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SUMMARY STATEMENT

This white paper is based on arecent comprehensive academic study, performed by the author,
that provides an historical perspective and an analysis of key factors that contributed to the creation and
growth of aregional high-tech business cluster devel oped in close association with the University of
Wisconsin-Madison in Dane County, Wisconsin.

The analysis provides the first quantitative data and insight into the dynamics involved that
brought about this high-tech cluster formation in Wisconsin. Development of high-tech clustersis, in
many states, amajor strategy to make the commercialization of technologica innovations akey element
of economic growth. In this respect, Wisconsin is at the threshold of building a high-tech cluster base.
As a homespun high-tech industrial cluster model, the UW-M adison/Dane County experience should
provide aframework for the State's decision makers as they contemplate cluster formation and other
strategies needed to enhance Wisconsin's competitive advantage in meeting economic development
challenges and opportunities that confront the State in the New Economy.

Also offered are specific recommendations and commentary for developing diverse regional
cluster formation in Wisconsin as part of a comprehensive strategy that makes full use of one of the
State's major resources, intellectual capital. Within high-tech clusters, breadth and balance are
important. Since no two regions face identical challenges in instituting economic change through cluster
creation, each region needs to devel op an approach that builds on current and potential strengths and
adapts to specific regional economic, social and political circumstances.

Disclaimer

This white paper is based, in part, on an independent study conducted by the author (" Creating High-Tech
Business Growth in Wisconsin: UW-Madison Technology Transfer & Entrepreneurship,” published in 1999) and
sponsored by the office of University-Industry Relations, The Graduate School, University of Wisconsin-Madison.
All opinions expressed in this white paper are solely those of the author and do not necessarily represent those of
the University or The University of Wisconsin System.



BACKGROUND ON HIGH-TECH CLUSTERSAND ECONOMIC DEVELOPMENT

A date scomplement of stienceand technology inditutionsisanintegra part of economic devd opment plansand
drategiesin many dates-typicaly technology isleading economic growth through cregtion of high-tech dugters(1). As
noted by Devd (2), "palicy mekersfrom Jerusdem to KudaLumpur aretrying to done Sllcon Vdley." Hightech dudters
can be defined briefly asaregiond agglomeraionsof interrd ated entrepreneurid firmsand other organizationssuch as
research universties suppliers and sarvice providersthat collaborate and in many ingances competeto bring technological
innovationsto the marketplace. These duders often focus on commeraidizing gpedific technologicd innovaionssuch as
thosein biotechnol ogy, computer stience, and medicd devicesand indrumentation. It isnat uncommon to find thet the
focusof theregiond dugter mirrorsthe strengths of anearby reseerch university.

Saesthat have mademgor long-terminvesmentsin their research universties have the mogt sucoessful hight
tech dusters—such as Slicon Vdley, Audtin, Phoenix, Sen Diego, and Research Triangle Park. Inaddition, accordingtoa
recent National Governor’ sAssodiation report on Using Reseerch and Devd opment to Grow State Economies (3), 29 of
thetop 30 high+tech regionsinthe U.S. aredosdy assodiated with a* highly rated research university.”

Thiswhite paper provides an andydsof emergence, growth, characteristics, and key factors contributing tothe
formation of the UW-M adison assodiated regiond highttech dudter located primearily in Dane County, Wisconsin. This
paper isbased on arecent comprehendve academic Sudy, performed by the author (4), thet providesan higoricd
persoective and an andysis of key factorsthet contributed to the cregtion and growth of high+tech businessssindudedin
thisduder.

Theandyssprovidesthefirst quantitative dataand ingght into the dynamicsthat brought about thishigh-tech
duder formationin Wisconsn. Asmentioned previoudy, devel opment of highttech dudersis inmany aress, being
evauated asadrategy to mekethe commerddization of technologica innovaionsakey dement of economic growth. In
thisrespect, Wiscongnisa thethreshold of building itsduster base. Asahomespun high+techindudtrid duster modd, the
UW-Madisor/Dane County experience should provide aframework for the State's decison mekers a this 2000 Economic
Summit asthey contemplate duster formation and other drategies nesded to enhance Wisconan's competitive advantagein
meeting economic devel opment chdlenges and opportunitiesthet confront the Satein whet iscommonly referred to today
astheNew Econoy.

Also offered are gpedific recommendations and commentsfor employing regiond dudter formation in Wisconain
aspart of acomprehensve drategy that makesfull useof one of the Satesmgor resources itsintdlectual capital.

EMERGENCE OF UW-MADISON ASSOCIATED REGIONAL HIGH-TECH CLUSTER

TheUniversty of Wiscondn' spotentid to boogt the Sate economy was recognized & leest asfar beck as 1866,
when the Wisconsin Legidature designated the University asaland-grant inditution. The same conoept was reformulated
memorably intheearly yearsof thiscentury by univeraty presdent CharlesVan Hiseasthe“Wisconan Ideg’ — theidea
thet “the boundaries of the university are the boundaries of the date”

Technicd assgance provided by University expertsisone of themost direct expressonsof the Wisconain Idea
Over theyears UW-Madli son has established an enviable record of contributionsto agriculture and other indudtriesthrough
theintroduction of new products and processesinduding diversfied dairy, livestock, and farm produce; manegement and
mechanization techniques and indudtrid manufacturing improvementsfrom qudity contral to new materidsgpplicaions
to automation and robaticsfor the production of high-quity durable goods It continuesthistradition today inthe so-caled



New Economy by creating technological advancesthet trandateinto high-tech innovationsthat are commeraidized by the
private sector into new products, processes, and sarvicesfor thesodd good.

