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Executive Summary 
 
Embracing the Intangible Economy 

The elements that make a state or a regional economy vibrant and prosperous today are 
fundamentally different from those of the past. The new economics of place are driven by 
their ability to attract and expand science and technology assets and leverage them for 
economic development. State and regional economic performance is determined by how 
effectively it uses its comparative advantages to create and expand knowledge assets and 
convert them into economic value. 
 
The term ‘New Economy’ has been under siege recently and for good (psychological) 
reason: few investors want to be reminded of what happened to the high-flying tech 
stocks of the late 1990s, or that they placed confidence in the reported corporate earnings 
of some firms and the CEOs and CFOs who issued them. Even fewer software engineers 
and MBAs who staked their careers on the dot-com of the month are eager to come to 
grips with what they were thinking. Now that it is fashionable to dance on the grave of 
the New Economy, perhaps it is time for a more realistic appraisal. 
 
The technology sector is in a consolidation phase, but it is a cyclical slowdown, not a 
structural one. The business models of many dot-coms may have borne an embarrassing 
resemblance to those underpinning the lemonade stands of an 8-year-old, but the demise 
of far-fetched Internet businesses hardly refutes the fact that new technology is changing 
the rules in many sectors of the economy. 
 
Since the New Economy isn’t new anymore, perhaps we need a label for the phenomenon 
that better describes the concepts that buttress it. What economists were really describing 
was the movement from a tangible-asset to an intangible asset-based economy. In the 
Intangible Economy, concepts such as patents, copyrights, customer relationships, brand 
value, unique institutional designs, the value of future products and services and their 
structural capital (culture, systems and processes) are important to businesses. 
 
The Milken Institute has created an index that encapsulates a comprehensive inventory of 
technology and science assets that provides states with a benchmark, monitors its 
technology progress and can be leveraged to promote economic development. Composed 
of five major, equally weighted composites – Research & Development Inputs, Risk 
Capital and Entrepreneurial Infrastructure, Human Capital Investment, Technology and 
Science Workforce, and Technology Concentration and Dynamism – the State 
Technology and Science Index looks at the ecosystem of economic development and 
sustainability. It is important to constantly innovate, start and grow firms that augment 
the diversity of the economic ecosystem as many big firms will likely stagnate or even 
disappear. Greater economic diversity lessens the chances of the entire ecosystem 
collapsing when dominant species (firms) become extinct. 
 
Research and development capabilities are often commercialized for future regional and 
state technology growth. A state’s entrepreneurial capacity and risk capital infrastructure 
is the fuel that determines the success rate of converting research into commercially 
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viable technology services and products. Human capital is the most important intangible 
asset of a regional or state economy. The intensity rating of its technology and science 
workforce indicates whether a state has sufficient depth of high-end technical talent on 
the ground.  
 
Technology concentration and dynamism can be viewed as a measure of technology 
outcomes. Measuring technology growth enables us to assess the effectiveness of 
policymakers and other stakeholders in transforming regional assets into regional 
prosperity. This index represents the most thorough and comprehensive inventory of 
technology and science assets of states ever undertaken. 
 
California and State Rankings 
 

State Rank Average Score State Rank Average Score
Massachusetts MA 1 84.90 Idaho ID 26 51.01
Colorado CO 2 80.58 Ohio OH 27 49.24
California CA 3 80.37 Missouri MO 28 47.49
Maryland MD 4 77.86 Florida FL 29 46.47
Virginia VA 5 73.33 Indiana IN 30 46.09
Washington WA 6 71.81 Vermont VT 31 46.06
New Jersey NJ 7 69.95 Nebraska NE 32 44.97
Connecticut CT 8 68.58 Alabama AL 33 44.97
Utah UT 9 68.26 Montana MT 34 44.14
Minnesota MN 10 65.87 Iowa IA 35 42.54
Delaware DE 11 65.54 Maine ME 36 40.53
New York NY 12 64.54 Oklahoma OK 37 40.29
New Hampshire NH 13 63.44 Wyoming WY 38 39.53
Texas TX 14 60.35 Alaska AK 39 39.53
Georgia GA 15 60.16 Tennessee TN 40 39.46
Pennsylvania PA 16 59.82 South Carolina SC 41 38.98
North Carolina NC 17 58.91 Nevada NV 42 38.61
Arizona AZ 18 58.60 Hawaii HI 43 33.98
Illinois IL 19 58.38 Louisiana LA 44 32.45
New Mexico NM 20 57.89 North Dakota ND 45 31.72
Rhode Island RI 21 57.30 Kentucky KY 46 31.12
Kansas KS 22 56.90 South Dakota SD 47 30.50
Oregon OR 23 55.54 West Virginia WV 48 30.17
Michigan MI 24 54.52 Mississippi MS 49 28.73
Wisconsin WI 25 53.74 Arkansas AR 50 22.80

State Average 52.17

State Technology & Science Index
Overall Index, 2002

 
 
California’s third position in the State Technology and Science Index places it slightly 
behind Colorado, but far from first place Massachusetts. California is a large and diverse 
economy which makes its 3rd place more impressive than it may seem. On the five 
composite indicators, California ranked from 2nd to 4th. California’s strength is its 
consistent placement among states in the upper tier. Massachusetts was first in three 
composites and on a relative basis, its research and development assets vastly exceed any 
other state. However, on absolute research and development funding, California 
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surpasses all states by a substantial margin. California’s most disconcerting comparative 
weakness is in measures of human capital flows. The state has, however, been able to 
offset this weakness by attracting the best-trained technical talent from across the country 
and around the world. Colorado slipped past California when evaluating relative 
performance, but just barely. 
 

Top Ten
2nd Tier
3rd Tier
Bottom Tier

 
 
Massachusetts has not been as successful as California in converting its science and 
technology assets into economic value as displayed by its 4th place ranking on 
Technology Concentration & Dynamism. Massachusetts’ social capital may not be as 
rich as California’s, but if Massachusetts improves its ability to capitalize on its core 
assets, it would be an even greater technology powerhouse. Colorado’s technology story 
is one of remarkable success over a short period. Its visionary leaders deserve a great deal 
of credit. Maryland’s (fourth overall) depth of high-end science and technical talent could 
be highly exploitable as biotechnology takes center stage. Virginia (fifth overall) has 
been the leader in converting its assets into economic value as witnessed by its 1st place 
in Technology Concentration and Dynamism. 
 
Washington scores in the top 10 on each of the five components and is 6th overall. 
Microsoft and its software cluster members push the state into the upper ranks on 
intensity of software engineers. New Jersey is 7th overall and was fifth on both Risk 
Capital and Entrepreneurial Infrastructure and Technology Concentration and Dynamism. 
Connecticut was 8th overall and scored high on Risk Capital and Entrepreneurial 
Infrastructure and Human Capital Investment. Utah came in 9th and ranked high in 
Technology Concentration and Dynamism. Rounding out the top 10 was Minnesota, the 
only Midwestern state in the upper tier. Minnesota was among the leaders in human 
capital investment.  
 
Arkansas is in the unenviable position of 50th (last) on the index. Its best ranking on any 
of the five composites was 45th. Next to last was Mississippi, followed by West Virginia 
in 48th. South Dakota was 47th and had its highest rank (37th) on Human Capital 
Investment. Kentucky came in at 46th, but the good news was that it ranked 31st on 
Technology Concentration and Dynamism – evidence that Governor Patton’s technology 
and science focus was beginning to pay dividends. North Dakota was 45th and Louisiana 

State Technology & Science Index 

2002 
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was 44th, but like Kentucky, ranked much higher on Technology Concentration and 
Dynamism (35th). Louisiana Governor Foster has focused his economic development 
efforts in this area. Hawaii was 43rd and Nevada places 42nd overall, although Nevada has 
done much better in technology growth in recent years. South Carolina, at 41st, rounds 
out the bottom 10. 
 
Regionally, the South has six of the bottom 10 states with only Virginia in the upper-tier 
and just four others in the second-tier of states out of a total of 16. The Northeast, with 
the exception of Maine and Vermont, scores in the second-or upper-tier of states. Of 12  
Midwest states, two were in the bottom-tier, and just three in the second-tier. The 
contiguous West has four states in the top 10, three in the second-tier and only one in the 
bottom 10 out of a total of 11 states.  
 
Statistical Relationships 
What does this mean in a statistical sense? We utilized regression analysis and various 
econometric techniques to test the relationships. Regression analysis looks at how 
changes in a dependent variable can be explained by movements in several independent 
variables. It tests the relative importance of each independent variable in explaining 
movements in the dependent variable and the overall explanatory power of the 
relationship. 
 
One of the many tests that we performed was to measure how much of the Technology 
Concentration and Dynamism composite could be explained in a statistical sense across 
states on the basis of movement in the other four composites. The Technology 
Concentration and Dynamism component can be considered an outcomes measure.  
 
This equation was able to explain over 80 percent of the variation of the Technology 
Concentration and Dynamism across states – a very strong statistical relationship. The 
accompanying chart displays this relationship of the actual values versus those predicted 
from the equation. All four independent variables were highly significant, but the Risk 
Capital and Entrepreneurial Infrastructure composite was the most important single 
variable in explaining technology outcomes across states. Human capital is critical, but 
without strong entrepreneurial skills and risk capital, it isn’t fully leveraged for maximum 
technology performance. On the other hand, without high-end technical talent, 
entrepreneurial skills don’t matter much. 
 
Another way to test the statistical relevance of our State Technology and Science Index is 
to look at its relationship to per capita income across states. We examined a number of 
specifications. The dependent variable – the one whose changes we are trying to explain 
– was the working age per capita income of states for 2000. This adjusts for the 
differences in population age distributions across states. For example, due to Utah’s high 
birth rate, it has a larger proportion of young dependents than any other state; and 
therefore, its per capita income would be lower. 
 
Based upon changes in the State Technology and Science Index, we were able to explain 
over 75 percent of the variations in per capita income of the working age population 
across states. This relationship is so strong that you would expect it to not be the true 
statistical relationship only in one out of approximately one million times.  
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In the future, we hope to examine the time series properties of the relationships to better 
establish the lags in changes in the variable with measures of outcomes. Additionally, we 
look to determine where the highest rates of return to investment may be based upon 
where an individual state is located on the development scale. 
 
California Conclusions 

• California must continue to increase funding of science and technology in its 
university systems or risk losing one of its most important comparative advantages. 
Governor Davis’ commitment to establishing three Regional Science and Technology 
Innovation Centers is a key step. 

 
• California’s slowing growth and the strong emergence of venture capital outside the 

state should serve as a warning against complacency. The recent retrenchment in the 
state’s technology industries and in the availability of venture capital suggests 
California must refocus its efforts. 

 
• California does not produce enough scientists and engineers to meet industry demand. 

Even with the harsh choices demanded of state budgets in times of recession, if 
California is to be prepared for economic recovery, spending on higher education 
should remain a priority. 

 
• California excels in attracting the best-trained engineers from around the world. This 

is both a source of strength and weakness for the state. More effort must be focused 
on training California’s native population in science and technical fields, especially 
Latinos and African Americans. 

 
• California’s diversity in technology clusters ranging from computer programming to 

motion picture production services continues to be its strongest asset in the face of 
technology cycle peaks and troughs. California must aim to improve its quality of life 
standards as well as minimize its cost of doing business. Keeping business costs 
competitive will also make California more successful at attracting entrepreneurs. 

 
 
Key Finding 

Where clusters of existing technologies expand and emerging science-based technologies 
form will be critical factors in determining economic winners and losers in the first half 
of the 21st century. As economic activity is based more on intangible assets, those states 
with vibrant technology clusters will experience superior economic growth. It is 
imperative for state and local development officials and business leaders to promote high-
tech expansion and cluster formation. Although high tech is not the only development 
strategy to pursue, it will be the key distinguishing feature of regional vitality in the 21st 
century. States that recognize these changes and alter course quickly will be ahead in the 
economic development game. 
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Introduction – Embracing the Intangible Economy 
 
The elements that make a state or a regional economy vibrant and prosperous today are 
fundamentally different from those of the past. Some states have been either slow to 
recognize these changes or to make the required transformation to participate fully. States 
that don’t alter course quickly will leave their economies and citizens ill-prepared and 
potentially devastated in the future. In the old economics of place, it was the 
accumulation of physical assets – such as proximity to waterways, railways, raw 
materials and the manufacturing infrastructure that developed around them – cheap labor, 
and low business costs and taxes, that determined economic successi.  
 
The new economics of place, however, are driven by their ability to attract and expand 
science and technology assets and leverage them for economic development. State and 
regional economic performance is determined by how effectively its comparative 
advantages are used to create and expand knowledge assets and convert them into 
economic value. If you can use recreational amenities such as a beach, snow-capped 
mountains or an innovative culture to retain or draw these assets, you are ahead in the 
technology-based economic-development game. And states succeeding in technology-
based growth will push income per capita higher; especially relative to those states that 
falter. 
 
Science, technology and knowledge-driven innovation are critical to job and wealth 
creation in the new economics of place. The degree to which a state’s knowledge assets 
are harnessed and converted into successful innovations, products and services will 
determine its economic future. The research, development and innovation assets, the risk-
capital and entrepreneurial infrastructure, human capital capacity, the technology and 
science workforce, and ultimately, the technology concentration and dynamism, are the 
measures for states and regions in an intangible economy.  
 
The term New Economy has been under siege in recent months from a combination of 
events that seem to be inconsistent with perceptions of what it was about. And for good 
(psychological) reasons: few investors want to be reminded of what happened to the 
high-flying tech stocks of the late 1990s and that they placed confidence in the reported 
corporate earnings of some firms and the CEOs and CFOs who issued them. And even 
fewer of the software engineers and MBAs who staked their careers on dot-coms of the 
month are eager to come to grips with what they were thinkingii.  
 
