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results for the number of licenses executed. Stepaprove the international comparability of TTQreeys could
provide useful new indicators for policy developmétowever, this will also require indicators fardwledge
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1. Introduction

Over the past decade, innovation policy in many OEGuntries has stressed the need to
improve the commercialization of research resutisf‘public science’ institutions such as
universities and government research instituteshiw/Europe, this policy focus is partly due to
a perception that Europe has failed to benefit fitsngsubstantial investments in public research,
in contrast to the American experience, where usityeresearch results are believed to lie
behind the creation of several globally competifimas and blockbuster products ranging from
pharmaceuticals to computer hardware and softwarether measure of American success in
commercializing public science is the substanitarsing income that universities such as
Stanford, Columbia, MIT and the University of Fhtaihave earned from patenting their
inventions.

The policy discussion in Europe frequently referatEuropean Paradox’ of high public
expenditure on research with few visible commeroaiefits. A long-standing explanation for
the paradox is a failure of public science ins#itlin Europe to actively commercialize their
discoveries (EC, 1995). The causes of this faihaee been linked in policy documents to a
wide range of factors, including a lack of entreynerial spirit among scientists, barriers to the
ability of public sector scientists to move to firevate sector on a temporary basis to develop
their discoveries, and to poor intellectual propeights for university inventions. Alternative
explanations of the European Paradox, based ogreliftes in the commercial potential of public
research conducted in Europe versus the Unitee@sS{Bsi et al, 2005), have not attracted
much attention in the policy community.

European governments have responded to the Eur&aadox by introducing policies to
promote commercialization, such as university cesian entrepreneurship for future academics,
and a range of other programmes to encourage tegnwansfer by promoting formal
contractual relationships between the businessisantl public science. These include subsidies
for the establishment of technology transfer oBiCETOS) at universities, changes in IPR
regulations to encourage universities to patentli@edse inventions, and requirements for
universities to obtain a higher share of their aesle funding from the private sector (Callan and
Cervantes, 2006).

To date, there are very few national or internatilyncomparable indicators within Europe for
evaluating the success of policies to promote timeroercialization of public science.
Internationally comparable indicators would be igatarly useful for determining if a “failure of
commercialization” is the cause of the Europearad®ax, or if other possible factors should
receive more attention.



Potential indicators of relevance to the commeisaéibn of research by public science
institutions range from citations to the scientliterature in business patents to the economic
impacts of public science in terms of employmentalue-added. Economic impact indicators
are the most useful of all measures, but they idiieudt to obtain and generally suffer from long
lag times between public investment and outcomeas€quently, they are not very useful for
assessing the short and medium term effects afipslto encourage commercialisation.

Indicators of value to policy must be capable oamging the commercial potential of public
science results or, preferably, the current usa@butputs of public science by firms. As Figure
1 illustrates, firms acquire these outputs throtvgh main pathways: freely available “open
science” accessed by reading journal articlesndimg academic conferences, or informal
contacts between researchers in academia and bsisare through formal relationships such as
contract research or licensing. With the exceptibaitations to scientific articles in patents
(Jaffe et al, 1993; Malo and Geuna, 260f)e use of open science by firms to develop
innovations rarely leaves a visible trace thatlwameadily identified and measured. Innovation
surveys, such as the CIS in Europe, obtain dath@subjective value of public science to firms,
but do not separate access to research findingaghropen science from access through formal
relationships.

Formal relationships between firms and public steeleave visible traces such as licensing or
contract agreements that are more easily measo@edipen science. These traces are also
directly relevant to current policies to encouragademic entrepreneurship and to permit public
science institutes to obtain intellectual propemgits (IPR) for discoveries with commercial
potential. Another advantage is that indicatorsiiercommercial potential of public science
discoveries (invention disclosures and patentiplgls indicators for the use of public science
outputs by firms (licensing and start-up establishts), can be obtained from a comparatively
small number of technology transfer offices (TT@wt serve public science institutions, rather
than needing to survey a large number of firms abwir use of the results of public sciehce

Data on the commercialization of public scienceehlagen collected on a consistent basis from
the 1990s for two countries, the United States@adada. The Association of University
Technology Managers (AUTM) has collected data oreAcan TTOs since 1991 and on an
annual basis since 1996, with the most recenttseauébilable for fiscal year 2004 (AUTM,

% This method is not entirely accurate becauseitad cesearch is often included by the patent erammiather than
by the patent applicant. In addition, a cited pagaar be included to build a patent claim, withdnét tited research
contributing to the invention.