Recognizing thergpid pece of technological advancementsthat began during thelatter part of the 20th Century,
UW-Madison established avaiety of programstheat fadliteteinteraction between indusiry and the campus, ranging from
technology trandfer and indudtrid liaison officesto numerous University-indudtry reseerch consortia These programs
providetechnical knowledge nesded to enhanceindudrid competitivenessand have resuited inincreesing university-
indudtry research partnerships and commerddization of new productsand processes

Thiswhite paper, will highlight UW-Madison’ skey ralein esablishing what gppearsto bethefirg mgor hight
tech dudgter in Wisconsin and subseguent economic impedt, i.e, thet atributableto its campus saentific and enginesring
research, technology trandfer, university-industry cooperative research, and the promoating of entrepreneurshipinthe
credtion and growth of high+tech busnessventuresin Wisconain especidly over the pest two decades | bdievethe
adtivitiesdestribed here represant some of the University' smost powerful contributionsto Wisconsin's current and future
economic vitdity. UW-Madison, as one of the nation’ sleading public research universties isavitd resourceto produce
the sentific and enginearing knowledge base for emerging technologiesto fud agrowing high+tech business sector.

UW-Madison' sannud research expenditures, currently exoeeding $475 million, support thousandsof reseerch
prgectsacrosscampus Itisamgor engine of inventiveresearch. Many of theresearch projects produce the knowledge
and discoveriesthat lead to technological advancesinthe physica and life sciences medicing, and enginesring. And many
of these advances are going directly into Wisconsin' s busnessesand indusiries

Today, technology trandfer — the process of moving technol ogical advances into the private sector,
where they can be commercialized to produce new products and processes or used to improve
existing ones— increasngly isbang recognized asalegitimaterole, indesd an obligation, of largeresearch universties
Unlessnew technologies are brought to market, they typicaly can not benefit the economy or sodety in generd. Rapid
commerdadization of innovative techndogies and early market entry arecriticd to economic competitivenessand indudtrid
growth. Small high+tech firmsexcd producing, aswel as, rgpidly commerddizing universty and their own technologicd
innovations

The cumulative economic benefits of universty technology transfer are enormous— and growing rapidly. Basd
on an examingtion of licendng revenues arecent survey by The Associaion of Universty Technology Managers
(AUTM) (5) edimeted thet in FY 1997 done, trandfer of university technol ogies nationwide through licenang activity
acoounted for nearly $28.7 hillion of U.S. economic activity supporting nearly 246,000 jobs. Approximeately 60% of
universty inventionsarelicensad to amdl busnesses

UW-M adison conggently ranksamong thetop tier of U.S. universtiesintermsof both number of patents
awarded and amount of royaty paymentsand licenang feesrecaved. In fiscal year 1997, UW-Madison received 69
U.S. patentsand morethan $17 million in gross licensing income (5).

The AUTM survey a o reported thet wheresstatd grassincomefrom licensesand optionsincressed by 18
percent over FY 1996; theformation of new dart-up companiesbasad on licenses from academic inditutionsincreased by
34 percent. Thelatter finding suggeststhat new company formetion isthefagtest growing sector within academic
technology trander activities



Theimportance of universty-deve oped technologies and university-based technology trandfer programshes,
withinthelagt decade, become an acknowledged mgor contributor to agtates economic devd opment. Treditiona
economicimpact datements;, in the padt, often overlooked the simulusthat outcomes from basic reseerch and technology
development providefor entrepreneurship in highttech enterprises and for industria and economic develogpment in generd.

Other potent contributions— smilarly often overlooked and difficult to quantify — indudethe universty’ srole
in atracting busnessand indudtry to Wisconsin, the so-cdled “ magnet effect;” the"knowledge saillover” through technicd
and busness ass gance provided by faculty and Saff on adaily bessto Wiscondn' sbusnessand indudtrid sectors thenew
commerdd productsand processes cregted asaresult of technology and knowledge trander, together with tax revenues
generated and jobs aregted o sudtained; and thetraining of our graduates, who bring new technical knowledgeto
meany tech-basad firmsin Wisconan eech year.

For morethan three decades, the Universty-Industry Rdaionsoffice (UIR) of UW-Madison’ s Graduate School
has served the Universty asthe primary point of contact for indudtrid liaison. UIR providesaccessto the vadt technical
resources available across campus and directly assstsin technology deve opment, thetrandfer of techndlogiesto
Wisconan' sprivate sector, and the start-up of high+tech enterprises Itisfrom thisbese of knowledge and experience,
supplemented by additiond research and surveys, that UIR &t firg undertook aproject to shed somelight onthe
interactions of research outcomes on theindudtrid and economic development of Wisconan, Study findingswere
publishedin"The Campus, Technalogy, & Wisconan: A Look & UW-Madison asaCaays of Industrid and Economic
Devdopment, " (P.Z. Sobodnski, 1993).

Thefindingsof afollow-up Sudy wasthe subject of asecond publication " Creding High-Tech Busness Growth
in Wisconan: UW-Madison Technology Trander & Entrepreneurship,” (P.Z. Sobodinski, 1999) and formsthe core of this
white paper. Research and data cdllection for thelatter Sudy was performed from May 1996 through January 1999 and
covered aforty year period, 1959-98. Sncethe subjectsand assessments covered inthe Sudy areinadynamic date, the
dataand findings presented represent only asngpshat of the Stuation during thisperiod and areindicative of trends present
during the parformance of thestudly.

