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Central problem: Putting the pieces together

Inputs matter

Incentives matter

Co-location matters

Connections matter
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Idea

$

Management

Agenda
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Where do the 
ideas come from?

1. Those that publish a lot

2. Those that have patented

3. Those working for top research 
institutions with PhD programs

4. Those working with co-
workers that have been 
involved with a commercial 
venture
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‘Star’ scientists
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Source: Stuart & Ding, American Journal of Sociology, 2006

What does not matter?

Technology Transfer Office



Regions with stars have become biotech hubs
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Source: Zucker, Darby & Brewer, American Economic Review, 1998

Each star scientist increases the annual number of biotech startups in a region by 
16% to 28%  



Stars in the life sciences by country (1996)
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Country ‘Stars’ ‘Stars’ per 
million

Fraction tied 
to industry

Net migration

United States 104 .35 33.3 2.9

Japan 26 .21 21.1 9.6

United Kingdom 16 .26 9.7 -32.3

Australia 7 .35 7.1 7.1

Canada 5 .15 0 -30.0
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Source: Zucker & Darby, Proceedings of the National Academy of Sciences, 1996



Stars in the life sciences by country (2007)
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Country ‘Stars’ ‘Stars’ per million

United States 218 .73

Japan 9 .07

United Kingdom 16 .26

Australia 1 .05

Canada 8 .24
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Source: ISI HighlyCited.com
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Fig. 8. Stanford University Invention Disclosures, 1975–1990.

. 141994a . Faculty disclosure of inventions to univer-

sity administrators was no more mandatory at Stan-

ford before 1994 than at Columbia before 1984.

Nevertheless, especially during the 1970–1980 pe-

riod, Stanford operated a much more elaborate ad-

ministrative apparatus for the patenting and licensing

of inventions than did Columbia. The expanding

scale of Stanford’s licensing operations during the

1970s and 1980s also suggests that a substantial

fraction of faculty inventions in fact were disclosed

to the OTL.

Data from the Stanford OTL provide some insight

into the patenting and licensing activities of a major

private research university before and after Bayh–

Dole. And similarly to the situation at the University

of California, these data suggest that the growth of

Stanford’s patenting and licensing activities was af-

fected by shifts in the academic research agenda that

reflected influences other than Bayh–Dole. Figs. 8

and 9 display trends during 1975–1990 in Stanford

invention disclosures. The average annual number of

14
Reflecting faculty sensitivity over assignment to the Univer-

sity of all ownership of all copyrighted material produced under

University sponsorship, Stanford’s OTL explicitly exempted own-

ership of ‘‘books, articles, popular non-fiction, novels, poems,

musical compositions, or other works of artistic imagination which

are not institutional works’’ from the policy governing software

ŽStanford University Office of Technology Licensing, 1994b, p.
.1 .

disclosures to Stanford’s Office of Technology Li-

censing increased from 74 during 1975–1979, prior

to Bayh–Dole, to 149 during 1984–1988. Moreover,

the evidence of a ‘‘Bayh–Dole effect’’ on the annual
Ždisclosures such as the jump in disclosures between

.1979 and 1980 in Fig. 8 is stronger in the Stanford

data than in the UC data, although the smoothed
Žtrends in Fig. 9 computed as a 3-year moving

.average suggest that the annual number of invention

disclosures was growing prior to Bayh–Dole.

The data in Figs. 8 and 10 also suggest that the

importance of biomedical inventions within Stan-

ford’s invention portfolio advances had begun to

expand before the passage of Bayh–Dole. Fig. 8

indicates that the annual number of biomedical in-

vention disclosures began to increase sharply during

the 1978–1980 period, and the share of all disclo-
Žsures accounted for by biomedical inventions see

.Figs. 8 and 10 increased steadily from 1977–1980,

leveling off after 1980 and declining after 1983. A

similar but lagged increase in the share of Stanford

patents accounted for by biomedical inventions is

apparent in Fig. 11. The magnitude of these in-

creases in biomedical inventions prior to Bayh–Dole

is more modest than at the University of California,

but the trend is similar.

The data in Fig. 12 suggest that similarly to the

UC system, biomedical inventions increased some-
Ž .what as a share of Stanford’s non-software licenses

during the 1975–1990 period, although the upward

trend is less pronounced and fluctuates more widely

Invention disclosures to the Stanford 
Technology Transfer Office

7

Bayh-Dole Act
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Source: Mowery, et al., Research Policy, 2001



Individual incentives also important
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Source: Friedman & Silberman, Journal of Technology Transfer, 2003
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Inventor share of revenue by school
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High share schools outperform on 
commercialization
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Sources: Friedman & Silberman, Journal of Technology Transfer, 2003; DeVol et al., Milken Institute, 2006
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Biomedical research ranking Biomedical commercial ranking
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Where do high 
tech firms form?

