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Northeast -0.0615 
(0.0266) 

South 0.0121b 
(0.0251) 

West -0.0182 
(0.0240) 

Average SMSA 
Income 

Unemployment 
Rate 

Employment ' ~ r o w t h  
1970-75 

Notes: Standard errors are in parentheses. North Central is the omitted region. 

Column (1) corresponds to table 2 column (1); also included in the estimation are the individual's age, age-squared, years of schooling, marital status, sex, 


and race; coefficient estimates are consistent with previous studies, and are available on request. 
Columns (2) and (3) correspond to table 2 columns ( 3 ) and (51, respectively. 
Columns (4) and (5) correspond to table 3 columns (1) and (3), respectively. 
Columns (61, (7) and (8 ) correspond to table 4 columns (I), (3,and (3), respectively. 
*Significant at the 10% level. 
b .S~gnificant at the 5% level. 


Significant at the 1% level. 


UNIVERSITIES AND THE STARTUP O F  NEW COMPANIES: CAN WE 

GENERALIZE FROM ROUTE 128 AND SILICON VALLEY? 


Neil Bania, Randall W. Eberts, and Michael S. Fogarty* 

Abstract-In order to increase the commercialization of basic 
research, policy makers have tried to foster closer ties be- 
tween university research and industry R&D. To empirical- 
ly test whether there is a link between commercialization 
and university research, this paper models firm startups dur- 
ing 1976-78 for six 2-digit manufacturing industries located 
in 25 metropolitan areas. The findings are mixed: the relation- 
ship between university research and firm births in the electri- 
cal and electronic equipment industries (SIC 36) is positive 
and statistically significant, while in the instruments and re- 
lated industries (SIC 38) the relationship is statistically in- 
significant. 

Pointing to U.S. industry's failure to commercialize 
its research, policy makers expect that forming closer 
ties between basic research (mostly at universities) and 
industry R & D  will increase innovation (National 
Academy of Sciences, 1986).' An important question is 
whether commercialization depends on geographic 
proximity. One reason is that states have seized on the 

Received for publication July 2, 1990. Revision accepted for 
publication June 23, 1992. 

* Case Western Reserve University, W. E. Upjohn Institute 
for Employment Research, and Case Western Reserve Uni- 
versity, respectively. 

The authors are grateful for the helpful comments of 
Patricia Beeson, Adam Jaffe, and two anonymous referees. ' Examples of such federal efforts to foster closer 
university-industry ties include 18 NSF Engineering Research 
Centers, 50 NSF Industry-University Cooperative Research 
Centers, 11 NSF Science and Technology Centers, and 5 
NIST technology transfer centers. 
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experiences of Boston's Route 128 and Silicon Valley 
as models for economic development, resulting in a 
dramatic growth in state science and technology (S &T)  
programs. An underlying assumption of state S & T  
programs is that universities create local technology 
spillovers, which are then captured either within a 
state or metropolian region. (Technology spillovers are 
externalities associated with the production of knowl- 
edge created by R & D .  Local spillovers are more likely 
if the mechanisms for transmitting technological infor- 
mation require personal contact.) Some fraction of a 
university's contribution to innovation through 
spillovers is captured locally as new companies.2 This 
paper focuses on the importance of universities in 
explaining the opening rate of new manufacturing es- 
tablishments in metropolitan areas. If spillovers are not 
captured locally, the benefits from state S & T  invest- 
ments will be quickly diffused to other regions and 
countries. 

I. Local Technology Spillovers 

Firms invest in R & D  to increase innovation and 
productivity growth (Griliches and Lichtenberg, 19841, 
but also to appropriate information from other firms' 

One recent study documented 198 new companies, two- 
thirds of which are located in Boston, started by MIT alumni 
between 1980 and 1988 (Bank of Boston, 1989). 
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and other institutions' R&D efforts, including univer- 
sities (Cohen and Levinthal, 1989). Geographic proxim- 
ity may facilitate the capturing of spillovers and shorten 
the time between invention and innovation." 

Local firms benefit from a region's technical infra- 
structure in various ways: by hiring graduates from 
local universities, by using faculty as consultants, by 
becoming sponsors of joint university-industry research 
centers, by using local universities for education and 
training of their workforce, and by utilizing university 
facilities such as laboratories, libraries, specialized 
equipment, and by attending seminar^.^ The clearest 
and most visible mechanism creating spillovers is the 
hiring of local university graduates whose education 
and training embodies some of the fruits of academic 
research. Because an educated and skilled workforce 
facilitates the diffusion of technology (Bartel and 
Lichtenberg, 1986; Wozniak, 19871, we would expect to 
observe more localization of spillover benefits in places 
with greater concentration of skilled workers, such as 
scientists and engineers. 

