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ABSTRACT

The role of basic and applied research in state strategies for economic
| development through technological innovation is reviewed in relation to current research
“results on the job creation ability of technology-based firms._ With this background, the
~ policy implications of various state strategies, 1ncIudmg those involving recrwtment of
_hsgh-technology firms, are examined. The programmatic components of state strateglc
1n1t1at1ves are then discussed and conclusions are formed regardmg optimal mdnudual |
state strategles based on the states economic and demographxc proflles. ) Wlthm th1s
.. .framework tentanve assessments of the strateglc research 1n1t1at1ves of ten states are

offered
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BACKGROUND

Introduction

_ o “The' recent -and- rather- dramatic- structural- and. cyclical -changes .in the national .
~economy have focused the attention of federal, state, and local government policy-
__makers' on programs to st_im'ul'ate economic growth. The geographic heterogeneity of the .

 nation's economic activity results in these..economic changes having -an especially

profound effect on some local and regional economies. The disparate impacts of the

‘waves of worker dislocations which accompany these changes are particularly
- .troublesome for state and local officials. They create the need for state or local

" initiatives to stabilize regional economies as well as to ensure long-term prosperity. At

the same time, the visible success of foreign technological enterprises and domestic

' tec':hnolo'gy-ori_eznted' regional economies point to technology as a key ingredient in any .
'fstrategic_ formula for economic revitalization. 5State government, in particular, has

_-assume.d".afleadership role in encouraging economic development through technological

innovation. ~Most states have already begun to implement program -initiatives in

o econdmit development based on the exploitation of innovative technoiogiés._

© In view of the many new state program initiatives for technology-based economic
development, it is useful to place them in a common analytical framework to facilitate

comparison and discussion. Having accomplished this, one can review in this context

- some representative case-study examples of state programs and tentatively assess the

relative _potentiai of these programs for achieving development goals. The present

report' attempts such an analysis, concentrating on programs which promote the research

phase of research and development, the first stage of the technological innovation

| 'proce_ss,. In doing this, the report provides background information on the rationale for
state technology-based economic development strategies in relation to the results of
' recent research on the job creation potential of technology-based firms. To provide
_additional background, the technological innovation process is described. After these

preliminaries, the policy implications of state strategies based on technological innova-

~tion, including recruitment of technology-based industry, are examined. The




'High Technology, Jobs and Public Policy

National, state, and local policymakers have been-devoting increasing attention to
programs to encourage economic growth. "At the state level, much of this attention has
been directed toward the notion of the high-technology industrial sector in general and
new, small high-technolbgy firms in-particular ‘as being a solution for declining levels of
employment. The press has popularized this notion and perhaps contributed to inflated

' expectatlons regarding its potential contributlon.

_ Current. research results and thoughtful, informed opinion 1nd1cate that technology
may indeed be a panacea for the nation's economic woes; but not by’ creating jobs within
the: high-technology sector. . Some have: criticized the term "high technology”. itself as
" contributing to inflated expect'ations regarding its promise.: Some of these critics
?""su‘gges:t ‘that the terminology "new technology" and/or "advanced . technology" is more
descriptive and relevant, while others favor: "innovative technology™ as the descriptive
.term. It has been shown that, although the role of the small high-technology firm injob
- ereation_ is undeniably important, high-technology firms of all sizes are creating new
jobs. _.'Large high-technology firms are- creating the larger:share. Since initiatives

tai'geted toward high-technology industry, traditional industry, large firms, small ﬂrfns,

©onew ‘firms, or existing firms may represent divergent policy alternatives and: compete for:

scarce resources, ‘the design of -an optimal “strategy for technology-based -economic
- .development is a complex undertaking. ‘Assessment of individual state strategies as well
as state and sub-state programs must be viewed in the context of optimal strategy
design. Interstate comparison of programs and/or strategies are only meaningful to the

- extent that development objectives coincide and resource bases are homogeneous.

The thrust for- much of ‘the recent enthusiasm directed ‘toward small business-is
found in the work of Birch (1978) in which he attributes two-thirds of all ‘new job
creation between 1969 and 1976 to businesses with fewer than twenty emplo'yee's. More
recently, Armington and Odle '(1982) reported that between 1978 and 1980, firms
- employing fewer than 100 people were responsible for only two-fifths of net new jobs.
~ Armington and Odle's work, which utilized a different data base than Birch's, tends to
..raise questions about development strategies centered around small business alone, while"

‘con

nfirming the dynamism of the small firm sector's contribution to job creation.,




Technoldgy and the Innovation Process

Most pérsms with an interest in the potential of technology for stimulating
.economic development have an intuitive understanding of what is meant by the
terminology commonly used in discussing this subject. But if asked to articulate their
conceptions, few would give the same definition for terms such as "high technology,"
"technological innovation" or some of the other frequently used terms. - It is, therefore,
appropriate to review briefly the most widely accepted relevant def_initiohs and

" conceptualizations of persons who have given some formal attention to the subject.

Riche, et al. (1983) give three alternative definitions of high technology industriés

- which differ in the relative importance placed on a high proportion of technology-

oriented workers as opposed to a high ratio of research and development .expenditures to
sales. Eihphasis on the latter index tends to limit the definition to the few industries
‘that most lay. persons- would -agree with, such as drugs, computers, electronics,

'_""c:'ommunic'ations equipment, and aerospace. Unfortunately, reliance on any'single

. definition of the many that various persons have given (Malecki 1984) is probably overly

restrictive. A more useful operational definition is that of an industry, either
manuiac_:turing or service, with a strong dependence on science and engineering, i.e.,
K wherein new technologies and their applications are a major driving force influencing the

o marketpl'a_ce economics of supply and demand.

7 ‘Similarly, there is little common agreement on the exact elements of the

technological innovation process which feeds these industries. It is in itself a complex
field of study (Rosegger ‘1980; U.S. Congress Joint Economic Committee 1980; Torhatzky
et al. 1983). A simple-minded view is that the process proceeds from an invention to its
initial commercial application as an innovation and then is spread by means of a
'diifﬁsioh—like phenomenon into the marketplace, eventually saturating it and ultimately
disappearing as it is supplanted by new technology. Udell and Baker (1982) have depicted
the business aspects of the process as shown in Figure 1. Fligure 2, which is reproduced
from the work of Rorke, et al. (1983), depicts the process in matrix form to illustrate the

participants involved in some of the activities at various stages of the process.
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Fig. 1. The technological innovation process: a sequence of events 't'hrough which
new products, processes, and services normally pass (Udell and Baker, 1982).
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" Here, the term "invention" refers to the discovery of a new or improved process or
product and the resolution of associated technical problems through research and
development. The stage or pipeline'mo'del ‘of research and development describes an -
orderly' progression of activities beginning with basic ‘research, progressing through an
~ applied research s't"age, and culminating in the development of a process or product., A
. successful dev.elo'pmeht stage would conceptually be followed by extensive market-
oriented research, testing, and evaluation. The model is: overly Slmphsth' but it is easily

conceptuahzed and is adequate for most: purposes. ‘

It is generally agreed that basic research is distinguished from applied research by -
.'th:e former being pursued (often ‘at universities) primarily for the-advancement of
seientific ot engineering knowledge while the latter (often in industry) is directed toward
'_usef_ul objectives with respect to ultimate creation of a product or process. The
distinction is léomet'ir'r'ies"nebulous, particulat'ly when' it"is recognized that frequently,
much of the justification that scientists and éngineers must give to 'obtain funding for
“"pasich research is its ultimate connection to some useful objective.  Furthermore, some-
'ba:sic ‘l"'e'sea;r'ch ‘especially in industry, is’ characterized as "directed." - Development -
c:onsxsts of those techmcai activities undertaken to transform.research knowledge into-a

. product or process.

The simple linear ‘pipeline “mode! is not “inconsistent ‘'with 'the business-oriented
model of Figure 1 of the participant-oriented model of Figure 2, but the figures require
some interpretation to clarify the connection. For a product based on’a sophisticated
new technology, idea generation is usually the result of basic researoh. Applied research:

~would be involved in evaluation and demonstrating technical feasibility. "Technical
Research and Development” and "Product Research and Development” in Figure 1 or
alternatively, "Product/ Process Evaluation and Refinement"” in Figure 2 are all primarily
" associated’ w1th the "development" activities “of research: and ‘development. ' These
act1v1t1es are “the engmeermg analysxs, design, and testing required to evolve and test'a”
full-scale’ productmn prototype from demonstration of - technical feasibility - using -
"breadboard" or laboratory components. The culmination of ‘the first stage of  this
process or the "Technical Research and Development": stage in Figure 1"would be ‘the

creanon of a demonstratlon prototype




 and Stanford Research Institute (SRI) (1984b). Many others have been established since
 these reports were published. State and local programs are generally designed to either
attract industry from outside the region, promote the'stabiliza'tion, expansion, and
retention of existing industry, or encourage the formation of indigenous technology-
based firms through technological entrepreneurship. In many cases, these efforts seek to
.emu!ate such successful models as California's Silicon Valley, Massachusetts' Route 128,
ot North Carolina’'s Research Triangle Park. These names have become synonymous
* with desirable high-technology growth. Hence, it is useful to examine the phenomenoh
of high-technology growth and the factors that influence it to determine which localities

may realistically aspire to achieve it and what alternatives may exist.

“The concensus view of OTA (1984b), Birch and MacCracken (1984), Malecki (1984),
and Shanklin and Ryans (1984)'as well as othets, is that most localities do not have the
- technological or financial infrastructure to incubate or accommodate technology-based

~industry on the scale necessary to replicate the growth of Silicon Valley, Route 128 or
even Research Triangle Park. ' This view is reinforced by the reve'aiirig statistic that -
during World War 11, the federal 'governr'nent injected over $35 billion (NGA 1.983) into
' the California economy.  Likewise, Massachusetts also benefited from large defense-
related expenchtures during the 1940s and early 1950s. However, it is important not to
k mxsmterpret these ‘facts. * The ﬂow of ' government funds ‘to these areas may only be
' 1nc1dental in the sense that the defense contractmg firms simply happened to be located
in those: regions (Malecki 1983} and development was actually the result of a process of |
industrial evolution (Dorfman 1983). The most important impact of federal government
_research and development activity is the agglomeration of technical employees and
resulting employment generation through new firm formatlon, spin-offs, and corporate

innovative act1v1ty (Malecki 1983)

 The pessnmsnc view of the development potentlal of most localities as a center
for technology-based industry is reinforced by quantitative statistical research as well as
more subjective studies and _1nformed opinion. Harris (1984b) investigated statxstlcally
the factotis‘ihﬂﬂencing branch formation of high-technology firms and new independent
high-technology establishments in metropolitan areas. ‘These findings indicated that both
types of businesses were most sensitive to the availability of scientific and technical

‘workers. 'Agglomeration economies resulting from the presence of a significant amount
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It is generally agreed that there are many limitations involved in short-term
. strategies aimed solely at recruiting technology-based industrial firms, Moreover, from
a national perspective, such efforts tend to cancel each other, producing a "“zero-sum
game." However, as pointed out-by OTA (1984) and NGA (1983), such recruiting may be
an important component .of state technological innovation strategy.’ According to OTA
(1984b), this is particularly important for states ‘-lacking indigenous - technological
infrastructure which can then utilize the technological impact of a major branch plant as
‘part of a bootstrap strategy to develop their own infrastructure to the point where
- significant technological entrepreneurship is feasible.” This view is disputed by Malecki

~ (1983), who -argues that production facilities have little impact and that research’ and
development is the key. Unfortunately, as indicated previously, industrial reseéri:h and

-development facilities are less mobile than branch production facilities. .« .

“In. splte of the foregoing, technological innovation. need: not be- abandoned as a
component of economic development strategies: for areas which are less-developed
: technologically for these localities. OTA (1984b) and Birch(1984) advocate emphasis on
. employing technology, perhaps developed elsewhere, to create jobs: - Shanklin ‘and Ryan
(1983) as:well as Birch and MacCracken (1984) emphasize entrepreneurship -per -se,
ieh_cdmpassihg also the low-technology and service sectors.. NGA (1983) stresses the use
.-o.lf_néw- and advanced teéhnoiogies. to revitalize older smokestack industries as‘a medium-
term strategy, particularly in heavily industrialized states. Malecki: (1984) points out
" -thaf ehcouragement of local research and development activity, using universities as the
foundation for growth, is important even if few high-technology jobs eh‘erge. ‘This is
'be.éause'these localities will thereby improve their attractiveness as sites for economic
'-éctivifies that grow less spectacularly than high technolog‘y-,_ ‘but that use human skills'iﬁ

non-routine ways.

‘State Role in Technology-Based Economic Development™ - -

Fostering economic growth and employment is emerging as a critical leadership

- function of state governments (NGA 1983; SRI 1984b). State -‘and'ldcal‘govérnmehts are,

because of their decentralized nature, often in a more ‘appropriate position than the
federal govermnent to leverage or provide the cooperation and partnérship involvement
necessary (NGA 1983; SRI 1984b; Peltz and Weiss 1984). " States perform key functions

12




(6) technology and information transfer; and . _
(7) research and high-technology industrial parks and incubator facilities.

Although these seven functional categories provide sufficient operational

classifications to cover most of the state initiatives, a broader perspective is needed in

| . terms of policy variables for an analysis of state technological innovation strategies.

_ | Figure 3 is a matrix representation of the policy tools that state gover'nments possess

" and the target areas in which these tools can have an impact, Broadly speaking, the raw
| ‘materials for the technological innovation process are technology resources, human

_ . resources and co_rhmércialization resources, They constitute the region's technological
infrastructure. State government can have a major influence on the availability of these

. resources through the fulfillment of its responsibilities and the exercise of its authority.

_ There are, however, real resource and wealth constraints which obviously limit a state's

.a.bility to utilize the tools _af its disposal to effect change.

14




Figwe 3 .
State Policy Tools and Targets for Tedmlogica.l lnnovauon
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Technology Resources and Development Priorities

As discussed by OTA '.(~4l9'2.§4b), a: thresholdamountof. .technolog.ical ‘l.nf..rastructure isn‘i-

a prerequisite for significant high-technology growth, In addition to human, f1nanc1al and
-technology resources, thls 1nfrastructure prov:des the catalytic mgredlents needed to
't'stlmulate technolog1cal 1nnovation such as proxrmlty ‘to: customers, suppllers,_'_'
| ---competltors, and role- models. The technological mfrastructure of a state is’ perhaps best
charactertzed by the existing amount or concentratlon of technology—based mdustry. :'
The geographlc dlstrlbutton of employment 1n three a]ternatlvely defmed hlgh-
'."technology mdustry groups is gtven in Tables l and: 2. “The data are gwen in terms of '.
absolute employment in Table I and as a percentage of total nonagrlcultural employment :
m Table 2. The data were supplled by the Bureau of Labor Statlstlcs. The Group 1

; _defmmon 15 llnked to a high percentage of techmcal workers. Group II conststs of :

- mdustrles thh htgh ratlos of research and development expendltures to saIes.. Group III :

f Is a composxte based on a dehmtton combmlng the two measures. o

“The data In Tables 1 and 2 contam certam deceptlons ' The most 1mportant of
these is that service mdustnes are excluded -and that employment in manufacturtng :
fac111t1es of technology-based flrms, fac1lit1es which, contrlbute llttle to a reglons

: technologlcal lnfrastructure, is 1ncluded Further, the exlstence “of . local or. reg1onal

1,‘ technologxcal mfrastructure suffment to. mcubate or attract technology—based 1ndustry' .

~can be d1luted When examlnmg aggregate state statlstlcs Farrell (1983) lists twenty-two
:' “deve10p1ng hlgh—tech centers"‘ as local - areas havmg a sxgmfrcant potentlal for

development, these are in additlon to the "rnature hlgh—tech centers“ in Callforma,

. Massachusetts, and North Carolma Therefore, the data presented here: are only useful

in a relative sense and even then, a great: deal of care must ‘be exercised 1n drawing any
' flrm concluslons. For example, lt' the strlngent Group I defmltlon is applled the only'
states appearlng in the top ten 1n both tables are Cal:forma, Massachusetts, Connectlcut s
,ﬁ-and ‘New Jersey. At the other extreme, the bottom ten 1n -both ‘tables mclude Hawaii,
: Alaska, Montana, Wyommg, North Dakota, West Vlrglma, and Delaware. Delaware,
. 5_ paradomcally, because the chemlcal 1ndustry is excluded from the StrlCt Group II |
deflnltlon and mc:luded in Group L and I, tops these latter llsts in Table 2. -

16




Table 2 :

High Technology EmpIOyment as a Percent of Total Nonagncultural Employment in

All States, the District of Columbia, Puerto Rico, and the Virgin Islands.

1983 Annual Averages (1)
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Table 3.

nditures and Personal Inéomeé

. .‘;-(b_ii_l.ions)

 STATE

 FEDERAL
. R&D.

