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FOREWORD

This report is the result of a task commissionedheyEuropean Commission, Direc-
torate General for Research and Innovation, Dirat¢oC — Research and Innovation,
Unit C.6 — Economic analysis and indicators, toaug of independent experts to
develop a composite indicator for knowledge trankfam the research sector to other
sectors, following the need to support ERAC’s wonkindicators on knowledge
transfer and on the implementation of the IP recemation (C(2008)1329) en-
dorsed by the Council of the European Union. Thoeigrhas previously delivered a
report assessing two candidates for headline itmhedor knowledge transfer (Finne
et al, 2010).

The immediate background for the task is linedruphapter 1. Chapter 2 reports the
group’s understanding of knowledge transfer; imgatradditional material can be
found in Annex 2. In chapters 3 and 4 we devel@pctbmposite indicator and illus-
trate it with available data in chapter 5; seeipaldrly Table 9 on page 31. Conclu-
sions and recommendations are found in chaptee@&d&s mainly interested in a
shorter version should read the Executive summanyage 3 and look at the chart in
Figure 2 on page 27.

The group has met six times between June 2010 ayd20i1l1 and has also consulted
with a number of other individuals and institutipparticularly in the search for data
not readily available from published sources. Acklgalgements are found in Annex
1 but we would like to take this opportunity to nkahe Commission for entrusting us
with a stimulating and rewarding task.

Trondheim, October 2011

Hakon Finne
Chair



EXECUTIVE SUMMARY

Background

Effective transfer of knowledge from the researettar (higher education institutions
(HEIs) and public research organisations (PROs)}Her sectors for economic, cul-
tural, social and personal value is of increasmpgartance throughout the world. In
order to work towards optimal exploitation of tkisowledge resource, which to a
great extent is funded by public sources, a sydierpalicy focus on suitable indica-
tors is needed. The European Commission’s IP recamdation

What is knowledge transfer?

The Expert Group has adopted a broad concept iohAkriowledge transfer encom-
passes all functions that may lead to improvedofis@owledge developed and held
in the research sector for the benefit of societyigs individuals. A model shown in
Figure 1 on page 10 (Hadt al, 2008) places knowledge transfer activitiesween
activities to produce knowledge (research) and econ activities in which knowl-
edge is converted to value. This model acknowledgésrent sets of actors with dif-
ferent skills, goals, responsibilities, and inctioas for each of the three sets of ac-
tivities. The outputs of research — including nevowledge and more knowledgeable
researchers — are candidates for transfer to th@oatic sphere to enter into eco-
nomic processes along with a host of other factgsired to generate economic
value. Knowledge transfer activities undertakerkibgwledge transfer offices

(KTOs) and others, including establishing new fidmased on new knowledge, licens-
ing, collaborative and contract research (whichrerteknowledge transfer in them-
selves but facilitate it), consultancy, etc, arge@sial in improving the knowledge
flows. They come in addition to, and intertwinedhyithose transfers that usually
take place with less intervention, e.g. when neadgates, people going back to uni-
versity for continued professional developmentewen experienced researchers go
out to work with innovation in established firms. €@urse, networks between re-
searchers and potential users of research aretiedsemhat they facilitate not only
contact but also actual knowledge flows.

Methodological considerations for a composite indetor

The Expert Group has chosen to develop indicatorthfee main sets of transfer
mechanisms: througheople throughco-operation and througltommercialisation
(to use the shortest possible terms). Unfortunatetifcators fometworks do not
seem feasible at this time. Within each of theseetloverlapping areas, a number of
component indicators are selected in order to ca@wvide array of relevant activi-
ties and in order to produce a robust composite.

A composite indicator consists of a number of congmd indicators “added up” to a
single number. In the case of knowledge transfes,dcomposite clearly give a better
overall picture of status and development thanreadline indicator available. At the
same time the range of component indicators is erarigh to support the monitor-
ing of a wide variety of national strategies irstfield.



