Educational Progress (N P). Those studies have consistently
shown students from the Northeast (which'includes some’Middle Atlantic

states) to have thée highest scores in mathematics and science foliowed by -
the Central, West and Southeastern statesjin that'order; Nine-year—olds

in the Northeast.also léad other regions'in reading scores although thirteen
and seventeen-year-olds generally rank second behind those in the Central |
states. Black students from the Northeast outscore black students from

other regions at alllages in the reading assessment.23

) : . . . ’ ’
~ The Massachupetts State Department of Education has conducted several
statewide tests with some of the NALP items so that regional and national.

comparisons could be. made The results of thosé surveys conducted between?:P

1974 and- 1978 show’ a mixed: pattern. "The state's students score above- the S

national av@rage in reading, mathematics, and some portions of the writing

* exanination. In‘science, nine-year-olds also scored above the national
average,, but the'rankings of the 17-year-olds placed them at the overall
U.S. average. On some of the writing subtests, Massachusetts scored below
rerlonal and national averages.24 Analyses of test results from the state s
first mandatory testing of basic skills in 1981 show that Massachusetts
pupi}s are significantly weaker in writing than they are in reading and
math‘as Thus, while some comparative weaknesses are present, students »
from Massachusetts ang the surroundﬂng region appear to have somewhat higher

achievement levels than their counterparts elsewhere in the country.

HoweVer, ‘the current demographic,_economic and political,environments

within the state are having a destabilizing effect on public education.

[ Y
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Table‘1{7

. X - —_—

Mean Percentile Score on 1980 ﬁfﬁéd Forces'Qualifying Test, Ages 18-23, By Region

West - East . o \7 West f _ East L.
o : : New North Middle - North . South ~ South South,
' ~ England Cent®al Atlantic Gentral Mountain Pacific Central. Atlantic Central
Mean Percentile Score 60 . 58 53 52 - 52 - 50 » 48 44 42 4
‘ » . | . y L R ve-; -.. L .
Source: Profile of American Youth: 1980 Natidnwiae;
*~ Administration of the Armed Forces Vocational-
:Aptitude Battery, U S. Department of Defense,
.1982 : .
. . B 3 L]
Table 1.8 ~ :
o : : Reading and Mathematics Test_Scores of 1980 Seniors ,
Test Score National New England Célifornie .
= Reading ,(Mean) 49.64 51.19  49.85 o
(Median . 49.95 52.41 - 49.98 I S <
: S Math-Part I (Mean) ~ 49:60° -~ . 52.10 © 50.48 L . RS
. T (Median)' 49.39 . -52.62 . . 50.66 : e )
' Math—‘Part I1 (Mear)  49.67 . 5115 50.14 . - o A
C(Mediam) 48.06 5195 SE3L 18
;.1'7> S o - A . © . Source: Student.AchieQement‘ih’Californié
- Y. T ‘ ‘Schools, 1980-81 Annual Report, -
' ' ' ‘ California State Department of Education,
1981; High School and Beyond, National .
Center for Education Statisties, 1980.
. -,
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hy low fertility ratls. The_only area of the country with a lower

| One demographer estimates that only half of ‘the females in the New England

. R -

‘ ! .
Student enrollment,which peaked in 1973-74, has declined approximately '
22 percent since then, causing wideapread layoffs of teachers and

alter tions in the curriculum and organization of schools. The problem

is particularly acute in New England which has historically been characterized

27
fertﬁlity figure than that of Massachusetts gcurrently is Washington, D.C.

cohorts born during ‘the mid- to—late 1950s will have more than one child.’ 28

¥

A second dramatic'inflnence on schools in.;ecent years 1is decreased

- financial support for publicreducativn. For the last several yeats, -

municipal budgets were held to a four bercent increase at a time of double

digit inflation. ‘And 1in November, 1980, Massachusetts voters overwhelmingly .

~ \ !
approved Propo3ition 2}, a local tax reduction scheme similar to California's

Proposition'l3 29 As a result, during the 1981-82 school year, the systems' o
budgets ‘were cut an _average of seven percent which, if' inflation were taken

2
into account, amounts to a 14 percent budget reduction. There was a'l6

’percent reduction in school staff in local school districts‘statewide

including a 12 percent cut in the professional staff (approximately'
7,000 teachers, counsellors and specialists). ﬁnother 2,000 to 4,000 ,
will most 1likely be terminated'by fall, 1982. Some of the reductions

" were ‘due to declining-enrollment, which averaged 4.2 percent across the

cities and towns in 1981-82 One hundred and sixty three school buildings’
S
were closed as a direct result of 2% alone, and half the local school .

districts established user fees for such ,services as athletics-.and

instrumental music 1essons.30 At least 60 of the state's school . L
superintendents announced their retirements or resignatiOns during this e
school year, a dramaticvincrease‘frcm the average'oflls in nreviohs years.31
Thug, the twin effects of declining enrollment and budget reductions are
creating a profoundly transformed environment within which public' schools

must operate, I . ' .

’

‘The Status of ‘Mathematics and Science Education in Seven Route 128 Communities

Y

- < PE
e

Six communities with the highest concentrations of high technology'firma

in ‘he Route 128 area were selected for study along with one other Route 128

° o .
@ o . LI
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municipality wheére many technical-profeésionals reside. Eight high schools
are included "in the. research Two of the communities are upper middle
class, another two are middle class, while the other.three are largely

blue collar in thgir socY¥oeconomic makeup. -Interviews with at least one
high ranking administrator in each of -the seyen systems .and with the

-~ L]

sixteen . chairs of the- secondary mathematics and science departments

teachers in the,eight schodls. Sixty—six percent (158 people) of the‘
teachers responded to the survey questionnaire. " Of special interest -
were student enrollment trends. ‘the impact of budget restrictions. and

teacher staffing patterns, v . ,.j . N

i
wer:rconducted A- survey was conducted of 241 mathematics and science : ‘ .
Enr'ollménts in mathematics and science cours’es, usually prerequisites l
to professional technical careers,’ are relatively high in these eight high
schools (Table 1.9). Sixty to 95 percent of thﬁtudents in each school l
are enrolled {n science courses at any one time.' The figures for mathematics {
enrollments range from 80 to 99.8 percent, five. schools have more than 9y’ l
percent of their students enrolled in mathematics courses. The popularity
of mathematics and science is little related to the social and economic S i
status of the community. In one of the blue—collar “high schools. 90 percent - -
of the students are enrolled in mathematics. 14 percent ar¥ carrying computer
prdgramming courses, .and 95 percent are taking sciefice Subjects. Several |
schools had made a concerted effort to‘en/oll nonrcollege bound students -
‘and females into science and mathematics courses.” Five of the eight schools .
report an increasing student enrollment  in science courses during the.past
sevaoral years, and six schools report similar growth in mathematics enrollments.
Mos: of these increases are in the third\and fourth year courses. No school
is :xperiencing a drop in the percentage of its students in math and science
enrollments. These upward trends contrast with those in California schools.

four of eight school-system officials in Silicon Valley reported that

mathematics and science enrollments were decreasing.

These results also show that Route 128 students go well beyond school
district science and mathematics minimum requirements for graduation. ‘Most

of the systems require one or two years of high school mathematics and one

1

.
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Table 1.9 *
Percentage of Secoqpary Students Enrolled,ih Mathematics and Science Courses*
in Eight Route 128 High Schools, 1981

- ,ot ]
v

T T U U T - - -
>
-}
(@]

“y w N
. \
. .School . ‘
D** Exk F Gk Hx *
~ Math Courses 92%  88% * 94%. 90%  85% = 99.8%7 90% 80% °
.o : . Tk,
{ ‘Science Courses 87 64 70 88 . 60 75 ~ 95 ©5 ’ é&_
Lot . . ‘ N ¥ . ’ . ) . . wx
. . . 5
*The few students. who take more than one science or. math cours¢ at a time 2.
are double-counted’ here
**School has grades 10-12 only ‘— other schools: are grades 9-12.
. . ) . \" . . A
‘ Percentage Reductions in School Professional Staff, -
School Budget and Student Enrollment in Seven Route 128
. School Systems and the State of Massachusetts, 1981 82
. -School System g o oo
’ : A B c . D E F G *Massachusetts’
- Percentage Change  +6.3% ~-1.1% =13.0% -1.3% =-0.0% =-2.3% -11.2%2 -  -7%
© 4in School Budget ' - : ' g :
from 1980-81.
Percentage Reduc- =9.9% -10.5% =15.4% =-8.1% -10.5% -19.3% : NA -127
" tion in L c 25 Tenured
Professional S : , Teachers
Staff from 1980-81 "riffed"
. ?
Percentage Decline -~7.8% -3.1% -7.9%2 -6.5% -6.4% -6.5% -8.5% =4.27%
'in Student Enroll=- - ’ ‘ _ , b
ment from 1980-81 7 7 N
e " - ' *Source of Massachusetts Data:

L Massachusetts Association of School
Committees, "The Impact of Proposition 2%
on Public Schools," April, 1982.
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year of high school science (two years for college preparatory students in

several schools), but students take significantly more courses. Three or

more years of mathematics courses and two to three courses in science are
. typical for the‘majority of students at these schools. One school which
'has no mathematics requirement for graduation has almost 100 percent of its.

.

L stu\cnts taking this subject. S e .

o California and other states are trying to boost enrollments in science
and mathématics by changing state graduation requirements and entrance ‘
reqi'irements to the state's public colleges and universities. For example,
the University of:California,dill begin requiring threeiyears of high school
mat .ematics for entering freshmen_in.1986, and the California State h

University system will require two years. Governor Jerry Brown recently

exhorted Silicon Valley students to take more courses in math and science.
A magnet school stressing science, math and technology courses 1is being _
. ; planned by the Los Gatos Joint Union High School District and the Fremont ES
S _ Union High School District in the Valley.’ ‘_ :

_ While the Boston area schools are experiencing modest percentage increases

. ' in math and science enrollments,'they are witnessing an enormous upsurge of
student interest in computers. One secondary school system which had 231
students enrolled in computer electives in 1973 now has 680 students taking
such courses. Yet many fear that since students are: now often exposed to
computers in elementary and junioy high school, they will be frustrated_by\‘-\
the' lack of access to advanced course offerings at the senior high level. I
Every school administrator complained about the lack of computer hardware
in the face of accelerating student demand.. However, teachers at most schools,\'
usunlly in the mathematics department, have been quite willing, even eager,

to . etrain in order to teach these courses. Several districts have used .

cre. tive metHods to stimulate teacher retraining For example, oneASChool

system had trained 375 school staff out of 700 (including some custodians

and secretaries) in a 30 hour coutse in BASIC through'an OccupatiOnal Education
grant from the state. Another system trained most of its mathematics faculty
to teach computer courses through a "buddy system where one teacher. proficient

in computers co-taught a course with a novice. While interest 'in computers




.~ education’in the Boston
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is "phenomenal," in the words of several administrators, there is little
in the way of state or federal guidance or support for curriculum develop-
ment or equipment acohisition. Unlike California, where at least county
education officialg provideeleadership in establishing computer curricula,
Massachusetts school d‘ftricts have to go it alone in this area of
instructio There is no centralized teacher censortium or computer

l&rea either, unlike Silicon Valley where the Computer
Using Educators group provddes programs and services to further this
pecagogical effé&t. There i{s a proliferation of smaller grOups newsletters
and conferences in the Bay State but no one organization or government

ag(ncy plays a coordinating rale.

As student interest in sc nce, mathematicscand computers grows, school
budgets are being reduced. All but one of the seven cities and towns studied
experienced an absolute cut in their school budget in 1981-82. Professional
staff reductions ranged from 8 pe cent to 19 percent, with an average of
12 percent for all towns,. the same \as the statewide percentage. Declines_

in enrollment averaged 6.7 percent in 1981-82, slightly above the average

for the state (Table 1 10).

industrial arts, music and assorted a tivities and clubs, there have also
- been financial reductions affecting th teaching of science and mathematics.
Six of the eight sciehce departments and half of the m thematics departments

-§2. Math te;it

than science teachers to be laid off. bec use of increased student demand for

studied lost staff positions during 198 ers are less likely
comnuter)electives a&&ismall remedial courses. Eleven of sixteen departments
.have.had their budgets for equipment, supplies and texts cut or level~- unded
in ihe last year. The chairs, particularly in the science departments felt
that these financial reductions were especiially harmfulcbecause there has
been such dramatic inflation in the costs ¢f chemicals, glassware and
textbooks. Six of the eight high schools re now using mathematics and
“science textbooks seven or eight years rather than the previous standard of
five years. Two of the schools had lost' fu ding for @ faculty person to serve

as ooordinator‘of‘the school's mathematics eam. All of thqﬁschools believed




that financial constraints had prevented them from acquiring the computer

hardware necessary to accommodate student demand. . ' .

-

Y ' .. In addition to these reductions, one school lost a remedial mathematics
laboratory and another lost the double laboratory period used in some science
o courses in the 1981-82 school year. Three schools had teacher sabbaticals
| abo.ished or in-service training programs eliminated. .Four science depart-~
. ' . " ment. and one mathematics department experienced an increase in class size
- or i'equired teachers to take on an additional class. bhe school had to
‘elininate some of its ability groupings.” Another cut eight courses from
its science curriculum. Statewide, a number of towns eliminated the position
of rcience coordinator, particularly at the elementary school level. Field
trips to Boston s Museum of Science dropped by 25 percent during this first
year of implementation of. Proposition 2. Overall two thirds of the’ teachers
surveyed in the eight high schools tlaimed that cuts or constraints in the
school budget had hurt courses in their discipline. They singled out lack
of money for equipment, supplies, texts and- computers as their major concern
followed by the growth in class size: It should be noted, however, that
class sizes are still quite reasonable, around 25 students’ per class, and

y

are significantly smaller than those in California.

