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The Honorable James S. Gilmore, III
Governor of Virginia
and
The Joint Commission on Technology & Science
and The General Assembly of Virginia

Donald W. Upson
Secretary of Technology

Dear Governor Gilmore, Members of the Joint Commission on Technology & Science and
Members of the General Assembly:

I am pleased to submit to you Strategic, Statewide R&D Recommendations for the
Commonwealth of Virginia, and Recommendations for Improving the Intellectual Property
Policies and Practices in Virginia's Public Universities and Federal Laboratories.

Senate Joint Resolution 502 (1999) requested the Secretary of Technology develop a
comprehensive statewide research and development (R&D) strategy for the Commonwealth and
include a review of the intellectual property policies and procedures of the institutions of higher
education and federal laboratories, incentives to participate in joint ventures, and best practices
by which intellectual resources can be linked to commercialization to benefit the economy of
Virginia.

As a basis for the R&D study, Chmura Economics and Analytics conducted a study of
high technology growth opportunities for Virginia for Virginia's Center for Innovative
Technology (CIT). Members of the Virginia Research and Technology Advisory Commission
(VRTAC) together with senior members of CIT's staff reviewed that study with Dr. Chmura and
developed a draft set of R&D recommendations, which were presented to the full membership of
VRTAC at their October 3,2000 meeting. Members ofVRTAC and CIT staff working with the
Chairs ofVRTAC and the President of CIT developed the final set of five (5) recommendations
described here.

The recomnlended R&D strategy is based upon the intimation that Virginia's future
. economic competitiveness will stem from its ability to innovate new ideas and then
commercialize for consumer consumption. These, in tum, will depend on developing the highest
quality intellectual property and human capital. The major avenues for developing intellectual
property and human capital are by perfonning research and developing products in federal,
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university/non-profit or industrial installations. The recommendations focus on actions the
Commonwealth can take to increase R&D funding to our universities and to encourage the
performance of R&D in our companies. They are a step ainled at maintaining and increasing the
Commonwealth's position of global, technology leadership

In addition. please find the intellectual property review segment of the report. This
document contains the recommendations portion of the Intellectual Property analysis, All
Assessment of the Intellectual Property Policies and Practices in Virginia's Public Universities
and Federal Laboratories, previously submitted to the Governor. the Joint Commission on
Technology & Science and Members of the General Assembly. Upon completion, the initial
report was submitted to the Virginia Research and Technology Advisory Commission (VRTAC)
for review and comment. It was anticipated that this recently established commission could
provide the most infonned opinions with regard to recommendations designed to strengthen and
improve Virginia's intellectual property policies.

The report sets forth six (6) recomnlendations for improving the transfer and
commercialization of Intellectual Property (LP.) from Virginia's public universities and federal
laboratories to Virginia companies. In addition, the study findings and recommendations suggest
ways that an increased awareness of these assets and mechanisms might result in greater
collaborations. It is envisioned that improved policies and procedures will lead to an increase in
private sector investment in R&D perfonned in Virginia's universities and also enhance the
environment and opportunities for creating iIll10vative start-up companies driving new economic
growth in the Commonwealth.

Sincerely,

J)J,jf,./~
Donald W. Upson

Enclosure
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Executive Summary

The recommended Research & Development (R&D) strategy for Virginia is grounded in
the notion that Virginia's future economic competitiveness will stem from its ability to
innovate and then commercialize. These skills, in tum, depend on developing the
highest quality intellectual property and human capital. The major avenues for
developing intellectual property and human capital are by performing research and
developing products in federal, university/non-profit or industrial installations.

Currently, the most propulsive economic clusters in Virginia for innovation and growth
are information technology & telecommunications, aerospace, and biotechnology. In
addition, in each of these sectors there is an advanced manufacturing or process
component. (See report in Appendix A.) These closely track the list of target technology
sectors developed independently by the Virginia Research and Technology Advisory
Commission (VRTAC).

In order to ensure Virginia's continued technology leadership, VRTAC and Virginia's
Center for hmovative Technology (CIT) recommend the following steps as the basis for
Virginia's R&D strategy:

1.) Establish VRTAC as a permanent, funded body, supporting the growth and
development of Virginia's R&D infrastructure.

2.) Permanently appropriate the Commonwealth Research and Technology
Fund (CTRF), expanding it to a level competitive with other states
over the next two budget cycles.

3.) Provide R&D tax credits to Virginia companies for cooperative research with
our universities, specifically targeting propulsive technology clusters.

4.) Provide economic development incentives that will encourage the relocation
or expansion of R&D facilities.

5.) Change existing Intellectual Property law to simplify and streamline
University - Industry interactions.

R&D Recommendations 2



Introduction

The idea behind a strategic R&D plan and this set of recommendations is that Virginia's
future economic competitiveness will derive from our ability to create new products and
processes and commercialize them. Innovation and the commercialization ofnew
products and processes, in tum, will depend on our first developing the ideas and
conceptions behind these new products as well as having the talented workforce to bring
them into the marketplace.

The major avenues to develop innovative technologies and the scientists and engineers
essential to this endeavor are to perfonn R&D in federal, universityl non-profit, and
industrial laboratories. Funding for this R&D is provided by federal, state, and industry
sources as well as private foundations.

Categories of Research & Development

The only category where Virginia has excelled is in federally-funded federally-perfonned
R&D. This category generally has the least economic impact because much of it is
defense oriented. What is needed is a strategy that increases R&D spending in other
categories, such as, federal support for university-based R&D and industry-funded
industry-perfonned R&D.

In the table below, our recommendations are targeted in precisely this fashion, with the
goal of providing the necessary funding and lor incentives to grow the research base for
our most competitive clusters:

Performer FtllJ(ltr Rl'l'O III III cnda1ion

Ft'dl'r~ll S1~1"'" [ndll'lr~

University/ Non
Profit & Federal

UniversitylNon
Profit

UniversitylNon
Profit & Industry

Industry

UniversityiNon
Profit

R&D Recommendations

Establish VRTAC as a permanent, funded body,
supporting the growth and development of
Virginia's R&D infrastructure.
Permanently appropriate the Commonwealth
Research and Technology Advisory Fund
(CTRF), expanding it to a level competitive with
other states over the next 2 budget cycles.

Provide R&D tax credits to Virginia companies
for cooperative research with our universities,
specifically targeting leading technology
clusters.
Provide economic development incentives that
will encourage the relocation or expansion of
R&D facilities.
Change existing Intellectual Property law to
simplify and streamline University - Industry
interactions, including the transfer of patent
ownership.
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4.) The Commonwealth needs to create and develop an environment conducive to the
expansion of existing R&D facilities in Virginia or the relocation ofR&D facilities here.
In the short term, this means targeting existing economic development incentives, such
as, the Governor's Opportunity fund, at R&D facilities. The Company Attraction
component of the CTRF is a good example of existing incentives.

Targeting facilities in advanced manufacturing, such as, biotech manufacturing or
Semiconductor fabrication facilities is particularly important here because these advanced
manufacturing capabilities underpin the technology clusters important to Virginia's
future

In the longer term, VRTAC through its membership needs to examine and recommend
incentives focused on the most propulsive technology clusters. In biotechnology for
example, Virginia may need to look at issues, such as, the availability of wet lab space or
access to capital.

5.) Finally, unless existing Intellectual Property law is simplified and streamlined,
recommendations focused on promoting University - Industry interactions will have little
effect. A tax credit for sponsoring research in a university will make little sense to a
company if the results of the research are difficult to exploit commercially.

The most important change Virginia universities could make is to develop a simple,
statewide framework for the transfer or licensing of Intellectual Property to companies.
Additionally, the legislature should change existing law to allow the universities' Boards
of Visitors to transfer patents to companies on a case-by-case basis rather than requiring
the petitioning of the Governor and his signature for such transfers.

Propulsive Technology Clusters

The report on "Identifying High-Tech Growth Opportunities in Virginia" by Chmura
Economics & Analytics is attached as Appendix A to these recommendations. That
report identifies information technology & telecommunications, aerospace, and
biotechnology as the technology clusters that are important to Virginia's future. The
report comes to its conclusions by looking at national and international opportunities and
calibrating them against Virginia's potential. Clusters are made up of companies with
buying, selling and R&D relationships. For example, the biotech cluster includes
companies developing drugs as well as those testing drugs for federal approval. The
aerospace cluster consists of interdependent companies including those that develop
aircraft as well as those producing navigation and search equipment.

VRTAC, independently, found several broad technology areas of critical importance to
Virginia. They include infonnation technology & telecommunications, biotechnology,
advanced materials & nanotechnology and technology contributing to advanced
manufacturing on their list -- noting that these technologies will enable developments in
areas such as, Internet Applications, communication security, new phamtaceuticals health
diagnostics. new lubricants and remote sensors. Clearly VRTAC's list and Chmura's

R&D Recommendations 5



technology clusters are nearly congruent; moreover, when one recognizes the importance
of advanced materials to the cluster Chmura identifies as aerospace, they are even closer.

Focus on these clusters or VRTAC's list of critical technologies clearly penneates the
recommendations here from targeted tax credits to areas of focus for the CTRF. Beyond
the recommendations listed here, it is also important for CIT to align its activities around
these technologies. For example, CIT's funding ofnew Technology Innovation Centers
in July 2001 should complement investments of the CTRF in our universities made in the
same time period.

R&D Recommendations 6



Identifying High-Tech Growth
Opportunities in Virginia

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ..
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Recommendations

1.) VRTAC, as chartered last year, has broad responsibilities for developing and
promoting an R&D agenda for the Commonwealth. Last March, prior to its appointment
as a Gubernatorial commission, its members briefed Virginia's Congressional delegation
individually on the Commonwealth's R&D priorities. These included both federal
laboratories, such as, National Aeronautics & Space Administration facility at Langley
and Thomas Jefferson National Laboratory, and the Commonwealth's research
universities. Those same priorities are being used in the Request for Proposals for the
CTRF.

VRTAC currently exists as a result of an Executive Order issued by Governor Gilmore
last July. VRTAC needs to be established as a pennanent body with its own funding
from the Commonwealth.

2.) The CTRF is currently funded at $13 million matched on a one-to-one basis by the
universities. Its administration is awkward -- the Department ofPlanning & Budget
(DPB) administers the fund, with VRTAC providing R&D priorities and guidance on
individual proposals, and Virginia's Center for Innovative Technology (CIT) providing
technical and scientific reviews on individual proposals.

States, such as, Michigan and North Carolina, provide similar funding for R&D in the
$50 million per year range. This fund needs to be made a pennanent part of the
Governor's budget with a level of funding that is competitive with other states in the next
two budget cycles. The fund's administration should be simplified and streamlined - the
involvement ofVRTAC, DPB and CIT is unnecessarily complicated. CIT should
administer the fund with VRTAC providing guidance to ensure the final selection of
proposals reflects Virginia R&D priorities.

3.) Two types ofR&D tax credits make sense for Virginia. The first is a state tax credit
for research performed at an institution ofhigher leaning in the state by a company. This
credit would promote the sponsoring ofR&D by industry in our universities It would
also encourage companies to locate significant parts of their operations in Virginia to take
advantage of the tax credit. Often companies locate their R&D activities and divisions
near universities where they sponsor R&D.

The second type of tax credit would be targeted at small start-up companies in the
technology clusters pointed out in the Chmura report on " Identifying High-Tech Growth
Opportunities in Virginia" -- infonnation technology & telecommunications, aerospace,
and biotechnology. (See Appendix A.) These credit would apply to internal R& D
perfonned by the company but would be restricted to small start-ups. Because many
start-ups have no revenues and for that reason pay no state tax, these credits need to be
transferable or redeemable by the state. This tax credit is targeted to encourage the
creation of new companies in leading technology clusters.

R&D Recommendations 4



Preface

This study benefits from previous analysis that was sponsored by Virginia's Center for Innova
tive Technology concerning the growing high-tech industry in Virginia. For example, Pearson
and Kulas (1997) found that between 1991 and 1996, employment at high-tech industries in
Virginia grew at a slightly slower rate than that of all industries, but wages and salaries paid to
high-tech workers were well above those for other industries in the state. Stough, Kulkarni,
and Trice (2000) considered the distribution of high tech around the state and found that
Northern Virginia contained the fastest growth and the greatest concentration of high-tech
employment.•

The findings of earlier studies are confirmed in our research. The definition of a high-tech
industry is one substantial difference between this report and previous studies of the high-tech
industry in Virginia. Previous studies of technology in Virginia generally used a list of over 100
industries at the four-digit standard industrial classification level to define high-tech. One of the
goals of this study, however, is to identify a definition of high-tech that is flexible and broad
enough to change over time in a manner that captures the evolving high-technology industry.
The definition of technology used in this study is explained on page 7 and in Appendix A .

• Historically, Virginia's Center for Innovative Technology has used the Modified Armington approach to define high-technology
industries.

Chmura Economics & Analytics



Executive Sumtnary.. . . . . .. .... . . . . . . . . . . .. ....... . . . .. . . . . . . .. .. . .. . . ... . ... ... .. .
• Technology has played a vital role in the economy over the last decade. The resulting acceleration in

productivity enabled the economy to grow at a faster rate than otherwise and boosted living stan~

dards. The fastest growing metropolitan areas in Virginia possess the largest percentage of high-tech
jobs.

• In Virginia. as with much of the nation, employment in the high-technology industry has grown at twice
the pace of total employment over the last five years. In addition, high-tech industries in Virginia paid
their employees an average $67.801 in wages and salaries in 1999 compared with an average of
$33,069 for all industries in the state.

• There is a strong and distinct relationship between the Federal government and many high-technology
firms in Virginia, which results in innovative products and services that ultimately make their way into
the private sector. During 1998, Virginia received approximately $4.7 billion in research and development
obligations from the federal government, which ranked it 4th in the nation.

• Virginia's seven major research universities and other institutions of higher education perform innova
tive research and contribute immeasurable amounts of human capital to the state that are necessary
for a high-tech workforce. However, the state ranks only 17th in the amount its doctorate-granting
institutions spend on research and development. In addition, none of the universities in Virginia were
ranked among the 32 others in the nation that received 100 or more patents between 1995 and 1999.
However, 5.5% of the state's patents in 1997 were issued to universities and colleges compared to an
average 2.2% in the nation.

• Private industry is also an important source of innovation. Similar to the nation, patent awards in
Virginia are increasing at a faster pace for high-tech industries than for all other industries. However,
Virginia's pace of high-tech patent awards was slower than that of the nation from 1990 through 1998.

• Clusters of similar firms have located in close proximity to each other as the accelerated pace of
innovation in the economy has increased the value of scientific research, education, and networking.
Once established, these clusters have provided a powerful source of growth for regional economies.

• Looking to the future, Virginia's rising position as a high-tech leader in the nation will be dependent on
the ability of entrepreneurs and mature businesses to turn innovations into marketable products. From
the perspective of the current national economic environment and the capabilities of Virginia's high
tech industries, state support that further encourages the development of the following clusters are
the most likely to provide the highest dividends to the Virginia economy:

• Information technology and communications
• Biotechnology and medical
• Aerospace

• This study provides a high-level view of high technology in Virginia and should be supplemented with
more detailed industry analysis to identify the needs and eliminate the inhibitors that will lead to in
creased innovation activity between industry, federal laboratories, and research universities.

• . • • • • • • • • • • • . . • • • • • • • • • • • • • • .. 2 •••••••••.•••.•••••••••• • • • •••.



Innovation is at the core of
these trends. Research
and development often
leads to product discover
ies that increase our pro
ductivity or enhance our
living conditions.

In Virginia, empZoyment in
high-tech industries grew
an annual average 6.3%
from 1995 through 1999
while total employment in
creased an average 2.5%
a year during the same
period.

The accelerated pace of
innovation in the economy
has increased the value of
education and networking.

The implication for regional economic growth is clear. Metro
politan areas with the highest concentration of high-tech in
dustries experienced the fastest growth between 1990 and
1998 (DeVol, 2000, p.1 0). In Virginia, employment in high
tech industries grew an annual average 6.3°ft> from 1995 through
1999 while total employment increased an average 2.5°ft> a
year during the same period. Moreover, high-technology jobs
pay much higher than average wages. In Virginia, the high
tech industries paid their employees an average $67,801 in
wages and salaries 1 in 1999 compared with an average of
$33,069 for all industries in the state.

The accelerated pace of innovation in the economy has in
creased the value of education and networking. In the new
economy, lifelong learning has replaced task specialization,
alliances and collaboration among firms is a more common
theme than the independent ventures of the past and inven
tion is seen as a more important driver of growth than holdings
in capital, labor, and land.2 Consequently, one would expect a
thriving, innovative economy to include increased interaction
among businesses as well as with universities. From this per
spective, geographic location is important. Thus, a technique
known as cluster analysis is used in this study to identify groups
of industries whose synergies are likely to promote further
growth.

Although the implications for regional economic growth are
clear, the practical application is not. Today's high-tech, high
growth industries may not be the stars of the next decade.
Virginia's capabilities place it in a strong position among other
states in today's high-tech environment. Yet, the question re
mains, how can state policies further the position of the Com
monwealth for success in the coming decades?

Overview of Objective. .. . . . . . . .. . . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . .. . . .
Technology has played a vital role in the economy over the Technology has played a
last decade. Not only have technology products provided more vital role in the economy
than half of the manufacturing output over the last five years;
but by increasing the rate of productivity, technology has en- over the last decade.
abled the U.S. economy to grow at a faster rate and has raised
the standard of living for Americans. Innovation is at the core
of these trends. Research and development often leads to
product discoveries that increase our productivity or enhance
our living conditions. Society benefits, firms benefit, wage
earners benefit, and the economy grows.

I Wages and salaries include some stock options that were exercised.
~ See Stough (2000, p. 9), for a more extensive comparison of the attributes of the old and new economies.
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One quality of the old economy that has not died, however, is
that only the best firms survive. Some industries outperform
others. Changes in consumer spending patterns, new prod
ucts, and labor-saving devices all affect the success of indus
tries. Successful investors shift their funds to firms that are
expected to experience the fastest growth. Similarly, govern
ment agencies steer grants toward firms that are expected to
succeed.