R&D

INDUSTRY*

- “UNIVERSITY : “FED., LAB, *
SUPPORT . PERFORMED PERFORMED

“TOTAL®* "

R&D . |
(EST)
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“1.776
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0.911
0,043
0,032
0.376
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2.992
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© 0.283
0.123
0.111
0.056
0.048
0.098
0.019
0.351
0.226
0,470
0.147
0.050
0.130

£ 00020 TR
0.053

0018
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R&D

0,322
0,021
0,079

0.026 -
©2.353
0,167
0.015
©.0.023
0,716
10,769

0,070
© 0.011
U 0,113
0,284

0.044
0027

10.007
0,016

0.038
0.004
1.997

0,045
‘0,465
0,024

0.088
0,030

o013
. 0083

0.g51
Co.d21

12,431

- 1.363°°

g3y
L U6.66
28,48
19,12
304,65
36.66

S g,22

6- 90
T 9,29
CULL3L

VD SuL 30
e g 87
ATl 136,15

53,86
30,89
'28.07
32,52
L)
9,86
50,66
798,09
“67.82
45.56
19.49
49,38
17,50
. 16.95
. 10.38




Table &
FY 82 R&D Expendltures asa Percentage of Personal ‘Income

_ INDUSTRY *

STATE " 'FEDERAL 'R&D - UNIVERSITY ' FED.LAB.** TOTAL***
*  R&D - - . SUPPORT PERFORMED PERFORMED . R&D

- :SUPPORT . . - (EST) . - . - . R&D R&D __(EST)

Alabama - 1.679 . 0.102 0,212 ' 0.9%2 T 1.840
Alaska o017 -~ 0.570 - 015 =

' Arizona u 0.927 1.9 . 0.355  0.277 - 2.988
" Arkansas - 0.225 - 0.293 0,188 0.136 0633
“california” 2,917 0.982 0311 - 0.772 1 g,080
Colorado .‘ 1519 0 . 1.148 0 0378 0.456 - 2.736
Comnecticut ~ ~~°  1.035 2103 0366 - 0.035 - 3,228
“Delaware ot ous07 0 - E 0.261 - 0.319 R
District of Columbla C10.280 0~ 7 o0.e78 7.707 R
Florida - - S 1,59, 0.83 - 0151 o 0.691 2,496
Georgia 0.1 T 0.360 T 0.326 0 0.134 0,883
‘Hawail 0.3 - -~ - . 0.389 . - 0.097 7 e
Idaho . - - lL.482 —- o210 ts

" Hlinois 04399 - 1.581 : 0.208  °  0.208 T 20083
Indiana 0.345 1.686 ’ 0.222 © - 0.082 2,089
dowa . 0440 - 1,08 0.359 7 0.087 " 1.690
Kansas 2273 0200 7 0.025 e
Kentucky 0.298 - 0.363 0.148 - 0.049 C0.747
“Louisiana S o.s3 o 0320 0 0.221 - 0.086 ' 0.930
Maine S 023 - 0.193 | 0.041 Cet 4
Maryland U 5626 - 0.693 w2 L
Michigan 0.3 438 0,230 0,046 16
‘Massachusetts  4.092 1725 0.693 0.68 . ° 5.924
“Minnesota . 0.832 - 1.756 0.323. - 0.053 . 2728
" Mississippi - - 0.646 - 0.25 0.452 -
Missouri 1.845 0.787 0,263 - 0,061 2,726
Montana - C 0,573 e 0,267 oo 2,387 L -
Nebraska 0.189 0.147 .. 0313 . 0,077 . _ .0.525
Nevada 3622 - . ear3 . .0.07 . o —
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These data illustrate an obvious existing pattern of the agglomeration of
government, industry, and university research and development in  certain states.

Clea’riy, those iocalities in which it is already concentrated have the inside ‘track on its

~ further exploitation for. economic development. The recognized high-technology states

of California and Massachuset.ts tend to rank higher than the others in the absolute levels
of research and development but tend, because of their relatively large populations, to
drop in rank when éompared on the basis of expenditures as a fraction of personal
mcome. Economies of sca[e in convertmg research and development to innovation may

be possi ble.

It is . also impor:t_ant' to recognize that. in several states, such as Maryland,
New Mexico, Florida, and Virginia, a.large component of their enormous federal
‘research and development expeditures are due to the presence of federal laboratories.
_ The“a.bility to exploit these federal technology resources could be a critical factor in
determmmg the success..of technology-based economic- development in the few states

. Wthh are rich in them.,

Due to the importance of the university in various -technology-bééed-" economic

_ develdp_rhent-.scenarios, research and development expenditures at the universities within
. a state afq' of particular interest. These expenditure totals in Table 3 are a-measure of
the -colléctive Capaéity and capabilities for performing research and for training research
_ personnél; w_ithiﬁ th_e‘ -universities in:-a State' and an indication of the ability of the
universities to compete on a national level for research funding. The range of university
research and development expenditures as a fraction of state personal income given in
Table 4 ranges from a high of 0.693 percent in Massachusetts to a low of 0,110 percent in
New 'Jersey. The statistics in Table ‘4 are more .meaningful as a basis for interstate
comparison than raw expenditure totals since they account for differences in population
and tax base. States at the lower end of the range will need to consider placing more
emphasis- on the development of research capability in their university systems if

technological innovation is pursued as an economic development strategy.
Since funding of university research .is dominated by the federal government,

research and development expenditures indicate only the existence of the potential for
performing research likely.to produce technological innovation within a state; Industry-
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State

Total U.S.
Calitornia
Massachusetts
Iowa
Wisconsin
Illinois
Indiana .

. Michigan
New York .
'Ohio

- -Utah -
Maryland

*Pennsylvania -

Georgia -
Kansas =~
. Missouri
Texas
- Virginia.
Kentucky .
. Florida ~
_ Washington

~ North Carolina

"~ Alabama’ "
Oklahoma
Nebraska ..
New Jersey

*Known to be incomplete.

. Tables -
University Patents Granted
During Period of 01/63 - 12/83

Patents S n U0 State:
3,643 " Rhode Island
747 -+ Arizona
689 - Tennessee
230 Connecticut
214 ' South Carolina
188 A New Mexico
185 Colorado
152 Hawaii
149 ' Minnesota.
135  Mississippi
130 - “-Arkansas
9% . -Louisiana
- ~ Oregon
54 -~ District of Columbia
- 52 _ - Alaska
49 ' - Delaware
49 " Indiana
48 . - -Maine
46 ‘Montana
.39 Nevada
32 New Hampshire
24 North Dakota
- 22 “South Dakota
20 - VYermont
20 : . West Virginia

16 "~ Wyoming

| . Source of institutional data: Science Indicators Unit, NSF -

Unpublished data, 1984. .
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Table 6 (continued)
Manufacturing Employment

"% CHANGE IN MANUFAC- % OF WKRS EMPLOYED
STATE TURING EMPLMT 1976-81 IN MANUFACTURING, 1984
Wisconsin C 4.6 : 22.2
Delaware ' - | 4.1 22.3
'Rhode Island o 3.9 - 26.3
| New Jersey . ' R 1.9 : 20.4
‘Idaho - I L3 s
lowa ' B 3 1.1 | B - 15.4
Mississippi - : 0.6 o 122.0
Missouri SRR K- R 18.7
' Maryland ' o -0.3 S | - 10.1
New York o 0.4 . 7T
Kentucky - : o 159
Hawaii - | -L.7 . 5.0
‘Montana o -2.1 “ 5.5
Pennsylvania | 2.7 2.1
Indiana D a7 - 2
- Ohio a8 o 238
‘North Dakota P -5.6 S 4.7
Illinois - - -6.9 19.0
West Virginia . = -7.2 _ 14,1
'Michigan | | 7.8 | 239

. U.s. Total | | 6.9  18.3

——

Source: Bureau of Labor Statistcs, U.S. Department of Labor
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education and training are almost universal and lie outside the scope of the present
discussion. After education and’training, program Initiatives aimed at increasing the
technological research base for innovation are the most numerous and are the focus of
much of the present work. From 1978 through the end of fiscal year 1984, $369 million
in state funds had been committed for research-related programs. Table 7 lists the
contributions to this total from individual state programs, ranging from support for basic
research to non-remunerative grants for product development. At the close of calendar
~ year 1984, this total had reached nearly $450 million, including a new $57 million

‘initiative in New Jersey.

.Prbgrams. which fund product development through equity or royalty participation
are excluded. Entries in this table may include support for programmatic initiatives
other than research in cases where disaggregation from umbrella program funding was

 difficult.

_ '_Me'my state programs that support the research phase of research and'development
for economic development are university-based or connected (Corn'ell University 1984),
a.nd. most devote a significant fraction of their resources to sponsorship of joint
k uni_versity/industry research. A few programs also sponsor innovative applied research
by small firms. Other programs promote interaction between universities and industry

by campus research parks and incubator facilities.

A Comprehenéiye study of university/industry research ,. relgtionships has been
conducted by the National Science Board (NSB} (NSB 1982a; 1982b), while the General
‘Accounting Ofﬁce'. (GAO) (GAO 1983) examined the federal role in university/industry
cQoperation. Numerous fora have been held to discuss university/industry relationships =
and the topic has been examined in contributions to the permanent literature as well (see
Lynn and Long 1982; Azaroff 1982; Hutt 1983). This literature contains useful facts and
informative discussions of the philosophical issues involved, but little to assist in optimal
program design, For example, GAO (1983) touts research parks as being the most
effective model of university/industry cooperation, whereas NSB (NSB 1982a) claims that -

they are relatively inetfective,
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Table 7 -

Recent State Research Program Initiatives -
Cumulative Funding Commitments through Fiscal 1984

Nevada

' o ' -RESEARCH  TECHNOLOGY
- STATE S % FUNDING .~ “PROJECT RESEARCH
B PR _(miliion’s).. - GRANT. . -+ CENTER

Alabama 1.0 X
Alaska 0.8 X |

Arizona 19.5 X
Arkansas - ' -

California 6.4 X
Colorado X X
Connecticut —_— '

Delaware .' -

Florida 13.9 X X
.-_G'eorgia 21.0 X X
 Hawaii 1.7 X
Idaho -

Illinois 18.0 X

Indiana 20.0 X

Iowa 2.0 X

Kansas .1‘4.‘0 X X

Kentucky —

Louisiana 6.2 X

Maine | --

Maryland 1.9 X

Michigan 23.0 X X

Massachusetts 26.4 X X
- Minnesota 5.0 X X
‘Mississippi 4,0

Missouri' 1.4 X
“Montana * X X

Nebraska - |
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More recent studies by the National Science Foundation (NSF) have contributed
somewhat more substantive information. Three reports by NSF personnel (Johnson and
Tornatzky 1984; Johnson, et al. 1984; Eveland, et al. 1984) have dlssected the NSF
University/Industry Cooperative Research Centers and Umvers1ty/[ndustry Cooperatwe
Research Grant programs. These fmdmgs of these studles, among other thmgs, 1llustrate
“the fact that umversn:y/ 1ndustry cooperation in basxc research wxll not necessanly lead
1mmedlately to tanglble products of technological 1nnovat10n for the part1c1pat1ng firms.
In a complementary, externally contracted study (Abt Assocnates 1984), the factors‘_
affecting university spin-off . firm establishment were 1dent1f1ed These results
confirmed the crucial role of an extensive base of htgh-quahty research m technological _
areas relevant to industry.. Other factors. ;dent;ﬂe_d as important were __facu_lty_'
entrepreneurism .and. consulting, and to a l,es-ser_'__'e.xt_ent,_‘ext_ernal:‘ 'techno}ogical _.

infrastructure.. ..

The two most prevalent modes of state sponsorship of research related to economic
development are -the university affiliated technology research center and the apphed.
research project.grant. Both types of programs usually requxre matchmg support from .
non-state sources.. In their unplementanon by states, these programs often resemble the -
two ‘aforementioned NSF programs. The distinction. between the two types of state _
programs. is sometimes blurred. Programs which are primarily resee_rch pro_ject grant
programs have.been used to establish technology resea.__rch—Cﬁ:nt.e.rs;,.,_tgch_nol_OgS{_r_ res_earc-h‘
centers can operate. as a funding umbrella for aggregated ind:i\{_iduel proj_ects. supported_.
B by a research project grant program. Further, a few newly' established "Centers" are
little more. than a name, and there is no attempt at focused. res_e__erch‘, on a significant |

scale.. .

The university :-technology. research center is. generally concewed as a vehicle for ..
| conductlng research in some specific important technolog;cal area,. Such centers
frequently focus on technologies that are interdisciplinary or c:ross-dlsc1p1mary, such as
manufacturing systems and. biotechnology. . The center .concept improves research
productivity. and makes possible broad-based, cohesive .appro,ac‘hes ,__to._sol'ving_.complex:_
problems, - It should also enhance the quality and ‘quantity_:oi ‘the _§cie_ntif_ic___and-.
engin_eering-instructi_on‘at the university. Often, the research conducted by_‘.a' center is |

directed basic or applied research of interest to a wide constituency of the center's .
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commercialization and exploitation by the private sector. Many states have
implemented technology transfer and commercialization assistance programs to

facilitate this process in various ways.

The role of state government in enhancing technology transfer has been discussed
by Bearse (1984). For purposes of the present discussion, state technology transfer
programs are generally of four types. The first two types of programs involve the
development of new technologies and are targeted at the creation of new firms. One
* such program type actively seeks to exploit new technology developed at a university (or
* in some cases, government laboratories) for commerical development. The other assists
in the commercialization of new technology by providing technical and managerial
support_services to inventors and entrepreneurs for product and process development,
| -6ften by m_eaﬁs of a university-based innovation center. The final two program types
_exisf princip‘ally to accelerate the diffusion of existing advanced "oiff-the-shelf"
technology to industry for stablhzatjon or expansmn. These programs accomplish this
elther by provxdmg, in one type, information or in the other type, field extension services

“to existing firms.

- Other commercialization assistance programs seek to provide managerla.l and
techmcal (in the broad sense) assistance to small firms and may or may not be only
targeted to technology-based firms. They may also provide seed or second-stage risk-
,_cap_i_t__.ai-.financing of entrepreneurial efforts or simply provide linkages to external

sources of risk capital, Their primary role is the éupport of small and, often, new firms.

Figure 4 illustrates the relationship of some program types to development

objectives.
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FIGURE 4

- RELATIONSHIP OF PROGRAM TYPES TO DEVELOPMENT OBJECTIVES

OBJECTIVES
INDUSTRIAL
'EXPANSION
' INDUSTRIAL AND INDUSTRIAL INDUSTRIAL
_ PR_OGRAM RECRUITMENT RETENTION STABILIZATION FORMATION
“Education and Training H M L M
"University Technology
Research Centers H ' H M. M
Applied Research _ :
- Project Grants : L . H . H H
__-Technology Transfer I _
(Technology Development) L H H H
- Technology Transfer _
. (Technology Application) L M H L
Commercialization
‘Assistance (other than _ _
Technology Transfer) L M L H

" H = High degree of effectiveness
- M = Moderate degree of effectiveness

L = Low degree of effectiveness
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Assessment of State Programs - Discussion

The preceding discussion provides some background for the primary task of the
present work, the critical review of selected state research programs for technology-
- based economic development. As pointed out by OTA (1984b) and Peltz and Weiss (1984),
‘there are many difficulties associated with an objective evaluation of such programs.
First, the goals of state programs differ from one state to another. Although
~employment growth is perhaps the most common ultimate objective, various states place
different emphasis on it in relation to other possible goals, such as increased incomes,
"business development and retention, economic diversification, iﬁcreased industrial
productivity, and creajting or retaining competitive advantages in certain industrial
sectors. The difficulty of the assessment task is exacerbated by lack of comparability -
between programs, their integration into strategies, and state resources for program
| .implementatidn.' In addition, there arle numerous technical difficulties associated with

- the newness of most programs, the absence of standardization of effectiveness measures,

 the lack of data collection on program impact, and the difficulty of attributing causality

in such data. The newness of the programs poses special difticulties, since the ultimate
success of an invention or idea derived from research cannot actually be determined
until it reaches the marketplace. The average time lag for such innovation to occur has
. been estimated to be anywhere from three to ten years (Joint Economic Committee

- 1980). ' '

' Because of these difficulties and because of the limited time and manpower
resources available for the present study, the ten tentative program assessments
contained in the next section are at best superficial and subjective. They are presented
more to raise questions than to provide answers. Hopefully, they will provide a starting
point for more in-depth study. In any case, the symbolic and psychological value of these
‘programs, even those which are successful in promoting technological innovation, may be
at least as important for demonstrating a state's economic vitality as for resulting in
substantive and tangible economic outcomes. The ten states selected were chosen either
because of the relative maturity of their programs or for some novel characteristic
feature of their program. They are fairly representative in terms of their geographic

location, economic profiles, program size, scope, and content.
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PROGRAM SUMMARY DESCRIPTION

.Program:
‘Year Begun:. .o

‘Current Annual Funding: .

+ ARIZONA =+

:--Engineering: Excellence Center: <71 =

1979

Incrementdl start-up fundm;_., plus: anestimated $3.9 million

‘ :ln Lontmumg costs to the stdte 1n appropnauons. T

_C‘ur'n{llative Funding: Rt

a. State appropr1at10ns s

b Industry

. . Other -

Prdgram. Goals:

(1983-84')'“ o

$19 5 million B

$15 0 mllllon

::$3.5 million:

To place Arizona State University s College of Engineering

and Applied Science among the nation's foremost education
and research centers; to contnbute to and xmprove

-~economic growth in:the state, .

Administrative Structure:

Progi’am Elements:

Benefits/Outcomes Claimed:
s wons v four-year - period, 50 .percCent increasé in engineering

University-administered program. .

'Facnht;es 1mprovement, faculty enlargement federai and:

o 1ndustnal—sponsored research and development

Five-fold increase in college research expenditures over

 enrollments over  six years.--l_..S_everal_:‘major new - high-

technology 'business expansions and relocations have
located recently in the area.
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fold during the first four years. It reached more than $8 million in awards during 1983-
84. Most of this research is federally funded, as is typical of conventional basic research
at most universities. Engineering enrollment at ASU has increased 50 percent over a six-

year period.

