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This paper reviews the economic literature concerning university-to-industry knowledge
transfer. Papers on this topic are divided into four categories. Research in the ‘firm
characteristics’ category focuses directly on company issues, such as internal organization,
resource allocation, and partnerships. In contrast, research in the ‘university characteristics’
stream pays little attention to the firms that commercialize inventions, but rather focuses on
issues relating to the university, such as licensing strategies, incentives for professors to
patent, and policies such as taking equity in return for intellectual property. The ‘geography
in terms of localized spillovers' stream of research considers the spatial relationship between
firms and universities relative to performance in terms of knowledge transfer success. Finally,
the ‘channels of knowledge transfer’ literature examines the relative importance of various
transfer pathways between universities and firms, such as publications, patents, and
consulting. Each of these research streams is discussed and key papers are described
highlighting important methodologies and results. Finally, an outline of topics requiring
further research in each of the four categories is offered.

accepted that universities are an important
source of new knowledge, especially in the
This essay provides a review and commentanareas of science and technology. Thus, it is
on the literature concerning university important to build as clear a picture as pos-
knowledge transfer. The economic importancesible of the mechanisms by which university

of this issue provides significant motivation science moves into the economy.

for deepening our understanding of the Evidence suggests that even knowledge
knowledge transfer system. It is well under-transferred through the formal university

stood that the creation and application of newtechnology transfer channel, patenting, which
knowledge is the primary factor that drives many scholars argue represents only a small
economic growth. It is also commonly fraction of the total economically valuable
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transferfrom universities,is quite significant.
For example,the Associationof University
TechnologyManagerdAUTM) estimateghat
thelicensingof innovationsmadeat academic
institutions contributed over US$40bn in

economic activity and supportedmore than
270,000jobs in the fiscal year 19992

Perhaps the two most active areas of
universty knowledge trarsfer are the life
sciencesand electronics,including electrical
engineeringand computerscience.Examples
of notablesuccessem thesetwo areasnclude
the innovation by Stanley Cohen (Genetics
and Medicine, Stanford) and Herbert Boyer
(Biology, UC SanFrancisco)for the process
of making recombinantDNA using gene-
splicing, andthe innovationby Tom Leighton
(Electrical Engineeringand Applied Mathe-
matics, MIT) and his colleaguesof a set of
algorithms for intelligently routing and
replicating content over a large network of
distributed servers without relying on
centralizedservers.

The Cohen-Boyer invention is often
referred to as the cornerstoneof the bio-
technologyindustry; at the time of its expira-
tion on 12 December1997, the patentwas
beinglicensedby 380firms and,duringits 15-
year lifetime, attracteda total of approxi-
mately 480 licensees.ProfessorLeighton’s
innovationled to thefoundingof Akamailnc.,
which launchedts first commercialservicein
April 1999andachieveda remarkablemarket
capitalizationof US$35brby Decembenof the
sameyear> Owing to its significanteconomic
impact,both primaryandsecondaryit is clear
that university knowledge transfer warrants
much effort towardsa deeperunderstanding.

The objectiveof this paperis to constructa
generalframeworkof the researchin this area
by: (1) providing an overview of the various
related streamsof researchand how they fit
together; (2) presenting a survey of the
literature associated with each of these
streamsijncluding highlightsfrom key papers;
and (3) offering a view forward in terms of
directionsfor future researchThe framework
presentedherecategorizesheresearcton this

topic into four categoriesfirm characteristics;
university characteristicsgeographyin terms
of localized knowledge spillovers; and

channelsof knowledgetransfer.

The relationshipsbetweenthesestreamsof
research may be considered as follows.
Researchn the firm characteristicscategory
focuseson issuesrelating to the firm, suchas
internal organization resourceallocation,and
partnerships. In contrast, research in the
university characteristics stream pays little
attention to the firms tha commerciaize
inventions, but rather focuses on issues
relating to the university, such as licensing
strategies,incentivesto patent,and policies
regarding taking equity in return for
intellectual property. The geographyin terms
of localized spllovers stream of research
condgders the spaia relationship between
firms and universitiesrelative to performance
in terms of knowledge transfer success.
Finally, the channelsof knowledgetransfer
literature examineshe relative importanceof
varioustransferpathwaysetweeruniversities
and firms, such as publications,patents,and
consulting.Eachof theseresearchstreamsis
discussedelow andkey papersare described
highlighting important methodologies and
results.

Firm Characteristics

There is a small but growing literature
concerningthe characteristic®f the firm that
influence its ability to utilize externally
generatedscientific knowledge,such as that
which is transferredfrom universities. This
branchof researchoriginatesfrom a pair of
papersby Cohenand Levinthal (1989, 1990)
that introduce the concept of ‘absorptive
capacity® and arguethat a firm’s ability to
apply universityresearcHor its own commer-
cial gain is a function of its investmentin
R&D. Cockburnand Henderson(1998) build
onthis notionbut addthatthe degreeto which
firms are “connected’ to universitiesis also
importantfor utilizing knowledgespillovers.
Lim (2000) restructures the above two



concepts and argues that the absorptive
capacity of firms is primarily a function of
its connectednes®f which its investmentin
R&D is just one of severalcomponents.
Zucker et al. (2000) investigate the
importance of connectedness to firms by
examiningtheir location decisionsrelative to
star university scientists. Shane and Stuart
(2000) study university start-up firms and
examinetheimportanceof connectednessot
with the scientific communityin this case but
rather with the venture capital community.
Ziedonis(1999) doesnot considerconnected-
ness,but rather examinesthe firm’s related
knowledge assetsand its ability to evaluate
externaltechnologyin termsof its likelihood
of licensing a particular technology and its
likelihood of taking an option prior to
licensing. Finally, Audretsch’s(2000) study
is not at the level of the firm but ratherof the
individual as he investigatesthe extent to
which university entrepreneursare system-

atically different from other entrepreneurs.

Thesepapersare now described.

CohenandLevinthalintroduceanddevelop
the conceptof absorptivecapacityand argue
that this characteristicof the firm is strongly
related to its prior related knowledge
generakd by in-howse R&D. The authors
presenta modelin which a firm’s absorptive
capacity is a function of its investmentin
R&D. They apply this model to test pre-
dictionsrelating a firm’s investmentin R&D
to the knowledgeunderlyingtechnicalchange
within anindustry.

Theauthorsutilize a cross-sectionalataset
constructed from a survey of R&D lab
managers in the American manufacturing
sector.TheyregresR&D intensity, measured
by the R&D-to-sales ratio, on various
measuresof technological opportunity and
appropriability. Technologicalopportunity is
measuredby the importanceof 11 basicand
appliedfields of scienceandtheimportanceof
external sourcesof knowledgeto technical
progressn aline of businessasindicatedby
respondentson a seven-pointLikert scale.
Appropriability is measuredy the perceived

effectivenessof patents,secrecy,lead time,
moving quickly down the learningcurve,and
complementary assets in protecting the
competitiveadvantage®f new processeand
products.