This study seeks to identify Virginia'S high-tech capabilities as
well as the high-tech environment in which the state exists.
The capabilities and external environment that are summa
rized will be used to identify industries that possess the great
est potential for being counted among the high-tech industries
of the next decade. The goal of this process is to identify cur
rent and emerging high-tech industry clusters that can be tar
geted for increased federal and state research and develop
ment investment. Not all of the identified clusters are fully de
veloped. Most of the clusters. for example, can benefit from
additional research at local universities. As noted later, the
quantitative process used here to target high-tech industries
should be supplemented with input from industry participants
.and experts who can identify nuances of industry interactions
that are not evident in the data.

An earlier study, ClAn Overview of the High-Tech Industry in
Virginia," defines high-technology industries3 and provides a
view of the current structure of the high-tech industry in Vir
ginia. This study builds on the foundation of the first study by
assessing which high-tech industry clusters in the state, whether
emerging or mature. have the greatest potential to thrive in the
economic environment and the innovative infrastructure of the
new economy while providing the greatest gains to the state's
citizens.

One quality of the old
economy that has not died,
however, is that only the
bestfirms survive.

This study seeks to identify
Virginia shigh-tech capa
bilities as well as the high
tech environment in which
the state exists. The capa
bilities and external envi
ronment that are summa
rized will be used to iden
tify industries thatpossess
the greatest potential for
being counted among the
high-tech industries ofthe
next decade.

3 Industries qualify as high-tech if they possess at least double the percentage of employment in technology-oriented occupations as that of the average for all industries and if
their percentage of employment in research and development is at least 80% of the mdustry average. See Appendix A of Chmura and Battle (2000) for more infonnation.
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qesearch, Innovation, and Firm Location. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .
Innovation is a driving force of the new economy. Patents,
which are a measure of innovation, show that the pace of in
novation has accelerated and the product focus has shifted.
From 1980 through 1989, patents grew at an annual average
pace of 3.30/0 in the nation and 3.5% in Virginia. From 1990
through 1998, the annual average pace of patent awards in
creased to 8.8% in the nation and 4.4% in Virginia. Informa
tion technology4 accounted for 9.00/0 of U.S. patents awarded
in 1980 and grew to 25°k by 1999, while health technologies
accounted for 6.00/0 of U.S. patents awarded in 1980 and grew
to 13°k by 1999 (Hicks, Breitzman. Olivastro, and Hamilton,
2000, p. 4).

Innovations have the power to create new industries and re
shape existing industries. In the process, some regional econo
mies thrive by creating many new and often better paying jobs
for every job that is eliminated by change. On the other hand,
some regions struggle to restructure, when new jobs are not
created fast enough to offset job losses in industries with de
clining competitive advantage. The ability of an economy to
\enefit from the transformation brought about by technologi
~al change is based on many factors.

Studies indicate that local scientific research is aile of the fac
tors important to the successful development of a region's high
tech industry (Hicks, Breitzman, Olivastra, and Hamilton, 2000,
p. 11 and Keller, p. 27). This finding seems counter-intuitive in
an age of increased access to information via the Internet. Even
so, Hicks, Breitzman, Olivastra, and Hamilton report, "...we
find evidence that technological development has strong links
to local scientific research."

Where does local scientific research in a region take place?
Universities can playa strong role. In addition, federallabora
tories as well as federal contracting and gr~nts for research
and development create centers of scientific research. Pri
vate industry also supports scientific researoh through its own
efforts to enhance products and services. Finally, state gov
ernments playa role in scientific research by providing grants
for research and development and encouraging a collabora
tive relationship between firms, universities, and the federal
government. In the next few sections of this report, the role of

Innovation is a driving
force ofthe new economy.

Studies indicate that local
scientific research is one of
the factors important to
the successful develop
ment of a region s high
tech industry.

4 Infonnation t~chnology is defined in the Hicks et al. study as computers, peripherals. telecommunications, semiconductors. electronics. and software. Health technologies
comprise biotechnology. pharmaceuticals, medical electronics and medical equipment.
••••••••• '!' ••••••••••••••••••• !. 5 .



federal government, state government, universities, and indi
vidual firms will be assessed with regard to their contribution
of research and development to high-tech firms in Virginia.s

Local scientific research that occurs through the interaction of
. universities and government sectors with private enterprise can
serve as a catalyst in innovation and high-tech growth in a
region. Consequently, it is not surprising to find that the major
ity of the high-tech jobs in Virginia are found in metropolitan
areas that are within close proximity to research universities.

In the current economy that places a premium on innovation,
high-technology industries will remain vital to a region's eco
nomic health. As shown in the next few sections, the interac
tion of universities, businesses, and government entities plays
a strong role in supporting that growth.

Local scientific research
that occurs through the
interaction ofuniversities
and government sectors
with private enterprise can
serve as a catalyst in in
novation and high-tech
growth in a region.

~ By dermition. the high-tech industry employs a larger proponion of research and development workers than other industries. High-tech industries are defmed in this study as
those that possess at least double the employment in technology-oriented occupations as that ofthe average for all industries and employ research and development scientists and
engineers at a rate of at least 80% of the industry average for research and development performing industries. See Appendix A ofChmura and Battle, August 4,2000, for more
detail.

• • • . . . .•.••............•.••. • •. 6 .•. • • • • • • . • ..••• • · • • • • .... • · •. • •



The Role of the Federal Government in Virginia's
High-Tech Industry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The federal government supports research and development
in a variety of ways that can lead to the creation of innovative
products in the private sector. The majority of the support falls
into two categories, which are addressed in this section: fed
eral procurement contract awards and grants. Procurement
contract awards are purchases of goods and services by vari
ous federal agencies. The focus in this study is on "research
and development" purchases because of their important role
in innovation and high-technology industries. Federal grants
for research and development, which represent financial as
sistance to carry out approved activities, are also assessed.

There is a strong and distinct relationship between the Federal
government and many high-technology firms in Virginia, which
results in innovative products and services that ultimately make
their way into the private sector. The concentration of Internet
firms in Northern Virginia is the most prominent example in
Virginia of the benefit private firms have derived from the fed
eral government-in this case, from the Pentagon.

The proximity of the state to the nation's capital is one of the
factors encouraging the strong relationship between federal
spending and Virginia's firms. The size and amount of Federal
labs and installations that reside in Virginia (see Figure 1) also
encourages the federal government to purchase from firms in
Virginia. In fiscal year 1999, for example, Virginia received
$18.6 billion in federal procurement contract awards or 10.7%

of all awards in the nation. Virginia ranked second among the
states behind California. At the firm level, six of the top ten
companies in the nation that receive federal procurement con
tracts have a strong presence in Virginia.6

Approximately 12.3% or $24.5 billion of all federal procure
ment contracts in fiscal year 1999 were awarded for research
and development. High-technology firms received $845.6 mil
lion or 3.4% of the research and development contracts
awarded? in Virginia in fiscal year 1999 (see Table 1). As shown
in Chart 1, 42.2% of the research and development contracts
were awarded to engineering and architectural service firms
and another 24.60/0 went to firms that provide research, devel
opment, and testing services in Virginia.

There is a strong and dis
tinct relationship between
the Federal government
andmany high-technology
firms in Virginia, which re
sults in innovative prod
ucts and services that ulti
mately make their way into
the private sector.

6 The top 10 federal procurement contracts in fiscal year 1999 were (in order of largest. rrrst): Lockheed Martin Corporation; Boeing Company; Raytheon Company. Inc.;
General Dynamics; Northrop Grwnman Corporation; The University of Califomi a; United Technologies Corporation; TRW, Inc; Litton Industries, Inc.; and CBS Corporation.
1 State rankings are not available for federal contract awards to perfonn research and development that are awarded only to high-technology fmns. However, in 1999 Virginia
ranked 2nd in the nation for total federal contract awards to perfonn research and development with $2.2 billion Califomia was rwed first and Texas was ranked third.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 . . . . . . . . . . . . • . . . . . . . . • . . • . . . . . .



Figure 1: Federal Laboratories, Centers, and Agencies in Virginia
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Federal obligations, which includes grants. provide a broader
measure of federal spending than contract awards; but these
data are only available through fiscal year 1998. During 1998,
Virginia received approximately $4.7 billion in research and
development obligations from the federal government, which
ranked it 4th in the nation behind California, Maryland, and Ohio
(see Table 2). The Department of Defense provided 10.5% of
the obligations to Virginia.

Defense Spending

From the 1940s until the recent end of the Cold War, much of
the emphasis in federal science and technology funding was
directed towards national security. In many cases, the federal
government and the contractor firm anticipated that technolo
gies originally "developed for the military would become com
mercialized in private applications. Deep cuts in defense spend
ing throughout the late 19805 and 19905 caused the federal
government to encourage the defense industry to look towards
commercial production (Hetrick, 1996, p. 60). Consequently.
there has been a distinct shift away from large government
funded projects to more directed technology areas, usually
those prOViding the greatest commercial potential (KTEC, 2000,
p. 32). Programs such as the Technical Reinvestment Project
(TRP), with an initial funding of nearly a half-billion dollars. and

• • • • • • • • • . • . • • • • • • • . • • • • •.• • • . .. 8 ..... . • • . . . • . • . • . . . · • • . . . • • · • • . •
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273 Drugs

357 Computers and office equipment
366 Communications equipment
369 Miscellaneous electrical machinery
372 Aerospace
376 Guided missiles. space vehicles
381 Search and navigation equipment
382 Measuring and controlling devices
481 Telephone communications
737 Computer and data processing services
871 Engineering and architectural services
873 Research. development. and testing services

Total

Dollars,
Thousands

509
1,621

53,666
230
137

38,321
125,802

218
465

59,757
356,947
207,489

845,162

% of Total

0.06

0.19
6.35
0.03
0.02
4.53

14.88
0.03
0.06
7.07

42.23
24.55

100.00

Source: U.S. General Services Administration, Federal Procurements FY 1999.

Small Business Innovation Research (SBIR) grants, which pro
vide seed money for small businesses, reflects this change in
emphasis.

Even though defense spending declined in real terms over the
last decade, the large military complex in Virginia provides a
catalyst for much of the federal research and development fund
ing that occurs in Virginia today. High-t~ch industries in Vir
ginia remain a significant beneficiary (See Chart 1). Defense
expenditures on research and development in Virginia's tech
nology industries accounted for 76.50/0 of the federal procure
ment contracts received in fiscal year 1999 varying from a low
of 72.1 % in the third quarter of 1999 and a high of almost 900/0
of all federal contract awards in the fourth quarter of 1998 (see
Chart 2).8

Small Business

The growth of small firms and their success rate are important
factors in high:-technology industries, and they have also ben
efited from federal contract awards for research and develop
ment. In fiscal year 1999, 43.90/0 of federal research dollars
went to high-tech firms classified as small businesses with the
percentage varying from 16.1 % of all federal research and
development contracts awarded in Virginia in the fourth quar-

Even though defense
spending declined in real
terms over the last decade,
the large military complex
in Virginia provides a
catalyst for much of the
federal research and de
velopment funding that
occurs in Virginia today.
High-tech industries in
Virginia remain a signifi-
cant beneficiary.

6 This figure includes all work perfonned in the stale, regardless of the fltnt's home office location.
9 The small business classification refers to finns with fewer than 500 employees....... ·····················9 .



Chart 1: Distribution of Federal Procurement Contract R&D
Awards to Virginia's High-Tech Industries, Fiscal Year 1999
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tOUll F.dlral r••••rch Oept of H.alth & the Trane· Science
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obllilational Total Tolal- tur. Commerce O.fen.e1 Energy Service. or taUon EPA NASA tlon

RMk Total 70,51Z,US 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 CaNfornia 12,215.846 17.3 5.5 85 18.3 17.4 11.2 7.0 4.2 5.6 27.6 15.2
2 Maryland 7,964.210 11.3 9.6 367 7,7 1,0 23.7 2.3 4.3 , ,4 14.3 2~ 7
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5 Texas 4.110,756 58 4.4 13 3.1 04 3.8 4.3 22 2.6 23.8 3.1
6 Georgia 3.442.612 4.9 3.2 05 85 0,2 2.3 1.5 0.9 2.8 0.2 1.6
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10 District of Columbia 2.229,086 3.2 11.7 1,7 31 4.8 1.3 0,4 257 12.5 2.1 3~3
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Chart 2: Percentage of Federal Government Procurement
Contract R&D Awards to Virginia Firms from the Dept. of Defense
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Source: U.S. General Services Administration. Federal Procurements. FY '997.

ter of 1998 to 20.5% in the second quarter of 19999 (See Chart
3).

In addition to federal procurement contract awards for research
and development, high-tech small business benefit from SBIR
awards, which is seed money for firms with fewer than 500
employees. Under this program, research money is awarded
in 'phases,' where phase I is designed to help in the develop
ment of an idea, phase II is intended to help in the production
process, and phase III, if necessary, helps with commercial
ization of the product or service. Each subsequent phase is
dependent on the success of the previous phase. As is to be
expected, SBIR awards strongly favor technology areas where
innovation can meet a national security need as well as have a
future commercial impact. On the national level, information
and communications made up 500/0 of SBIR funds from 1994
through1997, and components and materials made up 27%) of
SBIR awards (KTEC, 2000, p. 34). Virginia ranked third in the
nation in SBIR awards from 1990 through 1997.

Virginia ranked third in
the nation in SBIR awards
from 1990 through 1997.

· . . . . . . . • · . . • . · · · · . . . . . . . • . • · · .. 11 · . . . . . . . . • . . . . . . . . ,. . . . . . . . . . . . .



Chart 3: Percentage of Federal Government R&D Avyards
to Small Business Virginia Firms
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The Role of the State in Virginia's High.Tech
Industry. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .
Almost all states possess science and technology offices, many
of which were not created until the mid-to-Iate 19805 (National
Science Foundation, 1999, p. 1). Moreover, the National Sci
ence Foundation has found three common focuses among
states (1999, p. 1):

• Maintaining and strengthening the research and
development (R&D) capacity of the states' col
leges and universities;

• Encouraging "home grown" businesses by pro
viding support to entrepreneurs and small tech
nology-based firms rather than seeking to recruit
technology firms to locate within the state; and

• Facilitating the incorporation of new technology
into processes and products.

The Commonwealth of Virginia focuses on each of the goals
noted above. The state's role in strengthening research and
development in its universities and colleges is addressed in
the next section. The second and third goals noted above are
largely accomplished by Virginia's Center for Innovative Tech
nology (CIT), a state-chartered not-for-profit technology industry
support center, which was created in 1984; and the Office of
the Secretary of Technology, which was created in 1998. The
Office of the Secretary of Technology is ..... responsible to es
tablish a policy environment for technology-led economic
growth and an implementation of electronic government that
will bring real value to the citizens of the Commonwealth"
(www.sotech.state.va.us).

Although CIT provides funding for research and development,
another role that is just as vital in the new economy is the
connectivity that it provides between universities and busi
nesses as well as business-to-business. 1o The Commonwealth
Technology Research Fund (CTRF), for example, possesses
the following three goals: (1) provide matching funds to lever
age federal and private research investment in Virginia univer
sities, (2) enhance the research capacity of academic depart
ments with innovative research in technologies that have strong
economic development potential, and (3) upgrade university
research capacity in key departments in order to attract spe
cific companies to expand or locate in Virginia. CTRF is admin
istered by Virginia's Department of Planning and Budget while
CIT is responsible for technical reviews of proposals.

Although CIT provides
funding for research and
development, another role
that is just as vital in the
new economy is the con
nectivity that it provides
benveen universities and
businesses as well as busi
ness-to-business.

II) For an in-depth view of the role of CIT and the Secretary ofTecbnology, see Www cjt org and www $9tecb stare va "$, respectively.
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In addition, CIT supports a unique group of nine technology
councils around the state that provide an opportunity for busi
nesses to network. These councils offer a variety of support
for technology firms-from informational meetings to directo
ries that identify suppliers.

. . • · • · · . • · · •... · · • · · • · · • • · 14 · · · • · · · • · • • · · ...•.....



The Role of Research University in Virginia's
High-Tech Industry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . .. . .. . . . . . . . . . . . . . . . . . .
Research universities playa vital role in the success of the
high-tech industry in ways that are clearly quantifiable and oth
ers that are difficult to measure. Specifically, institutions of
higher learning not only perform innovative research and de
velopment, but they provide the education that is needed for a
high-tech workforce.

The Role of Education

Virginia's seven major research universities (see Figure 2) and
other institutions of higher education contribute immeasurable
amounts of human capital to the state. Technology industries,
by definition, will thrive based on the education level of the
labor force. Consequently, research and development per
formed by universities in Virginia not only brings dollars into
Virginia, but also enhances the education of its workforce. While
scientific research can lead to direct gains in productivity and
economic competitiveness, technology transfer can also oc
cur through the placement of graduates in the state's technol
ogy firms.

Institutions of higher
learning not only perform
innovative research and
development, but theypro
vide the education that is
needed for a high-tech
workforce.

Figure 2: Virginia's Research Universities

CD College of William and Mary

® George Mason University

CID James Madison university

® Old Dominion University

® Virginia Commonwealth University
@ Virginia Tech

(J) University Of Virginia

Source: Virginia's Center for Innovative Technology

· · · • · • · .. · · ~ · • " · • · 15 . · .



Table 3: R&D Expenditures at Doctoral-Granting Universities,
By Rank, in Thousands of Dollars, 1998

Rank State Expenditures Rank State Expenditures
1 California 3,301,972 27 Oregon 308.317
2 New York 1,881,994 28 Utah 249,147
3 Texas 1.667.654 29 South Carolina 238,872
4 Pennsylvania 1,333,226 30 District of Columbia 227,636
5 Massachusetts 1.322,092 31 New Mexico 226,071
6 Maryland 1,318,062 32 Kansas 211,465
7 Illinois 1,026.399 33 Oklahoma 206,627
8 Michigan 876,375 34 Kentucky 200.682
9 North Carolina 859.094 35 Nebraska 186,200
10 Ohio 805,015 36 Hawaii 148,007
1 1 Georgia 794,691 37 Mississippi 145,717
12 Florida 705,197 38 New Hampshire 117,323
13 Washington 527,805 39 Rhode Island 111,979
14 Wisconsin 527,286 40 Arkansas 111,173
15 New Jersey 484,260 41 Outlying Areas 86.622
16 Colorado 483,388 42 Nevada 83,888
17 Virginia 482,520 43 Alaska 75.606
18 Missouri 478,295 44 Montana 72,425
19 Indiana 424,722 45 Delaware 69,896
20 Arizona 405,999 46 Idaho 68,983
21 Connecticut 402,671 47 West Virginia 62,533
22 Alabama 402,610 48 Vermont 57,832
23 Minnesota 360,629 49 North Dakota 56,945
24 Iowa 357,927 50 Wyoming 48,500
25 Louisiana 340,741 51 Maine 33,106
26 Tennessee 340,444 52 South Dakota 25,140

Total U.S. 25,735,268

Source: National Science Foundation.