Thispgper focuses on severd key parametersthat indude drcumatances and conditionsthet contributed to the:

* Creation and growth of spin-off companies conser vativey defined asgtart-up companiesin Wisconsn
whosebassistechnology that ar asedirectly from UW-M adison resear ch.

* Formation and growth of other technology-basad sart-up companiesin Wisconsn o eated by campus
faculty, gaff, gudents, or alumni to commer dalizetechndogical innovations. In thisingance, many of the
innovationsbeing commer dalized arosenat asadirect result of campusresear ch, but rather from thecompany
founder (9): 1) tryingan andllary scentific approach tothar primary campusresear ch efort; 2) conceving novd
commerdal application(s) of pedaized academictraining; and 3) identifying commer dally viabletechnical
lutionstofedera, indudrial, and busnessneads



* Contribution of technalogical innovation to industrial and economic development through thesupport of
bascand applied resear ch, technology trander, and the commer dalization of new productsand processssfor the
sodal good, gimulated by thejoint efortsof UW-Madison’soffice of Univer Sty-Industry Rdations(UIR), the
Wisoonan Alumni Resear ch Foundation (WARF), and the Univer Sty Resear ch Park (URP).

GROWTH OF HIGH-TECH COMPANIES

A totd of 178 Wisconsn technol ogy-based spin-off and ather dart-up companieswhose ariginsaretied intimately
to UW-Madison wereidantified inthe sudy. Severd of thesefirmswere esablished inthe early 1900s Mot of thefirms
(171) were created over theladt four decades The phenomenon of new business credtionin high-tech areasthrough soin-
off or other Sart-up adtivities hasincressed Sgnificantly in recent years. FHigure 1 showsthe cumulaive number of firms

Figure1. Cumuiative gronth of UWW-Madison spin-off and ather Sart-up companiesfor thepast 40 years
(n=172).
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Of the 178 totd firms spin-off firms (97) dightly outnumber the amount of other gart-ups(81). The greatest rate of
growth of thesefirmshas occurred over the pagt goproximatdy 15 years (FHg. 2). For theladt fiveyears anaverage of
goproximatdy 13 new firmswere cregted per year (range, 10-17 compeaniesper year).
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Figure2. Comparison of the average rate of growth of UWMadison spin-off and other sart-up companiesduring
fiveyear intervalsfor the past 20 years (n=149).
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Figure 3. Didribution of the estimated number of emmployees of UVW-Madison spin-off and ather Sart-up
companiesin Wisoconan (n=137).
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Currently, thesefirmsemploy over 6,700 people (estimated) in Wisconsn, modly professondsand skilled
upport gaff - many of whom are UW-Madison graduates Themgarity of firmsare smal with lessthan 10 employees
(Fg.3).



Figure4. Didribution of grassrevenues of UWW-Madison oin-off and ather sart-up companiesin Wisconsin (n=139).
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Of the 147 companiesthat reported revenues in our survey, 71 percent have annud
grossrevenueslessthan $1 million, reflecting the rdativay young age of themgarity of firms (Fig. 4). However, according
to themost recent dataavailable, firmsidentified in the study had aggregate grossrevenues of $1.01 billion.

Table 1. Comparison of the number and percentage of new firmsformed during the 10 year period, 1989-98,
according to company category (biological or physical stiences) and type (UW-Madison sain-off or other sart-up).

NEW SPIN-  OTHER START-
FIRMS OFF uP
BIOLOGICAL | 61 (57%) | 42 (68%) 19 (42%)
PHYSICAL 46 (43%) | 20 (32%) 26 (58%)
TOTAL 107 (100%) | 62 (58%) 45 (42%)

Overdl, morethen haf (93), or 52 percent, of the 178 companies cregted over the pedt severd decadesand
identified in thisstudy hed ther technologies and product gpplications oriented primarily to thebiologicd sciences.
However, basad on the dataobtained for thelagt 10 years (shownin Table 1), 57 percent of firms created havether origins
inthebiologicd saences Thisfinding iscongdered moreindicativeof the current trend. In addition, firmswith thar origins
inthebiologica stiences condlituted the gregtest proportion (68 percent) of thetotal UW-Meadison spin-off companies
formedinthelag 10years

Thisgrowth in spin-off companiesinthe biologicd sdences (biotechnology) isoutpadng thet of goin-offsinthe
physica sdencesby morethan two-fold; firmswith originsin the physical sciences, however, cregted dightly more sart-up
firmsduring this period. Thesefindingsmay forecest acontinued higher gpin-off growthin the biotechnology sector.
However, during the sameten year period, the overall averageannual gronth rate of firmsbasad primerily inthephyscal
sdencesisooccurring at an essntially amilar yearly gronth rate of biosdencefirnms.

It should be pointed out thet the primary designation of afirm ashavingitsoriginin ther thebiologicd or
physica stencesisbecoming morearbitrary than in the pest. Many of thefirmsbeing created today are multidisciplinary
rather than drictly biologicd or physcd sdencesrdated. Thisisespeddly truein firmsengaged in biotechnology and
Software devd opment which mix disciplinesfrequently. Thus, the distinction between these categoriesisbecoming



blurred.

Thevas mgority of UW-Madison spin-off and other gart-up companiesin Wisconan have been quite successtul.
Study findingsshownin Tadle 2 indicate thet lessthan 9 percent (n=16) of the 178 identified firms created over the past
severd decadesareno longer operationd. About 11 percent (n=20) have been partidly or totdly acquired. Thevest
mgjority of acquired firmsremained in Wisconan. Approximatdly 1 percent (n=2) of non-acquired firmsmoved out of
Wiscongn. Once created, mogt of the high-tech firms gay in VMsconan. Further, morethan 98 percent of spin-off and other
dart-upsduder in Dane County, mogt within an hour trave time of UW-Madison.

