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SUMMARY 
 This paper provides a review of studies that examine the extent to which 
university research promotes local economic growth and development. The primary focus 
of the paper is on economic impacts that derive from the innovative outputs of faculty. 
These impacts include the attraction of industrial laboratories to the local area, the start-
up of new high-tech businesses, and any competitive advantages enjoyed by local 
businesses when their technology is advanced by university research. Because it is 
difficult to separate research from education, especially graduate education, contributions 
that research universities make to the local economy through their graduate programs also 
are considered. Students who graduate with advanced degrees may remain in the local 
area to work in industrial labs or they may start new science-based businesses. The paper 
does not specifically deal with economic impacts that derive from university spending. 
The focus is on the jobs and incomes created by the research findings of faculty rather 
than impacts generated by the research budgets themselves. 
 One reason why university research generates local economic impacts has to do 
with impediments in the transfer of tacit knowledge. Research findings that can be 
codified, and expressed through formulas or text, can be made available to anyone 
anywhere. There is no compelling reason for this kind of knowledge to be commercially 
developed close to the original source. But in many cases of scientific discoveries with 
revolutionary commercial potential, including integrated circuits, recombinant DNA, and 
nanotechnology, knowledge is tacit and difficult to communicate without frequent face-
to-face contact. The knowledge is embodied in the intellectual capital of the discovering 
scientist and can only be transferred to industry through active working relationships with 
the scientist. If the pioneering scientist has a university appointment that he wishes to 
maintain, he will serve as a fixed factor determining the location of new firms entering 
the market to develop the technology. 
 Research universities also generate local economic impacts through their graduate 
programs. Availability of scientific labor is an important concern for managers of 
industrial laboratories, and they may choose to site a lab in an area if local universities 
can provide a steady supply of highly qualified science and engineering graduates. 
Because of a variety of local attachments people develop while in school, young 
professionals often prefer to remain in the vicinity of their graduate school, especially if 
that school is located in a large urban area. The likelihood of a graduate remaining in the 
area depends on his field of study. When skills serve primarily a local market, as in the 
case of medical doctors and lawyers, many graduates will end up leaving the area if the 
number of new graduates exceeds what the local market can absorb. Cities can absorb 
large numbers of graduates, however, if they are being trained to work for firms that 
serve an external market. 

Evidence of local economic impacts from university research comes from a 
variety of sources: case studies of local industries born from the ideas of university 
scientists, university records of income earned and new businesses formed from 
university research findings, and econometric evidence identifying a statistical 
association between the level of economic activity in an area and the presence of a 
research university. The evidence shows conclusively that university research programs 
have local economic impacts. The largest impacts are found for specific industries known 
to depend heavily on new scientific findings and in cities that are home to universities 
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with faculty that are leading contributors to new scientific areas. Studies that look 
systematically across many research universities, multiple urban areas and all industries 
in the economy generally find that university research has effects that are discernable and 
statistically significant, but modest in size. 
 The most spectacular examples of local economic development stimulated by 
university research are the electronics clusters in Silicon Valley (with ties to Stanford 
University) and Route 128 near Boston (with ties to the Massachusetts Institute of 
Technology). In these cases, local university research has not only served to expand the 
employment base, but to dramatically raise average income levels. These are the success 
stories. But there are also examples, such as Johns Hopkins University in Baltimore, of 
universities with prestigious research programs that have had very little impact on high-
tech industry in the local economy. What is needed is a more systematic test of local 
economic impacts from research universities throughout the country. 
 When looking for university-related impacts, the most promising place to start is 
with industries known to rely heavily on advances in science. Biotechnology offers an 
example of an important new industry built directly on basic scientific research in which 
commercial firms have close ties to university-based scientists. Studies have found a 
strong geographic correspondence between the locations of university scientists who 
made early contributions to gene sequencing and the locations of commercial biotech 
firms. Biotech firms that have had the most financial success are those that maintain close 
working relationships with university scientists. Many of these relationships are local, but 
not all of them. One study found that approximately one-half of the university scientists 
who have affiliations with Boston-area biotech firms have appointments with Boston-area 
universities. But firms in San Diego and New York draw only one-quarter of their 
university scientists from local universities. While geographic proximity between 
university scientists and biotech firms has been important, other factors, such as those 
related to agglomeration, have also played an important role in the siting of firms. 
 One measure of the economic value of university research is the income 
universities receive from the licensing of university-owned patents. Much of the business 
activity related to these patents is local. Start-ups and small firms account for two-thirds 
of the businesses that enter into university licensing agreements, and most of these firms 
are locally based. While a few university patents do generate millions of dollars each year 
for their universities, most patents fail to earn enough revenue to cover the costs of filing 
them. In the year 2000, patent income accounted for less than 3 percent of total university 
revenues at ten of the 15 universities with the largest patent income. In general, university 
records of patent income and university-related start-ups indicate that the effects of 
university research on the local economy are, on average, very modest. It should be 
noted, however, that these statistics are sure to understate the local economic impacts of 
research universities. Channels of technology transfer other than licensing, such as 
consulting and contract research, are often more important ways in which faculty transfer 
research findings to local firms. Research universities also make important contributions 
to the local economy through the entrepreneurial efforts of their graduates. A few 
universities have tried to document the extent of these student-related impacts. But for 
most universities, these records are either nonexistent or highly incomplete. 
 The case for linkages between university research and local economic 
development hinges on the argument that knowledge created at universities tends to stay 
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in the local area. One way to trace knowledge flows is by using information from patent 
records on subsequent citations and the geographic location of inventors. Studies of 
patent citations find strong evidence of geographic localization of knowledge flows. One 
prominent study found that a university-owned patent is six times more likely to be cited 
in the same metro area than what would be expected in a random sample. Knowledge 
flows from universities are, nevertheless, predominantly external. Less than 10 percent of 
university patent citations are local. 
 One way in which university research is thought to affect the local economy is by 
stimulating corporate research and development (R&D) activity. Industry labs directly 
promote local economic development by providing high-paying jobs for scientists and 
technical workers. They may also generate competitive advantages for local producers 
who make use of the innovations coming out of the labs. Several econometric studies 
have found a positive statistical association between the level of university research 
expenditures in an area and both corporate innovative activity, as measured by patents 
and counts of product innovations, and corporate R&D expenditures. Also, university 
research expenditures have been found to have a statistically significant, although 
quantitatively small, effect on local area employment of those with a doctorate degree 
(Ph.D.) in corporate laboratories. 
 A number of econometric studies have looked at whether the presence of a 
research university affects the general level of economic activity in a metropolitan area. 
Economic activity is measured in a variety of ways including starts of new manufacturing 
firms, growth in total metro area employment, and average earnings across all jobs in the 
metro area. The results of these studies are mixed. In many cases, a positive and 
statistically significant relationship is found between a research university variable and a 
measure of local economic activity, but the strength of the relationship is usually weak. 