The location of a major research university within 30 miles of
each of the largest metropolitan areas in Virginia is an impor
tant factor in the creation of high-tech clusters. As noted ear
lier, geographic proximity is one of the ingredients that has
been found to spur the creation of marketable products from
innovations. Not surprisingly, 87.3% of all high-tech jobs are in
the seven major metropolitan areas in the Commonwealth
(Chmura, 2000, p. 7).

Level of Research and Development at Virginia Universities

The level of research and development at Virginia. universities
is strong but does not rank the state as highly as noted in the
section on federal contract awards and grants. Doctorate grant...
ing institutions in Virginia spent $482 million in research and

The level ofresearch and
development at Virginia
universities is strong but
does not rank the state as
highly as noted in the sec
tion on federal contract
awards and grants.
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Chart 4: R&D Expenditures at Doctoral Granting Institutions
in the South Atlantic Region, 1998
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Chart 5: Annual Growth in R&D Expenditures
at Doctoral Granting Institutions
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Chart 6: Sources of R&D Funding at Doctoral
Granting Universities, 1998
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section on federal contract awards and grants. Doctorate
granting institutions in Virginia spent $482 million in research
and development in 1998 and ranked 17th among the states
(See Table 3). As shown in Chart 4, Virginia ranks 5th out of
nine states in research and development spending at doctoral
universities when compared with its neighboring states in the
South Atlantic region.

Since 1992, research and development expenditures in the
nation and the South Atlantic states grew at least 5.0% a year
(see Chart 5). Spending at Virginia universities outpaced the
nation and South Atlantic during the early 1990s but experi
enced a sharp 8.20/0 decline in 1996.

Similar to the national average, the composition of research
and funding at universities in Virginia leans heavily towards
federal funding (see Chart 6) with nearly 600/0 of the funding
originating from the federal government. Virginia universities
rely more on industry, state, and local government for their
funding of research and development. However, .institutional
(university sponsored) and other (private foundations and vol
untary donations) funding falls short of the national average.

Similar to the national av
erage, the composition of
research and funding at
universities in Virginia
leans heavily towardsfed
eralfunding (see Chart 6)
with nearly 60% of the
funding originating from
the federal government.
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Patent Awards

The number of patent awards granted is another measure of
the level of research and development at universities and col
leges. As a measure of research and development productiv
ity, patents by universities suggest two key points. First, they
suggest the obvious-an active level of research and devel
opment. Second, they measure the potential level of innova
tion and economic stimulation because patents are granted
for new products and processes, which can, in turn, be used to
generate economic development.

As shown in Chart 7, the University of Virginia, Virginia Tech.
and Virginia Commonwealth University lead other institutions
in Virginia in the number of patents awarded from 1995 through
1999. However. at a high of 65 patents for both the University
of Virginia and Virginia Tech over this period, other universities
in the country dwarf Virginia in the number of patents awarded
in the last five years. The University of California,11 at 1,568
patent awards, topped the national list of awards to a univer
sity system from 1995 through 1999. Other large recipients
were: Massachusetts Institute of Technology (575). University
of Texas (441), Wisconsin Alumni Research Center (336).
Stanford University (327), California Institute of Technology
(295). Johns Hopkins University (269), Cornell University (259),
University of Pennsylvania (251), and the Research Founda
tion of the State University of New York (215).12 In all. 32

The University ofVirginia,
Virginia Tech, and Virginia
Commonwealth Univer
sity lead other institutions
in Virginia in the number
ofpatents awarded from
1995 through 1999.

Chart 7: Total Patent Award to Virginia
Universities and Affiliates, 1995 · 1999
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This chart reflects universities in Virginia that have received at least 5 patents in the five-year period shown above.
Source: U.S. Patent and Trademark Office.

11 Includes the various locations of the University ofCalifomia throughout the state.
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universities were each awarded more than 100 patents from
1995 through 1999.

Even though Virginia's universities and colleges lag other states
in the number of patent awards, there has been a significant
upward trend in the number of patents granted to Virginia's
universities and colleges over the last five years. The seven
universities shown in Chart 7 received a total of 19 patents
awards in 1995 and 58 awards in 1999. As Hicks, et a!. (2000,
p. 8) notes, growth in university patenting across the country
has been the norm. In fact, at the start of the 1990s. colleges
and universities surpassed government laboratories in patent
ing. In addition, 2.2°/0 of all patents issued in 1997 were as
signed to a U.S. college, university or association of U.S. col
leges and universities in 1997 compared with 0.80/0 of the total
in 1984 (U.S. Patent and Trademark Office, 1998, p. 5). By
comparison, 5.5°/0 of all patents awarded in Virginia in 1997
were issued to universities and colleges in the state.

Fields of Study: University Strengths

Only two of Virginia's research universities are ranked in the
top 100 for research and development expenditures from fis
cal years 1991 through 1998: Virginia Tech, ranked 48th

, and
the University of Virginia, ranked 71 5t (National Science Foun
dation website, Table 8-32, "total R&D expenditures at univer
sities and collegeslt

). Virginia Commonwealth University is
ranked 104 th in the nation.

Virginia universities and colleges spend the majority of their
research funds in the folloWing three areas in fiscal year 1998:
life sciences and medicine (51.2%), engineering (18.0°10), and
environmental sciences (12.0°/0), which suggests that Virginia
universities are well placed to provide research support in tech
nology industries such as drugs and medicine, medical equip
ment, engineering and architectural services, and research,
development and testing services. However, Virginia's univer
sities and colleges only devote 4.00/0 of research and develop
ment expenditures to math and computer sciences. In con
trast, computer equipment and computer data processing ser
vices are substantial high-tech firms in Virginia. Yet, expendi
tures for all universities are colleges in the nation are similar:
math and computers (4.10/0), life sciences and medicine
(56.60/0), engineering, (15.8°.10), and environmental sciences
(6.3%) (National Science Foundation website, Table 8-31, "R&D
expenditures at universities and collegeslt

). .

In all~ 32 universities lvere
each awarded more than
100 patents from 1995
through 1999.

Growth in university pat
enting across the country
has been the norm.

Only two of Virginia s re
search universities are
ranked in the top 100 for
research and development
expenditures from fiscal
years 1991 through 1998:
Virginia Tech, ranked 48th

,

and the University of Vir
ginia, ranked 7ist

'2 The universities with the most patent awards are not necessarily the same universities that spend the most on research and development. The top ten Universities in 1998
regarding research and expenditures are (in descending order of expenditures): Johns Hopkins University, University of Michigan, University of California at Los Angeles,
University ofWisconsin at Madison, University ofWashington, University ofCalifornia at Berk.eley, University ofCalifornia at San Diego, Massachusetts Institute ofTechno1
ogy. Stanford University. and Texas A&M University_
· · · · 20 · . .. . .. . . . . .



Research and Developl1lent in the
Private Sector
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Investment in research and development, when successful,
leads to new products, procedures, and/or processes. With
such technologies, companies can expand and create jobs and
improve operating productivity. However, until research and
development investments produce marketable goods or ser
vices, they provide little economic utility to the firm.

Further, technology spillovers can conceivably be different for
manufacturing firms versus research firms. Manufacturing firms
generally utilize the technology directly in their products and
processes, which can spillover into new companies and other
innovations as competitors seek to create similar products.
Research firms, on the other hand, can improve their service
potential, contract related research and development, seek
patents or licenses, and apply for more external funding
(Barnett, Reutter, and Thompson, 2000). Technology firms may
also receive intra-industry spillover by increasing their 'learn
ing' or labsorptive' capacity. Specifically, greater expenditures
in research and development in technology industries may in
crease the firm's ability to exploit outside knowledge at an in
termediate. This knowledge may then be used for applied
development (Cohen and Levinthal, 1989, pp. 569-570).

Research Intensity

The amount that firms choose to invest in research and devel
opment becomes a matter of costs and benefits within the
framework of its corporate strategy and philosophy on innova
tion. Short of an inclusive survey mechanism to determine
firm-specific technology investment, the best proxies for firm
behavior with respect to technology investment are: venture
capital flows, patent awards, and federal assistance.

Venture Capital Investments

At the firm level, venture capital is a sign that the market be
lieves in the future profitability of a company. At the industry
level, investment capital flows suggest that investors believe
in long-term growth for all of the firms in the industry. Over the
last four years, venture capital investments have favored in
formation technology (see Chart 8). As Chart 9 shows, infor
mation technology has remained important over the past four
quarters with 530/0 of the funds going to information technol
ogy, 330/0 to products and services, and 14% to health care.
Venture capital to Virginia firms in the second quarter of 2000

The amount that firms
choose to invest in re
search and development
becomes a matter ofcosts
and benefits within the
framework a/its corporate
strategy and philosophy
on innovation.

At the firm level, venture
capital is a sign that the
market believes in the fu
tureprofitability ofa com
pany.
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Chart 8: National Growth Trend of Venture Capital Funding
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reflects this national trend. It is interesting to note, however,
that of the $560 million raised in Virginia, $540 million (96%)
went to firms in the Northern Virginia metro area
(PriceWaterhouseCoopers, 2000, www.pwc.com). Such flows
of capital to the information and technology industry suggest
that Virginia, and Northern Virginia in particular, is well placed
for continued growth in this industry.

Patent Awards

From 1990 through 1998,
patents to high-tech indus
tries grew an annual av
erage 4.4% in Virginia
compared with an 8.8%
growth rate in the nation.

Patents demonstrate a new product, procedure, or process.
Firms that are granted patents are given exclusive rights to the
particular product or process. Therefore, at a general level,
patents measure the inventive output of firms (Hall, Jaffe, and
Trajtenberg, 2000, p. 1). For the study in hand, patents, and
the exclusive rights they provide helps to identify industries
that may experience, at least in the short-run, economic growth.

As shown in Table 4,13 Virginia industries produced a total of
1,051 utility patents in 1998. Almost 690 of the patents were
awarded to high-tech industries in Virginia while 365 were
awarded to non-high tech firms. During 1998 t patents awarded
to high-tech firms in Virginia grew by 44.70/0 compared with
33.1 % in the nation. The long-term growth trend of patents is
not as favorable in Virginia, however. From 1990 through 1998,
patents to high-tech industries grew an annual average 4.4%
in Virginia compared with an 8.8% growth rate in the nation.

13 Table 4 also includes a small number ofpatents that were awarded to universities.
. . · . · . . .. · · .. · · · · , 22 · · · · · · · . · · · .



Chart 9: Number of Venture Capital Deals in 1999
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Table 4: Patent Awards to High-Tech Industries in Virginia

1994 1995 1996 1997 1998 TOTAL

SIC 13,29 Petroleum and natural gas extraction and refining 4 3 3 4 4 18

SIC 281,286 Basic industrial inorganic and organic chemicals 12 1 5 2 3 23

SIC 282 Plastic materials and synthetic resins 16 1 5 12 12 12 67

SIC 283 Drugs and medicines 16 20 28 39 50 153

SIC 285 Paints and allied products 7 3 2 2 4 18

SIC 286 Industrial organic chemistry 26 18 25 27 15 111

SIC 287 Agricultural Chemical 11 14 13 17 19 74

SIC 289 Miscellaneous chemical products 4 5 8 11 19 47

SIC 348, 3795. Ordnance except missiles 11 10 2 7 15 45

SIC 351 Engines and Turbines 5 6 9 3 10 33

SIC 355 Special industry machinery, except metal working machinery 36 37 29 31 27 160

SIC 356 General industrial machinery and equipment 29 30 24 22 38 143

SIC 357 Office computing and accounting machines 38 30 42 32 63 205

SIC 361, 3825 Electrical transmission and distribution equipment 19 25 18 15 21 98
SIC 362 Electrical indusrtria apparatus 13 7 13 5 18 56

SIC 365 Radio and television receiving equipment 9 8 10 10 20 57

SIC 366-367 Electronic components and accessories 128 136 136 122 185 707
SIC 369 Miscellaneous electrical machinery 7 5 7 3 7 29
SIC 372 Aircraft and parts 5 6 10 7 11 39
SIC 376 Guided missiles and space vehicles and parts 2 2 2 0 2 8

SIC 38 (Except 3825) Professional and scientific instruments 109 98 104 103 143 557
Total high-tech industries 507 479 502 474 686 2,648

All other (non-high-tech) industries 351 342 357 344 365 1,759

All industries 858 822 859 818 1,051 4,408

Source: U.S. Patent Office
·See notes to Table 7 in Appendix C. SIC 381 makes up 30% of employment for SIC 38 in Virginia.
Note: This list is missing SICs 481.737, 871, and 873. which correspond to high-tech industries. These
industries do not have corresponding palent classifications because they are service and design oriented.
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Summary of R••••rch and Development in the
High-Tech Indu.try In Virginia
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Virginia's high-tech industries benefit from research and de·
velopment funded by the federal and state government as well
as universities. The federal government, and particularly the
Department of Defense plays a strong role by purchasing re
search and development services from businesses and uni
versities in the state. With regard to Department of Defense
contracts, Virginia ranks the second in the nation in the dollar
amount of awards received.

The state does not rank as well with regard to research or
innovation at its state universities. The Virginia university that
spends the most on research and development ranks 48th in
the nation. Consequently, it is not surprising that the state's
universities rank Iowan the number of patents awarded over
the last five years. In addition, the total patent awards in Vir
ginia. which includes those from private business, have in
creased at a slower rate than that of the nation.

Although research and development at businesses, universi
ties. and federal and state government, playa central role in
the success of high-tech industries in Virginia, data are not
available to directly quantify that role. Consequently, the next
section of this study uses a variety of other indicators to iden
tify Virginia's high-tech capabilities as well as the high-tech en
vironment in which the state exists. As noted earlier, the goal
of this process is to identify current and emerging high-tech
industry clusters that can be targeted for increased federal and
state research and development investment.

............ · · · · .. · · " · , 24 ..



Identifying High-Tech Investment Opportunities
in Virginia
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The ultimate goal of this study is to provide the state with an
economic rationale for the targeted allocation of research and
development investment to high-tech industries that stand the
best chance of enhancing the economic well-being of Virgin
ians. The most effective strategy for this investment is to pro
mote those industries that have the greatest potential for growth,
based on recent and expected trends, and also have a signifi
cant impact on other industries in the Commonwealth. Fortu
nately, there is abundant economic information to incorporate
in this decision-making process, but at the same time we rec
ognize that valuable insight should be solicited from industry
participants and experts who can identify nuances of industry
interactions that are not evident in the data.

The concept of strategic industry clusters is familiar to eco
nomic development practitioners and other partners in the pro
motion of regional economic growth. An industry cluster is
broadly defined as a group of entities that share an interde
pendence through trade relationships, shared labor pools, and
the use of similar technologies. The entities that form a cluster
go beyond industries to include research universities, state and
local government, federal laboratories, and professional orga
nizations. In fact, any organization that provides networking
opportunities and forums for sharing ideas across related in
dustries should be considered part of the strategic industry
cluster.

In contrast to policies that target a single industry in a region,
industry cluster analysis results in targeted groups of indus
tries that share a defined relationship and are, in many re
spects, self-perpetuating through their linkages to each other.
Furthermore, the existence of strategic industry clusters en
hances a region's dynamism by supporting a continuous flow
of information, goods, skills, services, and capital (Rosenfeld,
p.62). In effect, entrepreneurial activity is multiplied through
the encouragement of clusters. It is with this effect in mind
that we seek to identify clusters of high-tech industries as op
posed to individual technology industries.

The identification of strategic industry clusters relies on a mix
of hard economic data and expert knowledge of the intricacies
of interindustry relationships. This analysis comprises an im-

The concept of strategic
industry clusters is famil
iar to economic develop
ment practitioners and
other partners in the pro
motion of regional eco
nomic growth. An indus
try cluster is broadly de-
fined as a group ofentities
that share an interdepen
dence through trade rela
tionships, shared labor
pools, and the use ofsimi-
lar technologies. The en
tities thatform a clustergo
beyond industries to in
clude research universi
ties, state and local gov
ernment,federallaborato
ries, and professional or
ganizations.

In effect, entrepreneurial
activity is multiplied
through the encourage
ment ofclusters.
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portant and necessary component of cluster identification, but
should not stand alone. An earlier study, "An Overview of the
High-Tech Industry in Virginia" (Chmura and Battle, pp. 43-51),
defined high-technology industries and identified central tech
nology industries that would likely form part of several strate
gic clusters of high-technology industries in the state. The pre
liminary identification of these central technology industries
relies on several economic measures to summarize each
industry's performance in terms of specialization relative to the
nation, importance to the regional economy, and the potential
for growth. In this study we expand this quantitative process
to include measures of the innovative potential of industries
and the value added to the local economy. These indicators
are grouped into two broad areas: (1) the external climate and
(2) Virginia's capabilities.

The growth potential of any given industry in Virginia depends
on the larger external environment of the nation and, to a lesser
extent, the global economy. National trends and projections
provide a good indicator of the growth potential for industries
in Virginia because so much of the state's trade in goods and
services takes place with the rest of the country as trading
partner. The national market provides either a positive or nega
tive climate for growth, but from the perspective of an indi
vidual industry or of the state, the national climate is outside of
their control.

Given the external climate provided by national and global
trends, we assess the competitive advantage of Virginia's in
dustries, or their ability to grow given regional resources and
historical growth trends. The combined factors of industrial
concentration, historical employment and wage growth, and
value added to the state's economy create Virginia's capabili
ties.

The folloWing section develops a quantitative process of as
sessing Virginia's high-tech industries along these two broad
areas of measure: (1) the external climate and (2) Virginia's
capabi lities.

External Climate

National and global trends provide a more favorable climate
for some regional industries than for others and it is important
to understand this context to determine the capacity for growth
in Virginia's high-tech industries. Both the external climate and,
in the follOWing section, Virginia's capabilities, are measured

The growth potential of
any given industry in Vir
ginia depends on the
larger external environ
ment ofthe nation and, to
a lesser extent, the global
economy-

Given the external climate
provided by national and
global trends, we assess
the competitive advantage
ofVirginia s industries, or
their ability to grow given
regional resources and
historical growth trends.
The combined factors of
industrial concentration,
historical employmentand
wage growth, and value
added to the state s
economy create Virginia s
capabilities.

lVationalandglobaltrends
provide a more favorable
climate for some regional
industries than for others
and it is important to un
derstand this context to de
termine the capacity for
growth in Virginia shigh
tech industries.
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by quantifiable data that enable us to construct a single index
measure for each. The External Climate Index and the Vir
ginia Capabilities Index contain components to evaluate high
tech industries in terms of three areas: (1) economic perfor
mance, (2) innovative potential, and (3) value added. The spe
cific information that comprises each index is outlined below
and in Table 5. The data used to create these indexes are
shown in Tables 6 and 7.