The economic de\}elopment goals of the Center for Engineering Excellence program.
have not yet been fully articulated, except that the center is expected to contribute to
and improve the economic growth of the state:through providing support to engineering-
refated industry. A research park, which will include a small-firm incubator, is under
development on university-owned property in_Tembe. There is anecdotal evidence of
successful industrial recruiting efforts which may have been aided by the development of
the center; several major new high-technology businesses have recently located in the

. Phoenix area.

. In view of Arizona's success in attracting technology-based industry and its boom in
manufa_{cturing, there is little incentive to put in place a university/industry applied
research project grant program, especially one focusing on applied research. The. Center
for Excellence program, as it exists is probably the best type of program for stimulating
‘increased economic development thrdugh industrial recruitment, even if it falls short of
_its optimistic national leadership goals. In the interest of balance, perhaps more
3érripha$is should be placed on new firm creation from spin-off of university research. In
-addition, a formal university/industry matching grant program leaning toward basic
research, like the MICRO program in neighboring high-tech California, might be

.considered. Such a program could also involve the University of Arizona in Tucson.

~“Although an Optical Technology Center is being enhanced at the University of Arizona,

“and a large federal government biotechnology research grant was awarded to them, there
is no large state-sponsored program of development comparable to the ASU Center for
Engineering Excellence to encourage growth in the Tucson area where the U.S,
Conference of Mayors has established a federal laboratory technology transfer. Finally,
the absen‘ce: of a significant effort related to biotechnology at ASlJ, an area which will
be of increasing technological and economic importance in the future, is notable,
although the relative proximity of Tempe and Tucson may mitigate against the

duPiiéation of large programs.
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PROGRAM SUMMARY DESCRIPTION

Program:.

-Year‘Begun: e

Current Annual Funding:. -

: 1 S’g_;;té gpplropr;éﬁ.o‘hs_,

b. Non-state sources

_ ‘Cumulative -Eunding: o

Al State appmpnations

| . b. Non—State sources '

Program G'_oa_‘ls': -

Administrative Structure:

Program Elements:

Benefits/Outcomes Claimed:

.- GALIFORNIA

‘MICRO Program . .

. .1981 .

©7 (1983-84)

7§17 million

$2.2 million .. -

- (1983-84)
$42 mitlion”

| 56_.s'r'nu'iio_n' o

:jTo help Cahforma electromcs and computer 1ndustr1es
" ““'mdintain’ ‘leadership by expandxng relévant” umversny
. research and-training. T S T

Policy . - board ... with - university, -..industry,- ‘and..: state
representation.

: Jomt fundmg w1th 1ndustry of dlrected ba51c and apphed
"'"research Ieadlng to products in mld- to long—- term, - "

Tncreased university/industry intéraction. ~ 0
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There are at least one or two "world class”" research universities in the UC system.
The bulk of the MICRO funds are devoted to projects at UCLA, Berkeley, and Santa
Barbara. Because of the quality and quantity of the California microelectfonic research
enterprise, many of the MICRO projects are eventually likely to pay economic dividends.
However, the private universities, including "world class" Stanford, are not included in
the program nor is the separate system of California State Universities. In light of the
 tfinancial resources available in California, the program funding is modest. There is little
attention given to technology transfer through-university spin-off, where industry would
allow the universities to e)ﬁercise this option. The program is geared toward the
economic development goals of expansion and retention of Silicon Valley-type firms.
‘While that is a goal consistent with the state's high-technology economic profile, it
probably does not exploit the full potential of university research and development in
microelectronics. Moreover, technologies which are on the verge of commercializable
breakthroughs, such as bIotechndIogy, are ignored even though California public and

- private universities have significant resources to be exploited in such technologies.

- Update and Comments

Annual state funding for the MICRO Program doubled in the 1984- 85 fiscal year to
$4 2 mllhon. In addition, during the cutrent fiscal year (85-86) the MICRO program will.
" recelve more than $4.4 million in state aid, -This amounts to a 110 percent increase in

funding over the last two years.
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PROGRAM SUMMARY DESCRIPTION

. INDIANA
Program:. © o+ . i Corporation for Science and Technology .
Year Begun: 1983
Current Annual Funding:
| (1983-835)
-.."a. State appropriations. = - - $20 million .~
b. Industey " U N/A
Cumulative Funding: © ° “Same as Current Funding.
Program Goals: '~ " To strengthen the state economy 'through development of -

scientific  and technological-based research  and
~ development ventures. '

Administrative Structure: Private, not-for-profit corporation.

Program FElements: =~ Interim funding support for applied research and
T ' " development projects to transfer -technology from -the"
universities and industrial . research and development .

~ laboratories into commercially: viable products, processes,

“and services. The Corporation also provides technology -
-advice and -counseling .and business/financial advice .and
counseling. o : ' -

Benefits/OQutcomes, Claimed: No specific benefits claimed. .
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Biotechnology;
"-Control'Systéms; :

Energy Development;

Industrial Byproducts;

“Information Processing;

Integrafed Optics;

Manufacturing Technologies;

Medical Technology; '

Microelectronics; and -

0 0.0 0 © 00 © .0

* Telecommunications.
Initial bienniel funding for .the corporation is $20 million.

_ The. cOr'pofatibn's emphasis on applied research grantstplaces-i.ts program into -the
~ applied research project grant classification; grants have been made to umversatxes, non-
g profit organizations and business -firms for technoiogy—onented pro;ects. Industrial
B -matchlng funds for university research projects are not required, but project prolﬁdsals
are supposed to "demonstrate a clear- path to-a commercial process or .product.”
'However, several of the projects.which have been-funded do not seem:to- quite meet this
test. In:one case; parnal support was provided for a university technology research

«center’ w1th the anticipation that.the. center’s research, pro;ects would be tied dlrectly to

al commercml opportumty

The corporation's prograin is too new to evaluate meaningfully its likely impact. It
does not plan to quantitatively monitor the impact of its grants on job creation or
" retention in the state. This may be an oversight insofar as projects tend to be of an
abplied nature, and job creation data would not be extraordinarily difficult to obtain.
The level of state funding for the corporation is good, but an explicit requirement for
industrial matching funds would likely provide more leverage for state funding and

-permit funding of additional projects.
In a state with a declining industrial base, the corporation's emphasis on applied

research grants is probably the right choice. The relatively modest total research and

‘development expenditures at the state's research universities suggest that, in.spite of the
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PROGRAM SUMMARY DESCRIPTION

: Yeer‘-Beg.un:___ -

,Cﬁrrent Annual I-”undmizL R

“ a.'State appropriations

_. b. Industry

 Cumulative Funding:

y 'Prog_ram Goals:

- Administrative Structure:

Program Elements: -

E Béneﬁfs/ Outcomes Clei'rﬁed.

-KANSAS -

Centers of :Exrcellen‘ce' and 'Resea_re_h Matching Grant
Program B

._.19483 ._ S

(1983-8%).. - . (1984-85)

S$1.0 million s $1 3 mllllon '
S1.4 million c $l 4 mﬁhon
same as current funding.

o ‘Utlllzatlon of advanced research capablhties to stimulate
7 aconomic” development and to stimulate ‘research “and

technological innovation :in order :to create’ jobs, induce
mvestment, and unprove productlon efﬂcmncy of Kansas,
firms. . .

Advanced Technology " Commmsmn, staffed wzthln the
Department of Economic Development, -~ 7 .« _

Facilities improvement; .federal’ and. industrial sponsored
research and development; joint fundmg w1th Lndustry of
applied research 1ead1ng to economlc growth :

‘A significant number of' new jobs have been or’ will be

- .-created due to-expansion of- ex15tmg firms -and recruitment

,_ of new flrms.
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The 1983 session of the Kansas legislature allocated $130,000 each for three
- "Centers of Excellence.” The Centers are: a Center for Bioanalytical Research at the
University of Kansas, a Center for Artificial Intelligence and Automated Control
Systems at Kansas State University, and a Center for Productivity Enhancement at
Wichita State University. Grants to the centers must be matched at l_éast _.l 30 pefcen_t by -
non-state sources. Funding for the 1984-85 year provided a $140,000 enhancement for
each center for a total investiment of $290,000 per center. It is qucstionéble whether
- these totals are sufficient to achieve "world class" research status for these schools or to
make significant new technologicél breakthroughs likely. A further concentration of
resources would allow them to more fully exploit the potential for interaction with the
defense-oriented federal research and development in the state and to fully exploit the
potential for biotechnological research benefiting the agriculi:ural industry in the state.
The centers will serve to enhance the level of university technical expertise to facilitate
the application of advanced technologies to existing industi‘y and to portray a favorable.
_'_i_rr_\age of Kansas as a location for innovati{re activity. The possibility of appropriating.
, additional' funds to develop these or additional centers, promote ihter-—univers.ity
linkage’s, and transfer technology to spin-off firms, might be investigated.

The Research Matching Grant Program is.a program of grants for matching
industrial funding of applied university research on projects likely to lead to commercial
- applicat_ion of the research results and economic ventures in the state. The matching
requirement for this program is also 150 percent. State funds in the amount of $610,000
were allolcated for this program during the 1983 session and $855,000 will be requested
for the second year of program operations. The averége size of the grant awards was
approximately $40,000. The impact of the Matching Grant Program as of March 1, 1984,
~ was that the addition of fifty ebnployees each was foreseen by two participating firms,

~ while another two firms anticipated opening up new markets in the $50-$75 million
rahge. Two other firms were considering relocating to Kansas as a result of program
fuhding for specific research. This type of near-term effect shows promise for adequate
returns on continued investment in this program. The level of investment appears to be
'clbsa to that required for a meaningful program. Increased fundihg may be indicated if

quality proposals are not being funded.
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PROGRAM SUMMARY DESCRIPTION:

Program(s):

o 'Ye_ar'-Begun:, L

Current Annual Funding: -

MARYLAND

Engineering Research Center (ERC), Center for Advanced

- Research in Biotechnology (CARB), and Maryland
- Blotechnology Instltute (MBI}
- 1983 (ERC -and MBI) 1984 (CARB)
(1983-34) - (1984-85)

a. State‘appfOpt‘iat_ions_ o

- ~{ERC only)

Cumulative Funding:

a.: State appropriations, .. ..~

“(ERC only)

- _' Program Goals:

312 million . $1.8 million

(1983-84)
© $1.9 million
ERC seeks to contribute to the state's leadership in high-

technology evolution through education, by generating new
knowledge and-through increased service toindustry and -

. businessin the state and in the region, CARB and MBI aim

to consolidate expertise at the university, work in
partnership with the state's high-technology industry, and:

- serve.as a magnet for attracting new industries, thus

providing the state with the scientific component to ltS

" ‘commitment to high-technology industries.

Administrative Structure:

Program Elements:- ._

Umversny of Maryland based programs. ERC in College of:

Englneermg, CARB and MBI are separate umts.

" Un1ver51ty/mdustry cooperatwe research (proposed) E'{C‘
‘currently supports generic technology development and

.. ~technology transfer efforts

Beneflts/ Outcomes Clalmed- N/A-
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ERC is an organization created within the UMd College of Engineering to extend
the technical expéerience and expertise of the University of Maryland to businesses
“throughout the staté.' “The Center received an initial appropriation of $600,000 for its
first fiscal year of operation and $1.3 million and $1.8 million for the second and third
years, respectively. The major thrusts -of- the ERC -are support for a technology
‘transfer/extension - program,  a planned :incubator facility, support for capability
expansion in relevant generic technology areas, and support for research partnerships.
The research and development programs are not y'et ful'ly' under way; hoWevér,.-the
‘objective is to build on existing capabilit-ies. Traditional engineering generic technology
_ ‘areas, such as CAD/CAM, robotics, and manufacturing systems; are supported, as well as
an effort to couple chemcial engineering to the proposed UMd biotechhoiogy research
‘emphasis through research on fermentation processes. The ERC is neither a-technology
research center program nor is it an applied research project grant program. It is
distinct from the tééhriblogy‘ ‘research center model in that there. is'Only an incidental
concentration on basic and applied research in focused technological areas.” ERC does,

howe ver, support technology initiatives within existing departments of the University.

_ A weakness of the present "ERC program  is the ‘lack - of -substantial f1nanc13.l
'commltment from Lndustry as compared with similar programs in other states. There is
no formal non-state source matching requirement.  Furthermore, it can:be questioned
“whether the present state funding levels and patterns are sufficient to catapult the
“‘generic. technology ‘programs éuPported into national 'leadership stature. :The program
“may be adequate to serve the needs of Maryland's existing traditional manufacturing
“industry, if the proper linkages are established. It is doubtful if it is large enough to be
“useful in recruiting new industry or in establishing substantial spin-off activity. The
"pos"éibility- of ERC est’ablishin‘g joint research programs in areas of commercializable
“technologies with the several federal laboratories in the-state is in need of further
exploration. The present policy of seeking federal résearch and development funds only

if they facilitate university/industry interaction may be short-sighted. The exploitation
“of one federal laboratory's resources (the National Bureau of'Standards)- is the basis for
“the formation of CARB, and there may also be unexplored opportunities for ERC to also
involve ‘itself with'a Maryland federal laboratory. ‘The recent announcement of a $16.7
- million NSF Engmeermg Research "Center award’ may  overshadow the perceived
'weaknesses of the ERC program and greatly enhance ERC's stature and potentlal for

’ SUCCESS .
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development over time of a leading biotechnology research institution. Early indications
are that industry is enthusiastic. One rather obvious shortcoming of the UMd. concept
from an economic development point of view is the lack of active involvernent by Johns
Hopkins University in Baltimore, which is considered by many .to__,b.é "world-class" in its
‘reputation for research in the life sciences. This may. be due, in part, to the lack of
early state government: participation in.evolving the concept and committing state

_resources. -

Update and Comments

The Engineéring Research Center's incubator has been established. Two companies
. presently reside in the on-campus facility, and negotiations are under way with four
more companies. To date, forty-seven applications have been received, thirtyl for on~

campus status and seventeen for affiliate status,

 As regards mechanisms to link ERC to Maryland's existing industries, regidnal
fechnology extension offices are opérated in Baltimore, College Park, Gaithersburg, and
‘Frostburg. Each of these offices is staffed by one or more industrially experienced
.engineers who serve the companies in the region. These engineers respond to companies
by providing individual technical advice and problem solving. If the problem requires
-additional supp6rt, then the involvement of a University of Maryland faculty member
will be arranged. The ERC will fund up to five days of support per problem. In the short

;- time the program has been operating, over fifty firms have been helped in this manner.

_ Finally, it should be noted that Johns Hopkins University offers a number of
~ innovative programs and acts as both a resource to industry and a source of continuing
technological development. The Johns Hopkins Applied Physics Laboratory, with its
2,700 scientists, engineers, and support staff, er_lgages'in applied and basic research
related to national defense, space exploration and civilian needs. The Space Telescope
Science Institute located on the Homewood Campus of Johns Hopkins will receive and
analyze data received fromn NASA's 95-inch Space Telescope, which will be launched in
1986. Finally, the Francis Scott Key Medical Center under development will include a
40-50 acre biotechnology research park and an upgraded acute care hospital facility.

The first tenant in the park dedicated a 33,000 square foot research lab in 1984,
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PROGRAM SUMMARY DESCRIPTION

Program(s):

Lo Year Begun:

 Current Ahnqéi_Fmdihg: 4

a. State aﬁpropriat'ions'

" b, Other séufées' (est.)

-Cumulative Funding:

a. State appropriations

b. Other sources 7_(est'.)

Program Goals: -

NEW YORK

Centers . for. Advanced Technology and Research and
Development Grants Program

1981

C(1983-84) . - - (1984-85)

$2.6million - $§7.5 million
Semillion  NA
(1983.34) |

'$2.9 million”

*'$4.7 million

'To increase and make available to the people of the state

the benefits “derived from new advances in scxence,
technology ' and - innovation; to ' strengthen  the: state's
leadership posmon in techmcal research and development;

" to develop an effective and efficient: process of technology
- transfer; and to improve the state's -overall economy

through the development and strengthemng of its advanced

""technology 1ndustr|al base.

Administrative Structure: -

Program Ele_-m ents:

W | Benefits/ Outcomes Claimed:

Science md.Tecl1nology Foundation, a public corporation .

. University/industry/government cooperative research

centers and applied research and development grants for
umversnty/mdustry research. _

University/industry interrelationships have developed and

. some. of the projects supported are -entering = the -

~ commercialization phase.
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| o Columt;ia Uhi_versity - Computers and Information Systems.
o Cornell University - Biotechnology in Agriculture.
0 : Polytechnic Irlstitute of New York - Telecommunications. -
0 SUNY Buffalo - Health Care Instruments and Devices. -
.. 0 »SUNY Stony Brook'- Medicel Biotecunology._: o
0 Syracuse Uhi.v.ereity' i-".'Corr_'rputer‘ Apdl:i_c_:_ést_iods_ an.d:.Sb'ft_\tvare E:ngideerin'g.'-
o Umversn:yof Rochester- Advanced O.pti_'_ca'l ’{'echnology o |

All except one ‘CAT center has met or. exceeded the goal oi obtamlng matchmg
external funds: equal to its state approprlatxon. “The: CAT which’ d1d not: attdin this goal is .
belng restructured with new. leadership. : The $2; 5 million flrst-year state: approprlatlon'_ _

for. the. CATs has effectively. leveraged $4,5 million in-external funding. Basic'state
| fundmg has been provided for equxpment, faculty, research staff, and gradiate ‘students.
The earmarked appropnatlon is used for deve!opment ‘of ~capabilities’ and for- pro;ect

" support.

