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Pathwaysto TechnologicalInnovation

A Submissionto the StandingCommittee on Scienceand Innovation

ProfessorTrevor Cole

I respondto theseekingsubmissionsconcerningissuesrelatingto successfulinnovation
within theAustraliancontext.I do this in my capacityasmemberoftheElectronicsIndustry
ActionAgendaImplementationGroup(in which I chairtheIndustryDevelopmentworking
group)anddrawingon my other,wider involvementsin innovationmattersovermanyyears
asevidencedin thebriefCV annexedbelow.

At thecoreof appreciationofsuccessfulinnovationin Australiais to overcometheblurring,
in Australiaofthedistinctionbetweenitsresearchsystemandaneffectiveinnovationsystem.
I drawacleardistinctionbetweenthem.Theresearchsystemproducesknowledge.Only
usefulknowledge(technology)is ofvalueasonepossibleinputto innovation.It is only
innovationthatusesresearch,designanddevelopmentto produceproducts,servicesor
processesofeconomicorcommunityvalue.

WhereasAustralia’spublic sectorresearchis predominantlybasicandstrategicin its focus,
anyaspirationto large-scalecontributionto economicbenefitrequiresashortertimescale
(henceappliedresearchandexperimentaldevelopment)andamuchgreatermatching
betweenanyusefulknowledgeproducedandAustralia’sindustrialcapacityto absorbit.
Significantly, theeconomicbenefitwill beachievedby technologistsandengineersrather
thanscientistsandmoreoftenthannotby integrationof existingknowledgein newways
ratherthanthroughradicalinnovation.(The list ofAction Agendasexemplifiesthis -

accountingfor abouta third ofAustralia’sgrossdomesticproduct(GDP)andemployment,
about60 percentto Australia’sexportearningsandover75 percentofAustralia’sbusiness
investmentin R&D.)

A majorconclusionoftheElectronicsIndustryActionAgendaworking grouphasbeenthat
Australia’sgreatestweaknessin innovationcontinuesto beatthephaseofconvertingan
initial businessconceptinto aprovenbusinessconceptdemonstratedby anindustrially-
relevant,pre-productionprototypeoftheproductorservice.To that endit hasfocusedin
detail on theneedfor amajornationalfocusonthis throughan “institute forrealisationof
advancedproducts”.Manyof suchproductsandservices(but notall) will useelectronicsand
ICT asthekeyenablingtechnologyin which to embodytheinnovation.
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Realisingadvancedproductsrelieson“innovationtechnologies”— theverysophisticated
computer-basedtools andprototypingfacilities now availableandthehighbandwidth
networksneededforcollaborative“openinnovation” andremoteaccessto suchtools. In
addition, thestagesoftechnicalrisk reductionin which theearlyprototypesareassessedfor
standardscomplianceorstudiedfor failure modesarewhatmakestheverysignificantfuture
costsofmanufactureandmarketingofanyprototypejustifiable.

Successin thisproductrealizationphaserelieson skills radicallydifferentfromthescienceof
research.As aminimumit is technologistsandengineerswho integratethetechnology(often
existing)into theuniquemarket-relatedproductorservice.It ismasteryoftheprocessof
productdesignandits managementwhich is corebutwhich isalmostcompletelylacking
fromthetertiaryeducationofengineersin Australia.Evenmoreimportantly,designis hardly
everpresentedasan integratedprocesswhereinnovationoccursat theintersectionofhuman
factors,businessfactorsandtechnologyfactorsamongstcross-disciplineteams.This is well
representedby akeydiagramfromthemajorTekesprojecton designin Finland:

Integratingunderstandingoftheproductdevelopmentprocesswith thedevelopmentof skills
in technologyentrepreneurshipprovidestheothermissinglegto amoreeffectiveinnovation
systemin Australia. It is theentrepreneurwhowill usemasteryofthe innovationandproduct
developmentprocessesto accesstheresourcesneededto convertamarket-relatedopportunity
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into asuccessfulproductorservice— acquiringthetechnologyfromwhereverappropriate,be
it overseas,existingcapabilitiesor,occasionally,original Australianresearch.

Briefcommentsareprovidedbelowon a numberofthe issuesidentifiedin thetennsof
reference.

Pathwaysto commerciafisation

It is poorlyunderstoodin Australiathat directspin-outofatechnology-basedcompany
incorporatingpublic sectorresearchIF canonly everbeaveryminorpartoftechnology-
basedinnovationactivity. In theclusteraroundCambridgein theUK, Gothenburgin Sweden
andhereattheATP, suchuniversity-linkedcompaniesarelessthan10%oftheoverallstart-
up activity.

Thevastbulk ofthegrowthofactivity is from indirectstart-upswherethekey ingredientis
therelevanthighereducationskills ofthekey foundersutilizing theirown skills and
knowledgeto integratetechnologyintoamarket-identifiedopportunity.Also identifiedas
veryimportantin thecaseofCambridgeis thehandfullofserialentrepreneurswhohavedone
muchin theirownright andthroughstimulationto encouragenewventurecreation.