The most serious problem, however, lies,with the teaching staff ttself.
Recent national and state studies have documented-gye attrition of experienced
mat! ematics and science teachers, a dramatic drop in newly certified graduates
in ({hose fields (ai65 percent decline in science education graduates and a
77 rercent decline in mathematics education graduates between 1971 and 1980),
and the misassignment of unqualified teacherskto cover courses in mathematics
and science.32 These studies show that theuproblems in the Northeast are less.
sev: re than in the rest of the country. The pool of newly certifiedhcandidates
islarger(Table 1.11), and the-percentage of newlyfemployed but unqualified

. science and mathematics teachers‘is sharply lower--nine oercent--than'the'
national average of 50 percent. The.hercentage.in Pacific Coast states 1s

an astounding 84 percent (Table 1.12).

. ) ' §
Nevertheless, it was apparent from the interviews and questionnaire data

that the supply of qualified mathematics and science teachers is also becoming

C o
v . 2“'




N - 17 -

Table :1.11
Number of People Granted Certification to Teach
Secondary Mathematics and Science in:.Massachusetts, 1972-1981

[ i

. : S\ : General . Earth
Mathematics Chemistry Physics .Biology Sgience Science

1972 | 891 246 S1s6 417 950 64
1981 (157 o (49)* (38)%. (98)*  (226)*  (30)*

¥ 315 119 62 268 457 49
Percentage ' o _ : - S
Decline -65% - -=52% —-60% - =367 -52% =237
*Veteran teacheré. included in the Source: Massachusetts State Department

. total in each cell, who are adding of Education.

on an extra certification.

Table 1.12

Percentage of Newly—Emploﬁed; But’ )
Unqualified Science and Math Teachers

Cénsus Region 1980-1981  1981-1982 ]
Pacific States ' | 75% | ‘84%
Mountain Statesﬁ , o b4 - 43, -
West North Ce;;ral'States 26 \ 43
Wést South Central states.! 63 - 63 - .
East North Chntral States 23 32
East South Central Stéfeé’ 43 | 40
Northeastern Statés 11 ' 9 )
Middle Atlantic States . 40 46
-South Atlantic States o 48 _ 50
NATIONWIDE ) o 5o - .50 A

Source: James Shymansky, National
Science Teachers Association,
Washington. D.C., 1982.
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a sepious prdbiem in the Boston area.’ All of the dépsrtment chairs
ithrviewed stated that the pool of cahdidates was very small and five of
the eight schools repsftéd difficulty in finding qualified teachers in
those subjects, especislly physics.ji"Fivéfyeags ago.we had over tWo feet

of job applicdnts' folders and now we have one inch,"

reported on
macaematics department chair. One school system had experiénced‘nn ®

88 sercent drop in applicants in all teaching Eields'in the last few’
yeirs. 'We are going to have a terrible shortage of teachers" warned

th Assistant Superintendent. Many administrators expressed concern about

Y commented: one

th' quality of new recruits. "We're getting the Crumbs,
sc 2nce chair. Another-radministrator admitted that "today we'll take any
warm body" to teach mathematics and science. InJEed, the average SAT scores
of 1981 Massachusetts_colléée-boUnd seniqrs who chose education as their
intended major were abysmal: a #erbél score of 383 and a mathematics

score of 409. : ' ) .

Few students in Massachusetts colleges and universitie¢s are interested
in becoming teachers. Only 76 seniors who took the SATs in &‘Tl (0.2 percent

of the test- -takers) expressed an interest in becoming secondary education -

teachers. Most of the Route 128 schools studied do not have student teachers

-Ln'sCIsnce or mathematics, or other subjects for that mdtter, and many
schools no longer have a Future Teachers Club. Able students are no longer
encouraged by tgéir teachers, parents or friends to choose education as a

ca’ rer. The numbers of students graduating in science and mathemntics

ed ;ation is miniscule. For example, Boston State College (recencly absorbed
int) the University of Massachusetts at Boston) is graduating no students

in vhysics and chemiséry education and only one or two in mathematics educa-
ti. i; Northeastern University is turning out nb one in secondary physics,

ont in chemistry and one in mathematics; Boston University has a total of

two students graduating in science education and 11 in mnch;macics educat ton.
(In Massachusetts, a trainee in sécondary.education musc'mnjo: in a substantive
disc&pline and can only minor in Lducacion.) Lowell University has abolished
_1cs'undergraduace sdcondary education departmenf and other local schools

are considering the same option. HHalf of the sew certifications in

mathematics in 1981 in Massachusetts were veteran teachers "adding on" an
®
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add1tional certification, by taking six additional courses, in order to

‘save their jobs._ Thesb "add-ons" are not truly qualified to teach more»

“

than introductory courses,

While officials at the schools stud‘ﬁd are having an increasingly
dllficult time find1ng qualified applicants in mathematics and science,j'
both the questionnaire and interview data reveal that they have not yet .
-v-rcsorted to misassigning unqualified teachers already on the staff to teach xf
these courses. These findings confirm the\Northeast pattern documented in
‘national. studies. However, misassignment does appear to be a grow1ng
\ problem in junior high schools were senior -elementary teachers with a K—B
certification are "bumping less experienced junior high math and science
specialists. This was the case in four of the seven school systems.
Several administrators believed that these 'senior elementary teachers were’ ‘
clearly less qualified than the spec1a11sts they had replaced Many expressed‘ ; .
the fear that;¢isassignment would become a problem at .the . secondary level in

the future. o o ' - ",‘.~__ ' ‘

g Co . Staff attrition is a serious problem 1n two schools. One of the two

v had ‘'lost five math teachers in the last three years to Jobs in the better_.u
paying high technology sector. Another three . high schools were losing
appxoximately ‘one a year te- such-jobs. Three schools, those in the most
affluent communities least affected by budget cuts, claimed that such losses
swere not a problem, but the chairs expressed concern that it would become-.
so in the near future. Their fears are borne out in the questionnaire-

- . survey of teachers which revealed widespread demoralization.among

m\}mathematics and ‘science staff 'I‘he teachers, over two-,

male, average 16 years-of experience, the same as th national average f- f

~ secondary mathematics and science teachers. By nat; onal standards, they

’

are an extremely highly educated group:, 81 percent, \compared to approximately .4 ' ,-

50 percent of the secondary mathematics and science teachers nationally,.33

have an advanced post—graduate degree, and many have further course work
beyond that. All of the science chairs and two-thirds of the mathematics
chairs h ad participated in National Science Foundation programs -of study
available in the l960s and ‘early 1970s. : , ‘ ¥




One of the sources of teacher malaise is apparent from the fact :hat
' \\ only seven of 158 teachers are under the age of 30 (Table 1. 13). Only '
VFtwo of the respondents have four or fewer years of teaching experience. o
" ;. b_-v One science department did not _have a single teacher under the age of 40,
' Th‘s age distribution is the source of much concern among those surveyed.'
According to the Survey, only 41 percent of the mathematics and scieheeg,;f;.
;fteachers in the ‘Route. 128 high schools are planning a permanent career inff :
‘teaching or - school administration (Table l 14). ‘The rést are- either expecting
.to be laid off- : (12 percent) or are seriously considering leav1ng
' ; ',teaching (47 percent) The. proportion expressing such feelings varied
- by school.‘ invthe_system with.the largest budget cut, every matﬁfteacher_f

who responded to the survey wanted to-leave teach g3 in'another‘system,ﬂ,

two—thirds of”the science teachers wanted to remaip in the profession. of

course, teachers have always had high rates of attrition, but much of that
~ was traditionally due to females in their. twentiesl&eaving teaching when
had children and males moving up to administrative positions.- Butc

.”these Route 128 schools have senior staffs who w0uld normally not be

'expected to have such a- high proJected turnover., Thus, the fact that almost;""

thrge-fifths of &hem are seriously considering a career change is cause :

for some alarm.’ . - IR X

‘ The percentage of mathematics teachers wanting to leave is the .same,
’ r-\ _ as that of science teachers.‘ However, o y 6 out of 19 physics teachers
| T vi in the sample said they want to continue their teaching careers', a lower
ction than that of teachers in other mathematics and science fields.-
Ironically, at a time when there is such a shortage of physics teachers,
four of these. teachers believe they are- going to be'.laid off, Several
ch:irs commented that when mathematics and science teachers are "riffed "
T _ ’ few try to get another teaching job ("1t's the: elementary,teachers who,"

" gaid one school administrator;):'Teachers who are younger.and'l'

hang_on,
. less experienced are more Tikely than‘others to be thinking about a
_career change: 0f the seven teachers under 30, only'two believed'they‘
would stay in teaching. Of those who'are considering a career change,
* 60 percent said they would seek a job with a high technology company or

‘
’
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 Table 1.13 B

Years of Experience and Educatioﬁ'qf'Secondary Sciencé and Mathematics
eachers'in,Sevén'RbuteulZB (Boston Area) Commuqigies, 1982 .

~ Routé‘ﬁZBfTeaéﬂerésw
v e T : .

Sex: ' Male .  69% !

. . Female. 317 . . . °

«.~N

2.

- Age:  Under 30 5% .
L 30-40 437 .
'e . 40-50" 337 .
o . Over 50 202 =~ -~

~Years of, Teaching ExperiencV: 16 L
: .' . ' - . . . &b. . . ‘.
' Highest Educational Deéree: B.A. or B.S; 197% 3 : :
¢ . B - M.A. or M.S. 7o DR
] ' ‘Ph.D. or Ed.D.. 5% L -

L

o /\S-' ' ~ SR S
- Table 1.14 o oy
Future Career Pléns.o Sécondary Science and Maﬁhematics' ‘
Teachers in Seven Route\128 School Systems
'Percentage'

. " , ' " . Response

Planning a Permanent Career in Teaching :
and/or Educational Administration . : 417

Very seriously considering leaving teaching' !
for another field o« . . 22
Planning to 1eave‘téa§hing : S a o ‘ ‘25 . _

May be laid off = S ¢ 2 g_

»
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a job that in some way utilized their mathematical or scientific

_expertise (often in computers). Their reasons for wanting to leave are
twofold: declining Job satisfaction and- inadequate salary pompensation.

Typical comments the questionnaire included° .

M tired of the long hours and low.pay.‘ Nobodybexceptﬂteachers'.f
. -care about the education of children."f] S B
L '"Teaching is now a dead-end occupation. -
VFIv"I m tired of teaching and the future looks bleak "
o "The teaching environment becomes less pleasant each year.

R § lovi eaching but it's wearing me out. There are too many
alienated kids to face everyday. s :

"Working conditions are deteriorating. I,want to leave_Massachusetfs
and its anti-education attitude." '

.

"Teaching is 'a luxury I can no longer afford "

"There is no room for growth no reward to excellence in teaching.
Salaries do not keep pace with inflation."

r

- The most serious problem, then, in high school mathematics and science
instruction in these Route 128 high schools is the possible dissolution
_ of a highly qualified cadre of teachers with no new. cohort of trained
- _: ?k'; .people to take: its place. With teaching salaries beginning around »
' v ‘ $ll 000-$13, 000, students . with skills in these fields can often find
o alternative employment at almost double that figure. Job" security, once
a strong point of teaching'no longer exists.'.Moreover, the veteran
ceachers -surveyed felt that ‘the quality of students' work isinot improving-~
indeed, two-fifths felt that student academic performance had slipped in
the last five years. With equipment cuts, larger classes, reductions in
yiofessional development opportunities, it is not surprising that teachers
.re demoralized. The shortage of qualified teachers in all fields will
1ecome particularly apparent in the mid-to-late 1980s when enrollments
| begin to rise at' the elementary level as a large number of - teachers hired
during the boom years of ‘the 19508 retire,and ab the full impact of the
decline of newly ‘rsined teachers is felt.'

P

The Condition of Industrial Arta and Secondary Vocational Education’

»

. Industrial arts courses and high school vocational training programs
"l,ave problems similar to those of mathematics and science departmentsé a
. v , . -

" sl oo .

Q “ o ‘ | 1 _. £3()
. ‘ ‘
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shortage of qualified teachers in certain fields, a loss of teachers to
industrial jobs in several schools, and inadequate funding for modern -
equipment. Interviews were conducted with occupational-education directors
in the seven Route 128 school systems and directors of two regional
.vocational high schools on Route 128. All of the school systems were
having difficulty hiring instructors for electronics and computer courses.

In one high school, ‘all” three electronics instructors had left in the last

: _three years for jobs in private industry where they made substantially

higher salaries. 'Vocational educators are ‘paid $l3 000 to: $25, 000 a

scale that cannot compete with industrial compensation. Several schools
had to lay off teachers in the last few years. One system had riffed three

vocational teachers in 1981-82, one of whom had 25 years of experience. ¥~ *
As a result of the staff cutbacks,” the machine shop program was scaled down

and merged with the program in metal shop.

Industrial arts and vocational education have been especially hard -
hit by budget cuts. ‘Much of their budgdt is ‘tied up in equipment and »
supplies which are inflating rapidly in cost. Three school. syStems‘had _
relatively good‘eq*EEEth\ind there were funds to maintain it. But five
of the nine schools now have no money to replace equipment. '"The budget
cutting process has been devastating," claimed one occupational educat ion
coordinatorbwho had seen his annual capital outlay budget slashed from

10,000 to zero. Local tax cuts are compounded in occupational programs
by\the substantial reductions in federal vocational funds under President
ReagQqn, One of the comprehensive high schools has'recently'started a word
processing course and an electronics curriculum with federal occupational
‘education funds, but the coordinator feared the loss of even that support

in the future.