Economic Performance

The national outlook for growth in industrial output provides a
good indicator of the future market for an industry's good or
service. Output growth projections reflect anticipated supply
and demand shifts and thereby encompass important changes
such as productivity growth and consumer preferences. Growth
in industrial output serves to meet domestic market needs as
well as global demand. 14 However, it also makes sense to in
clude export growth separately to recognize those industries
that have a growing foreign market that could enhance their
opportunities for expansion and mitigate some of their risk in
the event of a slowdown in the domestic economy.15

Table 5

The External Climate In
dex and the Virginia Ca
pabilities Index contain
components to evaluate
high-tech industries in
terms of three areas: (1)
economic performance,
(2) innovative potential,
and (3) value added.

External Climate Virginia Capabilities
Economic Performance

1. National Projections for Output Growth,
1998-2008

2. Export Growth, 1995-1999

1. Concentration of employment in Virginia
relative to the nation (Location Quotient, 1998)

2. Change in Location Quotient, 1995-1998
3. Employment Growth, 1995-1999
4. Relative Wage, 1999
5. Relative Wage Growth, 1995-1999

Innovation Potential

1. Patents Granted in U.S., % change 1995-1998
2. Research and Development Spending by all U.S.

Companies, % change 1995-1998

1. Patents Granted in Virginia, % change 1995-1998
2. Federal R&D Contract Awards to Virginia Firms,

industry share FY1999

Value Added

Total Value Added - Industry Multipliers for U.S. Total Value Added - Industry Multipliers for Virginia

•~ Ideally, export growth from Virgmia ftnns should be included in the Climate-Capabilities Matrix. Unfortunately. such data are not available on a timely basis. Even so. the
overall trends for Virginia industry growth incorporate export activity.
15 Our recent experience has been to the contrary, with the U.S. serving to mitigate the downturn in Asian economies. but generally speaking, developing economies have faster
rates of growth than the United States and are increasingly opening their economies to trade and foreign investment.
. · · · .. · · · .. · · · · · . · 27 · .. · · · III .



Innovation Potential

Research and development spending on the part of firms re
flects a commitment to create new products and processes
that will ensure the vitality and growth of the industry. At the
national level, trends in research and development spending
signal industries that are already viable and fast-growing or
industries that may emerge to be the leaders in the future.
Similarly, patents obtained by industry at the national level in
dicate that the intellectual fruits of the research and develop
ment spending have ripened into a product that can be taken
to market or a process that improves quality or efficiency in
production.

Value Added to the National Economy

Increased production within one industry benefits individuals
who work within that industry, whether employees or owners
(proprietors), as well as individuals who work for or own indus
tries that are suppliers to the industry. In other words, addi
tional income16 is generated throughout the national economy
because of increased production in any given industry. A value
added multiplier17 is used to measure the additional income
generated throughout the economy for each additional dollar
of output from the industry. The value added multiplier is a
concise measure of the degree to which a specific industry
exerts a "pull" on other industries or the extent to which it is
connected to the economy at large. The higher the multiplier
value, the greater the additional income created from expan
sion of output in the industry.

Virginia's Capabilities

Virginia's high-tech industries differ in their positioning to take
advantage of a favorable external climate or, conversely, they
differ in their ability to compensate for an unfavorable external
climate. The relative strengths and weaknesses of the Vir
ginia high-tech industries are referred to as "capabilities." As
with the eternal climate indicators, Virginia's capabilities pro
vide a measure to evaluate high-tech industries in terms of
economic performance. innovative potential, and value added.
The components of the Virginia Capabilities Index mirror the
eternal climate indicators where possible and provide greater
detail for Virginia where appropriate.

Research and develop
ment spending on the part
offirms reflects a commit
ment to create new prod
ucts and processes that
will ensure the vitality and
growth ofthe industry.

The value addedmultiplier
is a concise measure ofthe
degree to which a specific
industry exerts a "pull" on
other industries or the ex
tent to which it is con
nected to the economy at
large.

The relative strengths and
weaknesses ofthe "Virginia
high-tech industries are
referred to as "capabili
ties. "

16 Income referred to here consists of the following components: wages. salaries, and benefits paid to employees; income received by self-employed persons; other property
income such as rents, dividends, and profits; and indirect business taxes paid by individuals to business~.

17 Specifically, a Type r mulliplier for each high-tech industry was provided from the widely accepted IMPLANPro software package (Minnesota IMPLAN Group, Inc.).
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Val~~_A~~~~,
Externll

Economy Innovation Potential Climate Index

EXDort, OutDut R&D Patent, MulUDller

ForecastAve Average
Average Annual rage Annual Average Annual Annual %

% Change: 1995- 'l(, Change: % Change: Change: 1995 Type I Multiplier
Code Industry 99 199B-OB 1995-98 98 value max=120

131 Crude Detroleum and natural aas 202.1 1.0 0.9 -6.6 1.46 11

2B1 Industrial inorganic chemicals 4.2 0.6 B.O 1.8 1.81 33

282 Plastic materials and synthellcs 12.4 3.4 8.0 0.1 2.74 75

283 Drugs 8.4 3.4 7.2 33.4 1.71 52

285 Paint and allied products 13.2 0.5 4.1 2.9 2.49 46

286 Industrial organic chemicals 19.11 0.6 8.0 11.0 2.72 65

287 Agricultural chemicals (0.11 1.9 4.1 18.4 2.66 62

289 Miscellaneous chemical products 30.6 3.4 4.1 11.3 2.23 61

291 Petroleum refining 60.2 0.8 0.9 -6.6 4.20 57

348 Ordnance and accessories 18.2 1.6 n.a. 0.8 1.57 16

351 Engines and tUrbines 10.21 1.9 6.2 1.0 2.88 57

355 SpeCial industrial machinery 3.8 4.4 6.2 6.8 2.32 64

356 General industrial machinery 2.1 3.4 6.2 6.3 2.24 49

357 Computers and office equipment 76.1 14.5 23.7 35.7 2.43 100

361 Electric distribution equipment 18.6 2.7 1.2 6.5 1.75 53

362 Electrical industrial apparatus 7.3 3.2 7.2 16.0 2.20 67

365 Household aUdio and VIdeo equipment 0.0 2.3 10.8 14.7 2.05 52

366 Communications equipment 42.8 8.0 38.3 14.4 1.91 85

367 Electronic components and accessories 12.7 10.9 0.5 14.4 2.01 64

369 Miscellaneous electrical machinery 21.7 1.4 7.2 9.8 2.18 49

372 Aircraft. engines and parts 11.8 4.1 -2.4 6.3 2.70 59

376 GUided missiles, space vehicles. parts 12.6 4.1 -2.4 22.6 2.10 77

381 Search and navillation equipmenl 4.4 2.2 -1.5 12.8 2.56 55

382 Measuring and controlling devices 15.3 5.0 -1.5 12.8 2.44 72

384 Medical equipment. instruments, and supplies 30.9 4.6 8.3 12.8 2.77 103

386 Photographic equipment and supplies 10.6l 1.8 8.3 12.8 2.91 72

481 Telephone communications 19.7 5 1 -29.2 n.a. 1.57 37

737 Computer and data processing services 18.2 10.3 18.7 n.a. 1.39 17

871 Engineering and archilectural services 19.6 3.6 -7.4 n.a. 1.83 40

873 Research. development, and testing services 13.9 6.7 33.8 n.a. 1.47 74

Sources: Exports: U.S. Census Bureau, available from Strategis (Canada): www.stralegis.ic.gc.ca

R&D: National Science Foundation, Table E-4, Company and Other (except federal) funds for industrial R&D performance.

Palents: U.S. Patent and Trademarl< Office.

N.A. : Not available.
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Table 7: Virginia Capabilities Indicators

Virginia

Value Compe-
tencle.

Economy Innovation Potential Added Inde.

Con centrallon Employment Waae. R&D Patent. "ultlnller

Industry Avorago
Changa In Industry Ralalive Wage Share of Fedoral Annual % Type I
LQ. t995- Average Annual % Sharo in Growlh 1995- Award. Total Change Mvhlplior

Code Industry LQ 1998 98 Chang. 1995-99 Tola, Wages 99 High-lach R&D 1995-1998 valUB max= 120

131 Crud. lHl,roloum and "atural oa. a 11 007 27.1 2.3 08 00 10 1 120 22

281 I"du.t';a' Inorganic Chemical. 038 -0.02 .1.7 , .7 1.0 D.O 14.5 1.47 53

282 Plastic malenel. end Iynthet,c. 276 -OD7 -29 17 10 00 -7.2 1.72 81

283 Drugs 0.47 0.D8 5.8 17 1.0 01 35.1 1.37 66

285 Pelnl end eilled produCI. 0.71 a 12 3.5 13 09 0.0 101 182 56

286 Indullnsl orga"lc CfIemlcel. 0.28 0.03 -14 1 2.0 o.a 00 -5.9 182 42

297 Agrk:ultural chemical. 0.40 0.13 5.9 D.9 D.8 00 10 7 2.19 57

289 Miscellaneou. chamlcal products 0.90 -004 0.0 t4 0.9 0.0 56.0 t .18 72

291 Palroleum '.flnlng 0.11 0.00 -3.0 2.1 10 0.0 10.1 197 83

348 Ordn.nc. and ace...o,l.s 002 -102 -83.2 08 08 00 14.5 000 15

351 EIIllI".. and lurbln•• 0.33 0.10 to.5 1.8 0.8 0.0 18.8 1.24 33

355 Spaclel I"du.t,'el machinery 0.85 0.11 0.3 1.2 09 0.0 -10.0 1.57 43

356 Ganeral Industrial machinery 048 004 4.5 1.2 t.O 0.0 8.2 1.42 37

357 Compule", and oIlice equipment 0.43 0.13 144 1.0 0.8 0.2 28.1 2.63 84

361 Electric d'strlbulion equipment 101 -0.08 -2.2 1.1 0.9 0.0 -5.8 1.29 21

362 Eleclrlcal Indullnal epparalus 1 09 -007 ·34 13 1.0 0.0 31.0 1.42 50

365 Hou""hold audio a.Ul video eqwpment a 32 o 14 196 08 0.8 0.0 35.1 140 42

366 CommUOlcations equlpmenl 084 -0.38 -76 1.3 08 6.3 108 1.60 73

367 Electronic comPQn8n.~ and aCCISSOfloes 062 003 15 1.3 08 0.0 108 1.46 44

369 Uiscella"eous aleclncal mach,ne." 1 17 o 14 -35.1 0.9 0.6 0.0 119 1.47 55

372 Aircrafl. anglnes and part. 0.14 005 224 17 0.8 0.0 224 142 52

376 Guided mi••il.s, spoce vehicles, parts 057 023 , 1.6 19 0.9 4.5 0.0 1.42 52

361 Search and navlgallon IQuipmenl 083 0.48 248 1 8 11 149 134 1.ll7 109

382 Measuring ano coottOlling davlce. 045 ·002 3.2 1 3 1.0 0.0 13.4 1.69 66

384 Medical equipment. instrumenl•. and supplies a 26 003 128 09 09 0.0 13.4 2.05 59

386 Photographic equ,pme"t Ind supplies o 37 o 11 64 0.8 0.9 0.0 13.4 275 64

481 Telephone communlclUona 1.40 001 47 23 13 01 n.a. 1.31 66

737 Compule, and dala proce.sing ••""ce. 237 -0.01 16.8 23 1.2 71 n.•. 1.23 67

871 Eoaln..rlng aM a,chlleclu,al .eMce' 112 -018 2.9 1.6 1.0 42.2 ".a. 1 48 86

873 R.search, devllopmanl. and '"ling .ervlcel 145 -0.04 -56 1.5 0.9 246 oa , .24 63

Sources: Exports: U.S. Census Bureau. available (rom Slralegis (Canada): www.stralegis.ic.gc.ca

Employment U.S. Department of Labof and Virginia Employment Commission Covered Employment and Wages.

R&D: National Science Foundation. Table E-4, Company and Other (except federal) funds for industrial R&D performance.

Patents: U.S. Patent and Trademark Office.
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Economic Performance

The competitiveness of an industry relative to the nation was
measured using a common tool of regional analysis called the
location quotient. Specifically, the location quotient measures
the degree to which an industry is concentrated or specialized
in a region relative to the nation, using employment shares as
the input. A location quotient less than one indicates that an
industry is less concentrated in the region than in the nation,
while a value of one indicates that the industry is exactly as
concentrated in the region as it is in the nation. Finally, a value
for the location quotient above one indicates that the industry
is more concentrated in the region than in the nation-with a
location quotient in excess of 1.25 generally indicating a re
gional specialization in that particular industry (Bergman and
Feser, p. 6). In addition to the level of concentration at a spe
cific point in time18, the change in the location quotient was
also calculated to gauge whether an industry was increasing
in its specialization for the region, or decreasing in specializa
tion.

Employment growth and industry wage growth relative to the
region suggest the importance of a particular industry to the
region. Employment growth provides the best indication of
current economic activity, since income measures, such as
gross state product, are released with a significant lag. Indus
try-specific wages relative to the regional average wage mea
sures the contribution to regional income associated with wages
paid in a particular industry. In addition, a rise in the relative
wage suggests that labor in the industry is relatively more pro
ductive than the regional average. 19 The level of this relative
wage suggests the current contribution of an industry to re
gional income, while the growth in relative wages measures
the contribution of the industry over time. Also, higher wages
increase the standard of living for a region's citizens.

Innovation Potential

Virginia firms that receive federal research and development
contract awards or patent grants are welt-positioned to grow
through their commitment to innovation, commercialization of
new products, and implementation of improved processes.
Some high-tech industries in Virginia would appear to be far
ther along in terms of innovation potential relative to their na
tional counterparts, while others lag behind. Two indicators
capture this difference among industries: patents granted to

The competitiveness ofan
industry relative to the na
tion was measured using a
common tool of regional
analysis called the loca
tion quotient.

A value for the location
quotient above one indi
cates that the industry is
more concentrated in the
region than in the nation
with a location quotient in
excess of 1.25 generally
indicating a regional spe
cialization in thatparticu
lar industry.

Industry-specific wages
relative to the regional av
erage wage measures the
contribution to regional
income associated with
wagespaid in aparticular
industry.

.8 The location quotient IS based on 1998 data so that we could use comparable employment data at the regional and national level.

.9 The higher wages could actually refle<:t greater productivity or nigher prices for the industry's fmal product.
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Virginia high-tech industries and federal research and devel
opment contracts awarded to Virginia firms.

Value Added to the Virginia Economy

Previous discussion focused on the importance of 'Value added"
as a measure of a particular industry's impact on total income
in the local economy. Where the value added multipliers for
the United States were used in the External Climate Index, the
Virginia Capabilities Index includes the value added multipli
ers for Virginia. In other words, we now capture the additional
income created in Virginia for an additional dollar of output
produced in a Virginia industry.2o Using value added to rank
Virginia industries provides useful information in its own right,
but comparing this ranking to the same information for the
United States may reveal additional information to help fill out
clusters of high~tech industries in Virginia. Specifically, an
industry that ranks high for the U.S. but lower for Virginia, aero
space is an example, suggests that there are additional sup
plier chains that are reflected in the U.S. multiplier that do not
yet exist in Virginia. but may have the potential to emerge as
part of an aerospace cluster.

Identifying High-Tech Clusters: The Climate-Capabilities
Matrix21

As noted earlier, our focus is on data that are quantifiable.
However, we recognize that valuable subjective insight, such
as the informed opinion of industry experts, would serve well
to round out the analysis provided here. The previous section
developed two summary measures to concisely quantify many
pieces of economic data and channel the complexity of the
data into a simple decision-making aid.

Ideally, the state should invest in those high-tech industries
that have the greatest potential for growth given national and
global trends, as measured by the External Climate Index, and
given the strengths and specialization of Virginia's industries,
as measured by the Virginia Capabilities Index. Essentially,
investment in research and development in Virginiats indus
tries can benefit the state economy by pushing industries to
the right in the Climate-Capabilities Matrix.22 No amount of
investment in Virginia can cause a high-tech industry to move
upward in the matrix because such a movement is controlled
by the external climate.

Some high-tech industries
in Virginia would appear
to be farther along in
terms ofinnovation poten
tial relative to their na
tional counterparts, while
others lag behind. Two
indicators capture this dif
ference among industries:
patents granted to Virginia
high-tech industries and
federal research and de
velopment contracts
awarded to Virginiafirms.

Specifically, an industry
that ranks highfor the U.S.
but lower for Virginia,
aerospace is an example,
suggests that there are ad
ditional supplier chains
that are reflected in the
U. S. multiplier that do not
yet exist in Virginia, but
may have the potential to
emerge as part ofan aero
space cluster.

20 For the U.S. and for Virginia the value added multipliers for all high-tech industries are ranked in descending order. For most indwtries the value of the multiplier for the U.S.
will be larger than the value for Virginia, but it is the industry ranking that is relevant for this analysis.
2' See Appendix B for the weighting scheme for the Climate-Capabilities Matrix.
22 The External Climate and Virginia Capabilities indices provide a relative ranking of industries. Over time. the relative position of an industry, as measured by the Virginia
Capabilities Index. can improve and this would result in a rightward movement in the Climate-Capabilities Matrix .

• • • • III •••• • • • •••••• • •• • • •• III • • • •• 32 . • • . · • ••. • • · ...•...• • • • · • · .. · • .



Chart 10: Climate-Capabilities Matrix
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The interplay of the two indices in a Climate-Capabilities Ma
trix is depicted graphically in Chart 10. The upper right area of
the graph contains industries that face a favorable external
climate and also exhibit great strength and/or specialization in
Virginia. The lower right area exhibits strong capabilities in
Virginia but a weak external climate. In contrast, the upper left
quadrant reflects a favorable climate in the nation but weak
capabilities among Virginia's industries. The lower, left area
reflects both an unfavorable external climate and weak capa
bilities in Virginia. The band between the quadrants provides
a buffer zone where the industries may be viewed in either
quadrant. The buffer zone reflects the fact that although the
axes are split equally to create the quadrants, the division point
remains SUbjective.

