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1. Introduction

Government programs, induding sdernce, techrology and innovation (STI) programs, dten provide
suppemental funding opportunities that involve finarcial support through arother program. However,

these spplemertd initiatives ae rarely viewed asefficadous program mechaiisms in thér own right
and, asa mnseajuerce, are rarely subjected to serious evaludive sautiny. The development and
evaluation of the National Science Foundation BIR/STTR (Small Busness Innovation Research/Smal|

BusnessTechrology Trander Reserch) Membership Supplenentin Indugry/University Coopeative
Resarch Caiters (IUCRCs) attempts to break new ground in both areas.The sipplemerts, which
involve providing Phase |1 SBIR/STTR firms with a sibsidized membershipin anlUCRC of their choice,
attempt to create asynergistic innovation-related relationship by combining elemerts of two highly
regardedandwell evaluated STI programs. This paper highlights the findings of a recertly completed
study of the pragramé sffects.

The Small Business Innovation Resarch (SBIR) Membership Supplement in IUCRCs (SBIR
Supplanent), launded in 2008 by NSF provides an interesting exanple of an attempt to prodice
synergistic programmatic eff ects. Theinitiative bulds on two highly regardedand carefully evaluated
STI programs. BIR/STTR programprovides furding to small busnesses,often startups,to assist them
in moving from reseach tocommercidization®. It has ben thesubject of a variety of evaluation efforts
and theconsensusof these studiesis that it hasbeeneffective (Audrdsch, Link, & Soott, 2002). The
IUCRC pragram (started 198)s), suppoits pre-competitive research via multidisciplinary, team, and
consrtia processes tetween universities and primarily large firms. It has beerthe subject of an
extersive rogram ofevaluation resarch andhasaso beenjudged eff ective (Gray, 20092 The BIR
Supplenent attempts to leverage the strergths of these two programs by providing Phase Il

SBIR/STTR firms who hae limited R&D capabilities and techrica networks with a sulsidized
membership in anlUCRC while certer stakeholders are exposedto the type of entrepreneuial start-up
thatrarely have theresaircesto paticipatein anlUCRC.

Given this ba&ground, the overarching goal of this assessnent was to evaluate the impact of the
SBIR/STR Menbership in I/UCRCs Syplement on both programs. In this pape, we Hghlight our
findings related to bendits and osts for SBIR paticipants. Data werecoll ected from fir ms that had
recived suplemerts between 208-2013 Ffty-six firm representatives participated in a structured
telephae interview (88% resporse rate). While exgoratory, we bdieve the pssbility of creating
combinatoria programmatic ST innovationsandthe podtive findings fromour evaluation eff ort will be
of considerable interest to the evaluationfield.

2. Stateof-the-Art

In late 2007the Netional Science Foundationd §NSF) Indudrial Innovation and Partnerships (11P)

1 For more information on the SBIR program go to this webbkitp://www.nsf.gov/eng/iip/sbir/home.jsp.
2 For more information on IUCRCs visit these websitatp://www.nsf.gov/eng/iip/iucrchvww.ncsu.edu/iucrc.
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program initiated a novel supplemenal fundng oppatunity, Sugplemeital Oppatunity for Srrall
Busiress Innovation Research/Small Business Tecology Transfer (SBIR/ISTTR) Memigrships in
Industry/University Cooperative Reseach Centers (I/UCRCs). The goal of the supplement was to
i ecderate the innovation proaess by partnering industry-relevant academic research with
commercialization focusedsmall businessresearch 0 citeafing a patnership between wo 1P prayrams
(Narayanan, 2007). In brief, thesuglementinvolved providing Phase II NSFSBIR/STTR firms with a
sulsidy thatwould allow themto joinanl/UCRC of their choice for upto two years (thesulsidy covered
about90% of the cost). Over a five-year pe&iod, we estimate that about 14% of the SBIR/STTR firms
that were i gible for this opportunity took advartage ofit (N=72)and NSFprovided atotal of about $4.4
million to suppart this  xfiegmento .

Most i ypplemental fundingd rograms provided byNSFare intended to meeta spedfic need like hép
train undergraduaesin areseach ervironment and are typicaly not subjected to serious evaluaive
scutiny. Thus, wewere ot able to find a rdevantevaluation research literature. However, we bdieve
the intent and structure of the SBR/STTR Memlgrship in I/UCRCs Suplement is different from the
typical need-based suplement sponred by NSF in a number of respects andmight lend itself to
amother rationale. First, in cortrast to most suppgemerts, this supplement is targeted at awardees
participating in two specific programs within a single program area i Indugrial Innovation and
Partnerships (11P). While thetwo pragrams share smilar gods (eg., acederating innovation and
commercialization), they are more canplementary thanidentical in thattheyoperate in dfferentstages
of theinnovation eosystem(eg., precompditive reserch vs. gart-up canmerciali zation) andservice
very different typesof externa research arganizations (predominartly large research organizations and
small firms). Findly, rather than pravide eitherprogramwith suprt to meettheir individual needs,the
suplementrequires amutual exchageof resaurces andsewices ketweentwo programs. Based othese
differences, webdieve one caiustify the SBIR/ISTTR Memlership in I/UCRCs Supplenent basedon a
bdief that onecancreate asynegistc partnering eff eds bycombiningthetwo programs (Powell et dl.,
1996).

Forinstance froma practical and pragmatic standpoint thetwo programs appeato have canplementary
as®ts and reeds.Becaise /UCRGCs arebased at large resarch-extensve wniversities andare wdl-
endowedrom atechrical, infrastructure andhuman @pital ssandpadnt, they are @apalle of addessing
many of thereseach and development neals small firms might have. Becasethey alsoindude an
existingconsatiumof primarily largefirms, /UCRCsasohavethepatertial to help anal firms addess
same of therr tacit-knowledge and market knowledge and marketing needs.At the same time,
SBIR/STTRs involve hghly innovative small firms, manyof which are start-up or spn-out firms, who
are highly focused oncreating and expbiting IP and canmercializing new tecmological applications
with very tight timelines.Theseypes offirms andmannerof doing reseachtendto beunderrepresented
in the typical /UCRGCs andare not frequently enmuntered bythe manystudens trainedin I/UCRGCs.
There may also bea cwnceptud justification for this type of synergistic partnership. The literature on
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tecmological innovation discusesthe potential for combinatorial innovation; that is innovationsthatare

prodwed bycombining modulesfrom existing techndogies (Varian, Farrell & Shapiro, 200%). In such
instances, Varian and colleagues ague gnegistic effects are achieved by combining modules of
existing andrelatively routinizedtechndogies, often leading to waves orclusters ofinnovation (Varian,
2003). Sare authorsitribute these developmertsto the serendipity that comes abat through whatthey
cdl the adjacent possible, bresthroughs that come abat because of the plysical and temporal

proximity of the foundtiond techrologiesuponwhich they are basedJohnson2010). Theliteraturein

this area cites a numberof significant combinatorial invertionsincludingthe printing press, auble-ertry

accouting and ar conditioning (Johnson,2010).

Although much oftheliteratureon canbinatoria innovation focuses onhard technology, obsevers have

condudedthat synergistic combinatorial processeswhatEingein labdedficombinaoria playd , péna p

in sodal, creative, agarizational or programmatic innovations (Popova, 201B). Hargadon ad Suton
(1997) dsoseeanorganizational dimension ad dscuss howsome aganizations exploit their network
postion to create new praducts that are original combinations of existing knowledge from very
different industries and hovergarni zationscanadively facilitate combinatorial innovation. Interestingly,
the organizational proximity of the BIR/STTR andl/UCRC programs within I1P appearso besimilar
to the ajacent posible explanation for such dfects. Conmening on these pocessesHargadonand
Suton (1997) conduded:

i Sentists, artists and manayementconsutants and othersinvolvedin creative problem- sdving efforts
often build innovative newideas byrecombining existing ideas.It is an old wtion thatinnovations are
built from existing works, butthe image dtenremains of thelone genius inverting ideasfrom scratch.
Tecmology brokering offers a perspedive on inn@ation andinnovators thatrecognizes te valuenot of
invention but of invertive canbinatio n(pg. 748).

Undestarding whether such efects can be adiieved between different science, techndogy and
innovation (STI) programs seens paticularly relevantgiventhelarge nunberof differentST| programs

housedwithin NSFand aherfederal agendes ad the potential for other synergistic impads.

3. Methodology

Data related to our research objective were collected via a structured interview guide that was
administered over the telephone byone of the poject team members. The interview included a
combination ofopenendedandforced cloice guestions. Thesampling frame wasSBIR/STTR firmsthat
recived aBIR/STTRMemberdip in I/UCRCs Suplenentbetween2008and D13. According to the
database povidedto us byNSF, 72 firms metthis criterion.* Our prefererce wasto interview the IAB
representative (who wasoften dsothe R) butinterviewedthe Plif thel AB represenative was ndonger
available. In orcer to optimize ourregonserate, wefolloweda structured set of procedures to contact a

SBIR/STTR representative and €hedile aphoneinterview.

1NSFo6s |ist included 72 members. However, some member s

we attempted to conduct the interview separately for each center. Thafgeaiéd interviews was 74.
5
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We wae ale to canplete interviews with 61 out of 74 SBIR/STTR firms receiving the suplemert, or
an 82%resmnserate.! Basedon information we dtained during our follow up efforts we egimate
nearly forty percent of the ron-respondindirms (4 of 13) were actualy no longerin businessThus, ar
respnserate, basedon firms thatwere still in business orfirms absaobed byother organzaions, wauld
be 8%.

During the interview we requesed information in six domains: organzational and respondent
chaaderigtics; processof becaning a member; involvementin center; expedations andberefits (and
cods) of participation; outcomes; recanmendationsto NSF. Before we bgan the interviews, we
reviewedthe abstract of the SBIR/STTR firmd srop@sal and their welsite anddeveloped asummary of
their technology and canmercialization gods andcorfirmed ourunderstandng of thetechnology atthe
beginning of the interview. During the interviews, the interviewer recorded answers to forced-chadce
guesions into our database. Sincewe kelieved recording the interviews might seem overly intrusve to
ourrespadents, interviewers smply entered ascloseto averbatim account of therespndetsd weass
as pasible.

The quditative rerrative data that were recorded were evertudly subjected to content arelysis by
members ofour researchteam. In cases whre resporderts simply provideddesriptionsof benefits for a
forced doice qlestion, we catlogedthese ansvers and sdectedrepresentative quaesto be dspgayedin
our tabdes. In cags whee respomlerts povided aswers to opar-ended gestions, we condicted a
content anaysis of these regponss. The caling processinvolved: bre&king resporsesinto code-alle
fragmerts, generding themeskategories hatrefl ectedthenarrative fragments, appying our codebookof
categories to he cata andreporting frequencycouwnts that indicated howmany and what precentage of

the respndents providedan aswer?

4. Findings

Process of Beaoming aMember

Firms wereintroducedto the centertheyjoinedthrough avariety of mechamsmsinduding contactsfrom
the certer, NSFannouncemerts andintroductionsandvia pastor existing relationships with the aenter.
Our data aso suggestthat SBIR/STTR firms pevioudy hadties into the academic community: almost
al firms reported either a great deal or a fair amount of experience llaborating with university
researchers in he past. Thevastmgority of firms felt that theywere ather very well alignedor atleast
modeately dignedwith the core research andtechnical interests of the center faculty and industria
members. There islittle evidencethesupplementis cowdingoutprivate s&tor sugport, sinceonly 5% of
firms reported theywould have joinedtheir center absent a subsidy.

Involvement in Center Activities

In generd, mostof the BIR/STTR firms becane adively involvedin center operations. Forinstance,

1 Each membershipwas cainted separately, even if one firm had memberships in more than one center. Thesemullti ple
memberships accourt for the difference between the 72 firmson NS F 6 sandithe &l members caontacted.
2 Ancther member of the team repeaed the coding processurtil we achieved an inter-rater ayreement of 70% or better.
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while almost half of the firms (44%) reported attending all of the indudrial advisory boad (I1AB)
meetirgs duing thar term of membership, the belance only atternded sane (38%) or attendedsame
remotdy (10%) or not at al (8%). The cost of traveling to meetirgs in atherlocations andoccasonal
schedle corflicts apear to be the pgimary reasms for nonattendance. The vast mgority of the
firmsappered to think attendarce atthe medings wasvaluable, citing both the importance of the
tecmical updaesprovided andthe networking oppatunities. However, interactions wee not redricted
to the seni- annwal IAB meetirgs. Almostall the firms (97%) reportedinteracting with faaulty/students
in between thee meetirgs with about half reporting same face-to-facemeeings. Suchinteractionswith
other firms were reported by abouthdf (48%) of adl SBIR/STTR members with much oftheinteracting
appexingto occureledronically. Abouthdf of thefirms reported that center personnel appeared to go
out of their way to etnarce the banefits they received, with mostsimply citing the provision of generd
support and proative accessto center current and ast research.

Expecttions andBenefits

Sane PBIR/STTR firms smply expeted amatch in interests or while others expecied to obtain
relatively conaete R& D-related benefits or commercidi zation-rel ated berefits from their participation
in an I/JUCRC. In realty, members repated receiving a large and diverse cdlection of
networking/human cajtal, R& D andcommercialization-rel ated berefits.

Thevastmgj ority of SBIR/STTR membersreported receiving avariety of networking and human cajptal
bendits. For instance,on average firms reported making about6 new faculty andalmost7 newindustry
connetions. Importantly, our data suggestthe vast majority of firms maintan these interactions after
their membership in the center lapsesWhile it might betemptingto writethese df asfisdftd  entefitsthat
do nothave anyR&D or canmerciaization implicaions, exgaretory comments byrespomensindicate
this is rot the case i SBIR/STTR membes dten canmerted on real concrete R&D and
commerciali zation- related illovers from these newrelationships. This appeas to beparticularly the
casefor expanded niworking with memberfirms which gemedto trarslate into cancrete impactswith

same regularity. (SeeTale 3 lElow.)



Table3: Networking and human caital berefits for SBIR/STTR I/UCRC members

Networking andhumancapital benefits of I/UCRC Percentage of  firms
membeshiprepated bySBIR/STTR firms repating berefits &
Redized Anticipated
Make valuable connectionsto wniversity reseacchers and 84% 0%
students

Make valuable connectionsto other center members 53% 3%
Collaborate with or received supprt from faculty andor firms43% 10%

on developingnew SBIR/STTR or otherreseach

propaals

Make valuable connectionsto govd &gendes 30% 0%

Hire or contract with anystuderis or faculty fromthecerter  27% 7%

Paticipation in anl/UCRC appersto also have a paitive impacton the R& D adivitiesof the majority of
SBIR/STTR members. The bggesteffect of these impacts apgars to be to make the firmdé s & DRfforts
more dficient by alowing themto trarsfer neededreserch tasks to the center ard/or by ac@erating the
completionof otherinternal researchtasks andor byproviding accesgo valuade equpmentor fadlitiesthat
would otherwise be at of reach.Such impacts kould allow SBIR/STTR firms to investtheir limited time
and resairrces more podudively. Interedingly, in same caseghe aacess to enter research results in
expanling or charging thefirmbé s&DReachinto newareas or topics. While these eff ects are wnlikely to be
realized undyr their current SBIR/STTR award, they may resut in future SBR/STTR proposas and pay
commercialization dividendsin thefuture (SeeTable 4below.)
Table 4: R&D benefits for SBIR/STTR I/UCRC members

R& D-related benefits of I/UCRC membersip reported Percentage of  firmg
by SBIR/STTR firms repating berefits as:
Redized Anticipated
Save time ormoneyon internal projects as aresut of certer  62% 2%

resarch

Avoid internal R&D costs as areallt of thecenterd seseach  56% 5%

Use cater Gaquipmentor fadlitiesthat your firm would not  43% 7%

otherwise have accessto

Initiate newlines of research internally dueto center 6 searah38% 7%

findings

Paticipation in various I/UCRGs alsoresults in commercialization-related berefits, ether dready ralized
or anticipated. Interestingly, themostwidely cited benefit (merntioned byalmost 70%) was identification of
new applications for the techrology they were developing. The mgjority of firms also reprted
improvements to thdr existing products, poces®s or savices. Narly hdf of al firms repated ather
exploiting center IP and/orusing its research to create IP within their firm. While less frequentand more
difficult to characterize in an exeauttive summary, 20% to 30% of firms reported more cormrete

commercialization outcomes, ircluding identifying new invesbrs, alding jobs, and developing and
8



introduwcing new poducts. Not surprisingly, giventhetime neeéd to actually commercialize a techology,
same respondntsindicatedtheyanicipatedtheseimpactsratherthanhadalreadyredized them(SeeTable
5 below.)

Table5: Commercialization bergfits for SBIR/STTR I/UCRC membe's

Commercialization berefits of /UCRC membership Percentage of firms repating
repated bySBIR/STTR firms berefits &

Redized Anticipated
Helpedusidentify new ajpli cationsfor the techrology 54% 15%

that we are trying to develop

Improve exiging products or srvices 46% 17%
Accesing centerd6 HP or dhertedhnology 30% 20%
Prodiwce your own IP rebted toresarch at the enter 26% 13%
Improve operéonal or manuacturing processes 22% 9%

Idertifi ed partiesthat might investin or otherwise sugport 22% 12%

our canmercialization eff orts

Add newjobs 15% 10%
Launchnew pioducts or services 12% 21%
Helped us find an investor with whom we can apply for a Phaj7% 12%

SBIR supplement

Commerts provided byrepondets suggestedthere is complex andsametimes ynergistic interplay among
the various benefits firms received. Amore detailed analysis of the bergfit reports ssems to corfirm this
assumption. The typical firm repats 2.5networking berefits, 2.2 R&D bendits and3.6 canmercialization
bendfits, with commerciali zation impads amost always co-occurring with R&D and néworking berefits.
More convincingly, respordens often provided descriptions of how they berefited byweaving together
descriptions of networking relationships that led to new oradditional invesbrs or R&D reslts that helped
themidentify dry hdesthat could have sappedmuchof their limitedfundingor R&D resutsthat pointedto
new and ptentially morevalualde applicaions oftheir technology.

