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*'In order to better understand the inter-
félatlonshlps of high technology and edu-
¢ation, it is important to understand the
irequirements for high technology and the
state of America’s colleges and universities
in the 1980s.
Technological development is based pri-
marily on individuals with basic back-
grounds in science, engineering and related
fields. Peter Drucker? in a discussion on
applied science and technology, suggests
“Fechnology is not then the application of
wience to products and processes as is
sften asserted—at best, this is a gross over-
.lmphﬁcanon In some areas for example,
Yolymer chemistry, pharmaceuticals, atomic
mergy, space exploration and computers,
he line between scientific inquiry and
echnology is a blurred one. The scientists
tho find new basic knowledge and the
schnologist who developed specific prod-
Cts and processes are one and the same
1an. In other areas, however, highly pro-
uctive efforts are still primarily concerned
ithtechnological problems and have little
dnnection to science as such.
“Inthe design of mechanical equipment,
Igchine tools, textile machinery, printing
1esses, scientific discoveries as a rule play
Yery small part and scientists are not
'mmonly found in the research laboratory.
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More important is the fact that science,
even where most relevant, provides only
the starting point for technological effort.
The greatest amount of work on new prod-
ucts and processes comes well after the
scientific contribution has been made. Know-
how in the technological contribution takes
a good deal more time and effort in most
cases than the scientists know what. But
science is not a substitute for today’s tech-
nology, it is the base and starting point.”

Peter Drucker® points out technological
research has not only a different metho-
dology for invention, it leads to a different
approach known as innovation or the pur-
poseful and deliberate attempt to bring
about through technological means a dis-
tinct change in the way man lives. Innova-
tion may begin by defining a need or an op-
portunity, which then leads to organizing
technological efforts to find a way to meet
the need or to exploit the opportunity. To
reach the moon, for example, required a
great deal of new technology. Once the
need had been defined, the technological
work was organized systematically to pro-
duce the technology.

Innovation can proceed from new scien-
tific knowledge in the analysis of the op-
portunities it might be capable of creating.

Innovation is not a product of the twen-
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tieth century. Edison was an innovator as
well as an inventor. It is only, however, in
the twentieth century and largely through
the research laboratory and its approach to
research that innovation has become cen-
tral to technological effort. Innovation
technology is used as a means to bring
about change in education and in the econ-
omy. Thus, modern technology influences
traditional society and culture, but innova-
tion means that technological work is done
not only for technological reasons, butalso
for non-technological reasons.

High technology requires not only the
inventor or innovator or the entrepeneur,
but development requires the finances or
the venture capitalist. No cash means trou-
ble in any industry. The new company is
not yet producing or selling a product so
the marketplace cannot pass judgment on
the company’s activities or products.®

A company and the venture capitalist
hope the product makes a splash in the
marketplace and sizeable profits will be
realized.

In a Wall Street Journal article* in Au-
gust of this year Ed Zschau and Don Ritter,
the Chairman and Vice-Chairman of the
Republican Task Force on high technology
initiatives in the House of Representatives
indicated that they believe the government
needs to foster an environment in which
innovation, new ideas and new companies
can flourish. They suggested four condi-
tions are needed for an environment that
promotes innovation.

® “A strong commitment to basic re-
search. Deepening and broadening our un-
derstanding of fundamental processes will
form the basis for industries, processes,
and products in the future.

® Incentives for investors, entrepreneurs,
and innovators provide the capital and
take the personal risks associated with
making technological advances, develop-
ing new products, establishing new com-
panies and rejuvenating mature industries.

® A strong educational capability, par-
ticularly in the sciences that ensures an
ample quantity of trained technical and

managerial personnel and a broac
educated and well-trained citizens
meet the challenges of a rapidly «
world.

® Expanding market opportun
mestic as well as foreign, require he
mestic economic environment an
sive trade policy.”

How do the universities fit into
for developingentrepreneurs and t
nology. Obviously, there is the s
role of training scientists and engi
a modern fashion. It is important
nize, however, that the number «
rates in the physical sciencesand n
tics have been dropping. For ex:
1950 there were 200 mathematic
tists completing their Ph.D.s whic
its peak in 1969-70 of 1300; it has
back to about 800 with only 61
Ph.D.s going to U.S. citizens in r
ics. The same pattern holds true i
try and physics®.