The Climate-Capabilities Matrix suggests several strategies
with regard to targeting research and development to indus
tries in Virginia that would provide the greatest probability of
further economic growth:

1. Provide research and development for the industries in
the upper right quadrant because they generally pos
sess the largest concentration in Virginia relative to the

The bufferzone reflects the
fact that although the axes
are split equally to create
the quadrants, the division
point remains subjective.
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nation, pay relatively high wages, and are projected to
experience the fastest growth in the nation.

2. Provide research and development for the industries in
the lower right quadrant IT output in these industries is
expected to grow at a strong rate. This quadrant rep
resents strong Virginia capabilities relative to the na
tion. Such a situation could reflect a specialization in
Virginia's high-tech industries that far exceeds that of
the nation.

3. Provide research and development for the industries
that possess a strong external (U.S.) climate but whose
Virginia Capabilities Index is weak. These industries,
.which are either in the upper left quadrant or the buffer
surrounding that matrix would benefit greatly by improv
ing their capabilities in Virginia.

Virginia High-Tech Clusters

The quantitative aspect of the cluster selection process involves
two stages. The first stage identifies exceptional economic
performers using the combination of a favorable external cli
mate and a high level of capabilities in Virginia. The relative
strength of individual industries according to the Climate-Ca
pabilities Matrix is shown in Chart 11. A second, and equally
important, stage examines the interdependence of industries
based on supplier relationships or the purchases of individual
industries from other industries. An essential characteristic of
a cluster is the trade between the industries that are grouped
together as a cluster. We begin by examining the supplier
relationships23 of all of the industries that scored in the quad
rant of IIFavorable Climate/Strong Capabilities" or ~Favorable
ClimatelWeak Capabilities" or, with some qualification, "Unfa
vorable Climate/Strong Capabilities". 24 Based on this two
stage approach, the following high-tech clusters were identi
fied for Virginia:

(1) Information Technology and Communications
(2) Biotechnology and Medical
(3) Aerospace

Tables C-1 through C-4 ofAppendix C summarize the supplier
relationships for all of the industries included in the clusters by
ranking the top ten suppliers to each industry. Table C-5 iden
tifies the metropolitan areas in which the industries are con
centrated.

The quantitative aspect of
the cluster selection pro
cess involves two stages.
The first stage identifies
exceptional economicper-
formers using the combi
nation ofa favorable ex
ternal climate and a high
level ofcapabilities in Vir
glnza.

A second, and equally im
portant, stage examines
the interdependence ofin
dustries based on supplier
relationships or the pur
chases a/individual indus
triesfrom other industries.

Based on this two-stage
approach, the following
high-tech clusters were
identifiedfor Virginia: (1)
Information Technology
and Communications (2)
Biotechnology and Medi
cal (3)Aerospace

~3 Input-output analysis provides the m~cessary data on interindustry purchases to summarize these relationships (see Chmura and Battle, p. 45·50). Data from IMPLANPro
software, MIG, Inc.
24 In the case of industries in the "Unfavorable Climate" or its buffer area, the projected output growth for 1998-2008 had to exceed 1.5%, which is approximately half of the
growth rate expected for all industries in the nation, in order move to the second stage of scrutinizing supplier relationships.
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Information Technology and Communications Cluster

The information technology and communications cluster con
sists of the following high-tech industries:25

• Computer and Data Processing Services
• Computers and Office Equipment
• Telephone Communications
• Communications Equipment
• Electronic Components and Accessories
• Electrical Industrial Apparatus

By far the largest of the
three technology clusters
identified in this study, the
informational technology
and communications clus
ter accountedfor roughly
63% oftotal high-tech em-
ployment in Virginia in
1999.

By far the largest of the three technology clusters identified in
this study, the informational technology and communications
cluster accounted for roughly 630/0 of total high-tech employ
ment in Virginia in 1999. Three of the cluster's industries are
stellar performers by virtue of their location in the upper right
quadrant of the Climate-Capabilities Matrix: computers and
office equipment, communications equipment, and computer
and data processing services.

Computer and data processing services is the largest high
tech industry in Virginia, employing 42.0% of all high-tech work
ers in the state in 1999 and accounting for 67.0% of employ-

25 All industries listed as members of each cluster correspond to 3-digit SIC code definitions,
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ment in the information technology and communications clus
ter. It is also the high-tech industry with the greatest concen
tration in Virginia relative to the nation-with a location quo
tient of 2.37, this industry is nearly 1400/0 more concentrated in
Virginia than it is in the nation.

Only one of the industries in this cluster, telephone communi
cations, faces an external climate that is unfavorable by our
measures. This is primarily due to a low value added multi
plier for the industry and low rates of research and develop
ment spending and patent growth. Nonetheless, telephone
communications belongs in this cluster when one considers
the interdependence among industries. If we simply look at
the purchases of the computer and data processing services
industry, 31.0°t'o of all its purchases from other industries are
comprised of three of the industries in this cluster.26 In fact,
these three industries-electronic components, communica
tions, and computers and office equipment-are among the
top five suppliers to the computer and data processing ser
vices industry.

Aside from being the largest cluster, the information technol
ogyand communications cluster also "looks" unmistakably like
a cluster by virtue of the numerous purchasing relationships
among all of the industries. Table C-1 ofAppendix C illustrates
this point, with shaded industries depicting purchases from
within the cluster. In fact, this cluster contains a number of
two-way exchanges, such as purchases of electronic compo
nents by the computer and data processing services industry
and vice versa.

Biotechnology Cluster

The biotechnology cluster consists of the following high-tech
industries:

• Drugs
• Medical Equipment, Instruments, and Supplies
• Research, Development, and Testing Services

The biotechnology cluster is something of a paradox because
the three component industries do not have strong supplier
relationships to each other, with the exception of the drug in
dustry and its link to research, development and testing ser-

26 This percentage is based on purchases net of the purchases within the same industry.

With a location quotient of
2.37, the information tech
nology and communica
tions cluster is nearly
140% more concentrated
in Virginia than it is in the
nation.

The biotechnology cluster
is something ofa paradox
because the three compo
nent industries do not have
strong supplier relation
ships to each other, with
the exception of the drug
industry and its link to re
search, development and
testing services.
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vices (see Table C-2 in Appendix C).27 Nonetheless, the defi
nition of biotechnology as a IIset of biological techniques de
veloped through basic research and now applied to research
and product development" (see www.biospace.com) arguably
applies to all three industries.

Clearly, these industries perform well in terms of the external
climate and Virginia's. capabilities. Although the drug industry
is pulled down by its low valued added, its regional strength
and importance is the highest of any of the industries in the
cluster.

The largest industry in this c1uster-75.7% as measured by
employment-is research, development and testing services,
and deserves special mention for its inclusion in the biotech
nology cluster. When taken to the 4-digit standard industrial
classification (SIC) code level, one particular industry, IIcom
mercial physical and biological research" (SIC 8731), clearly
pertains to biotechnology, whereas the other 4-digit industries
may only pertain in part. In fact, commercial physical and bio
logical research accounted for 38.0% of the employment in
research, development, and testing services in 1999 (see Chart
12). If the cluster definition is narrowed down to include only

SIC 8731: Commercial Physical and Biological Research
SIC 8732: Commercial Economic, Sociological, and Educational Research
SIC 8733: Noncommercial Research Organizations
SIC 8734: Testing Laboratories

SIC 8734
10%

SIC 8733
34%

SIC 8732
17%

SIC 8731
39%

21 For the drug industry, 5.9% of theIr purchases from other industries come from research. development. and testing services. making this industry the fourth largest supplier 10

the drug industry.
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SIC 8731 as opposed to all of 873, then research, develop
ment, and testing still accounts for 55.5% of employment in
the cluster for 1999. However, the definition that includes 8731
cuts the size of the biotechnology cluster nearly in half so that
its employment accounts for 4.50/0 of total high-tech employ
ment in Virginia.

Aerospace Cluster

The aerospace cluster consists of the following high-tech in
dustries:

• Aircraft, engines, and parts
• Guided Missiles, Space Vehicles, and Parts
• Search and Navigation Equipment

Two of the industries in the aerospace cluster-aircraft and
guided missiles, space vehicles, and parts-are moderate
performers in terms of Virginia capabilities, with strong em
ployment growth and high wages. Moreover, both industries
are less concentrated in Virginia than in the nation. However,
Virginia's Capabilities Index in search and navigation equip
ment is the highest of any of the high-tech industries. The

f/irginia s Capabilities In
dex in search and naviga
tion equipment is the high
est ofany ofthe high-tech
industries.

Chart 13: Measuring and Controlling Devices Industry:
4.Digit SIC Industry Composition, 1999 4th Quarter Employment

SIC 3821: Laboratory Apparatus and Furniture
SIC 3822: Automatic Controls for Regulating Residential and Commercial Environments and Appliances
SIC 3823: Industrial Instruments for Measurement, Display, and Control of Process Variables; and Related
Products
SIC 3824: Totalizing Fluid Meters and Counting Devices
SIC 3825: Instruments for Measuring and Testing of Electricity and Electrical Signals
SiC 3826: Laboratory Analytical Instruments
SIC 3827: Ootical Instruments and Lenses

3827
35%

3829
7o/~

3826 3825
3% 3%

3821
3%

3822
7%

3823
190/0
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external climate is more favorable for guided missiles, space
vehicles, and parts, as compared with the other two industries,
because of a high rate of growth in patents granted to the in
dustry nationally.

The aerospace cluster, as it is currently measured, represented
only 2.4% of total high-tech employment in Virginia in 1999
and is the smallest of the clusters identified in this study. Search
and navigation equipment accounted for half of the employ
ment in this cluster in 1999.

Another industry, measuring and controlling devices, has a
supplier relationship with the aerospace cluster, but not with
any of the other cluster-member industries. However, the
measuring and controlling devices industry is quite diverse, as
indicated by the employment shares at the 4-digit SIC code
level (see Chart 13). Optical instruments and lenses accounts
for 35% of employment, followed by totalizing fluid meters and
counting devices with 23%) of employment. Such diversity
suggests that additional industry information is required to as
sign this industry to a cluster. The supplier relationships for
the measuring and controlling devices industry, as well as other
industries that have not been assigned to a cluster, appear in
Table C-3 ofAppendix C. The following section discusses sev
eral additional industries that were not assigned to clusters in
this study.

"Unassigned" Industries

Several industries performed well in terms of the Climate-Ca
pabilities Matrix but did not belong to any particular cluster at
this point in time. It is possible that these industries provide
goods and services to such a broad range of industries that
one cluster does not stand out in its relevant supplier relation
ships. An alternative possibility is that the industry is in the
early stages of transformation to high-tech status and may be
too young to have a strong tie to just one cluster. Photographic
equipment and supplies is a prime example of the former type
of industry. Table C-4 in Appendix C shows that the photo
graphic equipment and supplies industry purchases inputs from
the electronic components industry (information technology and
communications cluster), research, development, and testing
services industry (biotechnology and medical cluster), as well
as individual high-tech industries. Since the photographic
equipment and supplies industry also does not appear as a

Several industries per-
formed well in terms o/the
Climate-Capabilities Ma
trix but did not belong to
any particular cluster at
thispoint in time. It ispos
sible that these industries
provide goods and ser
vices to such a broad
range of industries that
one cluster does not stand
out in its relevant supplier
relationships. An alterna
tive possibility is that the
industry is in the early
stages a/transformation to
high-tech status and may
be too young to have a
strong tie to just one clus
ter.
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supplier to any of the clusters or any of the non-cluster indi
vidual industries, it would be difficult to assign this particular
industry to a specific cluster.

The plastic materials and synthetics industry may playa sup
porting role in the manufactured products that make up the
information technology and communications cluster, however,
that connection is not supported by the supplier relationships
in Tables C-1 through C-4. On the other hand, a cluster of
industries that might form a "chemicals" cluster, of which plas
tic materials and synthetics would form a crucial part, does
find support in the interindustry purchase information provided
here. A chemicals cluster was not designated, however, be
cause most of the industries that would form the cluster group
ing are projected to have output growth of less than half the
national average from 1998 through 2008. In fact, these in
dustries are projected to be the slowest growing of any of the
high-tech industries defined in this study.

Finally, the engineering and architectural services industry
deserves mention because of its exceptional performance in
terms of Virginia's capabilities. The supplier relationships in
Tables C-1 through C-4 reveal two-way trade in goods and ser
vices between the engineering and architectural services in
dustry and the information technology and communications
cluster as well as the biotechnology and medical cluster. Again,
it would be difficult to assign this industry to one particular cluster
despite its relative strength in the Climate-Capabilities Matrix
because of its input to many industries.

In sum, the three clusters selected here encompass a set of
industries in which Virginia excels in terms of regional strength
and favorable external climate. Together, these industries rep
resent 70% of the high-teCh employment and 6.3% of the total
employment in Virginia. By the very nature of technology
oriented industries, the clusters identified in the study are evolv
ing and their composition should be updated at least annually
based on quantifiable data as well as informed expert opinion.

Identifying Emerging Technology Industries

By definition, emerging technology industries are difficult to
identify because they are new. However, even emerging tech
nologies can typically be identified with existing industries and
products. For example, the microprocessor was invented by

A chemicals cluster was
not designated, however,
because most ofthe indus
tries that would form the
cluster grouping are pro-
jected to have output
growth ofless than halfthe
national average from
1998 through 2008.

The three clusters selected
here encompass a set ofin
dustries in which Virginia
excels in terms ofregional
strength andfavorable ex
ternal climate. Together,
these industries represent
70% ofthe high-tech em-
ployment and 6.3% ofthe
total employment in Vir
ginia.

By definition, emerging
technology industries are
difficult to identify because
they are new. However,
even emerging technolo
gies can typically be iden
tified with existing indus
tries andproducts.
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scientists at Texas Instruments, which is identified as the uelec
tronic components and accessories" industry. Today, micro
processors are used in many devices from microwave ovens
to automobiles. Going back further in time, the invention of
electricity enabled the creation of many new products and in
dustries. If industry classifications were available when elec
tricity was invented I then the ufirm" that created electricity prob
ably would have been classified as "research, development,
and testing services"-one of the high-tech industries that ex
ists today.

Nanotechnology28 is an emerging technology that is in its in
fancy but has the potential to infiltrate many products and dis
ciplines. In that sense, it is similar to electricity in the late 1800s
and microprocessors in the late 1900s. As noted earlier, in
dustries are defined as high-tech in this study if they possess
at least double the percentage of employment in technology
oriented occupations as that of the average for all industries
and if their percentage of employment in research and devel
opment is at least 800/0 of the industry average.29 For that rea
son, it is likely that nanotechnology is captured in the high
tech industries used in this study.

There are many areas in which nanotechnology is likely to be
Identified. When nanotechnology develops to the point where
it is being manufactured into devices, then it will be classified
in a particular manufacturing industry, which may range from
pharmaceuticals to electronic devices.30 Given the broad range
of potential applications and the infancy of the technology, how
ever, research and development of nanotechnology appears
most likely to be classified at this point as research, develop
ment, and testing services31 which is called "professional, sci
entific, and technical services" in the new North American In
dustry Classification System (NAICS) and is defined as

Industries in the Professional, Scientific, and Technical
Services subsector group establishments engaged in pro
cesses where human capital is the major input. These
establishments make available the knowledge and skills
of their employees. often on an assignment basis, where
an individual or team is responsible for the delivery of ser
vices to the client. The individual industries of this
subsector are defined on the basis of the particular ex
pertise and training of the services provider.

Given the broad range of
potential applications and
the infancy ofthe technol
ogy, however, research
and development o.f
nanotechnology appears
most likely to be classified
at this point as research,
development, and testing
services

~8 According to NASA, "nanotechnology is the creation of functional materials, devices and systems through control ofmaner on the nanometer length scale (1-100 nanometers),
and exploitation of novel phenomena and properties (phYSical, chemical, biologicaJ) at that length scale." For further information see, WWw!Pt arc nasa goy/gaJlm html or
W\VW foresIght 0rg

29 See Appendix A of Chmura and Battle (2000) for more detail.
3D Popper, Wagner, and Larson (2000, pp. 138-139) identify several information/communications and manufacturing finns with micro-lnanotechnology subsections.
3\ In fact, one of the companies in Virginia that is known to be working with nanotechnology is classified as research development and testing.
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The distinguishing feature of the Professional, Scientific,
and Technical Services subsector is the fact that most of
the industries grouped in it have production processes that
are almost wholly dependent on worker skills. In most of
these industries, equipment and materials are not of ma
jor importance, unlike health care, for example, where "high
tech" machines and materials are important collaborating
inputs to labor skills in the production of health care.
Thus, the establishments classified in this subsector sell
expertise. Much of the expertise requires degrees, though
not in every case.32

More specifically, nanotechnology research is probably occur
ring within a sUbgroup of the above that is called "scientific
research and development services" and is defined as:

This industry group comprises establishments engaged
in conducting original investigation undertaken on a sys
tematic basis to gain new knOWledge (research) and/or
the application of research findings or other scientific
knowledge for the creation of new or significantly improved
products or processes (experimental development). The
industries within this industry group are defined on the
basis of the domain of research; that is, on the scientific
expertise of the establishment.33

The example of nanotechnology brings out the flexibility of the
high-technology definition used in this study as well as the need
for informed experts in the field to provide supplemental infor
mation. First, the reliance of the high-tech definition on indus
tries that possess a proportion of employment equivalent to at
least 80% of the industry average increases the probability
that an emerging technology is going to be produced within
one of the high-technology industries already identified. Sec
ond, the opinion of industry leaders and experts is necessary
to identify the nascent trends that have not yet been formal
ized into products and industries.

32 NAICS Desk Reference, p. 194.
33 NAICS Desk Reference. p. 200.

The example of nano
technology brings out the
flexibility ofthe high-tech
nology definition used in
this study as well as the
needfor informed experts
in the field to provide
supplemental information.
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Conclusions.. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . .. . .
The current Information Age, which has been likened to the
Industrial Revolution, holds much promise for the U.S. economy
in the upcoming decades. 34 From a regional perspective, the
development of a strong high-tech sector is a strategy that will
increase the probability of economic growth. Moreover, the
innovation and entrepreneurial spirit needed as the foundation
of such an economy can be encouraged by state policies that
develop the interaction of businesses, universities, and federal
labs.