In econometric studies of university impacts, it is difficult to separate 
contributions of research from graduate instruction. Universities with large and 
prestigious research programs tend to have both highly productive faculty researchers and 
highly rated graduate programs. It is not clear whether the local economy benefits more 
from having special access to new scientific findings or by having a supply of well-
trained scientists and engineers who can work in industrial labs or start new businesses 
themselves. 
 Two universities with similar research efforts can have very different local 
economic impacts. Certain complementary factors may need to be present if a university 
is to significantly affect the local economy. These factors include the quality of faculty 
and graduate programs, the presence of corporate research activity and high-technology 
production in the local area, the general size and amenity appeal of the urban area, 
policies regarding permissible forms of licensing of university-owned patents, and local 
availability of venture capital. 
 Universities with the greatest local economic impacts are generally those with the 
highest quality research programs. The most compelling reason for technology-based 
firms to locate near universities is to facilitate tacit knowledge transfer from faculty who 
are on the leading edge of scientific breakthroughs. It is only these star researchers who 
have the power to determine firm location. University scientists with a national reputation 
are more likely to be able to attract venture capital, management, and the technical 
workers necessary to start new companies. In addition, while studies show that 
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130 industries were asked to rate (1) the general relevance of fields of science and (2) the 
specific relevance of university research in these fields to recent technical advances in 
their industries. A high score on the first question is interpreted as indicating that 
university training in that field is important for carrying out industrial R&D, while a high 
score on the second question signals that new findings from university research are in 
themselves important inputs into industrial innovations. 

For all fields of science, a much larger number of industries found the field itself 
to be relevant to industrial innovation than found university research in that field to be 
relevant. For example, 43 industries gave a rating of 6 or higher (on a Likert scale of 1 to 
7) when assessing the general relevance of chemistry as a field of science to invention in 
their industry; but only 3 industries gave university research in chemistry a rating of 6 or 
higher. These findings do not imply that technical advance in these industries is not 
science-based. It may simply mean that the science used is not new. Science is important 
to industrial R&D in that it provides a pool of knowledge and research techniques which 
industrial researchers use to solve particular research problems. 

Another noteworthy finding from the survey was that the difference in ratings 
between the general field and university research were greater for basic sciences than for 
applied sciences. The authors interpret these findings to mean that advances in 
fundamental knowledge in basic fields of science contribute to technical advance in 
industry after working their way into the applied fields. The survey respondents 
understood that while academic research findings in applied fields like electrical 
engineering and medical science were more likely to be of direct relevance to their own 
research, those disciplines, in turn, were strengthened by new findings in more basic 
sciences such as physics and molecular biology. 
 
Short-term Effects of University Research on Industrial Innovation 
 While cases of direct incorporation of university research findings into 
commercial innovation are relatively uncommon, they are apparently important enough 
in size to yield a high overall rate of return on university research. Mansfield (1991) 
analyzed data from a survey of R&D executives of 76 major American firms who were 
asked about the proportion of new products and processes introduced from 1975 to 1985 
that could not have been developed (without substantial delay) in the absence of 
academic research that had been conducted during the previous 15 years. The responses 
indicated that 11 percent of new products and 9 percent of new processes could not have 
been developed without the aid of recent academic research. By supplementing these 
figures with information on the value of sales of new products and cost savings from new 
processes, Mansfield estimated that the social return to investment in academic research 
during the period from 1975 through 1978 was 28 percent. 