Negdivesor Costs of Participation

Fewer thanhalf (41%) of al SBIR/STTR firms listed something abouttheir I/UCRC expeience thatthey
consdered ne@ative or unprodudive. Hovever, on balance, most of the i ngativesd mertioned by firms
were perational isstes that can befixed and donot gpearto indict the structure and gods of the
SBIR/STTR Membership Supplamernt. Typical operational complaints include: not following through on
agreanens/promises; poor communication; or too limited influence oncenter research project selection.
Othercorcerns weereated tostructural isaues,like the reture of /UCRC stardard membership agreanent,

thenumberof yearsthe suplementcovers,theextra kurdenof travel cods, or the perceived inferior or low
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resarch progress, wee merntionedless frequently andmay be more diffi cult to sdve.

Other BIR/STTR Membership SupplementOutcomes

In spte of what appears to be avery postive experience onthe part of the SBIR/STTR participants,
relatively few firms ekct to pick up the ast of their membership out of ther own funds. Anongthe firms
that had completed their supplement-suppated memberships only abait 15% actudly cortinued their
membershp for at least one yearwhenthe BIR/STTR suppementended. Mostfirms citefinarcial
reassonsfor thedecision to notcontinue. Interestingly, aboutone-third of firms exphinedthat their need for a
formal membership was educed because they cortinueto interact with center sakehdders informally. This
trendis reinforced byother datathat suggestsas muchas &% of thefirms contnueto have pos-membership
interadions with faculty/students or member firms. This gopeas to suggestthat the hman caital berefit
establishedthrough the center remains ative axd may coninue to pay dividends that outlast the center
membership.

Noneaheless, the vast mgjority of the firms, appraching 90%, who participaed in the BIR/STTR
suppementreportedthat whattheygot outof thar I/UCRC membership wasworth thetime andmoney they
invededinit. Theerthusasmof samefirms wasmpressve with onerepresentative resporded:i Wouldtell
amost any small busnessto do it. This certer is great. A small business would be foolish not to take
advartage . O

SBIR/STTR members aso offered suggestians for improving the syplemert. While most suggestions for
improvement centered onlengthering or expanding the suplementto cover cods like travel (40%), some
firms wereinterestedin seeing improvemerts made tothe waySBIR/STTRs are matchedwith centers or to
the orboarding procesghatis followedfor themasnewmembers. Others suggesed moreflexibility in thelP
language of the membership agreementor in thenumber of centers afirm coud join.

5. Conclusions, Policy Implications and Directions for Future Research

The SBIR/STTR Membership in I/UCRGCs Supplenent is a five-year old experiment that attempted to
fi acaterate the innovation process by partnering industry-relevant academic reseerch with
commercialization focused small business research 0  cleating a s/nergistic partnership between two |IP
programs. We attempted to evaluae the suplement through the lensof theories of charge (TOC) that
involved an attempt at need-basedincremental program innovation and synergy-basedcombinatorial
programinnovation. In ourview, the suppementappeasto do alittle of both, it meetssame fressing but
speific needsamongl/UCRCs whie produdngwhatseensto bescacia network-driven ynergistic bendits
for BIR/STTRs.

Bendits appearto be numerousanddiversefor the SBIR/STTR firms that choseto reqiest a sipplement
from NSF. Most firms dtimately repat receiving multiple sodal networking/human cajptal, R&D and

commercialization bendfitsand rearly 90% ndicatedtheir participaion was wath thetime andmoney they
10



inveded in maintaining ther membership. In addtion to berefits wearticipated firms wouldredlize like
accderated R&D and improvemerns to existing produds/sewices, members repated same unexpected

benefits includingaugmerted R&D capailities, exharcedmarketintelligence, deelopment of newesearch
directionsandinsight into new gplicationsfor their techrology. Importarily, while SBR/STTRs typically

do not continuetheir formal membershp, mostrepat continuinginformal cdlaborations with center facuty

andfirms. While alonger follow-up peiod will be nededto assessthe truevalueof the sipplemert, access
to faculty/student andindustry sccial networks and hman caital and citting edge canter R&D, couped
with the BIR/STTR& single minded focus on commerciaization apper to hase hada paitive and
synergistic effect onthese firms. Basedon these findings and recommendationgnade byl/UCRC directors
andSBIR/STTR represertativeswe offer thefollowing recanmendatiors:

Remmmendations for 1P

Convat the SBR/ISTTR Menberdip in I/UCRCs suplementto a pemarent suplemensl opportunity

Condder lengthening the membersip period Review suglement goals and decide on an apropriate level

of funding for suplement Proide moreguidarce atout the digibility, funding periods, andbest practices
Fadlitate the maching andon-boarding Encourae other Federal SBIR-sponsoring agencies to dewvelop
similar supplements Congder evaluation of longer-termimpacts.

Remmmendations for NSF

Look br additional opportunities for synergigtic efects betveenvarious NSHrograms

11
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(1 .Hebei University of Technology ;2 .Anhui University of Finance & Economics)

ABSTRACT: On the basis of theory Triple Helix Theory, based on the case of kingenta, the paper
analyzes the Kingenta group's innovation system and innovation competence, finds out the existence of
government enterprise technology problems: industrial policy implementation is not in place, the lack
of agrochemical services generally fall into the "inmbwa, innovation trap", business model
innovation lag on the innovation of science and technology constraints and other issues. At the last ,
the paper puts forward some suggestions for Kingenta group to achieve better innovation effect.

KEY WORDS: Kingenta group, three triple helix theory, technology innovation
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Kingenta Group is a quoted company in stock market focusing on new fertilizer resources, who is in
the first rank in both production and market many years. It has been recognized as one of the
fastest growth and the most innovative company in fertilizer in China. The process of technological
innovation in Kingenta combining with independent innovation with government, industry, university
andresearch, is exactly a good example of Triple Helix Theory.

First, Kingenta benefits from industry policy with the aid of government. Its innovation outcomes and
outstanding performance help it gain highly support of many departments, such as National ministry
of Agriculture, the National Development and Reform @dsasion, Ministry of Science and
Technology, Ministry of Industry and the Ministry of Finance. Since 2006, a demonstration promotion

of low(control}releasing fertilizer has been raised by Ministry of Agriculture, along with 23 region

soil and fertilizere ct or s nati onwi de. In 2013, i arelpasingot gr a
fertilizerd policy has been taken in the centra
industry.

Second, Kingenta combines with intellectual capital of usities. Now, Kingenta develop strategic
cooperation with 6 universities, such as Cornell University . It also establishdongcooperative

relationship with 40 scientific research institutions like the National Center for Hybrid Rice,
establishing a vet i c al i nnovation St r uct-uunieersityiresearchi nt egr
institutieinmt erima/led s-adeodwnsu p etarmda m Ki ngenta i ncre
moment um of R&D t hr oug h-university esachmstatf oanof tfHalkid
of sales revenue as their R&D fund, most of which is in fertilizer industry. Besides, Jingenta brings in
specialist advisers to plan, test and manage the process of its cooperation with universities and
research institutions, providing ideal channel for transferring research achievements into practice
application

Third, Jingenta makes most of scientific research projects into industrial application to form new
fertilizer industry. Since 20Ma&vatld nigre na gar ihcawsl tme
it also has got a number of scientific research projects at the state level. Now it owns a great quantity

of leading technologies in the areas of compound fertilizer, slow release fertilizer, water soluble
fertilizer and mosphorus chemical industry.

Forth, Jingenta builds a platform of 4ech innovation. It construct a framework consisting of
innovation core layer, Innovation support layer and innovation cooperation layer, which are separate

but cooperate with each othérhereinto, its National Slow Release Fertilizer Engineering Research

Center belongs to Core layer. Support layer includes Postdoctoral and province academician
workstation and Jingenta fertilizer R&D center in Beijing, Israel and America. Cooperatien lay

mainly makes up of research institutes and universities like Shandong Agricultural University and
China Agricultural University. Those three layers working in strategic innovation cooperation but with
respective innovation target, under the uniform dgmpient of the innovation platform, form an open,

transparent and flexible innovation system, which becomes a good platform for the development and
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innovation of the industry.
But there still some problems exist in the application of Triple Helix Theoryirigenta. First,
Agricultural policy implementation does not reach the designated position, locking innovation impetus.
And the farmersoé i ndif f etecbnolegg exterfsionisystano moa fluengn ma |
resulting in mismatching between the istreent in agriculture and the development of modern
economic crops. the formation of agricultural innovation is hit by the double blow of deficiency of
industry policy and agriculture output. Second, the insufficient-algemistry service reduced the
efficiency of innovation outcome. Although pursuing efforts from adr@mistry service, it is hard to
be popularized so that the research achievements cannot transfer to practical productive forces finally.
Third, the group is easily fall into innovation trdp the industry of compound fertilizer, many firms
including Jingenta expected to survival through differentiated product. Once a perspective product
gets into the marketing, it is easily to be imitated by other firms, with a mass of followers. The early
investment imposed the firms heavy fund obligation

For the future innovation optimization strategies of Jingenta, this paper puts forward the following
suggestions. It should follow the three triple helix theory in the innovation of science and agghnol
by balancing "value chain", constructing innovation "chain" ,focusing incentive on talent, innovating
"entrepreneurial spirit to construct reshaping culture chain”, " reconstructing international innovative
vision" and other measures, and pay morentitie to the multiple coordination of various three triple

helix so that it could form an organic whole, synergy innovation to achieve better innovation effect.
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AbstractThe study aims to propase a guide of best managementpracticesfor collabarative innovation
projeds between universities and comparnies (U-C). The literature review was essertially basd on
Davenpot, Davies and Grimes (1998), Moro-Valentin, Montoro-Sanche, Guera-Martin (2008),
Barnes,Pashbyand Gibbons(2006) and Albertin and Amaral (2010). The methoddogical procedire is
givenby a desciptive research through multi ple casestudiesusing aquditative approach.The survey's
sample is characterized as nonprobalilistic by sdection andintentionality, beng congituted of four
collaborative univerdty i company projects. Semi- structured interviews were conducted along the
participation of project managers, ertrepreneurs and researchers, guided by a spedfic roadmap, in
order to encourter the goals of this study. Content analysis method basedon Bardin (2009) is used.
Regarding the results gathered in the re®arch, successful management practices were identified.
Practices already recognized in past studies were confirmed, and new practices were discovered.
Beddes,becare posgble carrying outthe proposal of a managementguidefor collabarative University
T Company projects, by thedefinition oftenbest pradices.

Keywords: Project Management; Interaction University - Company; Crossorganizational relationship.
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1. Introduction

A relevant finding in the indudry field, regardng the growth of cooperation between institutions,
acording to daa released by Innovation Research (PINTEC), held every three yearsby the Brazilian
Inditute of Geagraphyand Statistics (IBGE), suppoted by Finandal of Studesand Projects (FINEP)
and also by Ministry of Science, Techrology and Innovation (MCTI). At PINTEC 2008, 10.1% of
innovative indugrial comparies reported they had coograted with same sat of partner, while at
PINTEC 2011 this percertage increasedto 15.%%. Asinvegments by compariesanduniversitiesgrow
on research projects caried out in patneshp by theseactors, the need to empower these institutions
increases, to better mangge suchprojects, aimingthe esutsthatwereearlier set.

In orderto contextualize the research andidertify the studiesaready conducted on this topic, severa
periodicals were reviewed, dso significant researches were found (DAVENPORT, DAVIES and
GRIMES 1998; MORO-VALENTIN, MONTORO-SANCHEZ and GUERRAMARTIN, 2003;
BARNES, PASHBY andGIBBONS, 2006;ALBERTIN andAMARAL , HEINZ etal, 2006;HYVARI,
2006;BARCZAK andWILEMON, 2001). However,

only few of them treat about the management of collaborative projects. From the mentioned
studies, the first four have, asunit of ardlysis, projects developedin partnership by univerdties and
comparies.

The authors of the anayzed studiesaso describe, in the resuts of their research, the needof having
more studies over the subject (DAVENPORT, DAVIES and GRIMES, 1998; MORO-VALENTIN,
MONTORO-SANCHEZ and GUERRA-MARTIN, 2003; BARNES

PASHBY andGIBBONS, 2006;ALBERTIN andAMARAL, 2010).Fromthepropesedtheme energed
the following research's question: what are the pradices usedto manaye collaborative innovation
projects between universities and comparies?Once at this point, asa geneal god, we egalishedto
proposea bestmanayementpractice guidefor collakborative innovation projeds betweenuniversities and

comparies.

2. State of art

JonesandL.ichtenstein (2008) define collaborative projeds as thosewhere multiple ogarizationswork
together in a shared activity for alimited period of time. They dso highlight that this type of designis
increasingly beenusedto coordinate camplex products and sewices in uncetain and competitive
ervironmerts, asis the caseof projects carried out between uriversitiesand comparies. In theliterature
were found four studies about good manayement pratices in collabaative projects between
universities and comparies (DAVENPORT, DAVIES and GRIMES, 1998; MOROVALENTIN,
MONTORO-SANCHEZ and GUERRA- MARTIN, 2003;BARNES PASHBY andGIBBONS, 2006;
ALBERTIN and AMARAL, 2010).

Thestudy of Davenpat, Daviesand Grimes(1998) reports upona New Zedand's governmentprojed,

ertitled BusnessGrowth Program (TBG), which sponsors reseach on cdlaborative innovation. Each
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project is performed by abusnessorganzation anda researchinstitution. Congdering the management
practices, five collabaative sucessfactors were congderedvital for over 50% of manajers.Thefactors
were: correct selection of the cdlaborative partner; clear undestandng of respasbilities;

estadishment of common tasks

and objectives without hidden agendas;mutual resgect and trust among paitners; commitment oftop

managementin all phase.

Moro-Valernin, Montoro-Sanchezand Guerra-Martin (2003), from a literature review on the topic of

crossorganizational partnerships between comparies and research inditutions, developed 10

hypotheses related to the factors that may succesfully leadthese patnerships. In Table 1, they are
preserted, and divided into contextual and orgarizational factors. Contextua factors include same

partners resoucesand the contractto betakeninto accout before initiating therelationship, it means,
the previous connedions, reputation and proximity between painers. Orgarizational fadors are
organizationa charaderistics of partnersd behavior and have influence over the behavior of other
partners, sich ascommitment, communication, trust, corflict and dgpendence.

Table 1: Best practicesof project management identifiedin Moro-Valentin, Montoro- Sanchezand
Guerra-Martin (2003) studies.
Factors Good practicesidentified

Previouscooperdive experiences

PartnersbReputation
Objedivescleaty defined
Relationship’s Institutionalization (rules, palitics, procedures, legal issues

Contextual

and well-definedadministrative procedures)

Commitment

Communication
High level of reliabili ty
Organizational Conflictsresolution

Dependence  between partners (in terms  of  financial  and

intell ectual
Source: Elaborated by the authors besed on Moro-Valentin, Montoro-Sanchezand Guerra- Martin

(2003)

The suwvey found nine most relevant best practices for the manajement of cadlaboraive

university-company proects, four of them consdering contextua aspects and five related to
organizationa aspects. Some pradices already identified in the study described above were aso
corfirmed on this study, but same other factors are included,suchas communicaion and corflict’s
reolution.

To carry out their study, Barnes, Pashbyand Gibbons (2006) seleded six projects paticipants of
Warwick Manufacturing Group Program (WMG), which, sincewasfoundedin 1980,hasbeen involved
andinvedigating the cdlakoration betweenuniversities andindustries developing asdid reputationin
this matter. The study's goal wasto test the influerce that the sucessfactors identifiedin the literature

had on the outcome of each project. Five of the six cags studied were part of a large collakorative
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programinvolving WMG andabout 25 canpariesfrom the aitomotive sctor.

In eachof the studied cases, the participants of the collabaating comparies,academic regarches and,

whenapplicable, all technical persannel who had been directly involvedin the piojeds were subject to

ansver theinterview's quesionnare. The interview data were canplemented by documertation in the

form of a project meding formulary, company recods and direct observation of project’s status

medingsin order to ensure proper triangulation of the resilts. Thesuaessfactors foundarepresentedin

table 2:

Table 2: Critical success factors (CSFs) identified in the Barnes, Pashby and Gibbonst(2(€6)

Keythemes

Subtheme

Critical factorsidentified

Issues of cultural difference

- Divergencein prioriti es/deadli nes;

- Public domain'spublication;

- Lack of understanding about business requirements;
- Lack of flexibili ty (company);

- Rightsof intellecdual property and confidentiality.

Partnerslsaues

PARTNER
EVALUATION

-Cultural compatibili ty/operaing mode;

- Mutual understanding;

- Expertise and complementary strengths;
- Coll aboration partnersin the past,

- High quality staff;

- Strategicimportance;

- Complementary goals;

- No hiddenagendas;

- Collaborativeexperience.

PROJECT MANAGER

- Trainedin projectmanagement;
- Diplomacy;

- Experiencein coll aboration;

- Multifunctional experience.

Objedivescleaty defined;
—Respon3|bll itiescleaty defined;
- Plans of projeds mutually agreed;
- Redisticobjedives,

Projed’s - Adeguateresources;
development  andPROJECT - Definedprojed’s Mil estones,
exeaution. MANAGEMENT - Simple coll aborative agreements;
- Regularmonitoring of progress
- Effedivecommunicaion;
- Insuredemployeesodeliveries.
- Mutual benefit;
WARRANTY OHF- Equal power/dependence;
EQUALITY - Equality of contribution.
EXTERNAL - Marketneds;
INFLUENCES - Corporatestabili ty.
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- Mutual trust;

- Commitment;

- Flexibili ty;

- Leaning;

Universal Success Fadors - Staff scontinuity;

- Good personal rel ationships/team work;
- Collaboration;

- Leadership.

Source: Prepared by the author based on Barnes, Pashby and Gibbons (2006)

In thestudy of Barnes, Pashby andGibbons(2006), a greaer numberof best practices (orcritical factors,
as cdled by the authors) were idertified as present and influentiad when manajing projeds. Thisis
probdly due to the estadishment of aralysis™ categories defined by the auhors as key themes,
providing a larger aralysis” structure, when condgdering the cultural differernce issues, partner issus,
project’s developmentandexeaution anduniversal success fectors. This structure providessome ingight
abart the factors that require special attention in the suacessful manayement of collaborative
universty-company projects, same of themapper in morethan onecategory.