2005). Statistics Canada first surveyed Canadiaretsities in 1998 and on an annual basis
since 2003, with complete results available for2(Read, 2005; Read, 2006). Similar data are
available for Australia for 2000, 2001 and 2002daiversities and other public research
institutes (Commonwealth of Australia, 2004). Allitbese surveys collect data on both the
commercial potential of public science and thelmsérms of public science outputs.

A main challenge for producing comparable indicaierto find a relevant denominator to
normalize outputs from public science systems\yhat enormously in size. There are two
potential options, the number of researchers amahtimber of research expenditures, but the
latter is more widely available.

Relevant data for Europe on the commercializatigoublic science have not been available
until recently. Between 2001 and 2002, the OECDaramulti-country survey of the technology
transfer activities of universities and governm@search institutes in thirteen OECD countries,
including eight in Europe (OECD 2002; OECD 2003}t inter-country comparisons were
severely hampered by a lack of good denominatars as R&D expenditures or the number of
researchefs The ProTon study for fiscal year 2004 obtaindevant output data from 172
European public science institutes (Conesa e0&4 R but did not provide results for a
denominatot.

Three recent surveys provide European data thatcang@arable to the AUTM, Australian and
Canadian surveys. Two studies provide resultshiettk (UNICO, 2005; HEFCE, 2006)vhile
the third provides results for public science in$és across Europe (Arundel and Bordoy, 2006).

In this paper we use the results of these six gsri@explore the possibilities and problems for
developing internationally comparable output inthea for the commercialization of public
science. The main purpose of the analysis isuetithte what could be done, at relatively low
cost, to fill an important gap in internationallgraparable innovation indicators. This paper
builds on preliminary work in several of these syvto develop comparable indicators based
on outputs per unit of R&D expenditures, but wevple a deeper analysis of the problems in
using this approach to construct comparable indisand suggest several solutions. We also
identify additional survey questions that couldvpde valuable complementary information.

% The distinction between commercial potential acmia use indicators is in line with the one desediin

Hawkins et al. (2006) between output and outcord&atiors.

* The OECD study used the number of patents ordieeobtained per TTO, but this is unlikely to proglu
comparable indicators because of large differencdse number of researchers or research expeerdifer public
science institute.

> The study collected data on the number of acadepsc institution but did not provide these data irsable form.
® In addition, a 2002 survey in the UK collected imdata for about 50 universities (Chapple e2G05, Lockett
and Wright, 2005)



2. Data sources and methodology

All surveys collect data on research expenditunesan three output indicators for the
commercial potential of public science discove(iagention disclosures, patent applications
and patent grants) and on three indicators fousieeof public science by firms (licenses
executed, start-ups established, and gross ligensaue).

In the spring of 2006, on behalf of the EuropeadRSwe conducted a survey of ASTP
members representing public sector institution§ stscuniversities, academic hospitals, and
government or non-profit research institutes (Arlrahd Bordoy, 2006). The survey response
rate was 59%, with 101 replies from respondentsrtted the survey eligibility criteria. The
respondents were based in 22 European counitBesenty-four of the eligible respondents
handled the technology transfer activities of avarsity while 27 represented government
research institutes or hospitals.

The ASTP membership represents approximately 198 @stimated 1,000 public science
institutes (universities and government researgharmsations combined) in the European union
(Conesa et al, 2004), with survey responses avaifabapproximately 10% of thefh.

The United States has an estimated 2,500 univesshiut many are liberal arts colleges that are
unlikely to develop patentable discoveries. Limitediniversities that offer science and
engineering (S&E), 1,521 offer bachelors degree3&it, 826 offer Masters level degrees in
S&E, and 345 offer Doctorate level degrees in SBISK, 2006). The fiscal 2004 AUTM survey
obtained responses from 33 research institutes, oh@ghich are hospitals, and from 164
universities, or a minimum of 11% of American unsi@ies that offer science and engineering
degrees (using bachelor level granting institufions

The 197 AUTM respondents included 96 of the top Afferican research universities.
According to the AUTM report, these universities@anted for 87% of federal and industry-
financed research expenditures by American unitressjthe study does not report data for state
sponsored research).