But now that it is so fashionable to dance on the grave of the New Economy, perhaps it is 
time for a more realistic appraisal. Certainly pundits exaggerated claims about the New 
Economy such as, that profitability was irrelevant to corporate success, that the 
NASDAQ was not overvalued in March 2000 when its market capitalization was 245 
times earnings, that the business cycle was obsolete and that the sustainable rate of 
productivity growth had doubled virtually overnight. Nevertheless, today’s skeptics are 
plainly erring on the other side.  
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The technology sector is in a consolidation phase, but it is a cyclical slowdown – not a 
structural one. The business models of many dot-coms may have borne an embarrassing 
resemblance to those underpinning lemonade stands of 8-year-olds, but the demise of 
silly Internet businesses hardly refutes the fact that new technology is changing the rules 
in many sectors of the economy. We pointed out in our 1999 study, America’s High-Tech 
Economy: Growth, Development and Risks for Metropolitan Areas that the technology 
sector was likely to be more volatile in the future, and it was unfortunately prophetic: 
 

On balance, the benefits to the economy from technology far exceed the less-
noticed negative aspects of technology-driven economic development. However, 
there are risks emanating from the technology industry’s inherit volatility, its 
growing importance in the overall economy, and the closer relationship between 
it and the business cycle of the U.S. economy. …A synchronous shock spread 
across a number of related technology industries, such as computers and 
semiconductors, in combination with some other inauspicious development could 
cause a recession in the entire economy. 

 
Since the New Economy isn’t new anymore, perhaps we need a new name for the 
phenomenon that better describes the concepts that underpin it. What we were really 
describing was the movement from a tangible-asset to an intangible-asset-based 
economy. In an intangible economy, concepts such as patents, copyrights, customer 
relationships, brand value, unique institutional designs, the value of future products and 
services and their structural capital (culture, systems, and processes) are important to 
firms. Most of the value of the Intangible Economy is anchored to a firm’s stock of 
human capital and to the locations in which they reside.  
 
The Intangible Economy is based upon more than high-technology industries alone, 
although they are essential for sustained economic success. Places that can attract, grow 
and retain firms and industries proficient at deploying information technology, in addition 
to producing it, will be at a competitive advantage. Most firms know that investing 
heavily in information and communication technologies can accelerate product 
development cycles, if properly designed and deployed. 
 
These technologies are moving us from a vertically oriented, command-and-control 
hierarchy to one that is horizontal based on entrepreneurial organized, dynamic networks 
with collaboration as its centerpiece. Because speed is vital, structures that impede rapid 
decision-making are rendered obsolete.  
 
In order to provide a benchmark for states and monitor progress, we have created an 
index that encapsulates a comprehensive inventory of technology and science assets that 
can be leveraged to promote economic development. The State Technology and Science 
Index is composed of five equally-weighted major composites – Research & 
Development Inputs, Risk Capital and Infrastructure, Human Capital Investment, 
Technology and Science Workforce, and Technology Concentration and Dynamism –  
each weighted equally. These five composites are comprised of 73 individual 
components. Each of the components is measured on a relative basis to a relevant 
indicator (population, Gross State Product, number of establishments, etc.) The data was 
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collected from a number of governmental agencies, foundations, and private sources and 
compiled by the Milken Institute. 
 
Much of the following analysis is based upon comparing and contrasting California to 
other top states as this was the original scope of the project. All states, however, can 
benefit from the information on where they placed and why. In the individual indicator 
pages, we offer a brief description of the indicator, why it is important and a summary of 
California’s position relative to other top states. Detailed indicator data on the other states 
is available on our web site at www.milkeninstitute.org.  
 
With this index, we look at the ecosystem of economic development and sustainability. It 
is important to constantly innovate, start and grow firms to augment the diversity of the 
economic ecosystem because many big firms will likely stagnate or even disappear. 
Greater economic diversity lessens the chances of the entire ecosystem collapsing when 
several dominant species (firms) become extinct. 
 
We start with the research and development capabilities that can be commercialized for 
future state and regional technology growth. The entrepreneurial capacity and risk capital 
infrastructure of states are the ingredients that determine the success rate of converting 
research into commercially viable technology services and products. Human capital is the 
most important intangible asset of a regional or state economy. The intensity of the 
technology and science workforce indicates whether states have sufficient depth of high-
end technical talent on the ground. Technology concentration and dynamism can be 
viewed as a measure of technology outcomes. By measuring technology growth we are 
able to assess the effectiveness of policymakers and other stake holders in transforming 
regional assets into regional prosperity. 
 

Research and Development Assets 

Background and Relevance 
 
The new raw materials of technology-based economic development are the research, 
development and innovation capacities of places. The research and development 
infrastructure of a state is critical to building new industry clusters from breakthrough 
technologies or sustaining the vibrancy of existing industry clusters. A new cluster can be 
formed by importing firms that have commercialized technology elsewhere, but those 
regions in which basic research and development activities take place have distinct 
advantages in building a cluster that “sticks.iii”  
 
As we start the 21st Century, the United States is in a unique position due to its ongoing 
support and high quality of research and development. U.S. research and development 
expenditures exceed the combined total of the remaining G-7 countries (Japan, Germany, 
France, United Kingdom, Canada, and Italy). More importantly, however, the U.S. excels 
in converting its research prowess into economic value by high commercialization 
success.iv  
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The United States’ R&D stature is ultimately determined by the depth and breadth of its 
regional innovation infrastructure. Knowledge and discovery derived from basic research 
can be applied to innovation and converted into economic value more effectively at the 
location of its development. Regional innovation capacity stems from the strength of the 
region’s basic innovation infrastructure, specific conditions supporting innovation in a 
cluster, and degree of interaction between the two.v 
 
Private research laboratories, federal research laboratories, and university-based research 
and development are important drivers of economic development, if properly channeled 
and harnessed. Research and development investments and policies are an integral 
component of economic development in successful regions and states. All economic 
development activities benefit from well-designed and executed programs to expand the 
research and development assets.vi Investments in R&D strengthen the research 
competencies in a region and attract further investments by the private and public sectors 
in a process of dynamic feedback loops. 
 
Long-run economic growth is highly dependent on funding and performing R&D 
activities. Harvard University competiveness guru, Michael Porter, states it bluntly: “in 
the long run, the eroding base for innovation is the real challenge and the abiding 
constraint on our standard of living.vii”  
 
The biggest category of R&D expenditures is industry-performed research and 
development. Industry funds and conducts more R&D than all other sectors combined. 
Industry R&D expenditures rose briskly in the second half of the 1990s and reached 70 
percent of all U.S.-funded R&D in 2000.viii In the manufacturing sector, funding growth 
was attributable to large increases in electronic and communications equipment, 
pharmaceuticals and biotechnology. Other key developments were the rapid gains in non-
manufacturing R&D. In 1982, the nonmanufacturing sector accounted for less than 5 
percent of industry R&D, but reached 36 percent by 2000. The largest shares were in 
professional, scientific, and technical services and the broad information category. 
 
Places with firms reinvesting their profits into their innovation pipeline will likely have 
long lives and be an engine of development. The value of industry R&D can be hidden in 
the incremental innovation of its products and services, but entirely new technologies can 
be spawned as well. Returns to industry R&D activities are more short-term focused.ix 
Despite the critically claimed success of university-based R&D centers such as Silicon 
Valley and Raleigh-Durham, our research shows that location-based industry R&D 
deserves more credit than it is afforded for sustained job and wealth creation, although 
the two are clearly interrelated. 
 
Technology firms are continually monitoring the globe for attractive locations for their 
R&D activities. Corporate R&D is a global endeavor. Missing an important emerging 
R&D region, may mean sacrificing market opportunity or losing competitive advantage 
to a global rival.x For example, the fastest growing segment of U.S. industrial R&D 
expenditures is foreign-based multinational corporations. Foreign multinationals have 
also attempted to gain access to U.S.-based R&D through mergers and acquisitions with 
innovative firms. Foreign M&A activity is a strategy being deployed to gain quick access 
to emerging technologies. This is an excellent indication that the U.S. is perceived to be 
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an innovation hotbed, but also suggests that our innovation capacities may be transferred 
to other nations. 
 
Another key development in private-sector innovation is the shift to aspiring new firms as 
a source for R&D. Corporate research laboratories are accounting for a smaller share of 
industry R&D.xi Federal programs such as the Small Business Innovation Program 
(SBIR) attempts to support private-sector R&D through a set-aside program earmarked 
for promising technology at small firms. It is earmarked for technology that has not yet 
been demonstrated to be commercially viable.  
 
These new firms have difficulty in accessing the capital that they need to demonstrate 
commercial potential. The federal government is attempting to fill this void. For a firm to 
qualify for an SBIR award it must meet these criteria: it must be a for-profit entity; 
American-owned and independently operated; employ the principal researcher; and have 
no more than 500 employees. 
 
Federally funded R&D can be an important economic development asset. Through its 
seemingly unintended regional development policies over the past 50 years, the federal 
government has reinforced and enhanced the position of well-known technology clusters. 
These facilities were often sited for strategic, national security, and political reasons. By 
placing defense-related federal research facilities in such places as Silicon Valley where 
advanced semiconductors were designed and produced, the federal government helped 
them prosper.xii Locations that helped these labs spin out technology have benefited. 
 
Federal support of R&D has diminished as a share of total R&D funding. Federal R&D 
funding was heavily defense-related during the cold war years. The federal share of total 
R&D peaked in the early 1960s at 65 percent and began a gradual descent, falling below 
50 percent for the first time in 1979. Today, the federal share is just above one-quarter 
total R&D funding. After adjusting for inflation, absolute federal funding of R&D fell in 
the second half of the 1980s and has remained flat since.  
 
There have been some significant changes in the distribution of federal R&D funds 
across research areas over the past decade. Federal funds have been shifted toward life 
sciences and away from the physical sciences and engineering. Basic and applied federal 
funding of life sciences rose from 40 to 45 percent of the total in the 1990s, while 
physical sciences and engineering fell from 38 to 32 percent.xiii Supporters of government 
funding of life sciences are pleased, but many scientific groups are concerned about the 
potential long-term impacts of the shift. These shifts have important implications for 
states and regions attempting to attract more federal R&D funding. 
 
Expenditures for university-based research and development may be funded by the 
federal, state and local government, industry, non-profits, or the universities directly. 
University research tends to be oriented toward basic research that addresses long-term, 
fundamental knowledge and scientific discovery. The nation’s universities and colleges 
account for approximately half of basic research. Universities receive over 60 percent of 
their total R&D funding from the federal government. The bulk of the funding is going 
into life sciences as evidenced by the dramatic increase in university patenting in this 
promising field.  
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The economic value of university research accrues over many years. However, university 
facilities, research staff, and knowledge contribute to the research base and have a short-
term payoff, too: they attract new business.xiv States with successful research universities 
have played an important role in attracting research-oriented companies. Increasingly, 
universities are conducting more applied research for the benefit of specific corporate 
sponsors. Joint industry/academic research collaboration supports industry research 
objectives by granting them access to cutting-edge innovation and establishes a network 
for hiring top graduates. 
 
A region’s R&D assets are important, but the degree of interaction with other elements of 
the economic environment determines whether commercially viable outcomes result. 
Place-based technological change depends upon user-producer relationships (interfirm, 
interindustry and consumer-producer); science-production relations; interfirm relations in 
dynamic clusters; and firm-government-university relations. It is increasingly important 
that these relationships are nonhierarchical, and based on substance-dependent 
communication and action processes.xv 
 
Collaboration in research and development among corporate labs, corporate supplier 
networks, universities, and government labs is evolving into a new distributed, external 
platform system for innovation.xvi Relationships between industry and universities have 
grown more extensive over the past two decades as federal sources of R&D funding are 
increasingly tied to attracting private sector investments.  
 
As an example, The Small Business Technology Transfer (STTR) program seeks to 
increase the participation of small businesses in federal R&D and to increase private 
sector commercialization of technology from federal sources. Many newly chartered 
firms play an increasingly instrumental role in today’s rapid commercialization of 
technology innovations. Unencumbered by other core technology assets, small firms can 
bring new products and services to market quickly. The unique feature of the STTR 
program is its requirement that the small business concern applicant organization, 
formally collaborate with a research institution in phase I and phase II. 
 
Technology transfer policies must be part of research facility charters. To fully leverage 
new technologies for commercial success, applied research programs need to be 
established between the government and university labs with the private sector. The 
culture at many university and government research facilities must also emphasize 
commercial applications, beyond research for the sake of scientific discovery.xvii States 
where scientists and other researchers are encouraged and given support in licensing their 
research to the private sector, becoming part-time consultants to private firms, and 
moving to the private sector themselves to develop commercial applications will reap the 
economic rewards.  
   

California and State Findings 
Massachusetts scores as the top R&D state on a relative size basis in our Research and 
Development Composite index. Had a state scored first in each of the 16 components, it 
would have a top score of 100. Massachusetts was 1st in four individual categories of 
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funding and second in three. Massachusetts’ overall score placed it substantially ahead of 
2nd placed Colorado. Rhode Island follows in 3rd, and California is 4th. The remaining top 
10 include Maryland, New Mexico, Delaware, Utah, Washington and New Hampshire.  
 

NHWAUTDENMMDCARICOMA

95

90

85

80

75

70

65

Level

Source: Milken Institute

Research  & Development Inputs Component
2002

 
 
The accompanying table displays each of the 16 indicators included in the composite, 
along with California’s score and ranking. Federal R&D is the sum of all basic and 
applied research in projects pertaining to national defense, health, space research and 
technology, energy, and general science. Industry research and development is the sum of 
all amounts spent by corporations on basic and applied research, including those amounts 
spent by corporations on federally funded R&D centers. Industry R&D receives great 
weight in the composite index because of its large share of overall R&D. All research, 
basic and applied, performed by colleges and universities is funded by a combination of 
federal, industry, and academic sources.  
 
The National Science Foundation is an independent agency of the United States 
government that funds research and education in science and engineering through grants, 
contracts, and cooperative agreements. Research and development expenditures on 
engineering dollars per capita is the statewide amount of funds spent at doctorate-
granting institutions on various basic and applied engineering programs. Other important 
funding categories include physical sciences, environmental sciences, math and computer 
sciences and life sciences.  
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The STTR awards are federally funded research awards granted to small businesses and 
nonprofit research institutes. SBIR awards fund the often costly startup and development 
stages as well as encourage the commercialization of the research findings. The funding 
rate of competitive National Science Foundation (NSF) project proposals for basic 
research are crucial for generating momentum at the formative stages of R&D in 
universities.  
 