The program's economic development goal is long-term ‘and’essentially "plants the
.. seeds for the future growth of technology-based industries in New York State." As was
“true of the similar technology center programs in other states, it is impossible to assess
- the likely impact in New York of state expenditures in terms of job or wealth creation
for a c05t/beneﬁt comparison. The level of individual center funding is such that it is
likely to im'prm're significantly the research and'treining capabilities of the universities
involved; it will not elevate them to the "world class" status necessary for significant
. spin-off activity if they are not already at least marginally there, as are Cornell and
Columbia. Moreover, there is some question as to whether or not targeted expenditures
" alone can accomplish this objective. However, the leveraging of external funding has so
far been encouraging and the tangible evidence of the state's commitment to technology-
based indu_stry and the visible research activity is a positive influedce on the business.

climate. .
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PROGRAM SUMMARY DESCRIPTION

' .‘i%rogr_a.rn (s):

- Year Begun:

" Current Annual Funding: &

_a. State appropriations ...

'b: Other sources

“Cumulative Funding: a

. a. State appropriations

b_. -QOther sources -

~ Program Goals:

Administrative Structure:

NORTH CAROLINA

Blotechnology Center, Mlcroelectromcs Center, Innovatlon
. Research Fund ' : :

71981

(1983- sa) (1984-85)

$7 9 mllllon $10.5. million

N/A NA

(1983-84)
$ 48.2 million
©$ 7.7 million
Part of strategy for: recruitment and expansion of new

technology firms, fostering innovation in traditional
industries,_ and start-up of new small business.

Separately administered orgamzatmns, each w1th board
with representatives from academia and business; overall
coordination by North. Carolina Board- of Science -and

~Technology.

Pregram Elements:

Benefits/Qutcomes Clhirned:

'Basu: research apphed research and small amount of

product-development fundmg

Over 1,800 new jobs created by high-technology

- manufacturing firms attracted to state during-the two-year

period, 1983-84, Some research ~and development firms
have also been attracted.

63




North Carolina's approach to research and development programs has been to
strengthen research and development in areas percewed to be important to the state's
economy at the flagshlp state research umversttles, the University of North Carolina at
Chapei Hill and North Carolina State Umversnty (Raielgh) The state has also set. up
independent research centers in mncrOelectromcs and blotechnology at RTP Wthh will

coordmate and promote research in these technologles w1thm the state.

'l'he m1croe[ectromcs effort is centered around the Mlcroelectromcs Center for
North Carohna (MCNC) MCNC both operates 1ts own applled research facilities, and-'
works w1th five partl(:lpatmg um\rersmes and the Research Trlangle Institute to support
thelr educatlonal and/or basic research programs | m mxcroelectromcs. From its inception !
in 1981 and through the 1985 fiscal year, MCNC will have recelved a total of 47 m;llxon
~ in state funds and $7 7 million from non-state sources. Non—state sources include
~contractual research Irom the. Semlconductor Research Consortxum and support from |
membershlp fees paid by 51x mdustnal afﬂhates. MCNC's state funds represent only a

' portxon oi what is the largest fmanc1a1 commltment by any. state to a smgle technology.- '

- _Related state 1nvestments in umver51ty cap:tal facnlltles exceed $20 mllhon.; As of -

December 198# the MCNC dewce fabrlcatxon facnlltles had not been completed, pendlng

equ1pment dehverles, and the m—house research program was not fully operatlonal

The North Carolma Blotechnology Center, estabhshed in 1981, empha51zes
o coordmatlon, collaboratlon, and cooperatlon in research between ind ustry and the state's
unlversmes. It also promotes the development of new and ex1stmg blotechnology firms,.
. The Biotechnology Center is funded at a much lower level than MCNC; total funding
through 1984-85 is. $1.2 rmlllon. There is a reqmrement for fundmg from non-state
sources to equally match the $500, 000 per year state allocatmn The Center funds seed
grants for umver51ty research and prov:des support for unlverslty educatlon and research
m much the same way as MCNC But unhke MCNC there is no mtramural research

_ program. The B1otechnology Center is designed prxmanly to explmt the exlstmg‘_'
_' Astrengths of North Carollna unwersmes m thlS field. A recent survey by the National

' Academy of Sciences rated the graduate programs in the biological sciences at several
North Carolina universities among the most effectlve in the nation.  The funding level
for the Blotechnology Center 15, however, Iess than that of several other states with

B blotechnology economic deveIopment program 1n1t1at1ves
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aboi}t_' the long-term effectiveness of this strategy as opposed to alternative strategies
based on the revitalization of declining industries or development of capabilitie's in a

broader range of technologies.

Update and Comments

The biennial-.appropriation .figures from the 1985 session of the North Carolina

state legislature are:

- Microelectronics Center of North Carolina , _
Fiscal Year 1985-1986: - _ $16.8 million
Fiscal year 1986-1987: $12.2 million

- North Carolina Biotechnology Center
- 'Fiscal year 1985-198¢ $ 7.7 million

Fiscal year 1986-1987 : S5 million (With $5.0 millidn'pend'ing in
program f_unding.)

- Technological Development Authority

Fiscal year 1985-1986 - $ 1.35 million (of which $500,000 is allocated
. for the Innovation Research fund.)

Wheré it may appear that the state has made a greater investment in
microelectronics than in biotechnology, the difference in appropriations is due primarily
to the capital expenditures involved in MCNC's in-house research capability. In general,

commitments to the two initiatives are coinparable,

While it is true that both MCNC and NCBC support North Carolina's industrial
recruitment efforts, it should be noted that the TDA is intended to foster the
development of _"hative" or indigenous technical or research-based start-up corﬁpanies.
Toward that end, the Innovatioﬁ Research Fund investments are limited strictly to
applied research by private companies which produce. proprietary information and
marketable products. Sales of the product then provide a royalty back to the IRF for

reinvestment.

67




PROGRAM SUMMARY DESCRIPTION
oo

Programs ' . Thomas Edison Program

Year Begun' o _ 1983 v

'Current Annual Fundmg-

(1983 25 b:enmai)

a. _St_'qtc alllppropr'f:io_tio_n_z '_ R $324 mlllxon

b, Non—state:'r IR R oo :878 million

Cumulative Funding: - . -Same as Current l‘undmg
‘Program Goaléé": “Y % To encourage  state | economic devdopment through

technological innovation by fostering cooperatwe research
_.and . .development - efforts. . involving ~businesses- and
_ educatlonal instltuuons that w:li lead to jOb creatlon in
- Ohio. " EEE :

Administrative Structures . Ohio Department ‘of Development with award funding by
' o advisory board composed of representatives ifrom
academic, business, and legislative comimunities, :

. Program Elements: = Advanced technology appllcatlon ‘centers of “excelience"
‘ . ...+ - involving joint industry/academic: research, technology
_transfer to mature industry, entrepreneunai assistance;
‘and ' education  and trammg, apphed 'res_earch” and

- development.matching grants. ' e T

" Benefits/Outcomes Claimed: "C'o:'r:imi't:mehf Cfrom non-state ,_sooré;;:'s ~of - funds
o Lo oy conservatively estimated to be$78 million. SR
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Through the ATACs program, the state is providing $23.6 million in matching
support for the formatlon and growth of several technology research development, and
1mplementatlon centers located - around the state Six centers were awarded to
universities in a proposal competition ]udged accordmg to criteria that were, m
pr1nc1ple, free from pohtlcal considerations. These c:enters conform to the technology
research center genenc model They are supposed to attam nat1onal or mternatlonal
leadershlp status in their respectlve technology areas._ However, they are also requ1red
to strongly emphasize technology transfer to the prwate sector and to demonstrate how
jObS will be created in Ohio. The centers; thelr afflhatlons, and thesr mmal funding

allocations are:

o Institute of Advanced Manufacturing 4
" Sciences - University of Cincinnati = - $° 4,1 million

o Ohlo Welding Research and Development R |
- Institute - Ohlo State Umversrty o © $ 4.1 ‘million

"o Cleveland Advanced Manufacturmg Program -
Cleveland State University, Case Western
Reserve Universities, Cuyahoga Community
College ' . $ 4.1 million

. o.: Advanced Technology Appllcation Center
" in Polymers - Case Western Reserve, L _ _ .
“University of Akron o S8 41 million

© Recombinant Animal Biotechnolog_y
Center - Ohio State University, Case - -
Western Reserve University ... == .- 'S 3.1 million

"o Applied Information Technologies Research R
_Center - Ohio State University - - S . #.1 million

Estimates of the total matching fund commitment from non-state sources for these

centers range from $127 million by the centers-thernseIVes to a'more conservative $75

“million-by the Ohio Department of Development. Matching funds span the gamut of

possibilities; including research support, equipment donations, and membership fees. The

individual centérs plan to become self-supporting over time. ~“As an aside, it is

~interesting that there is no focus in the "ATACs on mlcroelectromcs except m an‘:

incidental way in the Informatlon Technologles Center at Ohio State.
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technology transfer has been stressed. In the neér-térm, there may be some symbolic
value to the program's presence for recruitmeht and retention of industry. However, the

 IRFP program can be a useful complement to the ATACs program and can perhaps
interact with small business to create jobs in a shorter time frame than the ATACs if it
is administered flexibly and promoted with this in mind. ' |

Up.ddt'e and Commer_\ts

- The State appropriation for the 1985-87 biennial is $34.8.' million.
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PROGRAM SUMMARY DESCRIPTION

Program:
Year Begun._ S

' Current Annual FundmgL

PENNSYLVANIA

Ben Franklin Partnership Program

s

. a. State appropriations.

b. Industry
c. Other

Cumulatwe Fundlng'

“a. State approprlatlons Ty

(1983-84)
- $10-million . ..
$16 million -

©$12'million

(1983-84)

“$11 million

_"(5_1:98:4535.1 -
: 5_18 n._1_i_lli_or1.:,.\E
-$33 million |
C(osusss)

“$29'-mmion-'?”_’- R

b Industry

Program Goals~

‘$19 rmlhon ._ .  :_$86 m1lhon ;  s _.

To link prlvate and academxc resources to make traditional
industry more competitive in the international market

" -place and to spin-off new, small busmesses on the leadmg

Administrative Structures -

Program Elements:

' 'Beneﬂts/Outcome_s (:,-laim'ed: '

‘edge of technologlcal innovation. -

.Regional non-profit corporations with university ties-and
with consortia of representatwes from academla, busmess,
‘and labor. o :

~ Joint funding with industry of applied research, education

and training, entrepreneurial assistance programs, and seed
capltal : _ _

(1983 84)

- Number of -projects. - 219. .
" Number of new firms -~ 62

Numnber of new jobs - 352
Number of jobs retained - 72 -
Number of jobs recruited - 1,150
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o Western Pennsylvania Advanced Technology Center -
based at Carnegle—Mellon Umver51ty and the Umver51ty of Pittsburgh, and

o .Advanced TechnOIOgy Center of Central Northern Pennsylvama -
based at the Pennsylvama State Umversxty.

In its research and development programs, each Center emphas:zes apphed research in
three or four marketable technology .areas related to the. perceived strengths and
_ capablhties of its participating umvermnes.‘_, Each center has three or four Centers of :
_ .Excellence such as robotlcs and computers, CAD/ CAM, .and sensors. . Pl‘OjeCtS are. funded
through each Center ‘_wll_-thJ,,id.e_‘n‘tg_f_:xable..r,prlyate_\f_;r_r_nsE.a_:_.}d hl’gher.:.educati_qn"1ns___t_1_tut.1,on.s.
"_The mode . of __prqgrarn c_)pe_r;a;t:_i_gn: Is, .Q_l°§‘?§?.-,tQ_-;Fh‘?l,;:%PP!iSd. .research_project grant model.
However, in the present case, projects are administered by the Regional Centers. under
"umbrella" funding and Centers of Excellence are established under umbrella fUndi'ng.
The projects are packaged by, the Center. for con51deratlon by the Ben’ Frankhn Board.
'l'he Board allocates state funding to the Centers based on the quallty of the. prolects
‘'submitted; the amount of matching funds committed, and past performance of each.
Center in creating jobs, attracting venture capital, and other measures, related to job

- generation. .

State fundzng for the Ben Frankhn Partnershlp began w1th a 1982 83 start-up
'allocatlon of $l million, 1ncreased 1o’ 510 mxlhon for 1983-84, and.is. $18 million for 1984-
85. The latest appropriation of $18 m1lhon in state iunds resulted in a match of over, $55
ml.!l.l.o.n from non-state sources for a total Of,9;\re_r.€ $73 m;!llgnf, which is claimed to be the
largest total prograin on an anpual basis in the U nited States. . It is also claimed to, be the
largest leveraged program with l_t:s,‘._1:3 state to non-state funding ratio. . The governor's'
budget projections show a steady increase in state funds to $25 million. If the matching
' _ra_‘ti.o_continues ‘to hold, this will result in.over a. $100 million annual. program when
funding levels off. - This is an amount equivalent to approximately one-fourth. of total
dniversi_ty. research and development expenditures iin the.-state or,* to place-it: in.a
national perspective, more than two-thirds of the total budget for engineering research
of the National Science F:dundatiqn.:_ TR T

From the beginning of the program in March 1983 through May 1984, it is rep_erted
that the Centers assisted sixty-seven firms to start-up and fortiy-three firms to expand,
tbge_ther creating 663 new jobs. This is an encouraging result considering the youth of

the program.
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Update and Comments

As concerns prog'ram outcomes, the following data covers the first 26 monthsi of -
the program from March 1983 through April 30, 1985.

Number of Projects - 302
_ Number of new firms - 184

Number Qf. new jo'bs - 860

Number of tirms expanding - 121

Number of job created by expansion.— 789

Pennsylvania' indicated that the above numbers are not based on projectio'ns but are
actual flgures obtained from individual businesses. Staff of the Ben Frankhn Partnershlp

program contact firms directly to validate the numbers

As regards funding allocation between the four centers, it was noted that their

a.llocatlons are not influenced by a desire for reglonal balance.
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PROGRAM SUMMARY DESCRIPTION

VIRGINIA

- Program: Center for Innovatwe Technology e
Year._Beguﬁ:. o : :19374_.:_‘ o

Cur}ent AnnUé;l Funding: o e

. (1983-85),
A, Stéte app_i'd'pri_ations‘"""‘ Ce g "33033"mil‘1‘i'6'n'- ;o
Cumilative Funding: . Same as Current Fun'd_i.ng" S
" Program Goals: : 7. . To enhance the research capabilities of many of Virginia's.

relevant and apphed to the. technical needs of private

‘industry, and’ market  these capabihties to stimulate
.. increased industry. participationin unwersn:y research-in
- V:rgmla._ _ _ .

Administrative Structure: .. Non—prof_it,- non-stock corporation with board-appointed: by
' ' governor. Real property held by a state authority,

Program Elements: o _Research msntutes cons:stmg of consortla of umvermtles,
e ‘a headquarters with research. facﬂitles, mcubator space
- and graduate education. ' - _ : _

Benefits/Outcomes Claimed: Seeks to “make - state -attractive as a- ~home “for’ hlgh-
' 'technology enterprxse. No effectlveness measures. .. '
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The CIT is not yet fully operational and therefore an assessment of its likely
impact on economtc development 1s highly tentative, Nevertheless, 1t is an 1nterest1ng

and novel approach and the concept itself is worthy of scrutmy.

Although the CIT is a novel approach overall, certain spec1f1c features resemble
North Caroltnas Btotechnology Research Center and Mtcroelectromcs Center of North
Carolma (MCNC) dlscussed earher in this report. lee the Btotechnology Center and
: MCNC emphasxs IS placed on a consortlum of umversttles engaged in research The
' orgamzatlonal dtfference is that in theory, _CI‘I' works through a more structured (on the
'-umver51ty-51de) multl-mstttutional "Research Instltute" in each of the four targeted_
technologles whxle the Btotechnology Research Center and MCNC operate thetr own
_'facﬂtttes and work mformally w1th parttcrpatmg umverSItles._‘ Fach Instltute has a
resident research dlrector on: the campus of the lead mstttutlon for that technology. _
-Another dtstlnct d;fference is that, unl1ke MCNC, the on-51te CIT research fac111t1es will
be staffed by persons w1th permanent faculty (or mdustrlal) connectlons._ The CIT wull,

'therefore, be brokermg umverstty expertlse, not its own.

. The CIT has been funded by the Virginia General Assembly at $30 million for its
first biennium. Approximately $9 million of this total is prowded for the capltal'
facilities 'of the CIT's headquarters. Most of the remalmng funds will be utilized in '
' support of on—campus research tncludmg equ1pment, laboratory renovatlon, and Instltute. _

: 'admtmstrauon. The mtent is for prwate sector funds to supplement the operattons.

_ ’I'he CIT headquarters wall be located in Northern Vtrglma on the frmge of the
| Washlngton, DC, metropolitan area, close to the hlgh-technology firms which have-
gravitated to that area. The umversmes will be linked to the CIT through the latest in
communications technology. The CIT w1ll market lts technologlcal resources to out—of—

state flrrns as well as m«state 1ndustry.

The prlmary stated ratlonale for the development of the CIT is to make the state
more attractive as a home for hlgh~technology enterprise.. It is acknowledged that, while
strong, Virginia universities are currently not "world class" research institutions and that
only in Northern Virginia is there the critical mass of technological infrastructure. As is

- typical with technology-center type programs, there are no articulated, quantitative
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Since the Center for Innovative Technology was jus;t getting under way at the time |
the data for this project was collected, major advances have since been made. Thus far,
three Research Institutes have been created at the Univeristy of Virginia (UVA), Virginia
Polytechnic Institute and State University (VP!&SU), and Virginia Commonwealth
 University. During its first year of operation, CIT has attracted $3.9 million in industrial
‘matching funds received from forty corporations located throughout Virginia to

supplement its own $3 million appropriation for university research.