The ASTP and AUTM surveys are limited to a seles&dd group of association members,
whereas the other four surveys were sent to alalbstembers of their target population of
universities, research hospitals or other pubkeagch institutes.

" Ten or more valid responses were received from Reknthe Netherlands and the United Kingdom, while
between five and nine valid responses were obtdioed Belgium, Finland, France, Germany, Greecd, an
Switzerland.

8 The ASTP survey obtained responses from 11% afrélersities in seven countries where precise datte
number of universities are available: Italy, Sp&wijtzerland, Norway, Portugal, the United Kingdand the
Netherlands.



The Canadian survey by Statistics Canada was sa@titrhembers of the Association of
Universities and Colleges of Canada (AUCC), whioliers most universities granting a
Bachelors level degree or higher, and to all kno@gearch hospitals. The survey response rate
was 83% for universities and 63% for the hospitakssults were obtained for 73 universities and
24 hospitals.

The UNICO survey for the UK appears to have beenteeall degree granting universities and
major government research institutes. Although #4%he target population did not respond, the
study notes that responses were received from #vedbp 50 UK universities in terms of
research income for 2004. No final breakdown i®gief the number of responses from
universities versus other types of public instdns. The second UK survey (HEFCE, 2006) was
only sent to universities and obtained responses fll of its target population for academic
year 2003/04.

2.1 Comparability issues

Several differences in the design of the six susveuld reduce comparability. These include
differences in the target populations, the questmes, and in the treatment of item non-
response.

Target populations

International comparability will be maximized if@astudy receives responses from all
universities, all government research institutesl, @l hospitals. This would prevent possible
biases that could occur by preferentially surveyingbtaining a higher response rate from
research-intensive institutions that are likelpé&sform better on the output indicators than
second or third-tier institutions. The UK HEFCE\ay for 2003/04 comes closest to this goal
by obtaining results for all universities, followbg the Statistics Canada results for universities.
In contrast, the ASTP and AUTM survey results dwe@ly to be biased towards institutes with
above average performance, although an evaluatithre gespondent institutions suggests that
the ASTP survey is less biased in this respect tt@®UTM survey (Arundel and Bordoy,
2006).

Another difference in the survey populations thak mwfluence comparability is the proportion

of non-university institutes in the respondent skspwhich accounts for between zero and 44%
of the responses. These differences matter becdwseiations in performance by type of
institution and by country. In the ASTP sample, qumiversity institutes out-perform

universities on patent applications, patent grdisnses executed and license income.
Performance differences by the type of institutiere also found in the OECD study (OECD,
2003). In contrast, there is very little differennahe performance of universities and other



research institutes in the AUTM sample. One opisaio limit the results to universities, but the
relevance of this approach depends on the rol®mfumiversity institutions in national public
research efforts. Only providing results for unsrges would fail to capture the
commercialisation of public science in countrieg;tsas Australia, that invest heavily in
government research institutes. To avoid thesel@mud) we provide results for all public
science institutes combined and for universitidg.on

TTO coverage of activities

In countries such as Italy where patent rightshatd by the inventor, the TTO may not be aware
of all patents linked to a university invention.eTRATVAL study, based on a patent database
analysis of university patents between 1992 and 19%he Netherlands, the UK, Spain,
Germany, France and Italy, found that well ovef bhpatents with a university inventor were
not owned by the university (Verspagen, 2006). Thisne argument for tracing university
patents through TTOs rather than patent databsiseg, TTOs can assist with the patenting of
inventions that are not owned by the universitytiiermore, as European TTOs develop
expertise over the time, the share of universitgpang that they are aware of is likely to
increase. The ASTP study asks TTOs managers toastthe percentage of all patent
applications by researchers at their affiliatediiag8on that were handled by their office in 2006
(Arundel and Bordoy, 2006). On average, 91% ofma@plications were handled by TTOs.

Variable definitions
International comparability will be affected byfeifent definitions of both outputs and research
expenditures.