Table 1: Proposed component indicators for knowledg transfer

Knowledge transfer through Institutional co-operation in Commercialisation of research
trained people R&D and other phases of inno-
vation

1.1. Stock of HEI graduates em- 2.1. Number of R&D contracts in 3.1 Invention disclosures from
ployed in business enterprise  HEIs/PROs with firms and other HEI/PRO employees

sector users 3.2 Priority patent applications
1.2 Stock of doctorate holders  2.2. Number of consultancy submitted from HEIs/PROs
employed in business enterprise contracts in HEIS/PROs with 3.3 Patent applications submitted
sector firms and other users from public sector actors to EPO

1.3. Continuing professional 2.3. Revenue to HEIs/PROs from3.4. Patents granted to HEIs and
development revenue for HEIs R&D contracts with firms and  PROs

1.4 Employed adults (age 25-64)other users 3.5. New licensing agreements
engaged in university level train- 2.4. Revenue to HEIS/PROs from3.6. Licensing revenue to HEIs
ing or education consultancy contracts with firms and PROs
1.5 Teaching in HEIs performed and other users 3.7. International licensing trade
by people with their primary job 2.5. Firms co-operating with from HEIs and PROs
outside the HEI/PRO sector HEIs 3.8. Number of new spin-offs
1.6. Entrepreneurship propensity2.6. Firms co-operating with
among HEI students PROs

2.7. R&D in HEIs/PROs funded

by business

2.8. Co-publications between
private and public authors

For a picture of the composite, please turn to f@duon page 27.

Current and future data availability

Much of the data required for the proposed compbimeiicators is collected and
published in most European countries on a reguaistand made available as consis-
tent data sets through international sources. imesof these cases, normalisations
will have to be calculated using other publishethdBor commercialisation of re-
search, data exist for many countries but in thpntg of cases they cannot currently
be aggregated to national estimates.

Conclusions and recommendations

The Expert Group has shown that it is possibleottstruct a reasonable composite
indicator for knowledge transfer at the nationaklen Europe. In order to be able to
publish data on an annual basis, there are thte@f&tasks that need to be under-
taken, listed in order of priority:
* To generate more and better data on commercialsatithe national level
(task 1)
» To collect and collate data from the various sosia&d integrate them in a
published composite indicator system (task 2)
» Toimprove data for other component indicatorsk(s

The Expert Group recommends for the European Cosiomisin suitable collabora-
tion with ERAC and its member states, to initigskls 1 and 2 as one undertaking,
with a single, strong project manager to securgcserit quality, progress, and impact
in both tasks. The Expert Group also recommendghieaEuropean Commission
liaise with owners of on-going surveys of knowledigasfer offices (KTOs) in order
to improve data availability where it is most negde. under the heading of com-
mercialisation.
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1 BACKGROUND

1.1 Introduction

Vast amounts of knowledge are produced and maedaimhigher education institu-
tions (HEIs) and public research organisations (BRBEffective transfer of this
knowledge from the research sector to other setmorsse in the creation of eco-
nomic, cultural, social, and personal value in stycas a whole is essential in order to
benefit more from the rapidly accumulating reseaftbrts and results. Many actors
are concerned that Europe may not be achievingpamal exploitation of this
knowledge resource, which to a great extent isédraly public sources. They are
advocating a more systematic policy focus on kndgéetransfer in order to improve
it and the development of suitable indicators famitoring progress. This report is
about the latter. In the following chapters we will

» conceptualise knowledge transfer (chapter 2)

» select appropriate indicators for its monitoringgpter 3)

* combine them into a composite indicator (chapter 4)

 illustrate the indicators with sample data (chap)er

» recommend a monitoring scheme that will facilitateore accurate discussion

of progress in the field (chapter 6).

But first we will trace some important developmethist led to this report.

1.2The European Commission’s IP recommendation

An effective management of intellectual proper®)(inay be crucial for the exploita-
tion of research results, particularly when thera potential for economic gainP
practices that follow the same principles acrosssihgle European market are ex-
pected to enhance and increase the exploitatioesefirch results. The European
Commission has adopted a Recommendation on thegaarat of intellectual prop-
erty in knowledge transfer activities with a Coddoactice for universities (includ-
ing public research organisations) in order to prtenpolicies at member state level
and principles for their application at researdtitntion level. At the level of indi-
vidual research organisations, this IP recommeadd((2008)1329) covers policies
under the headings of intellectual property, knalgketransfer, and collaborative and
contract research, but a broader range of acsvifailitating the circulation and use
of ideas in a dynamic knowledge society” (p. 2als0 acknowledged. At the level of
relevant public authorities, one of the issuesecisoncerns the need to monitor the
progress made in knowledge transfer and in impleimgthe IP recommendation,
particularly at the national level.