The fourth identified study was basedon the study of Barnes, Pashby and Gibbans (20®). In their
research, Albertin e Amaral (2010) examined two projeds, cdled "Ideds and Portal of Processes’,
bdongng to aresearch programfrom the University of Sdo Pauo (USP ertitled EI-2. On prgect A,
from forty critical factors surveyed, only four were conddered preentandinfluential: complemertary
expetise and complementary objedives (partner evaludion theme), undestandng of
acaemia-busnessmperdives(cultural differencethemeisaie) and contribution of equdity (guarariee
of equality theme). Besides thes, other fadors wereidentified withoutbeing asked: having a full -time
project manayer with tedhnicd knowledye; clear definition of requiremerts ealy in the projectandits
mai ntenance over time; and haing a developmentexpet in the projectarea.

In prgject B, thirteen of forty suveyed CSFs wereconsidered present and influential inthe percepion
of respmderts;, swch as known and acceped gods, redigic  objedives,
respnghilities clealy defined, plans of projects mutualy agreed, adejuate resouces and regular
monitoring of progress (project management theme); commitment, staff's cortinuity, good persoral
relationships between partnersand collabaation (genera aspects issLe); negotiation (project manager);
strategic importance (partner evaluation) and companys flexibility (issues of cultural differenc).
Besidesthese,there wasa missng CSF corsidered influential, the CSF leaning - utili zation. Relating
project B, were not raised different CSFs becaseof its easily execution dueto the $orter duration.
In the next subsection, the andysis of best common practicesfound in four reported gudieswill be
presented.

2.1Bestcommon practicesfound in studies

Basedon the review of the good coll aborative project management practices U-C identified on four
andyzed studies, was prepared Table 3, which consists of a compilation of data obtained in the

resarchesin order to compareinformation and define the most common practicesfound.
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Table 3: Common best practices found in the reviewed studies

Best practicesidentifiedin the
CategoriesThemes studies

and Gibbons (2006)

M or o-Valentin,
M ontor o-Sanchez

and
and Grimes(1998)

Barnes Pashby
Guerra-Martin
Davenport, Davies
Amaral (2010)

(2003)
Albertin and

ObjedivesCleaty Defined
Responsibiliti escleaty defined
Plans of Projeds mutually
Redistic Objedives
Adequateresources
Definedprojed’s Mil estones
Simple collaborative

Regular monitoring of progress
Eff ective communication
Insuredemployees’ deliveries

Projectmanagement

Mutual benefit

Equality  for  theEqual power/dependence
pariesguaranteed Equality of contribution
Extemal influences |Marketneeds
Corporative stabili ty

Source: Elaborated by the authors based on Davenport, Davies and Grimes (1998Ydléoiton,
Montoro-Sanchez and Gueridartin (2003), Barnes, Pashby and Gibbons (2006) e Albertin and Amaral (2010)
To reachthis paoint, the study of Barnes,Pashby and Gibbons(2006) is a referential bass, as these
authors appli ed thereseach to a greater number of coll aborative projects and oltaineda more complete
list of best practices or critical success factors ac@rding the management of university-company
calatorative pojeds.

However, the study of these authors classified the critica suaessfadors in four caegories, as
previously repated, but for this study in particular, was considered only the cdegory "preperation
and implemertation of the project” sincetheseare thebest practicesto be usedisthe object of analysis
in this research. Almostthetotality of best managementprectices identified in other studieswere aso
found in Bames, Pashbyand Gibbas (2006) research, exceot for one of them: corflict resdution
(Moro-Vadentin, Montoro-Sanctez andGuerra- Martin (2003), which wasindudedin the main modd.

Next, the methodblogical procedures that guidedthe research are peserted.

3. Methodological Procedures

To ansver theresearch's quegion, attend to the edadishedobjectivesandcontribute to the dscussions
corceming the siject a multiple casestudy was redized with four collaborative regarch projects
betweenuniversitiesand comparies, caried out in three different universties, of which two projeds

were well suceceededandtwo werenat, from the managementpoint of view. As aresllt, investigative
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interviews were conductedwith thoseinvolvedin eachproject. Theseinterviews were preparedwith the
support of threemanaementexperts on coll aborative projeds, which validated bestpracticesfoundin
theliterature. The data weretransribedand andyzed bycontent analysis Bardin, 2011). Thedatawere
transcribed andarelyzed conerning thethearetical review carried od, that used as bseseveral studies
on cdlaborative manayement Ui C projeds, Davenprt, Davies and Grimes (1998); Moro-Valentin,
Montoro-Sanchezand Guera-Martin (200); Barnes,PashbyandGibbans (2006); Albertin andAmaral
(2010). Following, will be presented the aralysis andinterpretation of the findings from this research,
through the analysis of the four projects that are the objects of study from this resarch and a

compardive andysis betweenthem.

4. Findings and Interpretation

From the study casesjt was possible to idertify common charateristics of project manajementthat
determine whether the managementresults of collaborative projects U-C are sucessful or unsucessful.
In Tade 4,it wasrelated key pradicesidertified.

Table 4: Best practices identified frgmojects analysis

Management Practice Project A |ProjectB |Project C |Project D
Clearandredlistic objectives X X
Respoibilitiesclealy defined X X
Clearcontradual instruments X X
Defined Project’'s Milestones
Communicaion

Persanal contact

Dataregistry

Opering meding

IAccesdo a Project managementsditware
Periodical medings

Clearandwell defined processs of Project
manaement

X[X[X]X]X

XXX XXX XX

>
>
>

Repots X
Manager resporsible for the project X
More interaction betweenthe fartners X
Source: Elaborated bytheauthors (2015.

Fromtheinformation gathered,it waspassible to identify practicesor characteristicsthat have occurred

in both sucassful andunsuccessful projeds, therefore, canrot beindicated asresmpnsble for thefailure
of managemen, to exemplify, can be mertioned the case of projeds thatare financedby finarcing
agencyand stfereda delayin thedepasit of resaurces.

Were alsoidertifiedbest practicesin a successfully manayedproject, thatdid not ocaur in the othersand
that have not been mertioned as misdang in unsucessful projects, or vice versa.Examples are the
pradices to define the stepsof the project andits evaluaion. On the aher hand, seeral practices were
found in successfully maneged pioject’s gudy cases andwere reprted as missing by respondats of
projeds unsuccessfully managed: clea andrealistic dojectives;regponsbilitiesclearly defined; clear

contractual arrangements; communication; peronal contad; recording daa; realization of the projed’s
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openng medings; accessto a sofwareor a project manayement platform; processesof the University
sector of project managementwell defined.

From the fourteen practices identified in the study, nine pradices listed above were étedin all the
projects or werecitedin suaessful and unsuccessiul projects, atleast. All these practiceswere citedon

three projects. The practices "defined project’s miledones', "reports’, "manaer respnsble for the
project” and "more interaction betweenthe patnes” were indicated only in one case ead. For this
rea®n, they werenot includedin the guide of good praticesreaulting from this research. Moreover,
the pratice "regular medings" has ben highlighted in casesA and B, which were the cases of
sucessful manajement desgns. Therefore, this practice has beenincluded in the guide of good
practices.

Of the nine listed good prectices from the literature review and validated by the cdlaborative
manaementexperts U-C projects, six wereidertifiedasgood manajement praticesin the projects that
are sujject of study of this resarch. In addtion, four other good praticeswere identified in four
projects aralyzed: the redizaion of the project opening meding, ddaa registry, the existence of
well-defined processesof the university's prged manaementsedor and the useof software or aproject
managementplatform.

The opening meding was not mertionedby any of the studiesreviewed, however, is an esablished
practice and suggeged by the PMBOK (2012). Data registry is nothing more thana formality required
and may be madeby meansof documents or software. This practiceis aso

part of the PMBOK guiddines(2012). In most reports of respordens, the needfor formali zation of
theregistereddata shoud notbeconfused with increased bureawracy. Registratonisimportant in order
to have a history of projects, thus minimizing problems with the replacement of pele, for example,
and to fadlitate the realizaion of future projects béween partners.

Guerra-Valentin, Montoro-Sanchezand Guerra-Martin (2003) have already highlightedtheimportance
of clear definition of administrative processes. However, asother studies reviewed had not mentioned
this pradice, it was not includedin the present study script. Anyway, this practice has beenreported
severd times by responeénts, indicating that well- defined management proces®s collabaate for a
successful management of cdlalorative piojeds.

The use of project managenent sditware had not beenmertionedin any literature réderence,however,
in this study, wascited by all reponderts, even without being aked aboutit. The use of software is
importart, according to respondents, asit enades monitoring and the drategic evaluation of actions.
Anather possibility to monitor projects is reporting from records &eady made, which optimizes the
time of managersandfacilitatesdissaminaion of results anong theteam. It wasalso suggededthatthis
type of tool could be used in extranetmode, to expandts wse, lesidesfunctioning as apossibility of
commupnication betweenpartners.

Communication, besides, was one of the most present good pradices in successful projeds. In the

unauccesdul, the lack of communication was aso widdy quoted, confirming what studies on best
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practices had already been presented, as well as found on Coda, Porto and Feldhaus (2010). The
personal contact, in this view, was appointed as essertia in this process, ashad stated Xavier et al
(2014),aswell asmedings andthe preparation of monitoring reports (Amaralet al, 2011). The needfor
a formal agreement between the parties, as evidencedby Kerzner (2006, Coda, Porto and Feldhaus
(2010) and Amaral et d (2011), was indicated by all respndents. This practice was highlighted as
necessaryto formalize objectives,the defined respnghbilities, the work plan, the expeded results and
the necessaryand available resairces. All this information hadbeenraised in the literature review as
best collabaative manayement

projeds practices andwere also mertioned in the analysis of projects. However, thesepractices were
corsidered implicit for what is expected of an effedive projed. So its desaiption in a conract to be
celetrated in the project opening meding betweenthe wiversity and thecompanyis astated pradice.
Last but not lead, it was evident the needto establish clear objectives and respnshbilities. These
two precticeswere mertionedin al sudiesreviewedandcorfirmedin this study. Is worth mertioning
the needof periodic reviews and refinements of defined dojectives and resporsibilities along the
projects. The communicaion again ernters as a fundanenta practice for theseother pradicesto get
improved. In Talde 5, it wasrelated the ten sdected practices,with abrief explaratory description of
each of them and with a snall accourt of its importance for the management of callaborative U-C

projects.
Table 5: Description and importance of best praciaestified
Good practicesof Description
collaborative  project Importance

management Ui C

Cleaty definethe project
Clear and redisticobjedives before starting andBe clear about what will be done and
objedives conduct its review during thewhatiswantedto be achieved.

exeaution.

Cleaty define who doeswhatin |Be clearabout the responsibility of each
Responsibilities Cleatyjproject exeaution, espedaly byjperson inthe projecttean, also ensuring
defined the company and the university. [that al institutions involved contribute
and benefit.

Setclear,smplifiedcontrading |Owning a formal document to be signed
Clear contradualinstruments to assst and fadlit atgby those involvedin the projed, aiming
instruments the implementation of projeds. o claify and ensure the rights and
obligations of the partners.

Crede easy, vaned and accessblg
Keepthose involved informed ofichannels for communicaion between
Communication the projed. partners and stakeholders of eachparty
internally, to fadlitate the projec
exeqution process




Personal contact

Conduct visits and regulaf
medings for parners,
patticipating of the adivities
fixedin eachof the institutions.

Promote personal contad, because it
stimulates and benefits involved,
passing to better understand the needs
and limitations of the partners, and
becaise it can help to streamline the
adivitiesand solve problems.

Data Registry

Reaoord all the information on the
design, definition, progress and
projectclosure.

Reoord theinformation fadlitates
communicaion between partners and
enables everyone involved to becomg
aware of the projed, including when g
member exits the team.

Opening meding

Perform projectopening
meding to formalizethe
objedivesand responsihiliti es of
the partiesin the projed.

Score, define and clarify the objedives
and responsibiliti es of those involved
all owsfor amore effedive
implementation.

Periodical Meetings

Regulady monitor the progress
of the projed, monitoring the
performance of adivities and

Enable monitoring of the project by
those involved aswell asthe evaluation
of adivitiesand to propose solutions or

steps. posshble changes.

Acoessto a Have webtod for the record, Fadlit ate registration, consolidation,

softwar e or aplatform ofjoptimizing and sharing distribution and eval uation of the

projectmanagement  (information relatedto the projed, initsimplementation and after
projeds. itsclosure.

Clearand well Detain clearand consolidated  |Clarify the adivitiesand management

definedprocessesfor
Project management
University seaor

processesto guide the
management of coll aborative
projeds U-C by the university
projectmanagement sedor.

procedures, fadlit ating the conduct of
adivitiesand responsibiliti esand
information flow.

Souree: Elahorated bytheauthors (2015.

After definingthetenbestcallaborative practices of project manayementU-C presated in Table 6, with
their desaiption and exparetion of the importance of each of them, it was posible to sugged, from
this study, that best practicesare not one arelation to befulfilled in order of importance or sequence.
Best practices shaild be observed andreviewed repeatedly andprogressively from conception through
exeaution andending with project closure,working as aguideto best pradices,as popcsedin Table 6.

Table 6: Guide of best practices

Manacement aood practices Classfication

\Well defined processesof the Project

Previousto the redi zation of the nroiect
Previousto the redization of the project
Previousto the redi zaion of the project

mar_mmam(ant sedor
Proiectmanagement Sdtware or platform
Opening meding

Previous, with the posshility of beenrevisedand

Previous, with the posshbility of beenrevisedand

Previous, with the possbility of beenrevisedand

Periodical medings of monitoring
[ntense Communicdion

Personal Contact

Data Registry

During the management process

Previous and durinag the management project
Previous and durina the management project
Previous and during the management project
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Source: Elaborated bythe authors (2015)

The best practicesguide propcsed is a reference to the sucessful management of cdlaborative U-C
prgeds. In total, there areten best practicessuggeded by theoretica review andthe study of multiple
casesAsshovnintable 7, thepradiceswere classifiedas"previous' and"during process'. Previousare
best practices prior to the execution of the projed, involving patners™ manaement culture and a clear
project design, by defining objectivesand respnshbilities.During Processracticesare thosethat must
ocaur for theentire durdion of the piojed, in orderto qualify ther achievementandachieve the esuts
without difficulty.

However, it is important to note that the practicesare not static to the respect proposed tassificaion
(previoudy or inherent in the process), as shown in talde 7. The regular monitoring of the project
through medings, communication betweenpartners and personal cortact, may resut in improvement,
in thereview or to change the objectivesand resmnsbilitiespreviously determined.It shoud be noted
that any charges should always be reordedand formalized,whichimplies,in manycase, the review
of formal doaumerts rdating the project, suchasadlitivesin the opening term andagreamerts between
the parties. In this regard, the software, or project’s web management platform, is an important ally.
Its main dbjective is to provide for those involved acaess to project’s historical data and provide
emisson of monitoredreport and performanceindicators repats.

The main contribution of this study with respect to the areadyexisting literature is the exdusive
identification of best U-C cdll alorative management practices. The studies of Davenpot, Daviesand
Grimes (1998), Moro-Vaentin, Montoro-Sanchezand Guerra-Martin (208), Bames, Pashby and
Gibbong(2006) andAlbertin andAmaral (2010), usedasrefererce, werenot exclusively focusedon the
management of projeds. Also were considered in these dudies, factors related to facilitators and
barriers to universty-indugry relationstips. In this dudy, however, was sowght to be developed aguide
for the managgement of collaboitive U-C projeds, regardess of environmertal conditions and
pre-existing relationships.

5. Conclusions

The geneal purpose of this study wasto andyze the practicesusedto manae cdlaborative innovation
projects betweenuniverdties and comparies andto propcse a best manayement pradice guide. This
study wasmotivated by the growing number of suchprojects andthe limited number of studies on the
subjed, compaling to the research aboutgereral project manayemert. So, in this context, to supjort
the study previous studieson maragement ofcollabaative piojects were studiedand utili zed.

To carry out theresearch, wasapgied the multiple casestudy of quditative and deriptive naure, usng
four cases of collaborative innovation U-C. The sdection of these cass wasfor corvenierce, and
resporded to the interview four project manajers of the paticipating universities of research that
indicated the four projeds, four researchersandthree busnessnen. Successful management practices

were idertified from the aralysis of sucaessful and unsuccesful projects from the viewpoint of
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managemert. Practices aready recagnizedwere onfirmed, andvereidertified new pradices.
Continuing, it waspossible to carry out the proposa of a guide of best practices for the management of
collaborative innovation U-C projects, through the definition of ten best pratices,six of themprior to
project exeattion (well defined processesof project manaemert, openng meding, formal agreement
signedby the patties, or amanagementsdtwareplatform, objectivesclearly definedandrespansibilities
clearly defined) and four best practicesto be used duiing execution (data registry, medings and
monitoring repots, intensve communication and perenal contact).

From thesefindings, from a theaetical paint of view, this study provided an oppeotunity to develop
a rdevant research to ad new knowledge to previous sudies, an improvement over the availabe
literature on the subject (DAVENPORI, DAVIES and Grimes, 1998; MOROVALENTIN,
MONTORGO SANCHEZ and GUERRA-MARTIN, 2003; BARNES, PASHBY and GIBBONS 2006;
ALBERTIN and AMARAL, 2010). From the four study cases, it was possble, as well as the
corfirmation of the best pradicesareadyfoundby these authors, cortribute to theliterature, to idertify
new bestpradices and orgarnize theminto a $ream, which can be used as a best practice guide if
followed and observed the way it was propeed. Furthemore, it was found that other factors, not
directly related to the practices, influencethis process.

From a managementpoint of view, from theseresuts, this study cortributes for project managers from
universties, enreprenairs andreseachersto manae ther collaborative piojects basen the proposed
guide. The guide providesa practical and effedive management of the development of collabasative
U-C projects, which therefore develops and conslidates rdationdhips with patners. From the
perspective of puldic manayement, this resarch may coriribute to the assessnent of development
agendesaboutthe decision of what projeds to be coriemplated, giventhat universtiesandcomparies
that use the guide to best cdllaborative management pradices U-C propcsed in this study will have
higher chanees of getting postive resilts in their developmert, not necessaily reaching the point of
view of expected gods, but the optimization of available resaurces, at least, ensiring that everything
possble wasdonefor the project to be @nductedto achieve thereallts.