Virginia possesses many capabilities that place it in a strong
position when compared with other states. During 1998, the
last year for which state data are available, Virginia ranked
seventh in the nation in terms of the percentage of high-tech
employment (Chmura and Battle, p 15). The state's link to
defense and federal government has supported its research
and development efforts. However, Virginia's universities do
not compare as favorably with regard to research and develop
ment spending or patent awards.

Looking to the future, Virginia's rising position as a high-tech
leader in the nation will be dependent on the ability of entre
preneurs and mature businesses to turn innovations into mar
ketable products. Information technology and communications,
biotechnology and medical, and aerospace make up three clus
ters of industries that have emerged in Virginia as high-tech
nology clusters. Each of these clusters possesses the poten
tial to evolve as innovation transforms the industry. From the
perspective of this study, state support that further encourages
the development of the information technology and communi
cations j biotechnology and medical j and aerospace clusters
are the most likely clusters to provide dividends to Virginia's
economy.

This study creates a process that allows Virginia to identify
emerging technology industries over time and to track their
performance. First, the definition of high-technology industries
can be updated on an annual basis to incorporate industries
whose percentage of technology occupations equal at least
twice that of the average industry and whose proportion of re
search and development employment is at least 80% of the
industry average. Second, updating the performance indica
tors in the Climate-Capabilities Matrix enables the state to track

J" For a historical companson of (he Infonnation Age and the Industrial Revolution, see Cox and AIm, 1999.

The current Information
Age, which has been lik
ened to the Industrial
Revolution, holds much
promise for the U.S.
economy in the upcoming
decades.

Virginia possesses many
capabilities thatplace it in
a strong position when
compared with other
states.

Looking to the future,
Virginia s rising position
as a high-tech leader in the
nation will be dependent
on the ability ofentrepre
neurs and mature busi
nesses to turn innovations
into marketable products.
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the progress of its high-tech industries and clusters. Third,
surveys and/or interviews with industry experts in high-tech
nology will provide the detail needed to identify the research
and development needs as well as the inhibitors that should
be eliminated to encourage the development of innovate prod
ucts through improved linkages with private enterprise, univer
sities, and federal labs.
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Elasticity: A measure of the relative responsiveness of one variable to a change in another variable; the
percentage change in a dependent variable divided by the percentage change in the independent
variable. In this study the elasticities are calculated as the percent change in total employment
divided by the percent change in external federal funding, as well as, the percent change in total
wages divided by the percent change in external federal funding.

Federal Assistance: means the transfer of money or the assumption of risk, the principal purpose of
which is to accomplish a public purpose of support or stimulation authorized by Federal statute.
Assistance includes, but is not limited to, grants, cooperative agreements, direct payments, loans,
loan guarantees, scholarships, mortgage loans, insurance, subsidies, or other types of financial
assistance. For the purpose of this study we only look at project grants.

Federal Obligations: The amounts reported for each year are expressed in obligations or out
lays incurred, or expected to be incurred, in that year, regardless of when the funds may
have been authorized, appropriated, or received by an agency, and regardless of whether
the funds are identified in an agency's budget specifically for research, development, or
R&D plant.

Data for 1998 are actual, representing completed transactions. Data for 1999 and 2000
are estimated because they do not represent final actions. The Survey of Federal Funds
for Research and Development was conducted during the third Quarter of fiscal year 1999.
The amounts reported for 1999 reflect congressional appropriation actions as of that pe
riod, as well as apportionment and reprogramming decisions as of that time.

Federal Procurement: All purchasing decisions of the federal government in excess of $25,000.

Location Quotient: The location quotient measures the degree to which an industry is concentrated or
specialized in a region relative to the nation, by computing the ratio of the share of industry i's employ
ment in region j to the same industry's share of employment in the nation.

Employment industry in area /
LQ= /Total employment in area

Total U.S. employment in industry
Total U.S. employment

Project Grants: The funding, for fixed or known periods, of specific projects or the delivery of specific
services or products without liability for damages for failure to perform. Project grants include
fellowships, scholarships, research grants, training grants, traineeships, experimental and dem
onstration grants, evaluation grants, planning grants, technical assistance grants, survey grants,
construction grants, and unsolicited contractual agreements. These grants are obligations or con
tingent liability of the Federal Government, not the actual amount of payment. Applies to coop
erative agreements as well.

Small Business: Classified as any business with less than 500 employees.
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Sources of Data. . .. . . . . .. . . . . . . . . . . . .. . . . .. .. ... .. . . .. . . . .. . . . . . . . . .. . " . . . . . .. . . . .
Exports: Industry Canada, http://strategis.ic.gc.ca and U.S. Census Bureau.

Federal Grants: Federal Assistance Awards Data System FY1998-FY1999, Office of Money
and Budget.

Firms: Firms are defined as the number of companies at the State level obtained from the
Virginia Employment Commission Covered Employment and Wages (ES-202).

Industry Employment: Unless otherwise noted, Virginia employment totals were obtained from
the Virginia Employment Commission Covered Employment and Wages (ES-202).

National Research and Development Funds: National Science Foundation, Division of Sci
ence Resources Studies.

Patents: United States Patent and Trademark Office.

Projected Output Growth: Bureau of Labor Statistics.

Venture Capital: The Money Tree, PriceWaterhouseCooopers, www.pwcmoneytree.com. Q2
2000.

Virginia Research and Development Funds: All contracted work by a federal agency for projects
marked as research and development as taken from the Federal Procurement Data System
FY1998-FY1.999, U. S. Census Bureau.
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Appendix A: A Statistical View of the Effects of
External Funding on the High-Tech Industry in
Virginia
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The purpose of this appendix is to assess whether there is a
quantifiable relationship between research and development
expenditures and economic growth in Virginia.

Ideally, the impact of research and development would be ana
lyzed at the firm level. Such an analysis requires firm-specific
data such as external (federal and state government) and in
ternal (company-specific) research and development funding
as well measures of firm growth such as revenue, profit, em
ployment, and wages. Firm-specific data were not available
for internal research and development expenditures, revenues
or profits. However, firm-specific data in Virginia were avail
able for employment and wages as well as federal contract
awards for research and development.

The data sample was limited by the number of firms in Virginia
that received federal procurement awards for research and
development. From fiscal year 1998 through 1999, 562 firms
were awarded federal contracts. Of these firms, 75 were from
an industrial classification outside those defined as technol
ogy. These firms were dropped from the sample. Using the
address of the firm cited for the award , the corresponding em
ployment and wages were identified from the Virginia Employ
ment Commission covered wages and employment database.

A model was developed to test the responsiveness of wages
to external research and development funding. Because the
majority of the firms in the sample received no external awards,
the level of responsiveness was measured using the change
in variables between periods-in this case quarters.35 This
model allows us to measure the responsiveness (elasticity) of
the level of total wages to changes in the level of external re
search and development funding. The following model was
estimated separately for each industry in which at least one
firm received federal research and development funding.36 The
model is specified as:

dwages= a + demp + dfunds + Q
i,

Where 'dwages' is the difference in total wages between quar-
35 This methodology differs slightly from an elasticity. Where an elasticity measW'es responsiveness as a percentag.: change between variables, "differences" measure respon
siveness as the level of change between variables.
J6 Unfortunately, less than half of the industries specified as teclrnology-intensive in this study received external R&D funding.
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ters, 'demp' is the difference in total employment between quar
ters, 'dfunds' is the difference in external research and devel
opment funding between quarters and 'Q' is a set of three
dummy variables taking on the value of 1 fof a specific quarter
of the fiscal year. These dummy variables are used to account
for any seasonal effects contained in the data, as well as the
entry of new firms.

Table A-1 provides the estimation results for each industrial
class that is relevant. In each model the employment variable
behaves as expected. The positive signs and the values of the
coefficients verify hypotheses about the role total employment
plays on total wages. The coefficients for the dfunds variables,
however, are less informative. External research and devel
opment funds is insignificant at the 100/0 level, suggesting that
the models would explain just as much variation in total wages
without the dfunds variable being included.37 This is a telling
result in its own right because it suggests that, for the two years
tested, industries as a whole did not receive any benefit from
federal research and development.38

Two issues playa role in these results.39 First, a measure for
internal research and development funding or total research
and development funding was not available. For every research
and development firm there must be a presumed reliance on
internal research and development funds (Link, 1993, p.3).
Without any 'ability to measure the level of internal funding it
becomes difficult to make unambiguous statements. both sta
tistically and qualitatively, about the effect of external research
and development funds. Unfortunately, the only way to per
form such a stUdy is to survey the firms in the industry. While
both time consuming and expensive, the information provided
should lend better, more informative, results.

The second issue deals with the nature of firms that seek fed
eral funds. A number of industries receive no federal funds
earmarked specifically for research and development. Other
industries may receive large amounts of external funding, but
it only goes to one or two firms within that industry. This lack of
variance in between firms in the same industry causes extreme
bias downwards in both the magnitude of the variable as well
as the significance of the results. To illustrate this point, Table
A-2 shows the descriptive statistics for the 1999 quarter 3 cross-

31 The insignificance of the variable means that the roefficient is meaningless and has no predictive power.
38 This is not to suggest that at the flltn level a company does not receive direct benefits from receiving external funds. nor that these external funds don't increase the amount of
money put into the economy as wages. However, at the industry level significant results were not forthcoming.
311 Measurement eITor may be a third issue to be addressed. Many finns report their employment and wage statistics under multiple industry classifications, while the Federal
procurement data uses the industrial classification code to define the nature of the product, not the fum perfonning the project. As a result, you may have inter·industry
competition for federal awards that the measurement techniques of the data cannot account for.
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section of the sample. What becomes apparent is the differ
ence between the number of firms in an industry and the num
ber of contracts.

Table A-1: Estimation Results from Firm Specific Data

Industry
Communications Equipment

Aerospace

Guided Missiles, Space Vehicles, Parts

Search and Navigation Equipment

Computer and Data Processing Services

Engineering and Architectural Services

Research, Development, and Testing Services

* Significant at the 1% level.

DEMP DFUNDS
16963.33* 0.24

(6.12) (.12)
12511.72* 4.28

(29.9) (.38)
19483.26* -1.79

(2.01) (.18)
14339.16* 0.128

(15.02) (1.15)
45309.8* -1.1

(6.73) (-.59)
15306.2* 0.024

(3.48) (.29)
19102.42* 0.79

(3.81) (.95)
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Table A·2: Descriptive Statistics, 1999 Quarter 3

SIC 357 demp dwagas dfunds SIC 737 damp dwages

Mean 116.39474 921216.95 53 Mean 34.367391 391899.12 510.78571

Standard Error 60.724689 427822.34 N.A Standard Error 2.1603625 31577.556 209,41924

Minimum 0.3333333 2371 N.A Minimum 0.5 0 33
Maximum 1891.3333 12564895 N.A Maximum 4297 108334653 3154
Count 38 38 1 Count 5520 5520 14

SIC 366 demp dwages dfunds SIC 871 damp dwages dfunds

Mean 100.27869 1045415.2 12686 Mean 19.839695 252761.09 1050.1707

Standard Error 46.437835 462748.8 N.A. Standard Error 1.0707772 15490.423 309.12384

Minimum 0.6666667 2773 N.A. Minimum 0.3333333 0 -34

Maximum 2736 27119173 N.A. Maximum 910.33333 17247415 10951
Count 61 61 1 Count 2358 2358 41

SIC 381 demp dwages dfunds SIC 873 demp dwages dfunds

Mean 274.74359 3836474.9 2069.3333 Mean 21.893922 258464.27 833.51613

Standard Error 126.84186 1829812.7 824.57349 Standard Error 2.7211139 28465.913 226.26364
Minimum 1 1385 1185 Minimum 0.3333333 0 2

Maximum 1560.6667 22436588 3717 Maximum 1649 10200632 10571

Count 13 13 3 Count 861 861 62

SIC 384 demp dwages dfunds

Mean 51.22 349548.3 34
Standard Error 15.106991 104291.75 N.A.
Minimum 0.3333333 0 N.A.
Maximum 505.66667 4262095 N.A.
Count 50 50 1
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Appendix B: Weighting Schell1e for Clill1ate
Capabilities Matrix
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The construction of the External Climate Index and the Virginia Capabilities Index follows a relatively simple and
transparent scheme that consists of two steps:

suuu
Each component of the index-economic performance, innovative potential. and value added-is assigned an equal
weight of 10 points. Within each area the 10 point weight is divided in a way that reflects the importance and
availability of the data. The tables below list the assigned weights. In the case of innovative potential, for both
indices research and development spending and patents are given equal weight. In the case of economic perfor
mance, the External Climate Index gives greater weight to national projections of industrial output, given the large
size of the U.S. domestic market relative to trade with the rest of the world. For the Virginia Competencies Index, the
location quotient and its change receives half of the weight, while employment and wage growth receives the other
half, thus giving equal weight to industry concentration and regional growth.

Step 2:
Each indicator listed below is calculated for every high..tech industry for which the data are available and then that
indicator is sorted in descending order. The industries are then divided into quintiJes and the indicator values are
assigned a score, from 0 to 4. The highest quintile receives a score of 4 and the lowest quintile receives a score of
zero. Ranking by quintiles compress the range of values on each axis and allow easier visual comparisons. In the
final computation of the indices, the indicator weight is multiplied by the indicator score and the resulting products
are summed for all indicators in the index.

External Climate Index

Economic Performance Indicators:
1. National Projections for Output Growth, 1998..2008
2. Export Growth, 1995..1999

Innovative Potential Indicators:
1. Patents Granted in U.S., growth 1995..1998
2. Research and Development Spending by all U.S. Companies, growth 1995-1998

Total Value Added:
Type I Industry Multipliers for U.S.

Virginia Capabilities Index

Economic Performance Indicators:
1. Concentration of employment in Virginia relative to the nation

(Location Quotient, 1998)
2. Change in Location Quotient, 1995-1998
3. Employment Growth, 1995-1999
4. Relative Wage - industry as share of state average, 1999
5. Relative Wage Growth, 1995-1999

Innovative Potential Indicators:
1. Patents Granted in Virginia, growth 1995-1998
2. Federal R&D Contract Awards to Virginia Firms, industry share FY1999

Total Value Added:
Type I Industry Multipliers for Virginia 10

weight

7
3

5
5

10

weight

4

1
1
2
2

5
5
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Appendix C. . . . . . . . . . .. -. . . . . ... . . . . . . . . . . . .. .. . . . . . . . . . . .. . . .. . . . .... .. .
NOTES for TABLE 6

EXTERNAL CLIMATE INDICATORS
Data sources for all variables are listed in the text on p. 48.
These notes indicate where an exact matching of data by 3-digit SIC code was not possible.

SIC COMMENTS:
National Output Projections by Industry:
Data Source: BLS employment and output projections, 1998-2008

13 1 also includes SIC 132
28 1 used value of combined industries - 281 and 286
28 6 used value of combined industries - 281 and 287
4 8 1 also includes 482 and 489
372 used value of combined industries - 372 and 376
3 76 used value of combined industries - 372 and 377

Research and Development Spending by Companies:
Data Source: National Science Foundation, Division of Sciecne Resource Studies

1 3 1 used value of combined industries - 13 and 29
281 used value of combined industries - 281-282, 286
282 used value of combined industries - 281-282, 286
285 used varue of combined industries - 284-285, 287-289
286 used value of combined industries - 281-282, 286
287 used value of combined industries - 284-285, 287-289
289 used value of combined industries - 284-285, 287-289
29 1 used value of combined industries - 13 and 29
351 used value of combined industries - 351-356, 358-359
355 used value of combined industries - 351-356, 358-359
356 used value of combined industries - 351-356, 358-359
361 used value of combined industries - 361-364, 369
362 used value of combined industries - 361-364, 369
369 used value of combined industries - 361-364, 369
372 used value of combined industries - 372, 376
376 used value of combined industries - 372, 376
381 used value of combined industries - 381-382
382 used value of combined industries - 381-382
384 used value of combined industries - 384-387
386 used value of combined industries - 384-387

Patents Granted by Industry:
Data Source: United States Patent and Trademark Office

131 used value of combined industries - 13 and 29
2 9 1 used value of combined industries - 13 and 29
34 8 also includes data for SIC 3795
36 1 also includes data for SIC 3825
366 used value of combined industries - 366-367
367 used value of combined industries - 366-367
381 used value for 2-digit SIC 38 (except 3825)

382 used value for 2-digit SIC 38 (except 3825)
384 used value for 2-digit SIC 38 (except 3825)
386 used value for 2-digit SIC 38 (except 3825)

Value Added Multiplier:
Data Source: IMPLANPro, 1997 data

372 used value of combined industries - 372, 376
376 used value of combined industries - 372, 376
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NOTES for TABLE 7

VIRGINIA CAPABILITIES INDICATORS
Data sources for all variables are listed in the text on p. 48.
These notes indicate where an exact matching of data by 3-digit SIC code was not possible.

SIC COMMENTS:
Patents Granted by Industry:
Data Source: United States Patent and Trademark Office

13 1 used value of combined industries - 13 and 29
29 1 used value of combined industries - 13 and 29
348 also includes data for SIC 3795
36 1 also includes data for SIC 3825
366 used value of combined industries - 366-367
367 used value of combined industries - 366-367
38 1 used value for 2-digit SIC 38 (except 3825)
382 used value for 2-digit SIC 38 (except 3825)
384 used value for 2-digit SIC 38 (except 3825)
386 used value for 2-digit SIC 38 (except 3825)

Value Added Multiplier:
Data Source: IMPLANPro, 1997 data

372 used value of combined industries - 372, 376
3 76 used value of combined industries - 372,376
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Table C·1: Information Technology & Telecommunications Cluster
Supplier Relationships

Computer and Data Proce..lnll Servlc.. ." - Comput.... and Offlc:a Equip.".", IndUltry In Communications Equipment Indultry In
Induatry In Vlrglma Virginia Virginia

"'C#. "" 0' %of
SllPPlier Industries: PIlrQI~P Sunnl/er lndultrlea: Purc/l8ses SUDDIler Industrlflis: Purchases
Electronic .

T~.% ".11% 55.7%
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I!• ..- RaIl... .m tv 8.9 ,0 .1Idftio.. sa",,- 3.0"1-
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....om-~
7.1~' RaIII ES1.IIIte

- .
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_.