The highly regarded 27 regional vocational- technical ‘high schools “in :
Massachusetts are experiencing a real crisis in funding.- They derive their'
‘-Support from assessments of their member school districts which during the’
current funding reductions, are more reluctant to give money to a school
which may take only a few of the district's students. There was no special
provision made for the funding of regional schools in’the Proposition 2%
lcgislation;,and these scheoisggot less state aid proportionally in 1981-82
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than‘local‘school districts. The first programs to be cut were courses
that served post-secondary students. _But next year, according to a state
vocational education administrator, the budget reductions will be'"getting
at‘the heart of program offerings."b One superintendent. said that in two
‘yyears, his schools would have- to abolish some programs ‘because the current
c.)ital outlay ‘budget is SSO 000 less than what it should be to keep the
piograms from becoming obsolete.. He now spends most of his time on budgetary
m tters rather than on curriculum and administration, going from town meeting
_to towri meeting pleading for adequate funding._ Among other .cuts, ‘the school
hzs eliminated seven staff positions, halved the teacher substitutes and
rcduced late bus service. Another superintendent claimed his capital outlay
budget ‘had been cut from $100,000 a year to nothing. As a result. certain.
programs were becoming obsolete. particularlg;the machine shop. A further !
problem that these schools face is increased competition with '‘local high-
- schools for students-as a result of declining enrollment. In the past
e " the showcase regional vocational-technical schools had waiting lists of
| prospective students, but increasingly they are engaged in .an outright. .

_.war ‘over bodies" gith their member districts high schools.

Students in. the vocational and industrial arts programs are moderately

‘responsive to career opportunities in the high technology sector. Computer- -
related courses are popular at all schools. Electronics iaiheavily subscribed
at vocational schools but is not unusually popular in high school industrial
a:'ts programs. A 1980 statewide study by Christine LeCam for the state's
Department of Manpower Development concluded that enrollment trends show

t 'at this sector of education is responding to the needs ‘of the high
technology sector.34l According to LeCam, secondary enrollments in vocational
P ograms, which make up approximately 82 percent of total vocational education

“-ollments in the state, have been. shifting in the direction of high - - -
'technology c0urses such as computer-related business and. office programs |
and electronics assembly and technician training. Between 1972 and 1979,
‘there was more than a 110 percent increase in enrollments in high technology-
related occupations at a‘time when total vocational educational enrollments

,
rose .only 50 percent. About ten percent of vocational students were enrolled

>
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. - .
. . .

in high technology programs in.1979, up from seven percent in 1972,
Thus, at a. time when students are gravitatino touard training in high

technology fields, there is an erosion of staff and facilities needed

to provide high quality programs. "" L ,'fy S

” Industry—Education Relations

.

Relations betueen the high technology companies in the Route 128:
area and the local public schools, never strong to begin with, are

currently strained. Public school administrators and teachers

narticularly those who are politically knowledgeable, are angry at the

support- that the Massachusetts High Technology Council gave to

Proposition 2ls in 1980. 1Indeed, approximately half the companies in

‘the Council ‘donated a total of $229, 000 “to the Proposition 2% campaign,
60 percent of the total amount spent on behalf of its passage.35 )
Council officials acknowledge that uithOut their last minute fundraising,
the measure would notQhave passed.36 Industry officials believed that

~high taxes were a barrier to the recruitment of desperately needed

engineers to the Boston area and they supported-Proposition ‘2% mainly
for this reason. They were not intent on reducing resources for education,

' believing instead that budget cuts would only eliminate waste and
' inefficiency at the local level. '

Resentment among educators Egainst the.High Technology Council's
supporfwfor Proposition 2l still remains high, especially ‘those in
districts that have experienced significant cuts ‘in their budgets. The
educators who were interviewed commented:

"Around here high tech is a nasty word" (a science department chair),a

"I have a terrible hatred for high tech " (a mathematics department
chair),

"I won't sit in the same room with those people" (an assistant
superintendent);

, "High tech people are not sensitive to morale isSues.of teachers., : '
‘They should teach here for a week and then talk about morale"
(superintendent of a regional vocational-technical high school).

One industry leader acknouledged that the High Technology Council had a
“black knight image" and had done little to ward-off the backlash.

- »
P
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Only two of the public school staff interviewed had supported
Proposition 2. Officials in the one town whose budget was' unaffected
by Proposition 2l expressed” little resentment against high technology

companies, but they were clearly the exception.

| The attitudes of wﬂé high technology officials interviewed were
/orlds apart from those educators when it came to assessments of ther
g impact of Proposition 23 on the public schools.' Threeffourths of ‘the
nanagers expressed the view that the budget cuts would fall only on
)eripheral programs ("mystery novel" courses) and would not have an
vimpact on core academic courses such as mathematics and science. Most
"elt that if academic programs .were cut, 1t would be the result of
politically motivgted mismanagement and not due to real fiscal shortfalls.
A minority believed that the budget reductions would harm solid academic
programs, a. process that they claimed would ultimately cause Proposition 2
to backfire on industry. Several bemoaned the losses of music and the
arts, not only for their intrinsic value but also because they saw a

correlation between music and interest in software engineering.

In addition to the 1issue of Proposition 2}4, the degree-of general
mutual disregard existing between industry officials- and educgtors forms
another barrier between the two institutions. Like employers everywherevv
in the ‘country, high technology executives believe thatvschools'are not
doing a particularly good job in training students in basic subject areas.
\1though educators accuse industry of wanting to turn their schools into
1arrow technical trade institutes, what employers want first is students
tho have thorough grounding in writing, reading. mathematics. science,
_)roblem solving and critical thinking. Despite their misgivings about
-urrent academic performance standards and»school curricula, however,

“he managers interviewed believed that suburban Boston schools were
'relatively effective compared to those elsewhere'in the country. They °
singled out the Boston schools as especially poor. Interestingly.'their
'attitudes toward the quality of schools were more positive than the
feelings Silicon Valley employers expresaed about the California‘scﬁngg?‘\

Corporate crfticism of the schools centered on beliefs that low




- 27 -

.

academic standards and expectations produced mediocrity, Many managers
felt that "excellence" had been sacrificed, in the effort to réach children
of all ability levels and backgrounds.‘ They also criticized guidance
: counsellors lack of awareness of employment markets, - teachers unions'
rigidity in resisting alterations in personnel policies and. work schedules
and school administrators - lack of management skills.- Their solutions to
, educational problems included more merft pay for teachers, the .abolition
of tenure, differential salary schedules in order to attract mathematics
and science teachers, better school management, and the creation of
scientifically find technically oriented:magnet schools, They generally
b;lieved that deficiencies in public schools werevbrought~on by poor
management rather than by inadequate funding. Mostvcorporate officials,
like their counterparts in California, believed that more money would not
necessarily lead to better education. And they were not sympathetic to the
plight of laid off school teachers since layoffs are such an accepted part
of the American corporate environment. Again, howeVer.'it should be stressed
that these officials' criticisms of schools were tempered by a general
feeling of respect for many of the suburban school systems., Expressions of
outright contempt_toward the schools, which characterized some of the comments

1

~ of Silicon Valley executives, were absent. p

Educators' criticisms of the companies focused mainly on the issue of
their support of Proposition 2. Over and over, they repeated that they
could not understsnd why firms, which depended on an educated 1abor'force,
would support a measure the school people saw as detrimental to public
education. "I can't understand their attitude,"isaid the chair of a science
department. "Businessmen know money is what makes things happen. - You have
to invest in a saleable product; I don't know what those people want."
Man: believed that the firms must not have realized what the ramifications
of Proposition 2} would be when'they supported it. And the.great‘majority
claimed that the Massachusetts High Technology Councilvwould come to regret
its actions. Several school administratorseargued that company officials
do not understand the importance of teachers' morale in the educational
process., '"Morale is crucial when you can't turn your heat on until

. December 1st because your pay is so low,' commented one assistant
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superintendent. "za'é symbolism-is what is important,"” he added. "It

" tells teachers they're bad and they don't get their allowance."

- Other issues emerged in the interviews as well. Like educators in ‘
' Silicon Valley, school officials were aware than industry people held them }

in low regard. '"From their perspective, we only graduate functional

f1literates," complained one administrator. Another assistant superintendent'

corrented that "educators are tired of hearing how wonderful the job
opportunities are and how lousy the kids are.” Other views which sdrfaced~
included complaints that reflect longstanding criticisms.of industry by
sciool people: °industry 8 perspective is too short-sighted and too self-
in'*rested. companies are only concerned with immediate profits and not
long term social concerns; and firms' involyements in education usually

come with strings ,attached.

Despite this litany of objections to perceived.corporate attitudes and

" policies, most educktors interviewed expressed an interest and willingness to

develop collaborative relationships with local high technology firms.

" Schools' interests r ged . beyond traditional kinds of corporate involvement
such as plant tours, glest speakers and participation on vocational advisory
boards. Several wantedfcurriculum advice, especially in compnter—related
areas, summer or sabbatlcal jobs for science and math teachers, loaned
faculty members from industry, scholarships for math and science teacher
tro'uees, gifts of equipment, work experience placement for students, and

brc.:d political ‘support for public education.

A

There are significant pockets 'of collaboration between high technology
cow‘aniee and some school systems in the Boston area, but compahies admit
the when they do choose to become involved with educational institutions,
the + prefer to Invest their time and money'in university computer science
'and engineering programs. And even small ‘Industry-education projects take
a long time to get off the ground. ("It takes several meetings to get a
'$45 bus for a field trip," complained one vocational edugator.) Both
" companies and schools lack personnel who can devote large blocks of time

to industry-education relations, particularly since the onset of the

recession in the private sector and budget reductions in the public sector.
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School officials are unsure whom‘to appr-ach in a company (it is a .
mysteriOus process") and claim that contg cts are piecemeal and happenstance,
often dependent on a personal'connectio . Few mechanisms have been set up

by third. party groups to foster ties between the two institutions. High
turnover of personnel in these dynamic panies also hinders the development,
of longbterm collaborative efforts,: "It 8 hard to relate tao a body rotating v
through a position," lamented one schodl administrator.’ Furthermore, managers
in firms who do take an active interest in educational programs with the
public schools“are‘usually only-margin:lly influential in their own company;:
Tkey are not in a position to commit company resources tor promising programs.’
Most school—corporate attempts at cooperative relaticnships are "still at.

the talking stage" and many founder as a result of mutual lack of follow-

~through. ' ' ' ' v

Nevertheless, some industry-education programs at the secondary level
have been successful. The most common kind of collaboration exists as a
result of state-mandated employer advisory boards for vocational curricula.
Most of the vocational educators in the systems studied felt that those
'“ﬁoards were useful One school system also had an advisory board of members
of local industry which met twice a year to discuss the system's computer o
curriculum, That same system had an employee from a local computer consultingv
firm teach an after-school advanced programming class at a reduced rate. Prime
Computer had helped with the electronics curriculum there also. Student
.co-operative placements were common with high technology companies at one of

the regional vocational schools studied.

Onevof the comp;ehensive high schools had viable relationships with
several high technology companies through the occupational education director
and a project of EdCo (a non-profit educational collaborative operating on
external grants) located in the school. - The school - had worked with
.Computervisfon,‘ﬁillipore and the Hassachusetta High Technology Council on.
career awareness programs for students and teachers; six or seven companies
had helped the schopl develop a curriculum for a federally funded electronics
assembly program; other companies had assisted in debeloping a more advanced

electronics course; and the school is a member of the Greater Boston High
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Technology Forum, a collaborative focusing on career awareness and curriculum

development get up by the High Technology Council in conjunction with a

'regional center -of the State Department of Education. - The occupational

education director at: this school, who devotes substantial amounts of time

and effort to developing ties' with industry, was able to build such ties

. by b“ing persistent in finding the right person ‘to contact in a company
" and’ by becoming‘involved in any relevant industry-education collaborative ,

. he heard about. He felt that if one does find the right company contacta,

"mar. / industry people will give of their own time and good things happen.

Only one of the sixteen mathematics and science departments studied for

| this report had s8olid contacts with high technology companies, One science

department had recently received a $4000 gift of new glassware from,
Mobil-Tyco, gifted and talented seniors® were occasionally placed in unpaid
internships at Data General and Mobil-Tyco, and GTE Sylvania had just begun
a program of hiring science teachers during ‘a sabbatical year or during the

o~

summer .

In addition 'to the ‘collaborative programs noted in the schools studied,
there are other efforts elsewhére in the Boston area. The Massachusetts

High Technology Council, largely through the efforts of its human resources

consultant, B. .I. Rudman, has spearheaded some initiatives. High'Technology _

Forums, which bring together educators and industry people to work on career
awareness and some curriculum help,'have been organized in several regions
of the state. The Council.has also helped write the curriculum and served»

in cn advisory capacity .for state-~funded computer programming c0urses‘for

- lai.d off school teachers. Raytheon Data Systems in Norwood has for four

yeus run the highly successful “Project Access“ involving several hundred
st“lents in four local school districts. The company helps train students
in routine coding tasks of software programming and then hires them as
paid interns and part-time workers. Eventually, some graduates will e

hired full-time by the company. A representative of Wang Labs is on the

\
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'Polaroid. long considered one of the more philanthropically—oriented
high technology firms, gives numerous small grants to many kinds of

schools, including day care centers, thrOugh the Polaroid Fogndation.A

A -
hE

It is widely acknowledged that Digital Equipment Corporation (DEC),_
the" third largest high technology employer in ‘the state (24 000 workers)
4 behind Raytheon ‘and General Electric, is the leader when it comes to -
industry-education relationa. DEC's reputation is something like that .
of Hewlett-Packard' 8 in Silicon Valley. The company 1is involved in a
range-of programs: - scholarships for students; donations of equipment
to schools; help with curriculum devglopment, particularly in the area
of Computer literacy, at schools-near DEC plants; and loaned personnel.'
DEC has contributed $SO0,000 worth of equipment to the Humbert Humphrey

Occupational Resource Center in Boston and has loaned a person to put in

substantial amounts of time on curriculum development there.