The pipeline of scientists and en
also against us. Betty Vetter® ref
the number of 22 year-olds will ¢
between 1983 and 1999. This year
year’s graduating classes will be t
in history and 25% larger than th
1998. The estimate is that currel
seventh grade through college, 4.
men and 1.9% of the women earn
tative bachelor’s degree. One in
men who earn a quantitative bact
gree will go on toa Ph.D. and one
of the women will go that far.

Universities have an added prt
sides not attracting the students
and engineering in large number:
not teaching the students with
technology. Some reports have
that engineering and science studt
are being trained on equipme!
about four generations away f_fo
being used in the new industries
tional Science Foundation, the
Education and other groups have!
surveys which suggest that prob
lion dollars would be required !
modern up-to-date equipment {
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feges and uni‘vcrsities in the basic sciences
and engineering. A 1984 survey of univer-
sity chemistry departments suggests $500
_million i needed er Chemistry instrumen-
jation alone". Universities, neither public
“por private, have that amount of money to
“jvest. New modern instrumentation for
“jesearch is very expensive.
Spectrometers of all types, infra-red, ul-
tra-violet, visible, mass are all electroni-
cally run with their computers built in. The
asimple IRs” that cost $2-3,000 twenty
years ago now cost $40-50,000; which is
Signiﬁcantly greater than the inflation fac-
tor. The whole cost of the instrumentation
“hasescalated dramatically. A simple nuclear
magnetic resonance spectrometer to do
proton NMR that is designed for routine
work, nothing fancy, cost $30,000 four
e i&ears ago. The company no longer makes
‘the_instrument because it weuld only do
“routine work and was used only for teach-
Ai.hg purposes. A 90 megahertz instrument
cost $100,000 about six years ago. The state
of the art 500 megahertz instrument is
about a half-million dollars without con-
sidering the aspects of the money and per-
‘sonnel required to maintain it or the auxil-
fary computers required to process the data.
., However, NMR is only one of four or
five spectral techniques which most or-
—ganic and biochemists would employ to do
“siudies on molecular structure. A mass
“spectrometer (simple version $100,000),
1R, UV-Visible, possibly X-ray, atomic ab-
,_:gorplion, etc., are also required by the or-
ganic chemist. The equipment required by
_thebiologist, in modern DNA studies, gene
$plitting, etc., of course, is even more
EXpensive.
~iEngineering schools have always been
fquipment based and have problems greater
¢lhan the sciences. However, the problems
IQ{scicnce and engineering departments of
Hmyversities go beyond the equipment; per-
nel is a very key aspect of the whole
ess. The figures for the Fall of 1984 on
" unfilled vacancies in engineering and
Mputer science are not yet available but
ere is no reason to expect that things will

A

have improved substantially. In 1983 engi-
neering schools across the country had
about 10% of their positions unfilled.®
Computer science faculty in most universi-
ties have degrees from either engineering or
sciences. Ph.D.s in computer science were
not generally offered 20 years ago, but
there are special problems with the scien-
tists and engineers who go into computer
science because they quickly find life is
more lucrative outside academia; academic
salaries are simply not competitive with in-
dustry. They never have been, but the gap
has been widening in recent years. In some
state universities while the salaries for fa-
culty may be higher overall than they arein
private institutions, many state universities
preclude paying differential salaries for
marketplace conditions so that added sal-
ary cannot be provided to the engineering
faculty. Private universities whose salaries
are often lower are more likely to pay the
added salary for the engineer or scientist
but they still simply are not competitive.

Unfortunately, the salary differential has
an additional impact on the high school
science and math teachers who are well
trained and who can find an even greater
salary differential. The number of trained
science and math teachers leaving secon-
dary education for the industrial market-
place is growing and is a problem that the
nation must face and recognize.’

The Panel on Technical Manpower Re-
sources’ reports:

“Today’sshortage in engineering faculty
comes at a time when the demand for an
engineering education is skyrocketing. The
Engineering faculty Shortage Project notes
that many deans—more than 80% surveyed
—report that the quality of instruction has
declined: class sizes are reaching unmanage-
able levels; existing faculty already over-
loaded have become more so;and the overall
system is showing signs of fatigue if not out-
right collapse. Although engineering grad-
uates may be turned out in appreciable
quantities, the quality of their education is
being progressively degraded.”
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The cooperation needed between univer-
sities and high tech industries is, of course,
best exemplified by Silicon Valley and Stan-
ford University. Itisimportant to recognize,
however, that there are certain special char-
acteristics that led to the success of Silicon
Valley. First of all, Stanford owned 8,800
acres of land which they could not sell. Stan-
ford administrators were faced with the
problem of converting the University land
into money. '