The authorsreport ordinary least squares
(OLS), generalizedeast squares(GLS), and
Tobit regressiorresultsthat supporttheir two
predictions.First, in the caseof technological
opportunity,the estimatedcoefficientsfor the
impact of the applied sciences on R&D
intensity are generally lower than those for
the basicsciencessincethe basicsciencesare
more relevant (of higher quality) and this
knowledgehasa morepositiveeffecton R&D
intensity. Secondly,the effect of increasing
appropriabilityon R&D intensityis shownto
be significantly greaterin thoseindustriesin
which the applied sciencesare more relevant
to innovation than the basic sciences.The
authors conclude that these results support
their hypothesighat R&D investmentsreate
a capacity to assmilate and exploit new
knowledge.

Cockburnand Hendersorarguethat, while
investmentsin in-houseR&D are necessary
for firms to developtheir absorptivecapacity
to utilize knowledgespillovers, this aloneis
not enough.Firms must be connectedto the
open science community by being actively
involved in sharingresearchresults(publish-
ing) and also engagedn researchcollabora-
tion. They investigate the public—private
science interface, focusing on the pharma-
ceutical industry, using both gualitative and
quantitative measures. Their qualitative
studiesinclude both casehistoriesand inter-
views. The casehistories examine21 drugs
that two leading expertsidentified as having
hadthe mostimpactupontherapeutigractice
between1965 and 1992. The authorsreveal
that public sectorresearchwas importantin
thedevelopmenbf 16, or 76%, of thesedrugs,
implying that absorptive capacity was
important in these cases.The authors also
interviewedresearchscientistsand managers
from both the public and private sectorsthat
both confirmedthe importanceof absorptive
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capacity in the classical sense, but also
identified three additional factors perceived
as being important for conducting leading-
edgeresearchwithin the firm. Theseinclude:
(1) recruiting the bestpeople; (2) rewarding
researcherenthebasisof their standingn the
public rank hierarchy; and (3) encouraging
themto be actively engagedwith their public
sectorcounterparts.

The authorsaddresstwo related questions
with their quantitativeanalysesoncerninghe
conceptof connectednesthe organizatiorof
internal research,and researchproductivity.
The conceptof connectedness introducedto
expresghe degreeto which the scientistsat a
firm are connected to their counterparts
outside the boundaryof the firm, including
in other firms, universities, and National
Institute of Health(NIH) researchnstitutions,
amongstothers.They measureconnectedness
by the fraction of paperswritten by scientists
atthefirm thatareco-authoredvith scientists
outside the firm. They hand-code the
institutions associatedwith co-authorsinto
eight categoriesthe largestbeing ‘self’ (co-
authors from the same firm), followed by
‘university’.

The organiation of internal resarch is
measuredon two dimensions.‘Pro-pub’ is
the perceptionof scientistsof the degreeto
which their firm usespublication or indivi-
duals' standing in the wider scientific
community as a basis for promotion and
compensatiorandis measureaen afive-point
Likert scale. ‘Dictator’ is the perceptionof
scientists of the degree to which their
management allocates research resources
versusa peer-reviewcommittee system;this
is alsomeasuredn a five-point Likert scale.
Resaarch productivity is measured by the
numberof importantpatentshataregenerated
by the firm where important patentsare de-
fined asthosepatentghathavebeenregistered
in atleasttwo of thelargesteconomicregions,
including the US, Europe,and Japan.

Using the above approachedo operation-
alize the conceptsof connectednessnternal
organization, and researchproductivity, the

authorsfirst investigatethe effect of firms’
internalorganizatiorof researctonthetype of
institutionswith which they are likely to co-
author.They regresshe type of co-authoron
pro-pub and dictator, including a variety of
control variables, using logit regression
models. Their resultssuggestthat pro-pubis
positively associatedwith the probability of
co-authoring with external institutions,
especiallyuniversities.In contrast,dictatoris
negatively associatedwvith the probability of
co-authoringwith externalinstitutions.

The authorsalsoinvestigatethe relationship
between connectedness and research pro-
ductivity. They regressthe natural logarithm
of the numberof important patentsproduced
by afirm onthedegreeof connectednesgro-
pub, dictator, and a number of control
variablesusingOLS regressiormodels.Their
resultsindicatea positiverelationshipbetween
connectedness and research productivity,
which is arguablythe mostinterestingfinding
reported in this paper. Their resuts also
suggestthat pro-pubis positively correlated
with productivity, while dictatoris negatively
correlated.

Lim picks up from Cockburnand Hender-
sonandarguesthat not only is connectedness
important but that it is in fact the main
ingredient for creating absorptive capacity.
Internal R&D is but one mechanismnto foster
connectedness and it in turn generates
absorptive capacity. The author identifies
three additiond mechanisms for fostering
connectedness, including: (1) cultivating
university relationshipsby way of sponsoring
research, collaborating with faculty, and
recruiting graduatestudents;(2) participating
in researchconsortia;and (3) partneringwith
other companies that do related sciertific
research.The key issue investigatedin this
paperis whetherfirms areableto acquireand
exploit externally generated scientific
knowledge without conducting in-house
R&D, but insteadby being connectedo the
scientific communityin otherways.

To study this issue, Lim conducts both
guantitativeandqualitativeanalysesf copper



interconnecttechnologythat was discovered
by IBM but quickly diffusedto some,but not
all, firms in the semiconductoindustry. The
author measures R&D by patent and
publication counts and measuresknowledge
flows by patent-to-patenaind patent-to-paper
citation counts. With these measurement
techniques, the author offers evidence to
supporta three-steplogical argument.First,
somefirms dependean knowledgespillovers
from IBM and other sources,and did not
developcopperinterconnecttechnologyfrom
their own R&D. The evidencepresentedto
supportthisis: (1) all commercialprocesseto
dateusethe damascengrocesdevelopedy
IBM; and(2) alargefraction of patentdn this
areabelongingto firms other than IBM cite
IBM patents and IBM papers. Secondly,
firms’ prior R&D was insufficient to account
for absorptive capacity. The evidence
presented to support this is the lack of
publicationsand patentsgeneratedby many
of the firms competingwith this technology.
Thirdly, the absorptive capacity of firms
depends on connectedness. The evidence
presentedto supportthis is the variancein
the time it took for firms to adoptthe copper
interconnecttechnologycommercially. Firms
that were able to adopt it quickly were
connectedin some way to IBM or other
institutions that were familiar with the
researchon this topic but did not necessarily
conducttheir own R&D.

Further,Lim suggestshatdifferenttypesof
absorptive capacity may exist within and
acrossfirms. The type of absorptivecapacity
dependson the mechanismsat work driving
the connectednessThe author differentiates
between disciplinary and domain-specific
knowledge,and suggeststhat internal R&D
may be bestsuitedfor generatingabsorptive
capacity suited to the former while other
methodsare more suitedto the latter.

Zuckeretal. (2000)investigatethe effect of
star university scientists, who either left
tenured positions to found firms or who
remained in the university but established
tight working relationships with their

colleagues in private industry, on the
performanceof the firm. Theyinvestigatethis
phenomenon in the context of the bio-
technology industry using data from the
industry publication Bioscan ‘Star’ scientists
wereidentified asthosethat had published40
or more genetic sequence discoveries in
GenBank The classificationof the relation-
shipsbetweenstarsandfirms is conductedby
examining the affiliation of the authors
associatedwith every article through 1989
reportinga gene-sequencingiscoverywritten
by a star.