Table 2. Outcomes of the 178 UVW-Madison spin-off and ather Sart-up companiesidentified in theudy.

NUMBER OF FIRMS  PERCENT

RELOCATION: OUT OF

STATE 2 1.1

ACQUISITION: NO

RELOCATION o 95

ACQUISITION: WITH

RELOCATION s 16

DISSOLUTION 16 8.9

Thetechnology base of the new firmsreflect the grengths of UW-Madison’ sresearch program and, inmany
casss, theentrepreneurship of the univeraty’ sfaculty, $aff, sudents, and graduates Infact, 97 of totd 178 companies
identified inthisstudy aretrue pin-offs— that i, they weere crested spedificaly to commerddizetechnologiesarisng
from UW-Madison reseerch, whereas 81 other Sart-up firmswere cregted to commerddizetechnologiesnot directly
related to any pedific campusresearch projects Many of the 81 dart-ups are devd oping innovativeidessthet their
entrepreneurid founders concaved independent of thair reseerch program and undertook the formation of agtart-up
company to demondratetechnical and commerdd feeshility effortsthat cannat be reedily addressed inthe universty
laboratory setting— ather becausethework iscongdered too gpplied to obtain federa funding support or isbeyond the
Soopeor cgpadity of ther current academic reseerch program.

Thereislittle doubt that these entrepreneria foundersof oin-off and other gart-up companiesbeginto deveop
new knowledge and commerddization Srategiesdimulated, inlarge part, by the opportunity to fund the effort to
demondratetechnicd feeshility and develop commerdd prototypeswith federd amdl busnesssat-asde programssuch as
the Smdl Busnessinnovation Reseerch Program (SBIR). Infact, the SBIR and the federd companion set-asde program,
the Smdl Busness Technalogy Trandfer Program (STTR), were, and continueto be, aritica sourcesof high risk "seed”
cgpitd to UW-Madison's goin-off and other gart-up firmswithin the UW-Madison high+tech dugter . No other source of
seed venture capitd hasinvested asmuch in these Wisconsin companies. Infederd fisca year 1997, Wisconsin ranked
25th nationdly in cgpturing SBIR awards About 67 percent of the cumuldivetota SBIR and STTR fundsawarded to
Wiscongnamdl businesses, snce 1983, went to UW-Madison rdated spin-off and sart-up compenies (Fg.5).



Figure5. Cumulativetotal annual federal S1all Busnessinnovation Research (BIR) and Sall Busness Technology
Trander (STTR) Programresearch funding awardsto UW-Madison spin-off and other dart-up companies (A) conmpared
to ather Satefirms (B) for thepast 15 years
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Growth of these new high+tech ventures over the past two decadesisdue, in part, tothe:

o

* Rapid paceand scope of sentific disooveries(disdosures) and patenting and licendng activitiesin the
bidogical and physical scencesoccurring at UW-M adison. Figur e 6 showsthe cumulativenumber of disdosures,
patent filings and licensesand ogptions

Figure6. Cumulative number of UW-Madisoninvention disdosures, U.S patent filings and licensesand options
processed by the Wisconsn Alunni Research Foundation (WARF) for theSx year period shoan.
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 Support by UW-Madison leader ship for campusentrepreneurial programsand activitiesthat encourage
entrepreneur ship.

* Avalilability of scarcesead capital to amall high-tech firmsto commer dalizetechnological innovations
(espedialy through thefederal SBIR, STTR, and thefederal Advanced Technology Program (ATP) funding
opportunities).

* Cregtion of theBayh-DdeAdct (P.L. 96-517, December 12, 1980) which allowed univer Stiesand small
busnessssto patent and licensethear discoveriesthat werefunded by federal sources
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* Expanding awar enessby faculty, gaff, sudentsand alumni to high-tech mar ket opportunities

* Egablishment of aniinitial critical massof high-tech enter priseswithin an entrepreneur friendly
environment (culturenat adver setorisk-taking) and supportiveinfrastructure(indudingamajor research
univer sty, accounting and legal firmsgpedalizingin small busnesshigh-tech issues high quality of life, an available
angd capita network, killed labor pools and regulatory and tax palidesthat promote high-tech venturesand
investments).

» Accessto" incubator” and other spedialized fadlitiesand resour cessuch asthat provided by the
Univer gty and the Univer Sty Resear ch Park (URP). (SeeURP growth, Fig. 7)

Figure7. Cumulative growth of companiesresding in UWW-Madison's University Research Park during the period
shomn
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These contributing factors may drive the growth of technol ogy-based spin-off and other Sart-upsto new highs.
Howeve, itisunlikdy thet thetrend to an increesing rate of growth combined with arddivey low falurerate canbe
sudtained without somemgor changesin thelocd and regiond entrepreneurid environment. Such changesindude

* Improved accessto ear ly art-up (seed) and other levdsof ventureand private (" angd" ) investment
capital necessary to prooeed beyond sead sageto actual commer dalization.

* Continued availability of low-cost incubator and other fadlities

* Greater supply of killed technical and management personnd.

* | ncreased educational opportunitiesin high-tech ventureentr epreneur ship.