Stanford, prior to Silicon Valley, was not
the great university it is today. The whole
concept of Silicon Valley as a high technol-
ogy industrial park was really the idea of
Frederick Terman who was then Vice Presi-
dent of Stanford. Terman said the idea of
an industrial park near a university was
completely foreign, both to Stanford and
to the firms that would become leasees. The
first leasee for the Stanford industrial park
was Varian Associates who had some rented
buildings in San Carlos. In 1951 they
signed the first lease for four acres prepaying
$4,000 an acre for a 99 year lease. There is
no inflation clause in that original agree-
ment and it has been suggested that Varian
Associates probably has one of the sweetest
land deals in Silicon Valley. Hewlett Pack-
ard took a lease in 1954 and became really
the lease nucleus for Silicon Valley. Terman
would use Packard or Hewlett to talk
about the advantages of being close to a
university; today there are 90 tenant firms
employing 25,000 workers in the Stanford
research park.'

The park contributed financially to the
growth of Stanford in that the prepaid
leases provided 18 million dollars which
was used to retain and recruit star faculty.
In 1981 the annual income was about 6 mil-
lion dollars per year. The advantage of the
income from Stanford Research Park is
that is is unrestricted and can be put to any
good use by the Stanford administrators. "

A very important aspect of the develop-
ment for Stanford and the use of the funds
was Terman’s plan for Stanford’s assent—
the strategy “Steeples of Excellence.” His
view was academic prestige depends upon
high, but narrow steeples of academic ex-

cellence, rather than upon coverage of
more modest height extending solidly over § -
a broad discipline. Exactly what is a steeple?- §
Terman defined it as “A small faculyy
group of experts in a narrow area of know-
edge and what counts is the steeple be high- |
for all to see and that they relate to sorme-
thing important.”' :
Many universities have attempted tofol-
low the Stanford model, route 128 in Bos-
tonis one example, the North Carolina Ri 1
search Park is another. All of the succe§k§§ 3
relate to the association with a research:
university. However, the research universiiy
also must have policies that facilitate tech-
nological transfer through close industry
university relationships. The successful uti-
versities also have had programs whicha"gg
strong in engineering, and the engineering; -
professors took the lead of spinning off |
new high technological firms. Computer
science and biomedical professors are also
increasingly engaged in entrepreneurial ac-
tivities. Engineering, computer scienceagﬂ
biomedicine are all highly applied universtty
fields. They do not exist as pure acad@!@‘
disciplines. Commercial firms exploit e
advantages and basic knowledge that
made by university scholars.'° ":"‘m' )
Everett Rodgers and Judith Larset;
point out “It is worth noting that Harvaie:
and Berkeley, universities near MIT af¢::
Stanford, respectively, did not play meich -
of a role in Route 128 or in Silicon Vall®):
They are excellent academic institutiof
but both Berkeley and Harvard lack 8
ethos favorable for technology transieh
from university scientists to private Il
Neither Berkeley nor Harvard is pamC“]..-
strong in engineering; their strength 1§
more basic science and fields like the s
sciences and humanities. There WeI€
important spin-offs from Harvard Uni¥3
sity to Route 128, Wang Laborat e
begun in 1952 by Dr. Wang of Harval:
computer lab and Polaroid launche¢ ©
1937 by Ed Land. There were atmost 2
Harvard spin-offs during the 60’s and
when the MIT engineers were busy get
Route 128 going. . pa
California Institute of Technology hg