Although they were found important contributions and reaults, the study also has limitations, which
impli esthat the findings of the reserch cannot be genedlized. Thefirst limitation stems from the fact
that same of the projects enjoyed of external finance promotion andone of themnot. As the dday in
thefiling of resoucesinvolving funding agendeswas citedas a caseof difficulty, it may beinfluenced
themanagementof this project to be unsucessful. Anotherimportant li mitation is the characteristics of
comparies and researchers paticipating in the projects. A company is resident of a well-structured
techrology paik, within the university and has consdidated experience in collaboraive work. Two
other comparies, dthough they have experience in carrying out innovation projects, have limited
expeaience in rdationship and manayement projects with universities. In addtion, a project was
conduwctedin patneship with a large number of busnesspartners, andt wasnot possible to interview

any ofthemin the period of the data llection.
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With regard to resarchea's, making the research of their profiles, significant differences were found,
such asthequartity of time involvedonthe project, atraining arearelated to the piojectand experience
in collaborative U-C prgects. All the universities that provided study cass for this resarch had
sucessful andaso unsuccessful manayement projects, so it is posible to infer that the operating time
of the project management sec¢or andthe professonals working on it do notinfluencethe attcome of
manajemert.

It isrecanmendedo conduct more studieswith abigger numberof projects. It isalso swggegedthatthe
government shauld be included in this ardlysis, since the funding body of the pojed, and how he
features the resouces, monitorsthe implementation of the project andtakesits accourtahility, directly
influences the way the project is manajed. Evaluate the profile and the manayement process by
universtiesis aso recoommended.In future studies, it would be desable to examine in more details
the profile of thesesectors, taking into account mainly the conslidation of the processesusedby them.
In addtion, it is suggeded to previoudy define the chaiaderistics of projeds to be andyzed, as the
companys opelting area, its proximity to the uriversity andif the project hasfunding agendes of
resources or nat, sincethis factor was often dted by respadents. Finaly, it is recanmendedto be
andyzed projects managedisng asa rderencethe guide of best practicesreaulting from this study, in
order to certify it asa model tod.
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1. Introduction

One of the key links of university and industry relations is to transfer technélomyledge to
commercial results. Technology transfer is one kind of knowledge transfer, which across the boundary
and go beyond the knowledge transfer area [1]. The essence of technology transfer is communication
between knowledge senders and knowledgeivecs. During the technology transfer process, the key
information or knowledge is often recorded in documentations as technology specifications or data in
electronic information system [2].

In recent years, it is more and more popular to match the tegysupplies and demands in internet
platform. Among those, universities and research institutions are usually the knowledge senders who
provide technology supply documentations, and the enterprises knowledge receivers provide
technology demand documerntais. The technology supply and demand documentations are the
bridge of technology transfer in internet. Only if the knowledge receivers and senders understand and
interpret the documentation accurately and precisely, they have the chance to transédoggchn
knowledge.

Technology knowledge transfer is one tough type of communication process [3]. There are many
factors influence technology transfer, and researchers found out that strengthens the communication
between research institutions and enterprisas weaken the obstacles of technology transfer [4].
Most of the previous studies are quality researches, due to the difficulties to quantify communication
process. However, the boom of internet technology transfer makes the quantity research possible.
There are abundant electronic technology supply and demand documentations in internet platform, we
obtain them and analyze the language differences in quantitative methods.

In big data era, we use web page language analysis methods to analyze the differdnoesn
characters of technology supply and demand documentations. And we provide suggestions about

improving the communication between universities and industries according to the research results.

2. Methodology

We assume that the language differencehés gmaller for two texts with the more similar words.

OMore similar wordsd® can be explained in two as
secondly, the words have similar frequencies ( w
usel in one text for five times, the word O6probio
are no | anguage differences in the two texts ai

language difference if all words in one text are thme as words in another text with similar word
frequency.

Communication difficulty of using these technology specifications is measured by comparing
language difference in Technology Demand Specification and Technology Demand Specification. The
language tference is smaller, technology supplier and technology demander can communicate more

easily.
33



language difference statistics of TechmyloDemand Specification and Technology Supply
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Fig. 1 Work Flow
Popular TFHIDF and cosine similarity [5] methods in search engine are adopted in the paper aiming at

Specification. Overall process is shown as follows.

TF-IDF [6] (term frequency, inverse document frequency) is a statistic method for evaluating

importance of one word for one document in a document setanpasc TF- IDF is widely used in

search engine for evaluating correlation degree between document and user query. The importance of

a word is directly proportional to occurrence frequency thereof in the text (tf). Meanwhile, the

importance is inversely pportional to frequency thereof in corpus (idf).

In the paper, collection of technology demand specification and technology supply specification from
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when important keywords in one text are judged by word frequency. The words had high occurrence
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frequency, buttay di d not bel ong to i mportant words, S u
occurred in Technology Demand Specification.
DF refers to document Frequency, which indicates universal measurement of a word in the corpus. DF
of a keyword indicates the ascence frequency of the keywords in the whole corpus. IDF (Inverse
document Frequency) is the reciprocal of DF.
TF value is multiplied by IDF, one score is calculated for each keyword. The score indicates the
importance of the word in the Technology Demd&pecification.

OFE AGRE EA £ ~
(2) Evaluation of similarity between Technology Demand Specification and Technology Supply
Specification based on vector space model
TF-IDF weight calculation is used together with cosine similarity frequently for judging similarity of
two texts. We assume ODa6 is one of the deman
highdi mensi onal vector [ Dal, Dran2odel, \Bhardin Dab iadicétd3 a n | [
value of the nth keyword in the text. Db of another Technology Demand Specification also can be
expressed into a higiimensional vector Db 1 , Db 2, D b 3 The Distathce Ddtween

high-dimensional vector [Dal, Da2, Dd3,a 4 é Da n ] -dimedsioralivector Dbl, Db2, Db3,
o)

SSSS(s)

Mean value of similarity between technology demand specification Da and all other technology

Db 4 é D bcan be expressed with cosine value V (0&. AA AT[O

demand specifications is caletdd, namely average similarity between technology demand
specification Da and other technology demand specifications.

Averdemand(Da) = $ A+ 6 $A +6 $A+é 631 /In (4

Similarly, we can calculate mean value of word similarity between one technologgndem
specification and all other technology supply specification (Sa, Sb an8r§c

Aversupply(Da)=¢ 3A+ 6 3A+63Aé+6 31 /In (5

Therefore, Da can be regarded as reference for obtaining language difference between technology
demand specificatioand technology supply specification corresponding to Da:

DistDa= Averdemand(Da)Aversupply(Da) (6)

(3) Difference analysis between demand mean value and supply mean value

Similarly, difference of technology demand specification and technologyysapgtification aiming

at each demand can be obtained. The example is shown as Tablel.



Tablel. DifferenceExampleof TechnologyDemandandSupplySpecification

Avergeman{Da) Avergyppy(Da) Distpa=
Demand specification named Average similarity | Average similarity | AvergemanDa)
Da between Da and othg between Da and oth¢- Avers,(Da)

Demand Specificatior] supply Specifications

Join development of High rat
long life, low temperature 0.242038365 0.243118293 -0.085942
lithium ion batteries
Treatment and remediation
oil contaminated soll
Joint development of intellige
tire production line
A sensing temperature cabl
with CTR property and its 0.206493752 0.174601461 0.03676
preparation method
The sludge index and
biological foam of sewage 0.211361591 0.192272915 -0.018268
treatment plant in winter

0.157175822 0.146778247 0.04959

0.196365405 0.18220695 0.0247

3. Findings And Interpretation

(1) Language differences are widespread.

Difference between languages of technology demapecification and technology supply
specification can be discovered through the analysis of the difference between supply and demand.
Annual technology demand specification in 2014 is adopted as data sample here, which includes a
total of 2076 pieces in dens of directions such as electronic information technology, agricultural
technology, biological technology, etc.

Firstly, average difference values Averdemand(Da) of each sample Da corresponding to other
demands are sequenced from small to large in @aoddisplay difference between demand language

and supply language corresponding to technology demand specification more intuitively. The abscissa
is sample of technology demand specification, the ordinate indicates demand difference average value

Averdemad(Da) corresponding to the sample. The following curve graph can be obtained.

Demand Specification
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Fig. 2 Demand Specification

36



Average difference Aversupply(Da) of each sample corresponding to other supply is displayed, and

the following curve is obtained.
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Fig. 3 Demand/Supply Specification
It is obvious that the part between two lines is language difference between technology demand
specification and technology supply specification. The coincidence point of the two line shows that
there is no language difference.
Another expression mode is shown as follows: sample of technology demand specification is adopted
as abscissa, the difference DistDa between difference mean value of each demand and difference mean
value of each supply is regarded as ordinate. Languéfgeedice bar chart of supply and demand can
be obtained as follows Fig.4.

There is nearly no part with zero difference value.

Difference BetweenDemand and Supply
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Fig. 4 Difference between Demand and Supply
(2) Language quality of technology supply is higher than language quality of teghrtd@mand.
When the ordinate is negative, it is obvious that each technology demand specification is more similar
to other technology supply specification in language because the ordinate DistDa= Averdemand(Da)
Aversupply(Da). It is obvious that eackchnology demand specification is more similar to other
technology demand specifications in language when the ordinate is positive.
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Histogram is formulated as follows according to language difference values.

Language Difference Histogram
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Fig.5 Language Difference Histogram
Histogram shows that language difference of demand and supply is mainly distributed in intervals
greater than 0. Scope larger than 0 represents that the average difference among demands is larger than
average difference among supplies.

The Difference between Demand and
Supply Language

Fig. 6 The Difference beteen Demand and Supply Language
Specifically, it is obvious through pie chart that possibility of higher than zero is 89%, the possibility
of being smaller than zero is only 11%. It indicates that difference of demand documents has larger
influence on poocommunication. Demanr8upply document difference value distribution should be
similar to the demandemand document difference value mean distribution when the specification is
described by demand documents. The difference value mean among demand dodsment
characterized by wide distribution and high mean value. It is obvious that substandard description
among demand documents is more common. Namely, term, professional description, etc. of
technology demander on technology demand are lack of effectisemition, and the demand
documents are uneven.
(3) Industry difference analysis of language.
Sources of these differences are further analyzed according to industries in technology demand

speci fication. We select
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language difference of each industry. The average deviation is close to zero, it is obvious that the
language difference between technology demand specification and technology supply specification in
the industry is smédr. Technology supplier and demander can achieve free communication more
easily in the industry, and the communication cost is lower.
6standard deviation6 of
t he
Standard deviation of the industry is smaller, it is obvious that the gap between current sample
biktyl is1kégber,i n t he

exXxpress

Meanwhil e, we sel ect e a

sample, namely the devat i on degree of selected sampl e

di fference and O6ébaverage numeri cal

6average numerical valued can actual con

Table 2. Difference of Technology Demand and Supply in Each Area

Average value of | Standard deviation of
The number of
Area demand and suppl| demand andupply
) . area
difference difference
Urban construction ar) - 41 3454767 0.032442227 5
social development
Electronicequipment) —, 11 6979149 0.029573787 68
andtestinstruments
Nonmetallicmaterial 0.005998518 0.014668379 12
Aerospace echnology 0.017995754 0.007151975 3
Environmental
protectionand 0.012635104 0.031494672 97
resources
Softwareandnetwork 0.009832553 0.031131242 45
Metallic materials 0.018180421 0.03113293 14
Storageandprocessing
of agriculturalsideline 0.030141546 0.067119006 21
products
Agricultural 0.029186051 0.056210391 394
Engineering
Others 0.016289047 0.045096818 56
Lightindustryandfood| ) 3/955184 0.063445136 13
technology
Biotechnology 0.02277263 0.050192781 60
Waterpollution control -0.002705167 0.014010528 26
Advanced 0.019293823 0.035948022 674
manufacturing
Transportation 0.023601252 0.051065346 14
New materials 0.017006188 0.027171127 310
Newenergyandenergy g 41586593 0.023783004 127
saving
New medical 0.018932192 0.032972991 14
instruments
Medical technology 0.014236061 0.024818814 78
Automatization 0.011588493 0.021517488 45
Total 0.019364148 0.039436201 2076
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Fig. 7 Area Language Difference

It can be found from the figure that technology supplier and technology demander have larger
language difference agricultural technology, biotechnology and other industries, and it is more
difficult for them to achieve communication.

Histogram shows thasample difference values are mainly concentrated in the interv@IOR).
Industries in the interval mainly include electronic information technology, new energy, new materials
and advanced manufacturing technology. Suitable technology can be discaeeneted¢hnology
suppliers more easily in the above industries compared with agriculture, biotechnology, etc. Therefore,

the communication cost is relatively low.

4. Conclusions and Suggestions

According to the results, there are lots of language differerateebn technology supply and demand
specifications, which may lead to communication breakdowns and mismatch of the technology
transfer. The reasons behind the differences can be as follows: different education backgrounds and
technical levels of the documiation writers, different technical development level of each industry
and unbalance development of certain industries. We highly recommend those who involve in
technology transfer improve their communication and efficiency in following ways.

(1) Improving the quality of technology demand documentations

Our results show that the technology supply specifications are more standard, professional and
scientific, which are influenced by research training and scientific rules the writers received and
ocaupied. By contract, the technology demand specification writers are from different industries and
have varied education backgrounds, it is very likely that they are short of professional trainings and
unaware of scientific terms. Therefore, we suggest demand specification writers from the
industries to seek help from expertise or related researchers to improve the accuracy of the technical
demands. The government or the technology transfers platforms ought to provide more detailed and
standard demand sgification guide for different industries, especially provide guidance for middle

and smalksized enterprises.
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(2) Attach importance of the industry differences

We found out there are industry differences among technical supply and demand specifitégms.

the industry has high average technical level, and balanced development level, the language
differences between supply and demand specifications are relatively small. And if the industry has low
average technical level and the development level otwls unbalanced, the language differences
between supply and demand specifications are quite large. Significant differences of the
documentations result in breakdowns of communications and mismatch of the technical supplies and
demands.

Take the water plution control and prevention industry for example, our results show this industry
have low level language differences between technical supply and demand specifications. According
to the devel opment report of OChiduatwygther t el li untc
attention the technology innovation. Chinese government emphasizes on-saéngyand emission
reduction in recent years, and the buyers of the industry have higher service and technology
requirements, these two factors ferahe enterprises strengthen the technical research and
development to develop the technical level[8]. As for light industry and food industry, our results
show there are higlevel language differences between technical supply and demand specifications.
And researchers stated that light industry and food industry in China have overall low technology level,
which can be proven by low independent innovation rate of key technology and equipment. These two
industries have small scale and low level of concéatras well [9].

Based on above findings, it is essential to provide specialized help for different industries to enhance
technology transfer. For those industries have significant differences in documentation, improving
communication efficiency can makesignificant change of technology transfer.

(3) Segmenting technology supply and demand in technology transfer platform

To reduce the impact of language difference and industry difference, segmenting the technical supply
and demand is necessary. We thikky words of the documentations are great predictors of
technology transfer, the Internet platform can make itself more users friendly and easy to use by add

segmenting technology supply and demand.
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1. Introduction

In the recent yeas, there hasbeena growing interest in University-Indudry Linkages (UILsS) in both

acadenic literature andpadlicy discairse.As documertedin the Triple Helix literature, universities have
becaneincreasingly entreprenaurial overthelastdecadesin respnseto chargesin governmentpolicies

meantto strergthenthe link betweenacalemia andindustry andto en@urage greaer involvement of
universitiesin techrology transfer (Etzkowitz, 1983,1998; Slaughter andLedlie, 1997). In addtion to

uni versitiesd traditional role as producers of K
universitiesd contribution to econo mihichgaherates!| o p me I
technological spitbvers or technologgommercialization. However, while Ullssetheoretically deamed

to have a postive influerce on the technology commercidli zation performance diectly and indirectly

through knowledge spilbvers, empirical evidence has produced mixed results. Additionally,
overinvolvement in UILs may result in tradefs such as the neglect of academic research or a decline
in the wuniversitiesd contribution to Inlightlofi c sci ¢
this, one key challenge of universities is the need to find a good balance between the dual roles, as
producers of knowledge and as a key playendugry collaborations, which they have increasingly

assumed in the recent years.This highlights the need for a more nuanced understanding of university
ressarche's who engage in UIL, espedily vis-a-vis the nature of their research, to provide a morein-

depth undestandng of the relations between the research orientation of resarchers, UlLs and
techrology commercialization.

Our paper will examine on the link betweenUIL and research orientation of individua researchers,
cortributing a new perspective to studieson UIL propengty. We post two forms of research orientation,

namely the orientation of reserch motivations (motivation-orientation) (ala Nagadka, 2011) and the
orientation of research outcomes (outcame-oriertation) (ala Baba etal., 2009) to be ardlysedin the

pafer.

Comparing thesetwo forms of orientations andhowtheyrelate to UILs providesadeer understanding

on researchers who engage in UIL. Our study therefore serves as an extension of the current empirical

|l iterature on Stokebdés (1997) Quadrant model of
and outcomeorientation. We also focus on the orientation of individual researchers,
while existing studies have mostly used institutions (firms, universitié/®r departmens) as the

unit of amdlysis (Di Gregorio and Shae, 20@; Friedman and 8berman, 2003.

The paperis organized as follows. Section 2 briefly disausses the previous research vis-a-vis reserch
orientation andUIL, paying paticular attention to the thearetical bad<ground- Stokets (1997) Quadrant

Modéd of research motivations.Key reseach questions andrelevanthypothesesare also devel opedand

presented in the sedion. Sedion 3 describesthe data and methodology while the sulsequet section

provides the empirical resuts of our amdysis. Finally, Section 5 condudeswith the implications,

limitations and drectionsfor furtherresearch.

44



2. Theoretical Background & Analytical Framework of paper

2.1 Stokebs (1997) Quadrant Model of Research

Developments and changes in the economy, societal policies and researdhrdegls the years have
raised doubts over Vannevar Bus hdlsin feehmobbgicalg m v i €
innovations first articulated after World War Il (Bush, 1948ve the years, historians and
academidsave challenged and question the a mewor kd6s adequacy and appl
technology policies while others sought ways to improve on the framework by attempting to recognize a
more complex relationship between understandinguse This view was ecloed by Gerald Holton

in his paperonThomasJeffersond @ sionof theLewisandClark Expedition, highlightingtheimportance

for having a categyory of research that adknowledges both the pursuit of fundamental scientific
understandng and lasic researchinspired by consideration of use(Holton, 19%8).