Starsare categorizedas ‘affiliated’ with a
particular firm if they list that firm as their
home inditution in the article. Stars are
categorizedas ‘linked’ to a particularfirm if
one or more of their co-authorsof the article
are from tha firm. The authors measue
productivity on a numberof dimensionsand
throughout the research and product
developmentife cycle, including the number
of patentsgranted,the numberof productsin
developmentand the numberof productson
themarket.The primaryresultof this research
is thatthe numberof scientistsvho aretied to
the firm, those that are either linked or
affiliated, have a positive and significant
effect on the productivity of the firm in all
three major stagesof researchand product
development.

ShaneandStuartexaminethe importanceof
initial resource endowments on particular
major eventsin the growth of early-stage
technology companies. Specifically, they
investigatethe importance of the founders’
social capital in termsof their personalrela-
tionshipswith the venturecapital community.
Theauthorstestfor arelationshipbetweernthe
degreeof the founders’ social capital at the
birth the firm andwhetherthe firm: (1) raised
venturecapital financing; (2) experiencedan
initial public offering;, or (3) failed. The
authorsconducttheir experimenton a dataset
comprisingthelife historiesof 134technology
firms founded specifically to commercialize
inventionsfrom MIT during the period 1980—
1996.
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The authorsemploy event-historymethods
to conducttheir analysis.They carry out the
analysisin two parts: (1) a set of piecewise
constantmodels of the hazard of IPO and
mortality; and (2) a setof piecewiseconstant
modelsof the time until raisingthefirst round
of venturefunding. Theresultsfrom this study
suggesthat ventureswith foundersthat have
direct or indirect relationshipsin the venture
capital community are more likely to receive
venturefinancing and are lesslikely to fail.
Also, firms thatreceiveventurefinancingare,
in turn, more likely to experiencean initial
public offering. Thus, the authors conclude
that initial resourceendowmentsat leastin
termsof thesocialcapitalof its foundersn the
contextof the venturecapital community,do
havesignificantinfluenceon the likelihood of
two major eventsin the growth processof
young companies.

Ziedonis (1999) investigateswo questions
related to the issue of firms licensing
technology from universities. First, he
examines the extent to which the firm's
relatedknowledgeassetsaffect the likelihood
that it will license a particular technology.
Secondly,he examinesthe degreeto which
the firm’s ability to evaluateexternal tech-
nology determinesthe mannerin which it
licensesspecificallywhetherthe firm signsan
optionagreemenprior to licensing.He usesa
unigue data set of 308 exclusively licensed
patentsrelated to inventions from the Uni-
versity of Californiaand291firms thatsigned
atleastonesecrecyagreemenassociatedvith
theseinventions.

The author employsa nestedmultinomial
logit modelasthe econometripecificationin
this analysis His results suggestthat the
following four characteristicsof the firm’'s
related knowledge assets increase the
likelihood of licensing a technology: (1) the
level of the firm's expertise, which is
measuredy the (log of the) citation-weighted
numberof firm patentsin the sameprimary
patentclassasthe patentunderconsideration;
(2) whether the firm sponsored research
leading to the licensed patent, which is

measurecby a dummy variable; (3) whether
the firm previously licenseda patentin the
sameclass,which is measuredoy a dummy;
and (4) whetherthe university inventor hasa
fiduciary or other executiverelationshipwith
the firm, measuredoy a dummy. His results
alsosuggesthatfirms with the characteristics
describedabovewill be lesslikely to takean
option prior to licensing. This is consistent
with theory since a higher level of related
technical knowledge reduces uncertainty,
resulting in a lower value of the option to
the firm.

Audretsch (2000) examines whether
entrepreneurs from university settings are
differentthantheir counterpartérom industry.
Specifically, the author suggests that
university entrepreneurshipwill occur at a
systematically later age for university
scientistsbecausethe incentive and reward
structureswithin the university systeminduce
scientiststo investin developingan external
scientific reputation by making research
public via publication.

The author tests this hypothesisusing a
semiparametric hazard duration model to
edimae the following covariates (1) the
cumulative citations of the scientist; (2) the
number of other scientists who started
biotechnologyfirms in the samegeographic
region;(3) the numberof newbiotechfirms in
the samegeographicregion; and (4) dummy
variablesindicatingthe careertrajectoryof the
founders(university,industry,or mixed). The
author conductsthis experimenton a dataset
of 101 founders associated with 52 bio-
technologyfirms. His primary result suggests
tha university entepreneus are generaly
olderandthusmorescientifically experienced.
The authoremphasizeshe importanceof this
finding in termsof policy implications given
the prevalence of government programs
specifically designedto foster and support
entrepreneuriakfforts, especiallyin the area
of technology.

In terms of the applicationsfor this work,
these paperscollectively suggestframeworks
for contemplating firm strategies that may



influence absorptivecapacity. Companiesnay
experimentwith variousmechanismgresource
allocations) to increase their absorptive

capacity such as modifying their patternsin:

(1) reauiting graduate students; (2) hiring

professors as consultants; (3) modifying

internal incentives to publish or patent; (4)

funding universityresearch(5) participatingin

research consortia; (6) sending company

scientists to university labs as visiting

scientists; and (7) engagingin collaborative
researchwith university scientists that may
result in co-authoredpublications or patents.
Also, firms may experimentwith metrics for

both evaluating their connectedness to the
greater research community, as well as
calculating their ROI from investmentin in-

houseresearchijncluding the intermediatestep
of absorptivecapacity,not just researctoutput.

At a conceptuallevel, it is interestingto

note that the transferof tacit knowledge that
which is costly or impossibleto codify, is at
the heart of the mgjority of this work.

Connectednesis only importantbecausethe
knowledgeassociateavith aninventionis not
completelytransferredn the codified form of

patents or publications but rather requires
someform of interactionbetweerthe inventor
and the recipient firm. While there may be
gains possiblefrom increasedefficienciesin

transactionsassociatedwith codified know-
ledge,thefocuson topicsassociatedavith tacit
knowledge transfer suggeststhat this is the
centralissue,andit generateshe majority of

the variance in terms of firms relative
abilities to utilize universityinventionseffec-
tively. Thus, researchthat contributesto our
deeperunderstandingf tacit knowledgeand
how it is transferredwould offer a worthy
contributionto the work in this area.

University Characteristics

This streamof researchfocuseson university
policies regarding intellectual property (IP),
licensing strategiesemployed by university
technology licensing offices, and charac-
teristics of the actual inventor-professors.

Most of the papersin this areareferin some
way to the Bayh-Dole Act of 1980, which

granted universities the right to license

inventions that result from federally funded
researchEconomicscholarsare interestedin

the effect this act has had on university

policies concerninglP managemenand the
incentives of professors to commercialize

their researchln addition, thereis consider-
ableinterestregardingwhetherthe incentives
createdby Bayh-Dolehaveshiftedtheaverage
type of researchthat is conductedat univer-
sitiesfrom basicto more appliedscience.