There is also evidence that short-term linkages between academic research and 
industrial innovation have increased in importance over the past few decades. From a 
1994 Carnegie Mellon survey of 1,478 industrial R&D lab managers (administered 
eleven years after the Yale survey), Cohen et al. (1998) found more widespread 
acknowledgement of utilization of recent academic research in industry R&D. Two-thirds 
of the industries surveyed said that academic research was at least “moderately 
important” to their R&D activities. Patents issued to universities and counts of start-ups 
by university Offices of Technology Transfer also have risen dramatically. University 
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The bulk of inventive activity takes place in industrial labs that are staffed by researchers 
who learned both old science and new research methods at universities. Where these new 
industrial scientists end up living greatly affects the geographic pattern of the economic 
benefits of innovation. Industrial labs are considered prized economic development 
targets. The labs themselves are clean and high paying, and they can generate spin-offs 
and other new high-tech businesses. 
 Where young scientists and engineers choose to locate depends on both demand 
and supply factors. On the demand side, some states have a comparative advantage in the 
use of highly trained workers with graduate degrees. States bordering the nation’s 
political and financial capitals (Washington, D.C. and New York City), for example, long 
have been important importers of highly educated workers. Strong demand in these areas 
derives, in large part, from an arbitrary historical concentration of firms and institutions 
that make intensive use of highly educated labor. 
 As argued by Malecki (1987) and Malecki and Bradbury (1992), supply factors 
and the locational preferences of R&D workers also play an important role in the location 
of industrial labs. R&D operations are seriously constrained by the labor market for 
scientists and engineers. Given that availability of scientific labor is a critical locational 
consideration for R&D facilities, is there any advantage to siting in an area with a 
research university that trains a large number of scientists and engineers? Do cities or 
states with important university graduate programs end up employing a relatively large 
number of highly educated workers? The U.S. population is highly mobile, especially 
educated workers. Even so, there is a high degree of locational persistence in people’s 
decisions. People build relationships in school, relationships that have value in the 
workplace after graduation. Those attending graduate school also may have spouses 
and/or children that tie them to an area. 
 Data correlations suggest that university graduate programs positively affect the 
number of highly educated workers in the adult resident population. Chart 1 shows a 
scatter plot of states with the percent of the adult population with a graduate degree 
plotted against the annual number of graduate degrees awarded per thousand adult 
residents. Data are circa 2000. Graduate degrees include master’s, doctorate, and 
professional. The percent of the population with a graduate degree was adjusted for 
weather, as explained in Hill et al. (2005). Weather is known to be an important amenity 
that affects migration decisions. States with relatively high production of degrees are 
disproportionately represented in the East and upper Midwest, parts of the country with a 
climate generally perceived to be undesirable. Because of this relationship between 
weather and degrees awarded, a simple correlation between degrees awarded and share of 
the population with a graduate degree will understate the causal role played by local 
production of degrees. 
 There is a statistically significant and surprisingly strong relationship between 
graduate degrees awarded in a state and the share of the state’s population with a 
graduate degree. Based on the measured relationship, if the state of Arizona, for example, 
were to permanently raise the number of graduate degrees awarded from its present rate 
of 3.7 degrees per thousand to 4.7 degrees per thousand, the long-term effect would be to 
increase the share of the population with a graduate degree from its current level of 8.4 
percent to 9.6 percent. 
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These are correlations, of course; causality does not necessarily run entirely from 
annual production of degrees to share of the population with a graduate degree, rather 
than vice versa. If a local area already has an industry that employs large numbers of 
professional workers, firms in that industry may provide funds to the local university to 
help attract talented faculty and build a graduate program to feed workers to the industry. 
Electronics firms are known to contribute to local university engineering departments to 
help build quality graduate programs. 
 The scatter of points around the regression line in Chart 1 indicates the presence 
of other factors that influence the size of the local educated population. Most importantly, 
the analysis has not accounted for factors that influence the demand for highly educated 
labor in a state. Maryland and Virginia benefit from the large number of government jobs 
that require an advanced degree. A strong financial services industry helps attract 
professional workers to New Jersey and Connecticut. Alaska is a destination state for 
highly trained workers in the oil industry. In contrast, some states have a relatively weak 
demand for highly educated labor that makes it difficult to retain graduates. Notable 
among these outliers are Alabama, Missouri, Nebraska, and North Dakota. 
 
 

CHART 1 
GRADUATE DEGREE EDUCATIONAL ATTAINMENT AND DEGREES 

AWARDED ADJUSTED FOR WEATHER 
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national employment. Similarly, the industry in Middlesex County accounted for 10 
percent of county employment, more than four times the national share. 
 Industries built on scientific advance not only provide growth in the local 
employment base but, since they employ a large number of highly skilled and educated 
workers, also serve to raise average earnings in the area. The electronics industry in Santa 
Clara County paid its employees nearly $100,000 per worker — helping the countywide 
average in earnings per worker 65 percent higher than the state average and 87 percent 
higher than the national average. Average earnings per worker in the Middlesex County 
electronics industry was nearly $93,000, helping to raise average earnings in the county 
13 percent above the state average and 39 percent above the U.S. average. 
 Silicon Valley and Route 128 represent best-case scenarios of university research 
promoting local economic development. There are many examples of highly prestigious 
research universities that have had very little impact on the local economy. Feldman and 
Desrochers (2003), for example, document how and offer reasons for why Johns Hopkins 
University in Baltimore, Maryland, has had little impact on the regional economy despite 
a long history of substantial academic achievement. In a later section of the report, some 
of the complementary factors that may be necessary for university research to yield 
significant local economic development benefits are reviewed. 
 