Without considering the influence of geographic 
proximity, Jaffe (1986) found that a firm's R&D pro-
ductivity is increased by its own R&D as well as by 
technologically similar R&D performed by other firms. 
Jaffe (1989) also finds state-level evidence that geo- 
graphic proximity between university research and in- 
dustry R&D increases corporate patenting activity 
within a state.' Henderson, Jaffe, and Trajtenberg 
(1991) use patent citations to trace the geographic 
distribution of spillovers from university and corporate 
research; they find that spillovers are more likely to 
come from nearby universities. 

11. Modeling Openings 

We follow Carlton (1979, 1983) in modeling open- 

characteristics hypothesized to influence the probabil- 
ity. We assume that 

where ei is an error term consisting of the Poisson 
process variance and a random error. Although the 
probability of starting a new establishment is not di- 
rectly observed, we estimate li consistently from 

where Ni is the observed number of establishment 
births and BP, is potential births, which we approxi- 
mate with SMSA employment (the pool of potential 
entrepreneurs). We use weighted least squares, with 
weights equal to the standard error of the process, 
which as Carlton (1979) shows, provide consistent and 
asymptotically efficient estimates of in (1). ,!? 

Data 

Our statistical analyses focus on two sets of factors 
determining opening rates: (1) traditional economic 
factors including labor costs, degree of unionization, 
price of capital, taxes, and energy costs; and (2) techni- 
cal infrastructure, which we measure with total univer- 
sity research, the number of research universities, and 
the percent of employed workers who are scientists or 
engineers. The analysis is based on 87 4-digit manufac- 
turing industries in 25 large metropolitan areas 
(SMSAs) for 1976-78.6 

The statistical tests focus on two groups: small, inde- 
pendent manufacturing firms (firms with 100 or less 
employees) and all manufacturing firms. The opening 
of small businesses are generally thought to reflect 
entrepreneurship; openings among all businesses in- 
clude branch plants. The Establishment Longitudinal 
Microdata (USELM) file used in this paper includes ings. The opening (birth) rate is measured as the 

number of new establishments within an industry di- 
vided by the number of "potential" entrepreneurs 
available to start a new business. Since the birth of new 

data for 1976-78 and 1980-82 (Harris, 1983). We 
chose to analyze the 1976-78 data in order to empha- 
size openings during a period of growth. (1980-82 was 

establishments is a discrete and infrequent event, the 
business formation process is characterized as a Pois- 
son probabilistic model. Let li represent the probabil- 
ity of an establishment opening in a particular industry 
and metropolitan area and Xia vector of economic 

Closer geographic ties, which suggests greater persond 
contact, may alter the composition of university research, 

a major recessionary period.) 
The appropriate labor cost variable controls for 

workforce quality, which is correlated with productiv- 
ity. Therefore, we use a skill-adjusted labor cost dif- 
ferential based on national-level earnings regressions 
to correct wages for differences in worker characteris- -
tics across metropolitan areas (Eberts and Stone, 1986). 
Ijnionization by SMSAis measured the percent 

increasing its commercial potential. workers unionized (Freeman and Medoff, 1979). In 
"he importance of spillovers is further indicated by the addition to unions' effect on wages, the union variable 

magnet effect universities have on the location of R & D labs may capture the effects of work rules, work stoppages, 
(Lund, 1986; Bania, Calkins, and Dalenberg, 1992; Jaffe, 
1989). and differences in productivity. Because we expect 

In his surveys of research managers, Richard Nelson (1986) 
found that innovation in some industries, especially those We are limited to using twenty-five SMSAs because the 
associated with the biological sciences, was linked to univer- price of capital and the degree of unionization are only jointly 
sity research. available for these 25 places. 
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unions' effect on wages to vary with degree of unioniza- 
tion, the regressions also include a variable which 
interacts the percent unionized and the skill-adjusted 
wage. 

The SMSA manufacturing capital stock was esti-
mated using a perpetual inventory method (Fogarty 
and Garofalo, 1982). Following Field and Grebenstein 
(19801, the price of capital is estimated for each 
metropolitan area using data on its four components: 
the rate of return on capital, the rate of net deprecia- 
tion (including the discard rate of capital), the local 
property tax rate, and the state income tax rate. The 
price of capital varies across metropolitan areas be- 
cause depreciation varies with the age distribution of 
capital and because property and state income taxes 
vary by metropolitan area. 