1.3The ERAC Working Group on Knowledge Transfer

The Council of the European Union has endorsedRlrecommendation through its
resolution of 30 May 2008. As a follow-up, Memb¢atgs and the European Com-
mission have created a Working Group on Knowledga3ter toj.a., define and use
common indicators to monitor the implementation anpact of the IP recommenda-

! The French termaalorisationis gaining in usage also in English for charasteg this type of exploi-
tation, emphasising the purpose of adding valueni@ercialisation is another term that is frequently
used, although knowledge can also be exploitedcommmercially. We will use these three terms in-
terchangeably.



tion. This task was subsequently strengthened dégstablishment of a sub-group
dedicated to indicator development. The Workinguprwas set up by the European
Research Area Committee (ERAC; then CREST) in 200dits work should be seen
in the context of ERAC’s effort to develop a contpaesive monitoring scheme for
the progress of a European Research Area (EUR 22009).

1.4The European Commission’s Expert Group on Knowledgdransfer Indica-
tors and its mandate

As a support for the ERAC Working Group on Knowledgansfer and its subgroup
on indicator development, particularly in the apéanonitoring the impact of the IP
recommendation, the European Commission has esdtaldlian Expert Group on
Knowledge Transfer Indicators, which has authohedpresent report. The objective
of the group is twofold:
* To validate two given proposals for headline intbea for knowledge transfer
* To elaborate a proposal for a composite indicagsicdbing different dimen-
sions of knowledge transfer.

The Expert Group has earlier delivered a repodteel to its first objective (Finret

al., 2010); the present report relates entirely tocthraposite indicator. The mandate
further specifies to use the report of an Expedupt on Knowledge Transfer Metrics
established by the European Commission in 2008 (28894, 2009) as a starting
point, to select a set of indicators, to test aenketbp normalised scores for the com-
ponents and composite indicators using sample dathtake into account the avail-
ability of data over a ten year time period.

2 There is also an overlap in membership betweeexpert groups on metrics and indicators. For
membership of the present group, see Annex 1.
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2 WHAT IS KNOWLEDGE TRANSFER, AND HOW CAN IT BE
MONITORED?

2.1Main types of knowledge transfer activity

2.1.1 Introduction

The OECD (2003) has defined technology transfen @sTIP management, focussing
on patenting and licensing — services frequentbyioled by technology transfer of-
fices (TTOs). Knowledge transfer is a broader cphtgat also encompasses TT,
acknowledging the many forms, activities, procesapd actors involved in making
knowledge from the research sector available feating benefits throughout society.
There is clearly agreement now that knowledge teans broader than IP manage-
ment. There is also a wide array of approachesmnoeaptualising, classifying, and
measuring it.

The Expert Group decided not to stick with a narommcept of knowledge transfer —
in which it is essentially the right to apply ateém body of knowledge that is trans-
ferred, usually in return for payment — but to moswards a broader concept, in
which knowledge transfer encompasses all functibasmay lead to improved use of
knowledge developed and held in the research sdotdhe benefit of society and its
individuals. An instructive review of how some inmtant stakeholders have ex-
panded their views of what aspects of knowledgestea are worth monitoring, is
shown in Annex 3. The Expert Group has considdredd carefully. Among the
many contributions to conceptualise knowledge feanghe group has chosen as its
first source of inspiration an understanding présgin a PraxisUnico report (Hadt
al., 2008) that has also served as an important dsirratce of inspiration for the
views expressed by AUTM ([2010]) and the Knowledgansfer Metrics Expert
Group (EUR 23894, 2009), and indirectly also fa&r ERAC Working Group on
Knowledge Transfer (2010). The illustration in Figu below epitomises this con-
cept of knowledge transfer.
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Figure 1: Model of knowledge transfer within the imovation ecosystem

In this concept, there are three distinct typegatilvities: researchactivities,knowl-
edge transferactivities, anceconomicactivities; performed in principle by different
sets of actors with different skills, goals, resgibitities, and inclinations. Theut-
puts of research — including neknowledgeand more knowledgeabtesearchers—
are candidates for transfer to the economic spioezater into economic processes
along with a host of other factors. Tkieowledge transfer activitiesin the illustra-
tion are not a complete set; nor are they mutweadblusive. Equally important, while
many of the activities involve transfer of readyda&nowledge or knowledgeable
people, others include the joint creation and fiemsf new knowledge tailored to the
needs of economic actors, thus involving actotsoitih academia and industiyet-
works between researchers and potential users of réstzanititate not only contact
but also actual knowledge flowSonsultancy provides existing knowledge collated
by experts in universities to target clients’ sfie@roblems or opportunities. kol-
laborative and contract research knowledge transfer goes hand in hand with
knowledge production, since clients play an impdrtale in defining the research
agenda in both cases. The knowledge generatidhrnisg on average be more jointly
performed in the former cadecensing of the university’s intellectual property, usu-
ally to existing companies, and the formation ovre@mpanies (here callexgin-

outs) to commercialise research results, are clasgcahology transfer activities.
Finally, teachingandcontinued professional developmentCPD) refer to the train-
ing of people who then carry the new knowledge witm into society.