The Biotech Industry 
 Biotechnology offers the most recent example of an important new industry built 
directly on basic scientific research in which commercial firms are known to have close 
ties to university-based scientists. A single scientific moment defines the beginning of the 
industry—the 1973 discovery by Stanford professor Stanley Cohen and University of 
California-San Francisco professor Herbert Boyer of the basic technique for recombinant 
DNA. Techniques for genetic engineering would eventually become standardized, 
mechanized, and widely known. But for 15 years following the discovery, knowledge of  
 
 

TABLE 1 
CHARACTERISTICS OF THE ELECTRONICS INDUSTRY IN 2004 

 
 Silicon Valley 

(Santa Clara 
County, CA) 

Route 128 
(Middlesex 

County, MA) 

 
 

United States 
Electronics Employment 131,077 80,527 2,854,373 
Electronics Employment as a 
Percentage of Total Private-Sector 
Employment 

15.4% 10.2% 2.5% 

Electronics Earnings per Worker $99,879 $92,920 $68,434 
Private-Sector Earnings per Worker $69,107 $51,274 $36,967 
Private-Sector Earnings per Worker 
in the State 

$41,820 $45,389 - 

 
Note: The electronics industry is defined as the sum of NAICS 334: Computer and Electronic 
Product Manufacturing (including semiconductors), NAICS 5415: Computer Systems Design and 
Related Services, and NAICS 5417: Scientific Research and Development Services. 
 
Source: U.S. Census Bureau, County Business Patterns. 
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how to identify promising gene sequences and even the skills of gene transfer were held 
by a small group of discovering scientists and their co-workers. Knowledge of the 
techniques was difficult to transfer because of its complexity and tacitness. Commercial 
development required frequent face-to-face contact with discovering scientists. Since 
many of these scientists were academics who were unwilling to leave university 
appointments, their location often served to determine the location of commercial firms. 
The most successful biotech firms were those in which discovering scientists had a 
financial interest and were actively involved in bench-level scientific collaboration with 
industry scientists. 
 Zucker, Darby, and Brewer (1998) were among the first to systematically test for 
a geographic coincidence between new biotechnology firms and university scientists who 
made early contributions to gene sequencing. The geographic units in their study were the 
183 functional economic areas defined by the U.S. Bureau of Economic Analysis. The 
authors first identified a set of 327 “star” scientists who were highly productive in 
discovering gene sequences, — each had discovered more than 40 gene sequences by 
1990, as reported in Genbank. These star scientists represented only 0.75 percent of the 
authors in GenBank, but accounted for 17 percent of the published articles — 22 times 
the number of the average author. Zucker et al. found the location of star scientists who 
were active in gene sequencing research between 1976 and 1980 to be a powerful 
predictor of the geographic distribution of biotech firms in 1990. 

Zucker et al. also checked to see whether the quality of local universities had a 
separate effect on the location of biotech firms. A university was considered to be of 
“top” quality if one or more of its departments of biochemistry, molecular biology, or 
microbiology received a reputational rating of 4.0 or higher in a 1982 National Research 
Council survey. There were 20 such universities in the United States. Local university 
quality proved to have a positive and significant effect on the location of biotech firms. 
Its inclusion only moderately diminished (by 20 percent) the numerical size of the 
coefficient for star scientists. As expected from the hypothesized scenario of how tacit 
knowledge transfer affected the evolution of the biotech industry, the location of 
individual star scientists was found to play an important role apart from the general 
quality of the university departments to which they belonged. 
 Audretsch and Stephan (1996) authored another early paper on links between 
biotech companies and pioneering scientists. Their analysis differs from that of Zucker et 
al. in that by examining the prospectuses of biotech companies that made an initial public 
offering (IPO) in the early 1990s, they were able to identify and determine the nature of 
specific affiliations between university-based scientists and biotech firms. Audretsch and 
Feldman found that relationships between scientists and firms are not always local, and 
the degree to which firms rely on local scientific talent varies. Approximately one-half of 
the university scientists who have affiliations with Boston-area biotech firms have 
appointments with Boston-area universities. Firms in San Diego and New York, on the 
other hand, draw only one-quarter of their university scientists from local universities. 
Audretsch and Feldman concluded that while geographic proximity between university 
scientists and biotech firms has been important, other factors, such as those related to 
agglomeration, have also played an important role in the siting of firms. 
 Audretsch and Stephan hypothesize and find support for the idea that whether a 
university-based scientist works locally or has a long-distance affiliation with a biotech 
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 Established companies that license a university’s technology may be located 
anywhere, even in other countries. Apart from the income that accrues to the university 
and its faculty, these licensing agreements may do little to support regional earnings and 
employment. Licensing agreements that result in new business formation, on the other 
hand, tend to be a local affair. Survey data for 1999 from the Association of University 
Technology Managers indicate that four-fifths of university-licensed technology start-ups 
are founded in the same state as the licensing institution [Di Gregorio and Shane (2002, 
p.210)]. Start-ups and small firms account for two-thirds of the businesses that enter into 
university licensing agreements [Graff et al. (2002, p.101)]. 
 University patenting and licensing represents, of course, only one channel, and 
perhaps one of the least important channels, by which faculty research findings are 
transferred to industry. In summarizing results from the 1994 Carnegie Mellon survey, 
Cohen et al. (1998, p.180) report that only 10 percent of industrial R&D lab managers 
said that licensing agreements with universities were “moderately” or “very” important to 
their R&D activities. The most important channels of information transfer were 
publications (with 41 percent of respondents indicating that publications were at least 
“moderately” important), informal channels (35 percent), public meetings and 
conferences (34 percent), consulting (32 percent), and contract research (21 percent). An 
important exception to these general findings, however, was the pharmaceutical industry 
where 35 percent of respondents considered licensing to be an important means of 
acquiring technology from universities. 
 