To this end, Henderson et al. (1998)
investigatethe changein quality of university
patentssincethe act was passedThursbyand
Thursby (2000) developa model to examine
the extentto which the increasein university
licensingis due to a changein the natureof
researchor just in the propensityto patent.
Feldmanet al. (2000) investigatethe recent
trend of universities that write licensing
agreements involving equity rather than
simply cashpaymentsfor the useof IP in an
effort further to align the interests of the
university with the firm. Jenserand Thursby
(1998)examinethe degreeto which university
inventionsreportedfor licensingareat a very
early stage thusrequiringthe co-operatiorof
the inventor by the licensee in order to
develop a product successfully.Finally, Di
Gregorio and Shane (2000) examine
performance across university licensing
offices and explore why some universities
generatenore new companiego exploit their
intellectual property than others. Highlights
from thesefive papersare discussedelow.

Hencerso et al. (1998 investicate the
changein overall patentquality that accom-
panied the significant growth in university
patenting during the period 1965-1988.To
conductthis experimentthe authorsusefour
setsof patents:(1) all university US patents
grantedbetween1965 and mid-1992 (12,804
patents);(2) a 1% randomsampleof all US
patentsover the sametime period (19,535);
(3) all patents after 1974 that cited the
university patents (40,859 patents);and (4)
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all patentsafter 1974 that cited the random
samplepatents(42,147patents).

The authors compare university paents
with a random sample of all patentsalong
two dimensions. First, they construct a
measureof patent‘importance’ that involves
a count of the numberof patentsthat cite a
particular patent. Secondly,they constructa
measureof patent ‘generality’, which is a
measureof the degreeof concentrationof
citing patents across patent classes. The
conceptfor the secondmneasurds that patents
that are more generalwill be cited acrossa
greatewariety of fields andhencethemeasure
will indicatelessconcentration.

Their dataillustrate that, while university
patentsusedto be morehighly cited andmore
generalthan a randomsampleof all patents,
the differencehasdisappearedvertime. This
implies that, over the period examined,the
rate of increaseof important patentsfrom
universitieswas much less than the overall
rate of increasein patenting. These results
suggesthat, while the Bayh-Dole Act seems
to have successfullyincreasedhe propensity
to patent,it hasnot resultedin a shift in the
underlyingrate of generatiorof commercially
importantinventionsat universities.

Thursbyand Thursby (2000) investigatethe
factors behind the rapid growth in university
patentingandlicensingactivity. The motivation
for this researchis to determinewhetherthe
sourceof this growth is due to an increased
willingness of professors to patent their
inventionswithouta shift in thetypeof research
itself or a much more fundamentalchangein
the type of researchto be more commercially
oriented. The authors conduct this study by
developingan intermediateinput model where
licensingis considered three-steprocessand
then using non-parametriggrogrammingtech-
nigueson survey datafrom 65 universitiesto
calculatethe total factor productivity growthin
eachstate.

The authors supplementthe productivity
analysis with survey data from firms that
license universty inventions. Their results
suggestthat the growth in licensing patented

universityinventionsis driven primarily by an

increasen professorspropensityto patent(on

the supply side) and firms’ propensity to

outsourceR&D by licensing (on the demand
side),ratherthana shift in the averagetype of

researcifrom more basicto applied.

Feldman et al. (2000) investigate the
variance acrossuniversity technology licen-
sing offices in the degreeto which they write
licensing agreementsnvolving equity, rather
than traditional cashin the form of royalty
paymentsasa meandor firms to payfor their
use of university intellectual property.
Specifically, the authorstest the hypothesis
thatuniversitiesthataremoreexperience@nd
successfulat licensing are more likely to
employ equity in their contracts,as this is a
newer and more sophisticated means for
engaginglicenseesThey test this hypothesis
utilizing two datasourcesjncluding AUTM’s
annual survey and their own survey of 67
researchuniversities.

The authorsuseTobit modelsto estimatethe
effectsof a variety of explanatoryand control
variables that are intended to measue the
effects of experience, performance, and
university characteristicson the fraction of
dealsclosedby the universityinvolving equity.
Theyfind threemeasure$o havea positiveand
significanteffect. Theseinclude: (1) the ageof
the technology transfer office measured in
years; (2) the cumulative total licensing
revenue;and(3) the averagendustrialresearch
support.Theyalsofind thatbeinga ‘Carnegiel’
institution (highestcategoryof federalresearch
support)hasa negativeeffect on the fraction of
equity deals. Their results show that
experienced university technology transfer
offices are more likely to useequity in certain
situationsbecausealthoughthe useof equity is
more complex than cash,it may increasethe
option value of some technologiesand also
improvethe alignmentbetweernthe university’s
interestsand thoseof the firm.

Jenserand Thursby (1998) investigatethe
moral hazard problem associated with
university inventorsand the transferof their
inventions to industry. This research is



motivated by the debateover the Bayh-Dole
Act and the associatedroyalty paymentsto

inventorsthatresultfrom the university’sright

to license federally funded researchoutput
underthe Act. The authorsutilize a dataset
generatedirom a survey of 62 US research
universities for which respondents were

university licensingofficers.

The most striking finding from this survey
is that over 75% of the inventionslicensedby
these universities were in a very early, or
embryonic, stage. That is, half of these
inventionswere only a proof of conceptand,
of the remaininghalf, over 50% were only a
lab-scale prototype. The authors report that
respondentsdelieved 71% of the inventions
licensed required co-operation between the
professorand the licensing firm in order to
commercializea product successfully. This
result undescores the importance of tacit
knowledgetransferassociateavith early-stage
inventions. The authors then present a
theoreticaimodelto illustrateconditionsunder
which the developmentof an invention will
not occur unless the inventor's income is
proportionatlto thelicensee’soutputby way of
royaltiesor equity.

Di Gregorio and Shane(2000) investigate
cross-university variation in new firm
formation rates over the period 1994-1998.
Specifically,theyinvestigateheeffectsof: (1)
the availability of local venture capital
(numberof local companieseceivingfunding
from venturecapitalistsin a given year); (2)
the commercial orientation of research(pro-
portion of a university’s sponsoredresearch
budget that was industry funded); (3) the
intellectualeminenceof faculty (the Gourman
Report graduateschool score); and (4) the
university policies regardingtaking equity in
start-upsin lieu of royalty fees (minimum
percentageof total royalties). The authors
utilize survey data collected from university
licensing offices by AUTM and supplement
that with their own survey data of the same
universitiesto gather information regarding
their licensingpolicies. Their sampleincludes
101 universitiesand 530 start-ups.

The authors analysethe five-year period
using generalized estimating equations (an
extensiorof generalizedinearmodelsapplied
to longitudinal data) with a count of the
numberof newfirms formedasthe dependent
variable, the explanatoryvariablesdescribed
above, as well as several control variables.
The resultsthe authorsreportsuggesthat the
two primary factorsthat havea positive effect
on the rate of new firm formation are the
intellectual eminence of professors and
licensing contract flexibility such that start-
ups may offer equity ratherthan cashto the
university andinventors.