.0% Advertisinc 2.2%
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Personnel SuDDlv Services ".1% Hotels and Lodointl PIac:U . 1.6% Banldna 1.8%
Advertisino 1,1% EI-leal Inclu,tolif A.......tu. 1.1% lll<lal S.rviC811 1.6%
Banldna 3.0% IBanldn" 1. 1.$%'
Tal Purchas.s from Other Industries $ 1 ~71 Totel Pul'l;ha. fiwn Othflrlndustrlfls S 333 Total Purehuu from Other Industrifls S 517-

Computer and Deta Proc:anlnll Service'
Indu,try In U.S.

Computer{~M~ Equipment Indilitry In
U.S. CommunlCllltlona Equipment Induatry In U.S.

2.04% Banldna 2.0%
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Sold (but not Shadid) reprasent high-lac:n Ind,~s that are not Inc:luded ..~ of thla cluster

Source: IMPLAN, 1997 data (most recen1 aV.IJ~
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Bankina ".1% BlInklna 2.7% IBankina 'L3.%

: .. " . ·~.5~ I=lolW'tri", Servic:as 2.6% IMotor Freioht T...n..""rt and Warel10usina 2.3~

Torsi PUrchllSfIS from Other Indus".,., S 65141 Totlll Purche&88 6Um 0tMr Industn.s $ 46436 Total Purchases Irorn Other IndusttifJs $ 1407B
-
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Table C·2: Biotechnology and Medical Cluster
Supplier Relationships

Drug IndualIY In VirginIa Medleal Equip_I, Instruments, and Suppll.s rte...reh, Devaloprnant, and tHting 8erYlee.
Induslly In Vlrglnle IndQtry In V1rg1nle

%01 %of %of
Supplier Industries: PUrcl1llSl1S SUDDI;er Indus'ries: PlIrd'lases SUDOlier IndusIries: Purchases
Advertisino 21.7% Wholesala Trada 18.0% Com.....r and Data 'raceulna ae",lc.. 17.1%
Whol_le Trade 18.3% EleelrDnla CDmdDnenta 15.5% Eltalneerlna. Arcflltec:lUrel 'elYlee. 11.7%
Accounll"". Audlline and BookkeeDlno 6.2% Adyertlslno 8.4% Manaaement and ConlUlllnD Sal'\/lCllS 9.3%

59% Leaal ServIces 4.8% Rn Eslele 7.1 %
Leeal 5erYtccos 4.2% Pan.rOOlrd Conteinefa and 90••• 4.8% Other auaine.. service. 6.0%
PlInerbollrd Contelne.. and 8o.as 40% Real Ettal. 3.7% Electronic ComDOMflbI 56%
Mainlenance and Reoair Other Facilities 33% Malnt&rlanca and Reoa" Other Flcihr'" 3.4% Paraonne! SUDOlv Services 4.7%
Indualrial Chemicals 30% Metor Freloht Transoort anll Warehousina 3.4% CommulI!I:stlon. ExceDt Radio and TV 3.4%
Olher Business Sefvices 26% Job Tra,OltlOs & Ralated S8tV1CllS 3.4% WhoIepje Trade 2.8%
Hotals and Lodninn Places 2.4% Hotals and LodOlnQ Places 2.8% Accounlintl Auditina and Bookkaeoino 2.6%
Total Purchases from Other Industries $ 157 Tolal Purchases from Ofher fndllstrles $ gg Toial Purcheses from Other Induslries $ 400

Druglnduaby In U.S. Medic" Equlpmenl, Instruments, and Suppll•• R_A. Davalopmenl, and f ....ng S8fvtcH
Industry In U.S. Indu..ry In U.S.

%01 %of %of
Supplier Industries' PUrd1a58S SUDOlier Induslnes~ Purchases SUDOlier Industries: Purchases

Wholesale Trade 19.1% WhOlesala Trade 13.8% ComDUter .nd Da" Proee..lnll Servlcaa 15.9%
Advertisina 18.8% E....tronlc ComDOnents 10.0% Enall_rlna. Arcflltec:tural S.~ 10.2%
M;scelianeous Plastics Products 5.6% Miscelall80us PlasllCS Products 7.1% Man8Qemenl and Consullino SelV+C8S 8.6%
~. o-..-ment & TMtlna ServIces 51% Advertislnll 4.6% Real Eslale 7.1%
Acoountino. Audltiflll and Bockkeeoino 51% Metal Coalono and Allied Services 4.1% Other 8usiness Services 6.1%
LllQal services 38% ..&Oal Services 3.5% Electronic ComDOnenb 4.9%
Ind.-tnal Organic Chemical. 3.3% Melal SlamDtoos N.E.C. 3.0% Personna' SuDDlv SaMca. 4.3%
PaDerOOard Conta,ll8fS anll Boxes 26% NonM1ven Fabrics 2.9% Communications Except R...10 and 1V 4.2%
Olher Busin8S6 SarvlC85 2.5% Real Estate 2.8% IlNtKllnllla Trade 3.1%
Banillno 23% ComDUters alld Offk:. Eaulornent 2.5% Bankino 2.6%
Total Purchases from Other Industries $ 28.154 ToIel Purchitses from Other fndustrias S 29974 Tolaf Purchases fn:Jm Other Industries S 17.781

KEY:

Shaded araes represenl high-lach induslrie, included on IhlS clustar
Bold (bur nol ,haded) represent hlgh-Iech industnes thaI are nol inclucled .S part of this dualer

Sourca: IMPLAN. 1997 dala (most recent available}
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Table C·3: Aerospace Cluster
Supplier Relationships

Aerospace· Industry In Virginia
% of

Supplier Industries: Purchases

Se.rch &.Navlaatlon Eaulpment 19.3%
Wholesale Trade 11.1%
Computer and Data Processing Services 7.6%
Electronic ComDOnent. 6.1%
Maintenance and Repair Other Facilities 4.8%
Bankina 3.3%
Hotels and Lodaina Places 3.2%
Motor Freiaht Transport and Warehousina 2.9%
Measurlna & Controlllna Devlc.s 2.8%
Communications Eaulpment 2.8%
Total Purchases from Other Industries $ 64

Aerospace· Industry In U.S.
% of

Supplier Industries: Purchases

search & Navlaatlon EQuipment 15.3%
Wholesale Trade 9.8%
Computer and Data Processing services 5.6%
Electronic Components 4.0%
Miscellaneous Plastics Products 3.6%
Bankina 3.0%
Maintenance and Reoair Other Facilities 2.7%
Industrial Machines N.E.C. 2.6%
Hotels and Lodoino Places 2.2%
Air Transoortation 2.1%
Tota' Purchases from Other Industries $ 48.342

Search & Navigation Industry In Virginia
% of

Supplier Industries: Purchases

Electronic Components 34.9%

Research DeveloDment & Testlna Servlc.s 19.1%

Wholesale Trade 6.6%

Communications Equipment 5.7%

Advertisina 3.6%

Computer and Data Processlna Services 2.8%

Real Estate 2.1%
Maintenance and Repair Other Facilities 1.8%

Hotels and Lodaina Places 1.7%
Other Business Services 1.6%

Total Purchases from Other Industries $ 313

Search & Navigation Industry In U.S.
% of

Supplier Industries: Purchases

Electronlc Components 28.9%

Research DeveloDment & Testlna Services 17.6%

Wholesale Trade 7.3%

Communications Equipment 4.8%
Advertising 3.3%
Computer and Data Processing Service. 2.6%
Real Estate 2.1%

Bankina 1.8%

Communications EXC8Dt Radio and TV 1.7%

Other Business Services 1.7%
Total Purchases from Other Industries $ 20,322

-Note: 372 and 376 cannot be separated out in IMPLAN. so aerospace here is the combination of the 2 SIC codes:
372=Aircraft, engines. and parts
376=Guided missiles, space vehicles, parts

KEY:
Shaded areas represent high-tech industries included in this cluster
Bold (but not shaded) represent high-tech industries that are not included 8S part of this cluster

Source: IMPLAN, 1997 data (most recent available)
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Table C-4: Unassigned Industries

M•••urlnn ... Con'rolllna D.wlc•• • us SIC 382 Pholoar.ohlc EQulpm.nt .nd Supplle. • US SIC 386 EnalnHrlna .nd Archlt.ctural hrvlc••• us !'lIC A71

% of %of %of
Sunnloer Industnes: Purchases Suoohe, Industr,es: Purchases SUDolier Industries; Purchases
EI.ctronlc Combo"lnt. 2D.7"1. Wholesale Trade 18.8% Other B"sines' s..rvi""s 27.2%
Wholesale Trade 11.7% EI.clrbnlc Comb",,"nt. 13.1"'- ,~- '~hn" AudilJno and s-;;:;;ke.... 'n.. 1".7%
Ad¥erlislnn 51% R••••rch O.v.lobm.nl & T••tlna S.rvlc•• 7.1% IManG""ment and Consult",n Serv;,.... 97%
Miscellaneous Pla<lics Products 3.9% M,..,. ..1I 2 n"ous Plastics Products 4.9% I (omnut_ .nd D..t_ Pr""••alncl hrvl""... 7.l1'Jo

Ish....' Melal Work 37% lndu.trl.' Or"-nlc ch.mlc_l. :!.5'%. IRe.l~e 7.1"
EI.ctrlc.1 Indu.tri.1 Ann_r.tu. 3.5% Paoe, Coated & laminated N.E.C. 2.9% I R....rch n.v.I ........nt & T••tlna !I.rvl""•• 5.7OJ.
Combut.r .nd 0-;". Proc..."... S.rvlc•• 3.'""- Banklnn 7.7'll. PAr""nn.1~u""1 ~"-s 5.1%
Account,n" Auditln" and Bookk-"'n<> '.5% PB""moard Contain"", "nd 80."" 25% laanki';" 2.7%
Glass ..;;;; r.lus Products E.c Conta,nars 2.2% Paoer Mills EIC8Dt Buildi"" Paoar 2.4% I'xc...t A.dlb and TV , !li0J.

Real Estate 'J.7% MAt.., !'It''mni''''. "".1' r. 2.3% Hot.ls a~i"'" PI·"-, 2.1%
Total Purchases from Olher Industries t 28179 Tol,,/ PurchllSIJS !rom Other Industrills S 13846 Totllt PurchlJu • ,"'"' Other Induslr..• S 41 765

KEY:
Bold represents high-tech Indultnes thai are nol included as part of this Cluster

Source: IMPLAN, 1997 data (most recent available)

rPlutic M.I.rle'••nd Swnth.tlCB • VA ~IC 71!'J MI8c.lI.n.ou. Ch.mlc.' Product. • VA SIC 289 Aarlcullurat Ch.mlc.'. VA <:1,., 'JB7
I

'I'of%of %01
;urH,!ler Industries' Purchases ISunnher 'ntt"~t"es Purchases I!'l"nnlillr lndustri••: Purchases
Indu.trl.1 Ornanlc Chemlcall 26.7% MoInr Fr..it'hl T,ansoorl and Warehousioa 15.8'll. Unt"'r Frei"'hl Trans""rt and WarehOlL~,nn 19.6%.
Whola,"le Trade 109%. Indu.trl.l Ora.nlc Ch....lc.l. 14.4'%. Whol"al· Trade 11.9'l1.
Indu.UI.' Inarn.nlc Ch.mlc.l. 1l.1%. Wholesale Trade 10.9% 'ndullrl.1 Oraanlc Chemica'. 9.3%
Motor Fleicht Trans""" "nri Warehousln" 6.4"" Pla.tl" M.t••la', .nd Synth.tlca 91OJ. N.tur.1 G.. & Crud. Petrol.um 6.3'%
A~coun~n" A dillnn and BDnkk"en'no J8%. IndU8t.11l1 Inoraanlc Ch.mlc.l. 4.1%. Rait.t.aric "'nd R"lat~-Services 4.2%
Ma,nt.n"n".. and Renair Other Faclhhes :lo;'JI. P.""rboard Contain.", and BOies 3.5% Adv-';'rliSinn 40%
Electric ~ervi~"s 3.4"" Enaln••rlna Ar"hlt-clural !I.rvlc•• 3.4'%. Maint.nance lind g ...·ir OlhAr Fecihli... 3.0%
MI·C Chlmlc.l. 3.3OJ. Railroad' and Related Servica" 3.3% ~.I Inor".nic: "~I"-I- ' •• '%

I LAnai .~rvices 2.6%. Adv.,lis,no 3.0% Ban"'..... 2.7'110.
EnD'n••rlo". Archlt.ctur·' ....vl"•• '.!Ii'JI. ."'''"1 Service' 2.9% I EI."'n" S.,vi"". 26%
TOlal Purchases from O/her tndustries S , 008 Tot.1 Purchas.s from Olher Indusrries S 147 Total Purchases 'rom Other Industries .f 37

Pla.tlc M.t.,I.I. and Swnth.Uca - US .c;IC 282 MI.ceU.n.ou. Chemlc.1 Product•• US SIC 289 Agrlcultur.' Ch.mlul. US ~I"" 7A7

%of %of 'll.of
SUDDlier Induslr"••: Purchases Suo"liar Ind",trie': Pu.chases l.c;u....Ii.' Indu"trie.· Purchase.
Ind...t·r'.1 Orft.nlc Chaml""••• 31.7""- Indu.trl.' Ora.nll: Ch.MI".I. 1 !I.1'l1. Iinduatri.. Orft-nlc "h"ml"al. 11.5%
IndUlItrl.1 In...n-nlc Ch.mlcal_ 111 5"" Whnl.....I. Trade 9.4"" Iu...;;;'.:.;jnhl Tran.""rt anll w';;"hn"oin" 113'110.
Wholesale TrG". Q4I'll. Molnr Fr..inhl TNn..""rt and Warehn...",n 7.7% Nalural G.. & Crud. P••ral.u'" 11.2%
Mi.~ell.n..nuo Plesticc Prod"~l" 72% P.troleum Reflnln.. 5.7""- Whftlllc-I-~ In.6'l1.
M~ Fr·"'ht Trans""" anll·-War.hous,nn 36'l1. Indu.trlll Inor.....I.. ChamI"•• 4.1% Ind"a.,lal Ina'''.nl" Ch..~.t. 3.B'%.
MI." C"....,~ 2.&% PI••,lc 1I.I.rl.l. and Svnl"etl". 34 ID.......h ~••n" R"rG'lI uin-ral< 3.1%
ACCDunlin<> Audilfnn and Bookkee~inn 2.5% P.'nt. .nd AIII.d Producla 3.3 Advertilinn 3.0%
Electric "'iO"rvices 2:l% I Enaine.rlna A·"hl··"lur.' Servl" •• 2.3 RlIOIrnAd, enri Relal.1I S.rvi,,",S 2.6'110.
Maintenance and Re""" Other Fa"ililies 2.0'll. Il aoal SlIrvices 2.3 lI. Sankin" 2.!I'lI.

II IIn"'l SIINicas 2.0"'" Adverti omn 2.1 '" WII' ~nrn Millinn 23'll.
Tolal Purchases from OIlier Industries t 31l 301 TOI.' Purchas8$ from Other Industnes S 13 127 Tor.1 PUrchases 'rom Orher Industnes S 11957

.... · · · · · 59 · · . · · ·



Table C-4: Unassigned Industries Continued

Mlacallanaoua Elaclrlcal

Table C·5: Percentage Distribution of Employment
in Cluster. Industries By Region, 1999

Bristol
Northern Hampton Richmond- Charlottes- Portion of Non-Metro

Yrginia Yrginia lads Petersburg Lynchblq Roanoke ville Danville VA Areas

Information TIChnology 'and Col'M11Jniealionl 100.0 67.3 9.2 1.5 2.3 2.4 1.7 0.1 0.1 9.4

737 Computer and data processirY;j services 1000 80.8 7.2 4.5 0.3 0,9 0.6 0.0 0.1 5.5

357 Computers and office equipment 100.0 9.1 82.0 1.8 0.1 0.0 0.0 0.0 0.0 7.1

481 Telephone commun~ions 100.0 56.3 8.6 11.6 0.8 2.4 1.3 0.2 0.2 18.6

366 Communications equiprneri 100.0 22.8 0.8 0.0 47.1 8.3 N.D. N.D. 0.0 8.0

367 Eledronic components <lid accessories 100.0 18.5 10.8 38.5 5.8 7.0 12.3 0.0 00 6.9

362 EleclricaI Industrial Apparalus 100.0 1.6 1.9 4.1 7.7 31.1 ND. N.D. N.D. 51.8
Biotechnology and Weal 100.0 48.1 18.1 13.5 1.9 2.5 2.3 0.1 0.1 12.8

283 DfU1S 100.0 2.2 N.D. 48.5 ND. N.D. 0.1 0.0 0.0 36.9

384 Medical Equipment, instrumems. and~ 100.0 20.3 11.2 21.5 1.1 8.5 ND. N.D. N.D. 36.7

873 Research, developll*1l, and testing services 100.0 60.4 23.3 5.9 0.5 1.8 2.9 N.D. N.D. 5.0
Aerospace 100.0 57.4 20.8 0.0 0.1 0.0 10.9 0.1 0.0 10.8

372 Aircraft, engines. and parts 100.0 10.6 56.4 0.0 N.D. 0.0 0.1 ND. 0.0 32.4
376 Guided missiles, space vehicles, palls 100.0 87.1 10.9 0.0 0.0 0.0 0.0 0.0 0,0 2.0

381 Search and navigation equipment 100.0 75.3 N.D. 0.0 0.0 0.0 21.6 0.0 0.0 N.D.

N.D. =No! tisdosed.
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Executive Summary

The purpose of this study is to suggest improved policies and procedures that will lead to an
increase in private sector investment in R&D performed in Virginia's universities and also
enhance the environment and opportunities for creating innovative start-up companies driving
new economic growth in the Commonwealth.

The Intellectual Property (IP) Subcommittee of Virginia's Research and Technology Advisory
Commission (VRTAC) reviewed IP policies and procedures in place at Virginia's public research
universities with the view towards improving the linkages between the research institutions and
the private sector. The IP subcommittee was represented by VP-Ievel R&D management at four
of Virginia's research universities, senior management from three companies in the private sector,
legal counsel from a major federal laboratory, and a senior manager from Virginia's Center for
Innovative Technology.

Briefly summarized, the subcommittee considered and debated a broad range of IP issues and
ultimately developed a series of recommendations. These recommendations should be recognized
as only the beginning of an evolutionary process for improving management of Virginia's IP
resources:

1. Research universities should develop draft "common term sheets lt for both industry
sponsored research agreements and intellectual property agreements so that there is a
common base from which industry/university relationships can be built and negotiated.