California’s ascension to the cutting edge of technological innovation has been fueled by 
an unprecedented combination of scientific excellence, research and development assets, 
human capital, and financial resources. Fueling this expansion is a vast reallocation of 
resources from traditional manufacturing and agriculture to science and technology-
oriented industries such as biotechnology, medical instruments and computer science.  
 
Looking at how California scores on a relative basis, it is consistently in the upper-tier, 
but is in the top five on only one component. These per capita rankings are inevitably 
affected by California’s large population and diverse economy – factors that can, while 
not necessarily indicating a weakness, nevertheless pull down the state’s overall position. 
California is at the forefront of R&D funding and ranks 6th in the nation in combined 
R&D dollars per capita and first in absolute funding. Nearly 19 percent of all federal 
funds spent in California are spent on R&D efforts. 
 
California ranks among the top 10 states in terms of federal R&D spending per capita. 
Still, it placed 8th within the top 10 cohort – a position that lags such other leading R&D 
states as Massachusetts and Virginia in the East, and New Mexico in the West. 
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In terms of academic R&D dollars per capita, California ranks 15th, well into the second 
tier. This category of R&D funding is California’s weakest while Massachusetts once 
again outperforms the Golden State, placing in the top five. While California boasts an 
undeniably world-class university infrastructure, indicators such as this one illustrate a 
degree of underfunding in science and technology education relative to the populations of 
other states. 
 
California places among the top 10 states in industry-originated R&D spending per 
capita. Yet this status is likewise mitigated somewhat by the state placing deep in the 
bottom half (in this case, seventh) of the top 10 grouping – a position that again lags other 
leading R&D states such as Massachusetts in the East and Washington in the West.  
 
In several key technology sectors – electronic components, computers, search and 
navigation equipment, communications equipment, software, and scientific R&D services 
– California ranks 1st in absolute industrial R&D expenditures, the largest category. 
However, California is particularly dominant in electronic components and computers 
representing 60.9 percent and 54.7 percent of total U.S. industrial R&D, respectively.xviii 
California invested $26.8 billion industrial R&D in technology sectors in 1999, 
representing 68.8 percent of the state’s industry R&D. This places California ahead of 
Massachusetts where 66.6 percent of industry R&D was in technology sectors, but behind 
Massachusetts on technology industry R&D on a per capita basis ($122 versus $81). 
Because of disclosure issues, the federal government doesn’t release information on 
industry R&D by sector for all states; if it did, California would score much better in this 
important category. 
 

California U.S. Total
California Share

of U.S. Total
Semiconductors 6,517 10,701 60.9%
Scientific R&D Services 4,522 10,470 43.2%
Computer Systems Design 1,182 3,119 37.9%
Computer & Peripheral Equipment 1,368 2,500 54.7%
Search & Navigation Equipment 4,737 14,337 33.0%
Software 3,600 10,931 32.9%
Machinery 1,270 6,057 21.0%
Architectural & Engineering Services 665 3,580 18.6%
Communications Equipment 775 6,003 12.9%
Pharmaceuticals & Medicines 968 9,919 9.8%
Aerospace 1,120 14,425 7.8%
Totals 26,724 92,042 29.0%
Sources: National Science Foundation, Milken Institute

Total Funds for Industrial R&D by Technology Sector
1999, $US Millions

 
 
When measured in terms of the state’s GSP, California’s share of NSF funding ranks 
19th, placing it well behind a state such as 3rd-ranked Massachusetts. There are signs of 
progress, however. For example, NSF funding throughout the University of California 
system has been trending upward since 1996. For FY2000, the U.C.’s combined infusion 
of $244 million in NSF awards stands as the largest for any university system. 
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One of the state’s most troublesome rankings is in life science R&D at 17th. This is a key 
area for potential growth. The rate at which California institutions win competitive NSF 
proposals provides one of the most positive measures of the state’s R&D strengths. Here 
California ranks solidly within the top 10 states and enjoys the same rate – 38 percent – 
as Massachusetts, which outperforms California in all other R&D input indicators.  
 
In the case of STTR awards per 10,000 businesses, California ranks in the top 10. In this 
ranking, the state once again finds itself far behind Massachusetts. This, however, is 
likely due to greater diversity in the California economy. Many California businesses are 
ineligible to apply for these awards as compared to a state like Massachusetts, whose 
economy is highly concentrated in technology. 
 
At the same time, to maintain California’s prominent national, and often global, 
leadership role in key technology sectors, it must do better. California must continue to 
increase funding of science and technology in its university systems or risk losing one of 
its most important historical comparative advantages. Weakness in the engineering R&D 
is troubling because the category includes fields with great long-term economic potential 
such as computer engineering and nanotechnology. More effort must be made to 
communicate the availability of such programs as SBIR and STTR to would-be 
entrepreneurs and provide assistance in the application process in California.  
 

Risk Capital and Entrepreneurial Assets 

Background and Relevance 
Entrepreneurial capacity and behavior are prime drivers of economic growth and job 
creation in the new intangible-based economics of place. Entrepreneurs see the economic 
potential of new technologies and apply them to business concept innovations. Business-
management author Gary Hamel describes business concept innovation as “the capacity 
to imagine dramatically different business concepts or dramatically new ways of 
differentiating existing business concepts.xix” 
 
In eras of rapid technology change, entrepreneurial skills have a unique role to play 
because new enterprises, having no history and no personal stakes, are better positioned 
to harness new forms of technology. The message is this: To be a successful state or 
region over the long haul calls for capable entrepreneurs and the risk capital 
infrastructure to support them. Perhaps more importantly, public policy officials must 
understand the role of entrepreneurial activities and serve as a catalyst in building the 
social network infrastructure to nurture success. 
 
The focus on the role of individual entrepreneurs in local and national economic 
development has waxed and waned in the history of economic thought.xx Adam Smith 
bestowed high importance on business owners and managers in promoting an efficient 
market-based economy. Much of our current understanding of industrial clusters, and 
what causes their formation and sustainability, dates back to Alfred Marshall.xxi Yet 
Marshall didn’t see the entrepreneur as essential to his industrial districts, nor did he 
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explicitly incorporate them into his neoclassical synthesis. He saw innovation stemming 
from ‘organization’ knowledge that was seemingly in the air, showing that he was aware 
of entrepreneurial activities, but relegated them to a secondary role.  
 
Joseph Schumpeter provided much of the modern thinking on the role of the entrepreneur 
in new firm formation dynamics. Writing in the 1930s, Schumpeter bestowed on 
entrepreneurs a central role in the theory of economic development and capitalism 
itself.xxii Schumpeter saw innovation as the force behind capitalism, and entrepreneurs 
driving innovation by efficiently combining factors of production. Entrepreneurs unleash 
waves of creative destruction. He attributed the success of regional business systems to 
organizational entities with differentiated practices based upon “experience and 
teamwork.” 
  
The ability to garner the required resources and overcome all impediments by seizing 
new business opportunities is what defines entrepreneurship. Entrepreneurs see stable 
careers as unfulfilling and embark on the financial uncertainty of creating something 
from their passion-held ideas.  
 
Entrepreneurs are essential because new ideas are best-implemented in new firms. 
Existing businesses often fear “cannibalizing” their current sales and hesitate to introduce 
new products.xxiii Old big and bureaucratic firms often do not even recognize the value of 
their own discoveries and how they could be applied. American technology innovation is 
full of examples of entrepreneurs adopting new technologies developed at established 
firms. 
 
When Steve Jobs visited Xerox’s PARC facility and witnessed an early prototype of the 
graphic user interface (GUI), Xerox did not see how the technology could be applied. 
Later, Jobs founded Apple Computer, which used the GUI for its Macintosh personal 
computer. Similarly, Sun Microsystems, an outside start-up, created the computer 
workstation market even though IBM held the patents to the technology. The world’s 
leading pharmaceutical firms played virtually no role in the burgeoning field of 
biotechnology. Big Pharma was forced to acquire biotechnology firms because they 
didn’t pursue research in this area and develop their own expertise. Nevertheless, they 
knew of the scientific breakthroughs in the field of microbiology and the commercial 
promise it offered. 
 
Inventions advance the store of human knowledge, but do not affect the local economic 
system until they are implemented as an innovation. Risk capital by itself will not turn 
new ideas into commercially viable products; that is the role of entrepreneurs. Innovation 
and economic impact occur when an entrepreneur garners the financing, creates a 
business model, and transfers the invention into the private sector.xxiv Even MIT 
economist and best-selling author, Lester Thurow, altered his formerly pessimistic view 
on the relative decline of U.S. industry. Thurow now believes that “entrepreneurs are 
central to the process of creative destruction, since they are the individuals who bring the 
new technologies and the new concepts into active commercial use. They are the change 
agents of capitalism.”xxv 
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Job creation statistics display the importance of entrepreneurship to the U.S. economy. In 
the second half of the 1990s, businesses with fewer than 100 employees created 75 
percent of all new jobs in the United States. Moreover, 15 percent of the fastest growing 
new firms accounted for over 90 percent of net new job creation. Furthermore, 16 percent 
of all U.S. businesses have been in existence less than one year.xxvi Contrast this 
performance with Fortune 500 firms: since 1980 they have shed more than 5 million jobs 
while 38 million jobs have been created in the United States.  
 
The explosion in the availability of capital to individuals has supported new firm 
formation and economic growth. In the old financial order, only organizations and 
individuals that had money were given access to borrowed funds for investment 
purposes. Consequently, riskier, more innovative entrepreneurs faced great difficulty in 
obtaining early-stage funding.xxvii The increased availability of risk capital to technology 
start-ups is particularly powerful because their product or service is unproven and the 
market potential is difficult to ascertain. Most traditional banks do not want to accept 
intellectual property as collateral for a loan, although some have established venture 
capital divisions to enter this expanding capital market. 
 
Efficient capital markets promote economic development and facilitate wealth creation 
by channeling investments into productive enterprises. Broader access to capital and a 
wider distribution across the population improve ownership patterns that diffuse the 
benefits and boost economic growthxxviii. Broadly diversified financial systems result in 
efficient capital allocation to alternative investment opportunities. This process is 
highlighted by the increasing shift to market-based financing, especially to an early-stage 
business investment market, and away from the traditional intermediated-finance model. 
 
Many of these new firms require large amounts of external financing for an extended 
period before they can tap traditional debt or equity markets. Private equity from pools of 
individual investors (angels) or highly specialized venture capital (VC) firms attempt to 
fill this void. 
 
Angel investors are groups of loosely organized individuals that pool financial resources 
to provide start-up or early-stage funds to firms. After either exhausting their own 
financial resources or from friends and family, entrepreneurs turn to angel investors. 
Angel investors fill smaller financing needs than traditional venture capitalists provide. 
VC funds may prove incompatible with new firms for a number of reasons: the limited 
size of early-round investments, modest future anticipated needs, or a higher risk profile 
associated with limited information on market potential for their product.  
 
When an angel-backed firm’s financing needs expand beyond the capacity of the angel 
market, they approach venture capital firms. Contrary to public perception, VC firms 
rarely invest in start-up firms, although some VC funds have been established solely to 
provide seed financing. The majority of their investments are follow-on funding and they 
place them in business sectors where rapid growth is expected. Venture capitalists look 
for high rates of return over a five-year period with an exit strategy of cashing out after a 
firm becomes publicly traded through an initial public offering or a merger or acquisition 
by an established firm.xxix 
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Venture capital has a history of funding new technologies. These are the most risky 
investments, but can offer high returns. Venture capitalists backed fledgling 
semiconductor firms, then personal computers, followed by the disk drive industry, 
biotechnology in the early 1990s (before the market crash in 1992) software in the mid-
1990s, and dot-coms at the end of the decade. Intel, Microsoft, Apple Computer and 
Cisco, Genentech, and Amazon were all venture-backed firms. 
 
Venture capitalists often place high importance on the passion of the entrepreneur and the 
talent of the senior management staff. The product or service is central to the issues of 
whether to fund a firm, but VCs see passion and talent as critical determinants, as well. 
They evaluate other factors such as market potential, ability to establish branding, and 
whether their space is defensible against imitators. Venture firms are able to take 
substantial risks because of the large upside of a small number of their investments. The 
net returns of VC funds are accumulated from a small minority of investments with the 
bulk of the returns coming from 10 percent of the firms.xxx 
 
Venture capital placement is an important later-stage measure of commercialization 
activity for new technologies and business concept innovations. Venture capital funding 
represents a small share of the overall capital markets, but its true value cannot be 
measured in dollars. VCs assist in business plan development, become board members, 
lend management skills, suggest strategic partnerships and alliances, assist in expansion 
plans, and can bring in key talent where needed. Venture capital activity is an excellent 
way to assess whether financiers have confidence in the new ideas and entrepreneurial 
infrastructure of a region. 
 
A new conceptual framework for state and regional economic growth must be built that 
explicitly recognizes the role of entrepreneurship in the new intangible-based economics 
of place. First, it is important to recognize that entrepreneurial activity is molded by a 
consistent set of factors. This entrepreneurial framework includes training and support 
from the private and public sectors and the availability of early-stage financing. Then, the 
intensity of entrepreneurial activity is a function of the extent to which individuals 
recognize the entrepreneurial opportunities and possess the capacity − motivation and 
skills − to exploit them.xxxi The interaction between recognition of opportunities and the 
capacity to pursue them will increase the level of start-ups efforts, new firm birth, and job 
formation. 
 

California and Other State Rankings 
California’s risk capital and entrepreneurial infrastructure places it 2nd after 
Massachusetts. Our Risk Capital and Entrepreneurial Infrastructure Composite index is 
composed of nine individual components, each benchmarked to a relevant indicator. 
Massachusetts was 1st in three categories, and although California didn’t rank first in any 
individual component, its overall 2nd place performance was attributable to its broad-
based upper-tier rankings. Furthermore, California’s risk capital and entrepreneurial 
capacities are unparallel on an absolute basis. Other top 10 states include New York, 
Colorado, New Jersey, Connecticut, Georgia, Washington, Maryland and Virginia.  
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Each of the nine indicators included in the composite, along with California’s score and 
ranking, are displayed in the accompanying chart. The Risk Capital and Infrastructure 
(RCI) component aims to measure each state’s entrepreneurial culture through the 
analysis of risk capital vehicles such as venture capital investment and IPO activity. The 
component further seeks to gauge the effects of such vehicles in terms of business 
creation and patents activity.  
 