Energy prices were computed from energy usage 
data published in the 1977 Census of Manufactures. 
The variable measures the average price of natural gas 
by dividing the total cost by the quantity consumed by 
SMSA manufactures. 

We utilize a measure of business taxes developed by 
Wheaton (1983) for 1977. Wheaton calculates the legal 
tax liability for businesses at  the state level by adding 
taxes for which area businesses are liable and dividing 
the sum by his estimate of net business income. 

We measured each metropolitan area's technical in- 
frastructure with three variables: total university re-
search, the number of universities, and the percent of 
employed scientists and engineers in each SMSA. Uni- 
versity research was obtained by identifying each 
metropolitan area's universities and summing univer- 
sity research expenditures in 1978 across institutions 
located in each SMSA.7 Because university research 
may be less effective in creating new companies if the 
research is spread across a number of institutions, we 
have included the number of institutions as a variable 
to control for this e f f e ~ t . ~  The percent of employed 
scientists and engineers is used as a proxy for the 
technical composition of the SMSA workforce. The 
simple correlation between university research and the 
percent employed scientists and engineers is 0.01, indi- 
cating a weak geographic a~soc ia t ion .~  

The relative importance of firm startup determinants 
is likely to vary across industries. For example, the 
startup rate of businesses in high-technology industries 
would be most affected by spillovers from university 
research and the technical composition of the work- 

University research funding was obtained from NSF, Sur-
veys of Academic Science and Engineering Statistics Survey 
tape, 1978. 

Jaffe (1989) suggests that states with research concentrated 
in fewer institutions are more successful in attracting research 
funding. 

"he simple correlation between university research and 
the total number of scientists and engineers is 0.69. 

force. We have chosen to use 4-digit rather than 2-digit 
industries because the broader industry categories mask 
important differences within the industry. For example, 
transportation equipment (SIC 37) consists mostly of 
auto-related industries in Ohio metropolitan areas, 
while in California it consists mostly of aerospace in- 
dustries. 

We have estimated separate regressions for Zdigit 
industries when there exist sufficient 4-digit level data 
within each 2-digit industry category. The data were 
stratified into six Zdigit industries. In order to estimate 
the model separately for broad industries, we used firm 
startup data on 87 4-digit industry categories.1° For 
estimation, we grouped these 87 4-digit industry cate- 
gories into 6 broad 2-digit categories: Primary Metals 
(SIC 33, 10 4-digit industries), Fabricated Metal prod- 
ucts (SIC 34, 17 4-digit industries), Non-electrical Ma- 
chinery (SIC 35, 28 4-digit industries), Electrical and 
Electronic equipment (SIC 36, 19 4-digit industries), 
Transportation Equipment (SIC 37, 8 4-digit indus- 
tries), and Instruments and Related products (SIC 38, 
5 4-digit industries). The Electrical and Electronic 
Equipment (SIC 36) and the Instruments and Related 
products (SIC 38) industries consist mostly of high- 
technology industries. Within each 2-digit category, we 
use dummy variables to allow for differences in the 
startup rate across 4-digit industry categories. 

To allow for the possibility that additional unmea- 
sured conditions correlated with metropolitan size (ag- 
glomeration economies) might affect new business for- 
mation rates, we include 1970 SMSA population in the 
regressions 

111. Regression Results 

The regression results for all firms and small firms 
for two of the selected Zdigit industries are reported 
in table 1 (SIC 36, which is Electrical and Electronic 
Equipment, contains nineteen 4-digit industries; SIC 
38, which is Instruments and Related Products, con- 
tains five 4-digit industries)." The twenty-four 4-digit 
industries used in our analysis are identified in the 
appendix. 

In general, the results support the view that the 
startup rate is reduced by high labor costs. Moreover, 
this result is consistent across both firm-size categories, 
so the following comments apply to small and large 

'O USELM data are available for 20 2-digit, 17 3-digit, and 
109 4-digit manufacturing industries. We could not analyze 
the other 22 4-digit industries because the data are spread 
across nine 2-digit industry categories, thus there were insuf- 
ficient degrees of freedom to estimate a separate regression 
for each 2-digit category. 