% Obviously not all that is taught in HEIs is theul ofnewresearch, or even research performed in
the HEI itself (since research results are dissatethglobally), but research based knowledge aceumu
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In a simplified image one may distinguish betweeowledge transfer activities as
differently weighted towardsput (i.e. generation of knowledgethroughput (i.e.
making knowledge ready for external use) antput (i.e. use of knowledge) of the
knowledge transfer functions. To accurately attelapcio-economic impact to the
original knowledge that was originally transferredjo the quality of the transfer
activities, is difficult because of the multitudeather factors. Furthermore, the het-
erogeneity of the model attests to its heuristarabter; it cannot be said to embody a
specific theory of knowledge transfer. Neverthel@sselps clarify the width of ac-
tivities that can be said to involve knowledge $fan and gives an excellent point of
departure for developing new indicators and thestrios.

Bearing these developments in the KT communitigsiimd, and also other relevant
literature and experience, the Expert Group hagldddo consider intertwining
knowledge transfer activities and processes fraarélsearch sector to the economic
sector under the following four main headings aspectives:

* networks where knowledge travels

« transfer of knowledgeabjeeople

e institutional co-operation in solving problems and opening opportunities

* IP managementto facilitate exploitation of research results.

These four will be considered briefly below ancethof them in greater detail in
chapter 3.

2.1.2 Network activities that enable and facilitate knowedge transfer

Networks between researchers and economic ac®esaential for successful
knowledge transfer in all phases. They have thram fanctions: to convey relevant
information in a timely and selective manner; teegprivileged or semi-privileged
access to relevant resources; and to embed trarsaof information and resources
in relations of trust that reduce the risks assediavith these transactions. Networks
underpin and intertwine with all phases of knowlked@nsfer and can be considered
enablers as well as transfer channels.

Activities to build and use networks for knowledgansfer abound. They span from
informal and formal dissemination events to thediog between university class-
mates that later go to both sides of the sciendedginy divide. Many of these net-
works are built by researchers and industrialistsctly and on a personal basis with-
out the intervention of intermediaries. Otherslardt formally with conscious effort
by higher education institutions and other actbiswvever, the Expert Group has
found it difficult to identify valid indicators afietwork activities that distinguish good
from poor performance for the purpose of knowletigasfer which are at the same
time sufficiently general to capture typical adie$ and can be aggregated to national
level* The recommendation to leave out networking frompgtoposed indicator set
at this time is related to difficulties of appragie definition and measurement and
does in no way imply a devaluing of the importantgood networks.

lated throughout the research sector over times @bes not diminish the importance of teaching in
knowledge transfer, but its role is different freime targeted transfer of specific new discoveries.

* This is supported by the results of a recent saahgmissioned by HEFCE to explore the possibility
of developing appropriate metrics for network aititg (unpublished work by Bruce Cronin of Green-
wich University) as proposed by the PraxisUnicalgt(Holi et al, 2008).
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2.1.3 Knowledge transfer through the mobility of people ducated or trained in
or by the research sector

It is often said that the most important knowletlg@esfer activity of universities and
other HEIs is to turn students into graduates ahthkem carry their newly won
knowledge to society through the labour market.dRestudies also suggest that
firms consider recruitment of qualified employeedfzeir primary source of knowl-
edge for R&D and innovation (EUR 24891, 2011); thesployees may of course
come from all sectors. The transfer of experienesdarchers to the economic sphere
can be an important knowledge transfer mechanisen though it occurs at a much
lower frequency. What researchers learn when parfg research can be considered
a highly relevant on-the-job training in this cortteEducation and training prepares
for, and culminates in, knowledge transfer whenppemove out of the HEI/PRO
sector; it also results in strengthening of netwdsktween HEIS/PROs and sectors
outside research. Indicators for the transfer oppewith education and training in
the research sector as discussed here can be e@usidput and throughput indica-
tors of knowledge transfer.