A problem with the output measures is differencelsaw patent grants are counted. The AUTM
study is limited to patents granted by the USPTRIs Ts likely to account for almost all
patenting among the respondents, since very feenpapplications are likely to be made only
outside of the United States. Conversely, somenpaigplications by European public science
institutes are only made outside of the home cgu@trundel and Bordoy, 2002; OECD, 2003).
For this reason, the ASTP study limits the defomtof patent grants to ‘technically unique
patents” to prevent multiple counting of an inventthat is patented in more than one
jurisdictior?. This should improve comparability with the AUTMsults.

° The ASTP survey asked respondents to give the aunftitechnically unique patents that were grartegour
institution”. A technically unique patent grant waesfined in the question as “for one invention ofdypatent for
the same invention in two or more countries is @ofinically unique patent”. ‘Logical data and atichecks,
followed up by telephone calls, showed that thénitedn of a patent grant in the ASTP questionnaias
misunderstood by a few respondents who gave thériatnber of patents that were granted in all glicigons,
rather than the number of technically unique pateftis led to substantial over reporting of patgants, which
was corrected using information collected in thiéofe-up.

10



The number of patent grants reported in the AuatraCanadian and both UK studies does not
exclude multiple counting of granted patents f@ shme invention. In the Canadian and
UNICO studies the same invention can be counte tipree times (in the domestic country, the
United States, and all other countries combined)) the data suggesting substantial multiple
counting. In the Australian study, patents candagnted in both Australia and the United States.
To improve comparability, we limit the counts t@tlegion or country with the largest number
of patent grants. This is the United States foradanthe UK for the UNICO and the HEFCE
studies, and Australia for the Australian studyishill result in an underestimate of the true
number of patent grants for these countries.

The problem with multiple patent counts does natuodor patent applications in the AUTM,
Canadian, ASTP and UNICO studies as all four sus\ieyit them to priority applications.
However, the Australian study includes both appioces in Australia and in the United States,
and the HEFCE study provides the total number tdrgaapplications and the number of those
applied abroad, which does not prevent double odifite Australian results are limited to
Australian applications and the HEFCE results givelow subtract the number of foreign
applications from the total.

Most of the surveys count all types of license agrents and license income from all types of
IPR, for example from patents, material transfeeaments, copyright, etc. Conversely the
AUTM survey excludes license income from softwand hiological material end-user licenses
under $1000 and income received from material fesirsggreements.

Differences in the definition of research expendisuwill have a significant impact on
comparability because this statistic is the denatoinfor all indicators. Table 1 summarizes the
different definitions in use and estimates if tledimition will over or under estimate research
expenditures compared to the AUTM study for thetébhiStates. An overestimate of research
expenditures compared to the AUTM study will redtiree number of outputs per unit of
research expenditures and therefore underestimiate/e performance compared to the United
States. Relative performance with the AUTM is ik be underestimated for Europe, the
HEFCE study, and for Australia, and overestimated_fanada.

Treatment of missing values

The comparability of standardized performance iatics based on outputs per unit of research
expenditures depends on how each study managesgmnsgues, due to a reporting institution
not answering a specific output question such asittmber of patents granted in the relevant
year. This can be a serious issue. In the ASTReguthie share of missing values for the output

11



guestions varied from a low of 18% for the numbfestart-ups to a high of 45% for the amount
of license income earned. We adjust for missingesin the calculation of standardized
performance indicators for the ASTP study by exicigdespondents that did not answer both
the output question and the question on total reee=xpenditures.

Missing values could have been less of a problethearother five studies, but it is impossible to
know since none provide the percentage of missahges for specific questions. The Canadian
survey notes that some missing values are impbteadyrovides no other details. From the count
data given in the Australian study, it appears thate either were no missing values (highly
unlikely) or that all missing values were imputed.

We calculate standardized performance indicatar€&mada, Australia, the United States and
the UK by dividing the total reported outputs bg total reported research expenditure. This will
underestimate performance if the research expeediata are complete but some respondents
do not report specific outputs, or overestimatéqrarance if the output data are complete but
some expenditure data are missing. Furthermoresimgislata for either research expenditures or
outputs for a small number of major respondentturtgins can distort the results, since the
distribution of both outputs and expenditures ghhy skewed in all five surveys. As an

example, failing to account for missing valuesha ASTP survey for Europe, for instance by
using the aggregated research results in Table2ltalate the indicators, would increase
European performance by between 25% and 72%, deygeod the output variable. This
highlights the importance of adequately accounfiimgnissing data.