In April 1985, the Sottware Productivity Consortium (SPC),.c_ombrised of thirteen
of the nation's leading aerospace corporations, announced it intends to 'co-locate its new
facility in Northern Virginia at the Center for Innovative Technology. The Consortium
will develop state-of-the-art software and software development teéhniques to help give
the United States long—term superlorlty in the software field. The technology developed

by thlS prlvate sector venture wul serve the defense and mtelhgence communmes. '

_ Wh;le Northern Vlrglma is the only region of the state with a critical mass of
"technologlcal mfrastructure, other areas of Virginia are showing signs of potentlal
growth in the thh technology field. The recent selection of Newport News by the U.S.

-'Department of Energy as the site for the Continuous Electron Beam Accelerators
Facility (CEBATF) is expected to greatly enhance Southeastern Virginia's high-technology
'potenti'al_. It is anticipafed that_CEBAF will be instrumental in research in the field of
nucleor_s'cience, attfaoting leading scientists from all over the world and providing

superior training to graduate students.
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CONCLUSIONS

This. report has attempted to pro{ride_ an overview of state programs to encourage
technological innovation through fostering basic and applied research in relevant
te_chnological areas. Many states have ihcorporated such progams into their economic
development: strategies, However, it is generally agreed that most localities do not have
the technological infrastructure to incubate or accommodate technology-~oriented
industry on a large scale. Further, such industry will nbf be the dominant source of jobs
nationwide fot' the forseeable future._ Nevertheiess, promoting local research and

¥, development act1v1ty through state initiatives will improve the image of technologmally"'
less—deveioped reglons as 51tes for other innovative economic ‘activity, even if few high-

technology jobs are created.

o The two most common types of state research program initiatives are the applied .
. research. grant program and the technology research center. These two pfogram types
differ in _l their ability to achieve various economic dev_elopfnent objectives. A state's
technology-based economic development objectives must be formulated in relation to its
individual economic and demographlc characteristics as well as its existing technological

- mfrastructure.

The ten assessments -of state research 1mtlat1ves presented herein indicate that
R _.these programs fall generally into two categories. Whether the programs contribute to
_econom;c development primarily through their symbolic presence or directly create jobs
through t_he' technological innovation process, they are likely to improve the quality and

the quantity of scientific and engineering manpower training in state universities.
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APPENDIX




_ Table A-1 '
Employment of 'I'echnojogic_al Workers, 1980

L

. New Jersey

&9

Employed _ :
Persons Engineers Technicians Precision
. (16 & over  and Natural _ and Production
State non-agri.) Scientists ~_Engineers Technologists Occupations
Alabama 01,511,928 26,752 17,739 ... 24,975 67,754
Alaska 164,874 . 5,197 2,344 5,802 3,784
Arkansas 875,733 . 9,683 6,114 10,395 38,760
Arizona 1,113,270 27,185 - - 17,209 27,709 - 40,033
California 10,640,505 . 312,406 213,232 . 261,012 469,828
Delaware . 262,809 . 8,053 4,974 8,725 10,306
Colorado 1,362,017 - 44,036 24,798 38,985 48,202
Connecticut 1,482,309 47,306 - 31,838 . 34,413 81,774
CFlorida . . 4,002,330 68,272 . 43,906 . 78,799 129,705
Georgia 2,335,835 35,91 21,497 42, 856 93,161
Hawaii 415,181 0 7,309 - 3,992 . . 8,597 © 10,992
ldaho . 383,652 8,475 4,829 . . 7,153 11,391
llinois 5,068,428 104,699 68,692 197,183 237,746
Indiana - 2,366,263 .. 41,952 29,920 - 39,942 '-125,465 :
lowa - 1,304,638 17,558 - 11,678 18,687 54,818
Kansas 1,078,741 19,898 .- 13,414 18,950 53,800
" Kentucky 1,388,046 19,065 - 13,286 18,153 52,418
Louisiana +1,639,39% 31,671 20,861 £ 031,931 64,108
Maine - 459,522 6,817 4,330 - 6,389 22,647
Maryland 1,946,612 68,044 35,482 .. 59,414 66,051
Massachusetts 2,674,275 78,298 51,510 64,850 126,207
Michigan 3,750,732 28,320 63,867 68,913 199,908
Minnesota 1,885,521 36,064 22,509 43,592 71,784
Mississippi 937,206 13,180 8,129 13,137 39,550
Missouri 2,103,907 .. 38,579 25,860 37,658 85,255
Montana 328,316 5,352 2,452 5,032 8,038
Nebraska 716,633 8,923 4,822 10,733 26,460
" Nevada 398, 566 6,167 3,183 7,540 8,930
New Hampshire 432,622 12,200 8;60# 11,026 24,929
3,288,302 92,222 55,846 75,223 143,743




Technological Workers.as a Percentage of Total Employment, 1980

Table A-2

Sl

Engineers Technicians ~ Precision
‘ - ‘and _ .. and Production
State Natural Scientists Engineers Technologists Occupations
Alabama 1769 L1730 1651 Casl
Alaska 3.152 1.421 3.519 2.295
“Arkansas 1105 701 1.187 4426
Arizona 2,441 1545 2438 3.595
California 2.936 2,003 2.453 4415
* Colorado’ - 3.233 1.820 2.862 ©3.539
Connecticut 3,191 2.147 2.321 5.516
Delaware 3.064 1.892 13,319 3,921
Florida 1.705 1097 1.968 3.240
Georgia 1.539 920 1.834 3,988
Hawaii - L760 - 961 2.070 2.647
 1daho 12.209 1.258 1.864  2.969
1llinois 2,065 1,355 1.917 T 5,690
- Indiana 1772 1,264 1.687 5302
lowa 1.345 - 895 1.432 4201
Kansas 1.844 1.243 1756 4,987
" Kentucky 1.373 957 1.307 3776
Louisiana 1.931 1.272 1.947 3,910
‘Maine 1.483 942 1.390 4,928
~ Maryland 3,495 1.822 3.052 3,393
‘Massachusetts 2.927 1.926 2424 5719
Michigan 2.354 1.702 1.837 5.329
. Minnesota 1.912 1.193 2.311 3,807
Mississippi 1.406 .867 - L401 4,219
Missouri 1.833 1,229 1.789 4.052 -
Montana 1.630 746 1.532 2.448
Nebraska 1.245 672 - 1.497 3.692
Nevada 1.547 798 1.891 2.240
New Hampshire - 2,820 1.988 2.548 5.762




| SRR “Table A—Z (c:ontmued) SRS
Technologlcal Workers as a Percentage of 'I'ota.l Employment, 1980

‘Technicians

92

Engmeers Precision

R oiand e o . cand . Production

State Natura.l Scxentlsts Engineers _Technologists Occupations
New Jersey 2.804 1.698 2.287 4,371
New Mexico 2.969 1.576 3.009 3.194
New York 2.064 1.257 1.939 4,096
North Carolina 1.366 855 1.636 1.311
North Dakota 1179 599 1.482 . 2.329
Ohio 2.148 1.526 1.889 5301
Oklahoma 1,898 1.135 1,923 4252
 Oregon 1.952 1.102 1.882 3,819
 Pennsylvania 2.050 1.371 1.993 4,953
* Rhode Island 1.691 1.123 1.656 6.413
South Carolina 1.458 950 1.911 4.68_4._
South Dakota 909 512 1.100 3,032
Tennessee 1.699 1.119 1.842 4568
Texas - 2.341 1.520 - 2.264 4,437
Utah. 2.356 1.437 2.622 3,988
Vermont 2.365 1681 2.063 5290
Virginia 2.716 1.415 2.543 3,588
Washington 3.242 2.185 2.371 4,320
West Virginia 1.503 1.040 1.577 3.942
Wisconsin 1575 1.043 1.777 ow7sk
Wyoming 3,458 1.339 2.031 2780

. i




_State

non-agn )

- Table A-l (contmued)
Employment of Technological Workers, 1980

Scnentlsts

_Engineers

i i'e‘chndlbgists

Precision

" Production

Qccupations

 New Mexico

- New York
North Carolina
North Dakota
Ohio
Oklahoina
Oregon -
PennSylvaﬁié
Rhode Island
South Carolina
South Dakota
Tennessee
Texas =
Utah:
Vérr'n’Qri_’é
Virginia-
Wés.hihgfoh
West Virginia
__\ﬁ/isco’nsin

| Wydrﬁing'

508 238
7 uao 768
3,607,925
272,620
4,558,442
1,287,857
S 1,138;425
ﬁ;ééisfdi

‘I;ji§;§70

'"-_2§656?§

©01,914;920
6,311,805
585 921
227,195

2 343 401
1,794,356
689 461
2,114,473

Lan7ve

Source: 11.S. Department of Commerce, Bureau of the Census

C 15,090
153,621
+ 35,632
3,216
97,929
© 26,448
122,231
1015734
7,219
wié-;ZSO
2;6§§
32,538

147,818

*13;810
5,374
63,785
58,183
”10;566
33,3103
5,345

8,011
93,602
22,310

1,633

69,584
14,630
12,553
68,046
4,795

' "12 547

1,519
21,447

195,967

8,425

3821

33,239
39,219
7,177
22,070
2,912

115,293

144,310
= 42‘691_
4041
86,133
-2k, 771
21,429
98,910
7,070
25,225
3,265
35,284
142,950
15,366
4,689
159,730

T 42,547
©10, 877

37,581
S h,416

16,238
304822 °
125,488
6,351
241,656
45,772 -

43,479
245,779

27,373

61,835
8,99

87,487
280,090
23,370

9,748

84,267
77,524
27,182

11,176 -
6,004
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economic development goals assocnated with the CIT's iormatlon and no establtshed
evaluation procedure for determlmng its lmpact. - S -
If the problem of geographlcal remoteness from potennal sponsors of research can

’ be overcome, CIT w1ll probably fulftll 1ts prlmary purpose of a551st1ng mc[ustrlal
-recrmtment and retentlon in Vlrgmla. This 1mpact will most hkely be conftned to
Northern Vlrglma because of tts attractiveness to technology~based mdustry as compared

to the areas in Wthh the umversmes are located and tlns is the prmc1pal weakness of

the concept Small busmess mteractton and new firm creatlon beyond the 1ncubator

facrhtxes planned lmtlally at the headquarters and, later, on the umverstty campuses, as

: well as srgmflcant mvolvement wrth the’ federal research and development mstallatlons
in the state are tmportant challenges facmg the CIT and will requrre attention. "The .

B chief advantage of the CIT concept over approaches used in some other states is that it
'prov1des a means to collect and focus umversrty strengths in several genertc technology' '

areas.

Update and Comments

Although Vrrgtma's manufacturlng employment 1ncreased by 6. 8 percent from 1976:
-1981 versus a natlona.l rate of 6 2 percent, this relatlonshlp is not upheld when other
time perlods are used. Accordmg to ‘the V1rg1ma Departlnent of Economic Development,
Vlrgjma has tradltlonally outpaced the natlonal average. From 1970-1984% Vlrgxma'
manufacturmg employment mcreased 14 8 percent compared to a U S f1gure of 2 h

percent

In addltlon, while the State of Vlrglma ranks twenty-saxth m terms of hlgh
te chnology employment as a fractton of total non—agrtcultural employment, the Northern
Vtrgtma area was ranked by Forbes magazme in June 1984 as havmg the third largest
concentratlon of hlgh technology compames and plants in the nation behmd Stllcon'
Valley, Cahforma, and Route 128 Boston. : o T
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PROGRAM ASSESSMENT
' VIRGINIA

Virginia's ranking ranges from sixteenth to twe_nt'y-fourth in the number of workers
emp_l_pye_d in h_i__gh—technology industry, depending on the_ definition of these industries
used. It r_anks twenty-sixth when high-technology em ploy'ment as a fraction of total‘ 'r'u:)n-.-.‘ -
- _ag_ricultura_i ernpl_oyrnent is calculated, It ranks seventh in the amount of federal
research and development expenditures, with about half of this amount attributed to the
federal laboratories in the state. University research as a fraction of personal income is
'below the national average. Virginia is only moderately industrialized with 15 percent of
its workers employed in manufacturing. Manufacturing employment lncreased 6.8
percent during the 1976-81 base reference penod very close to the nattonal average of

6.9 percent.

In 1984 as a result of a gubernatorial mmatwe, Virginia formed the Center for

Innovatlve Techn 'gy (CIT), a non-—pro‘ht, non-—stock corporatlon which is primarily

concerned w1th or.gamzmg on-campus research prograrns between Virginia's universities
and mdustry The CIT Board of Directors is appomted by the governor, and its real
_ property 15 held by anew: state author1ty w1th the power to issue tax—exem pt bonds.

The research m1551on of the CIT is to enhance the research capablhtxes of Virginia's
re earch ersmes and to stlmulate these capabtl:tles to be relevant- to the technical

needs of pnvate mdustry. As such Lt essennally follows ‘'the technology center model of

state program initiatives. The center also seeks to market the research capabilities of
_the state's umver51t1es to foster 1ncreased industry part1c1patron in ‘university: research
Imtlally, the CIT wﬂI focus on research in’ blotechnology, computer-aided engineering,
mformatlon technology and material sciences. The primary institutions involved are the
University of Virginia (UVA), Virginia Polytechnic Institute and State University (VPI&
su), Virginia Com-rnonwe_alth Univ.ersi.ty (VCU), George Mason University (GMU), and the

College of Wﬂham and Mary. The CIT will have as-its secondary missions assisting the

development of emerging technology-based firms and meetmg the - part-tlme graduate__ :

educatmn needs of 1ndustry
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-Technology' Center claims thaf, hased o..n irs ;l)roject'ions", the projecte sdbported during
'.the 1983-84 year will in four years create elghty compames, create 5 600 }obs, and save
2,200 jobs. It is difficult to assess the vahdntv of these kinds of claims; moreover, it is
not in the short-term self-interest of the Center to provu:_le conservative eshma‘tes. ‘In
‘fact, the casual connection between ajob or firm created or saved and the existence of a
Center's programs is  often impossible ~ to determine with any degree of Certainty.
‘However, even if the estimates are somewhat inflated, they remain impressive. Funding
allocations between the four Centers are’ hot et]uel and some have suggested that they
would be even less equal if there ‘was’ not some unacknow!edged attempt at reglonal
balance. ' o o ' ' h

The Advanced ‘Technology Centers exploit the ex1st1ng strengths of the state's
universities for applied research in the various empha51zed technology areas by
'stlmulatmg interaction ‘with the private sector. ‘The research universities as_soc1ated'
with each Centet ‘are already among the nation's leaders in key technologies. At least
one (Carnegie-Mellon) and possibly others have a world class reputation for’ basic
research in technologu:al areas that are readxly explmtable._ To enhance the capabilities
of its research umver51t1es, Pennsylvama ‘has estabhshed technology cénters of
-excellence, supported through 1dent1f1ed prwate sector/umversuy prolects ‘within each
'center of excellence. - The program differs from the applled ‘research pro;ect grant
pro_grams in other states hot only in scale but, in most cases, in the degree of empha51s
on’ applied research directly leading to jobs. 'Peh'nsylvah‘ia's approach is both near- and
long-term and geared to ‘accountability and ‘the bottom line. Overall, the Ben Franklin
Partnership ‘Advanced Technology Centers program has what seems to be the proper
B scope, objectives, and organizational implementation for a state with an-established
technological - infrastructure; ‘ strong - universities, ‘and a ‘diversified, but “declining
industrial base. The funding level ‘is large “enough’ to "h‘av'e" a significa'nt “impact on
economic - devélopment. - The Pennsylvania ‘program rlghtly serves as a model for
imitation by states with similar characteristics. As iong as basic’ research in the state's
universities retains its. v1ta11ty, there is no reason to be concerned over its near-term .

focus.::




'PROGRAM ASSESSMENT
PENNSYLVANIA

Pennsylvania ranks Elghth in employment in hlgh technology 1ndustry under the'
' stnngent, Group Il definition and seventh under the Group I and IlI def1n1t10ns. Due to
the diluting effect of its relatively large populatlon, it sinks to twenty-first for Group I,
twentieth for Group II and twenty-second for Group IlI when employment as a fraction
~of total non-agricultural employment ‘is- considered.  Pennsylvania” ranks " fourth ln
industrial research. and development. and eighth in total federal. research and
development spendlng (about half of the industrial amount). Its unwer51ty research and
development spendmg as a fractlon of personal income is close to the national average.
Manufacturm_g, which ‘accounts for about 22 percent of total emplo;yment.m thrs:.h_lgh_ly
' _:indust'ria.lized state, declined almost 3 percent during the 1976-81 ‘base reference period.
The dechnmg 1ndustr1al economy of the Western Pennsylvama/Prttsburgh area was one of

the mld-American reglonal economies studled by SRI for Amerltrust (SRI l984a)

’l'he major thrust of Pennsylvamas technology-based economic development
strategy is: provided by the Ben ‘Franklin Parthership’ Advanced Technology Initiatives
'Program begun in March 1983, The Partnership is managed by the 15-member Ben
Franklm Board whlch mcludes prwate sector, small busmess, -education, labot,: and

.leglslatlve representatlon. The Board approves all grants made under the programs.