‘adenaisan outstanding engin.eering schopl;
==t has one special kind of spln-off—the_Jet
pl-opulsion laboratory whlch does hl_gh
technology work in aeronautics space in-
—ustry. But other than JPL, Cal Tech did
nothelpcreatea high tech complex in Pasa-
dena. “'It’s as if any entrepreneurial spark
‘that might have been generated at Cal Tech
wuffocated in the smog of the greater Los
Angeles basin,”'" In an information society
the university, particularly the research
university, where the production of Ph.D.s
“7and the conduct of scientific research is the
" main activity of the central institution
““much as the factory was in the previous
--4rea of industrial society, it is not an acci-
jent that most high technology systems in
i}ie United States are centered around a
: l}restigious research university. A nearby
source of well trained graduates for work in
gh technology firms plus a steady flow of
g@search-bascd technologies are importapt
ntributions by the research university in
Silicon Valley.
“Since the founding of Stanford in 1951,
~“there have been 18 other specifically related
“research parks which have been created in
- attempts to attract industrial firms—all were
- -inodeled after Stanford’s. The University
““¢fMiami has been unable to attract any in-
strial occupants and the university re-
rch park in Georgia has been able to at-
ct only one occupant, the University
sery School for Faculty Children.'
nother very important aspect of all of
¢ is the venture capital. One third of the
vailable capital is concentrated in Silicon
fley, most of the rest is in New York and
sston and almost none of it in other parts
Fthe United States. Other important as-
cts are the climate and quality of life.'
‘People who can work anywhere gener-
y prefer to reside in an area with a sunny
dinate. However, sunshine is not the only
pect, the quality of life such as the avail-
ability of beaches, ski areas, theatres and
er culture amenities which can be found
31 metropolitan center also seem to be
Jportant for success.
However, it has been suggested the most
portant single factor is entrepreneurial
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fever. 1t’s doubtful that a university in for-
mal classes can teach entrepreneurship.
Entrepreneurship is probably best learned
by example. Successful role models who
people can actually meet and get to know
lead to the “he did it, why can’t I’ concept.
Most communities and states that attempt
to establish a scientific complex seek to do
it by transplanting growth and appear to
ignore the importance of growth from
within. Instead of trying to seduce other cit-
ies” companies, officials wanting to start a
high tech complex should be thinking about
their own spin-offs. The conglomeration of
spin-offs in the same neighborhood as their
parent firms is why high technology com-
plex builds up in a region. The chain reac-
tion of spin-offs from spin-offs is a kind of
natural process. Setting off the initial spark
is the key.10

The research triangle in North Carolina
began in 1960 with the founding of Re-
search Triangle Park which was a 6,000
acre Research and Development center
that now contains 40 private government
organizations in such fields as electronics,
pharmaceuticals, and air pollution. An
early boost was provided by IBM when it
decided to locate one of its Research and
Development operations there in 1965,
With the cooperation of Duke, North Ca-
rolina State and the University of North
Carolina, along with the support of the
state government, the research triangle of-
fered low taxes, freedom from unionization
and a pleasant climate. The Research Tri-
angle has also generally concentrated on
microelectronics and the North Carolina
governor has recently convinced his legis-
lature to put up 24 million dollars for a
microelectronic center at North Carolina, a
research and training facility. However, the
Research Triangle does not yet have ven-
ture capital, nor has it yet developed the en-
trepreneurial spin-offs.'®

Everett Rodgers'® suggests that the suc-
cessful high technology complexes have
been planned, have a research university
with policies to encourage the involvement
of faculty with industry. have venture capi-
tal present, have the entrepreneurial spirit
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demonstrated by spin-offs and have either
good climate or quality of life or both. The
other aspect is a commitment from the uni-
versities, the state governments and a key
industry to begin the process. Both Virginia
and Maryland, through the state govern-
ments and universities, are promoting the
concept of developing research parksin the
Metropolitan area in Northern Virginia
and near the University of Maryland. It is
too early to tell whether or not these ven-
tures will be successful. Both have some of
the necessary ingredients, but neither "has
them all. The Virginia General Assemby
has approved $11 million for the construc-
tion of a center for innovative technology
to be built near Dulles International Air-
port, plus an additional $19 million to im-
prove research facilities at five of the state
universities.'!

The state of Ohio is using fields in which
Ohio is already strong to develop its uni-
versity-high tech center. For example, the
Edison Polymer Innovation Corporation
received slightly more than five million dol-
lars from the state and will be operated
jointly by the University of Akron and
Case Western Reserve.'’

Will higher education meet the challenges
of high technology? Higher education can,
but only through the cooperation of indus-
try, state and federal government and chang-
ing approaches to university policies

There is probably going to be a need for
increasing sponsorship by the government
for basic research, more tax incentives for
corporate contributions to educational in-
stitutions, more flexibility in both universi-
ties and corporations in their employment
policies and there needs to be strengthening
of patent laws. There needs to be estab-
lishment of a comprehensive and forward-
looking federal policy that recognizes the
role of science and technology in the eco-
nomic health of the country and encour-
ages innovative scientific and technological
development facilitating their incorpora-
tion into the economy.

Asthe American Chemical Society com-
municated recently'® “We must sustain a

strong and long-term federal commitmeny
to the development of a creative scientific
personnel in a knowledge base upon which
the country can base its economic future.”
The universities are the central key in the
development of their faculty and their facil-
ities to better train students. It is going to
take everyone’s effort to ensure success.
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