11 The regression results for the other 4-digit data (stratified 
into four 2-digit industry categories), as well as the variable 
means, are available from the authors on request. 
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- - -  

Electrical and Electronic Equipment (SIC 36) Instruments and Related Products (SIC 38) 

Small Firms All Firms Small Firms All Firms 
Variable Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 

INTERCEP 
QWAG74 
FMUNION 
UNWAG 
LPK 
LTAX 
LNGPRICE 
LSPOP70 
LFUND 
PSE80 
NUMINST 
SIC3622 
SIC3623 
SIC3624 
SIC3629 
SIC3641 
SIC3651 
SIC3652 
SIC3661 
SIC3662 
SIC3671 
SIC3672 
SIC3673 
SIC3674 
SIC3675 
SIC3677 
SIC3678 
SIC3679 
SIC3693 
SIC3823 
SIC3825 
SIC3842 
SIC3861 

Observations: 234 234 95 95 
Adjusted R-square 0.358 0.320 0.168 0.23 

Notes: Small firms are those with 100 or fewer employees. 
Significant at the 10% level. 

hSignificant at the 5 6 level. 
Significant at the 1% level. 

businesses except where noted. The conclusion regard- sures business taxes as a proportion of business in-
ing the importance of business costs is especially true come, is typically positive and sometimes significant. 
with respect to quality-adjusted wages and the price of One possible explanation may be that the tax variable 
capital, where the coefficients are negative and signifi- measures the overall tax rate rather than an industry- 
cant in both high-technology industry categories. specific rate. A second possibility is that the price of 
Therefore, unless offset by other factors, high wages capital, which includes tax rates among its components, 
and a high price of capital appear to reduce the startup is picking up the effect of taxes, thereby mitigating the 
rate of new manufacturers. effect of the tax variable. Finally, we were unable to 

A high degree of unionization also appears to reduce construct a reasonable measure of government-pro-
firm opening rates, although the effect is significant vided services to business.'* 
only for Electrical and Electronic Equipment indus- The energy cost variable also gives mixed results. 
tries. However, the variable measuring the interaction The only significant coefficient was positive; this was 
between unionization and wages is positive and signif- 
icant in all of the regressions, suggesting labor quality 
characteristics associated with unions are not fully ac- l2  The coefficient on taxes could be positive if there are net 

benefits to industry from government services. See Carlton counted for by the quality-adjusted wage. 
(1979) and Modifi and Stone (1990) for a discussion of issues 

The tax and energy variables give disappointing concerning metropolitan-level business taxes and government 
results. The coefficient on the tax variable, which mea- expenditures. 
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for all firms in Electrical and Electronic Equipment 
industries. The variable may be capturing other impor- 
tant influences which are correlated with regional dif- 
ferences. 

Our results with respect to the influence of univer- 
sity research on the firm opening rate are interesting 
and suggestive, but mixed. The contribution of univer- 
sity research is positive and statistically significant for 
Electrical and Electronic Equipment industries; in con- 
trast, the results are insignificant for the second group 
of high-technology industries in the Instruments and 
Related Products category. (The effect of university 
research was insignificant in four other 2-digit indus- 
tries.) The finding of a positive and statistically signifi- 
cant relationship between university research and the 
startup rate of new manufacturers for Electrical and 
Electronic Equipment industries is certainly consistent 
with the view that universities have played a central 
role in the development of the nation's microelectron- 
ics industry. 

Although the coefficient on the number of universi- 
ties has the expected negative sign in three of the four 
regressions, the variable is always insignificant. There- 
fore, there is no evidence that the contribution of the 
research to startups is diminished as the number of 
institutions in an SMSA increases. 

Somewhat surprisingly, no evidence was found that a 
more technical workforce (a higher percentage of sci- 
entists and engineers) increased the startup rate.13 The 
percent scientists and engineers was insignificant in all 
4-digit level regressions.14 The overall measure may 
simply be inadequate for capturing the effect of a 
technical workforce on the formation of new manufac- 
turing firms in very detailed high-technology industries. 
For example, the startup rate of firms in the Electrical 
and Electronic Equipment industries may depend more 
on the concentration of electrical engineers than on all 
engineers. 