3. Results

Table 2 summarizes the main results of each ofitheurveys. All financial data are given in
US dollar purchasing power parities (PPP$), usieCO data on PPPs for Canada, Australia
and each European country for the relevant year.

Figure 2 gives five standardized performance irtdisaper 100 million US PPP$ of research
expenditures from five surveys that include botlversities and other types of public research
institutes. The results for Europe and Australiccépt for patent applications are limited to
respondents that reported both research expersldume each output, whereas the other
performance indicators can be calculated from gygegated data in Table 1.

12



As noted above, the indicators in Figure 2 arekehjito be fully comparable, due to differences
in the target population, the definition of eachiput and of R&D expenditures, and differences
in the treatment of missing values. With this caytee United States is the performance leader
for only one indicator, patent grants, and Canadds on patent applications. The UK leads for
the other three indicators, but we suspect thatrthght be due to a lack of adjustment for
missing values. If the UK is excluded, Europe leanlsicenses executed and start-up
establishments.

A sixth performance indicator is gross annual Igerevenue as a percentage of total annual
research expenditures. This indicator should qeaaicular interest in countries where a policy
goal is to increase non-governmental funding oYersity research, since some license revenue
is often returned to the institute to fund reseaifidte share of license revenue as a percentage of
reported research expenditures is 1.0% for thé’UK01% for Canada, 1.2% for Australia,

3.0% for Europe (ASTP), and 3.5% for the United&taln all cases license revenue is a meager
source of funding for research, particularly sipeet of license revenue often goes to the
inventor, while another part is used to cover T Xpeanses.

Figure 3 gives results for universities arfjywhich are similar to those in Figure 2 for all
institutes combined. The United States leads on patent grants andd@dsahe performance
leader for patent applications. The UK leads feeirtion disclosures, licenses execttemhd,
together with Europe, for start-ups. The UK perfsermuch better for patent grants and patent
applications when only universities are considek&mvever, this result could be due to multiple
patent counts in the HEFCE study. Of note, Eurngaformance on start-ups increases from
1.6 per 100 million US PPP$ for all institutes t8 fbr only universities. For universities, the
share of license revenue as a percentage of rep@dearch expenditures is 1.1% for the UK,
1% for Canada, 1.7% for Australia, 1.2% for Eur@p8TP), and 2.9% for the United States.

Table 3 shows the relative performance of Eurdpe UK, Australia and Canada compared to
the AUTM results for the US (AUTM equals 1), fol mistitutes combined and for universities
only. The only indicator for which the relative fsmance changes from above or below 1 is
the number of licenses executed. In this case,feuootperforms the US when all institutes are

19 The figure of 1% is obtained from page 29 of tiélCO report. Using the aggregate data in Tabler IHfe UK
gives a rate of 1.6%, which suggests that thegiatm in the UNICO study is adjusted for non-resgmofor
reported license revenues.

M The results for Canada were provided in a spéafnllation by Cathy Read from Statistics Canadan@uoable
data were only available for invention disclosupeent applications and licenses executed.

2 The results for Australia for universities onlgarot adjusted for missing values.

13 According to the HEFCE report, about half of tleehses executed correspond to only two institstion

13



considered but performs below the US for univegsitinly. All countries except Australia and
Canada have a higher performance than the US drugts The highest relative performance to
the US is also observed for this indicator: 3.1 ardfor the UK for all institutes and for
universities only, respectively, and 2.4 for Eurdpeuniversities only.

4. Discussion

The six performance indicators given above incliee indicators for the potential
commercialization of public science, invention thsctres, patent applications, and patent
grants; and three indicators for the actual ugaubfic science discoveries by the business
sector: licenses executed, start-up establishmandslicense revenue.

The value to policy of the three commercial pot@ritidicators is not very high because they do
not measure the actual uptake of public scienadtselsy firms. Their main value to policy is to
determine the factors that increase the efficiemitly which public institutions (primarily
through their affiliated TTOs) transfer knowledgettie business sector. This requires
econometric analysis of data at the level of eashtution, which requires access to such data.
This information is reported in the AUTM study fmany of the respondents and has been
extensively analyzed. Phan and Siegel (2006) peoaithorough review of this literature and
find, not surprisingly, that efficient knowledgamsfer depends on the characteristics of the
institution, such as its research focus, the ineerstructure, and organizational characteristics
of the TTG*. Of this group, the most valuable indicator isfatent grants, particularly if
combined with additional questions on licensingcicas, as discussed below.