In termsof the applicationsfor this work,
these papers collectively suggest policy
implicationsat both the universityandfederal
level. Perhapghe greatestof theseissues,in
terms of impact on universitiesand firms, is
the one concerningpolicies that restrict the
commercialization of university research.
Relatedpolicies generallyinvolve two types
of parametersthosethat restrict by fiat the
degreeto which intellectual property created
by university-employedprofessorsmay be
controlledfor commercialpurposesandthose
that create incentives (or disincentives)for
professorsto engagein activities associated
with the commercializationof their research
by way of patenting,consulting,or otherwise.

A variety of related questionshave been
explored both theoretically and empirically,
especially since the passageof Bayh-Dole.
This work also suggestspolicy implications
associatedvith the university sponsorshipf
patentapplicationsgiventhefindingsthatthe
quality of university patentsappearsto have
decreaseavertime. The issueof universities
taking equity in young firms, rather than
licensing royalties, invokes a myriad policy
considerationgnd, at the time of writing this
paper the practiceis still too newto allow for
the empirical investigation of most related
quedions. Findly, pdlicies tha appear to
influence the number of start-ups that
originate from a university have stimulated
great interest and inspired much interaction
acrossuniversitiesat the administrativelevel,
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paticularly noticeade amongg techrology

licensing office directors.The rapid increase
in AUTM membershi@acrosauniversitiesand
the association’sincreasedattentionto start-
ups, providessomeevidenceof this.

From a more general perspectie, it is
interestingto note how the heavy focus on
patent-relatecknowledgetransferhas shaped
this line of inquiry. This focus hasresultedin
intense scrutiny of the effects of the Bayh-
Dole Act, related policies at individual
universitiesthat influence the incentivesfor
professors to patent, and the consequent
behavior of professors in terms of their
researchoutput. However,policies that affect
the vibrant trade in scientific knowledgefor
commercial application that is not patented
and does not flow through the university
technologytransfer office have beenlargely
overlooked.

This may in part be due to the absenceof
policies, or at leastpolicy enforcementthat
addressnon-patent channels of knowledge
trander. In addition, value-added savices
are increasingly beng offered by private
sector organizationsthat indirectly compete
with universitytransferoffices. Theseinclude
servicessuch as introductionsto early-stage
financiers, business advice, and customer
contacts.Thus, someinventiontypessuchas
software,which often do not lend themselves
to patenting yet have direct commercial
relevance,are frequently developedoutside
the radar of the technology transfer office.
Policies that do, or could, address this
phenomenonare potentially very important
and offer a wide array of interestingresearch
guestionghat would contributegreatlyto this
areaof inquiry.

Oneadditionalnotefor readersvho arenew
to this area concerns the asymmetry in
transactionstyles betweenfirms and univer-
sities. For example,readeramay be surprised
at the simplicity of research questions
associatedvith university policiesconcerning
takingequityin returnfor intellectualproperty
rights. Universitiesare often far less experi-
encedin dealmakingthantheir private sector

counterpartsand are also subject to much
greaterrestrictionsdueto their objectivesand
responsibilitiesthat go well beyond profit

maximization.As a result,universitiesbehave
quite differently from firms, evenwhen they
are ergaged in busiress transations. Our

understandingf university—firm interactions
is less developedthan traditional firm—firm

interactions and thus policy aralysis con-
cerning university-to-industry knowledge
transfer may not rely upon the usual firm—

firm interactionassumptions.

Geography in Terms of Localized
Knowledge Spillovers

A streamof literature has developedat the
intersectionof the tacit knowledgeconceptin
the information literature and the localized
spillovers concept in the agglomeration
literature. ‘Tacit knowledge’ includes those
typesof knowledgethat are eitherimpossible
or costlyto codify. As a result,the transferof
tacit knowledge generaly requires direct
interaction:in person,by phone,or through
written correspondencelhe literaturein this
area examines the effects of the implicit
transaction costs associated with direct
interaction that often influence the spatial
relationshipsetweerthe creatorandrecipient
of tacit knowledge.

The papersin this areagenerallymeasure
the variance in the levels of various
knowledgeinputsandhypothesized@ssociated
outputsand examinethis relationshipacross
geographi space. The inputs and outputs
consideredvary from study to study, as does
the geographicunit of analysis.Jaffe (1989)
relatesthe input ‘federal researchfunding’ to
the output‘new patentsissued’and examines
the variance in this relationship across
geographicspaceat the state level. Jaffe et
al. (1993)relatetheinput ‘original patents’to
the output ‘patents that cite the original
patents’ and examine the variance in this
relationship across geographicspaceat the
city level. Audretsch and Feldman (1996)
relate the input ‘local university research



funding’ to the output ‘local industry value-
added’” and examine the variance in this
relationship across geographicspace at the
statelevel.

Zucker et al. (1998) relate the input
‘number of local researchstars’to the output
‘number of new local biotech firms’ and
examine the variance in this relationship
across geographic space at the economic
region level. Branstetter(2000) relates the
input ‘scientific publications from the
University of California’ to the output‘patents
that cite those papers amd examines the
variancein this relationshipacrossgeographic
spaceat the statelevel. Agrawal (2000)relates
the input ‘hours of interactionwith the MIT
professor associated with the patented
invention’ to the output‘likelihood or degree
of succesof commercializingthe invention’
andexamineghe variancein this relationship
acrossgeographicspacein termsof distance
measuredn miles. Key findings reportedin
thesepapersare describedoriefly.

Jaffe (1989) was the first to examine
geographically mediated knowledge spill-
overs. The author modified the knowledge
production function approachintroduced by
Griliches (1979) to accountfor spatial and
product dimensions. This conceptualization
changedthe observationfrom the traditional
unit of the firm to the geographidevel for an
industry. The author chose the state as the
geographical unit of analysis and patent
countsasthe knowledgeoutput metric.

Resultsfrom this studyindicatethat patents
occurin thosestateswherepublic andprivate
knowledge-generatingqputs are the greatest.
Evenafter controlling for industrialR&D, the
resultsindicatedthatthe knowledgegenerated
at universitiesspilled over for higherrealized
innovative output. The author also reports
resuts suggeding tha university reseach
appeargo increasandustry R&D thatin turn
increaseghe productionof patents.

Jaffe et al. (1993) investigatethe degreeto
which knowledgespilloversare geographically
localized. They conduct this experiment by
examining patent citations of patents.

Specifically, they compare probabilities of
patentsciting prior patentsthat are associated
with inventors from the same city with a
randomly drawn control sample of cited
patents.The authorsreport results suggesting
that the citations are significantly more
localized than the controls after adjusting for
organizationatypes,suchasuniversities These
resultshold when the data are aggregatedor
analysisat highergeographidevels.

Audretch and Feldman (1996 test the
theory that innovative activity will clusterin
regions where knowledge spillovers are the
mostprevalent.This would be consistentwvith
expectations in terms of the knowledge
production function. The authors calculate
Gini coefficientsfor the geographicconcen-
tration of innovative activity to test this
relationship.They report resultsthat indicate
the relative economic importance of new
knowledgeto the location and concentration
of industrialproduction Evenaftercontrolling
for the geographicconcentrationof produc-
tion, the resultssuggesta greaterpropensity
for innovative activity to cluster spatially in
industriesin which industry R&D, university
research, and skilled labor are important
inputs.