 

TABLE 2 
PATENT INCOME IN 2000: TOP 15 UNIVERSITIES 

 
 Patent Income 

(Millions of $) 
Percentage of 

Total Revenues 
University of California $261.5 3.2% 
Columbia University 138.6 7.2 
Dartmouth College 68.4 17.2 
Florida State University 67.5 11.3 
Stanford University 34.6 2.5 
University of Washington 30.2 1.4 
Massachusetts Institute of Technology 30.2 2.8 
University of Pennsylvania 26.5 0.8 
University of Florida 26.3 2.0 
Georgetown University 26.0 5.3 
Michigan State University 25.7 2.0 
California Institute of Technology 23.7 1.6 
University of Wisconsin 22.8 1.2 
University of Minnesota 22.7 1.3 
State University of New York 16.5 0.8 
   
Total of All Universities 1,263.0  
Average per University 6.7  

 
Source: Association of University Technology Managers Licensing Survey, Fiscal Year 2000, as 
reported by Graff et. al. (2002, p.110) and National Center for Education Statistics, IPEDS. 
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private high-tech research laboratories as a proxy for corporate R&D activity. The 
employment data were aggregated to the MSA level. Anselin et al. also were able to 
control for agglomeration economies by including in their regressions local high 
technology employment, a location quotient for high-tech employment, and local 
employment in business services. The final data set consisted of a cross section of 125 
MSAs for which there were positive values for innovations, corporate R&D activity, and 
university research expenditures. 
 The findings of Anselin et al. generally confirm the earlier results of Jaffee, but 
for a finer level of geography. University research has a positive and significant effect on 
local corporate innovation, both directly and through its effect on private R&D activity. 
The inclusion of agglomeration variables significantly reduces the estimated coefficient 
for private R&D effort but has only a small effect on the coefficient for university 
research. Anselin et al. also tested to see whether the effects of corporate R&D and 
university research on corporate innovation extend beyond the metropolitan area. 
Spillovers from university research to corporate innovation were found for counties 
within 50 miles of the center of the innovating metro area. No such spillovers were found 
for private R&D. The effects of private R&D were confined to the metro area itself. 
 Bania, Calkins, and Dalenberg (1992) examine the role of university research and 
other factors in determining the geographic distribution of industry R&D activity. R&D 
activity is measured by the number of Ph.D.s working in industry labs. The geographic 
unit of analysis is the metropolitan area and the data are for 1986. Bania et al. find that 
university research expenditures have a statistically significant effect on R&D doctorate 
employment. The estimated effects are fairly small, however. A 10 percent increase in 
university research spending generates only a 0.4 percent increase in doctoral 
employment. One of the other variables included in the regression is the percentage of the 
population with four or more years of college. Thus, the measured contribution of 
university research to industry R&D activity may not include the potentially significant 
effect that research universities have on the education level of the local workforce. 
University research is only one of several variables identified as being important to the 
size of local industry R&D activity. Other significant variables include the share of the 
population that is college educated and the size and density of the metro area population. 
 
Firm Start-ups 
 In a broad test of the effect of university research on local economic growth, 
Bania, Eberts, and Fogarty (1993) examined the number of start-ups of new 
manufacturing firms in 25 large metropolitan areas over the period from 1976 through 
1978. Bania et al. try to explain firm births using an econometric model with both 
traditional business climate variables, such as labor costs and taxes, and variables relating 
to knowledge infrastructure, including university research expenditures and the percent of 
employed workers who are scientists or engineers. The authors found mixed evidence for 
the effect of university research on new company start-ups. University research had a 
positive and significant effect on new business formation in the electronics industry. But 
university research was statistically insignificant for instrument manufacturing and for 
four other manufacturing industries. 

The authors conjectured that the reason their strongest findings were for 
electronics was because their period of study coincided with the emergence of the 
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electronics industry. They offered these results as evidence supporting the theory that the 
local impacts of university research are greatest in newly emerging industries.  

As in other econometric studies, Bania et al. were unable to identify the specific 
mechanisms through which universities influence local economic growth. Local firms 
may benefit from having research universities nearby by being able to hire graduates with 
human capital that embodies new research findings. Or perhaps local firms are able to tap 
into university research by hiring faculty as consultants, attending seminars, or utilizing 
university laboratories and research facilities. 
 