The three indicators for the use of public scigmgérms are inherently more valuable for policy
because they are closer to measuring the commieatiah of public science results A
comparison of national performance on these tmeéieators is consequently of greater interest
than a comparison of performance on patent apmitabr patent grants. Although subject to
many problems of comparability, the Table 3 sumnudrphe results intriguingly shows that the
United States is the leader on indicators for consrakpotential, particularly patent grants, but
that its relative performance is more mixed forttimee indicators for the use of public science
by firms, particularly for the number of licenseeuted and the number of start-up
establishments.

14 Based on a comparative case study of several @anadiversities, Mc. Daniel (2006) concludes thaariety of
social factors are positively associated with thversity’s innovation record. Among other, theversity
receptivity to organizational innovation, the degte which networking is encouraged and the commedtd the
community are cited as the most important ones.

15 None, however, measure successful commercializatictart-up can fail, a license can lead to nghif value,
and even license revenue can be earned withoitehd®ringing an invention to market or making afirfrom it.

14



The results for the three indicators for the uspulilic science by firms also suggest that we
need to take a much more critical look at Europessumptions about the causes of the “policy
paradox”. Europe performs better than the UnitedeSton two of the three knowledge transfer
indicators (and a close second on the third f@mise revenue as a share of research
expenditures) for all types of public science ig&is combined. The marked weakness for
European universities for license revenue comperéanerican universities is partly due to the
fact that European TTOs that serve universitiesrareh younger than their American
counterparts and have had less time to develageading portfolio. In the ASTP study, older
TTOs affiliated to universities earn more licenseame than younger TT&s Furthermore, the
AUTM sample is likely to contain a higher percergay the top performing institutes than the
ASTP sample, so we would have expected the AUTMpéaho have better performance than
the ASTP sample on most indicators.

Some of the differences between the performandeadtats for Europe and the United States
could be due to differences in incentives or ‘eonmental’ factors. The higher rate of start-up
formation in Europe could be due to low royaltiesdcademic inventors. This would provide an
incentive for academics to establish a firm to eigheir discovery, as found in a study for the
United States (Di Gregorio and Shane, 2003). Wieaitdhwe cause, the high rate of start-up
formation in Europe suggests that European acadamight not be less ‘entrepreneurial” than
their American counterparts.

4.1 Indicator improvement

The development of internationally comparable iathes for the commercialisation of public
science will require the use of standard defingifor output variables and for denominators
such as research expenditures, similar target popns and survey coverage, and greater
transparency in the treatment of missing valueaduttion, to solving these problems, the time
causality problem also needs to be addressed. Usssgrch expenditures and outputs for the
same year implies that the outputs are directlytdube reported research expenditures. This is
not likely to be the case, with many outputs dusetearch expenditures over several years. This
can particularly apply to patent grants, which ddag due to research conducted several years
previously. One possibility is to construct indwat after using different lag times for research
expenditures, but this might be unnecessarily cemapAn alternative for the future is to average
research expenditures over the previous three y€haisis currently only possible for the
Canadian and AUTM surveys.

'8 On average, only 13% of the ASTP respondent usiives were established before 1990, comparedeo toadf
of the American TTOs. The Pearson correlation édiefit for the age of ASTP TTOs in years and PPREense
income per PPP$ research expenditures is 0.6360@&0

15



The construction of high quality comparable indicatrequires a much higher coverage rate
than that of the AUTM and ASTP surveys, which kely to raise serious problems of
confidentiality. Many public science institutionstlivpoor performance could be reluctant to
respond if they believe that their results willrhade publicly available, possibly leading to a
reduction in future funding. Yet a failure to indripoor performers in surveys will bias the
results and reduce their value for policy. The ASiBRed respondents if they agreed to have
their results made public, with 75% refusing. Tindicates that the issue of confidentiality must
be taken seriously in future surveys.