According to Stokes(1997), heterogenaty in research orientation of scientists cannotbeexgdainedfully

by the onedimensioral modelof sdertific resarch initially proposedy Bush. Indead,Stokesargued

that scientists shalld be clasdfied according to a two-dimensioral conceptua plane, where
consideration of use and questfor fundamenrtal sdentific understarding lie in the horizontal andvertica

axes repedively. Accordngly, resarchas may beclasséfiedinto four different categories asdefined by

their variousresearch motivationsi.e. Bohr, Pasteur, Edison andOther (Figure 1). Drivenby thar quest

for fundamenal understandng in scientific thearies, Bohr researchers focuson condicting purebasic

researchwith no corsideration of thepracticdity of use.In cortrast, Edisonresachers are guidedsolely

by apdiedgods and condcts puely applied ressarchwith no interest in furthering their understanding

i n, scientific theories. Khowd gesadhantPasepue &
guadrantthat spans the oundaries of basic and goplied research with researchers who are highly

motivated byboth scéntific and applied objectives. The last quadant features research that is not

inspred by the needfor fundanenta scientific understanding or advancingtechndogical know-how,

typically identified as the Othes-quadant. (Stokes, 1997) More importantly, in the triple heix

framewolk, StokeGs quadrant model holds important implications for both the pdicymakers and

universities. For policymakers, there is a needto ensure thatscience, technology andinnovation pdicies

are directed towards investments in science with problem-sdving capaity. For a research-intensve

university, a critica massof Pasew-quadant resarch is important to susain its role as knowledge

creator while making tamgible emnomic/sodetal contributions. An overemphasis on university-

indudry collaborations on the pat of pdicymakers may drive universities to focusther efforts on

recruiting only Edison type researchers which in the long run, may not be ideal for universities.

2.2 University-Industry Linkages (UILs) and Research Orientation

With the spotlight on UILs in the recent years, a burgeoning number of empirical literatures on the issue
have surfaced with academics trying to understand and establish the link between UlLs and related
topics. For exampl e, Dah factots eindexlying thé \ariewy bf inferadidhy ) I o
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with industry such as institutional and individual characteristics of researchers in the U.K. Others like
Belkhodja and Landry (2007) investigated the determinants of collaboration between natural sciences
and engineering researchers in Canadian universities, government agencies and industry. Many of these
studies have concentrated thefifiorts heavily on studying the diff erent drivers of UILs andidertifying

firm, industry anduniversity spedfic characteristicswhich aid in the formation of UIL. (Anselinetal.,

2000;Aruncd andGeuna,2004;Bruno and Orsenigo, 2003; Cohen et al., 2002) The increasing focus on

UILs has raised concerns among academics who questioned the possible consequencesfiadtrade

uni ver s tinvolvenerd in blizseand their traditional role as generators of public knowledge. A
growing number of publications have focused their studies on this aspect, with some arguing-that over
emphasizing the importance of UlLs mayunderraei r esear cher sé intellectual
research agendas and the manner in which research results are used or made public (Louis et al., 2001;
Nelson, 2004). In fact, existing literature have shown that UILs are found to have an impactenrst i st s 6
research agendas as they become more likely to engage in comorézoigld research topics
(Blumenthal et al, 1996). This has sparked debates questioning government policies aimed at

encouraging UILs and the universities increasinglytra¢émole in the economic development of

t he nati on. As put forth by Powell et al i n
patents and potential | icenses, and not enough t
R&D pantryo6o (Powell et al , 2007: 140) .

However, certain areas of researchasgs the topic remains unexplored. While the extant literature
has loked at the factors which may influence UIL propersity in individuals, the question of reseach
orientation hasnot been adressed.In fact, there is little empirical work examining reserch oriertation
of resarchasasdefined by Stdkeds Quadrant modeldiscusedearli er. The few exceptions are studiesby
Nagadka etd (2011), Baba et al (2009) andShichijo eta (2013) that employed the use of the Stokeds
quadantto study university reseachin different contexts. Sudiesby Nagadka et al (2011) examinedthe
research motivationsbehind projects corducted by Japanese versus American reseachers andidentified
a higher share of Pasteur quadrant among American projects. Adopting an outcome-basedapproach,
Baba etal (2009) studied the impact of reseach orientation of collaborative partner universities on
R&D productivity of Japaresefirms andfoundthat research orientation do make a diff erenceon R&D
productivity. A later study by Shichjo et a (2013) futher examined the link between research
orientation andscientific performance ofresearchers, discovering that Pasteur and Edison-type were
foundto publish more paperghan traditional scientists (Bohr and Others). However, these studieshave
not exdicitly addessd the link betweenresearch aientation andUIL outcames.

2.3 Constructs for Research Orientation

In our paper, we have referred to the stoflyesearch orientation of researchers efindd by the
Stokeds quadrant model of research motivations.
two different constructs, one from the perspective of research motivations as posited ankhefw

Nagaoka et al (2011) and another from the perspective of research outcomes, as put forth in the paper by
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Baba et al (2009).

Focused on the perspective of research motivatio
address theresearchers mot i vati ons behind i ntiitngtStnagk s edd fc
of the quadrant model, researchers were asked through a -bas&y approach to evaluate the
importance of two research motivations as represented in the vertical amhtabiéxis of the quadrant

model: (1) pursuit of fundamental principles/understandings and (2) seipeufic issues in real life.

This provided an insight into the relative influence of each research motivation and in particular, is
reflective of the re e ar ¢ h gepatéd researchf motivations. For Nagaoka, responses from the
guestion allowed for a clearer understanding of the importance of each quadrant in each scientific field
examined and findings from his paper which demonstrated that majorihe gfrojects are driven
considerably by both motivations, serves as fur
two-dimensional conceptual plane in analysing research orientation.

Whil e Nagaokabds approach contciewmatriad pager ad@esteehes st L
an alternative perspective on the study of research orientayicemployinga performancdased

measure.

Using scientometrics, Baba et al (2009) studied the impact of research orientation on the scientific
performance of esear cher s. I ndicators employed differec
paper concentrating on the resear cibadonss fbrwarde sear c
citations and number of pateapplicatiors as measures for the classificatafhresearchers intthe

Quadrant model. Drawing from previous literature and inferences on the nature of each quadrant as
defined by Stoke, Baba et al. (2009) propwsed th
be represented by scientifinfluence in tle form of publication citations (proxy for quekir

fundamental understanding) and involvement in commereaignted activity in the form of patenting

(proxy for consideration of use). To illustrate this framework, Edigpe are descrén
entrepreneuriabriented scientists who engaged in applied research. They are less likely to be concerned

with improving their standing within the scientific community. Instead, they are likely to be more

willing to publish papers as a form of dissentiimg knowledge to society, with no regards for the degree

of influence the journals have on the scientific community. As such, one will expect Eypsoto be
characterized by a low number of highly cited papers. On the other hand,-Bglisare likelyto be

associated with a large number of patents as well given their inclination towards applied research and

wi t h patents commonly taken to be an indicatic
commercial activities. Correspondingly, Pastéype are likely to publish influential papers with high

citations and at the same time be active in commercial activities by producing patents. Relating the
above inferences to the respective quadrants in
their quadrant affiliation based on their research outcomes as measured by publication citations and
patent applications. (Baba et al, 2009) With completely different methodologies employed in Nagaoka

et al (2011) and Baba et al (2009), we would expettstiiaying research orientation through the two
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perspectives wil/ l'i kely result in differing ye
approach of studying research orientation through-rseifpor t e d research mot i
performancebased measure may thus provide a more accurate reflection of the relationship between

UIL and research orientation in the following paper.

2.4 Research question and Testable Hypotheses

Giventhelack of existing empirical literatureonthetopic, this paperattemptsto begin filling this gapby
applying Stokeds model for the characterization
investigate the link between research orientation and UILs.

In summary, the paper puts forth the followingemrching research question: Is there a
relationship between the research orientation of
the Universitylndustry linkages fostered by researchers themselves? Is this relationship dependent on
the waythat orientation is measurgavhether motivation or outcome-based? Figure 2 provides a
framework of the regarch questionsto be addressedin the paper. Following our ressarch question, this

givesus our main and subhypothese:

Hypothess 1: Thereis an as®ciation betweenthe reserch oriertation of individuds andthe extent of

their UILs.

Hypothess 1a: The assaiation betweenreseach orientation andextent of UILs will be different for

outcome orientation versus motivatieorientation.

Takingintoconsi deration the differences in research o
and direction of researchersé scientific perform
type r esear c hiaspirdreséancie, weswlhl@expecutlsem to have a greater incentive to
engage in industrelated research activities. Hence, this leads us to our nextyqidthesis:

Hypothess 1b: Pagteur and Edisan-type ressarchers will have a higher number of UILs compared to
resarcheasin the BohrandOthers quadrant.

Moreover, while empirical literature on the topic of UlLs hasbeenincreasng, a substantiad portion of

ealier studies have concentrated on spedfic forms of UILs suchas patenting andlicensing only. As

pointedout by severa authors,UILs encanpasesa muchlarger range of activities which have not been
givensuficientattention in ealierresearch (AgrawalandHenderson, 2002; Mowery andSampa, 2006).

In fact, studies carried out by Schatinger et al (2001) andRoesger (1993) revededthat in comparison

to other forms of UILs, paerting and licersing makes up for only a small percertage of industry
collaborations.

Recanizing this, our paper studies university-indudry linkages in multiple forms. Importartly, we

consder both techrology-basedJlLs suchaspaents andreseach-basedJlLs suchasco-publications

andresexrch cadlaborationswith industry. Consequatly, we arrive a the following hypothess:

Hypothesis 2a: There is an as®ciation between the resarch orientation of individuals and their

propensity to ergage in technolagy-based ULs.

Hypothess 2b: There is an assaiation between the reseach oriertation of individuals and their
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propensity to ergage in research-based ULs.

Similarly, we would expect researchers to have differentdegreesof engagementwith the multiple forms
of UILs. Forexample, Bohr-typewill likely have thelowest propersity for technology-basedJIL given
their inclination towards pursut of fundamertal understanding of sciertific theories. Likewise, we
would expet Pesteur-type reseachas to erngage in both reserch and tednology-based UlLs
comparedto Edisontypewho are morelikely to be focused ontechndogy-basedJILs only. Hence we
hypothesize thet:

Hypothesis 2c: Pasteur-type researchers will have propensity to engage in both resarch-basedand
technology-based ULs.

Hypothesis 2d: Edisontype resarchers will have postive propersity to engage in techrology-based
UILs, butpropersity for research-basedJIL is insignificant.

3. Data andMethodology

In this pager, we useddata on asample of 121 resarches belonging to avariety of differentdisdplines

from the National University of Singapae (NUS) and examined the link between research orientation,

as

measured by St olarddis. Researdherainctudedio auesbmple have worked with
the industry liaison office (ILO) in NUS for invention disclosures, patents and research collaborations.
Data on motivatiororientation was collectethrough an online survey carried out fromprik to July
2014. Additional i nformation on the researcher s
and industryresearch collaboration agreanent (RCA) was similarly obtained from theonlinesurvey.
Researchersh patent data was compiled from the databaseprovided by Pasnap Techrologies while
addtionalinformation required for outcome-oriertation suchasthe number of pulicationsandcitation
courts were derived from the bibliographic daabese Scopus. Data on university-indudry
co-publications (UICP), spin-offs andtechnology licensing wascadllectedfrom online databese,Web of
Sdence andthe NUS techwlogy trarsfer office.

In our paper we utilize linearregression modds with UIL andtechnology-basedJIL asthe deperdent
variables and, motivation-orientation and outcome-oriertation of researchers as the independent
variabes while controlling for the reseacher sbédgrounds,quartity and qudity of their reserch.
Binary logistic regression model was employed to anayse the research-basedUIL as the third
depement variable in asimilar manrer.

The following modds ae estimatedin the paper:

a) University-industry linkages, UIL overall

= bbb PasteurMotivatio + ,BdisonMotivation + 3BaseurOutcome + bs EdisorOutcome

+ b (control variables) +

b) Technologybased University Industry Collaborations, UIL tech

= (P b PasteurMotivation + ,BdisonMotivation + 3PageurOutcame + b4 EdisonrOutcome
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+ [ (control variables) +

¢) Reseach-basedUniversty Industry Collaborations, UIL res

= b 1BasteurMotivation + ,BdisonMotivation + 3 BaseurOutcame + by EdisorOutcame
+ [ (control variables) +

Themeasuesfor each of the variablesin themodelare desribed kelow.

3.1 Dependent Variables

The deperdent variade in our paper was constructed to reflect the variety of UIL preseit between
university andindustry. Threemeasuesof UIL were uilizedin our paper.

Firstly, UILs were evaluated as a whole to study the link beween outcome-orientation, motivation-
orientation andUILs fostered by reserchers. In consderation of the variousforms of UILs includedin
the paper, UIL oveat Wasassignedscoresfrom zero to six to fully capurethe swpeof UILs. Aslongas
theresearcher hasat leastoneinvertion disclosure, they were assignedascoreof one. A maximum score
of six may be obtainedif theresearcherhas at least onein eachcategory of UILs (invertion disclosures,
paents, techrology licensing, san-offs, UICP andindustry RCA) considered inthe pagr.

Thesecad dependent varialde is the techrology-basedJILs (UIL tech). AS opposedo examining UILs
in generd, studying techrology-basedUILs provides an insight into the relation between research
orientation and amore gecific group of UILs. Techntogy-basedUILs wasobtdaned bycourting the
total number of invertion discloaures, patents, techology licensing and spin-offs of each individual

resarche. Total numberof paents, techrology licensingand spin-offs were counted s@arately aswell

to reflect a more speific subsetof techndogy-basedUILs in the paper. More importantly, as paent

data was usedin both the independent variable to classfy reseachers according to ther resarch

outcomes and inthe deperdent variabe as pat of the technology-basedUILs, the total number of

techhology licensing andspn-offs only were countedand ardlyzed asan addtional dependent variakde
to test the robustness and improve the explanatory power of the modd.

Thethird dependent variable is theresearch-basedJILs (UIL (). Thiscondsts of the university indugry

co-publications (UICPs) andindustry research collaboration agreements (RCAs). Dueto limitations of
the daa and the differing natures of the UILs (UILP and indudry RCA), reserch-basedUIL was
represented in binary form astwo sepaate depementvariabes. Aslong astheressarchers have atleast

one UICP, theywere given ascore of one orzero ahewise. Similar method was utilized for industry

RCA.

3.2 Independent Variables

For comparison purposes, we drewthe methodologies adopted in the papers of Nagaoka et al (2011)
and Baba et al (2009) for the <c¢l assiantmode Twoon of
different forms of research orientation, namely the motivatidentation and outecoe-orientationwere

included as independent variables in the regression.

Following Nagaoka et al (2011), motivationientation is measured by the degree of relative

importance researchers place on the two research motivations: pursuit of fundamenigkegtrinc
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understanding and solving specific issues in a real world context. Researchers who place the greatest
and equal importance

in both research motivations are assigned to the

researcherswhpl aced t he greatest importance in fAsol vin
whil e the Bohroés quadrant consists of researche
understandingo is very i mpor thacategorie§adneqoeedwider d o n
the AOthers quadranto. Table 1 illustrates the d

Outcomeorientation is guided by the methodology of Baba et al (2009) where the classification of
researchers is characterizedbyredseama s & track record in publication
researchers were allocated into the Stokeds guac
applications and the average citations (number of citation counts divided by rnuofbe
publications) of researchers. The median of each variable was chosen as the reference line in this paper

as results from skewness and Shafifitk test reflected that the distribution of patent applications and

average citations are not proper totlteated as normal distribution (5% level). Researchers with above
average number of patent applications and av
guadrant. Edisotype researchers are associated with above average number of pplieatiaps

and below average, average citations while Bgpe had above average, average citations and below
average patent applications. Table 2 illustrates the distributionrgtmple accordingly.

3.3 Control Variables

Previous reseach have examined the relation between UIL and acadenic research, investigating the
relation between UILs more commonly in theform of paenting adivities, and reseacher sq@entity and
qudity of publication performance.In fact, studies have suggesteda subditution effect exists between
paents and publi cationsaspatenting activities are known to influencethe quality of publicationslike in
thecase of the biotechfield. (Murray andStern, 2007) With the existing literature havingegalishedthe
assaiation betweenUILs andpublication quantity (Calderini and Frarzoni 2004; Brehi, Lissonietal,
2008;Falrizio andDi Minin 2008), measiresof research quantity andqudity were includedascontrol
variablesin the regression. Our measue of reseach quariity was represerted by the total number of
pubications of each researcher while research quality was derived from the average citations of
resarches.

Othercontrol variablesrelatingto theresearchersbbadkgroundsuchasgendet(Mae =1; Female=0), age,
depatmentof researcher, numberof yearsof R&D experenceprior to joining NUS andasa NUS staff

andthe numberof years of indudrial experiencewere includedin theregression arelysis as wel.

4. Results

Amongthe121resarchesin thesample,82%of repponderis are male. Assaiate professorsformedthe
largest groupof regpondents at 36 4%, followedby assistant professars (18 2%) andprofessors (16 5%).

Responéntshave anaverage 9.44yearsof R&D experenceand2.3yearsof indugria experienceprior
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to joining NUS andrepresent a rarge of faaulties, including Engineering(35%) and Medicine (21%).
Desgiptive statistics of al variables are shownin Table 3. Additionally, Table 4 showsthe bivariate
Peason correlationsfor all variablesusedin theregression analysis. Thecorrelaton codficierts suggest

that there is no multicdlineaity among the prenttors and caotrol variades. This is canfirmed by
cdlineaity diagnodics in al regression equations, with maximum Variance Inflaton Factor (VIF)
valueswell behold thethreshold level of 10 (Powers andMcDougall, 2005) for al variales.

Uponclose examination, differenas in the classification of resarche's were clearly evidentin the two
appoaches employedin the pape. The shadedareain Table 5 showsthe degree of overlap between
outcome and motivatiearientation. While approximately 50% of researchers claimed to be Rasteur
motivated, percentage of Pastewtcome was much lower (30%). Out of 61 researchers who are
Pasteur based omotivations, only 16 are also Pasteur based on outcomes. Instead, majority of
researchers who

claimed to be Pasteurinselfe por t ed moti vati ons, ar-erietatioa.s si fi ed
Similarly, the degree of overlap was noted to be ratheH $onéEdison and Bohtype. Out of the 25
who are classified as Edison according to their motivations, only 9 are also Edison based on outcomes.
More interestingly, we find that majority of reseachers who are motivated to be Bohr have Pasgeur
outcomeswhile thase with Bohr outcomesare motivatedto be Pastur instead.In sum, theabove clearly
highlights agap in resarches 8df-repated motivations and their peformancein publications and
paterting.