* Continued improvementsin Sate, regional, local government, and univer sty infragructureand palices

that promate entrepreneurial activity and resear ch partner ships between academia and the technol ogy-bassd
gmall busnessstor.
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Thepotentid for growthin new venture cregtion in the Madison areawas noted in the resuits of agudy performed
morethan seven yearsago,  Entrepreneurid Hat Soats The Best Placesin Americato Start and Grow a Company,”
(September 1993, Cognetics, Inc., an economic research firmin Cambridge, Massachusetts), which ranked the
M adison areafourth among small metropalitan areasin the United States Thereport ligsthe presence of universtiesas
thefirg of severd factorsthat will bekey to the“ entrepreneurid hat gpots” of thefuture (other factorsinduded qudity of life
and apadtive entrepreneurid culture). | would add the other factors discussad aboveto thet lig.

OUTCOMESFROM BASC AND APPLIED RESEARCH

Novd technologies developed in thelaboratory often lead to new products and processssin themarketplace. A
vaiety of research grant and contract programsare avalade to hdp turn promising researchidessinto vauable
gpplications, ranging from new di seese-fighting agentsto enhanced manufacturing processes UW-Madison hasranked
conggently inthetoptier of U.S. universties, based ontotd research expendituresfrom federd and other sources Assuch
it conditutesapowerful research engine producing theinnovationsthat fud the process of trandating discoveriesinto
economic outcomes (technology trandfer) in the commerdd sector for thesocid good.

Onecriticd form of thistechnology transfer occursthrough the patenting and licenang activities of the Wisconsn
Alumni Research Foundation (WARF). These adtivities produce the critical revenue sream which further fuds UW-
Madison's ahility to broaden itsbesc research ativitiesand to explore new frontiers Over the pagt 15 years WARF has
provided atota of nearly $220 millionin unrestricted ressarch fundsto the campus (Fig. 8).

Figure8. Cumuiativeddlar amount of VWisconsin Alunni Research Foundation (WARF) annual general
research grantsto UWAMadison for the 15 year period shown.
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In additionto federd, UW Foundation, WARF, indudtrid and other sources of bas ¢ research funding, the UW-
Madisonisinvolved in severd programs dedicated to promoating economic deve opment through the support of goplied
research.

These programsindude a UW-Madison grant program sponsored by State funds, spedificaly to support campus
research having patentid benefit to indudtria and economic devd opment in Wisconan. Other program funding
opportunitiesind ude cooperaive reseerch efforts between aWisoonsn technol ogy-based amd| busnessand the
Univergty, such asthefederd SBIR, STTR, and the Cooperative Research and Devel opment (CRADA) program
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(invalving variousfederd laboratories indudtry, and univeraty partners) to commerddizetechnologicd innovations In
many indances Sate fundsare highly leveraged with funding provided by these and ather extramura sources

For morethan 35 years, the office of Univeraty-Industry Rdaions (UIR) in the UW-Madison's Graduate Schodl,
hasawarded State-funded grantsto campus researchersto support research that istechnicdly innovaive, of interes toa
broad economic sector, and hasahigh potentid to benefit Wisconsn'sindudtria and economic development inthe near
term. UIR recaives gpproximatdy $925,000 eech fiscd year from the UW-Madison Graduate School in State support for
research projects. Thesefundsare mede available to UW-Madi son faculty and academic S&f in avariety of fiddsthrough
the UIR's competitive Indudtrid and Economic Devd opment Research Program (I& EDR). Researchersfromll
disdplinesaredigiblefor UIR funding, athough the mgority of grantsgo to thosein agriculturd, physica, and biomedicd
ences.

Most 1& EDR grants are awvarded as sesd money to support early stages of goplied resserch. Typicdly, theseone-
year grantsare modest and can range from about $5,000 to amaximum of $50,000. UIR currently avardsdoseto 40
grantseech year. These grants often alow campusresserchersto generate additiond public and private-sector support for
thar research programs, engagein innovative research, and promotetechnology trandfer between the University and
Wiscongnindudry. Severd UIR-funded projects have led to the formation of university-industry research consortiaor new
Wisoongn companies.

Theresultsof amost recent (1996) survey of UIR grant recipientsare summearized beow. Thissurvey providesa
sigpshot of acontinuum thet spans more than three decades

Key Outcomes of UIR Grants Soonsored by Sate Fundsand Awarded during Fiscal Years 1985-86—1994-95*

31 patentsawarded, 31 pending

1 patent awar ded per $81,379invested by UIR

9 spin-off companiesformed

Every $1invesed by UIR returned, on average over $10in subssquent funding
Over 231 dentificand engineering artides published

Approximatdy 1,097 gudentsbendfited through educational training

*231 grantstotaing $2,522,742 supported 174 projects Datawere obtained for 81.2% of 174 projects

Asthis1996 survey dataind cates, UIR grants have led to an extraordinarily high leve of patent activity, with one
patent baing generated for every $81,379 invested by UIR. Such resultsfar exceed the commonly acoepted guiddine “A
technology transfer program should expect five disdosures[theinitid sep which might leed to apatent gpplication] per $10
millioninresearch support” (A Sudy of Sdected Universty Technology and Technology Trander Programs" Research
and Sponsored Programs of IndianaUniversity-Purdue Universty & Indiangpalis, July 1990). In addition, thegrant
program hasareturn oninvesment of 10to 1. Thefact that these Sate dallarsarewdl spentisabvious-- progranssuch as
thisarerarewithin academia UW-Madisonisfortunateto havethese dollarsavaladleto award on acompitive bes sso
thet themost innovativeidess can betrandated into positive economic outcomes. Accountahility iscritical to success

UW-Madison, through UIR, dso attively asssts Wisconan firmsin competing for federd and dategrantsand
contractsfor technology deve opment and commeradizaion. Inthefirg 15 yearsof the highly competitivefederd SBIR
and STTR Programs, from 1983 to 1997, Wisconsn companieswon morethan $57 million. Tharr successisduein part to
theassgance of universty partners, and UW-Madison continuesto be activein providing such asssgance Theedataare
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indicative of the competitivenessof thesefirmsfor federd R& D dallars and the outstanding quity and commeraid
potentid of ther techndlogicd innovations.