4.2 Other indicators for policy

The six basic indicators given in this paper caml@ined in a one or two page survey
guestionnaire, based on the questionnaires usibeé IASTP and UNICO studies. Since many of
the national surveys are much longer, ranging fsonpages for the AUTM survey to 13 pages
for Canada, there should be room to collect aduiidlata that could be used to construct
internationally comparable indicators. We suggest &reas where additional internationally
comparable data would be of value to palicy

The first area is to collect data on the numbeeséarchers, preferably in units of time devoted
to research, to provide an alternative denomintatoesearch expenditures. Units of research
time could be more comparable internationally thaits of research expenditures, which are
affected by how expenditures are defined and lagla df purchasing power parity (PPP)
currency equivalents for research. FurthermoreABEP survey found that a higher percentage
of respondents could provide the number of reseasaf73%) than research expenditures (61%).
The higher response rate for the former could begodarly important for surveys that are not
compulsory.

The second area is to collect datandro licenses public science inventions — firms basghdinv
the home country or abra¥din order to construct an indicator for the petage of licenses

that are given domestically. This would serve adpslicy interest in encouraging knowledge
flows that support domestic economic activity. Tépeestion is particularly relevant for
exclusive licenses, since the main justificationrfon-exclusive licenses is to raise funds for the
public institute.

Third, the role of non-exclusive licenses is anam@nt policy issue by itself. Although non-
exclusive licenses can maximize income for thears$eorganization, they could be less

" We ignore issues such as whether or not the TTi@ascially self-sufficient, such as if the licenand IP costs
are fully covered by license revenue. This is prima domestic issue, where internationally conajiée data are
of less value.

'8 Ownership is less relevant. The key issue isdfltitation of the development of the licensed inioen
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effective in transferring knowledge and technoltgyhe business sector than publications that
make the results freely available to all. Conversekclusive licenses for some inventions could
be absolutely necessary for a firm to invest inedi@ping the invention into a commercial
product (Colyvas et al, 2000). The disadvantagkasinefficient use of exclusive licensing
could slow down technical developments and possitgal benefits. Indicators for the share of
exclusive licenses, particularly by technologydielould help policy makers determine if the
rate of exclusive licensing is above or below titerinational norm.

Fourth, there is no point in a public science tnstn applying for IP rights, particularly a

patent, if the invention is never licensed. Thif amly increase costs to the institute and
theoretically, albeit under the unlikely assumptibat no firm will infringe the patent, prevent
firms from using or further developing the patentechnology. For this reason it is worthwhile

to collect data on the percentage of patents ted lkever been licensed in order to track changes
over time and benchmark national performance.

Last, non-patented inventions account for a sigarft share of licensing activity, even though IP
policy frequently stresses patents or the needtfwer strong forms of IP. The OECD study
(OECD, 2003) found that approximately half of akhses did not involve a patent, while the
ASTP study found that 40% of license income in 004 and 2005 did not involve a patent. In
order to keep the role of patents in perspectiwepuld be worth collecting data on the share of
licenses and license income that does not invodwers.

5. Conclusions

This paper shows that it would be possible to obiaternationally comparable indicators for the
commercialisation of public science with relativelynple agreement over definitions, improved
survey coverage in Europe and the United Statesadew other ‘tweaks’ to current surveys. In
addition, the policy relevance could be improvedldging a few additional indicators for who
licenses, licensing exclusivity, the share of patéimat have ever been licensed, and the share of
licenses and license income from patented and atenped inventions.

It is important not to lose sight of the fact thia visible and easily measurable output of public
science institutions, such as patents and licefees,only part of a large number of activities
that can lead to commercialisation and social henéfs noted earlier, useful knowledge can be
transferred from universities to firms through operence methods such as publications,
conference presentations, and informal contact® Juwveys in the early 1990s that were able to
differentiate between open science and formal nustiod knowledge transfer found that both
European and American firms rate open science igtdy as a means of obtaining valuable
knowledge from public science for their innovataativities than formal methods (Cohen et al.
2002; Arundel and Geuna, 2004). Similar resultssHasen reported from interviews with MIT
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staff, which found that patents and licensing are of the least useful methods of knowledge
transfer (Agrawal and Henderson, 2002). In Canfedieral departments and agencies have
experimented with other types of indicators thagimibe possible to collect from TTOs, such as
measures of the dissemination of research resutteetpublic (including media coverage, web
visits, non-scientific publications) and qualit&imneasures of how research results are used
(Therrien, 2006).