Additionaly, the bivariate correlation between the two independent variables, motivation-orientation

and outcme-orienation used in the regression analysis was computed. Resut show that the
correation codficient wasfound to be rather low (0.077). At a 5% significance level, there was no
statistically significant correlation beweenthese two independent variables (p=0.399). This confirms

that there is little overlap between orientation classification using motivationsand autcomes.

Prdiminary analsis from comparing the means oftechrology-basedUILs and research aientation
suggeststhat Pageur-type researchers were found to have above average andamongthe highestnumber

of tecmology-basedUILs. (Table 6) However, orientation classifi cation appears to have an impacton

the resilts espeidly in the caseof Edison-typereseachas. While Edison-outcome hasabore sample
average number of tecmology-basedUILs, this was not entirely the case for Edison-motivation.
Differencesin the meanfor techndogy licensngandinvertiondisdosueswere espeidly prominentin

the outcome-oriertation as well. While Pasteur and Edison-type have a mean number of 9 and 6.6
techology licenses, the meanwasmuchlower for Bohr-type (1.06).

Table 7 provides details on the crosstabuation of ressarch orientation with resarch-basedUILs.
Findings are samewhatsimilar to tecmology-basedJIL. Paseu-typeresarchers are notedto have the
highestpercentage of industry RCA and UICP (outcome-oriertation only) among reseachers (UICP-
outcane=90% RCA-outcane=55.86, RCA-motivation=57 4%) In comparison, motivation-orientation
identified Edisontypewith thehighest percentage of UICP (40%). It is alsoworth notingthat contrary to
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expectations, over 50% of ressarchasin the Others quadant have atleast 1 indugry RCA in outcome-
orientation, making it thesecondargestgroupwith indugry RCA after the Pasteur-type.

Regresson reallts for overall UIL (Model 1) andtechnolagy-basedUIL are shown in Table 8. Table
9 providesthe reallts for the binary logigtic regression modds of reserch-basedJIL for UICP (model
1) andindustry RCA (model 2). In the pgper, researchers in the 8Bohrd and dthersd quadrants were
takento bethe reference groupin the regression ardysis.

4.1 Regression results for Overall UIL

Amongthe control variables,only genderwas paositive and significant, indicating a higher number of
UlLs among males canparedto females(b=0.756,p<0.05).

Resluts from our regresson model corfirm our main hypothesis- there is an association between
reseach orientaton and the extent of UILs. In paticular, we find strong evidence from
outcame-orientation while

motivation-orientation providedfair support for the hypothesis. Estimated coeffi cient valuesof Pasteur-
outcane (b= 1.3, p<001) and Edisonoutcane (= 0.924, p<001) were positive and significant,
estblishing the link between outcome-oriertation and UILs. In the case of motivation-orientation,
Pageur-type (b=0.58, p<0.01) wasfound tobe positively and sgnificantly related to UILs.

While outcome-orientation wasfoundto besignificarntly relatedto UILs, we did notfind simil ar support
for motivation-orientation. Hence,this suggeststhat outcame-orientation is a stronger predictor for
UlLsandthus confirms our sub-hypothesis 1ai assaiation betweenreseach orientation and extent of
UIL is differentfor outcome-orientation versusmotivation-oriertation.

In addtion, positive coefficient valuesfor Pasteur and Edison-type imply a highernumber of UlLs as
comparedto thereferencegroup.However, asEdisa-motivation is notsignificantly related to UILs, we
find only partial suppat in our sub-hypothesislb: Paseur and Edison-type resarchers have a higher
numberof UlLs comparedto resarchers in the Bohr andOthers quadrantin outcome-orientation. Only
Pageur-type hare a hghernumberof UILs in motivation-oriertation.

4.2 Regression results for Technologhased UlLs

With regardsto control variables, number of yearsof industrial experience (Model 2: b=0828, p<0.05;
Model 3: b=0519, p<0.05; Model 4: b=0.496, p<0.05) was found to be positively significant while
thouwgh the number of publicationsis foundto be strongly significart, the magritude of the coeficient
wasfairly small in al three modds (Mode 2: b=0076, p<0.QL; Modd 3: b=0.049, p<0.QL; Modéd 4:
b=0.047 p<0.01). An addtional control variade- number of yearsof R&D experence prior to joining
NUS, wasnotedto be positive andwegkly significant in modds 3 and4 aswell. (Modd 3: b=0.2Q1,
p<0.1;Model 4: b=0.190,p<0.1).

Threeforms of techrology-basedUIL dependantariables were included in the regresson analysis in
the pape Exduding invertion disclosures genedly improvesthe goodness of fit, evident from the
results of

model 3 and 4.Adjusted R-squarevalue of model 3 (0.393) was observed to mprove dightly as
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comparedto model2 (0.374) while model4 (0.391) remains farly comparable to model 3.

Overall, we observe thatonly outcome-oriertation was foundto bepostively and significantly relatedto
tecology-basedUILs in all three regresson modds. Estimated coefficient values of outcome-
orientation decreasesbut remain significant at a 1% significancelevel asinvertion disclosure and
increasingly, bothinvertion disclosuesandpateris were excludedin the regression aralysisin modds
3 and4. (Model 2: Pasteurb=10.623 p<001 andEdisonb=10.211,p<0.01; Model 3: Pasteurb=7.352,
p<0.01and Edisonb=7.092, p<0.QL; Mode 4: Pasteur b=5.499,p<0.01landEdison b= 5.285, p<0.01)
Giventhat the results remain largely consistent across thethreemodds, we can condudethat thereaults
for techndogy-based UL appearto be rather robust.

On the other hand, noneof thereailts for motivation-oriertation turn out to be significantly relatedto
techhology-basedUILs. Aligned with the above findings, our hypathesis of an assodation between
research orientation andpropersity to engage in technology-basedJILs wasnot fully supported andwe
condudethat only outcame-orientation hasa relation with technology-based ULSs.

4.3 Regression results for Researehased UlLs

Amongthecortrol variades, only thenumberof pulicaionsof researchers waspostive andsignificant
in model3 (b=0.012, p<0.05). Modd 4 saw a greater numberof control variables that were significantly
related to industry RCA. Both average citations of resarcheas (b=-0.041, p<0.(®) and gradwate
schmlgresearch institutes & othes (b=-1.299, p<0.1) were obsered to be negative and significant
while nunber of years of industrial experience prior to joining NUS was positive though weekly
significant (b=0174, p<0.1).

FromTable 9, resuts from thebinary logistic regressonsfor reseach-basedJIL did not provide much
suppat for our hypothesis 2b- there is an as®ciation beween research orientation and propensity to
ergage in regarch-basedJILs. In paticular, none of the research orientations was bundto be
significantly relatedto UICP. Forindustry RCA, we find that only Pasteur-motivation waspositive and
wedkly significant (b= 0.993, p<0.1). Herce, we condude that only motivation-orientation is weekly
related toresearch-basedUlLs.

4.4 Comparing Regression results for Technologipased and Researchased UILs

Examining the reaults for research andtechrology-basedUILs, we find that we do not have suficient
evidenceto confirm our hypothesis 2c- Pageur-type reseachers have propensity to engage in bath
resarch andtechrology-basedUILs Both motivation and otcome-oriertation are observed to be
correspnding differertly: Pageur-motivation is assodated with UIL reseacn  While Pasteur-outcame
is assoiated with UIL cn instead. However, it is imperative to note that degite using diff erent
constructs for reseach orientaton, Pasteur-type are idertified to have a relation with either research or
techrology- basedJILs in eachorientation. Hence,we arguethatthis finding doesprovide same degree
of support thowgh rather weakly, for hypothess 2c andtherefore, we are unale to rgect the hypothesis
completely. Noneghedess, our findings do point to Pasteur-motivated researchers having greder

propensity for resarch-basedUIL (industry RCA) compared to others. At the very leadt, this clearly
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distinguishesthe Pageur-typefromthe Hlison-typeresarchers.

Secomlly, reailts from Tables 8 and 9 confirm our hypothesis 2d- Edisontype reseachers have
positive propasity to engage in technolagy-basedUILs but propersity for reserch-basedUIL is
insignificart. In paticular, we find strong evidence from outcame-orientation, with positive and
significant resuts for technology-based UL while results for research-basedJIL were notsignificart.

5. Discussion

This paper contributes to the current empirical literature on Stake Quadant Model of research
motivation by studying therelations between research orientation of resarchers, UICs andtechrology
commercialization. We address particularly therelation between research orientations, by posting two
forms of research orientation- motivation-basedandoutcome-basedasmeasued by theStdkeGsquadrant,
andits relation to UILs. We suggestthat reseach orientation does have a relation with UlLs and

paticularly, different congructs of orientation will have different association with the extent of UILs.

Reslts attained provide interesting findings for our exploratory study on research orientation and UILs.
A key empirical finding from our analysis is that research orientation of researchers, as measured by the
Stokeds quadrant, does have ar the effeets df esearchegdi t h

badground, quality and quariity of research pulications. More importartly, we discovered that
conceptuali zing research orientation diff erently alters the assodation betweenreserch orientation and
UlLs. While outcome-oriertation is positively and significantly related to techrology-basedUILs,
motivation-oriertation corresporledto research-based UILs instead.This suggeds that the relationship
between research orientation andUILs appeatto be depementon the constructs of research orientation
andforms of UILs considred.Our reallts furtherprovide preliminary eviderce thatPasteur and Edison-
type researchers are found to have a higher number of UlLs as compared to Bohr and Others-type
espeialy in thecase of outcome-oriertation.

These fidings hold importantimplications for corceptual, methoddogical andpolicy-making reasons
for universities andpolicy-makers. In terms of conceptual advancenert, this pgper is arigina as it
proposes a nevperspective on UILs which has notbeenexplicitly addessedin ealier literature. Unlike
ealier gudies which have concentrated their ardlysis on patenting and spinoffs (Jersen et a., 2003;
Link eta., 2003),this papr makesa cortribution by attemptingto fill the gapsin the understanding of
UILs through incorporating UILs in multiple forms. In this instance, this methoddogy proved to be
bereficia as the papebenefits from being abe to study therelations between research orientation and
multiple forms of UILs andin turn, discovers different asscciations between different constructs of
resexrch orientation and UILs. Moreover, as discussedealier, few studies have examined the topic of
UILs through the pespective of individual reseachers (Bercovitz and Feldman, 2003; Agrawal and
Hendeason, 2002, with most focusing on examining UILs throwgh the perspective of collaborating
firms or universities. In their 2003 paper, Friedman and Silberman studied the factors influencing
techrology transgr output across

U.S reseaxrch univerdties, taking universitiesasthe unit of aralysis. As such, this paper servesasan
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extension of current literature which focuses on the orientation of individual researchers.

For universities and poliegnakers, findings from the paper shed furthght on the universities
increasingly central role in the economic development of countries. The rise of academic
entrepreneurship in recent years has raised cor
necessitated the

adjustment of policiestreicture and resource allocation to accommodate both the original roles and the

new mission of universities (Shane, 2004b; Powers and McDougall, 2005). Recognizing this, our paper
stresses the importance for a more nuanced understanding of universityheseaho engage in UIC

especially vis-a-vis the nature of their reseach. Undestanding these relatons between research

orientation andforms of UILs are important as this may aid in bringing aboutmore eff ective chargesor

improvemerts in university policies, organization pradices and public policies that encarrage greaer
involvementin UILs.

By applying the Stokebés quadrant model , finding
important forresearckintensive university to have a critical mass of Pastyje researchers tustain

the universities6é role as knowledge creator whil
Findings from our paper demonstrated that both Pastdaomeand Edisoroutcome are found to have

a higher number of UlLs as compared to Bohr and Offypes In fact, our study suggests that
Pasteuitype are found to have a stronger association with UILs as they are observed to be positively and
significantly relaéd to UILs in both motivation and outcorodentation. Our results further suggest

that to engage in researbhsed UILs, Pastetype researchers are essential for reseiatemsive

universities as only Pastetype are found to be positive and signifitg related to industry RCA. For
universities who are increasingly involved in research commercialization, this implies that having a fair
share of Pastetype will be much more ideal. Taking into consideration that the research orientations

of Pasteutype are increasingly aligned with the interests of the universities in recent years, this will

allow universities to strike a good balance between their dual roles without having to contend with
unwanted tradeffs in their

original role of knowledge r eat i on. On t hi s basi gnvolvenemin®lksns wi t
will be less disconcerting as well, granted if universities are focusing their efforts on recruiting the right
type of researchers accor di nhghetase far poicyngkersy Gue 6 s q U
results suggest that i n additi on toblabopatioosmitht i ng p
industries, there is also a need to ensure thatithesrsties are directingheir effortsandresources

towards theight type of researchers as discussed above.

5.1 Limitations and Further Research

One limitation which could be addressedwith further reseach is dueto the way in which UILs are

measured in our study, our paper does not allow us to evaluate the relation between research orientation
and the i mpact of UlLs. I n particular, while Sto

Pasteuttype have a greater number of highpact UILs compared to Edisdype, we have not been
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able to establish this distinction between Pasteur and Edison in our paper.

Another area for further research which was surfaced by our findings is the gap between motivation
orientation anadutcomeorientation of researcherself reported motivations do not correspond to the
researcherso6 performance in publications and pai
timing where researchers are still in the early stages of theiercand thus have not yet been able to

fully demonstrate their motivations. Likewise, this nieettributedto bariers faced by resarchers as

well whichin turn, may be an mtriguing topic for future research.

Otherpossibilitiesof future research would beto extend thearalysisto includeagreaer variety of UILs

for a more comprehensrse analsis of the reation betweenresearch oriertation and multiple forms of

UlILs.
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Figurel: Stoked Quadrant model of Scientific Research
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Figure2: Framework for Reseach Quedion & TestableHypothesis
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Tablel: Mativation-Orientaion: Classification of Reseachersin the Stokeds Quadrantmocde
Importarce of research motivations:

Solving specific issuesn arealworld

Pursut of fundamental Veryimpartant
principles/understanding

Not soimportant Veryimpartant

Bohr-type Pasteur-type

22 Reseachers (18%) 61 Reseachers (50%)
Not soimportant Otha's Edison-type

13 Reseachers (11%) 25 Reseachers (21%)

*Importarce of reseach motivations rated on 5-point scale where 5 = Very Importantand All other

values = Not so important
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Table 2: Outcom®rientationCl assi fi cati on of

Researcher so

track

record

i n

Researchers in

publicati

Numberof PatentApplicationsperresearcher

Lessthanmedian Morethan/eqa to median
Average Citations peIM ore than or Bohr-type Pasteur-type
researcher equd to median 18 Reseachers (15%) 36 Reseachers (30%)
Lessthan median  |Othea's Edison-type
41 Reseachers (34%) 26 Reseachers (229)

*Median number of patentapplications per researcher =2  Median number of average citations per

researcher = 15

"Medianwas chasen as rderence line as distribution of patentapplications and average citations are not
proper to be treated as normal distribution (5% level)

Table3: Profile of Reseachers

Sample profile
No. of researchers | 121
By Gender
Male 82%
Femde 18%
By Designation
Asscciate professors 36.4%
Assistant professors 182%
Professors 16.5%
By Faaulties/ Schods
Enadineaina 35%
Medicine 21%
Research institutesand Graduate schods 21.5%
Science 15%
Others 6.5%
Summary statistics
n Mean StdDewvation Min Max
Age 121 41.46 5.46 25 46
Number of yeas of R&D 121 | 944 7.95 0 45
experience prior to joining NUS
Number of yeas of R&D
experience as NUS stff 121 101 7.03 0 30
Number of yeas of industrial 121 2.30 371 0 20
experience prior to joining NUS
Number of puHicaions 121 56.74 88.49 0 508
Average number of citations 108 17.38 1556 0 88.35
Number of patentapplicaions 121 534 9.53 0 73
Tecndoav-based UIL 121 9.27 1454 0 137
Number of Invention disclosures 121 3 507 0 50
Number of patents 121 1.45 212 0 10
Number of techndoav licensina 121 4.79 8.18 0 80
Number of Spinoffs 121 0.02 0.20 0 2
Number of UILP 121 1.67 476 0 33
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Table4: Correlation Matrix

Grad Schools/

R&D R&D Industial
Eiag?ﬁ;égg Facuty of iﬁgitutg/ experience | experience ay  experience pugi%&c?fons Average | Paseur- Edison- Pasteur- Edison-
Age Gender Medicine Others | PriortoNUS | NUS stdf | prior to NUS Citations | Motivated | Motivated Outcome Outcome
Age 1
Gender 0.107 1
Faculty of 0043 | 0254 1
Engine&ing
Facuty of " N .
Medicine 0.159 -0.262 0.391 1
Grad Schools/
Research
Institutes/ Others -0.114 0.104 -0.456** -0.33%** 1
R&D
experience pior
to NUS 0.369** 0.222* 0.057 0.031 0.00 1
R&D
experienceas ok ) ) ) )
NUS staf 0.53 0.058 0.005 0.069 0.156 0.121 1
Industial
expaience jlori - 06+ | 0.214* 0.262+* 0152 0.028 0.227* -0010 1
to NUS
N.O' O.f 0.343** 0.115 0.211 -0.057 -0.187* -0.032 0.526** 0.144 1
Publicaions
é."e'.age 0210* | -0141 -0.140 0.153 0130 0010 0.240* 0185 0.167 1
itations
Paseur- 0.024 003 0.168 0104 -0.042 0.065 -0.045 0.262+* -0033 0.077 1
Motivated
Edison- 005 0024 0.014 0.168 002 0.052 -0.144 -0.145 -0.103 -0.066 0515+ 1
Motivated
gaswr- 0.274** -0.115 0.057 -0.045 -0125 -0013 0.478** -0.077 0.391** 0.430** -0.078 -0.064 1
utcome
OEL?tI;)Or?{e -0.019 0.090 0.126 -0.039 -0.014 -0.09% -0.082 -0.04 -00%4 -0.33HB** -0.045 0.180* -0.340** 1
N=121

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed
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Table5: Degeeof overlap in the classification of reseaches according toreseach aientation