Zuckeret al. (2000)investigatethe issueof
localized knowledge spillovers from univer-
sitiesto industry, focusingspecifically on the
biotechrology industry. They conduct this
study by examining a datasetof 751 new
companyor division formations over a 14-
yearperiodfrom 1976to 1989andacrossl83
functionaleconomicregions.Specifically, the
authorstest the hypothesisthat the entry of
firms into biotechnologywill be determined
by the geographicdistribution of research
stars.The authorsdefine a researctstarasa
scientist that has discoveredmore than 40
geneticsequencessreportedby GenBank

The authors enploy regessons on the
stock of biotecmology-using firms at the
beginning of 1990 by region, estimatedin
the Poisson form (appropriate for count
variables with numerous zeroes). Their
reportedresults indicate that the number of
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local starsand their collaboratorsis a strong
predictor of the geographicdistribution of
biotech firms in 1990. Importartly, these
results persist when controls are added for
the numberof top-quality universitiesin the
regionandthe numberof faculty with federal
supportin the region.

Branstetteralso investigatesthe issue of
localized knowledgespillovers. The method-
ology the authoremploysinvolves analysing
patentcitationsto academicpapers,which is
subtly different from mostof the work of this
type, which usespatentcitationsto patentsor
paper citations to papers. Specifically, the
authorexaminespatentcitationsto academic
papersauthoredby scientistsaffiliated with
the campuses and laboratories of the
University of California system.

Poissonand negativebinomial modelsare
used to estimate the effect of geographic
distanceon the likelihood that a patentcitesa
paper written at a particular location. The
resultssuggesthat distancedoesmatter,or at
leastregionsmatter.While beingin the same
statehas a statistically significant impact on
the probability of a citation, linear distance
measuredn miles doesnot. The resultsalso
suggest that the temporal link between
academicscienceand patentedinnovationis
short. The modal lag in the raw datais only
two years,indicating that it is recentscience
thatis a driving force behindpatenting.

Agrawal (2000)examinegheimportanceof
geographic distance and direct interaction
between university inventors and company
scientists to the successful transfer and
commercialization of patented university
inventions. This study is motivated by the
hypothesisthat geographymattersbecauset
increaseghe transactiorcostsassociatedvith
humaninteraction. Therefore,the geography
effect should disgpear once controls for
interaction are introduced. The author runs
this experimentusinga datasetontainingl24
licenseagreementassociatedvith inventions
from MIT. These data are augmentedby
interviews with the associatednventors for
information regarding the amount of direct

interactionthat occurredbetweenthe inventor
and scientistsat the firm that licensedthe
invention.

Usinglogistic and Tobit regressiormodels,
the author reports results that support the
hypothesighatgeographiaistancemeasured
in miles betweenMIT andthe licensee hasa
negativeeffect on the commercialsuccesof
the licensedinvention. This effect becomes
statistically insignificant when a control for
direct scientific interaction, measured in
numbers of hours, is introduced. The
interaction explanatoryvariable does have a
positive effect on both the likelihood and
degreeof commercialsuccess.

In termsof applicationsfor this work, these
paperscollectively suggesta framework for
contemplating both policy and strategy in
terms of geography.Simply stated,the work
in thisliteraturepointsto factorsthatinfluence
location decisions, from both private and
public perspectivesTo what degreeshould
firms considerthe location of universitiesthat
areengagedn relatedresearctwhenthey are
deciding where to locate their own R&D
facilities? To what extent should the
governmentconsiderthe location of industry
clusterswhenthey aredecidingwhereto allo-
cate university researchfunding? Knowledge
spillovers often have a significant tacit
componenthat remainsgeographicallylocal,
since it requires direct interaction amongst
scientistsand engineers.As a result, policy
decisionsregardingthe allocation of federal
researchfunds acrossgeographicspacemay
havesignificanteffectson local economies.

Pehaps the most intereging conceptud
issuethat this literature raisesis the variance
in ‘absorptivecapacities’at the regionallevel.
As discussedn the first sectionof this essay,
the concept of absorptive capacity is
traditiondly considered at the firm level.
However, the evidence presented in this
stream of work directly implies that
localization of knowledge spillovers does
occur and indirectly implies that the degree
of localization varies acrossregions. Given
that knowledge localization is of central



concernto governmentpolicy, especiallyin

termsof researctfunding at boththe stateand
federallevel, the notion of regionalabsorptive
capacityshouldbe of significantinterest.The
work that has been done in this area is

preliminary, but sufficient to suggestmany
fruitful directionsfor future research.

Channels of Knowledge Transfer

This stream of research explores charac-
teristicsof the variouschannelghroughwhich
knowledgeis transferredfrom the university
to industry. The channelsunderconsideration
in all of thesestudiesinclude somesubsetof
publications, patents, consulting, informal
meetingsrecruiting, licensing,joint ventures,
researchcontracts, and personal exchange.
Four of the five papers considered here
examine the relative importance of various
channels. Three of these emphasize the
relatively small role of patentsand licenses
relative to other channelsThis is, at leastin
part,in responseo the heavyfocuson patents
asatechnology-transfemechanisndueto the
accessibility of patent data that lends itself
well to quantitativeanalysis.

Cohenetal. (1998)andCohenet al. (2000)
both examinethe relative importanceof the
complete set of transfer channelsfrom the
perspectiveof the knowledgerecipient firms.
Agrawal and Henderson (2000) focus
particularly on the comparison between
patents and papers, but also examine the
relative importance of the complete set of
transferchannelsfrom the perspectiveof the
knowledge creaor, profesors Within the
context of licensed patented inventions,
Colyvaset al. (2000) examinethe importance
of transferchannelsthat complementpatent
licensing acrossdifferent types of technolo-
gies. Finally, Shane(2000) investigatesthe
questionof whenit is bestfor a universityto
licensean invention back to the inventor by
considering the effectiveness of different
transferchannelssubjectto the natureof the
technologyandits appropriability. Thesefive
papersare briefly describedbelow.

Cohenetal. (1998)examinetheimportance
of particular channelsof knowledgetransfer
from the universityto industryasperceivedoy
industry. This component of the study
primarily drawsupon a 1994 surveyof 1478
US R&D lab managersn the manufacturing
sector.Respondentsre requestedo evaluate
the importance of different information
channelson a four-point Likert scale. The
channelsinclude patents,publications,meet-
ings or conferences,information channels,
hires, licenses, joint ventures, contract
researchconsulting,and personalexchange.

The authorsreport the resultsin a tabular
formatthatlists the percentagef respondents
indicating that a given channelis at least
‘moderately important’. The resultsindicate
significant variance across channelsin the
numberof industriesin which at least50% of
respondentindicatethat particularchannelis
important. For example, while only one
industry (drugs) out of 34 rates patents
importart at lesst hdf the time 11 rate
publications important. Also, while some
channelsare consideredimportant by more
industries the lessfrequentlyvaluedchannels
are not necessarilysubsetsof the other. For
example, 11 industries value publications
while only two value contract researchbut
one of thosetwo is the steelindustry, which
doesnot value publications(by at least half
the respondents)These results suggestthat
somechannels,such as publications,confer-
encesjnformal conversationsandconsulting,
are consideredmore important overall for
knowledge transfer and also that different
industriesvalue different channeldifferently.