A STRONG TECHNOLOGY TRANSFER SYSTEM

UW-Madison'stechnalogy trandfer srength isbuilt on three diverse and highly spedidized and experienced
organizationsworking in concart to move Universty deve oped technologicd advancesfromthelaboratory tothe
marketplace—The Graduate Schod office of Universty-Indudtry Rdaions (UIR), Universty Research Park (URP) and,
the Wiscongn Alumni Research Foundation (WARF).

THE OFFICE OF UNIVERS TY-INDUSTRY RELATIONS

UIR has for the pest 38 years, been the primary campusliason to smdl aswel aslarge busnessesand the UW-
Meadison office designated to receive campusinvention disdosures. ltsmissonisto establish themodt productive
relaionship possble betwean the private sector and the UW-Madison by

*building productiver esear ch par tner shipsin basc and applied research
promoating technological innovation and assgingin technology trander for the
sodal good, and

sfogeringlocal, regional and national indudtrial and economic deve opment

UIR offers detailed knowledge of resources and expertise acrossthe UW-Madison campus. It dso offers
expaiencein promoting many kindsof universty-indugtry rdaionships— from smpleonetimerefaradsto technicd
research briefingsfor individua companies to industry-gponsored research arrangementswith University resserchers To
fadlitate gponsored research, UIR maintainsthe campus gateway to Community of Saence (COS) databases, which match
campusressarch expartiseto funding opportunitiesavailable from federd,, indudtrid, and foundation sponsors.

It dso playsamgor rolein promoating and fadlitating joint universty-industry-government research partnerships
through federd and date programs, such asthefederd Smdl BusnessInnovation Research Program (SBIR), Smdl
Busness Techndogy Trander Program (STTR), Cooperaive Research and Devd opment Agreaments (CRADAS), ad
the State-gponsored Technology Devd opment Fund (TDF).

TheRobert F. Draper Technalogy Innovation Fund (T1F) ismanaged by UIR and adminigtered by UW-
Madison's Graduate Schodl,. Funding is provided by revenues generated from the licenaing of University discoveriesby
the Wisoongn Alumni Research Foundation (WARF). Fundsare avallableto UW-Madi son faculty and gaff with
permanent prindpal invedigator satus; to support the additiond research often necessary to bring new UW-devd oped
conceptsand inventionsto the patent and licenaing dage. Adtivitiesdigiblefor TIF support indude pratotype deve opment,
preparation of samplesfor test and eva uation, and other research projectsthat enhance the scope of patent protection for
inventionsor thar patentid licensng tothecommerad sector.

UIR sseksinventionsfrom Universty faculty, gaff, and Sudentsand advisesinvertorson the disclosure process. It
isthe Universty officethat ischarged with recaving dl invention disd osures and performing equity reviewsto determine
ownership interests Upon completion of itsdisd osure respongibilities UIR works dosdy with inventorsand WAREF, the
Universty’ s patent and licenaing organization, to further the process of bringing inventionsto the marketplace for the socid
good.

14



UIR adminigersan annud competitive grants program (mentioned above) to support research conducted by
campusprindpd investigatorsthat istechnicaly innovative, of interest to abroad economic sector, and hashigh patentid to
benefit Wisconan'sindudrid and economic devd opment in the near term. Funding for the Industrid and Economic
Deve opment Reseerch Program (I& EDR) is provided by the Sate of Wisconsin.

In economic devd opment, UIR works dasdy with the Universty Research Park, WARF, the Wisconain
Department of Commerce, and ather public and private organizationsto promate the commerddization of technologicd
innovations and the dart-up of entrepreneurid ventures. UIR advisesand assigts campus entrepreneurs, aswel as, new and
edablished Wisconsn technol ogy-based companiesin partnering with UW-Madi son researchers These partnershipscan
befunded by SBIR/STTR and other federd and Sate programs. Asssanceisavallablein agricultura, biomedicd, physica
sdences and enginesring topics

THE WISCONS N ALUMNI RESEARCH FOUNDATION

TheWiscondan Alumni Research Foundation (WARF) isasgparate nonHprofit entity serving, Snce 1925, the
patenting and licenang nesds of UW-Madison. It isthefirg of itskind amongst U.S. academic resserchinditutions
Recently, asubgdiary organization was established to sarve The System needsinintdlectud property matters

WARFisanorHprofit organization desgnated to recaive and licenseto indudry new discoveriesmade by
Universty of Wisconan-Madison researchers. WARF matches University discoveries and knowledge with commeraid
indudtry needs resulting in new products marketed to benefit mankind. Procesds generated from licenang toindudtry are
usad to provide gpproprigtefinendd rewardsfor inventors and fund further research a UW-Madison.

Snce WARFsinogption, 75 yearsago, itsrevenues fromlicenses and invesments have enabled it to contribute
over $415 millionin grant support to UW-Madison. WARF grants prindipally provide direct research support but dso new
research fadlitiesand research equipment. Inthelagt 15 yearsadone, WARF provided nearly $220 million in unrestricted
research grants (SeeHg. 8).