Income and Employment Growth 
 In another high-level attempt to discern local economic impacts from universities, 
Beeson and Montgomery (1993) used Census Bureau data for 218 metropolitan areas to 
econometrically measure the contribution of university variables to a variety of measures 
of labor market activity, including average individual income in 1980 and employment 
growth over the periods from 1975 to 1980 and 1980 to 1989. University characteristics 
included in the regressions were university R&D funding, university quality (as measured 
by the number of highly rated science and engineering programs), the total number of 
bachelor’s degrees awarded, and the percent of degrees awarded in science and 
engineering. The authors also included other variables that might affect the local labor 
markets such as weather, crime rates, taxes, and the size of the metro area population. 
 Beeson and Montgomery found that none of the university variables were 
statistically significant in explaining average income, at least in random effects models 
that allow for metro area-specific error components. The estimated coefficients also were 
small in value. The authors reported, for example, that university R&D spending that is 
one standard deviation above its mean value has the effect in their model of raising the 
average level of individual income by only 2 percent. 
 More significant relationships were found between university characteristics and 
metro area employment growth. For both time periods considered, the authors were able 
to reject the hypothesis of no relationship between university variables and the rate of 
employment growth. The estimated coefficients also were significant in size. Based on 
results for the 1975-80 period, a one standard deviation increase in university R&D 
funding is estimated to increase the average annual rate of employment growth from 3.15 
to 3.51 percent. For the 1980-89 period, a doubling of the number of bachelor’s degrees 
awarded (which is less than one standard deviation from the mean) has the effect of 
increasing average annual employment growth from 2.2 to 2.5 percent. 
 Goldstein and Renault (2004) use annual data on 312 metropolitan areas from 
1968 through 1998 to test for the effect of universities on local economic development. 
Economic development is measured by an index that indicates whether and in what 
direction relative earnings in an area changed over time. The presence of a university was 
measured by whether there is a top-50 research university, the size of university R&D, 
the number of degrees awarded, and the number of patents assigned to universities within 
the MSA. Goldstein and Renault find that over the period from 1969 through 1986, 
universities had no effect on an area’s relative earnings. However, the presence of 
universities did become significant in the 1986-98 period. The authors attributed this 
result to the often-cited claim that economic activity in the U.S. has become more 
knowledge-based over the past two decades. 
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science to technical advance in their line of business. Industries awarding the highest 
scores were pharmaceuticals, semiconductors, medical instruments, and petroleum 
refining. Industries for whom science was least relevant were motor vehicle parts, motors 
and generators, and industrial chemicals [Klevorick et al. (1995, p.195)]. The 1994 
Carnegie Mellon survey asked industrial R&D managers about the percentage of their 
projects that over the previous three years had made use of university research findings. 
Industries identified in the survey as making the greatest use of university research were 
TV/radio, communication equipment, pharmaceuticals, semiconductors, and petroleum 
refining. Industries reporting relatively little use of university research findings included 
steel, textiles, motors and generators, car parts, and plastics [Cohen et al. (2002, p.9)]. 
Both surveys found that new, high-tech industries were more influenced by science and 
university research than were more mature industries. 
 An alternative way of arranging the survey findings is by academic field. In the 
Yale survey, R&D managers were asked to rate the relevance of university research in 
various fields (as opposed to science in general) to technical innovation in their industry. 
Areas receiving the highest ratings were applied fields such as computer science, 
materials science, and mechanical, electrical and chemical engineering. The two basic 
fields that received high ratings were biology and chemistry. This reflects the fact that 
much of the nation's agricultural and medical research is carried out in universities, and 
industries with technologies rooted in the biological sciences rely heavily on new 
scientific developments [Klevorick et al. (p.197)]. In the Carnegie Mellon survey, firms 
were asked to rate the importance to their own R&D of public research in various 
academic disciplines. Of the basic sciences, only chemistry was found to be broadly 
relevant to industrial R&D. Biology was highly important to the pharmaceutical industry, 
and physics was very important to semiconductors. But neither of these basic fields had a 
high overall rating. The fields with the most pervasive impact on industrial R&D were, as 
in the Yale survey, the applied fields, especially materials science and computer science. 
 Another source of information on the direct relevance of academic disciplines to 
industrial progress is university offices of technology transfer. In a recent survey of 
information from these offices, Graff et al. (2002, p.109) note that patenting and income 
from the licensing of university research are concentrated in just a few academic fields, 
namely biomedical, engineering, and software. 
 The academic fields noted above as being important to industrial progress were 
identified on the basis of the commercial relevance of university research. As mentioned 
previously, however, universities serve an equally important role in the process of 
technological change as trainers of young scientists and engineers for employment in 
industrial labs. The value and productivity of these workers is directly related to their 
knowledge of basic scientific principles and research methods—knowledge that is 
learned in both basic and applied fields of science. In the Yale survey, R&D managers 
gave significantly higher ratings to basic fields of science such as chemistry, physics, and 
mathematics when asked about the relevance of generic science to their operations, as 
opposed to current university research. Klevorick et al. (p.197) interpret these results to 
mean that the basic sciences are recognized as being important in influencing the general 
knowledge and techniques that industrial scientists and engineers bring to their jobs. 
When looking at universities as suppliers of skilled labor, it is important for universities 
to have high quality programs in both basic and applied sciences. 
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CHART 2 
PATENT PRODUCTIVITY AND CITY SIZE 

Average Annual Patent Rate During 1990s 
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Source: Orlando and Verba (2005, p.34). 
 