The RCI composite index is calculated by totaling the state ranks of each RCI indicator 
and dividing it by the total number of indicators. Several indicators on venture capital are 
included in order to capture its relative size and which states are witnessing rapid gains. 
A high growth rate in venture capital placements indicates that a state is witnessing early 
success in building technology-based firms for future economic development and job 
creation and closing the gap with more advanced states. Growth in total venture capital 
funding and in the number of companies receiving VC investment captures this element. 
 
We include the number of companies receiving venture capital investment per 10,000 
firms and VC investment as a percentage of Gross State Product (GSP) to measure the 
flow and strength of each state’s venture capital activity relative to its total economy. 
Venture capital’s share of a state’s economy is important because of the strong 
relationship between those states that have higher venture capital investment activity and 
entrepreneurial success, job creation, wealth creation and higher standards of living.  
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California 82.22 73.6% 28.22 31.7% 2.86 0.73 2.56 50.61 67.90 0.90

1 2 3 4 5 6 7 8 10 11

51.24 223.55% 5.22 39.36% 0.48 0.34 1.45 27.18 50.19 0.31

 
 
The Small Business Investment Company (SBIC) program is geared towards business 
incubator-type establishments that award small businesses services ranging from various 
forms of financial capital to management consulting. SBICs are able to provide these 
services because they are leveraged by the Small Business Association (SBA). SBIC 
establishments behave in a manner similar to that of venture capitalists – their goal is to 
identify profit potential in unleveraged small businesses and fund it in hopes of high 
returns on investment. Business incubators aim to provide up-and-coming small 
businesses with guidance and various resources such as physical facilities, office 
equipment, business assistance services, and management consulting in order to enable 
economic growth and development during the critical formative stages. 
 
Patents are granted by the Patent and Trademark Office (PTO), a division of the United 
States Department of Commerce. Innovation and scientific advancement is protected 
through patents by prohibiting others to make, use, or sell the invention. On a state-to-
state basis, the greater the number of patents per 100,000 people the more inventive, 
innovative, and scientifically curious are its agencies and institutions.  
 
Business formation is important to a state’s local economy because it is an indicator of 
entrepreneurship, innovative spirit, and optimistic expectations. An Initial Public 
Offering (IPO) occurs when a company decides to sell shares of its common stock to the 
general public. Companies that go public are typically those that have established a 
proven track record by means of revenues or sales history.  
 

Risk Capital & Infrastructure 
California’s Score 
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Coupled with various forms of R&D funding, California’s entrepreneurial culture 
continues to succeed as evidenced by strong positions in business starts and patent 
attainment as a result of further financial contributions from the risk capital sector. In 
addition to these financial contributions, California places second in the nation in number 
of business incubators per 10,000 business establishments – incubators play a crucial role 
during the formative stages of a business venture. 
 
California ranks a dismal 29th , however, in regards to growth of total venture capital 
(VC) invested in 1999-2000. This ranking should not be interpreted to mean that 
California’s VC industry has somehow plateaued or in danger of being overtaken by 
high-growth upstarts like Idaho and Alabama, however. States that are at the forefront of 
growth in venture capital investment are by and large starting from a lower point, having 
received minimal high-risk capital funding in the past. As with the measurement of 
growth of total venture capital (VC) invested between 1999 and 2000, growth of 
companies receiving VC investment over the same time period places California in a 
third-tier position. Again, this type of ranking should not be interpreted to mean that 
California’s VC industry is in relative decline. 
 
The number of California companies receiving VC investments (per 10,000 firms started 
throughout the state), is a high 28.2, bested only by Massachusetts, with 33.2. Absolute 
VC fund placements are important too; California accounted for nearly 40 percent of all 
VC funding in the nation in 2000 and this high share has been maintained despite the 
overall decline in recent quarters. California enjoys one of the highest levels of venture 
capital investment as a percentage of GSP, nearly 3 percent. The relationship between 
VC and California’s economic performance is further illustrated by the number of 
California companies that are now large revenue generators and employers – Hewlett-
Packard, Teledyne, Intel, Cisco, Qualcomm, for example – were nurtured by venture 
capital.  
 
According to the amount of SBIC program funds disbursed per $1,000 of GSP, California 
does comparatively well with a fourth place position. Although an undeniably positive 
indicator, the statistics behind this ranking do not portray the full strength and quality of 
California’s SBIC infrastructure. As with its lead in VC investing, California SBIC 
entities have distinguished themselves in picking and nurturing promising investment 
opportunities, both inside the state and out. California has an estimated 2.56 business 
incubators per 10,000 businesses, ranking the state fourth. This figure could 
underestimate by as much as half the actual number of incubators. Moreover, any statistic 
would never relate in full all the de facto but unofficial incubators that operate throughout 
state. For example, various groups at California universities and colleges, numerous 
Stanford University science departments being the most notable, function as incubators 
although their official charge is simply academic education and research.  
 
California places eighth based on number of patents issued per 100,000 people: a good, 
but not outstanding, affirmation of the state’s inventiveness. Number of patents filed thus 
should not be assumed to correspond automatically with the number of novel 
innovations. Nevertheless, as with other population based statistics, California’s less-
than-sterling performance can be seen as another indication that a strengthening of basic 
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educational structures is in order if the state is to do better in this category of patent 
filing. 
 
In terms of business starts per 100,000 people, California again ranks in the top 10 but, in 
sixth place. Curiously, Massachusetts, the state that typically outperforms California in 
index measures, does not appear among the top 10 states at all, but is ranked 19th. This 
indicates that Massachusetts’ outstanding research capabilities are not fully leveraged for 
maximum economic benefit because of lower entrepreneurial effectiveness. With 0.9 
percent of GSP represented by IPO proceeds, California scores well above the national 
average of 0.5 percent, and 4th overall.  
 
A combination of local and out-of-state talent will continue to fuel California’s educated 
community. Finding innovative ways to finance this talent will continue to be the catalyst 
of entrepreneurial achievement. With Menlo Park’s famed Sand Hill Road – the Wall 
Street of the venture capital finance – and other pockets of risk-capital investing, 
California remains the leading state for venture capital. At the same time, California’s 
slowing growth and the strong emergence of venture capital outside the state should serve 
as a warning against complacency. The recent retrenchment in the state’s technology 
industries and in the availability of venture capital suggests California must refocus its 
efforts. 

Human Capital Capacity 

Background and Relevance 
Knowledge and the innovation capacities of human capital are at the core of the new 
intangible-based economics of place. In the old tangible-based economy, human capital 
was not seen as a reservoir of talent exploitable for economic development. In contrast, 
today a state or region’s most important source of competitive advantage is the 
knowledge embedded in its people (intellectual capital). In contrast to the past, where 
firms and industry agglomerations attracted people, the intangible-based economy’s 
dynamic is that concentrations of talent are attracting firms. Michael Milken was among 
the first to recognize these changing dynamics when he stated, “Today with the 
emergence of the information age, the strength of a country is based on knowledge.  
National greatness will arise not from our natural resources or our factories, but from our 
people – people with new ideas and skills.”xxxii  
 
Labor was seen as an expense that must be minimized to achieve superior financial 
performance in the past. Labor was a rented, hired and fired factor of production that 
warranted little investment. Even today, the balance sheets of most corporations are 
mired in our industrial past because labor is only discerned as an expense item. Human 
capital, or the value of the intellectual assets of U.S. companies, has been estimated to 
represent between 70 to 75 percent of their total asset value by University of Chicago 
Nobel laureate Gary Becker. Many technology firms have market capitalization 10 to 20 
times the value of their physical assets.  
 
In the new intangible economics of place, the knowledge, skills, experience, and 
innovation potential of talented individuals have greater value than the capital equipment 
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or even capital itself. A successful enterprise accesses, creates, and utilizes knowledge to 
sustain competitive advantage. It provides the required training, information technology, 
direction and proper motivational system to ensure that its employees build new 
knowledge and value. Places with firms that understand and live by these dynamics are 
well-positioned to exploit human capital for economic development. Federal Reserve 
Chairman Alan Greenspan summarized this new reality very succinctly when he stated 
that “virtually unimaginable a half-century ago was the extent to which concepts and 
ideas would substitute for physical resources and human brawn in the production of 
goods and services.xxxiii”  
 
Perhaps Jane Jacobs conveys the message on the importance of human capital most 
poignantly. She draws parallels between the vibrant and flexible processes of nature in 
order to build better models for economic planning. She culls examples from chaos 
theory to cell biology, to ecology and evolution. “Beginning with the very start of a 
settlement and continuing for as long as the place maintains an economy, human effort is 
combined with imports. …And the most important ingredient qualitatively – although not 
always quantitatively – is human capital. That means skills, information, and experience 
– cultivated human potentialities – resulting from investments made by the public, by 
parents, by employers, and by individuals themselves.xxxiv”  
 
Talent is so vital to regional prosperity because we have entered a knowledge-based 
economy. This change is so fundamental that it conflicts with basic economic concepts 
such as scarcity that have been taught to students for generations. Intellectual capital can 
be a bountiful resource that does not adhere to the law of diminishing returns. Knowledge 
resides with an individual or group and is not an easily manipulated asset.xxxv Knowledge 
grows when collaboration and sharing with others occurs, it is not depleted because even 
if it is transferred, the original owner still possesses it. Innovation, or the flow of new 
knowledge, thrives in an environment of collaboration, but dies in an environment based 
solely on competition. 
 
Little research has been conducted on how people choose where to locate, but economists 
and others have lavished a deal of attention on how firms choose to do so. In the past, 
people tended to follow jobs to places, but today economic and lifestyle considerations 
are both important. Richard Florida of Carnegie Mellon has studied this phenomenon and 
developed his “creative capital theory” in an attempt to explain it. In his book, The Rise 
of the Creative Class, xxxvihe states: 
 

Essentially my theory says that regional economic growth is driven by the 
location choices of creative people – the holders of creative capital – who prefer 
places that are diverse, tolerant, and open to new ideas. (1) It identifies a type of 
human capital, creative people, as being key to economic growth; and (2) it 
identifies the underlying factors that shape the location decisions of people, 
instead of merely saying that regions are blessed with certain endowments of 
them.  

 
In other words, geography matters more than ever because skilled technical and creative 
people determine firm and regional success and firms must consider where high-end 
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human capital chooses to locate.xxxvii Skilled professionals – especially science and 
technical talent – increasingly determine the future economic prosperity of states and 
regions.  
 
There are two basic forms of knowledge that contribute to economic value and growth: 
“theoretical” and “tacit” knowledge. Theoretical knowledge is acquired through 
traditional formalized primary, secondary and tertiary educational systems. This 
knowledge can be scientific, technical, or liberal-arts based. Knowledge work is often 
unstructured and tends to be iterative, relying on both deductive and inductive reasoning. 
Formalized education provides a framework to allow effective learning and research 
activities that create new, formalized knowledge.  
 
Tacit knowledge can best be described as informal or how-to knowledge. Tacit 
knowledge is created within teams that innovate inside a firm. Firms create value through 
development of knowledge management strategies that foster sharing knowledge 
throughout an organization. In the past, knowledge was typically acquired and resident 
within separate individuals or groups. This knowledge is embedded in the systems, 
processes, methodologies, and technologies resident within organizations − residing in 
people’s thinking and experiences.xxxviii There is evidence that knowledge spillovers 
typically are based upon tacit knowledge. Innovative activity has a high propensity to 
cluster spatially in industries where tacit knowledge plays a critical role because it is 
primarily transferred through informal networks, typically demanding direct and repeated 
contact and dialogue.  
 
Many human capital skills have been transferred from knowledge created long ago. What 
is unique today is the high value associated with recently acquired knowledge and skills. 
Knowledge workers who possess the most current skills are witnessing dramatically 
higher earning power than ones with older skills. For example, computer programmers 
with knowledge of the latest programming languages earn more than twice as much as 
those with knowledge in older languages.  
 
Knowledge is now being incorporated as a distinct factor in growth theory. A diverse set 
of theoretical and empirical work has emerged as endogenous, or new, growth theory. 
This body of work differentiates itself from traditional growth theory by emphasizing that 
economic growth is an outcome of a dynamic economic system. Endogenous growth 
theory postulates several channels through which technology, human capital, and the 
creation of new ideas enable a virtuous circle and feedback to economic growth.  
 
New growth theory shows that knowledge has a separate and distinct impact on 
promoting economic growth. New growth theory is generally associated with University 
of Chicago economist Paul Romer. Romer perhaps best captures what is at the core of 
this theory stating, “what is important for growth is integration not into an economy with 
a large number of people, but rather one with a large amount of human capital.”xxxix  
 
Several studies have found that people are more productive when they work around 
others individuals with a strong investment in human capital. Our own work and others 
find strong statistical relationships between the depth of human capital and urban and 
regional growth.xl  For example, differences in per capita income among states are most 
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closely associated with the percent of the adult population that has at least a bachelor’s 
degree.xli  Individual human capital is more productive in the presence of high collective 
human capital.xlii 
 
In a pioneering study, Glaeser discovered that the need to access common pools of talent 
was becoming stronger in determining why firms tend to cluster together in regional 
complexes than access to suppliers and customers.xliii Regional migration patterns of 
knowledge workers are another way to test the sustainability of regional economic 
growth differentials. Analysis supports the pattern that knowledge workers are attracted 
to regions with higher returns to knowledge. 
 
As with private firms, states and regions must access, create, and utilize knowledge to 
sustain competitive advantage in the new Intangible Economy. Talented individuals are 
highly mobile and can reward regions that attract them and punish those that lose them. 
Regions must utilize the knowledge assets in their possession such as universities, 
research centers, and most importantly, the talent that they create or attract to fuel 
economic growth. 
 