1. Regions with lots of existing 
firms in the same industry

2. Regions with a strong VC 
community

3. Regions with inventors 

4. Regions with universities
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Source: Stuart & Sorenson, Research Policy, 2003



Distribution of Venture Capital
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Fig. 3.—Geographic distribution of VC firms. Larger diamonds (proportionate to the
square root of the number of venture capitalists in a zip code) indicate the presence of a
larger number of venture capitalists.

weights, from the standpoint of a focal VC firm i, the number of active
targets in each industry according to i’s past industry investment profile:

tinddens p r N ,!it m m
m

where r denotes the proportion of venture capitalist i’s prior investments
in industry m and N represents a count of targets in the current quarter
in industry m.

Prior state experience.—Venture capitalists may develop new relation-
ships in a geographic region when they invest in companies in it. If this
occurs, then an initial investment in a locale should increase the likelihood
of subsequent investment. We operationalize this idea by including a
variable that indicates whether the venture capitalist has previously in-
vested in the same state as the target. To avoid simply picking up prox-
imity to the venture capitalist’s office, we also include a dummy variable
that marks whether the target lies in the same state as the venture cap-
italist. The parallel term for industry distance would essentially dichot-
omize the industry experience variable, so we do not need to include an
additional measure in the industry distance models to capture this effect.
(Table 1 provides the means and standard deviations of all variables used
in the analysis.)

RESULTS

Table 2 reports the results of the rare events logit models for geographic
distance. Model 1 provides baseline estimates of the probability of a tie

T. Stuart, O. Sorenson / Research Policy 32 (2003) 229–253 237

Fig. 1. Distribution of biotechnology companies in (a) 1983 and (b) 1995.

between biotech firm i and the lead inventor on

patent j .
To construct the data matrix to test our predic-

tions, we repeat this process for each of the three

other resource categories. Thus, in addition to patent

inventors, the vector j in Eq. (1) indexes VC firms,
universities, and other biotechnology firms. Eq. (1)

thus yields the weighted distance of each point in

space to the four categories of resources thought to

influence biotech firm foundings and performance.

Because of the longitudinal nature of our analyses, we

continuously update the weighted distance measures

to account for entries and exits. For each of the re-

source categories, ‘objects’ (patents, firms, VC firms,

and universities) enter the dataset when they ‘arrive’.6

6 In the performance models, we update all covariates four times

each year. In the founding rate models, we update the covariates

once a year. Because we can only pinpoint many founding dates

to the year, the latter models are annual.

Geography of high tech matches geography 
of venture capital
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Venture capital Biotech

Source: Sorenson & Stuart, American Journal of Sociology, 2001 Source: Stuart & Sorenson, Research Policy, 2003



American Journal of Sociology
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Fig. 1.—Geographic distance spline: the dotted line shows a 20-piece linear spline of the
likelihood of investment, while the solid line displays the implied relationship of the logged
functional form.

assigning the longitude and latitude at the center of the zip code in which
they reside to both venture capitalists and targets. Using spherical ge-
ometry, we calculate the distance between the two points, i and j, as

d p C {arccos [sin (lat ) sin (lat )ij i j

! cos (lat ) cos (lat ) cos (Flong " long F)]},i j i j

where latitude (lat) and longitude (long) are measured in radians and C
represents a constant based on the radius of the sphere that converts the
result into linear units of measure. To convert the result to miles on the
surface of the Earth, we use .14C p 3,437

In the models, we log geographic distance to account for the fact that
transportation costs, both in terms of time and money, do not increase
linearly over geographic space. Rather, as distance increases, actors sub-
stitute technologies to improve the efficiency of transportation and com-
munication. For example, a person will drive to visit someone 30 miles
away, but he or she will fly to see a contact 3,000 miles away. Since this
specification imposes a strict functional form on the relationship between
distance and tie formation, we fit a spline to the data to check the validity
of this assumption. Figure 1 presents the predicted relationship between

14 The scaling (i.e., miles vs. tens of miles vs. kilometers) matters only to calibrate the
relative importance of being located within the same zip code vs. being located in a
neighboring zip code (Sorenson and Audia 2000).

VC firms rarely invest in firms more than 60 miles away
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Source: Sorenson & Stuart, American Journal of Sociology, 2001

Beyond 120 miles VCs only invest as partners in syndicates  



Connections increase odds of being funded
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Inventor VC
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Inventor VC

+48%

Inventor VC

3rd party

+66%

Source: Cable & Shane, Management Science, 2003



Why are 
connections so 
important?

Capital

Uncertainty

Importance of private information

“Leap of faith”

Labor

All of the above

No ability to diversify

Partners

Uncertainty, private information

Incomplete contracts

15

Source: Sorenson & Stuar, 2005
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Homophily in founding teams
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Sources: Ruef, Aldrich & Carter, American Sociological Review, 2003;
Beckman & Burton, Organization Science, 2007

Ideal Observed



A tale of two cities 1980-1982

17Sorenson - Connections and commercialization

Akron Rochester

Source: Safford, 2004



A tale of two cities 2000-2002
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Akron Rochester

Source: Safford, 2004



Central challenge: Creating connections

Critical connections: Those that 
link individuals and organizations 
with different kinds of resources - 
science, money, managerial 
expertise.
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Idea

$

Management
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