2. To simplify regulation and to speed up the development of industry/university
partnerships, the Virginia legislature should delete all sentences beyond the first in §23
4.4 of the Virginia Code, allowing the Universities' Boards of Visitors the ability to

-assign companies the ownership of Intellectual Property developed at the Universities.

3. CIT should complete and fully implement an user-friendly, website based, statewide
comprehensive Intellectual Property database, including the Commonwealth's research
universities and federal laboratories.

4. To improve access to Virginia-developed technologies, especially those at smaller
institutions, the Academic Licensing Community of Virginia (ALCOVe) should be
provided with Commonwealth resources and institutional support to broaden awareness
of its existence and user access to its database and other intellectual property
information.

5. There should be a Commonwealth-wide Intellectual Property Coordinator, funded by
and located at CIT.

6. VRTAC should organize and sponsor a workshop in the late spring of2001 to enhance
awareness and understanding of intellectual property opportunities and management
throughout the Commonwealth.
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Introduction

Page 2 of9

The objective of the Intellectual Property (IP) Subcommittee o{Virginia's Research and
Technology Advisory Commission (VRTAC) was to review IP policies and procedures in place
at Virginia's public research universities with the view towards improving the linkages between
the research institutions and the private sector. It is anticipated that improved policies and
procedures will lead to an increase in private sector investment in R&D performed in Virginia's
universities and also enhance the environment and opportunities for creating innovative start-up
companies driving new economic growth in the Commonwealth.

The IP subcommittee was represented by VP-Ievel R&D management at four of Virginia's
research universities, senior management from three companies in the private sector, legal
counsel from a major federal laboratory, and a senior manager from Virginia's Center for
Innovative Technology. The deliberations coming from the IP subcommittee are intended to
infonn VRTAC of the issues and allow VRTAC as a whole to develop specific recommendations
for the Secretary of Technology. The specific recommendations contained herein will be for the
Governor and General Assembly to consider for improving the Commonwealth's IP
management.

The IP subcommittee held five meetings over the twelve-week time period from June 20th to
September 29 t

\ 2000. In addition to its members, the subcommittee heard from a number of
outside guests, including the authors of the Interim Report of the Secretary of Technology, "AN
ASSESSMENT OF THE INTELLECTUAL PRO'PERTY POLICIES AND PRACTICES IN
VIRGINIA"S PUBLIC UNIVERSITIES AND FEDERAL LABORATORIESu

, a representative
from Arizona, where innovative IP management has recently been developed, a delegate from the
General Assembly's Joint Commission on Technology and Science (JCOTS), and other
individuals from the research universities, CIT and the private sector.

Briefly summarized, the subcommittee considered and debated a broad range of IP issues and
ultimately developed a series of six recommendations contained herein. Along with each
recommendation there is a brief rationale and set of follow-up actions.

The subcommittee is mindful of the fact that conclusions and recommendations needs to be in
place to allow for sufficient discussion with appropriate Commonwealth agencies (e.g., JCOTS)
prior to the 2001 legislative session. Therefore, the report is submitted by VRTAC to the
Secretary of Technology at this time.

Finally~ the process and recommendations contained herein should be recognized as only the
beginning of an evolutionary process for improving management ofVirginia~s IP resources.
Some of the recommendations below provide a means for continuing the process - to the mutual
benefit ofVirginia's public research institutions and the private sector.
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Recommendation #1: Research universities should develop draft "common term sheets"
for both industry-sponsored research agreements and intellectual property agreements so
that there is a common base from which industry/university relationships can be built and
negotiated.

Background and Rationale: Companies in Virginia will on occasion suggest that confusion
can occur in research contract negotiations because the various state universities have different
agreement documents for sponsored projects; these agreements will many times also include
agreements on intellectual property rights that also vary. Since the state universities must abide
by the same state statutes and the differences frequently result from standard operating practices
at the individual universities, considerable uniformity of these agreements seems a reasonable
goal, especially for the more routine sponsored project and intellectual property agreements. The
primary goals of the documents are to facilitate efficient and uniform contract negotiations, and
to negate to a large extent any substantial variations among industry-supported contracts
involving the state-supported universities. This common starting point for initial negotiations
will also enhance the perception that Virginia is an easy place for companies to do business.

Required Actions and Follow-up. A group consisting of the chief research officers at the seven
major Virginia research universities, along with individuals from each university's sponsored
programs and intellectual properties offices, should prepare and distribute draft "common tenn
sheets" for both industry-sponsored research and intellectual property agreements. This group
should make its recommendations to the VRTAC by February 15,2001.

Recommendation #2: To simplify regulation and to speed up the development of
industry/university partnerships, the Virginia legislature should delete all sentences beyond
the first in §23-4.4 of the Virginia Code, as indicated below:

§ 23-4.4. Authorization to transfer interest; Go\'cmor's aPVfO~ial required under certain
circumstances.

The Boards of Visitors, the St.ate Board for Community Colleges, or their designees may transfer
any interest they possess in patents and copyrights or in materials in which the institution claims
an interest under its patent or copyright policy. HO'vYcvcr, the Governor's prior written avvrovul
shall be required "for traflsfers of such property developed \vholly or sigflificfffitly through the use
of state general funds and either (i) such property was developed by an clnployee of the
institution tteting within the scope of his assigned duties, or (ii) such property is to be tnmsfeffed
to till elltity other thaft the Im~ovative Teehflology l\tlthority, fill entity whose pu~ose is to
manage intellectual properties on behalfoffwnprofit organizations, colleges B:fld universities, or
an cntity ,..\'hose PUfl'osc is to bcnefit the respeeti't'e institutions. The Governor ffltl)' attach
eonclitioRs to these transfers as he deems necessa~1'. In the eveflt tfte Go¥cmor does flot appfOve
sueh transfer, tJote materials shall relnaifl the property of the respective institutions and may be
used and developcd in any mafltlCr pefffiitted by Itt,..\,. The State Council of Higher Education
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W6fkiflg if) eoopcfation ""/ith the state stltJf30rtea i)'!stitl:ltiotls ofhigficr education ana ill
aecorduAce 'Nith ~ 23 9.10:4 shaH adopt a HAire"," statcfncflt defining (1) thc eOflditioflS tmder
lv\'hich a Sigflific.ttllt use of general fu:flds occurs ftftd Oi) thc cireulusblflces eOfistitutiflg aft
8519 igned t:i ut; .

Background and Rationale: Ownership of intellectual property (IP) generated by Virginia's
public universities was noted as a critical issue in the Interim Report of the Secretary of
Technology, "An Assessment of the Intellectual Property Policies and Practices in Virginia's
Public Universities and Federal Laboratories", issued in early 2000. As pointed out in that
report, there appears to be significant confusion between industry and universities on whether IP
generated either collaboratively with industry or solely at the university can be assigned to
private industry. Universities turn to §23-4.4 of the Virginia code as shown above and several
have taken the position that they cannot assign IP to any third party other than the 501(c)(3)
foundations that manage the IP. The confusion of interpretation in §23-4.4 stems from the fact
that the tenn Usignificant use of general funds" has never been defined anywhere in the Virginia
Code, even though the State Council ofHigher Education was directed to work with the state
supported institutions ofhigher education to adopt a uniform statement defining the tenn. While
many larger finns are willing to accept exclusive license, IP can be a major asset of many high
tech start-ups and spin-offs who rely on its ownership as a means of leveraging financing.
Furthennore, some firms may be concerned with not being able to use the fact of ownership as a
barrier against their competition. To quote the Interim Report, "Further, their fear is that the
universities, the actual owners, will not be able to afford the litigation that may ensue.
Additionally, even if the universities can afford such litigation, the universities may not have the
same goals as the private company that sponsored the research and paid for the license of the IP."
The use of litigation as a means of defending patent position is especially commonplace in
biotechnology.

Required Actions and Follow-up: Since VRTAC is recommending a change to the Virginia
Code, appropriate preparation must be made prior to the upcoming 2001 legislative session.
Accordingly, representatives from VRTAC should introduce this recommendation to JCOTS as
soon as possible, but in no event later than November 1st, 2000.

If the governor so wishes, he can issue an executive order covering the interim period before any
legislative action might take effect.

Recommendations 3-5 below deal with enhanced and easier to access Commonwealth IP
resources.

Recommendation #3: CIT should complete and fully implement an user-friendly, website
based, statewide comprehensive Intellectual Property database, including the
Commonwealth's research universities and federal laboratories.

Background and Rationale: Several years ago the Center for Innovative Technology
encouraged the Virginia universities to adopt a conunon database system for tracking inventions
and issued patents and offered to subsidize the purchase of the necessary software. At that time,
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the plan was to eventually use this platfonn to provide a central database ofpatents held by the
Commonwealth's universities. In addition to acting as a statewide database, the Daily Evaluation
and Licensing Software (D.E.A.L.S.) can help individual university patent offices manage their
entire patent portfolio. It was detennined that D.E.A.L.S. could support both non-confidential
and confidential data resources; D.E.A.L.S. is quite flexible, and can be used to create a central,
non-confidential database while at the same time allowing universities to maintain confidentiality
of other infonnation kept in their local databases.

The rapid rise in the use of the Internet in university and company life has led most technology
transfer offices at the Commonwealth universities to have their own websites, and some of these
(most notably at Tech and UVA) provide Internet-accessible listings of inventions available for
licensing.

Recognizing their joint interests and shared challenges, the technology transfer officers from
most of the Virginia universities last year worked together to fonn a new "user's group" called
the Academic Licensing Community of Virginia (ALCOVe). ALCOVe has become an
important conduit for communication among technology transfer officers at Virginia institutions
and for infonning companies interested in licensing opportunities. ALCOVe has a website at
www.alcove.org which provides links to the websites of the technology transfer offices at UVA,
Virginia Tech, YeU, and Old Dominion; and each of these contain databases of inventions
available for licensing. The ALCOVe website also contains a large number of links to other
useful intellectual property-related sites. Perhaps most importantly, this site also contains a
private, password-protected "resources" section that contains the model licenses, research
contracts, material transfer agreements, and other relevant documents from each institution, and
this allows sister institutions to learn from one another. In addition, ALCOVe has an e-mail
group that allows members to easily ask other ALCOVe members about specific issues and
concerns that have arisen in particular transactions. These messages often lead to detailed
telephone conversations that provide very significant cross-fertilization of ideas and
perspectives.

The Internet today is awash in databases of inventions available for licensing; there are probably
several dozen as of this writing and many of them list university inventions for free. However,
many of these are so large, or so broad in scope, that they suffer from the difficulty often
describedas "drinking from the fire hose." Consequently there is logic for and potential benefits
from constructing a smaller Internet-accessible database that will pennit effective sharing of IP
infonnation and expertise among the Commonwealth's universities and national laboratories.
First, the easy identification of complementary technologies at different Virginia institutions may
help attract Virginia companies that are looking for broad competency in a particular discipline
that might not be resident at anyone Commonwealth institution. Second, the ability to pinpoint
complementary IP and, perhaps more importantly, complementary expertise among faculty at
different institutions may make Virginia a particularly attractive site for companies considering
doing business here. Third, IP list sharing should encourage collaborations and partnerships
among universities. Fourth, such list sharing may also aid in finding a "buyer" for technology;
as each IP office has many contacts with industries that are looking for technology, and when a
company is looking for technology that may not be within the portfolio of a particular institution,
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making them aware of appropriate technology at another State institution may lead to overall
gains in the Commonwealth's licensing success.

Completing the work started using the D.E.A.L.S. database and integrating that with the website
and collaborative work already begun by ALCOVe, would be an excellent next step towards
developing a more integrated IP effort throughout the Commonwealth.

Required Action and Follow-up: VRTRAC should recommend to the President of CIT that
sufficient resources be made available to allow for the full implementation of the D.E.A.L.S.
system and the creation from that of a non-confidential database of technologies available for
license. CIT should work with ALCOVe in insuring that the database contains appropriate
infonnation that will be most helpful to the IP offices and to companies interesting in licensing
IP. The resulting non-confidential database should then be made accessible through CIT's
website, InnovationAvenue. InnovationAvenue already contains databases ofVA universities'
faculty expertise, VA technology companies and NASA Intellectual Property. A link to the
ALCOVe website should be added to the CIT website (and to any other websites that might make
it easier for companies to find the database.)

Recommendation #4: To improve access to Virginia-developed technologies, especially
those at smaller institutions, the Academic Licensing Community of Virginia (ALCOVe)
should be provided with Commonwealth resources and institutional support to broaden
awareness of its existence and user access to its database and other intellectual property
information.

Background and Rationale: The development of ALCOVe, described above, is a promising
sign that the several universities believe that they can cooperate voluntarily in this area to their
mutual benefit. Such grass roots-initiated organization would seem to be an excellent vehicle to
continue to develop into a statewide organization that can play an important role in increasing
IP-related activities in the Commonwealth. The unusually cooperative, non-competitive nature
of this organization suggests that by providing it with fmancial resources and institutional
support, ALCOVe can become considerably stronger and more valuable to the participating
institutions and the Commonwealth more generally, while allowing them to maintain local
autonomy which is critical for efficient transfer ofIP. ALCOVe can also play an important role
in the training and support of fledgling IP offices as they become established at our smaller
institutions, which should be an important part of any Commonwealth-wide effort to improve
access to Virginia-developed technologies.

Required Action and Follow-up: Insofar as ALCOVe is an unstaffed "users group" it may be
important to provide some infrastructure (e.g., webmaster services, secretarial support, funds for
inter-institutional travel) to ensure that it will become an effective multi-institutional vehicle. A
logical organization to provide such support is CIT. VRTAC should request that CIT seek funds
to provide appropriate support for ALCOVe.
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Recommendation #5: There should be a Commonwealth-wide Intellectual Property
Coordinator, funded by and located at CIT.

Background and Rationale: There is general agreement that existing university IP offices are
operating near capacity and it seems unlikely that these offices will have sufficient manpower to
spend large amounts of tinle in developing new mechanisms for inter-institutional cooperation
and for maintaining conlmon databases, etc. There is logic in creating a position for an
individual who could devote time to creating, maintaining and extending a non-confidential
DEALS database of technologies available for license, and who could act as a resource for
directing companies to appropriate institutional IP offices.

We believe that there is logic to citing the IP coordinator at CIT. CIT has already started
implementing the institution-wide DEALS system. In addition, CIT is expected to be a focal
point for industry contact. An individual that was fully knowledgeable about IP activities at the
state's institutions could act as an important resource in steering companies to the appropriate
institution, or in catalyzing interactions among the company and several institutions with
complementary IP andlor research expertise.

Required Action and Follow-up: Although the committee believes that there is logic to
creation of the coordinator position, it also recognizes that the exact work description for this
position and the necessary time commitment requires further study. It will be important for
those most knowledgeable about these issues, our institution's IP office directors, to take an
active role in defining this position and detennining whether it is part-time or full-time.
Consequently we recommend that ALCOVe along with CIT be engaged to help develop the
work description for the IP coordinator position, to be submitted to VRTAC by 1 February 2000.

Recommendation #6: VRTAC should organize and sponsor a workshop in the late spring
of 2001 to enhance awareness and understanding of intellectual property opportunities and
management throughout the Commonwealth.

Background and Rationale: The IP subcommittee has found a widespread view that industry,
government officials, university faculty, financial organizations and others are not well-versed in
the management of intellectual property assets, in arranging for licensing ofpatents, and in the
array of state, federal and institutional policies and practices that shape the context for more"
effective commercialization of intellectual property developed in Virginia's universities and
federal laboratories.

The workshop should have as a task to identify opportunities for VRTAC to take further action
to improve intellectual property commercialization in the Commonwealth. The nature of our
recommendations and the rationales for them should be widely shared among the interested
sectors, and the results of their consideration should be made available to the general public.

Finally, it is our view that the general lack of awareness and understanding, coupled with certain
aspects of state and institutional policy and practice, have led to substantial misunderstandings of
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the nature of past efforts--successful and unsuccessful--to commercialize university-based
technology in Virginia.

We believe that a carefully pl~ed and targeted statewide workshop would provide an important
means by which to enhance this awareness and understanding.

Primary Objectives ofthe Workshop

1. To present and discuss the findings and recommendations ofVRTAC on intellectual
property management among universities, government laboratories and industry in the
Commonwealth

2. To increase knowledge and awareness ofmethods, procedures and organizations that are
available to industry and other interested parties to obtain effective access to new ideas
and technologies developed in the universities and government laboratories in Virginia.

3. To provide a forum in which interested parties can air issues and problems, as well as
successes, that have arise in seeking to strike "deals" between universities, companies
and laboratories in Virginia.

Participants

We envision a "leadership" workshop with a target attendance ofperhaps 100 persons from
industry, universities, laboratories, government agencies, financial institutions, the legal
profession, and other interested parties.

Style

The style of the workshop would be participatory and interactive. Speeches "to" the attendees
would be limited in number and duration, and intended to stimulate discussion. Infonnation
transfer regarding state and federal programs and procedures would be presented in a
complementary Web site and/or in hard copy and would not be the subject of detailed
presentations.

Logistics

The workshop would be held in a central location in the Commonwealth, most likely in
Richmond. A one-day event is envisioned. A modest registration fee would be charged to
defray out ofpocket expenses such as meals and conference room rentals.

Complementary Case Studies

In order to deepen the dialogue at the workshop, VRTAC, with the assistance of CIT, would
commission a well-established, objective researcher to prepare a set of three to six case studies of
documented difficulties with technology commercialization in Virginia as a basis for informed
discussion of the issues that the cases uncovered. The researcher would interview the principals
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on various sides of the cases in an effort to get beneath simplistic formulations of the issues.
VRTAC members and others knowledgeable about experiences with intellectual property
commercialization in Virginia would provide guidance to the research effort. The outputs of this
effort would consist of a set of analytical case studies in printed form (posted to the Web site),
along with a presentation by the author at the workshop.

Budget

Unique among the Intellectual Property Committee's recommendations, the workshop would
require a commitment offunds on behalfofVRTAC from DIT, CIT, or elsewhere. Rough
estimates of costs suggest that the workshop could be executed for approximately $10,000. The
preparation of a set of working papers would cost about $30,000.

Recommended Actions and Follow-up: The existing VRTAC IP subcommittee could organize
and conduct the workshop and plan and oversee the case study project. The direct assistance of
staff at CIT or DIT would be needed as well. A meeting-planning firm could be contracted to
handle all of the workshop arrangements.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