More’recently, there has been a slowly developing awareness among | .
some corporatevofficials;that a Crisis exists in pre;college mathematics '
and science programs. Robert Henderson. the‘Chief Exective Officer of
Itek‘Corporation in Lexington,'has been the leaderlamong New England.
business people in articulating this issue. And there are indications
that new cooperative initiatives are‘about to emergejconnecting high
technology firms to Schools under the auspices of the Greater Boston and
Nurtheast Regional Qenters of the State Department of Education. However,

in contrast to issues surrounding engineering education, no,1~dustry-

e lucation consensus has yet crystallized on the nature of the secondary

"~ school problem and 1ts solutions

There. has been a good deal of talk in recent months by national and -
local political leaders, ipcluding President Reagan, about "shared

responsibtlity' and.a ''new partnership' between schools and induatrylin

order‘to cope with public budget shortfails. Schools and social agencies
are expected to turn for help to the private sector now that government , .
supportlis diminishing, This notion, however, ignores the substantial '
barriers that exist between industry and educational institutions. These

‘barriers are'generally more numerous in new, h%ﬂbgrowth companies than

’ -~
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in mature firms. Aside from those already discussed, several major

obstacles stand in the way of long-term collaborative relationships.

iFirst of all, the very dynamism, innovation and rapid growth which

vcharacterize most high technology firms undermines attempts at extra-

institutional ties. These companies, many of whom have growth rates

exceeding 30 percent a year, operate in a competitive environment -

:under ﬁhe intense pressure to get new productscinto the market. One

company studied for example, ‘develops a nevaroduct every 12 working
days. The. firms need their cash to put back into research and develop-
ment and need to foCus their energy on_ the central task of the company.

Outreach to schools in this context, ‘except by large older companies
’
. [ J

.11ke Raytheon, is of rather peripheral concern.

Moreover, rapid- technological change, the newness of many companies,

.

frequent changes in company organization (mergers, spinoffs, etc.),

the unpredictability of workforce needs, and the ever-present vicissitudes

of the market lead to short-term planning cyc1es. This present-oriented
planning perspective contrasts sharply with the stability of the schools
which tend to operate on five-year planning cycles. Such different
temporal perspectives inhibit the development of viable ties between
high technolagy industry and education. 1In addition, it is difficult
for institutions at such different points in their history to interact

productively: schools are declining in enrollment, test scores, and

'financial support, while high technology firms are the current success

story of the American economy. ‘Withene institution on the upswing and
the other "in a dismnntling'mode,' as one educator put it, it is hardly

"

an atmosphere conducive to harmonious relations.

School officials generally see additiénal government financial aid

as a solution to major educational problems. Congressional passage of

the National Defense Education Act-and thg substantial programs of the -~

National Science Foundation in the late 1950s provided significant
support for public education when it was appaxgnt there was a crisis

in séience and mathematics edpcdtion. Once again,‘educators feels they
need such federal and state funds to finance revitalization of those

: | 41)
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" the situation dramatically ‘worsens..

. specific schools with special programs.
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subject areas. Yet the conservative 'small government philosophy N S

\Qg\business causes them to oppose. new government spending programs in

It is not likely that industry w1ll prov1de broadc:

political support for greater educational spending by government untll

Believing that better management_"

~and not more money is the solution, business will probably\conflne

their support to a fairly small percentage of companies helping

And for those companies that
do choose to plow ,some resources into: secondary schools, they face the
Unlike

engineering schools where spec1fic problems* are obvious and where_

problem of choosing an effective 1ntervention strategy.

corporate efforts can make an immediate difference, public schools}
are large amorphous»institutions that are relitively impervious-to

change from'small—Scale intervention programs. ,

P

To conclude, public schools in Massachusetts, wh1ch untll now'
have been fairly strong bompared éb other states, ‘are 1n a state of
Even Suburban schools located in the heartland of the high .v
technology belt on Boston' 'S Route 128 are experiencing a deterloration

in the teaching environment. At a polnt when industry. s&ands at fhe,

.threshhold of a new microelectr.1ics era, schools look back to an

‘eatlier time as their golden.age. : o : oo b
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. II. ‘TWO.YEAR POST-SECONDARY SCHOOLS

1 .while?Massachusetts_has;historically been‘generous;in.itsvcommitment_j
to publicuelementary‘ahdbsecondary.education.’the_opposite is"true'when if:J
comes,to'public" gher.education.-'Enrollmentnin private’ihstitutions'of'1
v higher education as always been\high in New England 49 percent now compared. "{7
.« to 22 percent nationwide.l Massachusetts ranks 44th among the states (and
A District of Columbia) in its percentage of full- time students who are enrolled
in institutions of public ‘higher education, This emphasis on private education
. 1s one reason ,why state funding for public higher education is so low. The :
most recent figures available show that Massachusetts ranks 34th among the
states in its appropriations per: student, spending about $1000 less per pupil (

than the national average. And it ranks 51st in the percentage of state tax

revenue it spends on higher education. ) o :

} The sitution in California contrasts dramatically with that of Massachusetts.
While California. ranks near the bottom.in its effort to fund public schools

(K-lZ), it is fourth in appropriations per public college student .and: tenth

in its percentage of tax revenues devoted to public higher education. It is

third -among the states “in its. percentage of people enrolled in public higher: . ‘

education.2 ’ o : _— T

Massachusetts also varies from the national average in its mix, of public
o a ’ student enrollments by type of institution. A small\r percentage of students K
v enrolled in public higher education in the Bay State attend community colleges,
25 percent, compared tp 36 percent. nationally and 52 percent in California.3
The - Massachusetts community college system,.which has only b developed in the
.- ". 'i last two decades, has been notoriously underfunded.- Facultynglaries, which
compensation, Salaries of community college faculty in Silicon Valley average
between - $25 000 and $30 000.. The fifteen schools’ have comparatively Small
enrollments and some have shockingly inadequabe physical plants.‘ The '"campus”
-of Boston .8 Roxbury Community College, housed in a- condemned nursing home, and

that of Middlesex Community College on Route 128, located in -a Veteran Hospital,

v - 4‘,’ ) B .
4 Ll ,’ . ) » . N

i
average approximately $19, 000, are ‘below national norms for community college l
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V_stand im stark contrast to the beautiful and well funded community colleges

in and around Silicon Valley. Approximately 7, 000 day and part- time even1ng

students are served by Boston 8 two community colleges compared to more than
.24 000 students in. San Jose, California,_a city roughly the same size as
Boston. The community colleges have played a major role in California s
economic deveropment both in training new workers for industry . and in- re-\
training older employees. But because community colleges have beeé so
small and 111- equ1pped in Massachusetts, profit—making proprietary schools .
and other education and training institutions (Wentworth Institute of
Technology, the tw¢ year programs of Northeastern University, CETA programs,
secondary - vocational -technical schools, company in-house training) have
played a more'important role in vocational education. For example, Sylvania
Technical Institute, a proprietary school has long been the major source ‘of
newly trained electronics technicians in the Boston‘area whereas the bulk
~of such training in SilicoiTValley is done in’ public, tuition-free communityf
colleges. C : _ )
Community College administrators have learned to run courses on a shoest;ing.
Lacking money from their regular budgets, they often offer ‘courses on a revenue-
generating continuing education basis. And most of the money used to start up
new technologically-oriented programs in the last few years has come from federal
occupational education funds administgred by the State Department of Education.
These funds however, are diminishing as a result of federal budget cutbacks.
Several of the colleges in the Boston area are having to turn away students be- |
cause of inadequate space or lack of permanent facultv For example, Massachusetts
. Bay .Community College accepts only one_of every three students who apply and

Roxbury, Bunker Hill and ‘Middlesex Community Colleges are oversubscribed _.

L a

'Enrollments in High Technology Programs

All of the post-secondary training sources in the Boston Area are expandingv
“brograms and course offerings in fields relevant to high technologv Wentworth.
Institute of Technology, long regarded as a source of well-trained technicians,
is‘planning to double its enrollments to 5,800 students in the next four years.
Sylvania’ Tech expanded itsﬂelectronics techniCianvtraining by one third in;l979
so that it now trains about-2000 students a year in its nine month. program. .

1
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to develop new programs. Massachusetts Bay,

Control Data Institute, a’ proprietary school preparing students to be _:‘

~computer\pfogrammers, computer technicians and operators, grew by one j““r’i::v

third in l981. Blue Hills Technical Institute, a public two year ‘

institution with 560 students ‘has experienced a significant upsurge of

“student enrollments in its electronic technician and computer programming

~

' associate s degreeprograms even though its tuition was raised from §500 to

$2000 after the passage of Propositioh 2%5. . The fifteen community colleges
have more than doubled. their enrollments and degrees awarded in technology-
related programs (mostly in computer programming, data processing, electronic
technology and engineering transfer programs) since l976 (Tables 2.1 and 2, 2).
And the disbursement of federal occupational education funds administered by
the state to seconaary and post-secondary schools has shifted in the direction

of funding programs in high technology areas in the last few years.

All of the ffve,Boston area community colleges studied in this project
reported increased enrollments in electronics courses and'even greater
increases in computer—oriented programs. Several schools, particularly ‘

Northern Essex, Bunker Hill, and Middlesex have made a concerted effort to

..develop new programs in high technology areas. Middlesex, for example, has

courses to train ultras0und technicians, electronics technicians, electro—
mechanical drafters, radiologic technicians, computer operators and people
in technical writing software.: It also has a number of small short courses
of studyin fields such as word processing run through Continuing Eduecation
or the Community Service programs.' Bunker Hill and Northern Essex offer’ )
programs to train technicians and have courses in variOus data processing
technologies.' Northern EsSex: has 550 night students using the electronics
and other, technical equipmen at the Greater Lawrence Vocational~- Technical
School oneof the few good examples of a community college degree program'

that has linked . up with the better-equipped facilities of the vocational-

technical schools. Northern Essex has become particularly adept at

,securing external funds from a variety of sources, including CETA, in order

new to the development of
technology~related c0urses, now offers a pod{lar computer science major,

training for test technicians, and a word processing program. Roxbury offers
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Table 2.1

A

Magsachusetts Community Collegg_Eﬁggllmegg;ggr;Yeér#for;;

~ Engineering Related Programs, 1976-1982

o
e

':Electfonic706ﬁputéff>;v 'vJEngineeriﬁgé_: 1  VI

Yeéf _ Technology - ~ Transfer Programs = ' Othérs 'Total
' 1976-1977 459 ; 352 1,251 - 2,062
o 1978-1979 ¥ 559 | 460 1,228 2,247
.~ 1980-1981 | 929 - 672 | 2,193 3,794
1981-1982 1,182 = v 741 2,309 4;232
- por .
*Includés: Electronic Teéhnology - Source: Massachusetts Board of
Computer Maintenance ~. _ - Regents of Higher Education
Electro-Mechanical Tebpnology‘ o
Instrumentation '
o Table 2.2

AasociateADegreea Awarded 1in Technologyﬁkeiéted Fields
Massachusetts Community Colleges, 1977-1981

I8

: , ’Mechanicaliand ‘ Daté-Processing
Year Engineering Technologies Teghnologies . . Total
1977 293 . 134 YY)

1978 499 : 158 657

1979 o 677 ’ ’ 176 | 653;
1980 | 479 | 275 754

1981 '541: o 380 921

Source: Massachusetts Board of
Regents of Higher Education

b
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a program in electro-mechanical drafting and has a sprinkling of other
technical courses.’ It has long range plans, in parg dependent on the

building of a long-promised new. campus,. to 1ink up. in a major way with the--"

ffacilities of. Boston 8 Hubert Humphrey 0ccupational Resource Center for some

ioccupational education programs.

Given the fiscal constraints of all of the community colleges and the - .

\limits placed on some of them by their inadequate physical plants it is

remarkable that the schools have been able torespondto the market for technical

training as well as they-hﬂVe._ Some feel in fact, that they are training

computer terminals. The effects of chronic underfunding are apparent at all
of these .schools. The Roxbury Community College facility is totally unsuited

for technical course offerings, and the college is forced to offer mostly

‘1liberal arts classes. Moreover, since 1its EOunding in 1973, the College has
~ not received a sipgle penny for capital expenditures. Though this scanda10us

treatment is not repeated to the same degree elsewhere, other colleges have

similar complaints. All claim they have difflculty in,hiring technical

‘instructOrs at $15, 000 to $17, 000 salaries. " As a result, many rely on hiring

retirees. And all repo;t critical understaffing, one result of which is a
lack of personnel to develop cooperative programs and to, seek donations from
industry;, One school was relying on two incxperienced volunteers to approach

beyond their capacity as students line up for a limited amount of time on. l

industry. Another school had to turn away 600 students from computer ‘courses

in one year because of a shortage of faculty. Some programs, such as micro-
wave technician training, cannot'be offered because the equipment is too i

expensive to purchase, and because companies have not volunteered the use

of their own equipment for colleges training purposes.