These activities and possible indicators, metnas @ata sources are discussed in
chapter 3.2.

2.1.4 Knowledge transfer through institutional co-operation in R&D and other
phases of innovation

Co-operation between HEIs/PROs and economic aictgnoducing new knowledge,
or in making known knowledge bear on problems gombaunities for exploitation,
gives direction to research towards issues corgidienportant outside the scientific
disciplines themselves. This is important in itdetffimproving the uptake of new
knowledge. Depending on the mode of operation ardperation in the individual
project, the new knowledge may be made availaleetly to the client even as it is
created but at least at the end of the projectlé\dnily a part of such co-operation
can be said to involve knowledge transfer to idettipartners (the rest being R&D),
it is nevertheless a form of R&D where the transfieresults is usually much more
direct than in researcher initiated projects. R&Boperation prepares for — and leads
up to — knowledge transfer, and measurements ®ttn be considered indicators of
input and throughput of knowledge transfer processe

R&D co-operation typically falls in the categoriglscontract research and collabora-
tive research, although a number of different teanesused in different contexts. An
interesting case is consultancy, which by definii®not R&D because it does not
aim to create new knowledge or resolve uncertaibtg, however, an important way
of making knowledge held in HEIS/PROs bear direotiyproblems and opportunities
in innovation processes in firms.

A detailing of these activities and possible intticg, metrics and data sources are
discussed in chapter 3.3.

® Public research organisations come in many fomdssizes and their functions in the innovation
system varies between countries. Private not-fofiptresearch institutions may also belong here.
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2.1.5 Knowledge transfer through IP transfer, mostly comnercialisation of
research results

Commercialisation, valorisation or exploitationrefearch results corresponds more
or less to the classical understanding of technolnsfer where the right to use
discoveries and inventions made in the academiitutiens is transferred to eco-
nomic actors. These obviously focus on generatwogemic benefits. Not only pat-
enting and licensing is involved, but also formatad — and follow-up of — spin-off
and other start-up companies to convert knowledgevalue® The longer commer-
cialisation process begins with preparing the gdoian IP transfer and aims to follow
into the realm of actually producing value. Comnaigation indicators can therefore
be considered throughput and output indicatorsnoiltedge transfer.

These activities and possible indicators, metnu data sources are discussed in
chapter 3.4.

2.2Methodological considerations for a composite indator

Knowledge transfer is a complex phenomenon andssineasured through a number
of indicators that portray different aspects oftbomplexity. The Expert Group has
chosen — in line with the deliberations above ddwelop indicators for knowledge
transfer taking place through three main sets afhraeisms: througheople through
co-operation, and througltommercialisation (to use the shortest possible terms).
Unfortunately, indicators for networks do not sefeasible at this time. Within each

of these three areas, a number of component irdgate selected in order to capture
a wide array of relevant activities.

A composite indicator consists of a number of congm indicators “added up” to a
single number. The underlying components are inégaple in their own right as
measurements of various dimensions of knowledgestea The main advantage of
adding them together is to get a simple understagnaoli a complex phenomenon. In
cases where different countries may prioritiseeddhtly, there is an additional advan-
tage in that it gives an overall picture of perfame across the various underlying
dimensions. In complex cases such as KT, a congimslicator is also usually fa-
vourable to a single headline indicator, which amigasures one dimension.

In order for the composite to be a valid repredentaf knowledge transfer, the
components need to be shown not only by theorgasaning but also by means of
statistical analysis to be indicators of the satmenpmenon and at the same time to
be sufficiently different from each other to warrarclusion precisely as different
dimensions. For this purpose we have followed thaeca of the OECD/JRC hand-
book on construction of composite indicators (OEQOQ8) as closely as possible
and also looked to the Innovation Union ScorebdBialanders and Tarantola, 2011;
UNU-MERIT and EC DG JRC G3, 2011) for a practicehmple.

Even when the statistical properties of a composde&ator are in order, the numbers
for each country need interpretation in light o trational innovation system, poli-

® All new firms are obviously start-ups; what is smff in the case of university spin-offs is by our
definition centred around a specific 'piece’ of Wiexlge in which the university or one of its employ
ees has full or partial ownership. Others haveedathese firms spin-outs; we will not alter theimhi-
nology when quoting them, but these are essentidit we call spin-offs, following the standard set
by (EUR 23894, 2009).