Faculty, g&ff, and sudents have grong incentives for entrudting their discoveriesto WARF for licenang. WARF
hasalong record of patenting and licenaing success Itsg&lf isskilled in protecting intdlectud property, identifying
gopropriate marketsfor the technology and negatiating gopropriate licenses WARF d o hasacommitment to enforceits
patents againg infringement. In addition, WARF offerseducationa and consuiting programsto encourage researcher’s
patiapationinthisprogram, whichisthe oldest and most successful university-indudtry partnershipinthe United Stiates

UW-Madison and WARF conggently rank within thetop five univeraty sources of technologiesand licensesfor
indudtry. Sncefiscd year 1993, WARF hasrecaived morethan 1000 invention disdosures filed 617 U.S. petent
gpplications, and executed 266 licenses and options (See Hg. 6). Many of the gpin-off firmshighlighted in this publication
indudethose creeted to commerddize some of theseinnovations. Revenuesfromgrassworldwide sales of products
produced under WARF licensesare morethan $1 billion.
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THEUNIVERSTY RESEARCH PARK

TheUniveraty Resserch Park (URP), dso anon-profit separate antity, provides date-of-the-at fadlitiesavailable
to both spin-off and ather gart-up firmsaswe| as more estalished stientific and enginearing firmsand various sarvice
providers. Three milesfrom the UW-Madison campuslies URP, which isnow hometo 88 Wisconan companies
employing goproximately 2,500 people

The URPs primary misson isto serve asaconduit for trandferring technologiesfrom the campusto the private
sector for themutua benefit of dll. It providesan amosphere custom designed to nurture aproductive combination of
economic and technologica deve opment. In 1996, the Assodation of University Rdated Research Parksawarded UW-
Madison's Univeraty Research Park the coveted " Outstanding Research Park Achievement Award.”

Universty Research Park wias organized in 1984 by then UW-Madison chancdlor Irving Shain and the UW
Board of Regents University land thet isno longer conduaveto agricultura reseerch because of urbanizationissoldto
Univergty Reseerch Park, Inc., assparate, nonprofit entity thet devd opstheland and leasesit to companiesinteresedin
maintaining dose contact with the university community. Profitsfrom Univeraty Reseerch Park, Inc.,, aredonated to
UW-Meadison to support education and research. It isnow oneof 140 such parksthat are dfiliated with auniveraty.

In addition to providing land and infrastructure, University Research Park offersunique opportunitiesand
incentivesfor newer companiesthrough spedidized growth environments such asthe Madison Gas & Hectric (MGE)
Innovation Center and the Universty Scence Canter.

Unlikemaost research parks, URP recaives no aty or datefundsto support itsinfrastructure. University Research
Park, Inc., isnat only saf-sustaining, but donatesdl profitsto UW-Madison research programs, whichinturn fud thekind
of techndogy trandfer and economic growth thet the park encourages. Thehdlmark of URP soperationand growthisa
grong commitment to carefully planned, responsble devel opment in the context of along-term outlook. University
Research Park hasbeen seedily attracting new tenants Snceitsinogption, despite anetionwide dowdownin economic
growth, andisshowing no Sgnsof changingitscourse

Mot Universty Research Park tenants have devel oped dose rd aionships with UW-Madison scentigs, who,
through coll aborative reseerch and information sharing, hdp them stay on the cutting edge of technology. Other companies
provide servicesthet help the park function asaviable business complex. Park tenantsrangefrom pure R& D organizations
to sarvice companies providing varoustypes of assstance Many of the companiesprofiled inthis publication are park
resdents

|dedlly, an invention disd osure medeto the University (UIR) will resultin oneor more U.S. and foragn patents
and oneor moreroyaty-generating licensesthrough WARF patenting and licensng activities Many of thefirmslocaing
inthe URP have WARF licensing agresments covering Universty-deve oped technologies

CONCLUSON

| hopethat thiswhite pgper gives reeders new knowledge and adegper gppreciation of the cataytic rolethat UW-
Madison’ shad ¢ and gpplied research and technalogicd innovations play in Wisconan'sindudtrid and economic
development. And, in particular to highttech dugter formation. No Snglemetric presented here dands abovethered.
Rather, theimpact of the UW-Madison on Wisconan's New Economy must beviewed asthe sum of ahog of individud
efforts, contributions, and State-University-Private Sector partnerships In this paper, | have attempted to demondrate some

16



of thewaysin which basc and goplied research outcomes, technology innovation and trandfer, and entrepreneurship have
contributed to the creation of high+tech firms; jobs, and new products and processesthat have enhanced Wisconain's
indudtrid and economic development. In many indances, UW-Madison has provided not only the discoveriesleeding to
innovations but aso the entrepreneursto commerddize theinnovations and cregte carears and high-tech jobs for many of
itsgraduatesin Wisconan.