The impact of underfunding is dramatically illustrated by the plight of
one small, new electronics technician cFaining program at one of the,schools.
Because there is no money to hire more than two permanent faculty, the course

of study cannot be expanded to a full two year degree program, There 18 no

.laboratory assistant and there is no money for service contracts for repairing

equipment. For a year and a half, the program director, who has many other

responsibilities, was without even a telephone for making calls outside the

. college. Not suprisingly, an employer advisory board for the electronics

program has never been established. According to the administrator,



A

"I shouldn't be running this program: I don't know anything aboutvélectronics
'Vz.and-computers. I can't talk about it intelligently with other people in the
K fieid:" As the interview was being conducted his office had to be vacated
- due to’flooding from a rainstorm, Contrast this with information ina
letter recéired-by'the_researcher in the fali; 1981, from the director of

an eiectronicS'teohnology program at évéommunity college in-California.
"OQur electronics program has now grown to ten full time instrnotors and we

of the last two semesters.” The capacity of the

will hire two more next fall. Even with this expansion, we had to turn away
more than 1000 students each

California community colleges to have large, high quality programs far

1

outstrips that of Massachusétts.,

'Relations with High Technology Industry

-~

& As with public secondary schools, there are pockets of conStructive rela~-

tionships between’the'community colleges and high technology firms. Some of

the schools have been involved in contract courses with a specific company
whereby the college provides the upgrading training of some employees; For
example, Northern Essex has provided such training for Goulq—Modicon, Western //f?”
Electric; Compugraphic and Varian, -and Middlesex Community College nas provided .
similar services to Honeywell, Western Electric and bigital Equipment Corporation.
Bunker Hill has conducted training programs for technical ‘wdrkers with Honeywell
,information Systems. Wentworth Institute, the oldest (founded in 1904) and
largest (approximately 3000 students) of the non-proprietary private two year.
technical schools in the area, has conducted many such courses over the years.
Seven of the community colleges, in cooperation with member firms of the
Massachusetts High Technology Council, were also recently involved in CETA training
programs in electronics technology. Middlesex Community College oonducted,a
successful five month technical writing software progrom for'laid—off school »
teachers, It was pnrtially funded by federal occupational education funds'andl S
curricnlum and instructional helo from high teohnology companies, particularly
Data General, Honeywell and Digitnl Equipment. ’ ‘

The dtate-funded Bay State Skills Corporation has also bfought together
several community colleges and high technology companiea in joint training -

efforts. The Corporation was the brainchild of George Kariotia, Governor Edward

47




King's Secretary of_Economichffairs‘and a former high technology eXeCutivel
“himself. The state legislature aet up the‘Corporatioh in 1981 and gave ic
- 83 millioh dollars over a two ‘year- period to be"matc5ed'Byfiﬁdustry’fuﬁdé,
to develop programs in high growch fields. The hope was that educational
':vinstitutions at all levels would plan courses of study and then approach
companies for students and matching aid. Tﬁc effort has met with mixed
success, Dozens of programs have been funded  such as oue in which Bunker
Hill Community College provided craining to upgrade assemblers already on
the job at Data Printer Coporation. Another matched Roxbury. Community
College and Stone & Webster in an entry-level training program for electro-
mechanical drafters. However, some schools have been slow to develop

proposals and many companies have been reluctant to come up with cash., Many

firmq shy away from any program funded through a government agéncy. Schools
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sometimes have difficulty gearing up on short-term notice for one-shot
programs. Response to the Corporation, "however, has been more poaitive
among both industry and education people than a similar but more bureaucratically— -

encumbered effort (CWETA) in California.

A number of the colleges have active industry ainsory boards, some of
wﬁich work well and same of which do not. A common complaint among'commuuity
college officials was the lack of money, to hire;staff who could nurture those
advisory relationships. Most of the»two—year achoola have at least one member
from high technology firms on their Boards of Truscees; But few‘companies have
=/ donated equipment or have given other kihds of contributions to the community |
v colleges. -A major exception to this is the recent $3 million gift of

new computer equipment by Wang Labs to each of the state's public institutiona ‘
of higher education. All of the recipients have acknowledged that»the“gift will
be'a sighificanc addition to their facilitiea.~ Digital Equipméut‘donated loaned
personnel and equipmeut to Roxbury Community College and Middlesex Community
College. And the Massachusetts High Technology Coﬁncil designed an electronics
curriculum guide for technician(training programs. Overall, however, firms have
donated feWer resources to the community colleges than their corporate counter-
parts have in Silicon Valley. And the Boston area schgols have beeh less,

likely to provide on-site training for the companles.
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The corporatc managers and political leaders interviewed generally believed

that the M35§§EEB£%CCQ community colleges vere making a real effort to respond
PR - f'

to the workforce needs of the high technology sector_ Most realized that the
colleges were operating Qith iess thanAadequate facilities and budgets. Many
claimed that of ail'sectors of educatidn, the communiCy colleges wete,most,
respcnsive to industrial shifts. ‘Theyrusually added, however, that there were
several colleges which have done litcle in the way of technology—oriented
educacion.‘ The one school that does specialize in technical training, -
Springfield Technical Community College, is located outside the belt of

high technology companies. Industry leaders whdfare familiar with the
problems of community colleges recognize that the schools need more money}”
‘in order to offer a range of prbgrams that are congruent with market needs.
And all observers agree that the community colleges in Massachusetts have a

status lower than that of similar institutions in other states, particularly
California.

N

-Community col}ege officials for their part expressed eagerness to offer
programs that would prepare students for jobs in high growth companies. They
felt that such jobs represented the wave of the future and believed a share ‘of
the school's resources should‘beﬁcommitted'to technical training. Only one
college administrator expressed reluctance about jumping on the high technalogy

. bandwagon: "1 am always fighting attempts to make this a technical institute.
We want to leave some room for the liberal arts." Scﬁocl offictials believed
that they had the capacity to be flexible in the length and content of course
programs and could add on new programs through the self- supporting mechanism

of continuing education, an enterprise enrolling approxlmately 50,000 students
across ﬂhe state."But with reductions in federal occupational education money
and CETA funds,‘the outlook for growth from other externalAfunding‘sources

seems bleaker than before. .

High'Technolcgy Influence on the Board of Reggnfs

One issue that has come up repeatedly in the mass media and in meetings
L of faculty, students and other public college officials is whether or ‘not the
newly appointed Massachusetts Board of Regents of Higher Education is 'controlled"

by high technology exectives. The Bostom Globe referred to the "high tech




entitled "High tech's higher ed" (February 15 71982) Another article cited

" employees for high tech jobs at the expénse of other disciplines (September 27
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entrepreneurs who now dpﬁinaﬁe the state Board of Regents" in an editorial
obéervers' worry that the "curriculum is being<skewed -to turn out qualified

1981). A" piece in the Boston Phoenix was entitled "Just matried: the high

tech/higher educacion honeymoon" (April 28, 1981). Of the fifteen members of :
the TLoard bf Regents, all appointees of Governor Edward King, three ure from
high techpology firms: bavid Beepbien, Vice President of EG and G, Ray Stata,
Chief Executive Officer of Analog Devices and founder of the Massachusetts |

.High Technology Council; and An Wang, founder of Wang Laboratories.

Debates about the future direction of the curriculum in public higher
eéucation generally run to one of two extremes: one view paints public highef
education, especially its tenured faculty members, as insensitive and unwilling
to.change curricular directions to meet market forces; the other view holds
that there is a coordinated effort by high eechnology firms, through their

members of the Board of Regents, to turn the colleges and universities into

a'training ground for Dr. Wang." .Indeed, as an example of the latter view,

one community college administrator interviewed said "I resent governors

who make college presidents turn institutions over to indhscry to train

cogs in the wheel of American industry." But the gﬁé5£ majority of public Q
college administrators interviewed beiieved that while the high technology
industry executives on the Board had more influence than others, they did

not ;contrpl" the Board. All agreed that the influence of the high tech
regents on Governor King was cruclal in getting the Governor to recommend

a 10 percent 4increase in the 1982-1983 budget for public higher education.
Since the proposed budget increase was meant to cover facuity salary

increases as well as the expansion or development of technology and health-
related programs, administrators did not gsee the executives' support as

being totally self-interested. Almost all favored the presence of high tech

people on the Board because they believed they would become influential

~and forceful advocates of public higher education. They also were nearly

unanimous in pointing out that after their appointments as regents, the
executives had educated themselves about both the real budgetary problems

of the schools and the schools' capacities to run solid programs.

-
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~figures in community college programs and those of public colleges and
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The extremes of this debate ahow that, at times, "buaineaa and education

are critical to one another: without good” foundatign for their poaition." An- e

the words of one high technology ‘regent. For example. contrary to what many

buainesa people think, college enrollments in elementary and aecondary xwww

< -
education have been dropping since the mid 19;83. ‘iilook at*obhen ensol lment

(R}

univeraitiea show that there have been many significant changea'in students'
curriculum’choicea in!the last few yeara. The charge the Massachusetts
public collegea and universities are being transformed into technical e
training inatitutea is also ill-founded. In fact, the system until recently
has had few technical training programa available to students,. forcing them
to attend more expensive private schools or proprietary schools if they
wanted such training. The public engineering programs, for example, which
gstudents take for granted in midwestern and western states, have been'in

short supply in New England. while San Jose State University offers a full-

- range of englneering majors to hundreds of students in Silicon Valley at a

very low cost to the students, citizens who live in Boston have no local

public engineering school. The Massachusetts state colleges have been
particularly lacking in technology-oriented offerings. Such programs at‘
community colleges are still relatively new and small. Thua. what is
happening is an attempt by the Regents to build some balance into a system
that has long denied many of its students access to programs that would
lead to good jobs.. Moreover, i1t should be pointed out that Regent David
Beaubien 1s considered an advocate ,of a broad liberal arts education_and
even Ray Stata, the leading apokeaperson‘for high technology industry in
Massachusetts, speaks of the need for teghnical education to increase the
humanistic content?of its required coursea.a. Stata also was singled out
by many of the educators interviewed as being particularly well-informed
and attentive to the problems of individual schools, although they also
were quick to add that his long-range social vision was atypical of

business leaders.

Barriers ‘to Industry-Education Cooperation

. : o
Although community colleges are generally willing to adjust their
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curricular offerings to fit ‘employment opportunities in high growth areas
and administ;atbrs_have poaitiVe feelings about the high technology'Regenté.'

“ a numbér of stralns between the companies and the schools exist nonetheless.

oy

>

Thé'communityvcdllegé peéple feel they get Very-!ittlé from thé companies in
any way. They believe, éofrectly so, that corpofate,cqncern 1s focused on
engiheering,and four year computer science programs. Some dislike what -
“they perceive as the arrogance of companies when they are approached by
education ("they see us as failing") and noted that’whén scheols contract

to provide a.course for campanies there i8 a builtfin_doﬁiéation by the
‘private firm. One continuing education difgzzar was concerned that such
contract cgurses haé to étay off certain controversial topics such as
_health hazards on the job or labor union activities or were steered away

from broader theoretical training that would give an employee more flexibility.
His concerns were echoea by a corporate manager who felt for these same

reasons that schools should be careful to maiptafh‘their independence in

on-site contract courses. a
. i . , |
- Other barriers were cited. Company turnover was a problem for some. In

one employeevupgrading préétam taught on-site at a company by avcommunity
college, the firm's coofdinator‘changed three times in one year. '"We might

as well pencil on their names,"

complained the electronics instructor: .
However, complaints about corporate'turnovef’werc not as numerous or intense
as those of Silicon Valley educators. Most of the community college
adminiégrators believed that the firms were not generally interested in
using their services to upérade their employees. 'Once a company hires
.a traiﬁing director, all is lost," lamented one administrator. Others cited
the difficulties in finding the fight person to approach in a firm. The
sporadic nature of company workforce needs also reated.problems for -
administratofa trying to plan programs. Thué. overall, tﬁe two year schools
felt that the great majority of high technology firms in'the area were Hbt
interested in collaborative relationships with them at the moment and héd

) little commitment to helping'them with donations of money, équipment or

personnel. It is possible that more cooperative training programs will

evolve in the future as mediating third party gtoups such as the Bay State

" Skills Corporation or Ehe Council]l for Northeast Economic Action‘becomé more

active in matching up schools with firms.

5o oo
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A Note on Workforce Projections ' ) - .

Government and industry forecasta have been projecting an increased e e

‘need for a variety of skilled technicians in high growth areas such as the
health and electronics industries. A troublesome issue which emerged from

the interviews, however, was the question of whether or -not there was a
shortage of elgctronics technicians of various kinds (e.g., manufacturing

test tecnnicians, field service technicians, computer maintenance technicians).
Every type of training institution--private, proprietary, CETA, and public
colleges——has experienced some difficulty in placfng their technician graduates
in jobs during 1981-82. The problem is not severe, (Sylvania Tech said its
graduates now had only one or two job offers rather than the five or sixy.

they had in previoua years), but enough slack in hiring exists to make

school administrators nervous. This is especially true for those institutions
who have expanded their training significantly or are in the process of doing
so. Christine LeCam's 1980 study for the Massachusetts Department of Manpower
Development also questioned ‘the need for increasing the supply of newly

trained technicians.5

[N

Executives at several eompanies said they did not.anticipate either a
snprteterm or long-tern demand for technicians. especially manufaeturing
test technicians, and cautioned that educational administrators should
not expand programs too quickly. They felt that schools should aim for
small programs of high quality. A human resources manager with reeent
experience in two eompanies pointed out that there has been a dramatic drop
in the need for electronics technicians in those firms in the last year.

At the same time, other high technolegy companies claim they have a continuing

demand for technicians.