California and State Findings 
As in the preceding two composite measures, Massachusetts ranks as the top state on a 
relative basis in our Human Capital Investment Composite index. Of the 20 individual 
components, Massachusetts scored 1st in six of the individual components and was in the 
top five on 10. Colorado was in 2nd place, followed by Rhode Island in 3rd, and California 
was 4th. This places California solidly among the top 10 states but behind others with 
technology-charged economies. California performs admirably on most measures of the 
stock of human capital in technology-related areas, but slides on many human capital 
flow components. The remaining top 10 include Minnesota, Connecticut, Delaware, 
Washington, Vermont and Utah. 
  
The accompanying table highlights California’s position in each of the 20 individual 
indicators included in the composite. The Human Capital Invesment (HCI) composite 
aims to measure stock of human capital and rate of investment (flow) between states by 
gauging the concentration and momentum of various science and engineering fields. The 
HCI is calculated by totaling the state ranks of each indicator and dividing it by the 
number of indicators.  
 
Bachelor’s degrees are important to a state because it gives an indication of both the level 
of educational attainment and the type of skills that are demanded by the state’s firms. 
The total number and percentage of population with advanced degrees or higher are 
important to a state because large concentrations of people with advanced degrees are a 
good indicator of a state labor pool’s sophistication and level of skill development. 
Another measure included is the concentration of Ph.D. degree holders. States with high 
levels of Ph.D. degree holders are safely assumed to have quality research and 
development centers and a solid advanced education system. 
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Bachelor's Degree or Greater (% of Population 25+)

Advanced Degree or Greater (% of Population 25+)

PhD Degrees (% of Population 25+)

Students in Science or Engineering (25 - 34 Age Cohort)

State Spending on Student Aid - per Capita

Average Verbal SAT 

Average Math SAT 

Average ACT Scores

State Appropriations for Higher Education

Percent Change in State Appropriations for Higher Education

Number of Doctoral Scientists per 100,000 People

Number of Doctoral Engineers per 100,000 People

Number of Science & Engineering PhDs Awarded per 100,000 People

Number of Science & Engineering Post Doctorates Awarded per 100,000 People

Percent of Bachelor's Degrees Granted in Science & Engineering

Recent Bachelor's Degrees in Science & Engineering - Percent of Civilian Workforce

Recent Master's Degrees in Science & Engineering - Percent of Civilian Workforce

Recent PhD Degrees in Science & Engineering - Percent of Civilian Workforce

Households with Computers

Households with Internet Access

Human Capital Inv. Component

California

State Avg.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

72.60 29.95% 9.66% 0.19% 1.18% 11.17 498 517 21.4 272.1 17.0% 201.54 60.28 63.95 136.30 19.0% 1.56% 0.41% 0.18% 56.6% 46.7%

51.66 24.38% 7.83% 0.17% 1.18% 11.20 533.56 529 21.8 216.09 5.65% 191.29 35.08 62.20 83.46 17.94% 1.37% 0.29% 0.13% 51.51% 41.23%

 
Large concentrations of doctoral scientists are important to a state because it shows how 
much work is being performed in various research and development projects. Regions 
with clusters in biotechnology, communications technologies, and medical research are 
expected to have large concentrations of doctoral scientists to fuel the innovations. An 
engineers’ main professional purpose is simply to innovate and enable performance. 
States that recognize and meet the need for state-sponsored programs in their university 
systems will position themselves to attract and develop engineering talent. 
 

Human Capital Investment 
California’s Score 
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Many important human capital flow measures are included. The presence and constant 
flow of graduate students in science and engineering are important to a state because it 
serves as a means to enhance the future of the science and engineering community in a 
particular state. The flow of scientists and engineers into the workforce and academia is 
conducive to developing new technologies. 
 
Post-doctorate work is important to both to holders of Ph.Ds and institutions alike 
because such a program allows degree-holders to further their knowledge in their field of 
intellectual interest. The share of bachelor degrees granted in science or engineering 
fields is important because it demonstrates where professional interests lie among the 
college student population. Measuring the number of recent degrees granted in science or 
engineering, be it bachelor’s, master’s, or Ph.D. degrees, allows stakeholders and policy 
makers to assess the momentum and popularity and guide future efforts to attract 
students. 
 
States that are better able to utilize creative budget finance and become more attractive 
competitors for graduate-level talent by offering favorable supplemental aid packages 
attract students to their institutions of higher learning. State appropriations for higher 
education are important because they show how much money is being allocated by the 
state to run its junior college and university systems. Increases in state appropriations for 
higher education give analysts insight into shifts in state spending patterns, and whether 
they are making wise investments in their future labor force.  
 
Verbal SAT scores are important to state education analysts because they allow them to 
measure the verbal competence of high school students on a time series and cross 
sectional basis. Average Math SAT scores are important to a state’s secondary education 
because they are evidence of the strength and effectiveness of the mathematics and 
critical thinking curriculum. ACT scores, like SAT scores, provide colleges and 
universities with a means of measuring students’ aptitude as well as an instrument to 
predict academic performance during the student’s first year in college.  
 
Home computers allow children and adults alike to become technically proficient as well 
as to take advantage of knowledge and resources that would otherwise be difficult to 
attain. Access to the Internet gives people access to resources, both commercial and 
educational, for which they would otherwise have to travel long distances. 
 
California’s overall score on the Human Capital Investment Composite Index is 72.6. 
This places California solidly among the top 10 states but behind others with technology- 
charged economies. As shown in this section, California is clearly a top 10 state in certain 
aspects of human resources. In other areas, however, California ranks in disappointing 
secondary or tertiary levels. 
 
Some 30 percent of the state’s population aged 25 and above has a bachelor’s degree or 
higher. California’s population boasts better education credentials than Americans 
overall. Yet even with the state’s top 10 ranking in this category, it should be noted that 
California lags behind other top 10 states with strong technology sectors: Massachusetts, 
Colorado, New Jersey, and Virginia. Californians aged 25 or older holding advanced 
(master’s-level or higher) degrees total 9.7 percent of the state’s population. Once again, 
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California outperforms the national average and at the same time underperforms other 
leading high-tech states. California slips from ranking 8th in terms of bachelor’s-degree 
holders, to 10th in master’s-degree holders, and scores 13th with regard to Ph.D-holders. 
The 0.19 percent of California’s population that holds Ph.D.’s is roughly equivalent to the 
national mean of 0.17 percent.  
 
As with the measure for “percent of population with Ph.D. degree,” the number of 
doctoral scientists per 100,000 people places California among the second tier states. 
California scores even lower in terms of ranking, coming in at 20th place (the state comes 
in 13th when measuring all Ph.D.s). This is out of step with both the demands and the 
latent potential of California’s technology-driven economy. Once again, California’s 
foremost technology and science competitor, Massachusetts, scores substantially higher 
on this measure—twice the concentration of California. California scores relatively well 
in terms of the number of doctoral engineers per 100,000 people. With an average 
number of 60.3, California ranks 5th. 
 
Surprisingly for a state with world-dominating scientific industries and outstanding 
university science and engineering programs, California scores at slightly below the 1.2 
percent national average for the percentage of graduate students taking science or 
engineering degrees. Where Massachusetts produces roughly an average of 162 
doctorates per 100,000 of population, California produces only 64, ranking the state 20th 
in the nation. 
 
California scores relatively well in the category of science and engineering post-
doctorates awarded. With an average of about 136 post-docs per 100,000 people, 
California ranks fifth – solidly among the top 10 states. With 19 percent of California 
university students graduating as science or engineering majors, the state is only about 1 
percent above the U.S. average and ranks 13th. California places among the second tier 
states when it comes to recent degrees awarded in science and engineering disciplines as 
a percentage of the civilian workforce.  
 
Californians fund an average of slightly more than $11 per capita for state-sponsored 
student aid, placing California in a middle rank of 24th in the nation. California fares 
relatively well in terms of per capita state appropriations for higher education. Ranking 
just outside the top 10 in 11th place, California measures much higher than other states 
that also have well regarded state-funded university systems such as Washington (21st), 
Wisconsin (25th), and Massachusetts (39th). Increasing appropriations by 17.0 percent, 
California’s added rate of funding outpaced the next closest state (Maryland) by 4.5 
percent. Given that the national average was 5.7 percent growth, California was the clear 
leader in increasing appropriations for this critical component of the state’s economy. 
 
Based on the average verbal SAT scores of college-bound students, California ranks 43rd. 
California’s population of recently arrived, non-native English-speaking immigrants 
undeniably accounts some of this poor showing, but not all. Ranking 27th in the nation 
regarding average math SAT scores, California places in the third tier of states. Ranking 
the state 20th in the nation, college-bound Californians score relatively better on ACT 
tests than SAT tests. These indicators strongly suggest that California is competitively 
behind other states with technology-driven economies.  
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In California, 56.6 percent of all households are equipped with computers. This puts 
California just outside a top 10 ranking at 11th place. In this measure California 
outperforms major high-tech state Massachusetts where 53.3 percent of homes have 
computers, but underperforms Washington where 60.7 percent of homes have computers. 
46.7 percent of California households have Internet access. Although its Internet 
household penetration rate places California just within the top 10 states, less than half of 
all California homes are connected to the Internet underscoring the presence of a “digital 
divide.”  
 
Although the current recession presents California business leaders and policy makers 
with tremendous challenges, continued investment in higher education will be key for the 
state to maintain its human resource potential. California does not produce enough 
scientists and engineers to meet industry demand; highly trained technology workers 
have to be brought in from other parts of the country and the world. In a report issued by 
the California Council on Science and Technology,xliv a major finding was “… that the 
California labor market for science and engineering workers is increasingly tight and that 
California’s educational system is not producing the science and engineering graduates 
needed to meet industry’s growing requirement for skilled workers.” 
 
Affordability problems explain some of why California’s education system fails to keep 
pace with the demands of its high-tech industries, but there are many other factors at play 
such as the low penetration of science and technical training among the state’s Latino and 
black residents. California’s poor showing in SAT scores reflects badly on both students 
and the state’s secondary education system. Given the demands of the state’s high-tech 
economy, these low scores should serve as one of many compelling reasons to reflect and 
act on the nature of science and engineering education in California. Even with the harsh 
choices demanded of state budgets in times of recession, if California is to be prepared 
for economic recovery, spending on higher education should remain a priority. 

Technology and Science Workforce 

Background and Relevance 
Research and development are the raw materials of innovation that the technical and 
scientific workforce converts into commercially viable products and services that make 
state and regional economies vibrant. The most successful places are those with 
businesses whose innovation processes are organized in a collaborative framework with 
research, design and production engaging in dynamic, interactive learning processes.xlv 
More effective research and design occurs where it is located near production operations. 
The technical and scientific workforce of a region propels its technological 
sophistication, innovation and economic growth, not only for technology firms, but for all 
firms where innovation is a key competitive advantage. 
 
Regions with a high concentration of skilled technical and science workers have another 
advantage. Industry clustering pools workers creating a labor force with industry-specific 
skills.xlvi As engineers, programmers and scientists migrate from other regions to a 
geographic cluster or remain after graduating from a local institution; they reinforce the 
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initial advantages that the region enjoyed, stimulating further localized growth to the 
detriment of other regions.  
 
In a local high-velocity labor market, engineers and other technical workers benefit from 
the opportunity to move next door to another position. Firms benefit when there is local 
technical talent that possesses the industry-specific skills they require, reducing the firms’ 
recruiting costs. The ease with which places can assemble, circulate, and reassemble 
teams of creative engineers and technical workers will foster new firm formation and 
sustain mature technology-producing firms.xlvii  
 
Technology spillovers can result from a local high-velocity labor market. New process 
and product innovations within a cluster can be shared through informal relationships. As 
labor moves between firms, labor-market network relationships evolve by ex-colleagues 
remaining in informal contact with one another.xlviii This tacit knowledge sharing among 
technicians and scientists gives their host regions distinct advantages by communicating 
the latest non-codified advances in their fields. Technology or knowledge-sharing might 
be perceived by some member firms to be a negative externality at times, but usually 
generates a comparative advantage that helps keep the cluster’s members ahead of other 
competing geographic clusters.  
 
Silicon Valley provides the best example of both network-based models of organization 
and a knowledge-sharing high-velocity labor market. Anna Lee Saxenian of the 
University of California at Berkeley in her pioneering study of Silicon Valleyxlix was the 
first to recognize these two developments. She believes developing a culture that is 
accepting of new knowledge creation is essential for regional success. Saxenian argues 
that a culture of greater integration and information exchange in Silicon Valley is central 
to its exceptional innovative position. She even finds strong evidence that foreign-born 
engineers and other technical workers are playing a leading role in establishing two-way 
knowledge sharing between Silicon Valley and their origin Asian countriesl . 
 
Business management guru Gary Hamel notes that most firms would be sent into cardiac 
arrest by the high employee turnover in Silicon Valley, but yet, that is probably its 
greatest strength. Hamel states that “every Silicon Valley CEO knows that if you don’t 
give your people truly exhilarating work – and a dramatic upside – they’ll start turning in 
their badges.li” Turnover in Silicon Valley is 20 to 25 percent per year and it is the best 
and brightest that move the most. Skilled technicians and scientists change employers 
with less hesitancy than most people change positions within a firm. Technical workers in 
Silicon Valley are in constant pursuit of the next killer opportunity. 
 
Skilled technical workers possess the keys to the creation of economic value. Despite this 
recognition, firms have difficulty defining what is unique about knowledge and technical 
workers and how to describe them. Science and technical workers do not just access 
knowledge and apply it to firm-specific objectives. Rather, more importantly, they 
harness new information to generate new knowledge, bringing both inductive and 
deductive analytic skills to complex problems and creating new concepts and processes. 
New knowledge generation can take the form of incremental innovation as well as radical 
innovation that propels a business into new endeavors.  
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Science and technology work is based upon complexity and uncertainty – demanding a 
high degree of independent judgment. The complexity of work can be seen as one 
dimension, and thought of as a continuum, with routine work at one end, and knowledge 
work at the other. Complex work involves unstructured problems with varying degrees of 
detail, extended time horizons, imprecise information inputs and diffuse scope. Routine 
work is characterized by structured problems defined by its accuracy of detail, short time 
horizons, information with clear formats and narrow scope.lii The second dimension is 
whether these technicians operate in a collaborative, team environment or as independent 
operators. High level of interdependence is characterized by cross-functional and/or 
team-based organization, while low interdependence involves a single function or single 
actor.  
 