Cohenet al. (2000)investigatethe pathways
through which university research impacts
industrial R&D. This study utilizes the same
survey data that was used in Cohen et al.
(1998),describecabove.This paperemphasizes
the importanceof publications,consulting,and
openmeetingsand conferencegelative to the
licensing of patents and the recruiting of
students,which is somewhatcontrary to the
conventionalwisdom. Their dataindicate that
the largest percentage of responcents rated
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publications,conferencesand consultingas at
least ‘moderately important’ knowledge
transfer channels.These percentagesare 41,
35, and 32%, respectively. The remaining
channelsareratedatleastmoderatelyimportant
by a significantly smaller fraction of
respondentdessthan20%.

The authors note that the channels
consideredmportantby the mostrespondents
are, with the exceptionof consulting, those
mostcommonlyassociatedvith openscience.
The authorsalso investigatehow the scores
for the different channelselateto eachother.
They accomplishthis by correlationanalysis
of scoresat the respondentevel and factor
analysesat therespondenandindustrylevels.
The authorsfind significantcorrelationacross
the scoresfor all channels but the strongest
correlation (all above 0.58) are acrossthe
chamels they idenify as most importart,
including publications, conferences and
meetingsandinformal informationexchange.

Agrawal and Henderson examine the
importanceof patentsrelativeto otherchannels,
as a mechanismof knowledge transfer from
universitiesto industry. This studyis motivated
by the authors’ belief that the heavy use of
patents in empirical studies of university
technology transfer is disproportionalto and
misrepresentative of the total knowledge
transfer from universities. They conduct this
study on a sampleof 225 professordrom the
Mechanical Engineering, Electrical Engin-
eering, and Computer Sciencedepartmentsat
MIT.

They reportthreesetsof results.First, they
compare the number of patents with the
number of publications produced by these
professorsover the period 1983-1999and
discoverthat, althoughthe numberof patents
did increasesignificantly, it is still only a
small fraction (approximately 10%) of the
number of publications. Also, patenting is
concentratedamongsibonly a small percentage
of faculty. While more than 50% of the
samplepublishat leastonepaperin any given
yearandonly 6% haveneverpublishednearly
half of their samplehaveneverpatentedat all.

To supplementthis part of their study, the
authors interviewed a subset (68) of their
samplepopulationwho, on average perceive
the patentchannelto represenmerely 7% of
the total knowledgetransfer.

Secondly, by analysing patent and paper
collaborationsas well as patent and paper
citations, the authorsshow that those firms
which take advantageof patentednnovations
are often not those that take advantageof
published knowledge, suggesting that
different firms tend to use quite different
channelgdo accesauniversityknowledge.This
implies that a focus on patentcitationsor on
licenang behavior may offer only partial
insightsasto thewaysin which MIT interacts
with the private sector. Finally, the authors
find little evidenceto suggestthat patenting
distractsprofessorsrom publishing:faculties
that patent are no less likely than their
colleaguesto publish, and their publications
areno lesslikely to be widely cited.

Colyvaset al. (2000) explorein significant
detail how particular universiy inventiors
moved into practice. They accomplishthis
by exploiting a unique and unusualdata set
comprisingl1 casestudiesof inventionsfrom
Columbia and Stanford universities. These
caseswere assembledrom invention report
recordsandinterviewswith licensingofficers
andlicenseefirms. The studyis motivatedby
the belief that the dramatic increase in
patenting (and knowledge transfer through
thatchannel)whichis commonlyattributedto
the passagef the 1980 Bayh-Dole Act, was
actually causedy otherfactors,including the
maturing of important new areas and
techniques of university research swch as
molecularbiology, electronics,and software.
The Act merdy amplified an increase in
university technology transfer that was
alreadyoccurring.

Theauthorsarguethatuniversityinventions
vary from caseto caseand that there are a
numberof factorsthatinfluencewhich out of
the setof transferchanneldss mostimportant
in any particular case. For example, while
direct interaction between inventors and



company sdertists is necessary for same
early-stageor embryonic inventions, others
that are most effectively transferredthrough
patentlicensing do not requireit. The latter
type was most common in the area of
biotechnology and pharmaceuticalsin this
paper, the authors provide preliminary
groundwork for the creation of a complex
taxonomyof universityinventionsandrelated
transferchannels.

Shaneinvestigatesthe effects of licensing
university inventions back to the inventor
ratherthanto non-inventorslin particular,he
examines the conditions under which
inventas may be better suited than non-
inventors to develop and commercializean
invention. This researchis motivated by the
need to increaseour understandingof the
variance in appropriability acrossinvention
types and the effects of this varianceon the
ability to advance early-stage university
inventionssuccessfully.The authorruns this
experimentusing a datasetof 1397 patents
issuedto MIT overthe period1980-1996He
utilizes royalty, sponsorship,and invention
description data recorded by the MIT
Technology Licensing Office to supplement
this data.

The results support the author’s general
hypothesis that inventions that can be
effectively patentedare more likely to be
licensed Resultsalsosupportthe author’sless
obvioushypothesighatthosethatcannotbeas
effectively patentedare more likely to be
licensed to the inventor and, when this
happensare more likely not to be terminated
and to be commercialized.In other words,
non-inventorsnore effectively commercialize
inventions when the inventions are appro-
priable through patents (implying non-
inventors are better managers,on average),
but the inventor bestdevelopsinventionsthat
are more difficult to appropriate.This result
hasdirectimplicationsfor the effectivenes®f
variousknowledgetransferchannelsdepend-
ing on the appropriabilityof the invention.

In termsof applicationsof this work, these
papers collectively suggestframeworks for

contemplatingfirm strategiesassociatedvith
leveraging public-secto research. While a
reasonablyefficient market has been estab-
lishedfor tradein patent-protectethtellectual
property through university technology
licensing offices, transfer through the other
channelsdescribedis much less formal and
arguablymuchlessefficient. As aresult,firms
may benefit significantly by investingin the
typesof relationshipghatarenot necessaryn
the presencef an efficient market.Suchrela-
tionshipsmay involve engagingin collabora-
tive researchprojects, hiring professorsas
consultants, sponsoring university lab
projects, and participating in research
consortia,amongstothers.

As mentioned earlier, this literature
providescompellingevidencethat non-patent
chamds of knowledge trarsfer are ecan-
omically important. Thus, thereis a needfor
further researchhat specificallyexamineghe
natureof thosetransferchanneldessstudied.
In addition, many of the questionsaddressed
in the threeresearctstreamsdescribedabove
must be re-examinedrom the perspectiveof
thesechannels.This will requirea variety of
researctiechniguessincenon-patenthannels
donotleavea convenienpapertrail thatlends
itself to systematic,empirical analysis.Also,
even patent-relatedtopics may require re-
examination with alternative methodologies
sothatthis channelmay be directly compared
with the otherswith similar typesof data.In
cases where patent-channel knowledge
transfer is shown to be similar to other
channelsjt may be reasonabldo generalize
from patentdatain orderto offer empirical
insightsinto non-patenichanneltopics.