Obviously, the current economic recession is a major reason for the
recent softness in the market for electronics technicians. Changes in
technology have a}tered the work of technicians in some companies. For
example, the products. of one minicomputer'conpany are increasingly manufactured
with "built-in diagnostics" that inform a field service technician what is .
‘malfunctioning. Instead of determining what is wrong with that self-identified

circuit HQard. the technican simply replaces the whole board These "built in

= * \
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.diagnostics' and the policy of "board awapping" has the result of reducing
‘the skill levelgneeded in-the technician 8 job. "Advance maintainability,
building products 1in a way that'they can easily bemrepaired is becoming .
more common. Since almost half of all technicians work.on. repair of some -
kind, theae technological changes have important inmplications for that
occupacion. Companies vary in the degree to which sthey have de-skilled
technician's work. Even among fitms manufacturing the same product, there

are differences in how far they have proceeded in these and other technological

changes. Hence, employment projections for.technicians can vary substantially.
' * '

At the same time there are countervailing, trends which argue for»both
greater numbers of technicians and high skill levels among them. Aoplications o
of computers to various areas of human activity are just beginning to occur,
and many of those applications will require technicians to help develop and
maintain them. Products are becoming more complicated and a certain percentage
of technicians will have,to understand the way they operate. There is ;lso
some awareness among executives that many tasks which engineera.perform could
be farmed out to skilled technicians, thus alleviating the engineering ‘
shortage. ‘At the same time, of course, the. demand for technicians would
{ncrease. External political forces will make a difference the Economics -
Department of the First National Bank of Boston' has warned that the newly
proposed defense program of President Ronald Reagan could exacerbate critical
labor shortages. Should large defense'concraccs come through i{n New England,

there will be stepped up demand for electronics technicians.6

Some of the same questions have been raised_in the area of entry level
tra{ning for computer programmers who are in less than a four year computer
sclence program. Again, there is widespread agreement among trainers that in
the Rnston region at the moment people trained in ‘fairlyg short-term programs
are having some difficulty finding their first job. Whe‘ tney are hired, it
{s usually with a "ygser" firm (a bank, an insurance company) and not with
a high technology manufacturer. Entry level technicaluwriting jobs ‘are not
plentiful at the moment either. This mixed picture makes it difficult for

educationdl administrators at various levels of training to make decisions

about the allocation of resources to training programs. It is clear that
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educators need to keep in regular touch with a representative sample of

A
vemployers, especially,in the area of test technician training.

‘technicians. as.!is now happeﬁ}ng in Colorado.?w

in many other states. - C g ’ . w
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It would be

'unfortunate if Massachusetts began to produce.an over—supply of entry level
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, To conclude,’ the 1mportance of community colleges and other one—to—two'
year post—secondary educational and training 1nst1tutions to the regidh s
economic'development cannot be exaggerated Graduates of these programs
tend to remain in the area, and the resources of these fac;lltr‘s can’ be
used not only for educating young people but also for the rertraining of .. .
adult workers as technological changes alter work requirements.. But as yet,
the. two year schools in’ Massachusetts have notureceived the attentlon and

resources that have been. more richly Bestowed on’ their counterpart institutions
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1II.  FOUR YEAR COLLEGES AND UNIVERSITIES
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High technology industry lﬂ?ders have been«very vocal in recent years about o

the shortage of newly trained engineers and’ computer scientists at the
LI university level. The California—based American Electronics Association
‘.and the Massachusetts High Technology Councils have publicized their
T % ”“ - members companies future employment forecasts which show a significant i
. v _shottfall of trained per_sonnel.l The mass media has had numerous ‘
articles on the promising Job opportunities for engineers, especially .
electrical engineers, and college trained computer.science graduates. T
BLsiness people have been critical of the private and public colleges -
-_fcr not having programs of sufficieai quantity and quality in these

fields, although .those criticisms have become muted in the last year as . _f

_ e
i student engineering and computer science enrollments swell ‘and as
| _'fcorporate .leaders ,become aWare of the fiscal constraints which limit - —
-the ability of the four—year schools to respond to market forces. -/
5 o New England hasVlong been known as a center for higher education '
Billed as "the most knowledgf—intensive region in the world " the region s

has 260 colleges and universities educating 800,000 students, 25 percent
 of whom ‘migrate: to the area- from other parts of the country. New England'
has the greatest number ,of institutions of higher educatibdn per capita"
of any reglon in the country.2 The view that New England_s major .
resource ig its educated labor force has received a good deal of attention_
"l - recently, mostkﬁotably'from the New England Board oﬁiéiiher Education -~ .
| which has ued several recent-publications on‘the'subject 3 vPolitical
ecucational and industry leaders have been stressing that since the
'strength ofi theseconomy is based on a well educated, pool of labor, it
{r is essential that colleges and universities not only maintain strong *
programs in traditional liberal arts fields but also expand, upgrade and
develop technologyéoriented fields_of~study. Many states'across the
cOuntry, urged on by their governors, arehscrambling to reorient higher
education in a more technical direction in order to retain and attract
high technology industry. Increasingly, then, college programsvarebseen
as a tool of regional economic deveiopment... ‘

v -
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~more engineers at a l degree levels than any

' The Massachusetts Institute of Technology ‘'stands first in the country
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New England s schools already educate a disproportionate share\of _ ;ﬁ_A R

‘the nation's engineers according to data assembled by Joan Grebe of the

New England Board of Higher Education. Althou h California educates'

. r ‘ éﬁher state Massachusetts
ranks sixth among the states in awarding undergraduate engineering
degrees, third in Master s degreeg and fourth 1in doctoral degrees. . O
“r
in awarding anineering doctorates ‘and second 1n granting master's.
degrees. Electrical engineer1ng, which aecOunts for 27 percent of all .
engineering ‘degrees granted in New England is the most popular field*
of male engineering students at every degree level' but ranks third among
the rapidly growing numbers of female engineering students. 'Abofit half
of New England' s students in colleges and universities are enrolled in ' ’
private ‘institutions, and those schools award two- thirds of all !
engineering degrees} The proportions are more equal when only under— ‘ j‘

graduate degrees are considered.

Enrollment Trends 7 o 'h' | . e '
. ’ : i * - . r ) 'S

The message conveyed by the mass media that well- paying engineering

. and computer science jobs are plentiful has dbt been lost on students.

Attentive to the job market, college studeqts across the country have
been flocking to majors in these fields. Engineering is now the most
popular intended area of study among male high- schoo]’heniors taking
the Scholastic Aptitude Test (Table 3.1). Approximately 22 percent

nationally.chose'engineering, with similar5perdéntages}doing'so in

" Massachusetts and California. Only'three.percent of the females, however,

indicated the same;‘ Another seven percent of the males and five percent
“of the females chose computer science as their'intended choice of study.
The proportion choosing computer science has tsip]ed since l975 5.
Undergraduate quineering enrollments, which have historically gone
through periods of boomlor bust, have been on the upswing since a trough
in the mid—l970s.. Entering freshmen classes in engineering ate now at
an all time high‘ang would be much.higher if.colleges and universities

could accommodate the'dem’and.6 Graduate enrollments are up as well.
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Table ‘3.1

)

Percentage of 1981 College Seniors Taking SAT Exams Choosing Engineering Or
Computer Science As Their Intended Area of College Study,_By Region and Sex )

National
Massachusetts

California

o 5 ! -

. " *xSAT verbal mean: 416
math mean: 492

*SAT verbal mean: 446
math mean: 534

Full-Time Undergraduates Enrolled in Electrical Engineering and

Year
- Freshmen

Sophomore

- Junior

Senior

Engineering* o :' Computer Science/Systema Analyais**
Male Female e . Male v Female' »
21.5%  3.2% 6.5 4.8t .

20.5 2.4 8.9. 4.7 o
20,9 3.5 6.4 4,5
(national) Source: 'College Bound Seniors, 1981,"
National, California, Massachusetts,
The College Board. °
(national) SN v - ’
. "M
« .
Table 3.2

Computer Science at the Three Massachusetts

Public Engineering Schools, 1981-82 . .

EE and CS
846
615
561
. 350

i 1

Source:

All Other
Engineering Programsv
. 883 (est.)

'767 L

879 | A

877

\
t

»Massachusetta-Board of'Regents of

Higher Education.
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These national trends are apparent in the Massachusetts schools of
engineering -and computer science. The number of undergraduates in MIT's
School of Engineering more than doubled between 1972 and . 1982 ~ Nearly
one third of all undergraduates there who have’ declared a major are in
electrical engineering and computnr science, and another third are in
other engineering fields. MIT' s_graduate engineering enrollments have
grown by about,one third in the last ten years also. .Current full-time’
freshmen enrollment in €lectrical engineering and'computer science‘dt'
the three puoiic‘Massaphusetts universities awarding engineéring degrees
(University of Massachusetts, Southegstern Massachusetts University and
University of Lowell) is‘more than twice the number of seniors in those
ficlds~~846 freshmen compared with only 350 seniors (Table 3.2). The
number of master s degrees awarded in these areas has jumped as well :
although the overall figure in 1980-81 'was only 84 graduates (Table 3 3)
Over 1000 students are enrolled as computer science majors in the nine o o
state colleges. Boston University has begun a major reorientation of its o
undergraduate curriculum‘in the direction of science and engineering.
Ihe number of‘undergraduate students enrolled in engineering (1500),
one third'OEJWhom are women; has grown rapidly in recent years.
Appiications.to WOrcester Polytechnic Institute (WPI) have jumped 28
percent in the last four years. WPI along with Bentley College, Boston

College and MIT, is one of the top four schools in Massachusetts’ in

. producing bachelor's degree recipients in computer science.7 Lesley

College has led the way in developing graduate programs in the use of

computers in schools.

-

Northeastern University, the second largest producer of engineers

in New England after MIT: is establishing a separate College of Computer
gcience and has received morebthan 1000 applications in one year for 150
oranings in the curreét‘program. 'Enrollments in engineering have increased
30 percent in the }ast three years, and a dual engineering degree program
has been estahlished with Emmanuel College. Northeastern has also
developed a range of other new programs to respond to growth in_high
technology'employment: a part-time High Technoiogy Master's in Business
Administration program aimed at experienced technical professionals; V

various kinds of computer technology offerings; technical writing programs;
' e . v . :

g
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) Table 3.3
”Toeai ﬁﬁmbgr of Electfical Enginéering and Compukér Sciéﬁcé.Degfeeslg'
. Granted Per Year By Massachusetts Public Engineering Schools
: - bﬂyear". 'B.S. 7 M.S. :l Ph.D.F("

1976-77 12 48 o I
1977-78 . 200 o 41 | 5
1978-79 201 51 5
1979-80 205 " 53 2 )
1980-81 199 84 6

Source: Massaéhnsetts Board of Regents'ofy
Higher Education. '
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and Women in Engineering and Science initiatives ) The President of the >
‘University, Kenneth Ryder, was also instrumental in setting up the

-Bay State Skills Corporation and a consortium of Massachusetts engineering
universities which 'is working on collaborative research and trainir g

~efforts.

These trends are only a sampling of the alterations in curricula
which are occurring in public’ and private colleges and  universities in’
Massachusetts. From all this it is ciear that colleges‘and universities
are %esponding to shifts 1 the regional economic environment,-although
industry may not see theseq}kanges,as being as rapid or.pervasive as
they would like. The changes appear to occur not because d¢f the direct
"influence of high technology employers on university policies but because’
of students' demands for technologica]ly oriented fields of study. 8 In
an” era of declining enrollments, colleges have to be responsive to their
own market their'students When students clearly want access .to. certain
'kinds of programs, the schools feel they must respond to some extent if
for no other reason than their own survival as ‘'viable institutions. It

is rare that:a major curriculum shift is initiated by faculty and

administrators prior to a change in student interest.

"

Obstacles to Expansion of Engineering and Computer Science Programs

Engineering schools and computer science prj}tams acyoss the country
have not been able to expand sufficiently to cope with the rising student_
. demand. The most serious problem is the difficulty of attracting faculty
because of industry 8 ,superidr research opportunities and higher pay
Fiscal constraints of the schools, due in part to declining federal
support, have led to a deterioration of research and teaching facilities,
Class sizes are now larger because of increased student enrollments and
a large number of faculty vacancies (1600 positions nationwide in 1981).
Research grants are more difficult to obtain. A large majority of
engineering schools, according to a recent study conducted for the National
Science Foundation, report”that the quality of both research and teaching
has deciinéd There is a greater reliance on teaching assistants and
ad junct faculty to teach courses and many courses cannot be offered at

all. 9
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‘The pool of doctoral. students, the traditional new source e of new faculty,
. has been shrinking A high percentage of doctoral - students are from foreign ]
countries.lv0 “As a,result, almost one fourth of all junior faculty now in
‘engineering departments received their undergraduate training outside of
the United’ States. It is the difficulty of attracting new junior faculty
. . .rather than the retention of senior faculty that presents the major problem. 11
| An NSF survey of graduate- eﬁgineering departments showed that six percent
o of the engineering faculty_in these 1500 departments resigned during 1978-79,
and only 28 percent of those left 1in order to take a nonacademic job. 12
Faculty in engineering and computer science average extra earnings each
. year equal to 38 percent of their academic salaries. While computer h
sctence and engineering salaries are higher than those of professors in,i
other disciplines ($27 535 versus $24,834) and though - they Yeceived pay
increases greater than their colleagues in 1981, there has been pressure .
in many schools and states to place,englneering and computer‘science "
faculty on a pay scale further aboyerthat of other faculty.13 ( N t effort
has recently been succﬂssful at the University of California.) Thae '
difficulty of attracting adequate rfumbers of new faculty and the lack
of other resources mean that only one in three qualified engineering ’

undergraduate applicants are accepted into an engineering program.la

The Massachusetts engineering and computer sclence schools have
experienced all of these difficulties althOugh the more elite schools,f
notably MIT, have suffered less than others. Even MIT, however, has had
trouble attracting the faculty it needs in some fields. The engineering
programs at. the publicly supported uwmiversities have been especially hard

-hit. John Duff, Chancellor of the Massachusetts Board of Regents of
Higher Education, estimates it will cost over $7 million during 1982-83
and approximately 82 million each year: thereafter for four years if the!
three Massachusetts universities are to restore and maintain laboratory
and computer equipment quality.ls These figures would be even higher if
all qualified applicants were admitted to the programs to the point of
saturating the present physical plants. The average SAT math score for

entering freshmen in engineering at the public University of Lowell “1is

\ () : ’ ’ ’ N |
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635, a highly competitive figure. ' Lowell needs to hire 13 faculty in
electrical engineering Just to handle students who are already enrolled
there. Duff estimates that there is currently a shortage of 183 !

engineering faculty at the three Massachusetts state universities.