When most people think of a technical or knowledge worker, they envision an individual 
specialist who is immersed in a particular field of knowledge. This type of knowledge 
worker applies and builds upon this specialized knowledge through their work. An 
electrical engineer is an expert model of knowledge work. When these individual 
operators do interact with others, it is typically within a community of colleagues. With 
similar specialized training, they develop both common terms of reference and their own 
common language filled with jargon that others cannot understand.  
 
These scientists, engineers, and other skilled technicians (S&E) are the new workforce 
elites. They are individuals either educated in the sciences and engineering fields or 
people who were not educated in these fields, but hold occupations in these categories. 
S&E workers comprise less than 5 percent of the workforce, but contribute far more to 
regional vitality than these figures may indicate.liii  
 
Approximately 13 million S&E staff (including all who were trained in these fields or 
employed in these occupations) resided in the United States in 1999.liv It is common for 
these workers to report that research and development is a major focus of their 
employment. Narrowly defined S&E jobs totaled 3.7 million in 2000, an increase of 159 
percent between 1980 and 2000. This increase was an annual gain of 5 percent, versus 1.1 
percent for all job categories in the United States over that time period. The most rapid 
growth was witnessed in mathematics and computer sciences, where employment rose 
from 177,000 in 1980 to 1.3 million in 2000 – a remarkable increase of 623 percent. 
 
Engineers represent the largest category of S&E workers. Engineers comprise 39 percent 
(1.38 million) of all S&E workers. Computers scientists and mathematicians, however, 
are rapidly closing the gap and account for 33 percent (1.17 million) of S&E positions. 
Physical scientists account for about 9 percent of all S&E occupations. Bachelor’s degree 
was the highest degree obtained by 56 percent of workers employed in S&E jobs; another 
29 percent list a master’s degree and 14 percent reported a doctorate.  
 
In 1999, the latest year available, the median annual salary of employed bachelor’s 
degree holders in S&E occupations was $59,000; master’s degree holders was $64,000, 
and doctorate-degree recipients median salary was $68,000. Computer scientists and 
mathematicians with bachelor’s degrees reported higher salaries than master’s or 
doctorate. This partially indicates that more recently acquired knowledge in programming 
languages has higher value in the marketplace, but also reflects that more computer 
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scientists employed in the private sector hold bachelor’s degrees, while doctorate-degree 
holders tend to work more for universities and research centers. 
 
Looking ahead, the demand for S&E workers is expected to be very strong. Over the next 
decade, employment in S&E occupations is projected to increase more than three times 
faster than total employment.lv This translates into the need for an additional 2.2 million 
S&E workers. The United States has witnessed a rapid increase in the migration of 
foreign-born scientists and engineers. The knowledge of scientists and engineers can be 
transferred across borders more easily than other skills because it is more codified. For 
example, 27 percent of doctorate-holders in S&E in the United States are foreign born. 
Among recent-degree recipients, the percentages are even higher. 
 
Technology-based economic development is largely dependent on the supply of scientific 
and engineering talent required to staff rapidly growing technology firms and their larger 
cousins.lvi Innovation and the scientific and technical skill base of a region are two 
ingredients that are best mixed together for maximum performance. For state and local 
economic development the message is this: the number of scientists, engineers, 
physicists, systems engineers and other creative technical workers that states train and 
retain, and attract from other locations, will largely shape their future development.lvii  
 

California and State Findings 
Maryland is positioned as the top state in our Technology and Science Workforce 
Composite index. Maryland’s score of 89.8 puts it substantially ahead of 2nd placed 
California and Massachusetts, which were tied with a score of 82.9. Among the 18 
individual science and technology occupational categories, Maryland scores 1st in four 
and 2nd in four. Maryland’s most impressive performance is recorded in life and physical 
scientist occupations, displaying its strong bioscience infrastructure. Because of the 18 
individual components comprising the index, states must have a diverse technical and 
science workforce to score in the upper-tier. California’s deep technical and scientific 
workforce pool puts it in a second-place tie with Massachusetts. Rounding out the top 10 
were Virginia, Colorado, Washington, Texas, New Jersey, Connecticut, and Arizona. 
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California’s score and ranking in each of the 18 indicators included in the composite is 
highlighted in the accompanying chart. The Technology and Science Workforce 
composite attempts to measure what research and innovative capacity is resident in a 
state, not what may be promised in the future. The intensity of the technology and science 
workforce is an excellent measure of the sophistication and technology competency of 
human capital in a state’s economy. 
 
The Intensity of Computer and Information Science (I.S.) Experts indicator is calculated 
by averaging the intensity scores of six different types of Computer and Information 
Science-related occupations – Computer and Information Scientists, Computer 
Programmers, Software Engineers, Computer Support Specialists, Systems Analysts, and 
Database and Network Administrators. Intensity is defined as the percent share of 
employment in a particular industry or occupation as it relates to total state employment. 
Computer and Information Science experts are important to a state’s vitality because IS is 
considered a high value-added occupation, and a sign of a technologically dynamic and 
entrepreneurial region. 
 
The Intensity of Life and Physical Scientists indicator is calculated by averaging the 
intensity scores of six different types of Life and Physical Science-related occupations – 
Agricultural and Food Scientists, Biochemists and Biophysicists, Microbiologists, 
Medical Scientists, Physicists, and Miscellaneous Life and Physical Sciences. These 
types of scientists are important to a region’s scientific community because they help 
support and promote entrepreneurial activities. Regions benefit from a thriving Life & 

Technology & Science Workforce 
California’s Score 
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Physical science industry because these scientists make enormous contributions in 
building up the region’s reputation as a high technology, high value-added center. 
 
The Intensity of Engineers indicator is calculated by averaging the intensity scores of six 
different types of Engineering-related occupations – Electronics Engineers, Electrical 
Engineers, Computer Hardware Engineers, Biomedical Engineers, Architectural 
Engineers, and Other Engineers. Engineers are important to a region because they are the 
traditional creators and innovators of multiple technologies and processes. An abundance 
of high-skilled engineers lead to increased research and development funding and 
opportunities from both within and outside the region. 
 
California’s average intensity score in computer and IS-related occupations ranks the 
state 8th in the nation. States with higher average scores tend to be those whose 
economies are heavily dependent on various digital technology sectors. California 
consistently scores among the upper tier states in all six categories. Its highest ranking 
was 5th in software and systems engineers, displaying California’s elevated positioned in 
software development.  
 
Today, many computer and IS experts are also involved with activities such as call 
centers and the “back office” support operations of large companies, corporate functions 
not typically based in California due to their high costs. Nevertheless, California’s top 10 
ranking shows that computer and IS experts still makes up a relatively large portion of 
the state’s workforce. 
 
California’s average score in the intensity of life and physical scientists ranks the state 
second in the nation, a position that is bettered only by Maryland. This showing is 
encouraging. It indicates that although California lags in certain areas of engineering and 
science education, the state is still able to attract science workers to support its 
technology industries.  
 
An area of weakness of the state – especially given its primacy in agriculture – is in 
agricultural and food scientist intensity where California ranks 29th. Many of the types of 
scientist the indicator measures – biophysicists, microbiologists, and physicists, for 
example – are vital to maintaining and further growing important technology fields such 
as semiconductors, biotechnology, and nanotechnology. 
 
As in the case of life and physical scientists, California’s average score in the intensity of 
engineers again ranks the state second in the nation. Once more California’s standing is 
bettered only by Maryland, in this case just slightly. Given that the indicator for intensity 
of engineers accounts for specialized engineering occupations such as electronics 
engineering, computer hardware engineering, and biomedical engineering, it registers 
technical occupations that are particularly important to key high-tech sectors in the state’s 
economy. 
 
Engineers also contribute in important ways by serving as all-around innovators and 
problem-solvers in areas ranging from workplace productivity to building construction. 
California’s lofty position reflects its ability to attract the best-trained engineers from 
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across the country and around the world – especially from India and Greater China in 
recent years. 
 
California has sufficient depth of high-end talent for employers who want to recruit 
locally and avoid the cost of relocating workers from other locations, as well as attract 
new firms. California seems to be poised to capture the advantages of diversity as most 
technological advances are likely to be collaborative in nature requiring cross-
disciplinary capabilities. The world’s largest biotechnology company, Amgen, and other 
innovators such as Genentech are located in California. Despite being in the middle of the 
pack in attracting students in engineering in recent years, the good news is that California 
excels in attracting the best-trained engineers from around the world. This is both a 
source of strength and weakness for the state. More effort must be focused on training 
California’s native population in science and technical fields. 
 

Technology Concentration and Dynamism 

Background and Relevance 
Where clusters of existing technologies expand and emerging science-based technologies 
form are critical factors in determining economic winners and losers in the first half of 
the 21st century. As economic activity is increasingly based more on intangible assets, 
those states with vibrant technology clusters will experience superior economic growth. 
Because knowledge is generated, transmitted and shared more efficiently in close 
proximity, economic activity based on new knowledge has a high propensity to cluster 
within a geographic area.lviii In other words, if you are a state with several leading 
clusters, you will have more innovations, and less of which will escape to other regions, 
or at least they will do so at a slower rate. 
 
The keys to regional and state viability now are linked to their ability to establish local 
technology clusters that are networked into the global business community. The paradox 
of the global-based economy is that the enduring competitive advantages lie in location-
specific competencies – knowledge, workforce skills, customer and supplier 
relationships, entrepreneurial infrastructure, management practices, the motivations, and 
the quality of place attributes that allow firms to thrive. In essence, thinking locally to 
succeed globally.lix  

Industry clusters and their associated support infrastructure are a region’s best defense 
against being arbitraged in a global cost-minimization game, especially in ones based 
upon technology agglomerations. Firms, and the clusters to which they are members, can 
mitigate input-cost disadvantages through global sourcing. Location sustainability is 
contingent upon making more productive use of inputs, based largely on innovation 
competencies. Clusters linked to the outside world offer locations access to the best 
practices and latest industry developments.lx Regions will excel to the extent that the 
firms and talent in them can innovate successfully by being there, rather than somewhere 
else. 
 
To create international comparative advantage in an information-age economy, clustering 
innovative activity is imperative. The spatial dimensions of economic activity are 
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becoming an interesting field of inquiry – space is central to understanding how an 
economy works.lxi  Since the late 1980s, there has been renewed interest in “new 
economic geography” mainly because of new statistical tools. If we really lived in a 
world of constant returns, we would not see the high level of specialized economic 
activity within regions that we do. This clustering results from businesses and workers 
seeking geographic proximity with others engaged in related activities. Increasing returns 
lead to competitive advantages, as in, the more that is produced, the cheaper it is to make. 
Such externalities, or what an economist might call agglomeration effects, typically arise 
from three primary sources: labor-force pooling, supplier networks, and technology 
spillovers. 
 
How do we describe clusters? A common misperception of clusters is that they are based 
upon a single industry. One single industry might be the core of a cluster, but without its 
partners, it may not endure for long. Clusters are agglomerations of inter-related 
industries that foster wealth creation in a region, principally through the export of goods 
and services beyond the region. Industry clusters are geographic concentrations of 
sometimes competing, sometimes collaborating firms, and their related supplier-
network.lxii 
 
Clusters depict regional economic relationships – local industry drivers and regional 
dynamics – more richly and aptly than do standard industrial methods. An industry 
cluster differs from the traditional definition of an industry group. It represents an entire 
value chain of a broadly defined industry sector from suppliers to end products, including 
its related suppliers and specialized infrastructure. A cluster of interdependent linked 
firms and institutions represents a collaborative organization form that offers its members 
advantages in efficiency, effectiveness, and flexibility.lxiii  
 
Supplier networks are instrumental to the success of clusters and fostering sustained 
agglomeration processes. Clusters are inter-connected by the flow of goods and services. 
This flow is stronger than the one linking them to the rest of the local economy. Cluster 
members usually include governmental and other non-governmental entities such as 
public/private partnerships, trade associations, universities, think tanks, and vocational 
training programs. These institutions provide specialized skill training, education, 
research, and technical support. Cluster members include both high and low-value 
activities.lxiv 
 
The keys to regional technology sustainability are based upon the diversity of its 
ecosystem. Locally based innovative technology firms that evolve into dominant players 
are necessary, but not sufficient for sustaining the system. These newly dominant firms 
assist regions in developing technology management capabilities that can be leveraged to 
quicken the pace of innovation for new entrants. Newly formed entrepreneurial firms can 
tap into the technology management capabilities resident in the region to rapidly exploit 
emerging technology market opportunities. Many high-tech regions have developed 
capabilities for rapid design changes at dominant firms, and more importantly, integrating 
new regional knowledge into new firm births. 
 
The process of commercializing emerging technologies requires the capability to manage 
uncertainty and complexity because many will be highly disruptive in nature, potentially 
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threatening key regional incumbents. The failures of established incumbents are well 
cataloged and commercialization models have explicitly incorporated that attackers from 
the outside are generally required when an emerging technology threatens the existing 
regime.lxv The issues that can leave incumbents ill-prepared stem from the technological 
doubts, vague market signals, and nascent competitive structures that differentiate 
emerging from established technologies. To cope and triumph requires innovative 
managerial competencies and new cross-functional skills.lxvi 
 
Sustaining a technology-based ecosystem in a region isn’t only based upon its technology 
capabilities. Social capabilities are required to promote the ecosystem as well. The 
ongoing development of the leading technology centers aren’t just based upon accidents 
of history, scientific discovery or industrial networks. As co-author, Rob Koepp, points 
out in his forthcoming book,lxvii Clusters of Creativity, in discussing the leading 
technology clusters, “The progress of these clusters can only be understood if one gets 
behind how they and the enterprises that populate them have been managed, specifically 
in regards to how management practices facilitate a cluster’s lifeblood of innovation and 
entrepreneurship – two pillars of economic behavior that are universal to all forms of 
economic existence, not just the particular sectors of advanced technology with which the 
Siliconia are so readily associated.” 
 