There is a serious danger that only providing iatdics for formal methods of transferring
knowledge could encourage the policy communityrtonpte formal methods at the expense of
open science. Phan and Siegel (2006) refer to pnllished study in the United States by
Markman, Gianiodis and Phan that found that are@®e in professional activities by TTOs
leads to a fall in informal or ‘bypassing’ linkagestween academics and firms. They also report
that bypassing activities were “associated withen@luable discoveries and heightened
entrepreneurial activities”. This suggests thatgbkcy community needs to find the optimum
balance between promoting formal technology transiethods based on IPR and licensing and
the informal methods of open science. In this respewould be worth developing better
comparable indicators for the role of open sciandbe innovative activities of firms. This
cannot be done through surveys of TTOs, but woedgiire a survey of firms themselves. The
European Community Innovation Survey (CIS) can mlevelevant indicators, such as the
percentage of firms that give a high importanclkrtowledge obtained from public research
organisations. These types of indicators would riedx given equal billing with indicators of
formal knowledge transfer activities. Perhaps wghnfind that the cause of any “European
paradox” is not due to the formal transfer of palsicience discoveries to firms, where European
performance appears to be acceptable, but to pnsblgth the system of open science.
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Table 1.

United States
(AUTM)

Definition Compared to AUTM

Federal and industry sponsored research -

Europe (ASTP)

Total research expenditures Overastim

Canada Sponsored research at universities: cartlucder Underestimate
contract with the government, Canadian business,
Canadian organizations, foreign governments,
foreign businesses, and other foreign organizations
It specifically excludes research funded by several
major federal granting sources. No data for hokpita

UK (UNICO) Not given, but noted from other sourcEstimated  Unknown
here from reported ‘research income’ dicense
income.

UK (HEFCE) “Total research grants and contractstuding Overestimate
aggrejgfflte resear_ch fun_dmg fr(.)m OST research Also includes block
councils; UK charitable income; UK central rants that can be used
government; local, health and hospital authorities; ?or either teaching or
UK industry, commerce; public corporations; EU research 9
sources, and other overseas income”. '

Australia All research and experimental development Overestimate

expenditures, using the Frascati definition, inoigd
capital and labour costs.
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Table 2.

UK- UK- us Europe
UNICO HEFCE Canada (AUTM) (ASTP) Australia
Fiscal year 2004 2004 2004 2004 2004 2004
Total reporting institutes 106 162 97 197 101 70
100 162 73 164 74 39

- of which universities (94%) (100%)  (75%) (83%) (73%) (56%)

Survey response rate 56% 100% 69% 65% 59% 89%
Output indicators (total reported)
Invention disclosures 2,871 3,029 1,432 16,792 B,48 961
Priority patent applications 885 884 1,264 13,792 ,616 450
Patent grants 141 183 158 3,667 320 492
Licenses executed 1,406 2,154 494 4,758 1,338 383
Start ups 229 167 40 462 213 31
License income (million US PPP$) 65.2 61.79 41.1 434,3 190.8 48.2

Research expenditures (million US
PPP$) 4,062 5,872 4,054 41,244 9,699 4,192

Sources: Arundel and Bordoy, 2006; AUTM, 2005; RediD5; UNICO, 2005, Commonwealth of Australia, 200
HEFCE, 2006.

(*) Results for start ups are from 2003.
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Figure 3
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Table 3.

ASTP-Europe UK Australia Canada
All Univ. Al Univ. All Univ. All Univ.

institutes only institutes only2 institutes only institutes 0n|y4
Commercial potential indicators
Invention disclosures 0.7 0.8 11 1.3 0.6 0.6 0.9 0.8
Patent applications 0.5 0.4 0.5 0.6 - 0.4 1.2 1.2
Patent grants 0.6 0.4 0.2 0.4 0.6 0.9 11 -
Use indicators
Licenses executed 1.2 0.8 1.8 3.3 0.8 0.9 11 1.0
Start-ups 1.4 24 3.1 25 0.6 0.7 0.9 -
License revenide 0.9 0.4 0.3 0.4 0.3 0.3 0.3 0.3

1: UNICO study
2: HEFCE study

3: Relative performance for license revenue asagestf reported research expenditures

4: Source: Special tabulation provided by CathycRfeam Statistics Canada
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