-

.Salem State College, which had turned away as many as 200 students a

-

seniester from computer science courses because of_faculty shortages, saw
student enrollments in that field rise from 460 to 730 in 1981-82 after
they were allowed to hire three new faculty members. The well—regarded
conputer science program at ?ramingham State College, which has seen
enrollment jump from 266fin 1974-74 to 1048 in 1981-82, has had to.limp
along with only two full—time‘facultyjand 21 part-time teachers. A
‘graduate program in computer'science has been approved at the University
of Massachusetts at Boston but insufficient equipment prevents-the“’
.program from being implemented There are no research facilities for
faCulty there, making it difficult to retain and attract professors.
" Northeastern University has ten faculty vacancies they have not been
able to fill. It needs an additional $3.5 million more for equipment

P
purchases and over $§1 million more for faculty sa ry compensation.

Massachusetts students have traditionally depended more on private
1t plan to spend a good

arts (Table 3.4).

educatiqn than students elsewhere, and as a re
deal more on education than their West Codst count
. But the pre35ure on public college and university enrollmepts in
enpgineering and computer science will increase as private tuitlons in-
creasingly soar out of reach of middle class families and as federal and -
other scholarship monies decline. New funds currently being allocated
by the state legislature for tecﬁnology—oriented programs will help the
system,, but unless these additional appropriations continue for several
yeara, the funds for 1982-83 will only be "a drop in the bucket," in

the words of one Regent.

-

The Industrial Response to the Engineering Edncation Crisis

Corporations have been much more attentive and responsive to the'
plight of engineering and computer science education than to the problems
o” scientific and technical education at the two year colleges and secondary

~e
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. Table 3.4 .

Percehtages:of 1980'Sehiofé'Planhing to Attend College and
,?ércentagés,Estimagihg/Costs of College, By Region
~ New Engiéhd . " Pacific
: S \C
Planning to Attend = ‘ . T T
College or University: ‘ .
©, 4-year . y o, 52% . 437
. 2zyear or-Communifty College 48 58
Planned Student Status:
. Y ; » ‘
full-time .. = Y S C A T 55%
part-time S 29, . o 45
" Estimated Annual o o \L/ : - )
Expenditures for College:
. none | - 2872 .. 19%

. M . . o
less than $1,000 _ 21 X . 49 ]
$1,000-2,000 - , : 11 ) ) 14 .
$2,000-4,000 . 21 13

Over $4,000 S 19 6

-
r

Source: High School and Beyond,
National Center for Education

,//////—f~ o Statistics, 1980.

¢
o
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schools. The facts about‘university engineering education have been
widely publicized not_only by.educational and professidnalvassociations
but by corporate groups as well. The American ‘Electronics Association,
the Massachusetts High Technology Council and the Semiconductor Industry
Association are making major efforts to identify the needs of engiuccring
schools and to encourage business support of various kinds to those
institutions.16 The AEA and MHTC are cooperating in a campaign to get
their member companies to donate two percent of their research and

. development budgets to engineering and computer” science education. The
Exxon Education Foundation is giving $15 million to 66 colleges and“'v
universities for teaching fellowships for engineering doctoral candidates
and to 100 . departments of engineering and allied fields for salary
supplements to junior faculty. Generally speaking, high technology
companies have had a poor reputation for giving to educational or
charitable concerns, a pattern usually attributed to their relative youth
and size. (Small companies with less than 100 employees make up about
three quarters of the high techology sector in Massachusetts, although
one quarter of all the high technology firms account for 90 percent of

employment in the industry. )

e

A consensus among regional and national industry and educational
leaders on the nature of the engineering education problem and some of
its solutions-has been reached»during 1981-82, They agree that

~ engineering schools have critical problems, based fundamentally on

“inadequate financial resources, :and have developed a list of ways in
which corporations can come to their aid. The recommendations encourage
1ndustry to make donations of cash; equipment, and fellowships to the
schools, loan instructional personnel, provide sunmer jobs and consulting
opportunities to faculty, createmore co-op placements for students,
supplement faculty salaries, establish endowed chairs, and develop
collaborative research efforts. The proposals:also ask that industry
‘support state legislative action both to upgrade salaries for public
university engineering faculty and to increase state budget allocations

' 1
for engineering and computer science education at these schools. 8




. . ) }
What is absent from all of these recommendations, however, is a

call for significant federal,support of engineering education. Industry,

leaders have inetead focused on stepped uphcorporate and state government
contributions to engineering education to solve the‘problém. The Reagan
administration has also put forth the view that universities and ° |
industry together, not the federal government "are best equipped to -

deal directly with the temporary or cycllcal fluctuations in supply
and demand." Instead, the federal government should only "provide
oversight and help to focus national attention on these problems." ;?

George Keyworth, President Reagan's science advisor, recently warned against
cfforts to deal with scientific and engineering manpower planning in a
national, centralized manner. This view, however, is not shared by o
engineering professional societies and univérsity administrators who argue .
that the magnitude of the problem is so great, only substantial federal .. '

support will ultimately alleviate the crisis.zo_

A few of the‘larger-Massachugefts high techology firms have already
been making contributions of various kinds to the state's engineering
and computer science schools. Several firms have developed a reputation
for‘generosity'in glving——Digital“Equipment Corporation, Analog Devices,
Data General and Raytheon were mentioned the most frequently by university
administrators. Only a few have established foundations--GenRad, Honeywell
and Polaroid (General Electric, soretimes classified as a high technology
firm, has' long,given through its GE Foundation. ) MIT is the recipient
of corporate largesse more than any other engineering school. As of the
‘all-of 1981, MIT received $18 million annually from corporationa for
research.’21 ‘Several Massachusetts high’technology companies have made
+1fts to MIT in recent years--e.g., GenRad Corporation, Analog Devices,
Digital Equipment, Teradyne, Analogic Corporation, Foxboro Company,
Honeywell and Polaroid. 'Contributiona to MIT's planned $21.million
Very Large Scale Integration (VLSI) center in C;mbridge,,however, have

come from large corporations based primarily outside Massachusetts.

Despite recent publicity that relations between MIT and Massachusetts

high technology companies are strained, MIT has in fact the closest and

)
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most enduring ties with the comnanies of.any school in New England. Many
of the firms were founded by MIT graduates, and others spun off from
MIT laboratories. - MIT faculty are 1nvolved as consultants or directors
oE manycompanies and -MIT provides the largest number of technical

and professional employees to companies of the Massachusetts High Technology
Council. The University has an active Industrial Liason Program with
over 270 cnmﬁany members (generating close to $6 million in revenue
annually to MIT) which provides the firms with access to the Institute's
research and staff resources. Other 1¥nks to industry exist as well: 16
percent of MIT students are in cooperative work-study prdgrams; short
courses, including video couESeé; are offered to industry personnel; a
Management of Technoiogy master's degfee has been developed jointly
between the Sloan School of Management and the School of Engineering, ‘and
a small, part time master's program in the Department of Electrical
Engineering and Computer Science has been developed for people already

. A )
employed in industry. While the size and structure of the latter program

. fall short of induatry desirea, it appearé to be a first step in what

might become a much larger effort to provide continuing education for

. experienced ‘technical professionala.22 Thua, like Stanford University

and other elite engineering schools, the relationship between high

Qechnol6gy industry and MIT is relatively harmonious and close. The

two institutions respond relafively well to each other's needs.
. ' ’

While no other college or university*enjoys corponate'largesse to
the extent MIT doee, others have received some significhnt donations from
high gechnology industry-. ﬁortheastern University, the second largest
previdef'of‘technical professionals to companies of the Massachusetts High
Technology“Council; has been the beneficiary of company contributions
{rom Computervision, Analog Devices, Data General, Digital Equipment. 1BM
and the General Electric Fonndations. Data General pleyed a major role
in helping the University of Lowell developva computer science major by
contfibuéing equipment, loaning instructors, and adv}sing on curriculum.
Analogic Corporation, Digital Equipment, Analog Devices and Computervision,

among others, have also made donations to Lowell. "The University of b

577
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Massachusetts at Amherst has received major helb frﬁm Raytheon and
Digital Equipmeht, and has benefitted also from the contributions of
deg Labs, Alpha Industries, Analog Devices and Generaigflectric. P
Worcester Poiytechnic Institute has sutceeded in garnering donations

nf $1.7 million from indu;Ery for iﬁs research budget and has received
dbnaﬁions from Analog Devices, Computervision and‘Digital, ampng

vthers. °All of these schools provide¢ in-scrvice training for companies'
cechnical professionals on and off company sites. Northeastern's part-
Ime master's program in engineering dwarfs all others in size,Q
‘nrolling more than half of all part—time graduate engincering students
in the state.  Northeastern Uplversity -also has a number of students in
Jts co-op program working in.olecgro les and computer companies.  Some
of the schools have been linked to .nduscry through advisory boa;dé~or*
through joint programs under the auspices of the Bay State Skills

Corporat fon.

w

5~ Ana&hﬁr emerging arca of Lnduqcrv—cducaLLon c¢ollahoration centers on
the develOpment of a research and tratning microelcccrontcs center in
the state. At Northeastern's initiative, a consortium of industry,
vducation and, government lcaders have ﬁlanncd a $40.million center ¢
that would train people from cngincering and technician-training schools® ¥
and companies in the design and production of semiconductor devices.
the directors of the center would be¢ drawn in equal numbers from industry,
 edu¢ac1on and government. Public funds for the project would be matched
by donations of various sorts (equipment, cash and teacher personnel)
{rom high technology companies. It is expected that Dtgitalﬁﬁgulpment :
will be a major contributor to the cénter.z3 This proposed cénter is
similar to others being established in other states (e.g., North Carolina,
" Minnesota, California) as thesé states compete with one another to

retain and attract high technology companies,

Industry and Education: Views of One Another \

’

' o
Massachusetts industry executives Intervicwed were generally positive

in their opinions of che'collége and university engineering programs in




| b
the state. They also gave high marks - to some computer science programs

but felt others need improvement in . quality. - Many were sympathet1c to

“"the difficulties university administrators face in reallocating scarce o

%

resources and were, aware that“the public colleges and universities were'

underfunded , While.they expressed disappointment ‘at MIT's refusal thusj~

far to develop a large—scale part- time’ graduate engineering degree,
at the same time they had grudging respect for the ‘Institute’ s policy
on this question ' ' C

But company officials had criticisms as well' MQSthelieved
that the state s four year colleges and universities had an insufficient

number of technology course offerings. However, after stressing they

§gted to see more.of a high technology thrust in the curriculum, they
often then added comments favorable to the liberal,ar(s " don t want
a society ddminated by scfentists and engineers,”

up the traditional business complaint that schools, with perhaps/fﬁx

exception of*Northeastern, are inadequately attuned to labor market w<-,;

trends and care little about student career placements., Some admitted

that companies d a poor job of communicating their changing needs for

personnel Academic institutions habe no. sense of urgency about T

~responding to changes in workforce demands, argued one human resources -’

administrator. He claimed, and others agreed that while "indUStry moves
at 60 miles per hour, the educational sector moves at only 15 mfles ‘per* -

hour." Another manager, who had: formerly been an administrator in the 44
state public higher, education- system, .spoke disparagingly%of the bureau-

cratic maze yhich slowed. down the adoption of new programs° 1By the™

time a program is approved in public higher/education, ‘the need has gone

or Northeastern has%ﬁone it.’ , o C o’ ) -
‘ ‘J- o . , . .‘J‘) g
Others saw institutions of higher léarning as bumbling in their -

tive, for exa ple,

- efforts at approaching industry for help. One exeN
cited the failure of ‘schools to write high quality. foWgsed requests for

. ' company support Others cited what they felt was the narrow arrogance

" of some schools who wanted corporate money but ‘no advice on the

development of computer science and other curricdﬂa They argued that

many schools have fatled to form viable employer advisory boards for

said .one. Many brought *
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'fledgling programs. .The‘training director of one large firm commented

-

that those schools which were- not arrogant often veered to the other »

»

‘extreme of pandering to c0mpanies short-term needs. Others pointed ’
out that no university has developed a systematic sequence of retraining

programs that would prevent experienced engineers from becoming obsolete.~

v ’

College and university officials generally have ambivalent feelings
about their relations with the high technology sector. One university. .

president observed that executives from electronica and computer .

“

"companies were easier to work with than other businessmen because they

are focused in whab thqy want from the university, and are, idea oriented

?