13



cies, cultural differences, etc. It is beyond tbepe of the work of this Expert Group
to give any details about this interpretation. Befit to say that similar interpretation
exercises already take place aroergithe Innovation Union Scoreboard and that the
description of national knowledge transfer policesl practices, including the im-
plementation of the IP recommendation, could ses/anportant resources in such an
interpretation. As is often the case, such numaesdetter suited for comparison
within and between time series than for direct cangon between a cross section of
countries. Furthermore, the Expert Group suppbes/tew that “composite indica-
tors are better regarded as invitations to lookenntwsely at the various components
that underlie them” (Stiglitet al, 2009 p. 65), both individually and in the lighit o
national differences as described above. Of cotinse;ollection of components into

a composite also helps determining which comporematshe most relevant ones to
consider.

For example, a country may decide that it is culyanore important for improved
knowledge transfer to increase the number of sfiicempanies from HEIs than it is
to increase the number of consultancy contracisdest PROs and private firms. In
that case, it will be more interesting to consitieperformance over time on total
number of spin-offs per capita and compare it whddevelopment over time of the
same indicator in other countries. Is that compoiraicator growing faster than in
comparable countries? Or a country may decideleduse of its industrial and
demographic structure, extra emphasis should lmeglan increasing the number of
employees taking evening classes at a univerditg.rainge of component indicators
should make it possible to monitor the effects ahgpolicy mixes for enhanced
knowledge transfer

In this exercise, indicators are provided at thvell®f individual countries. For many
but not all the component indicators, data are ggad by adding up numbers gener-
ated at the individual HEI or PRO. Much of the dai@ticularly on exploitation or
commercialisation, rely on collection from speaali knowledge transfer offices
(KTOs)'. For all indicators, raw scores are aggregatédemational level and then
normalised by dividing by a measure of the sizthefresearch sector or other rele-
vant population, or the size of the nation’s ecopoas appropriate for each compo-
nent indicator. Unless otherwise indicated, eachsuee designates the flow during
one year, preferably a calendar year. Then, inrdadmake it possible to join all the
component indicators into one composite indicatwy are normalised against each
other as explained in chapter 4.

The Expert Group has applied the following criteniaelecting component indicators
and recommendations for a monitoring scheme:

« Indicators should capture a broad range of knovdddansfer activities (and
processes) and together give a representative stadding of knowledge
transfer

« Indicators should be valid measurements of thewfit aspects of knowledge
transfer (discussed as pros and cons)

" KTOs usually have broader responsibilities that©$Tbut there is no uniform definition, and here it
is an all-inclusive term that also includes TTOspar. Each actor (KTO, HEI, PRO) may also wish to
generate data about its own knowledge transfevitiesi that may be more important to the actoffitse
rather than as an input to indicators at the natitavel. This will be particularly clear in thesof
KTOs.

14



« Data should preferably already be available agnatenally comparable na-
tional scores, published or accessible througlstits agencies or others

* For data not already available, it should be fdagibgenerate them at the
level of each HEI or PRO (or other relevant unibbservation) for aggrega-
tion to national level

» Cost and burden of generating new data should pedtean acceptable level
in HEIS/PROs etc. and at national level

e |t should be organisationally feasible to collentl @ollate new data from dif-
ferent national sources, openiing for other channels than those usually used
in producing official statistics.

Indicators considered and selected are documemnti@ inext chapter. Their combi-
nation to a composite indicator, including weightirs discussed in chapter 4.
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3 PROPOSED COMPONENT INDICATORS

3.1Introduction

In the following three subchapters, we look clasethe three main fields of knowl-
edge transfer through people, through institutimeabperation, and through com-
mercialisation of knowledge. Within each of theselwiefly discuss how it relates to
knowledge transfer and then identify good candslfde component indicators. We
characterise these and discuss their pros andarwhalso comment on opportunities
and challenges related to obtaining good data. i§ha§ compressed in one table for
each main area. We then apply the criteria fronetiaeof chapter 2.2 to select our
preferred component indicators and specify theiindmns, how they should be
normalised for comparability between countries, dath sources. This is done in
Table 3, Table 5, and Table 7. Their combinatioa tmmposite indicator is docu-
mented in chapter 4.