Motivation-orientation
Pasteur Edison Bohr Others S
Pasteur 16 6 10 4 36
Edison 12 9 2 3 26
- ; Bohr 10 4 3 1 18
Outoome-orientation Other >3 6 7 5 1
Tota 61 25 22 13 121
Table6: Comparing the Meansof Motivation/Outcome- orientation andTech-basedUILs
Mean of TechbasedUILs
Invention
disclosures Patents Tedrlicensing| Spin-offs
— 3.38 1.69 53 0.05
Pasteur (N=61) (6:69) (2.47) (1081) (0.284)
. _ 3.12 112 4.76 0.00
Edison (N=25) (277 (1.56) (4.00) (0.00)
o o _ 2.27 1.36 4.27 0.00
Motivation- orientation | B0 (N=22) (2 00 (176 (405) (000
_ 2.23 1.15 3.38 0.00
ers(N=13) (3.00) (1.91) (4.37) (0.00)
Invention
disclosures Patents Tedrlicensing| Spin-offs
_ 5.08 2.39 9.06 0.06
SEREI SR (8.16) (2.50) (12.91) (0.33)
. _ 4.42 2.42 6.62 0.04
eI =25 (3.00) (2.52) (4.92) (0.20)
_ 0.72 0.33 1.06 0.00
Outwme-orientation | BONr (N=18) (0.83) (0.77) (0.94) (0.00)
_ 1.27 0.51 1.54 0.00
BLEEG (157) (0.98) (1.90) (0.00)
_ 3.00 1.45 4.79 0.02
ete s Eei=R (5.07) (2.12) (8.18) (0.203)
* Standard Dewviation in parenthesis
Table7: Cross-tahulation of Motivation/Outcome- orientation and Research-basedJILs
% with Research-basedUIL
UICP Industry RCA
Pasteur (N=61) 34.4 57.4
Edison (N=25) 40 52
Motivati _ _ Bohr (N=22) 318 36.4
otivation-orientation
Others (N=13) 30.8 385
UICP Industry RCA
Pasteur (N=36) 50 55.6
Edison (N=26) 385 46.2
o Bohr (N=18) 333 389
Outoome-orientation
Others (N=41) 19.5 537
Total sample (N=121) 34.7 504
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Table8: EstimatedLinear Regessonsfor Overall UlLs andTecmology-basedUILs

_ Moded 2 (DV= | Model 3(DV= | Modd 4 (DV=
Model 1 (DV= UL overall) UL Tech1) | UILTech2) | UIL Tech3)
Cortrol Variables:
Constant 1.548 11.869 6.166 7.927
Ade -0.005 -0.503 -0.295 -0.336
9 (0.034) (0.3620) (0.236) (0.202)
0.756** 1.337 0.696 -0.2
Gender (0.342) (3.604) (2.355) (2017
N 0.33 -1.194 -0.605 -0.653
Faailty of Engineering (0.369) (3.887) (2.54) (2.176)
Faaulty of Medicine 0.236 -1.368 -0.964 -0.301
(0.364) (3.83) (2.503) (2144)
Graduate Shools/Reseach Institutes -401 -4.080 -2.768 -1.437
& Others (0.362) (3.815) (2.493) (2.135)
Number of yeas of R&D experierce 0.001 0.278 0.201* 0.190*
prior to joining NUS (0.017) (0.18) (0.117) (0.101)
Number of yeas of R&D experierce 0.004 -0.017 0.009 0.040
as NUS seff (0.024) (0.251) (0.164) (0.140)
Number of yeas of industrial -0.026 0.828** 0.519** 0.496**
experience prior to joining NUS (0.035) (0.367) (0.240) (0.206)
Number of Publicaions ( Vdume of 0.002 0.076** * 0.04 9+ * 0.04 7+ *
research) (0.002) (0.016) (0.010) (0.009)
Average Citations -0.013 0.065 0.049 0.045
« (0.009) (0.091) (0.059) (0.051)
Predctors:
Pasteur-motivation 0.786*** 4.604 2.903 2.385
. L 0.443 4.259 2417 2.746
Edison-motivation (0.340) (3.586) (2.343) (2.007)
PasieUr-oUtCome 1.369*** 10.623*** 7.352%** 5.499+* *
(0.310) (3.264) (2.133) (1.827)
Edison-outcome 0.924** 10.211*** 7.092x** 5.285%* *
(0.314) (3.307) (2.161) (1.851)
Adijusted R2 0.308 0.374 0.393 0.391
F-value 4.398** 5.57*** 5.944* * 5.907** *
N 121 121 121 121
*Significant at 10% level ** Significant at 5% level *** Significant at 1% level Stardard errorsin
bradets
Where:

UIL techl = Invention discloures+ Patents+ Technology Licendgng + Spin-offs UIL tech2 = Patents +

Tednology Licensing+ Spin-offs UIL tech3 = Technology Licensing + Spin-offs
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Table9: EstimateBinary Logstic Regressons for Reseach-basedUIL (UICP & Industry RCA)

Model 1 (DV= UICP)

Model 2
(DV=Indugry RCA)

Control Variables:

0.478 2.12
Constant
(2.522) (2.568)
Age -0.039 -0.37
Gender -0.586 -0.223
Faaulty of Engineeing 0.428 -0.114
Faaulty of Medicine 0.080 -0.198
Graduate Shools/Reseach Institutes& Others -0.552 -1.299*
Number of yeas of R& D experience prior to joining NUS 0.037 -0.028
Number of yeas of R&D experierce as NUS sHff -0.010 -0.003
Number of yeas of industrial experience prior to joining NUS | 0.003 0.174*
Number of Publicaions ( Vdume of research) 0.012* 0.004
Average Citations -0.026 -0.041**
Predctors:
— 0.265 0.993*
Pasteur-motivation
(0.598) (0.573)
Edison-motivation 0.518 0.999
Pasteur-outcome 0.726 0.319
. 0.218 -1.012
Edison-outcome
(0.629) (0.628)
Nagelkerke R Square 0.254 0.275
Chi-square value 22.361* 24.835**
N 121 121

*Significant at 10% level ** Significant at 5% level *** Significant at 1% level

Stardard errorsin bradkets
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ABSTRACT Universities perform an important role in the production, diffusion, and deployment of
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to the technological area businesses; training of qualified personnel; scientific geexib of new
techniques and instruments, fostering the creation of-afficompanies. Some issues on the
relationship between universities and companies were widely discussed by Kaufmann and Tddtling
(2001), Stokes (1997), Meyer (2003), Baldini (2011)ediman and Silberman (2003), Leydesdorff
(2004), Leydesdorff and Meyer (2003, 2007), Tornatzky, Waugaman and Gray (2002), Azoulay, Ding
and Stuart (2005). In the same line of thought, Etzowitz and Leydesdorf (1995) developed an approach
called "Triple Helk Model", which is based on the understanding that the university acts as an
inducer of relations with the productive sector and the Government which acts as regulator and
promoter of economic activity. In this model, the university is framed as an ameepy and in
addition, provides an interrelated set of propositions, namely: Capitalization, Interdependence,
Independence, Hybridization and Reflexivity (Etzkowitz, 2004). In this sense, changes in the academy
were observed since the late seventeenttuognwhen the first revolution added the activities of
research to the educational activity, which has been growing since then. In the second half of the
twentieth century, there was a second revolution headed by U.S. universities such as MIT and Harvard,
where the university missiorisa contemplates the vector of economic and social development. The
international conjuncture of this period contributed to an approximation between university and
enterprises, where the market would act as the main regutdtitreir relationships (Dagnino, 2003).
According to Webster and Etzkowitz (1991 apud Dagnino, 2003), the causes that motivated this
approach were: 1) from the viewpoint of firms: the cost of research to be competitive on the market;
the risk with preresearch in association with other entities with financial support from the
government; the requirement of insertion in the productive sector of innovations at intervals of
increasingly shorter time; and, the decrease in research supported by the governmanibiis
sectors; and, 2) focused on the universities point of view: the decreasing government funding to
support scientific activity, and, the probability of acquiring private funding for their research due to
the recognition of knowledge production. Tdeneration of knowledge held by the university acquires
in this second moment, increased relevance. In the scope of university innovation, patent and
technology transfer data may be useful, to analyze different systems. According to Nelson (2009),
patentsare one of the most prevalent measures of innovation, and for good reason: they are easily
accessible in electronic form; by definition, they are linked to inventiveness; they are classified by
category and sulsategories; they identify individuals andgamizations; and they contain a trace of
what knowledge they build upon through the citation of prior art. This last feature, in particular,
makes patents useful for tracing knowledge flows. Nevertheless, there are lingering questions as to
whether patentsaccurately capture nnovations and whether citations are good measures of
knowledge flows. Concerning the use of patent, to Migainmer and Schmoch (1998) only makes
sense for a scientific institution if it could be commercially exploited as a m&ing and
collaboration with an industrial partner. In this sense, Brazil has challenges to face, in order to
provide innovation, in the Triple Helix Model context. The country does not have a mature innovation
system and has undergone a technological dégmacy ad a polarization between
modernizatiormarginalization arising from a delayed industrialization (Furtado, 1987 apud
Albuquerque, 2005). Brazilian government has been taken measures to encourage the transformation
of generated knowledge into wéalty means of approximating the different actors, as recommended
by the Triple Helix Model. The Brazilian Innovation Law (Brazil, 2004) is a major landmark in this
process, providing incentives for innovation and scientific and technological researgiradwactive
environment. According to Santos and Torkomian (2013), the law also brings out the possibility of
universities and research institutes signing contracts of technology transfer argirigehe patents
they own, as well as provide specializedsudtancy services for companies. In this sense, this paper
aims to analyze the cases of@enership of granted patents involving universities and companies in
Brazil. As methodology, were identified the university patents granted from220d0 availabé in
the Brazilian Industrial Property Office Patent Database. The search strategy considers granted
patents having cownership between universities and companies and its developments, as licensing
agreements, for example. As results, were identifiedtagnegranted patents from the following
universities with capwnership with companies, other universities or public company: Federal
University of Minas Gerais UFMG (3); Federal University of Parana UFPR (1); Federal
University of Rio of Janeire UFRJ (5); Federal University of Santa CatarinrdJFSC (1); Federal
University of S& Carlos UFSCAR (2); Federal University of UberladiaUFU (1); University of
Brasilia - UNB (2); State University of CampinasUNICAMP (2); University of the Sinos River
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Valley - UNISINOS (1); e, University of S& PauldJSP (1).Thus, an online questionnaire was sent

to the identified universities (10 institutions), in order to investigate the licensing and negotiation
stage of its granted patents. One of these issuesdnalyze the main problems encountered when
setting up a partnership, licensing and technology commercialization, due to the difficulties (or
obstacles) faced by the universities. As preliminary conclusions, it is clear that each university has
different vays to manage its technology transfer policies, acting in accordance with its institutional
priorities. This study may contribute to national innovation policies, in order to understand the
licensing management of technology, in different stages of dewetdpAlso, it may contribute for
futures studies about Brazilian university relationship with the productive sector, mainly, in R&D, and
to analyze the complexities found in the patent negotiation process, due the existence of more than one
owner.

1. INTRODUCTION

In recent decades, participation of the Countries and Regions in the "Knowledge Society", has
become relevant in the context of economic development. Science, Technology, Research and
Innovation are decisive issues, that contributerégional economy. In this sense, universities have

an important role in the transfer of knowledge to the industry, commercializing intangible assets,
specially, patents. The transfer of intangible assets between universitis and industry has emerged in
the Urited States of America, especially in the second half of the 20th century, led by Massachusetts
Institute of Technology and Harvard University, favored by the understanding that the market need to
act as the main regulator of this relationship (DagnR003). According to Webster and Etzkowitz
(1991 cited Dagnino, 2003), the causes that favored closer ties between universities and companies
were: 1) From the point of view of businesses: the cost of research to be competitive, the decrease in
governmehnfunding for research and the need for innovations insertion in the productive sector in the
shortest time; 2) From the university perspective: the reduction of government funds to support
scientific activity and the possibility of recognizing the productsector, that the university can
generate knowledge. Researchers, as Nelson (2009) emphasizes the role of patents in this regard as
important issue in the context of innovation. Patents are easily accessible by electronic form; by
definition, they are losely related to aspects of inventiveness; they are classified by different
categories and subcategories, identifying individuals and organizations. Furthermore, patents
represents technologies that are produced according the prior art in which is westegqThis

feature, for example, allows investigations about the knowledge flows. However, patents has as one
of its main goals, the commercialization of the technology. In this sense, {etemer and
Schmoch (1998) stresses that the existence ofhtgaie a scientific institution, for example, only
makes sense if it must be commercially exploited in collaboration with an industry partner.

Also, patents may be indicators of technological development, especially when considering the
number of grantegatents from universities. In this sense, indicators data analysis from the Office of
North American Industrial Property (USPTO, 2014), shows that despite the prevalence number of
academic patents from developed countries, developing countries liké Brnaexample, also had a
relative increase in the number of university patents at the last decade (PWaeirado, 2004,

Brazil, 2014).
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In most countries with mature innovation, research and development is linked to industry, government
and research sgtitutions. Universities act in their ability to attract and train qualified researchers to
work in the frontier of scientific research. Then, these relationships may promote innovation,
especially among different actors: government, academia, industtysaciety (Etzkowitz and
Leydesdorff, 1995; Etzkowitz, 2002). In this context, Etzkowitz and Leydesdorf (1995) developed an
approach called "Triple Helix Model", which is based on the understanding that the university acts as
an inducer of relations witthé productive sector and the government, acts as regulator and promoter
of the economic activity. In this model, it is expected that the University plays an important role in
society, acting as an entrepreneur, mantaining the traditional academic fuat8on&l reproduction

and knowledge extension, contributing to innovation. Nelson and Rosenberg (1993) support this idea
and claim that universities may supply the productive sector, by the generated knowledge, becoming a
source of solutions focused ombvation. Thus, according to the authors, the industrial innovation
model includes universities, doing an important role in the whole proccess. .

In the regard to the relationship between universities and industry, developing countries, as ones from
SouthAmerica, have still challenges to overcome. Research and Development occurs most often in
the university environment. Also, there are several organizational difficulties and obstacles with
the productive sector. To face these issues, some South Ameoigatries have introduced laws and
made institutional changes seeking at increasing partnerships between universities and productive
setor, to have in view the improvement of innovation.

Brazil, for example, has an innovation system in the maturatimeeps. Despite  having a relatively

well structured scientific basis, it needs more integration with the productive setor, universites and
governement. Also, the Brazilian government has undertaken measures to bring these different actors,
such as recommeled by the Triple Helix Model, as the establishment of public policies, aiming
encourage the scientific and and technological development. Campos (2014) shows specific
mechanisms of public policy that have been created since 1985, such as: (1) Infestnalogical
Information Centers Network (NITI), connected to the subprogram Basic Industrial Technology (TIB)
Programme of Support for Scientific Development and Technology (PADCT); (2) Core Support
Patenting (NAP) / Technology Transfer Offices (ETflnanced with resources from Sectoral Funds

for Science and Technology (FSCT); and (3) Technological Innovation Centers (NIT), established
from the Law 10,973, of December 2, 2004, known as the Innovation Law. These mechanisms
adopted in different nationalhistorical and political stages, have similar challenges, as:
"Dissemination insufficient / inadequate culture of industrial property protection; Maintenance of
fixed human resources, reducing teams turnover; (...) Stimulation of entrepreneurial loyltbee
researchers; Discontinuity of reduction in resources flow from government "(Campos, 2014, p. 145).

A major milestone in the relationship between the government, university and productive sector was
the enactment of the Innovation Law in 2004 (Br&4)04). This legislation established mechanisms

and incentives, aiming at ensuring innovation and scientific/technological research and greather
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relationship with the productive sector. The law also made it possible for universities and research
institutes, because it fléhilized technology transfer and patent licensing, as well as the possibility of
specialized business consulting (Santos; Torkomian, 2013).

These changes generate new forms, in the scope of demand and use of industrial property system
Within the university, for example, it may have influenced the increase in the number of patents,
because the new legislation established the Scientific and Technological Institution (ICT), alone or
together with other ICT, implanted one Core Technalaginnovaton (NIT), ie a body constituted for

the purpose of managing the institutional innovation policy, whose minimal skills are (Brazil, 2004,
Article 16):

| - ensuring the maintenance of the institutional policy to stimulate the protection ofouseati
licensing, innovation and other forms of technology transfeevaluate and rank the results arising

from activities and research projects to meet the provisions of Law 10,973, 2004 vHluate

request for independent inventor to adopt invamtin art. 23 of this Decree; IV opine for
convenience and promote the protection of the creations developed at the instituttonoMne on

the advisability of disclosing the creations developed at the institution, subject to intellectual property
protection; and VI- to monitor the processing of applications and the maintenance of intellectual
property rights of the institution.

Despite the establishment of new legislation, researchers sought funds to pay for their technical and
scientific researchyet. Also, it was an overflow (spitiver) of the results of research developed
from univesities to productive setor, through the opening of new companies with technological basis.
It enables that activities of technological management of ICT becamespect the intellectual
property protection of technologies and transfer them to productive sectors that would provide its
production and commercialization (Garnica; Torkomian, 2009).

Thus, some universities, such as the Federal University of S&@ QalHESCAR) and the University

of Campinas (UNICAMP), among others, the development, instalation and consolidation of the NITs
occured most easily, because they already had a relative proximity to the operational procedures.
However, this is not occured inivarsities whose institutional infrastructure was still incipient.

It is also important to point out that NITs have contracts with external collaboradsrspecialized
intellectual property companiesthat perform the activities relataed to filling gats, for example.

This occurs, because industrial property procedures are relatively standardized and governed by the
Brazilian Industrial Property Law and regulations from the National Industrial Property Institute.

From the Brazilian Innovation Law, gqaests for intellectual property rights related to Institution of
Science and Tecnology (known in portuguese as ICT) increased, as shown in Table 1. Data shows
the importance of the NIT, which gradually were being implemented by institutions, providing
conditions, collaborating to improve the development of technological knowledge. Also, according to
Mendes, Gullo and Guerrante (2011), universities, institutions and research foundations are together

the ten most significant depositors of patents in the@&0042008.
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Table 1- Types of protections required by ICTs, according to Formict

Required protections

Ano | MU | DI PI PC | TClI | CPC| RMPS| RMCo | RMCe | RIG | RDA|OR | T

2011/66 |36 |1135/129 |0 62 | 145 3 0 0 6 13 | 1595
2012|161 |37 [1159[/239 |0 33 | 218 0 3 0 4 15 |1769
201339 [101 | 1198|259 | O 42 | 244 1 2 1 2 12 | 1901

Source BRAZIL (2012; 2013;2014)

Note: MU - Utility Model; DI - Industrial Design; P{ Invention Patent; PEComputer Software; TCI

- Top. Integrated Circuits; CP{Plant Variety Protection; RMPSRegBrand, Products and Services;.
RMCo - Reg Collective Brand;. RMCEReg Certification Mark;. RIG Reg Geographical Indication;.