. ‘ .and creative. ‘They are ' not véty different from university faculty types, '

Al
Y

he said He added that, while they often have- a narrow perspective on

what they want' ("more engineers, period"), they have also become broader = - .-
in their understanding of the mission of a comprehensive university.
Many adminiétrators observed that several years ago high technology

executives approached university relations primarily from the standpoint

r

of pressuring the schoolis 0 produce more engineers. But university

6fficiall pointed out: that busiriess attitudes have changed so that they

)

now ask how they can help engineering education. Many were moderately
-hopeful that some money would be raised through the 'two percent solution”
campaign of the Massachusetts High Technology Council, and they were

pleased that several executives were taking the lead in trying to" convince )

» NG

" the high technology business community to ‘make contributions. Public
college and university administratqﬂ::“like their community college
Counterparts, were also approving of the presence of high technology

representatives on the Board of kegents; The industry advisory board = *%

of omne public engineering school has been instrumental in successfully

: lobbying the state legislature for more money. for laboratory facilities ’ R

~ . at that school 7\

.With’thevexception:of MIT, however, college and university officials
'~ are generally critical of the level of high technology corporate giving
to their institutions. "Companies here are young and are“not'yet'

- socialized to the tradition of charitable giving,' observed one‘university

resident., Many believed that the $14 million contribution goal of the =

.
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Massachusetts High Technology Council ‘fund drive (two per cent of

R and D budgets) was set too 1ow, significantly below federal goals of

’

5 per cent of pre-tax earnings: (U S. corporations give, ‘on the average,

less than 1 per cent of pretax earnings to educational and charitable

VA

-1nstitutions ) Most felt - that w1th the. exception of a small number v

of firms, compan1es give\far too little Some of the, schools acknow-

-~

ledged they had only begun-approaching compan1es recently for donations

while others, espec1ally -State colleges, asserted they lacked the

'personnel to initidte. contacts w1th the firms The Jties that did exist

-

came 1arge1y through their adJunct faculty who held 1ndustry positions.
Several college preSidents who are experienced fundraisers were -generally

: ,despairing of the low level of financial ‘support from all business

.

. a . * ‘e - “y - . .
segtors. . . . R ’ - N L
. . - » - - . * 4

One university official who has wOrked closely with high tEChnology.
~industry characterized‘university;business'ties'as‘"a struggling'relation-
ship.f He and others cited several“difficulties in developing :\_
collaborative efforts' the d1verse nature of the companies and their . t
;frequent inabilitx to agree on common policies, the fact that firms _
educational efforts are usually fragmented and- not fully ‘institutionalized;, -
the relative slowness of'mdst companies to estabiish systematic and

endur1ng recrulting’ efforts with the‘schools new . graduates (instead of
always 'pirating" personnel from other firms); and theg paucity of

companies interested in‘a sustained work-study/cooperative placement.

program for students. Others cla1med that the rapid growth rates of

the companies made it hard -to nurture long-lasting ties._ Several stressed
that such ties, in order to be effective, had;to be‘with(high level. |
executives who had more influence ard longer tenure in'companies than

.

middle managers. - ‘ . ' ‘

Educators also pointed ‘out that the failure of industry associations
" to 1obby for federal funds for engineering and,science education ’

' contradicted their own best interests. '"Industry is sticking itsOhead
in .the sand by not going to Washington and .talking about the national

crisis in engingering education,, argucd one college president "I

a national problem and we have no national policies + « .. The companies -

-
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:‘ . believe‘int'small government and arq,thus caught on. the horns of a
' o dilemma." ‘Several claimed that it would take a crisis of some sort
(e.g. ’ losing a significant share of the minicomputer market to Japan) =

before business acted at the federal level on educational issues
Companies really need to be scared before they will get their act
together and lobby for federal support" commented the”coordinator of.

-

a large university—industry program,

Just as corporate officials sometimes crit1cized the schools, for -v ot
the long lag in their response to labor market changes, university
officials faulted industry for hav1ng such a short-term perspective.
For exam e, they felt that most companies had not developed "mature"

. human regburce policies that encouraged the systematic~retraining and
e . development of their experienced' engineers throughout their careers.
They argued that “high tech hires in fits and starts" with little
. " planning beyond the next economic quarter. Some administrators felt
e they should speed up their institution's response times, but others
defended the long—range planning cycles of colleges ‘and universities.
‘Faculty critics, citing the fact that a small proportion (less than
three per cent) of Massachusetts workers are employed as technical
professionals in high technology flrms, questioned whether dramatic

curricular changes should be implemented to accommodate the needs of

A , that modest share of the employment market. Econemist Peter Doeringer

' *  has summarized the colleges' viewpoint well: IR
g For a variety of reasons, existing institutions in the * )
T » higher education sector cannot and should not respond

‘fully to “the shifting needs of the economy . . . Substantial .

programs of basic research cannot be undertaken as short- -term
commitments, teaching is built around long~duration

v e ‘ . degree~-granting programs; laboratory facilities cannot. be
built overnight; and state legislatures are. not likely -to
provide the budgﬁgary flexibility needed to underwrite such
responsiveness

\

. ’N ’ . - \l"
Despite these- Varying perspectives, hdwever, industry and educational ’
- officlals have reached a rough consenSus that curricula of institutions
g ~  of higher 1earning need to ‘be weighted more toward scientific and

- , . : .-

: R technical subjects than they have been previously Student demanf if

: nothlng else, provides the impetus for program shifts S
' X / o . 4

> .
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The Queétion‘of the Engineering'Shortage 7 ‘ _ S

The{majority'of ‘the collegeuand university administrators interviewed,:l

"voiced moderate skepticism of industry projections for engineers and
"computer- scientists. ©sedll haunted by the widespread layoffs of~
engineers in the early 1970s, they are reluctant to institute enormous
expansion programs in engineering.26' A lively debate among labor ‘i . !
economists, engineering society spokespersons, and_industry officials

is taking place over‘this issue. Some academic observers and . ) ’ ¢

. P : .

4 representatives of engineering groups -argue that~if the Suppiy of
'engineera is as constricted as industry people claim, engineering ‘
salaries wouldvbe rising faster than they are currently, and older
.engineers would be utilized more efficipntly.-v(The argument on salary
ievels is especially applied to Massachusetts where engineers and other

- ‘ high technology - WOrkers are paid less than the average compensation of

comparable workers in other states.) 27~ They claim that industry simply

wants to expand the engineering labor supply in order to depress .
salaries and to have a better selection of personnel. But high
technology companies disputé these claims and argue intensely that the
lack of trained technical workers is already having a direct impact

on - their ability to get new products on the market.

. Amidst the controversy, a middle ground view" among the educators

emerged from the interviews. While they are wary about expansion of
; engineering programs, they generally’believe industry claimstabout the
‘ ‘ strength of the long-range job outlook for engineers and computer ‘
. scientists.” Paul Gray, President of MIT, cites three factors which
. ‘will continue to generate demand for technical orofessionals:’ thevneed

v for energy alternatives in our society, the mushrdoming-of applications

of microprocessors; and future opportunities for applications

of genetic engineering.28 The administrators agree that even if

engineering jobs become‘scarcer in the future, technica11y trained

people can find other positions (e.g., in marketing) where their back-
grounds are useful. A common theme expressed yas that "if anyone

survives in the future, it will be the,individual with technical training."

'
* ‘
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Academic analyets'of‘this issue point out that'éngineering‘ ,

shortages will probably exist only in some regions and .in some sybfields.-, .
Company officials intervlewed stressed their need for. electrical and o
o : v computer engineers, fields where they felt the demand would hold up for
A some timg. They acknowledged that firms are all competing for a small '
pool 'of top flight talent, the kind who will really make a difference S

to the company.” .

. .~ Thus, while'-there’is some questioning of fgtbre projections,of
technical professlgnals, educators are cautiously preceeding with
expénsion of programs in the belief that nnew technologies-and their
applications are the wave of the future. Clearly, tenéiéns exist o

between industry and academe, but the relations between companies

. and colleges and" universities are closer than those . between firms and oo
other sectors of the educational system. ' : o
. . . \ : ’ d
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'new.information society,

As American industry creates the the schools

%

L L | . .
which train their future workets face serious problems at all levels.

Enrollments in technolOgy—oriented programs are sbaring at the two and four:

LI

_year college levels but budgetary constraints are choking the flow of e

newly trainéd personnel 'High school mathematics and science enrollments : e
in Boston's 128 suburbs, already highby national standards, are growing ° -
modestly and. interest in computers abounds. But achievement levels among o
, the gtate's teenagers have declined and teachers complain of less motivated ' '
:students. Moreo?er, the dual effects of declining enrollment and budget ‘ o
reductions have caused cutbacks in academic programs and the layoffs of ,': .z,
a generation of younger teachers. The atmosphere of demoralication which

currently enshrouds public education contrasts with the upbeat ambience of:

high technology firms. ‘ .

[
- b

.The response of Massachusetts' high technology companies to the
deterioration of the educational environment around them has varied
depending onathe level'of education involved. Corporate,concern has’

o focused most intensely on.the'nEeds of engineering schools. Ties between

¢

' the companiés and MIT have historically been very close and continue to T
be-strong.vaollaborative relations between the firms and less elite
colleges and universities are less frequent but occur moreyoften_than
they do between industry and the two year collegesj The commitment of
1ndustry resources, however, appears to be insufficient to meeb,the

. financial ‘needs of engineefing and other kinds'of'technical education.

Yet industry associations shy away from calling for federal support.

At the secondary school level , the Massachusetts High Technology
Council supported a tax reduction measure, Proposition 2%, which has had

the unintended effect of cutting resources for school programs, including

mathematics, science and vocational education. The Council, however, and
several non-Council high technology COmpanies have made some efforts to
provide aid of various kinds to selected high schools.  But these efforts

are uSually isolated, small scale affaiJ} that make no visible change in.

-2 : f
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school programs The Qistacles to. industry-education c00peration at
this level are formidab " The national Administration 8 proposals for

*a ""new partnership" betWeen business and public education are unlikely to
lead to solid- programs of measurable impact.

The response of American education to the economic transformations

wrought by modern electronics is uneven and constrained by forces largely
beyond its immediate control

Without national direction and support

it is unlikely that a satisfactory response will be forthcoming in the
1980s. .-

- o

70




S ~ REFERENCES S

‘Incroduction and Part 1

- 1. Elizabeth Useem, "Education and High>TeCQnology Induétry: The Case of
‘ "~ Silicon Valley," Economics of Education Review, Vol. 3, No. 2,"Spring, 1983.
A lengthier unpublished paper of.the same title is available from the author.

2, According to the Massachusetts’ Division of Employment Security (1981) and
Department -of Manpower Development (1979), high technology ‘industries have
the following characteristics: .a highly skilled employee base, including a
high concentration of scientists and engineers; rapid growth rates; high A
ratios of research and development expenditures to sales; high value-added
products; and world-wide markets. for products. These labor-intensive industries
include the manufacture of drugs; ordnance *and accessories; office computing
and accounting machines; electrical and électronic machinery, equipment and
supplies; guided missile and space vehicles and parts; miscellaneous transpor-
‘tation equipment; and measuring, analyzing and-controlling instruments, in-
cluding photographic, medical and optical goods. Certain service industries
are also considered to fall into the high technology category--computer pro-
gramming services, commercial research and development laboratories, some
busipésg,management and consulting services, engineering and architecture
-seryvices ‘and some non-profit educational, scientific and resedrch organizations.

3. Gene Bylinsky, The Innovation Millionaires, New York: Charles Scribner's ‘
Sons, l976 See also "Center of a New World, Parts I, II, and III," Christopher
Rand, The New Yorker, April 11, 1964 (pp. 43-90); April 18, l964 (Pp- 57-107); -
and April 25, 1964 (pp. 55- 129) b

-

4. CommonWealth of Massachusetts, Division of Employment Security, High Technology .
Employment in Massachusetts and Selected States, Eugene doody and Helen s
Munzer, Boston, Massachusetts, March, 1981.

5. Bennett Harrison, Rationalization, Restructuring and Industrial Reorganization
in Older Regions: The Economic Transformation of New England Since World War
II, Working Paper No. 72, Joint Center for Urban Studies of MIT and Harvard
University, 1982; see also U.S.,Department of Labor, A Generation of Change.
in the New England Employment Structure, 1947-1979, Bureau of Labor Statistics,
New England Regional Office, Boston, Massachusetts, 1981.

»

6. Julie~g; Nickerson, The 1982 Outlook for Capital Spending Amo*ngew England
Manufacturing;Firms The First National Bank of Boston, March, 1982,

7. Lynn E. Browne and John S. Hekman, "New England 8 Economy in the 1980s,"
New England Economic Review, Federal Reserve Bank of ‘Boston, January/Febluary,
¥ . 1961, pp. 5-16. ‘

8. 1bid.

9.  Coopers and Lybrand, Results of Survey on Human Resource Needs. Massachusetts
High Technology Council Boston, January, 1981.

\)“. ) - 69 - = . .. ~
| | 7 :




10.

+ 11,

12,
13.

14,

15.

16.

-70- ¢

A total of 130 unstructured interviews averaging one hour in length were -
conducted. ' Most respondents (109) were seen in their offices and the. rest
were interviewed on the telephone. 1 spoke with 42 educators working with
public schools: ' 16 .chairs of secondary mathematics and science departments;

7 high level "administrators; 12 wvocational and industrial arts educators; .
and 7 other school personnel such as guidance counsellors. 1 interviewed

14 officials at six two year colleges, including 5 presidents of those )
schools. Three administrators of proprietary schools were included in.the
study. Also interviewed were 22 officials at colleges and universities:

4 university presidents; 7 deans of engineering and computer sciencé)chairs;

5 other high level university administrators; and 6 other university faculty
members who are involved in industrial relations, Seven government officials
were contacted as well ‘as 6 individuals who have been leaders of organizations
which coordinate industry-education activities Thitty-six indusfry managers,

- executlves or representatives of trhde ass ciatloms were interviewed, at

least one official from the 9 high tec nology companyes which currently
employ more than 5000 people and at least-one from § c panies employing -
between 1000 and 5000 workers. N

4

oot

4

Samuel S. Peng, William B, Fetters, and Andrew J. Kolstad), High School and
Beyond: A National Longitudinal Study for the 1980s, Nayional Center for

‘officials of the California Assessméﬁ;,?rogram of the
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