3.2Indicators for knowledge transfer through people (lased on education and
training)

Four basic groups of people can be distinguishedgards how they carry know-
ledge with them from HEIs and PROs to the resbofety. The largest group is stu-
dents graduating from HEIs. The second group ipleecoming from their current
jobs outside the research sector for shorter agdotraining courses (continuing pro-
fessional development, CPD), and then returnirtgeo current or new jobs after-
wards. The third group is people transferring fijols in the research sector to other
sectors and the fourth group is individuals whbeithave a shorter stay or a part
time assignment in HEIs or PROs, such as an indlistrholding an adjunct profes-
sorship or a professor serving on the board ofrfparation. Indicators for the fourth
of these groups could also be considered indicébonsetworks.

The first two groups are subsets of regular grastutom HEIs and continuing edu-
cation programs in HEIs, respectively. Obviouslpkitedge is not transferred until
the candidates have entered into jobs (outsidestearch sector) where their ac-
quired knowledge is relevant. Numbers for trairaagjvities are therefore only in-
dicative of knowledge transfer at best. It may ¢fiere better to look at influx of peo-
ple with a university education into various partshe economy, even though they
do not come directly from university. A main diffiky lies in distinguishing knowl-
edge transfer from education and training in gdrferahese activities.

Potential indicators in a non-normalised form cdased by the Expert Group follow
in Table 2 below. Pros and cons relate to the iglaf the proposed indicators as
indicators of knowledge transfer. The consideratimnthe table are obviously not
exhaustive but key issues have been addressed.
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Table 2: Potential indicators for knowledge transfe through people transfer

Indicator

Pro

Con

Data opportunities
and challenges

Flow of HEI graduates
to business enterprise
sector (or stock in the
sector)

Primary output of HEIs  Actual uptake of knowl- Annual stock avail-

for society

edge depends on match
in labour market

able from LF$, but
too inaccurate to
calculate net flow

Flow of doctorate hold-

Transfer of research

ers to business enterprisébased knowledge

sector (or stock in the
sector)

Depends heavily on the
R&D capacity of busi-
ness enterprise sector

Infrequent stock
estimates available
from CDH’, data
also on previous
employment, theo-
retically possible to
estimate net flow

Continuing professional

Targeted knowledge

development revenue forupdate for firms

HEIs

Difficult to distinguish
job driven from person
driven participation

May be reportable
at HEI level

Employed adults (age
25-64) engaged in uni-
versity level training or
education

Measure of knowledge Gives equal weight to all Requires minor

update

types of training and all
sectors of employment.
May also include PhD
students coming directly
from their first degree
and not from outside the
research sector

adjustment of LFS

Personnel transfer from
HEIs and PROs to pri-
vate sector

Transfer of research

Also includes career

based knowledge. Occa-changes where special-

sionally critical to suc-

ised knowledge is less

cess (e.g. where inven- relevant; such transfer

tors follow their inven-
tions)

may also be subject to
budget changes in re-
search sector

HEIS/PROs may
not be allowed to
record data about
their former em-
ployees’ new jobs;
must rely on regis-
ter data or surveys.
Some surveys exist,
but currently not
part of ISER®
indicators of re-
searcher mobility

Researchers holding partConcurrent participation Difficult to distinguish
in both sectors may be a purely income generat-
very smooth channel for ing secondary jobs

time jobs in private
sector firms

continuous knowledge
transfer

Difficult to acquire
data

Teaching in HEIs per-
formed by people with
their primary job outside
the HEI/PRO sector

External individuals
may give direction to
HEI research and bring
results back

Very different frame-
works for doing this in
different countries. Pri-
marily an indicator of
private/public knowl-
edge transfer

Would have to be
calculated and
reported by person-
nel department of
HEIls

Entrepreneurship pro-
pensity among HEI
students

Measure of willingness
to apply acquired
knowledge with a com-
mercial orientation

May also reflect lack of
interesting job opportu-
nities in existing firms

Requires minor
adjustment of
GEM™

8 LFS: Labour Force Survey; performed several timgsar in a large number of countries.

° CDH: Careers of Doctorate Holders; project intérenitly undertaken by OECD, UNESCO Institute
for Statistics and Eurostat.
1911SER: The Integrated Information System on EusspResearchers; undertaken by the JRC.