 
the form of incubators, research parks, and in some cases seed capital. While the number 
of university patents has increased sharply, the financial returns from the licensing of 
these patents have been modest for most universities. A few faculty have enjoyed large 
royalty windfalls, but most faculty consider the financial rewards to be disappointing and 
less than what they could earn from consulting [Feldman et al. (2002, p.108)]. 
 When Technology Transfer Office (TTO) directors are asked why the returns 
from university patenting and licensing have been disappointing, a common response is 
that faculty are generally disinterested in disclosing their inventions and they are not 
willing to take time away from research to develop their ideas into a commercially viable 
product. A survey conducted by Jensen and Thursby (2001), covering university 
licensing activities during the early-to-mid-1990s, found that only 12 percent of licensed 
university inventions were ready for commercial use at the time of the agreement. Over 
75 percent of the inventions were no more than a “proof of concept.” The authors argue 
that the commercial success of university inventions requires an ongoing involvement of 
faculty. Zucker, Darby, and Armstrong (1998, 2002) arrive at a similar conclusion in 
their study of the biotechnology industry. They find that new biotech firms were much 
more likely to be financially successful if university star scientists were directly involved 
through bench-level collaboration with industrial scientists. 
 Jensen and Thursby (2001) use the economic theory of incentives and contracts to 
prove that fixed-fee licensing agreements provide insufficient incentives for faculty to see 
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research spending. The Phoenix area does rank tied for 11th, however, in R&D spending 
in engineering. In 2003, a total of $52 million was spent on engineering R&D by ASU 
Main. When compared against national totals, ASU’s R&D spending is especially strong 
in biomedical engineering and civil engineering. 
 Industrial labs and high-tech start-ups are more likely to locate near a university if 
faculty are leading contributors to new research areas with great commercial potential 
and/or if the university has a top-notch graduate program. Table 4 ranks the largest U.S. 
metro areas by the quality of their university life science and engineering departments. 
Quality is measured using ratings from the highly regarded 1995 National Research 
Council study of research-doctorate programs in the United States. A new survey will be 
administered in 2006 with findings scheduled to be available beginning late in 2007. 
Arizona State University does not have any life science departments that are rated among 
the country’s top 40. However, ASU does have three engineering programs that are rated  
 
 

TABLE 3 
UNIVERSITY RESEARCH AND DEVELOPMENT 

IN THE 25 LARGEST METROPOLITAN AREAS IN 2003 
24BPer Capita R&D and Rank 

 
 Total Life Sciences Engineering 

Baltimore MD $470 1 $324 1 $148 1 
San Francisco CA 236 2 197 2 37 4 
Pittsburgh PA 169 3 147 5 22 6 
Seattle WA 169 3 151 4 18 7 
St. Louis MO 156 5 156 3 0 17 
Boston MA 149 6 105 9 44 3 
Houston TX 147 7 147 5 0 17 
Minneapolis MN 137 8 121 7 16 8 
San Diego CA 135 9 112 8 23 5 
Atlanta GA 117 10 66 15 51 2 
Cincinnati OH 117 10 103 10 16 8 
Cleveland OH 101 12 87 11 14 11 
Philadelphia PA 84 13 78 13 6 14 
Portland OR 82 14 82 12 0 17 
Los Angeles CA 77 15 65 17 12 13 
Chicago IL 72 16 66 15 6 14 
New York NY 71 17 67 14 4 16 
Dallas TX 49 18 49 18 0 17 
Detroit MI 38 19 38 19 0 17 
Washington DC 16 20 0 20 16 8 
Phoenix AZ 14 21 0 20 14 11 
Denver CO 0 22 0 20 0 17 
Miami FL 0 22 0 20 0 17 
Riverside CA 0 22 0 20 0 17 
Tampa FL 0 22 0 20 0 17 
 
Note: The expenditures reported are based on each category’s top 60 universities and colleges, 
as ranked by 2003 R&D spending. 
 
Source: National Science Foundation. 
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in the top 40. These are materials science (rated 27th), electrical engineering (tied for 
36th), and mechanical engineering (tied for 36th). 
 Agglomeration economies are important in the production of knowledge and can 
be a critical factor in the location decisions of high-tech firms. One way to measure the 
scale of existing innovative activity in a metro area is by the number of science and 
engineering workers employed outside of colleges and universities. These figures are 
shown in Table 5. Phoenix ranks 10th in terms of number of engineers employed per 
capita. This is not surprising given the well-known importance of electronics firms in the 
area. Phoenix has very little science-based research activity, however, ranking 24th per 
capita. Phoenix employs only 2,100 life and physical science workers. 
 
 

TABLE 4 
QUALITY OF LIFE SCIENCES AND ENGINEERING DEPARTMENTS IN 
UNIVERSITIES IN THE 25 LARGEST METROPOLITAN AREAS IN 1993 

Number of Departments 
 

 Total Life Sciences Engineering 
 Top 20  Top 40 Top 20 Top 40 Top 20  Top 40 
Los Angeles CA 15 19 8 10 7 9 
Boston MA 14 17 10 13 4 4 
New York NY 11 22 9 17 2 5 
San Francisco CA 11 11 7 7 4 4 
San Diego CA 7 7 5 5 2 2 
Philadelphia PA 6 9 4 5 2 4 
Seattle WA 6 8 5 5 1 3 
Houston TX 5 14 4 7 1 7 
Chicago IL 5 13 2 9 3 4 
Baltimore MD 5 8 5 5 0 3 
Minneapolis MN 4 8 0 4 4 4 
Pittsburgh PA 4 5 0 1 4 4 
Atlanta GA 3 6 1 3 2 3 
St. Louis MO 3 5 3 3 0 2 
Cleveland OH 3 4 1 2 2 2 
Dallas TX 3 3 3 3 0 0 
Washington DC 1 3 0 1 1 2 
Phoenix AZ 0 3 0 3 0 3 
Miami FL 0 1 0 1 0 0 
Cincinnati OH 0 0 0 0 0 0 
Denver CO 0 0 0 0 0 0 
Detroit MI 0 0 0 0 0 0 
Portland OR 0 0 0 0 0 0 
Riverside CA 0 0 0 0 0 0 
Tampa FL 0 0 0 0 0 0 
 
Note: Life sciences departments are biochemistry, cellular biology, neuroscience, pharmacology 
and physiology; engineering departments are chemical, electrical, mechanical and materials 
science. 
 