- The largest of the Ben  Franklin programs  is. the Challenge Grants/Advanced
Technoiogy Centefs program. Four ‘regional centers have been estabhshed under thlS
- program, represennng consortia of research ,un;ver-sl_tles and other h;g_her education
institutions, and private sector, labor, and economic development groups. ““Each Centet
administers a number of joint research and development project efforts. Matching of
state funds on a one-to-one basis from ;no.n—s'tate éo‘u‘rc.e‘s is {required. The Centers are:
o Northeast Tier Advanced Technology Center i
based at Lehigh University; - : S
o -Advanced Technology Center of South Eastern Pennsylvama -

based at the University Science Center, which includes -
_ the University of Pennsylvania, Drexel Umversnty and Temple Umversnty,
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_ 1 targeted money anne wﬂl accomphsh it, the handsome level of fundmg for the
_ATACs w1ll elevate those part1c1patmg 1nstitunons, whxch already have a credlble level_
‘of actwnty, mto 1nternat1onal prommence for taraeted technologv. The re q_restion is -
_whether funds targeted to specx:hc areas can generate the overail mstltutional presnge'
- to attract ‘the personnel to ach1eve world class status in the spec1f1c areas. To glve some
idea of the llkely 1mpact of fundmg Ievels on the order of 510 mllhon per center, the
'Ohlo Weldmg Research and Developlnent Insntute ATAC can be used as a benchmark
The Institute is an outgrowth of its predecessor, the Center for Weldmg Research whnch
was founded in 1980 with an NSF grant from the University-Industry Cooperattve
Research Centers program. The Center for Weldmg Research had some success, but its
funding level was quite modest compared to its ATAC successor. The- origmal Center
had first-year NSF funding of $265 000 and mdustnal c0ntr1but10ns (from membershlp
fees) of $330,000, less than one-tenth ‘of the. present centers two—year budget. The
funding of individual ATACs averaged more than three times the fundmg for New York's

individual Centers for Advanced Technology, whnch they c[osely resemble. .

The other”maj:or Edison research and development initiative, the IRFP program,
consists of two programs. One is a program of university/industry Hire:ct:'ed basic or
applied research grants with a $50,000 coxlmg ‘The r'emain'i'ng prograrn is a seed capital
program of "advanced applied research" whu:h leans toward the "D" in research and
dévelopment. Both programs require at least a l:l match from industrial. sponsors that
are Ohio firms: --The_ potential resource pool for these prograins is close to $18 million
for the 1983-85 biennium. As of December 1984, 1.4 million in state funds had been

committed to grants with industrial matching fund ‘commitments of $2.6 million.

Ohlo's program is. too .new. to meamngfully evaluate in.terms of . the output-

E{;;g:qura_gmg., _—th_q has ele_cted to‘strlke a-_ba_lance ;between t_echnol_ogy centers,.‘apphed_

research project grants and tec_l")_'n_ologly transfer ac_tivi_ties.',.A technology research center

approach on the scale of Ohio's can stfengthen the universities, but there may be danger.
in placing excessiveé emphasis on it in a state with a declining industrial base. There is
an immediate néed in Ohio to create and retain jobs through applied research and to
" train, workers for them. The tangible benefits in terms of products in the marketplace

and. job creation from the Edison ATACs are likely to be mid- to long-term, even though
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PROGRAM ASSESSMENT
oHIo

Ohio is: ranked eleventh in h1gh technology lndustry under the strict Group 11
definition. Its rankmg increases to fourth and elghth for the Group I and Group III
definitions, respectively. In terms of fractton of non~agr1cultural Workers employed in
" these mdustnes, Ohio drops to twenty—mnth usmg the Group I definition and to tenth and
~-twenty-first using ‘the Group 1 and Il definitions. The lower rankmg in these relative
terms is due to the diluting effect of a Jarge population. The fraction of workers
employed in manufact'urzi'ng industries is almost 24 pe‘rcen't, and during the 1976-81 base
reference perlod Ohio suffered a i, 8 percent decline in: such employment, second only to

Mlchjgan and Illmoxs among mdustrlahzed states ~Ohio can be cons:dered almost a

5_classxc examp e'of an mdustrlal state with a dechmng traditional mdustrlal base. Its _

economy is proflled m the SRl Amerltrust report (SRl l98#a) Oth ranks eleventh in
3federal research ‘and development expenditures. Industnal réesearch and development is
about orie and orie-half times federal research and development. Umver51ty research and

development as a fraction of state personal-mcome is less than the-nja‘_tlonal .aver-ag’e,.

OthS economy is 51m11ar to that of 1ts nelghbor, Pennsylvama, although Ohio's
decllne IS somewhat more severe. In 1983, Ohlo 1mt1ated a program dubbed the "Thomas
Alva Edlson Partnershlp Program" that at f1rst glance seems 1m1tat1ve of Pennsylvama'
Ben Franklm Partnership Prograrn In fact, although there are similarities, there is little
imitation beyond use ‘of a famous name. - The major cornponent of OthS program, the
Advanced Technology Appllcatlon Centers (ATACs) shares tnore m common with. New
York's Centers Tor Advanced 'Iechnology than w1th Pennsylvamas Advanced Technology

- Cenitérs, |

The Edison prograrn o’per'ates"through' ."th:e' Ohic Departinent of Development and has
an’ adv1sory board appointed by the governor. ’l'he program is comprised of three
'separate 1n1t1at1ves. In additlon to the ATACs, there is an lnnovative Research
F1nanc1ng Program (IRFP) and a Search for Innovdtive Technology Program (Search).
The ATACS and IRFP programs are research and development programs while the Search
program is a technology brokermg/transfer activity, Total funding for the Edison

Program for its first biéhnium of operation, ending in June 1985, is $32.4 million.
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"In addition to MCNC and the Blotechnology Center, Wthh both could be cla551f1ed
as variants of the technology research center generlc program type, North Carohna has a
'.host of other Drograms related to technoloev—based econormc develooment. One other
noteworthy effort IS the North Carolina Technologlcal Development Authorlty whlch
seeks to create new jObS by stlmulatmg the deveiOpment of new and exrstmg small
businesses through seed capital and 1ncubator facilities. There is, in North Carolma, no
program “which could accurately be descrlbed as an applied research pro;ect grant
. p,rogram, altho_ugh such applled research could, in prrncuple, be carried out under the
auspices"of any of the aforementioned programs. lt"w:.vould' seem that establishing a
program with this dedlcated thrust could prove to be a valuable additlon to the present

efforts, especxally if the technology transfer aspects were emphasr'ed

Theoretlcally, the overall coordmatlon of the exrstmg programs from an economic -
' development strategy v1ewpomt is mastermmded by the North Carolma Board of Sc1enoe
and Technology, but in reahty, thls body does not seem to have the resources or
authority to assume full command. Hence, the lmplementatton of an optlmal grand
_ strategy based of concepts of maxlmlzlng return on mvestment wrth ftxed resources has

not been glven serlous attentlon.

_ The MCNC and the Blotechnology Center programs are too new. to meamngfuliy E
evaluate thetr lmpact in terms of tanglble beneflts to the state. However, the hst ofl
flrms recentiy attracted to North Carolina includes several w1th potentlally close ties to
the two centers' research programs. Durmg 1983, htgh—technology relocatlons yielded
1,800 new jobs. It is obvious that the glamour and prestlge assoc1ated w1th the launchmg _
of an enterprise of the magmtu e of MCNC w1ll attract at least a few t'lrms. The':.
ultimaté success” of MCNC and’ the B:otechnology Center hmges on their umversuy:
- research: relatlonshlps. Thé' states research umver51t1es en;oy excellent reputatlons in_

selected areas of sc1ence and- technology. A few are perhaps on the threshold of bemg

considered "world: class," but some’ knowledgeable persons have expressed reservations T

about' the likelihood' of technological breakthroughs (as opposed to mcremental
1mprovements) ieadmg to' sxgmf;cant spm~off act;vnty from elther the umverstty research )
' efforts or’those' of MCNC. [f these: opiriions are correct, ‘then’ huge mvestments in state-— '
sponsored: research, partlcularly in rmcroelectromcs, could be regarded as an actlvlty

whose most useful purpose’ is’ to bolster recruitment efforts. This raises some questions
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PROGRAM ASSESSMENT
NORTH CAROLINA -

Research Trlangle Park (RTP) in North Carolma has received consxderable '
attention for its increasing concentration of . technology based lndustry and research and
development laboratories. In spite of the concentration of technology in the Research
Triangle Park area, the state as a whole has yet to approach the level of. techno_logY—
related industry in the more established technology areas. North Carolina's 'r'a‘hk'ing m
absolute level of high-technology employment ranges from fourteenth to sixteenth
dependmg on the definition of "high technology" used. When compared to other states
based on the fraction of employment in technology-based industry, its ranking ranges
from ‘nineteenth to thirty-first. “Federal research and deveIOpment- ‘expenditures m_thls
tenth most populous state are twenty-fourth in the. nationg university. research and
development expenditures are one-sixth of those in California (altho.ugh approxi'mately
_the same as California when compared relative to personal mcome) but. one-half of the
relative amount in Massachusetts. North Carolina's percentage of workers employed in
manufacturing is 28 percent, the hlghest in the nation. Manufacturing employment
increased almost 9 percent during the 1976-1981 base referen:ce‘-"lperlod,'aomeWhat above
the national average of 7 percent. It-is commonly acknowledged, however, that the
textile industry, which remains the largest single source of manufacturing employment in

. the state, is in decline. . .

- North C'a'roli.ria's':.‘"strategy:'lo'r t.:eehnolo'gy}'—based'-economic development and for
mcreasmg the research and develoPment portion of the technologlcal 1nfrastructure
'needed to make 1t p0551ble is, one . of the most ambltlous of any state. The ‘motivation
“behind this effort has however, been questioned, and these questions have been raised in
- at least one formal article (Luger 198%4). The basis for this criticism is that in spite of
the fact that North Carolma‘s stated develoPment goals mvolve a balanced strategy of
industrial recrmtment retention, _expansmn and stablllzatlon, and of new f1rm creatlon, '
industrial recruitment is seermngly the most heavily emphasized. It is further alleged
(LHE?}‘._. l_9,8f4_)_ tlgat recruitment 1is ;he only area.in ,“_’hiCh_- _tllere_ hds _been much sUcCcess, a_n_d
:tha.t- this- hasg.afes.u'lted: in an‘over'dependence :on branch: plant relocation. ”T'he”rate' of
"‘grthI:l'ffo'm"'th'lS‘}s.ogﬁr'Ce has begun ':t_o'al_ow; and the ‘cost effectiveness of this strategy is
now questionable. In addition, there are concerns about long-term sta_blllty, regional

- disparities and manpower shortages.
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The CAT's might also .be criticized for.the lack of inter-institutional linkages
between research unive'rSitiés,_.-'-w:_()nly ione .Center emphasizes this kind of research
cooperation as an important element of its program. Only limited attention has been
given to spin-off type technology transter activities, a sharp contrast to the activities at
Rensselaer Polytechnic Institute, also in New York State. At Rensselaer, the state is

participating in the support of a Center for Industrial Innovation, -

The Research and Devel'o‘pment Grants Program has funded twenty-one .projécts in
the $20,000 to $50,000 range. These projects were selected from seventy-four full
proposals. after_‘a preliminary submission of 450 pre-proposals. - During.the most recent
grant period, eight of the nine projects funded had an inc_iustfial match. Of the twelve
projects funded in the previous. period, three have been commercialized and six others
show promise. The program attempts to refer unsuccessful applicants to mdustrlal_

| funding. sources. : There are: no . available . statistics -of - the program's-impact ‘on job
' . éreat_ionﬁ_-'_- This..program .is ‘more :closely - tiedto. near-term' economic -development
objéctives than the CAT program,‘and ‘a8 such, it is‘'more directly-comparable to the Ben
~ Franklin. Partnership Challenge: Grant programin- Pennsylvania: which channels joint
_unwer51ty/1ndustry applied research and developmént through  regional "Advanced‘
Tech_nqlogy Genters. . . Compared, 16 Pennsylvania, . New . York's Research and
Develoﬁment Grants program appears sinaller than desirable to achieve significant
economlc impact éspecially since New York, like Pennsylvania, ha:_; seen a decline in

manufactunng erfiployment. .
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PROGRAM ASSESSMENT
NEW YORK

" New York ranks second in high-technology employment under the Group II ‘and
~ Group TII definitions and third under the G"r""o'u;:) I definition. However, its ranking ranges -
from fifteenth to twenty-fifth when high-technology employment relative to total non- -
agricultural employment is considered. It is fifth in federal research and de\reloprnent
- expenditures, third in industry-funded research and development (about tw1ce the federal
expenditures) and second in university research and development. These ranklngs drop ,
sevérely when considered as a fraction of personal income. Therefore, New York's

relatively high ranking in absolute statistics is primarily due to its. large population base.
‘Manufacturing, which employs 18 percent of its workers, declmed slightly in employment
levels durmg the 1976-8] base reference penod It would appear that the state’ has a
'.large technological infrastructure which is diluted by its large population and  that its
traditional industrial base is declining. An optimal, re_sear_ch and_deyeloprnent——based,'
technological innovation development strategy should take _t_hese ‘fiac‘tors into

consideration.

L State research and development—-related programs in New York State 1nclude the
"Centers for Advanced Technology Program (CAT) ‘a program for support of cooperatwe .
research and devel0pment centers formed by a partnershlp among ‘universities, private
mdustry, and government, ‘and ‘the Research and Development Grants program, a
‘program for support - “of umvermty and not—-for profxt organization applied research
- projects with commercialization potential conducted in cooperation with industry. These '
programs are essentrally a technology research center program and an applied research
grant type program, respectlvely " Both are admlnlstered by the New York State Science
and Technology Foundation. A seed capital fmancmg program is al_so administered by_

the Foundation‘.'” T

The Centers for Advanced Technology program is the recipient of by far the
_.__largest share of the funding, a total'of $9.5 million through fiscal year. 1984 Seven CAT
grants were: awarded to pUbllC and prwate umver51t1es in the state on the basis of an
RFP solicitation to develdp a ‘center in one of seven targeted technology areas. The

CATs, all of which were placed in operation by February 1984, are as follows:
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~“In addition to these independent programs, Johns Hopkins has established.a Center
for Advanced Studies at the Shady Grove Life Sciences:Center. ' The center is designed
primarily to serve the graduate, postgraduate, and professional educational needs of
Montgomery County's high-technology population. Educational offerings at the: Center
will - include masters degree programis, and credit and 'n'oﬁ--cr'edi-t'.fcourses,: programs,
seminars, and colloquia in areas such as health policy, materials sciences, and
engineering, molecular genetics, occupational stress, e‘nvir‘o_'nméntal engineering,

cominunications technology, and toxicology.
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CARB ‘was formed by-the University in partnership with -t_he- National B_uréau__of“
Standards (NBS) and Montgomery County. It is located along the 1-270 corridor where
many of the county's 100 major biotech research and de;vel'opmént facilities are located,
the highest concentration of such facilities in the nation. -The .C-AR.B,_ will be l_oc-_a_ted on a
site donated by the county in the corridor's Shady Grove Life Science Center. The. new
center will combine the unique. technical resources of NBS.and UMd to meet corporate
needs-in biotechnology, biomolecular engineering, analytical chemistry and other related
fields. - Participation from industrial: fif‘ms,; -as well as  other universities and
- organizations; will be encouraged. CARB. will involve all of the University's. campuses
and NBS in an attempt to develop a world-class-center for the determination and analysis
of macromolecules. 'CARB as a technology center. wili;_c'omplemcnf and be-a sister
-organization to ‘the University's three -:ca;ﬁpus technology centers. organized as_... the
Maryland Biotechnology Institute and will be located at the College Park, Baltimore, and

_Baltimore County campuses.

The University has committed its internal resources to the CARB projects and has
received a commitment -of :state funding at. an-initial level of $4.5 million per year
“{primarily for staff) for all four anters; C'ARB will be administered under the aegis of
~-a-board appointed by NBS and UMd and will -include one or more representatives from

‘business -and - county government. - CARB will- be. staffed by permanent scientific
- professionals, UMd persohnel ‘with joint appointments, ahd_-NB.S_._gmplpyees_. Many. of the
details concerning CARB's implementation have yet o be resolved. CARB, like the
other Centers, will be administratively .distinct from the University aCad,emic units
.permitting “"arm's -length" arrangements. Construction. of a 'buiid-ing -pianned' to house
‘state-of-the-art: research equipment and facilities -and an .incx;ib,axof-' will begin. in 1985.
-The building - will be {inanced by a bond. issue; CARB will lease and, ,evientua_l!y p_u_rch_a_#e
it. ' '

- The University of Maryland is not currently ranked ém.on,g ‘the nation's top fifty
universities in terms of rresearch and development expenditures in areas. related to
biotechnology, -although it has attained prominence in certain specialized areas. In the
- past, there has not -been a strong entrepréeneurial culture at the University, and there has
been- negligible spin-off activity. The unique partnership of CARB and the establishment
- of the campus Centers can, together with strong state and industriat -s.tipporat_; per.mii;_the
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PROGRAM ASSESSMENT
MARYLAND

Maryland's rankings in level of high—-techno'lo'g'}ﬂf:employment renge from nineteenth
" to twenty-second, depending upon which "Group" definition of high-technology
employment is applied. Considering high-technology employment as a percentage  of
“total non-agricultural employment has a slight negative impact on ‘Maryland's rankings.
In these relative terms, the state ranks from eighteenth to thirtieth. Federal research
and development expenditures in Maryland are the second highest in the nation. This is
primarily because ‘of the federal research and development laboratories located there.
Maryland is tied with Massachusetts for first place in university research and
development as a fraction of personal _i'ncome. The state's econo'r'ny' "i'_s; 'ﬁbt”hé."a\;ﬂy
industrialized; only 12 percent of _Merylénd workers are employed in the manu:faeturing
sector. Manufacturing employment d_eolined :noderately---idij'ringz “the l'??__é_‘..Sl base

reference period.

| 'M-'a'r'y}and' 'rese'ar—c'h. :‘.'ztn'cl” 'd'evqo'p;ﬁént' programs- with significant economic
develoPment 1mp11catlons are centered around the Unwersaty of Maryland (UMd). T'hese
programs are the. Engmeermg Research Center (ERC) and the Maryland Biotechnology
InStltUte (MBI) of Wthh the Center for ‘Advanced Research in Biotechnology or CARB is
the centerplece. ERC is admlnlstered through the UMd College of Engineering; MBI and
CARB are separate admlmstrative units, These programs are all fatrly news; ERC and
MBI were estabhshed in 1983 and CARB was announced An early 1984, The Un1Ver51ty is
also mvolved in the development of a new research park near its suburban Washmgton,
n.C., College Park maln campus. Due to the newness of these programs, it is difficult to
evaluate anything but their potential contribution to economic development. The
‘research park, however, has recently attracted a major new federally funded computer
research activity, and was seriously considered although not chosen for a signi'fi”(.:e'nt
-software research center, which was subsequently awarded to Carnegie-l\/lellon
~University in Pennsylvania. The focus of the present assessment is on ERC and CARB
be'eause they are novel in concept and may have some features worthy of _r_e_pli-_:ation in

other states. o - : . - '
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- Update and Comments

~ The matching requirement’ for ‘the research matchmg grant program ‘was changed
from 150 percent to 100 percent in 1984- 1985 ' S :
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PROGRAM ASSESSMENT
KANSAS
Kansas ranks eighteenth among the states in hlgh—technology employment usmg the
" strmgent Group I definition. However, using the same deflmtlon, its ranklng increases
to ninth in high-technology employment as a fraction of total non—agrlcultural employ-
ment. Manufacturing employment in Kansas incteased almost 14 percent durmg ‘the
five-year basé reference period ending in 1981. Kansas ranks sixteenth in the percentage
of workers employed in manufacturmg. In federal research ‘and’ development
expenditures (mostly from defense) as a fraction of personal income it ranks. eighth, bu_t
its_university resedrch expenditures relative to personal income are well below .the_

national average.