Diversity of the technology-based clusters is important for regional success as well. A 
strong agglomeration in one to two technology industries such as telecommunications 
services or communications networking equipment can be an economic engine during a 
boom, but be a liability during a bust as many places are discovering.lxviii Technology 
diversity can also act as a virtual unplanned innovation engine. Serendipitous confluences 
from seemingly unrelated technology fields can be a critical advantage for regions. 
Ronald Kostoff, in a broad survey of regional innovation processes, found that “an 
advanced pool of knowledge must be developed in many fields before synthesis leading 
to innovation can occur.lxix Additionally, technology advances are likely to be from cross-
disciplinary capabilities. For example, the leading centers of biotechnology may well be 
those with the proper mix of bioinformatics, mathematics and microbiology.  
 
Jacobs’ observations on dynamic externalities for all types of industries in a location 
appear to be prescient for technology firms.lxx She argued that these dynamic externalities 
form based upon communications about production possibilities among firms in different 
industries, as opposed to the specialization or concentration of the same industry. 
Diversity speeds up the technological adoption process in a collective cumulative 
process. Vinod Sutaria amplifies this in his book, The Dynamics of New Firm 
Formationlxxi where he states, “Dynamic externalities, through their unpredictable and 
creative nature, pose a serious threat to the static assumptions of neoclassical theory. The 
existence of dynamic externalities is expected to stimulate the formation of new firms. 
There is a clear link between them.”  
 
Technology-based clusters are determining which places are succeeding or falling 
behind. Without growth in high-tech industries, states risk not participating in the 
intangible-based economy. It is imperative for state and local development officials and 
business leaders to promote high-tech expansion and cluster formation, or they risk 
substandard economic growth in the future. Although high-tech is not the only 
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development strategy to pursue, it will be the key distinguishing feature of regional 
vitality in the 21st century. 

California and State Findings 
California placed 3rd ahead of Massachusetts in the Technology Concentration and 
Dynamism Composite index, but behind 1st place Virginia and 2nd place Colorado. The 
Technology Concentration and Dynamism Composite index includes 10 individual 
indicators, each measured on a relative basis to a relevant benchmark. Virginia ranked 1st 
in the percent of its payroll in high-tech SIC codes and in the number of Inc. 500 firms. 
California’s strength was the diversity of its technology clusters with 13 out of 14 
industries being more concentrated than the national average. Other top 10 states include 
New Jersey, Maryland, Utah, Delaware, Washington and New Hampshire. 
 
The accompanying table displays each of the 10 indicators included in the composite, 
along with California’s score and ranking. In many respects, this index can be viewed as 
a measurement of technology outcomes. This composite index aims to measure the 
degree to which each individual state’s economy is fueled by the technology sector. In 
essence, the composite illustrates the effectiveness of each state’s entrepreneurial, 
governmental, and policy-formulating success, or lack thereof. Measuring high 
technology employment, payroll activity, net business formations, and growth displays 
the successes or failures of regional efforts. Technology concentration and dynamism 
should be viewed as an indicator of technology outcomes.  
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Number of Industries With Location Quotient Greater Than 1.0

Number of Inc. 500 Companies

Number of High-Tech Industries Growing Faster Than U.S.

High-Tech Industries (Average Yearly Growth)

# of Technology Fast 500 

Net Formation of High-Tech Establishments

Percent of Establishment Births in High-Tech SIC Codes

High-Tech Payroll

Percent of Employment in High-Tech SIC 

Percent of Establishments in High-Tech SIC Codes

Tech Concentration Component

State Avg.

California 86.20 7.1 10.9 18.5 9.3 31.6 1.4 4.7% 9 13 0.9

53.58 5.13 7.94 12.50 7.23 23.23 0.46 4.33% 6.30 3.46 0.60

1 2 3 4 5 6 7 8 9 10 11

 
 
Having a high percentage of high technology businesses is important to a regional 
economy because it suggests that there is a large quantity of establishments whose model 
is centered on high value-added, dynamic products and services. States with large shares 
of high technology employment are expected to have high payrolls as high-tech jobs 
warrant above average salaries. Furthermore, it is an important inducement for 
technology firms based elsewhere to establish operations in the state and retain existing 
firms contemplating expansion. Drawing comparisons between employment and 
establishments in the high-tech sector to salaries being paid to high-tech workers allow 
analysts to determine the quality of jobs being created in the sector and in the economy as 
a whole. 
 
Concentration of high technology industries is important to a state’s economy because it 
provides a way to measure the impact of the given industry on the state’s economic 
performance.  High location quotients allow analysts to safely assume significant impact 
on a state’s high technology sector from positive as well as negative shocks. 
 
Business births are important to a state because healthy gains in businesses are signs of 
economic stability, prosperity, and optimism. Business births in the high technology 
sector are particularly important because prosperity at the regional level during the last 
three decades has been linked to high technology expansion. Net high technology 
business establishments’ formations are important in analyzing a state’s economy. Net 
high-tech establishment formation allows analysts and policy makers to gauge the 
supplier network and the state of a regional economy.  

Technology Concentration & Dynamism 
California’s Score 
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The number of Technology Fast 500 Companies in a state is important in assessing its 
high-technology sector success in the five year period 1995-1999. Since technology has 
been a primary driver of economic growth, an indicator that gauges the number of 
technology companies in terms of growth and expansion is crucial when assessing a 
state’s technology sector. The presence of Fast 500 companies in any given state is 
important because it shows where the fastest growing privately held companies are 
located. 
 
Examining where technology is prevalent does not correlate to where technology is 
growing. Average yearly growth in high tech aims to capture where technology has 
grown fastest during the past five years regardless of industry base. The number of 
industries that are growing faster than the U.S. on average is important when performing 
cross-state analysis because it allows analysts to see what industries within the high 
technology sector are more successful in different parts of the country than in others.  
 
Some say it is better to be lucky than good. California has been both lucky and good 
when talking about technology concentration. From the often told stories of the Hewlett-
Packard boys in Northern California that kicked off Silicon Valley to the defense 
industry-led boom that fueled San Diego, California owes much of its technological 
success to several factors, among them, a flexible culture, vast financial capital flows, 
and a superb university system. 
 
With 7.1 percent of California businesses in “high tech,” California ranks in the top 10 
states according to percentage of high-tech businesses. Still, California’s 6th place 
showing is surpassed by states such as Massachusetts, New Jersey, and Virginia. One 
reason for the comparatively weaker showing is again the diversity of California’s 
economy, which dilutes the concentrated presence of any industry. With nearly 11 
percent of the state’s workforce engaged in SIC-designated high-tech industries, the 
business of technology is clearly important to California workers. Almost 19 percent of 
California’s payroll wages come from high-tech jobs, ranking the state 3rd overall. This is 
itself an impressive statistic. But the significance of the figure becomes clearer when it is 
compared: high-tech jobs provide for some one out of 10 positions in California yet 
provide for almost one-out-of-every-five dollars in personal income. 
 
Of 14 high-tech industries, California is home to an unrivalled 13 whose employment 
concentrations are higher than the US average. The next closest ranking state is 
Massachusetts with 11. California’s top score according to this measure is very favorable: 
it shows that the state has large employment concentrations in nearly all major high-tech 
industries. Moreover, as indicated by numerous other measures, California’s economy is 
not nearly as dependent on high-tech as some states. Thus, even with the greatest number 
of high-tech industries according to employment location quotient, California’s economy 
is better buffeted from market shocks than the economies of some other major high-tech 
states. 
 
Latest data indicate that 9.3 percent of California’s new business establishments occur in 
high-tech sectors, ranking the state 11th. This figure is about 2 percent more than the 
percentage of existing high-tech businesses in California. Based on net formation of high-
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tech business establishments (births minus deaths), California does not rank among the 
top 10 states. At approximately 32 net high-tech formations per 10,000 businesses, 
California places 12th (roughly corresponding to its rank in high-tech business births).  
 
Being home to 106 Technology Fast 500 companies, California leads the nation in having 
the largest number of these high-growth high-tech firms. Averaged out per unit of 10,000 
business establishments, however, the state places fourth, which although a less 
impressive statistic, still puts the state solidly within the top 10 ranking of this category. 
California ties for 7th in the number of Inc. 500 firms per 10,000 business establishments. 
Seventy-five percent, or 52 of 69, Fast 500 California companies were located in Los 
Angeles and San Francisco for year 2000. 
 
Having a more mature, well established technology-driven economy, California’s 
average annual growth in high-tech employment is understandably less than states 
experiencing growth in high-tech sectors that were not traditionally part of their 
economies. Massachusetts, a state whose heavy concentration of high-tech industries 
means it outperforms California in most index measures, in this particularly category 
fares worse where it places near the bottom quartile of the 50 states. Nine (out of a total 
of 14) high-tech industries in California are growing faster in employment than the 
national average. Statistics like this testify to the robustness of California’s high-tech 
economy. As in the previous measure, here California outperforms the other leading 
high-tech state of the U.S., Massachusetts. 
 
California’s diversity in technology clusters ranging from computer programming to 
motion picture production services continues to be its strongest asset in the face of 
technology cycle peaks and troughs. Continued diversification and creative ways to 
weather volatile swings in this relatively new sector will remain the key to success in the 
21st century. California must aim to improve its quality of life standards as well as 
minimize its cost of doing business. Faced with high costs, California-based technology 
companies in recent months are creating new establishments not in California, but in 
lower cost states and countries. Keeping business cost competitive will also make it more 
successful at attracting entrepreneurs. 
 

State Technology and Science Index and California 
 
The State Technology and Science Index encapsulates a comprehensive inventory of 
technology and science assets of states that can be leveraged to promote economic 
development. Research and development capabilities can be commercialized for future 
regional and state technology growth. The entrepreneurial capacity and risk capital 
infrastructure of states is the fuel that determines the success rate of converting research 
into commercially viable technology services and products. Human capital is the most 
important intangible asset of a regional or state economy.  
 
The intensity of the technology and science workforce indicates whether states have 
sufficient depth of high-end technical talent on the ground. Technology concentration and 
dynamism can be viewed as a measure of technology outcomes. Measuring technology 
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growth points to the effectiveness of policymakers and other stake holders in 
transforming regional assets into regional prosperity. 
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California’s third position places it slightly behind Colorado, but much further from first 
place Massachusetts. California is a large and diverse economy which makes its 3rd place 
more impressive than it may seem. California ranked from 2nd to 4th on the five 
composite indicators. California’s strength is its consistent placement among the upper 
tier of states. Massachusetts was first in three composites and its research and 
development assets on a relative basis vastly exceed any other state. However, on 
absolute research and development funding, California surpasses all states by a 
substantial margin. California’s most disconcerting comparative weakness is in measures 
of human capital flows. California, however, has been able to offset this weakness by 
attracting the best-trained technical talent from across the country and around the world. 
Colorado has slipped past California when evaluating relative performance, but just 
barely. 
 
Massachusetts has not been as successful as California in converting its science and 
technology assets into economic value as displayed by its 4th place ranking on 
Technology Concentration & Dynamism. Massachusetts’ social capital may not be as 
rich as California’s, but if Massachusetts improves its ability to capitalize on its core 
assets, it would be even more of a technology powerhouse. Colorado’s technology story 
is one of remarkable success over a short period. Its visionary leaders deserve a great deal 
of credit. Maryland’s depth of high-end science and technical talent – 4th overall – could 
be highly exploitable as biotechnology takes center stage. Virginia – 5th overall – has 
been the leader in converting its assets into economic value as witnessed by its 1st place 
in Technology Concentration and Dynamism. 
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Washington scores in the top 10 on each of the five components and is 6th overall. 
Microsoft and its software cluster members push the state into the upper ranks on 
intensity of software engineers. New Jersey is 7th overall and was 5th on both Risk Capital 
and Entrepreneurial Infrastructure and Technology Concentration and Dynamism. 
Connecticut was 8th overall and scored high on Risk Capital and Entrepreneurial 
Infrastructure and Human Capital Investment. Utah came in 9th overall and ranked high 
in Technology Concentration and Dynamism. Rounding out the top 10 was Minnesota, 
the only Midwestern state in the upper tier. Minnesota was among the leaders in human 
capital investment.  
 
Arkansas is in the unenviable position of 50th (last) on the index. Its best ranking on any 
of the five composites was 45th. Next to last was Mississippi, followed by West Virginia 
in 48th. South Dakota was 47th and had its highest rank (37th) on Human Capital 
Investment. Kentucky came in at 46th, but the good news was that it ranked 31st on 
Technology Concentration & Dynamism displaying that Governor Patton’s technology 
and science focus is beginning to pay dividends. North Dakota was 45th and Louisiana 
was 44th, but similar to Kentucky, ranked much higher on Technology Concentration and 
Dynamism (35th). Louisiana Governor Foster has focused his economic development 
efforts in this area. Hawaii was 43rd and Nevada places 42nd overall, although Nevada has 
done much better in technology growth in recent years. South Carolina, at 41st, rounds 
out the bottom 10. 
 

State Technology & Science Index 
California’s Score 
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Regionally, the South has six of the bottom 10 states with only Virginia in the upper-tier 
and just four others among the second-tier states out of a total of 16. The Northeast, with 
the exemption of Maine and Vermont, scores in the second-or upper-tier of states. The 
Midwest has two states in the bottom-tier, and just three in the second-tier out of 12 
states. The contiguous West has four states in the top 10, three in the second-tier and only 
one in the bottom 10 out of a total of 11 states.  
 

Statistical Relationships 
 
We have provided strong theoretical arguments on the validity of the State Technology 
and Science Index in measuring economic performance, but we haven’t addressed the 
question of whether it means anything in a statistical sense. There are many statistical 
tests that could be deployed to examine the relationships. We will be refining them in an 
attempt to improve the richness of our understanding of the relationships, but we have 
focused on a couple of approaches in this initial review. We have utilized regression 
analysis and various econometric techniques to test the relationships. Regression analysis 
looks at how changes in a dependent variable can be explained by movements in several 
independent variables. It tests the relative importance of each independent variable in 
explaining movements in the dependent variable and the overall explanatory power of the 
relationship. 
 
One of the many tests we performed was to measure how much of the Technology 
Concentration and Dynamism composite could be explained in a statistical sense across 
states on the basis of movement in the other four composites. As was stated earlier, the 
Technology Concentration and Dynamism component can be considered an outcomes 
measure. There is a high degree of correlation between the four composites that were 
introduced as independent variables that present difficulties in isolating the separate 
impacts of each. We used a form of ridge regression which seems to have done an 
adequate job in separating the relative affects of the four variables.  
 