IV. Conclusions and Implications 

The evidence presented in this paper suggests that 
states cannot generalize from the Route 128 and Sili- 
con Valley experiences. In analyzing eighty-seven 
4-digit manufacturing industries within six 2-digit in- 
dustry categories, the only consistent evidence concern- 
ing the effect of university research on new business 
startups was found for 19 prominent high-technology 

l3 In contrast with our results, Carlton (1979) found that the 
effect of engineers on firm openings was positive and signifi- 
cant. One explanation for this difference might be that his 
model did not include university research. Our results with 
regard to energy prices, wages, and taxes were similar to 
Carlton's findings. 

l4 This result is unchanged if the percent scientists and 
engineers is replaced with the total number of scientists and 
engineers. 

industries in Electrical and Electronic ~ q u i p m e n t . "  
The significance of university research for this particu- 
lar group of industries is consistent with the view that 
universities have been especially important in the de- 
velopment of the nation's microelectronics industry. 

Recent studies of technological spillovers show a 
strong geographic association between university re-
search and corporate patenting activity (Jaffe, 1989; 
Henderson, Jaffe, and Trajtenberg, 1991). Therefore, 
without diminishing the significance of this finding, one 
broad conclusion would have to be that the pipeline 
between university research and local commercializa- 
tion, as measured by a higher startup rate of new firms, 
has substantial leaks. One potentially promising av-
enue of research on the commercialization issue would 
involve developing a better understanding of the mech- 
anisms that create technological spillovers leading from 
university research to new firms. For example, even 
though investments in biotechnology research at  a 
number of universities may increase the inventive activ- 
ity of R & D  laboratories located within the same 
metropolitan region, any resulting new products or 
processes will frequently be developed in other loca- 
tions. 

Interestingly, Jaffe (1989) found the strongest evi- 
dence of geographically mediated technological 
spillovers for research related to drugs and chemicals, 
and a smaller effect for electronics-related research. If 
universities are especially important for emerging in- 
dustries, then we might expect that the effect of univer- 
sity research was more important for the emerging 
electronics industry in the late 1970's (corresponding to 
our data), while the impact on the newly emerging 
biomedical industries became more important in the 
mid-1980's (corresponding to Jaffe's data). One expla- 
nation of this effect may be that university research is 
probably more important for product rather than pro- 
cess R & D  and therefore is likely to provide that 
greatest benefits for new businesses in infant indus- 
tries. 

Finally, is this a national issue? Although we might 
be pleased to see Michigan succeed in commercializing 
more of the research performed at the University of 
Michigan, it needn't be a national issue. However, it 
could become a national issue if further study were to 
indicate that the nation produces less innovation by 
locating many of its major research universities in 
smaller cities, geographically removed from concentra- 
tions of key industries (Krugman, 1991). Another way 
to ask the question is: Would MIT have had a smaller 
effect on innovation and created fewer new companies 
if it were located in Pittsfield rather than Boston? 
Policies to address the concern about U.S. industry's 

l5 The firm startups in the nineteen 4-digit industry cate- 
gories represent roughly 21% of the total startups in the 
4-digit industries available for testing. 
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failure to commercialize the nation's research requires 
more knowledge about the role geographic proximity 
plays in fostering innovation. 
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APPENDIX 

SIC Code Description 

SIC3621 	 Motors and Generators 
SIC3622 	 Industrial Controls 
SIC3623 	 Welding Apparatus, Electric 
SIC3624 	 Carbon and Graphite Products 
SIC3629 	 Electrical Industrial Apparatus 
SIC3641 	 Electric Lamp Bulbs and Tubes 
SIC3651 	 Household Audio and Video Equipment 
SIC3652 	 Phonograph Records and Prerecorded Audio Tapes 
SIC3661 	 Telephone and Telegraph Apparatus 
SIC3662 	 Radio and TV Communications Equipment 
SIC3671 	 Electron Tubes, Receiving Type 
SIC3672 	 Cathode Ray Television Picture Tubes 
SIC3673 	 Electron Tubes, Transmitting 
SIC3674 	 Semiconductors and Related Devices 
SIC3675 	 Electronic Capacitors 
SIC3677 	 Electronic Coils, Transformers, and Other Inductors 
SIC3678 	 Electronic Connectors 
SIC3679 	 Electronic Components 
SIC3693 	 X-ray Apparatus and Tubes 
SIC3811 	 Engineering and Scientific Industries 
SIC3823 	 Industrial Instruments for Measurement, 

Display, and Control 
SIC3825 	 Instruments for Measuring and Testing 

of Electricity 
SIC3842 	 Orthopedic, Prosthetic, and Surgical 

Appliances and Supplies 
SIC3861 	 Photographic Equipment and Supplies 
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