Theconclusionis thatprovidingrelevantskills andattitudesamongstthegraduates—
especiallyfirst degreegraduates— will developthepool ofthosewho will growtechnology-
basedclusters.It isnotoftenthat thePhDoracademicis thekeydriverofhigh-growth,
technology-basedbusinesses.

Intellectual property and patents

It is increasinglyunderstoodthatuniversityownershipandexploitationofIP will notbe a
majorrevenuegeneratorfor universities.An interestingcontrastis in Scandinaviawherethe
researcherretainsownership.This hasgeneratedgreatercommitmentto exploit andagood
exampleexistsatChalmersUniversityin Gothenburgwherethishasenabledstrong
involvementofmastersstudentsasthecommercializingpathwayfor that IP.

Skills and businessknowledge

Having developedanddeliveredprogramsin technologyentrepreneurshipto both
undergraduateandpostgraduatestudents,it is clearthatstrongstudentinterestexists.
However,universitystructuresandattitudesmakeit very difficult to establishadistinctfocal
pointandresourceto sustainsuchactivity.

Internationally,othershavebeenmuchmorestrategicandsupportive.In ScotlandtheScottish
InstituteforEnterprisesupportsandco-ordinatesentrepreneurshipactivitiesacross13
universitiesin Scotland.Within England,theHigherEducationInnovationFund(HEIF)
existsasa third streamof funding,alongsideresearchandlearning/teaching.A totalof£171
million hasbeenawardedover2004-05/2005-06.Resourcescanbeusedfor knowledge
transfer,entrepreneurshiptraining, corporatespin-outs,seedventurefundingandtransferring
knowledgeinto businessandthecommunity.(’Investingin innovation:A strategyfor science,
engineeringandtechnology~DTI, DJTS,HiVI Treasury,July2002)

Specificallytargetedfunding suchasin HEIF isperhapstheonly wayto ensurethat resources
arenotdissipatedwithin traditionaluniversityinternalfunding arrangements.
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It is ofnotethatMacquarieUniversityin Sydneyhasmadeacommitmentthroughanewly
establishedInstitute forInnovationto “createacultureofenterprise”acrosstheentire
university.

Researchand market linkages

A goodindicatorofthemismatchbetweenresearchin Australiaandmarketrelevanceis the

following figure (MappingAustralianScienceandInnovation,page73):
Figure2.20:A snapshotof Australia’s performance in scienceand Innovation
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Marketrelevanceoftheknowledgebeingproducedin Australiais abysmallylow - enhanced
by otherweaknessesin researchfocusrelativeto marketopportunity.

Anotherrelevantstatementfrom thatreportis the footnoteto afigureofCommonwealth
supportto businessR&D (Figure5.34,page385): “Note: Data displayedon a logarithmic
scaleduetoR&D supportbeingan orderofmagnitudegreaterthan commercialisation
support”.

Becausetheyhavenot receivedthecoveragetheyshould,thefollowing statementsfromthat
reportarerepeated:

• Australia‘s high-techexportsare lessthana third ofits importsandAustralia26k” of
OECDfor high techexportsasproportionofGDP(page12)

• Australia‘s manufacturingsectormostlycompanieswithR&D intensityoflessthan
4%cfGermanyandSwedenwheremorethanhalfmanufacturingsectoris companies
with R&D intensitygreaterthan 5%(page13)

• A critical andpersistentweaknessis thelow levelofinvestmentinpublicsectorICT
R&D, which isestimatedto beabout30-50%oflevelsin theEUandJapan(pages14
and307)

• TheR&D basefor ICTwill remainsmallby internationalstandards,which mayhave
effectsin thefutureon theability to commercialiseresearchfindings,theavailability
ofhigh-qualityICT researchersand thesupplyofkeyskillsfor theinformation
economy(page14)
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• Keyfinding 11: Notwithstandingincreasedinvestmentby businessandgovernment,
investmentin thedevelopmentofstrategicICT capability is low, which mayweaken
theinnovationbaseandthefuturecompetitivenessofthe economy(page15)

• Governmentsupportfor businessR&D is lowby internationalstandards,beingless
thanhalfthatofleadingOECDcountries.Australia— with directplusindirect
supportat about0.09%ofGDP—provideslesssupportthanall but oneofthe
comparisoncountries,whereasthe UnitedStates(with supporttotallingalmost
0.30%GDP) is themostgenerous(page300)