Future Research and Conclusions

It is clearfrom surveyingthe literatureon this
topic that much has beenlearnedabout the
procesof knowledgetransferfrom university
to industry. However,muchwork remains.In
this section, new research questions are
offered for each of the four categories
describedabove. These are, of course, not
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intended to represent any form of an
exhaustiveset, but ratherprovide a flavor for
the typesof researchthat seemmost fruitful

givenpastandcurrentefforts. To thisend,it is
importantto point out that the author of this
essaypurposefullyincludedmanyexampleof
very recentpapers,someof which have not
yet been published, in order to provide a
snapshobf the currentactivity in thisfield, so
thatthis papermay prove a usefulframework
for further work to build on.

The studiesto date on firm characteristics
haveinspireda focuson factorsthatinfluence
the firm’s absorptive capacity. All of these
studieshave focusedon a single industry, in
mostcasesiotechnologypharmaceuticalgr
semiconductorsThe field will greatly benefit
from future work that exploresthe degreeto
which methods for building absorptive
capacitydiffer acrossindustries,and alsothe
ways in which these methodsdiffer. Also,
while there have been significant efforts to
investigatethe mechanicof R&D investment
for generatingconnectednesdguyrther studyis
neededto understandthe other methodsfor
building connectednesssuch as university
links, researchconsortia,and industrial part-
nerships.Finally, variationsin connectedness
across different political and cultural
environmentgemainto be explored.

Much of the work in the areaof university
characteristicshasfocusedon determiningthe
effects of the Bayh-Dole Act. While this is
certainly an interestingand important topic,
there are many othersthat have beenlargely
ignored. For example, we know very little
about the amount and type of technology
transferthatoccursoutsidethe formal route of
the technology transfer office, but many
scholarshave suggestedhat there is reason
to believethis could be quite significant. Also,
the field would very muchbenefitfrom more
detailedstudiesthatinvestigatehe variancein
licensingagreementermsacrosgechnologies
aswell asacrosauniversities While the equity
versuscash-onlydichotomy is critical, there
are also great differencesin other areasof
licensingcontracts suchasthe ‘use it or lose

it" clausethatdefinesdevelopmeninilestones.
Findly, given the importance of invertor

involvement suggestedoy severalstudies, it

seemsclear that studiesto understancbetter
the factorsthat influencethe degreeto which

professors become involved with the

commercializationof their inventionswould

makea valuablecontribution.

In recentyears,it seemsasthoughresearch
on geographyin termsof localized knowledge
spillovers has attracted the most amount of
public attention.This is mostlikely to bedueto
the direct policy implications of this work.
Further researchin this area will certainly
include studiesof the ‘Internet effect’ and the
degreeto which this weakensthe geography
effect due to reductionsin transactioncosts
associatedvith someforms of communication.
In addition, given the trend towards greater
globalization, studies of border effects on
spatial relationshipsand knowledgespillovers
will be in greatdemand.Finally, althoughthe
current literature has collectively presenteda
very strong case in support of significant
localization effects associatedvith knowledge
spillovers, there remain exceptions. That is,
there are notable examples in particular
industries and particular geographies,where
knowledge spillovers appear to defy the
othemwise ubiquitous forces of locdization.
Theseexceptiongddemandfurther investigation.

Issues concerning knowledge transfer
channelsmay at one time be both the most
andleastwell studied.The existenceof patent
and publication archival datain conjunction
with the associatedcitation data offers an
unparalleled research tool for objective,
gquantitativeanalysisin the areaof scientific
and technological development. However,
while patents and papers are certainly
important, such heavy use of thesedata as
hasoccurredn thisfield comesatthe expense
of investigations into other forms of
communicationof scientific progressand has
resultedin a severdack of variety of research
questionsTo this end, basicresearctinto the
mechanics and characteristics of other
channels,such as faculty consultingand the



recruiting of graduatestudents,would make
tremendous contributions to this area of

inquiry. It is also important to develop a

better understanding of complementarities

across channels as well as non-channel

complementaritiessuchashasbeensuggested
aboutventurecapitalin the caseof knowledge
transfer in industries populatedwith young
firms. Finally, researcton the differentusesof

different channelsacrosscountries,owing to

variations in intellectual property rules,

universitypolicies,andculture,amongsither
factors, would offer an interesting and

importantcontributionto this field.

To conclude we havelearnedfrom the work
in this field that there are differencesin the
degreeto which firms arecapableof effectively
utilizing universityresearcho their benefitand
that thesedifferencesvary systematicallywith
the degreeto which firms are connectedo the
university. However, we have only begunto
investigatethe various mechanismsyy which
firms are connectedand the relative benefits
asseiated with each mectanism. We have
learned that variations in certain university
intellectual property policies are relatedto the
degreeof productionand licensing of patents.
However,thefield hasyet to addresghe many
potentialuniversitypolicy issueghatarisefrom
non-patent-relatedechnology transfer, which
may be substantiallymore important from an
economicperspective.

We have learned that, despite the open-
science culture that is prevalent in the
university environmentand that resultsin the
regularpublicationandpatentingof ideasthat
are equally available acrossall geographic
space throughout most of the developed
world, the commercializationof university
inventionsremainssomewhatocalizedto the
region of invention. However, much work
remainsto explain the persistenceof ‘super’
high-technology regions such as Silicon
Valley andRoute128,andwhy all cities with
significant researchuniversitiesdo not enjoy
substartial hi-tech economies Finaly, we
have learnedthat university knowledgemay
be transferredo industrythrougha variety of

channelsandthatthe patent-relate¢hannelis
less important than commonly believed.
However, the field has only scratchedthe
surfaceby identifying that the other channels
areindeedperceivedto be importantby both
firms and professors, while virtually no
scholarly researchhas directly investigated
the characteristicodf the non-patenthannels.
Overall, it is the intention of this essayto
illustrate that the economic importance
coupledwith the complexnatureof this topic
combineto offer a wide rangeof interesting
guestions and demand a multiplicity of
researchmethodologies.

Notes

1 Support for this researchfrom the Center for
Knowledge-BasedEnterprisesat Queen’sUniver-
sity is gratefully acknowledged.

2 Thesestatisticswere generatedrom the AUTM
LicensingSurvey:FY 1999.Respondentmcluded
190 US and Canadian universities, teaching
hospitals,andresearchinstitutes.

3 It is important to note that the firm’'s market
capitalization had reduced to approximately
$2.5bn at the time of writing this paper (16
February 2001). This dramaic devaluation is
reasonably consistentwith other firms in this
sector,following the March 2000 market correc-
tion.

4 The conceptof ‘absorptivecapacity’ is prevalent
throughoutthe knowledgetransferliterature. This
refersto a firm’s ability to recognize,assimilate,
and apply new scientific information for its
innovationand new productdevelopment.
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