Source: National Academy of Sciences, Research-Doctorate Programs in the United States: 
Continuity and Change, Appendices K and N. 
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Although the evidence is mixed, availability of venture capital is widely 
considered to be a potential constraint on innovation-based business in a local economy. 
Universities located in cities without a significant number of venture capital firms may 
find it more difficult than otherwise to generate local economic activity from their 
research. Table 6 shows recent information on venture capital funding in several regions 
of the U.S., including the state of Arizona. Silicon Valley absorbs a staggering one-third 
of U.S. venture capital. Another region that stands out is the Boston area, accounting for 
13 percent of U.S. venture capital. Other regions accounting for more than 5 percent of 
the national total are the New York metro area, the state of Texas, and the Los Angeles-
Orange County area. 

The state of Arizona absorbs only 0.6 percent of U.S. venture capital funds. 
Colorado, a state that is comparable in size to Arizona, receives five times the amount of  
 
 

TABLE 5 
SCIENCE AND ENGINEERING WORKERS IN THE 25 LARGEST 

METROPOLITAN AREAS 
25BNumber of Workers in 2005 per 1,000 Residents and Rank 

 
 Total Scientists Engineers 

Washington DC 12.96 1 4.53 1 8.43 2 
Boston MA 12.80 2 3.03 4 9.76 1 
San Diego CA 9.78 3 3.15 3 6.63 6 
San Francisco CA 9.07 4 3.24 2 5.83 9 
Denver CO 9.03 5 2.00 7 7.03 5 
Houston TX 8.88 6 1.67 10 7.21 4 
Detroit MI 8.19 7 0.47 25 7.72 3 
Minneapolis MN 8.11 8 2.21 5 5.89 8 
Pittsburgh PA 7.48 9 2.08 6 5.40 11 
Seattle WA 7.02 10 1.80 9 5.22 13 
Dallas TX 6.65 11 0.75 21 5.90 7 
Baltimore MD 6.57 12 1.87 8 4.69 15 
Portland OR 6.51 13 1.18 15 5.32 12 
Phoenix AZ 6.24 14 0.57 24 5.67 10 
Cleveland OH 5.77 15 0.76 20 5.01 14 
Cincinnati OH 5.73 16 1.29 12 4.44 16 
Philadelphia PA 5.56 17 1.22 14 4.34 18 
Los Angeles CA 5.35 18 0.96 18 4.39 17 
Chicago IL 5.21 19 0.98 17 4.23 19 
Atlanta GA 4.68 20 0.99 16 3.70 20 
St. Louis MO 4.47 21 1.26 13 3.21 21 
New York NY 3.73 22 1.31 11 2.42 23 
Tampa FL 3.45 23 0.83 19 2.62 22 
Miami FL 3.10 24 0.68 23 2.41 24 
Riverside CA 2.44 25 0.73 22 1.71 25 
 
Note: Workers classified as scientists are those in BLS occupational codes 191 and 192; 
engineers are code 172. 
 
Source: U.S. Bureau of Labor Statistics (2005 employment) and U.S. Census Bureau (2004 
population). 
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of revolutionary commercial technologies, when graduate programs in science and 
engineering are top notch, and when the university is located in a large urban area with an 
existing concentration of industrial R&D and high-tech production. These conditions are 
difficult to replicate. 
 This paper has focused on economic impacts from university research that are 
realized in the local economy. But many of the benefits from university research accrue 
to individuals who live well beyond the city in which the university is located. In cases 
where firms can directly incorporate university research findings into new products, 
agglomeration economies may make it more economical to implement these ideas away 
from the university, even though this makes the process of knowledge transfer more 
cumbersome. Scholars also argue that some of the greatest benefits of university research, 
especially basic research, are long term in nature. The paths from original scientific 
discovery to industrial innovation are complex. New knowledge crosses disciplinary 
boundaries, industry boundaries, and most certainly geographic boundaries. With such a 
large share of the benefits of university research accruing to producers and consumers 
located outside of the local economy, research will be grossly underfunded if it is done so 
simply on the basis of benefits that local residents will receive. 
 Finally, it should be recalled that most inventive activity is carried out in industry. 
In doing their research, industrial scientists use old science as much as they use recent 
scientific discoveries. They rely on basic science as a stock of knowledge and a set of 
tools useful for solving specific commercial problems. From this perspective, the most 
important contribution universities make to technical advance in industry is in the 
training of industrial scientists and engineers. Surveys of industrial R&D managers 
indicate that industry interest in most academic departments is focused primarily on the 
ability of professors to train students in basic theory and research methods [Nelson 
(1986)]. As noted by Feller (2004), one of the policy risks in today’s environment is that 
state appropriations targeted to niche technology areas for purposes of local economic 
development will substitute for and contribute to a general erosion of education and basic 
research. 
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