RDA - Reg Copyright;. OR Other; T- Total requests.

According Lopes, Gomes and Kneipp (2013), promoting policiasnteersityindustry interactions

have a clear focus on increasing generation of technology for development. This reflects in the
positioning of companies and universities with the establishment of partnerships. However, only a
minority of interactions is wtivated by the direct commercial exploitation of research results (D'Este
and Patel, 2007). For Inzelt (2004), the relation between enterprises and universities occurs by means
of a plurality of interorganizational and arrangements. These arrangementsbeasolated or
coordinated way, extending since institutional levels to individual. At the same time, industry
standards and characteristics of the products offered by companies influence the search for
partnerships with the academic community (Lopesn&oand Kneipp, 2013).

In this context, this article aims to analyze the cases -placmership of granted patents, involving
relationships between Brazilian universities and companies, from-ZIBO years, according the

methodological procedures desetibin Section 7.

2. STATE-OF-THE-ART

Several studies ondfrelationship between universities and companies have been widely discussed in
the literature, as the discussions of Kaufmann and Tditling (2001), Stokes (1997), Meyer (2003),
Baldini (2011), Fridman and Silberman (2003), Leydesdorff (2004), Leydesdorff and Meyer (2003,
2007), Tornatzky, Waugaman and Gray (2002), Azoulay, Ding and Stuart (2005), among others. It can
highlight the studies of Webster and Etzkowitz (1991), about the causes thattewbthe relationship
between universities and companies, having as basis the following points: 1) from the viewpoint of
Firms: the cost of research to be competitive on the market; the risk withga@rch in association

with other entities with finanal support from the government; the requirement of insertion of
innovations in the productive sector at intervals Increasingly smaller; and, the decrease in research
supported by the government in various sectors; and, 2) focused on the universitie$ yieimt the
decreasing government funding to support scientific activity, and the probability of acquiring private
funding for Their research due to the recognition of knowledge production.

Towards understanding the generation of knowledge, Rapini arfii R§05), demonstrate that

universities contribute to the innovation process, aifgrscientific knowledge, human resources
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training and the development of new techniques. Thus they may encourage the creation of new
businesses. In this sense, in Latin&ina, mainly in the 1960s, some studies discussed the interaction
between universities and companies. Among these studies, there is the model created by Sabato and
Botana (1968), called "Triangle of Sabato." From this model, there were arised othegstlCwe

have the model calledTriple Helice" where agents are interconnected in a helical structure. A
propeller is represented by the Government and the other, by the productive sector and the scientific
and technological infrastructure (Etzkowitz, 199800, 2001, 2002, 2003, 2004, 2010).

3. METHODOLOGY

Were adopted for this research the following methodological procedures, in couse to collecting of data
on patents in cownership and the occurrence of technology transfer.

a) Identification of patentwith co-ownership

Patent database of the National Institute of Industrial Property (INPI) has been used. In the search, the
keywords used (NUNES; OLIVEIRA, 2007) were only in Portuguese in order to include the
identification of Brazilian universities. TButhe search strategy is established taking as parameters the
resources of the database.

In the Advanced Search option was exercised the marking of patents granted (C1) selected fields: Date
of deposit (F1) and Applicant name (F2). That is, F1 + F2 +a€Xdetailed below. And in Table 2
shows the search strategy used in this study.

C1 = Choice Selected the option granted patents;

F1 = Date of depositperiod from 01/01/2000 to 31/12/2014;

F2 = Applicant name: Search Terrd/ith terms in Portuguese {tl1

Table 2- Characteristics and terms used to search patent granted in that the holders are Brazilian

universities
Choice Field 1 Field 2 Search terms ir
(C1) (F1) (F2) Portuguese (t1)
A Patent Date of| Applicant(s): | universidade
granted deposit: Search terms | Faculdade
'01/01/2000" & Funda@o
'31/12/2014 (escola superior)?
OR ensino
AND

Source: Adapted Céar (2007) apud Branco et al., 2010, p. 41.
Data survey of the number of granted patents, according the spectfiterih, generated a set of
results wich were exported to a single xls file, Excel software (Microsoft Offffice Professional
2010). At this stage, the list of data provided by the INPI patent database, were the following: Process;
Deposit and Title
RESULT OF RESEARCH (01/09/2015 at 15:56:14). Search: Patent Granted; Depositor
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'UNIVERSITY OR COLLEGE OR FOUNDATION OR (SCHOOL AND SUPERIOR) OR
EDUCATION' \ date: '01 / 01/2000 'till '31 / 12/2014found 228 cases that satisfy the search.
Showing pagd of 3. (INPI, 2014).

Then it was made a query to each process aiming ascertain the names of all the patent owners and if it
was an granting patent order. Also, at this stage have also been identified the patent owners that
would not been categorized asiversity, and cawnership with: (i) other universities; or (ii) business;

or (iii) Foundation Research support; or (iv) agencies or public companies.

b) Collecting data on technology transfer from granted patents

A questionnaire with six questions wasist the Universities Technology Transfer Offices by email,
according to avaiable data on the official websites. The offices that responded to the questionnaire
were identified only by numbers assigned randomly to avoid any kind of identification ohdesys

as the universities that were collaborated is #iudy. The responses were grouped into two topics

to facilitate data analysis and discussion. In this way, the work exposes: (i) pateratamsliceeking

to identify the reasons and motivatofor the patent applications made with a co owner; and (ii)
technology transfer, that in this response group aims to identify the occurrence or not of some

negotiation with the identified patents.

4. FINDINGS AND INTERPRETATION

8.1 The granted pateapplications

Among the results, Table 3 shows the number of granted patent applications according to the adopted
criteria, in which the patent documents were identified, by owners connected to academic institutions
(universities) and without this criter{@mot universities). Among these documents, 197 are invention
patents, 29 are utility models and 02 are certified adding invention. Also, the survey indicated that
the Foundations for Research Support (FAP) asvamers in some cases, especially the Fotimos

of the States of Minas Gerais and S& Paulo that according to their respective statutes they must
appear as cauthors, mandatorily.

Table 3- Patent granted in Brazil, from 20@014 years, according to adopted criteria

Ownerships Patents quantitaty
University 205

No university 23

Total 228

Source: Own elaboration based on the result of the INPI database.
After an individual anlysis from a total of 205 granted patent, it was found that approximately 9% met
the criteria of thistudy as cewnership, as shown in Table 4, that is, the sample used for analysis is
made for 19 technologies protected by patents.
The discussions in this study are made from data and other published studies. As a preamble and due
to the objectives indated in this work, two points must be highlighted.

Table 4- Universities with granted patents in-oanership, according to adopted criteria
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Abbreviation Number of granteq . . Numb_er _ of  paten
) . patents in University applicant lawsuits in the INPI
university! .
co-ownership database
UFMG 3 Federal University of Minaj PI 01052438 B1
Gerais PI1 05059526
PI1 0106765 B1
UFPR 1 Federal University of Parana | PI 04063473 B1
UFRJ 5 Federal University of Rio o] PI 06023666 B1
Janeiro P1 05008980 B1
P1 050312314 B1
P1 00071013 B1
P101039164 B1
UFSC 1 Federal University of Sant Pl 04059158 B1
Catarina
UFSCAR 2 Federal University of S& Carlog Pl 00054828 B1
PI1 03036189 B1
UFU 1 Federal University of Uberladia PI 07041960 B1
UNB 2 University of Brasilia P101027417 B1
PI1 02040190 B1
UNICAMP 2 State University of Campinas | P1 05043492 B1
PI1 00047384 B1
UNISINOS 1 University of the Sinos Rivel Pl 00008532 B1
Valley
USP 1 University of S@& Paulo Pl 02032511 B1

SourceXOwn elaboration based on the result of the INPI database.
Note: tUniversity abbreviation in Portuguese.
First, universities are the owners of a larger number of granted patents, specifically ownership of 158

occurrences of the 205 identified cagdewever, this data does not means that there were not more
requests, earlier or later from University in@anership, which can be quickly checked on the INPI
database. Another source of information that shows the trend of sole proprietorship, is tiloe Form
reports, published by the Ministry of Science, Tecbgypl(Brazil, 2012; 2013; 2014).

It also highlights another assumption that companies have no interest in approaching the universities to
form a relationship that can generate an industrial propextystration, in particular, patents.
Specially in 2002014 years, it can be seen the existence of various tax mechanisms and credit lines
offered by the Government aimed at promoting and expanding the univedsistry relationship.

Again, this milestne proves to be still incipient. According government data from the Industrial
Survey of Technological Innovation (PINTEC) (IBGE, 2013), universities reached 22.9% of
importance as a source of information for innovation by industrial companies, thamerikd

product or process innovation in Brazil from 2a0®11 years, in contrast to the 73.3% of importance
attributed to suppliers.

There is a recurrent discussion about the celerity of patent applications and exams procedures in Brazil,
considering thdt the difference between the number of requests already granted and that still await
final decision is significant. According to statistics from the INPI (2014) in 2012 year, 4,798 patent
applications are from residents and 25,601 from-nesidents, whé respectively were 363 and

2,467 becames granted patents. Here we have the second point of this discussion also inherent to

universities. As a holder of a patent, they may appeal to the legal principles of expectation of a right
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to carry out technologjransfer transactions, ie, the absence of definitive grant of a patent does not
formally constitutes an initial barrier to these transactions.

In fact, by granting the patent, which the university owns is property, a right. It will be important to
clarify, then, what and how much is made up their organizational support, understood as departments
and / or internal administrative routines that may generate operational efficiency and effectiveness,
strengthening interaction with private or governamental agenh the regard of the Brazilian
institutions of science and technology, this organizational support acquired legal status, from the
Innovation Law.

8.2 Technology transfer

Technology transfer is a process that can be understood as cyclical and etettifheing intrinsic to

the stage of technological progress in a country. The literature presents different explanations of how
and for what reasons the countries are at different stages of technological progress. The parameters,
for example, evolutionarytheory, there are three basic concepts for economic change: an
"organizational routine", where the flexibility of the economic agent behavior is limited; a 'search’' the
organization to evaluate your routine, that can generate changes in different igsemsitl a
"selection environment" in which the organization operates, influenced by external factors, which
reflect the potential for expansion or contraction of its activities (Nelson and Winter, 2005).

In this investigation, technology transfer perforatghe university as an economic and social agent,
since it is a space made up of people and skills it offers different works to the society, especially the
training of human resources and the dissemination of scientific knowledge. Adding this issues, the
discussion about technology transfer, may be considered from an evolutionary approach, in which the
university endowed with an "organizational routine", can promote reviews of their routines
considering a "selection environment" characterized by the iadapit new legislation. It is analyzed,

so that the transfer of technology has been gradually and different shapes, being more frequent
appearance of Brazilian universities, and other ICTs, even if the object of the transfer can range, for
example, on whic the objects can be: licensing of intellectual property rights, know how, or
laboratories sharing and equipments.

These issues are, to a greater or lesser extent, strengthened in the course of the universities's
"organizational routine". According Garai@nd Torkomian (2009) some universities from the State

of S& Paulo, have been structured for managing intellectual property more suitable to the challenges
of technology transfer and commercialization of intellectual property assets by contracts, agich h
been a experience increasingly present in the NITs universities routine.

The Figure 1 shows the result of the nineteen identified technologies. When asked about the process of
transferring knowledge found in granted patents, it was found that eletertsphad no indication

about this process. There was not any response about five patents. According the NIT six patents

have its management under the control of other offices or joint holder.
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Figure 1- Occurrence of technology transfer reported’ YD
Source: Elaboration of authors.
And among the objects of technology contracts, patents granted also part of the portfolio and

constitute a management challenge for the NITs. In this investigation, the intellectual property rights
that have been gramtén co ownership, occured due to some factors presented by the respondents, as
shown in Figure 2. In other hand, as another reasons, the main focus identified in the responses
provided by TTO is related to pestablished development demands through aatipa, ie the terms

that were established in partnerships to carry out the research. This result, even if there is relatively
expected view that the development process of patent matters can be strongly influenced by the
partnerships that the universitgtablished with companies or even other research institutions. It is
necessary to discuss the repercussions of current legislation in Brazil, which determines what is not
possible to request as patent. However, in the course of the patent applicaticss,ptioeeco
ownership does not imply a significantly stiffer administrative procedure. However, it does not
prevent the contracts or research agreements, have stipulated that the university acts as the sole owner
of the new knowledge generated eligible fegistration, and other provisions establish the possible
transfer of rights or licensing of registered intellectual property.

Figure 2- University of motivation to sign a eiituladade
Source: Elaboration of authors.
The identified technologies in wtti the transfer took place, the TTO reported that the process

happened with some type of contract, without charge, establishing agreement on ownership of the
patent application, transfer, license or technology exploitation. The University and one sisgle pe
were the beneficiaries in these situations. Under the stage of the technology transfer process, it is fully

completed, with contract signed between the parties.
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In the case of patents where the offices showed that there was so far no transfesotise gean
converge to an incipient organizational support, according the comments of offices:

"There was not dedication and effort employed to bring this technology to companies. At the
university (name) and the other holders, technology transfer waslittouraged, little known among

the academia. The absence of a standard that would regulate this process, added the lack departments
in institutions dedicated to promoting the transfer and lack of qualified human resources contributed
negatively to techwlogy transfer "(Source: Office-3Survey by questionnaire)..

"The company has not demonstrated economic condition of placing the technology on the market and
there were no other interested so far." (Source: OfficeSLOvey by questionnaire).

In this dscussion, were analyzed the fact ofaenership may be a complicating or facilitator in the
negotiation process for technology transfer. The responses reported in the questionnaires show that the
patent ceownership was mentioned as an indifferent fatto71% of cases and was considered a
positive factor in 29%. And in some situations, it was considered positive, according the following
arguments: "The collaborative research with a private company originates in finding a specific
solution to market. Tkimakes it easier to search result to reach society "(Source: Offfeer2ey by
guestionnaire).. This eownership "(...) attests that the protected object is the result of joint efforts of

a university and a company, which gives visibility to the ursitg and the company.” (Source: Office

5 - Survey by questionnaire). Thus, theaenership does not stand out as a decisive element for the
transfer process, despite signs of positive aspects in this kind of cooperation.

Within universities, technologyrdnsfer also requires an important decigioaking as regards the

issue of exclusivity on the contract, that is, this clause would include the features on the exploitation
of creation generated in these institutions, giving the opportunity to do neg@isdigether by one or

more stakeholders. The total amount involved in the contracts, in turn, has grown, according to Figure
3, with a significant jump in 2010. It can be inferred that this quantitative behavior is related to a
convergence of factors sudhs the various government initiatives raise financing mechanisms
technological research, therefore expanding the portfolio of solutions offered by universities,

exemplified by the increasing number of patent registration requests.

78



Figure 3- Amount oftechnology contracts, years 200913
Source: BRASIL (2014, p.43)
The analysis of technology transfer process includes different stages, and the recognition that it

negotiating is imminent. About this it is necessary to consider some aspects for disciissie
negotiation is "a process as it occurs in time, associated with the past (planning), this (execution) and
future (control); It is a process that originates from a previous situation of conflict and hopes to
position itself in the future in a ceargence of situation, presenting therefore movement "(Carvalhal,
2001,p. 23). (ii) In this process it is necessary to identify each negotiation that may linked to strategic,
tacit or operational dimension of an organization, and this action facilitaetetmition of the level

of resources that will be employed, and trading in strategic dimension deserves more attention, to
mean the possibility of greater impacts (Andrade; Alyrio; Macedo, 2004). (iii) Trading recommends
individual skills and organizati@l capacity to manage and restrictive driving forces of this process,
where the organizational capacity implies the support of upper management bodies and the
commitment to ensure continuity in the operation conditions so that we can seize the opg®thatiti
emerge from changes in the consumer market. (Wanderley, 1988). Thus, a correlation can be made
with these literature references are within universities, the technology negotiation process is also
dynamic, as the patented technology, is relativebceptible to obsolescence. The inherent goal of

this process, it deserves contemplate the phases of planning, execution and control, is to make
company and university have benefits, ie constitutes an interactioawiwinin which each of the

parties hag met their interests priority. So, how to identify the strategic dimension, or not, in every
negotiation, and ensure training of the people involved and the university is also internally prepared to
continue this process. Thus the condition of few pategbtiations already granted or being analyzed

by the INPI, is a issue that may demonstrate weaknesses related to patent monitoring operations..

5. POLICY IMPLICATIONS, AND DIRECTIONS FOR FURTHER RESEARCH

The universities have different ways to manage technology transfer procedures, acting in
accordance with institutional priorities. In this sense, this investigation has shown that the
management of granted patents is a challange for NITs and there still difficulties to be faced. These
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difficulties may cause, for example, in few negotiations in the scope patent already granted or been
examinaned by the INPI. Factors such as regulatory instruments are not sufficiently adequate and it
may bringing legal uncertainty, causing difficulties in agreemerngstraions, especially in the case

of the terms made by Brazilian Governamental Institution.

In spite of these difficulties, data obtainded from Formict (Brazil, 2012; 2013; 2014) signaled that
from the beginning of the decade of 2010, an increase @ntloeint and number of signed technology
contracts. Future discussions may be proceed in the scope of these transfers, analyzing, for example,
the complete profile of the owners. As data from Formict are confidential, so it shows only those
contracts toolplace during the year. So that does not explain fully for the academic or industrial
researcher, some aspects that may be important for the agreements management, considering the
differences in the interaction between public and private agents, for exampl

Also, a relevant aspect related to management of NITs is staff trainings, aimed at training
professionals to perform activities that require great expertise. In this sense, the Intelectual Property
Academia, from INPI, has educational specialized @mg, providing a number of specialized
courses for different publics, including universities. There are still a Master and Doctorate Program in

Intellectual Property and Innovation.
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