Based on the ‘above ecofiomic proflle, the optlmum hlgh-technology development
strategy for Kansas would appear to be a vugorous one; emphasmng strengthemng of
umver51ty research and development and attemptlng to exploit the mfrastructure
'.created by the federal research and developrnent.. ‘Kansas has put into place f-_a_
"technology-based economic” devciopment program, but it :nay not be taking full

"advantage ot the potential offered by the state's resources.

L The Kansas technology~based econormc development programs are, the Centers of
Excellence Program and thé Resedrch Matching Grant. program. The names convey thelr
obvious relationships to the géneric program types described: in this report. Both
~programs were ‘beguri.in 1983 and are administered lay't-he Kansas Advanced Technology
‘Commission. They are viewed as investments in university/industry research which will
yield a dividend of several hundred new jobs.with.in the first two to three years. It is
_planned that the jObS wrll be primarlly in the areas of agricultural machmery, av1at10n,_
: electromcs, pharmaceuticals l‘ObOthS, telecommumcatwns, and oil recovery These jobs
will, according to development officials, be creéated through industrial expansion,
relocation, and hew firm creation. The Centers of Fxcellence will, in concept, have an -
impact on existing industry through the application of new technologies; other projects

‘will expand the demand for Kansas produced goods.
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excellent reputations of institutions like Purdue and. the presence of E:&t.ahﬁSth
- university technology centers, the creation of additional technology centers. might be

considered. The absence of significant federal research: é,-md- de:vel}czprm,é,-n.t investment
makes this even more important as a source of basic research.in. new technologies.

Update and Comments

Funding for the corporation reached $40 million in 1985, -

 As regards efforts to evaluate performance, the corperation is actively monitoring
each of its projects to assure that adequate reseurces are being devoted to research and

development and the transition of the output products, processes, and services to the

marketplace, This menitoring also includes a:comprehensive analysis of the impact of 1)

the leveraging of 's_.tate'funds"w-ith'-private'-fund’s and 2) -thé- number of jobs created within

the state.

' Early figures-gathered in this mdnita‘ring_ effort reveal that present planning by the
'pi‘incipal’ investigators of the funded projects to date exhibits a leveraging ratio of CST
funds to other fund expenditures in excess of 20-} dur.i_ng,thé.rr: next three to five vears.
Although r'sf_)'e'éif_ic externaifinternal fund. matching ‘ratios are .not mandated in this

program, every effort is made to achieve a proper balancein each program at the -

earliest possible time, and experié_nce to date indicates that this has been effective.
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PROGRAM ASSESSMENT
- INDIANA

Indiana's ranking in the number of workers employed in high-technology industry
ranges from eleventh to thirteenth according to the various high-technology group
definitions adopted in this report. lis -lnoder'ately high' ranking does not drastically -
‘change when considered on the basis of the high-technology fraction of total non-.
agricultural employment; these relative rankings range from ‘sixth to fourteenth,
Federal research and development expenditures in Indiana are. twenty-fourth in ‘the
nation; industrial expenditures are somewhat larger than average and are approxxmately“
five times federal research and development expenditures, University research and
development as a fraction of personal income is slightly below-the national average.
Indiana is highly industrialized with approximately 25 percent of its workers empl_oyed in
 manufacturing, the fifth highest percentage total in the nation. Howéver, manufacturing
employment declined almost 5 percent during the 1976-81 base reference ‘.‘p_c_r.iod:,- Ind_iar;_a
was one of the midwestern states studied by SRI for the Ameritrust C'orporation (SRI

1984), and some further insights into.its economy can be found in their report.

Indiana's prograin to promote economic developl'ﬁehl :'rhrough technological innova-
tion is conducted under the auspices of the Corporation for Sc1ence and Technology
(CST), a private, not-for-profit corporatlon. CST was formed-in 1983 to- strengthen';f
Indzanas economy thrOUgh the promotion of research and development ventures involving
technology transfer from ‘research and. development labs into commerc1ally ‘viable -
products, processes, or’ serwces. It was establlshed to identify scientific and
technological problems and opportumnes, ‘and to fund _proposals addressing them.
Funding “emphasis is given to applied projects ‘rather. than to basic research. The
corporation provides grants, enters into contracts,'ohd enéages in joint ventures, surveys,
seminars, workshops, and other activities. The  corporation's. professional _staff: is:
supplemented by several advisory committees for targeted technologies. These targeted

technologies are:

o Advanced Materials;

o Artifical Intelligence;
o Agricultural Genetics and Technology;
0 Automated Manufacturing;
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PROGRAM ASSESSMENT
CALIFORNIA

California is the nation's high’-’-t’éch leader. - 1t Fanks first in' total employment: in
high-technology industry undér all three high-tech definitionss On the basis of
percentage of nie'nsagricul't‘uraflﬁ employment in each of these three groups of_,;indﬂs_'t'r-_i'es_z_
its rankings are all among the top tén: Tt is first in federal research and development
expenditures; federal laboratory research and development expenditures, total research
and devélopment expénditures and un*iversity reseéarch and deVeITOpmen't' expenditures. It
is secend in industrial research and _development expendrtures. M’anufa‘cturing
employment increased almost 32 percent during the 1976-81 reference permd to a

moderately high 17 percent of all workers:

The primary staté reseéarch and developmient program in cariiﬁdr'ﬁia-'-is- the ' MICRO
program of applied research project grants, established it 981 The program provides
state mdtching funds for mdustry support of University of CaI1forma (UC) pro;ects in
microelectronics and related technoiogles "that will be at the cuttlng edge ot technology
and may’ lead to products several yeéars in the future " Fellowshlps for graduate students
are alss. avallable ini addition. to student research support ‘budgeted in the pro;ects. “The
MICRO progrdam has' a policy advisery board which includes representanon from industry,
state government; and the University. An executive committee with representatives .

from five of the UC &dmptises administers the program:

Durmg the 1983= 84 yéar, approxxmately St.2 mllhon in state funds attracted $6.8
miiflion in mdustrlal funding, a posmve ou‘tc‘ome The alms of the program in terms of
economic development objectives are long terms 1-mmed1ate job ¢reation has not been an
issue and no stat1st1cs relatmg to the impact ot this relatwely new program on ;obs is
available: The suceéss stories from the university sidé tend to celate to establishment of
closer ties with industry, improved facilities, and bettér training of students. This
prograin probably fifs inost ef'as-i'i'y into the applied résearch project grant program
category; but the reésearch godls and time frame appfoach thosé of basic research; the

projects ténd to be orientéd in that diréction.
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Update and Coments

Cumulative finding for the Engineering Excellence Center reached 554 mi-ll_ién in
1984-85, with $27.8 million in state appropriations, $18.%4 million in industry
contfibutions, and $7.8 million in other contributions. Externally funded research in the
ASU College ‘of Enginéering thus ificréased ten-fold during the first five years. It

reachéd more than $10 million inawards during 1984-1985. .
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PROGRAM ASSESSMENT
ARIZONA

Arizona ranks twelfth in employment in high-technology industry under the preup
I strict definition of these industries.’ It drops to twenty-fourth when the definition is
rmore liberal, encompassing industries with a high proportion of s"cientific and technical
workers (as opposed to high reséarch and development éxpenditures). When based on the
.percentage of non-agricultural workers employed in these fieids, its ranking rises to third
under the strict definition and eighteenth under the liberal definition. Arizona's high-
technology growth rate as a percentage of total employment growth under the strict
definition is the nation's fourth most rapid. The percentage increase in 1Tianufac.tggf_ing
employment ..for the 1976-81 base reference period is 52 percent, 'high"est in the'nation',
although the percentage of workers employed in manufacturing is, still fairly low at 13
percent.  Arizona ranks twenty—-fourth among the states in federal research and
development expenditures but its umvers:ty research and development expendltures as a
percentage of personal income is well above the national average. Clearly, Arizona is an

emerging high-technology state.

: _ Ar120na was one of the f1rst states 1o put into place a research and deveIOpment-
based thh—technology economic - development plan, :1ts five-year plan was to create a
Center for Engineering Excellence at Arizona State University (ASU) in Tempe, Arizona,
outside of Phoenix. The plan called for a:total of $32 million to be invested over a five:
. year period, The program, as it was originally planned, required approximately $19.5
million from state approprlatlon (primarily for buddlngs), $8.5 million from prwate
sources, and $3 rmlhon from federally~sponsored research programs. The purpose of the
center was to assist ASU in aclnevmg national leadershlp in sohd~state electronics,
computers and rornputer sc1ence, and computer -aided processes, NatlonaI prommence' '
was sought .in energy systems, transportanon systemq, and therrnosaences. This can best'

be described as a plan‘ {o cr_eate techno-lo_gy centers _for b_a_stc: reseéarch in several areas.
Actual funding for the center through the first four years of the program totaled
'$38 million. Private funds in excess of $15 million eéxceeded the original goal of $8.5

million. Externally funded research iin the ASU College of Engineering increased five-
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industrial spOnsors or of interest to a federal governiment sponsor. As a result, this kind =

of research is generaily further from commeraallzatlon and its accompanymg economic’

et 3t LE2

tend to be a smgie flrm. Hence,' the chref advantage of establlshmg a technology -

research center is to create a reservoir of basic technological knowledge and human
expertlse that w;ll be needed for future industrial vitality. This translates into the
notlon that thls ‘type of program is perhaps most effective as an instrument for
promotlon of state strategies ‘based on recruitment and retention of research and
development-onented 1ndustry and on new firm formation through -university spin-off.
Establlshment of such progra.ms as centers of excellence would be particularly important
for states without exceptlonally strong universities. Technology research centers can
also play an important role in industrial stabilization where a single technology is crucial

to declining industry in the state,

The applled research pro;ect grant program is generally a program ‘of matching
grants for research conducted at’ umversmes ‘with mdustrlal support. -In sorne states,
small busmesses are also ellglble to receive the grants. ‘The programs usually require
some demonstrable’ potent1a1 for comimercialization as a prérequisite for funding. The .
research ahd” development ' typically ‘supported ranges from -basic research to-
deveIOpment, wrth most of it fallmg into the applied research portion of thé spectrum.
Smce these grants are frequently linked to matching sponsorship by a-single firm, there
is often a more dlrect path to ultimate comrnercxallzatlon ‘than through technology -
research cénters where several firms may be involved. Applied research matching grants .’
are likely to have an immediate impact on expansion and stabilization of existing:
mdustry, mcludmg small technology-based firms. These programs should seemingly
receive the most near-term empha51s for areas of rapid industrial decline where they can

begm to create jObS almost lmmedrately.

Umversrty technology research center programs and applied research project grant-
programs each have unigue roles to- play as components of “state research and
development based economic’ development strategies, 'For most states, the optimal-.
strategy will " include both types of programs “and they should” be  viewed. as.
‘complemenitary initiatives. " “The effectiveness’ of state sponisorship of research using

either of these models ultimately depends on the efficiency of Its ultimate
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Table 7 (continued)
| Recent ‘S.tatg: :_‘:’_{‘_ese'ai"‘c";h Program Initiatives -~
Cumulative Funding Commitments through Fiscal 1984

'STATE

R 'RESEARCH' TECHNOLOGY
" FUNDING = ..

~PROJECT: ... -RESEARCH
.(millions) GRANT - CENTER

New Hampshire -

New Jersey * X
New Mexico 20.0 X
| New York 2.9 - X X
North Carolina 48,2 X
North Dakota - _

Ohio 32.4 X X
Oklahoma *

Oregon -

Pennsylvania 1.0 _ 'X

Rhode Island 1.5 X X
Scuth.Carolina *

South Dakota —

Tennessee 3.5

Texas 32.0 (from State Univglt;sity trust)
Utah —

Vermont —

Virginia 30.3 X
Washington 1.6 X X
West Virginia 1.0

Wisconsin 2,0 X

Wyoming —

~ Total U.S. 369.6

ah*li’roposed

3L
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Table 6

Manufacturing Employment

STATE

% CHANGE IN MANUFAC-

‘_I'ennessee

TURING EMPLMT 1976-81
Nevada - o ‘5:4..6 o
. Arizona ~ 5241
Florida 334
Texas ‘ 29.3
Colorado T 28.8
Oklahoma 28,2
Utah . 26.7
Vermont 251
New Hampshire . .'2_-3.'4
Washington 2246
California _' 22.5
Alaska " 20.8
Wyoming 17.9
South Dakota S 16,7
Louisiana . 13.6
Kansas - 13,2
~ Minnesota | - 13.2
New Mexico 13. 2
Massachusetts 12.8
Maine 10.7
Connecticut 10.6
Georgia BNV T
North Carolina Coss

Nebraska &.0
Arkansas 7.5
Virginia 6.8
Alabama 6.4
South Carolina 5.4
‘Oregon 4,6
4.6

27

% OF WKRS FMPLOYED

IN MANUFACTURING, 1984

4.4
12.8 |
10.6 .
13.0
il
i1.8"
3
9.3

1
15.2 .
7.1
0.6
3...2? e

B Wi

a5

154
17.1
6.2
21.9
20,5
25.9
20,3

©28.3
b4

21.7
15.1
22.1
26.4
11.8
2.5




funded research ‘and development expenditures in the universities may be ‘a better
indicator of actual relevant research and are available from the National Science
Foundation (NSF) (NSF 1984)." An even better indicator of performance as an innovator
may be the number of  patents granted. The number of patented applications ‘from
universities in each state for the. period 1963 through 1983 is given in Table 5, Three
caveats are necessary.-regarding Table 5. First, the data appear to be incomplete for
some states. Further, the data reflect not only the propensity for invention and- ,th’é
presence of an entrepreneurial culture in a state's universities, but also the institutional
patent policies and procedures as well. Finally, legislation passed in 1980 facilitating
university ownership of patents resulting from their federal research and ‘development

has resulted in a significant increase in the rate of invention disclosure.

. Many. industrialized:states have suffered recent structural declines in manufac-
turing employment.. .In addition to encouraging job creation through formation of new
- high-technology establishments, they seek to retain jobs and stabilize their traditional
industries through the infusion of advanced technologies. Some idea of the extent of the
problem (or -of.its converse, industrialization) in each state is given'in Table 6. The table
contains the state-by:state percentage changes in'marufacturing employment dufing'the
five-year reference period, 1976-81. This base period was selected because, except for a
five-month recessional period-during 1981, it isrelatively free of cyclical effects. “Table
6.also gives the percentage of all workers employed in manufacturing in each state as of
June 1984, This statistic is. an. indication of :the importance of manufacturing-to the

state's economy,

Research and Development Program Design and: Developmént Objectives

S

-~ - The optimal. translation :of state technology-based -development policies into
programs should depend on a set of strategic priorities-that are uniquely determined by
state resources and planning goals. Certain generic program types within the seven basic
categories described earlier are rather commonplace. Unfortunately, in some states

their raison d'etre as an element of a rational strategy is unclear.