• Overthepast30yearstherehasbeena rapidgrowth ofworld tradein manufactured
products.Australiahasnotbeena strongparticipantin thisexpansion,unlikesuch
countriesasCanada,Sweden,FinlandandtheNetherlands.Australiahasbuilt
neitherlargeAustralian-basedfirms , norareasofstrongspecialisation,in tradeand
technology-intensiveindustries.In 1913,thevalueofAustralianexportswasabout
thesameasthatofCanadaandtheNetherlandsandfivetimesthatofFinland. By
1988, CanadianandDutchexportswereaboutfour timesgreaterthanAustralian
exports,andFinland’s exportswereonlyslightly less (page30)

Ofimportanceis the flexibility with whichthecommercialisingcompaniescaninteractwith
theresearchsectorand,especially,its publicly fundedinfrastructure.Inthepre-competitive
phase,thetechnicalandcommercialrisks arestill very high for companies.Encouraging
effectiveinnovation,especiallywithin theSME-dominatedindustryofAustralia,cannottake
placeif accessis at full-cost recoverycomparedwith themoregenerousacademicaccess
regimesthat haveexistedin, for example,MNRF anduniversity-basedfacilities.

It is thecasethat themajorityofcurrentmajorresearchinfrastructurehaslittle orno
relevanceto whatAustralianindustryrequiresin theirshorter-horizonresearchneeds.

Evenwhentheremight be relevance,unlessthepotentialofthe resourceto makenear-term
bottom-linebenefitto industryis madeclear, industrywill notbe interested.Communicating
benefitsofinfrastructureto industryis notsomethingto bedoneby researchscientists.The
languagemustbethat ofthetechnologistandengineerin aneconomiccontext.Therefore,
translatingthebenefitcouldwell requirespecialistservices.

Strategiesin other countries

In looking for possibleexemplarsoverseas,it is muchmoreappropriateto look atthesmaller
statesofnorthernEuropeandScotlandwheretheunderlyingeducation,legalandsocial
structuresareverymuchcloserto thoseofAustraliaand its Statesthanis thecaseofAmerica.
Thesecountrieshavebeenableto transformeconomiesandbuild high-technology,high-
growthclusters.ThemostobviousdifferencefromAustraliais theunashamedandclearuse
oflanguageandunderstandingthat it is “technology”and“engineering”,ratherthan
“science”,whicharethedriversofthis commercialisationandinnovationdevelopment.The
flow-onconsequencesarea closelyalignedresearchagendabetweenindustryandpublic
sector,public fundingbodiesbetterattunedto thestrategicandmedium-termneedsofan
emergingindustry,aneducationsystemcloselyalignedwith realneedsandopportunities,and
apublic policy discussionandconsequentagendawhichdemonstrateacompetent
understandingofwhatan effectivenationalinnovationsystemactuallyconsistsof.

Summary

The issuesinvolvedin enhancingin Australiaa cultureoftechnology-basedinnovationandof
high-technology,highgrowthclustersexportingknowledge-intensiveproductsandservicesis
bothhistorically-basedandcomplex.
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Internationalexamplesdo exist wherethe right language,right education,right public
investmentandright policeshaveenhancedthestructureoftheeconomyanddeveloped
sustainablewealthandjobs.

Greatopportunitieshavebeendeliberatelymissedin Australia’spastandpotential
opportunitiesarecurrentlyslippingby.

TrevorCole (Professor)
UniversityofSydneyand
MacquarieUniversityInstituteforInnovation

ElectricalandInformationEngineeringJ03
SydneyUniversity,NSW2006
trevor~ee.usvd.edu.au (02)9351-7224

PSI would bewilling to expandon anyitemconsideredrelevantto theworkingofthe
Committee.

BRIEF CV

TrevorColeis thePeterNicol RussellProfessorofElectricalEngineeringatTheUniversity
ofSydneywith adoctoratefromtheCavendishLaboratoryin Cambridge.Heis alsopart-time
ProfessorialFellow atMacquarieUniversity’s Institutefor Innovation.Heis aFellow ofthe
AustralianAcademyofTechnologicalSciencesandEngineeringandsitson theFederal
Government’sIndustryResearchandDevelopmentBoard.Foranumberofyearshewas
ExecutiveDirectoroftheWarrenCentrefor AdvancedEngineeringandChairmanofthe
AustralianMicroelectronicsNetwork.

His majorfocusis thecreationofwealthandjobsthroughthesuccessfuldevelopmentand
marketingoftechnologybasedgoodsandservices.

Duringhis career,amongstotherthings,hehasspenta short time in aventurecapital
company,co-foundedaspeechtechnologycompanyandhetooka verysignificantrole in
initiatingtheAustralianTechnologyPark.He chairedtheR&D BoardofAustralia’sOverseas
TelecommunicationsCorporationandactedas CEOat the formationstageoftheAustralian
GraduateSchoolofEngineeringInnovation.Heplayedamajorrole in theNational
InnovationSummit in 2000.Hehasledstudytoursto northernEuropeandto Canada/USAon
innovationsystemsandtechnologycommercialisation.Healsocreatedanddeliveredaseries
ofcoursesin technologycommercialisationandentrepreneurship.
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