This equation was able to explain over 80 percent of the variation of the Technology 
Concentration and Dynamism across states – a very strong statistical relationship. The 
accompanying chart displays this relationship of the actual values versus those predicted 
from the equation. All four independent variables were highly significant, but the Risk 
Capital and Entrepreneurial Infrastructure composite was the most important single 
variable in explaining technology outcomes across states. Human capital is critical, but 
without strong entrepreneurial skills and risk capital, it isn’t fully leveraged for maximum 
technology performance. On the other hand, without high-end technical talent, 
entrepreneurial skills don’t matter much. 
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Another way to test the statistical relevance of our State Technology and Science Index is 
to look at its relationship to per capita income across states. We examined a number of 
specifications. The dependent variable – the one whose changes we are trying to explain 
– was the working age per capita income of states for 2000. This adjusts for the 
differences in population age distributions across states. For example, Utah’s high birth 
rate has produced a larger proportion of young dependents than any other state; therefore, 
its per capita income would be lower. 
 

WY
WV

WI
WA

VT
VA

UT
TX

TN
SD

SC
RI

PA
OR

OK
OH

NY
NV

NM
NJ

NH
NE

ND
NC

MT
MS

MO
MN

MI
ME

MD
MA

LA
KY

KS
IN

IL
ID

IA
HI

GA
FL

DE
CT

CO
CA

AZ
AR

AL
AK

55

50

45

40

35

30

25

$US Thousands

Source: Milken Institute

Per Capita Income & Tech and Science Index
Income Relative to Working Age Population, 2001

Actual
Predicted

 
 
Based upon changes in the State Technology and Science Index, we were able to explain 
over 75 percent of the variations in per capita income of the working age population 
across states. This relationship is so strong that you would only expect it to not be the true 
statistical relationship in one out of approximately one million times (F-test was 29.9).  
 
In separate regressions introducing the five composite that comprise the overall State 
Technology and Science Index, the Human Capital Investment Composite was the single 
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most important variable. This seems reasonable since it includes broader measure of 
human capital that are important to any industry, such as the percent of the population 
with bachelor’s and masters’ degrees. On the other hand, in one functional form raising 
the percent of the population with a Ph.D. by 0.1 percentage point was associated with an 
increase in per capita income of almost $1,300, while a similar increase in bachelors’ 
degree return less than $140 per capita.  
 
In the future, we hope to examine the time series properties of the relationships to better 
establish the lags in changes in the variables with measures of outcomes. Additionally, 
we look to determine where the highest rates of return to investment may be based upon 
where an individual state is located on the development scale. 
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State Technology & Science Index 
 
Definition 
 
The State Technology and Science Index is 
composed of five major composites (Research & 
Development Inputs, Risk Capital and Infrastructure, 
Human Capital Investment, Technology and Science 
Workforce, and Technology Concentration and 
Dynamism) weighted equally. Each of the 
components is measured on a relative basis to a 
relevant indicator (population, Gross State Product, 
number of establishments, etc.) The data were 
collected from a number of governmental agencies, 
foundations, and private sources and compiled by 
the Milken Institute. 

Why is it Important? 

This index encapsulates a comprehensive inventory 
of technology and science assets of states that can be 
leveraged to promote economic development. 
Research and development capabilities can be 
commercialized for future regional and state 
technology growth. The entrepreneurial capacity and 
risk capital infrastructure of states is the fuel that 
determines the success rate of converting research 
into commercially viable technology services and 
products. Human capital is the most important 
intangible asset of a regional or state economy. 

 
 
 
 
 

Top Ten
2nd Tier
3rd Tier
Bottom Tier

 

 
 
The intensity of the technology and science 
workforce indicates whether states have sufficient 
depth of high-end technical talent on the ground. 
Technology concentration and dynamism can be 
viewed as a measure of technology outcomes. 
Measuring technology growth points to the 
effectiveness of policymakers and other stakeholders 
to transform regional assets into regional prosperity. 

 

The Index and California 
 
California’s third position places it slightly behind 
Colorado, but significantly behind first place 
Massachusetts. California is a large and diverse 
economy that makes its 3rd place ranking more 
impressive than it may seem. California ranked from 
2nd to 4th on the five composite indicators. California’s 
strength is its consistent placement among the upper 
tier of states. Massachusetts was first in three 
composites and its research and development assets on 
a relative basis vastly exceed any other state.  
However, on absolute research and development 
funding, California surpasses all states by a substantial 
margin. California’s most disconcerting comparative 
weakness is in measures of human capital flows. 
California, however, has been able to offset this 
weakness by attracting the best-trained technical talent 
from across the country and around the world. 
Colorado has slipped past California when evaluating 
relative performance. 
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Students in Science & Engineering                                                          Human Capital 
 
Definition 
 
The percent of graduate students in science and 
engineering in the 25 to 34 year-old age cohort is 
calculated by taking the total number of students in 
science and engineering between the ages of 25 and 
34 and dividing it by each state’s respective 25 to 34 
year-old population. Graduate students are students 
that have completed their bachelor’s degree and are 
pursuing a master’s or Ph.D. degree. Number of 
students in graduate schools in science and 
engineering data is collected by the Experimental 
Program to Stimulate Competitive Research 
(EPSCOR) – a division of the National Science 
Foundation. 
 
Why is it Important? 
 
The presence and steady flow of graduate students in 
science and engineering is important to a state 
because it serves as a means to enhance the future of 
the science and engineering community in a 
particular state. A healthy volume of graduate 
students in science and engineering means that a 
state’s universities are doing a good job of attracting 
talent. Students perceive careers in either discipline 
as ensuring a bright economic future and/or 
rewarding career opportunity. 
 

 
 
In 1999, the average percentage of students in science 
and engineering in the United States in the twenty-25 
to 34 year-old age cohort was roughly 1.2 percent.  
States such as New York, Massachusetts, and 
Maryland that have excellent institutions for the 
advanced study of science and engineering are among 
the top ten. 
 
 
Science & Engineering and California 
 
Surprisingly, for a state with world-dominating 
scientific industries and outstanding university science 
and engineering programs, California scores at slightly 
below the 1.2 percent national average for the 
percentage of graduate students earning science or 
engineering degrees.  This puts California in an almost 
dead-center 24th place, far below first-place 
Massachusetts, which has more than double 
California’s percentage. The diversity of human 
resource demands in the California economy partially 
explains this situation. Even so, California does not 
produce enough scientists and engineers to meet 
industry demand; highly trained technology workers 
are recruited from other parts of the country and the 
world. In the last decade, California had to double its 
H-1B visa quota for foreign technology workers. 
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Per Capita State Spending on Student Aid                                 Human Capital  
 
Definition 
 
The per capita state spending on student aid 
indicator is calculated by taking the dollar amount 
spent by each state on student aid and dividing it by 
the total state population. Student aid, as far as this 
indicator is concerned, is defined as the dollar 
amount spent by each state on any form of financial 
aid in its colleges, universities and research 
institutions. Data on student aid at the state level is 
collected by the Experimental Program to Stimulate 
Competitive Research (EPSCOR) – a division of the 
National Science Foundation. Population figures are 
collected by the United States Census Bureau. 
 
Why is it Important? 
 
Financial aid packages look more and more like a 
student’s first portfolio as they contain various types 
of aid ranging from traditional loans and grants to 
work-study schemes. In essence, state-sponsored 
financial aid aims to complement federal forms of 
financial aid by joining it in the common goal of 
subsidizing students who would otherwise not be 
able to continue with their college education. State-
level financial aid is important to a state because 
amounts and guidelines are unique to each particular 
state thus allowing them to create incentives for 

 
 
both local and out-of-state prospective students.   
States that are better able to utilize creative budget 
finance and become more attractive competitors for 
graduate-level talent by offering favorable 
supplemental aid packages will continue, or start to 
attract students to their institutions of higher learning. 
 
 
Student Aid Spending and California 
 
Californians fund an average of slightly more than $11 
for state-sponsored student aid, once again placing 
California in a middle rank of 24th in the nation. The 
citizens of New York spend three times more than 
Californians do in this category; those of 
Massachusetts spend 50 percent more. Statistics like 
this one point to comparative under-funding in the 
state. The growing costs of higher education in 
California only exacerbate the problem. The National 
Center for Public Policy and Higher Education reports 
that tuition at private four-year universities in 
California increased 18 percent over the last decade.  
Meanwhile median family income only increased only 
7 percent. Affordability problems explain some of why 
California’s education system fails to keep pace with 
the demands of its high-tech industries 
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Average Verbal SAT Scores                                                                    Human Capital 
 
Definition 
 
The average verbal Scholastic Aptitude Test (SAT) 
scores indicator is calculated by averaging the verbal 
scores reported by each high school in each state.  
The SAT is the most popular standardized test taken 
by prospective college students during their junior 
and/or senior year of high school. Colleges make 
admissions decisions based upon a group of criteria 
including SAT scores. The SAT is composed of two 
general sections, a math section and a verbal section. 
Each section is worth 800 points, with a maximum 
combined score of 1600. Verbal SAT scores data 
were collected by the Experimental Program to 
Stimulate Competitive Research (EPSCOR) – a 
division of the National Science Foundation. 
 
Why is it Important? 
 
Verbal SAT scores are important to state education 
analysts because it allows them to measure the 
verbal competence of high school students on a time 
series and cross sectional basis. High verbal SAT 
scores are indicative, to some degree, of the quality 
and the intensity of grammar, literature and 
composition education in each particular state. States 
that are large immigrant magnets such as New York, 
 
 

 
 
Texas, and California continue to perform 
unfavorably. States with relatively homogenous 
populations such as Iowa and North Dakota continue 
to lead the nation in average scores.   
 
 
SAT Verbal Scores and California 
 
Based on the average verbal SAT scores of college-
bound students, California ranks 43rd, decidedly in the 
bottom tier of states. California’s population of 
recently arrived, non-native English-speaking 
immigrants undeniably accounts for some of this poor 
showing, but not all. Only 26.2 percent of the state’s 
population is foreign born and any downward drag on 
California’s verbal SAT score average by immigrants 
should not be overdrawn. As the section on SAT math 
scores demonstrates, California consistently fails to 
place with the top or second tier states concerning 
SAT scores.  This weak showing reflects poorly on 
both students and California’s secondary education 
system in terms of having a population adequately 
prepared for higher education. 
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Average Math SAT Scores                                         Human Capital 
 
Definition 
 
The average math Scholastic Aptitude Test (SAT) 
scores indicator is calculated by averaging the math 
scores reported by each high school in each state.  
The SAT is the most popular standardized test taken 
by prospective college students during their junior 
and/or senior year of high school. Colleges make 
admissions decisions based on a group of criteria 
including SAT scores.  The SAT is composed of two 
general sections, a math section and a verbal section. 
Each section is worth 800 points, with a maximum 
combined score of 1600. Math SAT scores data were 
collected by the Experimental Program to Stimulate 
Competitive Research (EPSCOR) – a division of the 
National Science Foundation. 
 
Why is it Important? 
 
Average Math SAT scores are important to a state’s 
secondary education because it is evidence of the 
strength and effectiveness of the mathematics and 
critical thinking curriculum. It allows states to 
compare themselves to other states as well as to 
evaluate themselves from a historical perspective.  
Unlike verbal scores, math scores are not highly 
dependent upon whether a student’s first language is  
 
 
 

 
 
English or not as mathematics is a universally taught 
subject. High scores in the math section of the SAT 
are indicative of a student’s strengths, though not 
necessarily of his or her future career path, however, 
high math scores among science and engineering 
college students are common. 
 
 
SAT Math Scores and California 
 
Ranking 27th in the nation by average math SAT 
scores, California places in the third tier of states. As 
mentioned above, average SAT math scores are not 
influenced by any difficulties with the English 
language and are a key indicator of student 
preparedness for engineering or science degrees.  
Given the demands of the state’s high-tech economy, 
these low scores should serve as one of many 
compelling reasons to reflect and act on the nature of 
science and engineering education in California. 
Midwest states score particularly well on this measure; 
capturing all of the top-10 positions. 
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Average ACT Scores                                                   Human Capital 
 
Definition 
 
The average American College Testing Assessment 
(ACT) scores indicator is calculated by averaging 
the composite ACT scores reported by each high 
school in each state. Approximately one in twelve 
thousand high school students took the ACT instead 
of, or in addition to, taking the SAT. The ACT is 
composed of four sections – English, mathematics, 
reading, and science reasoning. The test is scored on 
a scale of 1 to 36, 36 being the highest possible 
score. ACT score data was collected by the 
Experimental Program to Stimulate Competitive 
Research (EPSCOR) – a division of the National 
Science Foundation.  
 
Why is it Important? 
 
ACT scores, like SAT scores, provide colleges and 
universities with a means of measuring students’ 
aptitude as well as an instrument to predict academic 
performance during the student’s first year in 
college. ACT scores provide high schools with a tool 
to gauge the effectiveness of their curricula in 
preparing teens for the next step. Taking the ACT is 
increasingly popular; 55 percent of high school 
students in 25 states took the ACT in 2001. 
 
 
 

 
 
Unlike other college entrance exams, the ACT is a 
curriculum-based exam rather than an IQ or 
intelligence test. The average National ACT score in 
2001 was 21.08. Average National ACT scores have 
increased thirteen out of the past fifteen years.  
 
 
ACT Scores and California 
 
Ranking the state 20th in the nation, college-bound 
Californians score relatively better on ACT tests than 
SAT tests. In a positive vein, the higher ACT score 
indicates that students in the state are better at 
absorbing their high-school curricula, which the ACT 
tests for, than at preparing for the SAT, which 
measures knowledge as much as it does test-taking 
skills. Nevertheless, even here, California ranks only 
in the second tier of states. Once again indicators 
strongly suggest that California is competitively 
behind other states with technology-driven economies. 
With regard to ACT test scores, California not only 
lags behind Massachusetts, its typical tech-economy 
benchmark, but also the West Coast states of Oregon 
and Washington, which score in first and second place, 
respectively. 
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