.-Program initiatives 'designed-specifical}y- to increase ‘the quality ahd"quantity of the

human resources for technological innovation through both technical and non-technical
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' : ‘l'able & (continued) : ’ .
FY 82 R&D Expencutures as a Percentage of Personal Income ' |

T ARIEAE NG LA .
N ll‘u!,}-) [ 3.5 I

STATE FEDERAL RAD - UNIVERSITY - = FED.LAB.**  TOTAL**
- R&D . - ... SUPPORT  PERFORMED ' PERFORMED R&D
SUPPORT _(EST) . _R&D ‘ R&D | (EST)

New Hampshire . 0.518 -  0.285 . . 0.152 -
- New Jersey coo 0,933 : 3.119 0.110 .. 0.389 4.094
New Mexico .. 10.818 . 0.54% .  0.605 8.732 1i.521
- New York 0799 - 1739 - 0.349 - 0.190 2635
_NorthCarolina . . 0,514 . . 1.035 0.312 0.21% . 1.635
_North Dakota - 0.49%% - - . . 0,357 . 0.23 . -
Ohio . 0.508 - - Las0 . 0.181 0.432 . 2.392
Oklahoma ... . 0.18% ...  0.967 0.198 - . 0.073. . . 1.266
- Oregon 0393 - . 0.333 . o0.122 -
Pennsylvania = . 0.887 . 1.83% - - . 0.271 ... - 0.383 . 2,787
Rhode Island - . 2430 - 0.442 . - 1777 R
South Carolina . .  0.371 . | 0.180 ... . 0.158 S
South Dakota . 0.287 . - - . . 0.8 . 0.197 -
. Tennessee . 1,735 - 0.195 . . 0.717 -
 Texas . 0612 .. - . 0.252 . 0.135 -
Utah 2138 0705 0.609 .. - 0371 3,014
Vermont . - - 0.75%0 . -~ .. . 0.3% 0,02 =
Virginia s 0.416 0.180 . 0.938 . 2.616
Washington . . . 2.15%0 - — 0.352 © . . 0.478 -
West Virginia . 0.533 - . 04129 0.316 —
. Wisconsin L. 0257 . Las3 0.376 . . 0.040 1546
_Wyoming L0022~ . o4 0209 . -
. Total U.S. L4033 1472 0.288 . 0.500 2,975

* *Data not available for certain states due to sensitivity of data for propnetory mforrnatlon

~-#*Federal Intramural plus federally funded R&D Centers e Lt
© ***Excludes state and local R&D outside of universities’ Whal - Ce

23




: Table 3.(continued).

'FY 82 R&D Expenditures and Personal Income

- *Data not available for certain states due to sensitivity of data for proprietary information

**Federal Intramural plus federally funded R&D Centers a

***Excludes state and local R&D outside of umversmes '

Sources: National Science Foundation, U.S. Department of Commerce

21

(bllhons)
" 'STATE *'°  FEDERAL" R&D 'UNIVERSITY  FED. LAB.** TOTAL***
. 4. R&D SUPPORT PERFORMED PERFORMED R&D = PERSONAL
SUPPORT (EST) R&D R&D (EST) INCOME
.. New Hampshire 0. 051 - 0.028 - 0,015 -- 9.8k
- New Jersey .- - . 0.888 2.967 0.105 . 0.370 3.895 ... 95.13
_ New Mexico 1,323 0.069 0,074 1.069 1,409 . 12.23
.. New York 1.692 3.686 0.740 0,402 5.585 . 211.98
. North Carolina_ .0.273 0.550 0.166. 0.11% 0.869 5315
- North Dakota 0,036 - 0.026 0.017 -- L 7.28
. Ohio 1,025 1.626 0.204 - 0.489 2.701 . . 112.9%
. Oklahoma - 0.066 0.346 0.071 | 0.026 0,453 35.79
. Oregon -0.106 S 0.090 - 0.033 - 22,01
. Pennsylvania .- 1.131 2.345 0.345 0.488 3.553 127,49
-+ Rhode Island 04242 . 0.044 - 0.177 - - ..9.9
~ South Carolina. 0:099 -- 0.043 - 0.042 -- . 26.66
- South Dakota - -0.019 - 0.012 0.013 - .. 6.6l
.. Tennessee 0,702 -- 0,079 ~0,290 -- .. 40,46
. Texas 1.054 - 0.433 0.233 - 172.09
. Utah 0.288% . 0.095 0.082 . 0,050 0.406 13,47
.. Vermont .0.036 -- 0.019 -0.001 -- .. 4.80
~Virginia 1.268 0.245 0.106 0552 1.540 .. 58.86
. Washington 1.039 - 0.170 0.231 - . 48,33
~ West Virginia 0.091 - 0.022 0,054 -- 17007
_ Wisconsin - 0.129 0.579 0.189. 0.020 0.776 .50.20
Wyoming 0.025 o 0.015 .0.013 i 622
Total U.S. 35. 361 37.091 7.261 12.601 74.963  2520.17 -




_ Human resources are an important part of the technological infrastructure of a
region and the lack of them may be. a ‘major . 1mped1ment o - technology—based‘

ﬂdi' ateg that a c_drp nf "waorld-clas ags"

a high-growth rate reglonal h;gh—technology center. A__n adequate base of routme -skl_-lls is

" also essential for state strategies involving recruitment of branch plants.

It is difficult to _".'garner any single set of statistics which will be an a'dec'Iuate."‘:-'

.measure of the human resources of a state. A picture begins to emerge, however, from

' looking at the gedgraphic distribution by state of a few basic statistics. A state-by-state

table of data compiled - from the 1980 Census of the numbers and percentages of.;;”_

: engmeers and natural sc1ent1sts, techn1c1ans and- technologists, and prec151on ‘production

: -workers is mcluded in the Appendlx. The demographlcs are, to a great extent, reﬂectlve

o of the drstnbution of GroupI hlgh—technoIOgy 1ndustry.

- In addition to the 'human resources required as the raw material for’ ‘technological -

:"mnovatlon, the work product and spin-off ideas 'of technical personnel employed in

+ . ~research and development are necessary for major mnovatlons 10 occur. An indirect

_measure of these technology resources are research, and’ development expendltures by
“various 1nst1tut10nal performers. The nature of the dependence of regional economlc- '

" growth on research ‘and development expenditures is rev1ewed by - Malecki (l983a) The

o “connection is tenuous, and its causal relatlonshlp is eluswe, but nevertheless, the

_ phenomenon of growth stlmulated by research and - development actw&ty is quite real..
: .- Table - 3 gives state-by state research and development expenditures by' various
~performers and supporters. Table 4 shows these data as a percentage of state personal .

f-1ncome as an alternative to per caplta percentages. Personal income is a proxy for gross

. state product, and per-centag_es_ based on this outpu_t measure should give a ‘good Co

“indication of the significance of the level of investment in research and development to '

' states‘ economles for purposes of mterstate comparisons, ‘much as gross natlonal product o

research and development percentages are used for mternatlonal compansons.
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Table 1

Employment in Three Groups of High Technology Industries for All States, the
District of Columbia, Puerto Rico, and the Virgin: Islands, 1981 and 1982 ‘
Annual Averages . - .
{States are ranked by 1982 Employment) (1)

. ("'n *,Hgggg ﬂ:)

Source: Bureau of Labor Statistics, U.S. Department of Labor
*Employment of less than 100 workers '
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CA 1534.8 1522.9 CA 592.7 609.3 CA
TX: 1055.6 1039.8 NY | 20t.8 | 202.4 NY
NY $17.5 . 905.4 - MA . 158.3 . 153.5 TX
g | 722.1']° 660.3 TX "160.5 155.0 NJ
It . 716.0 | . 652.7 | NJ L113.3 . 1.15.4 - MA
MI £§91.4 631, FL 102.0 106.3 L
PA 628.6 ' 598.5 | -CT .99.6 $7.0 - PA
NI-f o 511.4 506.5 IL 98.46 93.7 OH
MA 4%41.9 435.3 [ . PA 94.6 90.8 cT
FL - 359.2 | 362.7 WA .7 99.5 87.6 FL
IN 367,21 . 336.5 COH’ .7%.5 70,1 CIN
eT - 235.7 2761 Az 68. 1 $8.3 | MO
M0 276.3 263.2 | IN 65,9 . 61,7 WA
NC 265.1 262.3 | MO 651:8 59,6 MI
WI 283.1 260.8 MN 53.3 54.7 NC
MN 233.2 22%.64 NC 44.8 44 .9 MN
VA . 222.3 . 22¢.3% { CO . 39.5 42.8 ‘TN |
TN 233.3 219.% | x$ 50.9 40.6 Wl
GA | . 212.1 215.5% MD. . .33.7 . 36.0 VA
LAl 219.¢ 209.2 | MI' ©38.4 28.3 co
WA | 213.6 | . ..201.1 | .GA 2%.7. 27.4 .. MD
MD 191.6 191.0 NH | 26.6 26.8 | AZ
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AZ. 150. 1 L 144.3 | UT 211 22.2 LA
sC | 146.7 | 1442 AL 19,9 C21.8 KS
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KS 153.8 | 138, TN 17.9 16.4 AL
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Ms. 87.5 - 83.7 WI 12| o 116 DE .
NH 70.2° 72.6 " NE "11.5 10.6 1A .
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VT 32.3 31,2 |0 NV 2.7 2.8 ME 13.6 12.9
ME 29.8 . 29.3. DE. 1.8 1.3 ] owy 8.6 . - 1101
NV ‘26.2 26.46 WY 1.3 1.1 sD 6.1 5.8
WY 25.4 ‘25.2 -ND . 0.6 0.6 ‘| DC ‘3.8 3.4
ND 22.8 23.6 | pC’ 0.3 ‘9.3 Wy 2.7 2.5
MT 20.0 ‘20.6 mMT 0.3 0.3 MT 2.6 2.3
SD 20.1 18.2 Wy 0.2 0.2 HI 2.3 2.1
HI 17.1 16.7 AK Ez (2) vl 2.0 1.9
AK 14.5 6.6 HI (2) ND 1.% 1.3
Vi 3.6 2.9 vI (2) (2) AK 0.9 1.1










that are of instrumental importance to the promotion of nat_ionai‘eéonomic;;deyelopment,
such as education and training, infrastracture provision -and maintenance, business
management and technical assistance, and export financing. The involvement of state
- government is especially critical in the stimulation of national economic growth through '
. technological . innovation, and the nation's governors bhave :been at the forefront in

-promoting initiatives designed ito encourage technological innovation (NGA 1933).

-The previously-mentioned reports by NGA (1983), OTA (1983; 198%a;:1984b) and
. SRI (1984b) delineate ‘the state role in technological innovation. for . -economic
- development... The NGA report lists five key functional categories into which state

program initiatives fall.: Peltz and Weiss (1984) restate. these categories in a somewhat

‘more general categorization and give their notion of the type of activities  they
encompass. Their categories are: policy development, education and training; basic and
. applied research, technical and management assistance to innovating firms, and-financial
_assistance to innovating: firms. OTA (1984b) :lists: a. similar group 'of functional
; _c;ategorié_s: - research, development, and technology transfer; human capital, including
‘education "and training; entrepreneurship training and ‘assistance;- financial: capital;
.physical capital; and information gatheringand dissemination. SRI's (1984b) categories

are:. advocacy, policymaking and oversight; technical centers, institutions. and research

consortia; developmental facilities; and direct technical assistance programs.

None -of these lists appears adequate for-a complete: generic description of state
-initiatives.  Both NGA (1983) and Pletz and Weiss (1984%4) force certain activities intc
_categories in which they do not appear to-fit. . On- the other-hand, the OTA:(1984b) and
SRI (1984b) categories are too broad. S

A list that both includes a_sufficient number of generic groupings and is specific

enough to avoid the generahtles of the broader approaches might be:

. (1) policy development;- -
(2) education and training;-
(3} research and development; .
O e_n,tfept’e’heurship training and assistance;

(5} financial assistance to innovating firms;
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of similar activity were far more important for. new technology-based enterprise

development than for branch £ ormation.

. In quantitative research findings summarized by OTA (1984b), Glasmeier, et al.,
identified - airport  access, a large .labor .for_ce,‘__‘ high defense spending and . major
universities to be important influences in high-technology growth of metropolitan areas.
A more s‘u.bjective.study by Premus conducted for the U.S. Congressional Joint Economic
Committee (1982), using survey interview. methodology, highlights additional. factors,

such as business cost, climate factors, and quality of life as also being important. -

‘NGA (1983) attributes to Raobert Ady .of the Fantus Corporation a description of
different requirements for, technology-based businesses.at different stages of product
development. According to Ady, location criteria are different depending on whéthcr
't__h_e‘ oroduct_is in the theory-driven stage, the produqt-dri\ﬁen:,stago, or the market-driven
stage. In the ini_-t__i,al or theory-driven stage of an embryonic firm. with an emb'ryoni'c
o_roduct, the necessary ingredients are: high-risk- venture capital, close contact with
university research and - other technology-based- enterprises, and reasonably priced

_hatu;gl or .:_Qr:tifii:ial_ incubator facilities for. feasibility. testing and  developmental
research. In the second stage, where the product is proven: viable but is still unique, a
supply. of trained technicians and skilled workers becomes essential as well as access to
research and development facilities, attractive living conditions, and a. favorable
business chmate. Finally, in the market-driven. stage, which is characterlzed ‘by. price
competition and mass production, traditional.industrial location variables such as labor

and energy costs, tax exemptions, and other incentives become important.

Malecki (1983) summarizes most of the existing knowledge about high-technology
growth in citing rogion_a.l industrial mix, product cycle mix, university research,
infrastruoture;_ capital .a\_'ailabillity,_ history of new .firm formation, and government
research émci development and procurement és being the most important ingredients in '
the generatlon of new economic. actl\nty He also points out that the location of a firm's.
research and development acthty is most often based. on proximity to corporate
headquarters and on the locailt.ys attractweness to research personnel. ’['her.efore, this
act1v1ty is unhkely to be relocated partlcularly to areas lacking in appeal to culturally

50ph1st1cated professionals.

i1




The involvement of government in the innovation process has been Stud_,ised_
extensively (see Rothwell and Zequeld 1981); however, from a policy standpoint, it is
unclear where the various levels of government can most appropriately and effﬁctivﬁly'
intervene in the innovation process to stimulate it. .Intervention is possible at any stage |
in the innovation process and the potential is made clear when the innovation process is

~described in terms of the product cycle.. The process in ‘this context is (Office of _
Technology Assessment (OTA) 1983): (1) research and development of innovativé
products and processes; (2) cgmm;-r'.cial application of innovation and the associated
~creation of new firms; (3) attraction, expansion, or standardization of production among
praducers of innovations; and (%) application of new technologies by, established users of .

innovations,

The federal government has supported all phases of research and development in
areas related to national. defense and aerospace and ba51c research in all areas. Th_,e_ |
supp.ort for basic research is jus-tzflable Qn‘the gr-ounds that the soc1al rate of return is
rate of re_turn an_d the dlfi;c.u.lt,y in cap.t.u_r-mg- ;ts-;’-@sults for _:xc,lys.wg c:,xplmtangn b.y -the'.
sponsoring firm, On the other hand, gover:nment has traditionally left commercialization
federal_: --government!s;_trad,x.tmna,l. .s.trat;s:_gy is t.he essence sOI. -t_he dxsguss.lqns qulvmg
technology in-the national industrial policy-debate, A recent report by the Congressional
Budget Office (1984) contains an-excellent discussion of federal support for research and

development. -

Technology-Based Regional Economic Development .

Many localities have.initiated programs to premote technological innovation as an
economic development strategy, They perceive that these strategies will lead to. some
combination of. desirable outcomes such. as increased employment and ]Ob quallty or

higher personal income levels, . Such strategles sl‘-zould be pursued judiciously since they

A number of state and local efforts have been catalogued in a series of reports

from OTA (1983; 1984a; 1984b), the National Governors' Association (NGA) (NGA 1983),
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A still more recent estimate by Birch (1983) for the 1977-81 period attributes 51
percent of new jobs to businesses with fewer than twenty employees. However, both the_
original Birch (1978) and the Armington and Odle (1982a; 1982b) studies report that new
establishments, both large :arid small, contribute one-half or inore of net new jobs. An
excellent discussion of both studies is contained in Vaughan (1983). -

Harris (198%4a; 1984b) recently studied the phenomenon of job creation .in high-
technology industry, This study revealed the following facts about the high-technology -
industry sector: (1) under Harris'. definition of high-technology, in 1980 ‘the sector
employed less than 10 percent of the total work force and 60 percent of this employment
was in large firms.of more than 10,000 employees; (2) between 1976- and 1980, -high-
technology employment growth of 19.4 percent-was 1.7 times the percentage growth in
other manufacﬁturing plus business services; and (3) within the sector, small firms of less
than 500 employees grew twice as fast as larger firms a_;nd;contributed.uo-percer_xt of net

new jobs, although their share of total sector employment was only 20:percent. -

It would appear, then, that the potential of small high-technology firms for job
creation within the sector-itself is significant but-these firms are not at this time the

. dominant source -of jobs. Moreover, the entire.sector will contribute only a small

" fraction of new jobs created. The Bureau of Labor Statistics (Riche, et-al. 1983)
‘estimates that between 1982 and 1995, high technology industry will account for between

3 -percent and 17 percent of net new. jobs, depending-on whether a narrow or broad

definition of "high technology" is adopted.

There may, however, be an indirect effect of the innovative activity to which these.
firms contribute. that is far more important than their employment statistics. Birch and.
MacCraCken (1984) have advanced the concept of a"high innovation” sector of which the ‘
hi__gh-techno_lt)gy sector is a subset.. They hypothesize ‘that the principal benefit of the

innovative activity in the high innovation sector .is the creation of jobs in srn_a.l_ler-"
| businesses in the low technology sector. This is accomplished through innovative activity
spawned by the primary and secondary.impacts-of technology transfer to the traditional

business.sector. -




‘‘‘‘‘

p’f‘o‘gr
discussed and general conclisions are formed regarding optifnal individual  state
sirategies based o telévant state economic and demographic chiaractéristics. Finally, 2
réséareh and developmént-based économic devélopiment research progranm initiatives of
sélécted states aré assessed within: the analysis framework presented: A companion
Feport - (Watking 1985) - discusses staté prograni initiatives whiel focus. of. the

comercialization of ideas derived from basic and applied reséarch,
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