RECOMMENDATIONSAND COMMENTARY

*The UW-Madison/Dane County high-tech duder described in thiswhite paper representsamodd for duger
formation in Wisconain. Also, consgent with published gudieson duder formation dsewhere, amgor research
universty iscentrd to dugter formation and duster formation tekestime to deve op—asshown inthe current paper. Slicon
Vdley wasbornin 1938, North Cardling s Research Triangle Park, 1959, UW-Madisor/Dane County, circa 1978-81.
Long terminvestment by the Satein basic an gpplied ressarchis ariticd Theauthor knowsof no Universty or Stiate
drategic plan that was devel oped toinduce thisdugter formetion. The dugter resulted primarily from: strong
multidisciplinary academic reseerch centers, entrepreneurid tenuretrack faculty “dars’, $aff, dudents and dumni
providing leadership in recognizing the potentia applicationsof thair discoveriesfor thesodd good; ahighrate of
technologicd discoveriesinnovaionsfrom the Universty aswel asfrom thehigh-tech firms, an experienced Universty-
asudaed team promating technalogy trandfer (UIR, WARF, URP); support of entrepreneurid adtivitiesby University
senior leadership and palicies and procedures which provide ssfeguardsto protect theintegrity and reputation of the
Universty; increasad interet in entrepreneurship amongdt faculty, saff, sudents and dumni; and, availability to compete
for federd sead funding provided through SBIR/STTR and ATP (Advanced Technology Program) grantsand contractsto
the UW-Madison high-tech spin-offsand other dart-ups.

*Technological advancesarisefrom a srong saentific and engineering basic research and devdlopment
(R&D) base Weneed to areate innovative programsto expand Statefinandd and other resourcesin support of
Wisocongn' suniversity and high+tech businessssR& D efforts—to credte partnershipstha will enhencether dallitiesto
competefor and leveragefederd funding opportunitiestargeted to the commerddization of technologicd innovations The
development of agtrong technology trandfer network and viable high+tech businessssinthe Sateiscrudid intrandating
academic technologicd discoveriesinto new productsand jobsin Wisconan, Themost promisng, commerdally viable,
academicinnovationsthat cannot be commerdalized by Wisconanfirmswill mogt likely be deve oped and brought to
merket dsawhere

*Entrgreneursareat theforefront of the State stechnology-driven New Economy. Thereisaneed to etablish
aSate network with programs and palicesto promate entrepreneurship invalving the academic, government, and private
sectors To date, the highttech duster formation discussad in thiswhite pgper wias driven by entrepreneurid University
faculty, gaff, gudentsand aumni. We nead to make entrepreneurship and the acoeptance of teking risk acredible endeavor
thet isrewarded. Further weneed to insurethat the tax and regulatory environment iscondudveto invesment in new
busnessdevd opment inWiscondn.

» Technology Diversty in the makeup of the Sate shigh-tech sactor nesdsto be promoted to achieve breadth
and balance. Innovationsthat have srong commerdd potentid arisefrom both biologica and physicd stiences The
drengthsof the State s callective academic and indudtrid intdlectud capita nesdsto beinvalvedin building Wisconan's
high-tech regiond busnesssectors

*Successof high-tech dart-up venturesisdependent primarily on (not necessarily in priority order or all
indusve): continuous sream of commerdally viabletechnadogical innovations available supply of high-tech
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management expertiseand pod of skilled labor, availahility of all dagesof capital invesments, and accessto and
peneration of marketson aworldwide scale. Wisconsin nesdsto address and resssess Srategiesto medt these and other
spedific neads of the deve oping high+tech sector and hdp many of the State setablished firmsto have accessto and utilize
technologicad advancesto enhance productivity and devel op new product lines and processes

o For example, high-tech dugtersinitidly are very dependent on early Sage seed capitd to demondratetechnical
and commerdid feedihility, thekind of money thet thefederd SBIR/STTR dallars (noted in this pegper) fund. Wenesd to
become more comptitivein thesetypes of programs. Oneway isto cregte and leverage committed State R& D fundsto
as53g Phase | avard winnersin competing for Phase |l avards A State Program modded on SBIR/STTR should dsobe
conddered asan option.

+« Credtiveinitiatives should aso be congdered onincreasing the supply of managershaving expertiseto operate
smd| highttech multidisaplinary ventures.

e« Therecant initidivesof CAPCO (Catified Caoitd Companies) by the Sateand SWIB (Sate Investment
Board) capitd infusonsthat total goproximatdy $115 million hasstrong patentid to dleviate some of the shortage of
venture cgpitd inthe Sate However, cd culated projections need to be made on the current and futureinvestment nesds
and adrategy deve oped to addressfuturefinandd need projections For example, itismogt likdy that nat dl of thehigh
tech dart-upsin the Dane County dugter will progressto PO sage. To date, only about 5 of the duster companiesinduded
inthispaper underwent or are planning an 1PO. The current need for mgor infusons of investment cgpitd liesin finendng
the early sage highrtech companies showing the grestest potentid to deve op produdts, processes and sarvicesfrom
commerddizable platform technologies and to simulate further diverseregiond dusgter development inWisconsin, eg,
information technol ogy, nanotechnology, optod ectronics, and genomics Sudainahility of thisgrowth and evolution of
firmsto thematuresatewill require gppropriatelevds of finendd resourcesto teke thefirmsto the next dage of
devd opment, and a.continued supply of management and skilled |abor personnd spedificto thenesdsand charadteristics
of individud regiond duders

Wemug dso redizethat theinduced invesment needed to commerddizetechnologicd innovationsvary greetly
amongst variousdisaplines. A recent sudy (6) performed by the Center for Technology Trander & the University of
Pennsylvaniahas confirmed that the average pre-commerddization induced investment (pre-commerdlization economic
impact vs pos-commerdialization impact generated by product sales) required for a universty biotech gart-upis$102
million compared to $14 million for agart-upinthe physcal sdencesor dightly morethan 7 timesas much induced
investment isneeded by biotech firms. When finandd figures such asthese are cond dered together with ather
reguirementsfor continued growth outlined in thispgper, our challengesto build sugtainable high+tech dugtersbecome very

goparet.
PhilipZ Sobodnsk, Ph.D.
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