1 GEM: Global Entrepreneurship Monitor, a standingual survey undertaken in a large number of
countries by the GEM consortium.
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Indicator Pro Con Data opportunities

and challenges

Entrepreneurship orien- Orientation towards
tation among HElI and  knowledge transfer
PRO staff

Attitudes may not corre- Some ad hoc sur-
late strongly with actual veys exist
practice

Based on criteria set forth in section 2.2, thedtk®roup has opted to concentrate on
six component indicators as shown in Table 3:

Table 3: Proposed component indicators for knowledgtransfer through people

Indicator Definition Normalisation Data sources

1.1. Stock of HEI gradu- Number of people with Percentage of all people LFS
ates employed in busi- a university degree employed in business
ness enterprise sector [ISCED 5+] employed enterprise sector

in business enterprise

sector

1.2 Stock of doctorate
holders employed in
business enterprise sec-
tor

Number of doctorate Percentage of all doctor- CDH
holders [with recent ate holders [with recent
degrees] age 25-69 em- degrees] age 25-69

ployed in business en-

terprise sector

HEI revenue from con-
tinuing education
courses

1.3. Continuing profes-
sional development
revenue for HEIs

Percentage of GDP To be integrated in
regular official
reporting from

HEIs

Percentage of allem-  LFS

ployed respondents

1.4 Employed adults
(age 25-64) engaged in
university level training
or education

Number of employed
respondents engaged
full or part time in uni-
versity level courses

1.5 Teaching in HEIs
performed by people
with their primary job

FTE adjunct positions in Percentage of total
HEIs occupied by peo- teaching FTEs in HEIs
ple who have their pri-

To be integrated in
regular official
reporting from

outside the HEI/PRO mary job in business HEIs
sector enterprise sector
1.6. Entrepreneurship  Total Entrepreneurial Pre-normalised as per- GEM

propensity among HEI
students

Activity as defined by
GEM

centage of responding
students

Data availability and suitability will be discussedchapter 3.5.

3.3Indicators for knowledge transfer through institutional co-operation in R&D
and other phases of innovation

In practice, there are many hybrid forms betweetoua forms of R&D and consul-
tancy. However, all forms are important in consiggknowledge transfer because
they bring knowledge from HEIs and PROs to beaprablems and opportunities in
firms and other producers of social and economiehies. A proper IP management
related to co-operative projects is of course irtgodr The form of co-operation may
be of some importance for the knowledge transfpeets more so in fact than
whether the project creates much new knowledgebrm projects with a close in-
teraction between the research partner(s) anditms; knowledge is transferred
throughout the project through joint learning ps®s. In consultancy and contract
research projects where R&D tasks are simply outsal) the knowledge transfer
may be limited to a formal report at the end of phgect, and some important tacit or
contextual knowledge (and even some learning oppiies under way) may be lost
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in the process. Still, also in these cases willkm@wledge transfer usually be much
more to the point for the client in question tharthe case of projects initiated from
within the research community for the research camity.

Potential indicators in a non-normalised form cdased by the Expert Group follow
in Table 4 below. In all cases the assumptionas ¢ontracts relate to private firms or
other actors outside the research (HEI/PRO) sastatients, even though some of the
money involved may derive from public funds (reskarouncils, structural funds,
annual government allocations, etc.). In other wppdire grants to researchers from
research funding agencies, private foundationslaadlke are excluded. Pros and
cons relate to the validity of the proposed indicaas indicators of knowledge trans-
fer. For many of the indicators in question, there two additional challenges. One is
that the data may exist at the level of departmieni#Els but very often no system is
in place to aggregate it to the level of the ingiin, which is the preferred level of
reporting for either a census count or a statibyicampled survey. The data situation
on this point may be somewhat better on averagengrR®Os. The other one is that
many activities, particularly consultancy, may lbelertaken by employees on a per-
sonal basis (or through their private consultamey)frather than through a contract
with the HEI (or even PRO). While such cases cjeeohtribute to knowledge trans-
fer, they are not easily reported through the H&hsl for the sake of clean indicators,
our proposition is to focus on institutional co-cge@n? The considerations in the
table are obviously not exhaustive but key issw@a® lbeen addressed.

Table 4: Potential indicators for institutional co-operation as a component of
knowledge transfer

Indicator Pro Con Data opportunities

and challenges

Available from
some surveys but
cautions about
reliability

Number of contracts in
HEIs/PROs with firms
and other users

Simple measure of ac-
tivity level, one KT
relation per contract

Large and small con-
tracts count the same

Number of clients for Measure of active links, Clients with large and  HEIS/PROs could

HEIs/PROs

perhaps a form of con-
stituency for direct KT

small portfolios count

the same. Possibility of
multiple counting when
aggregating to national

collect it from their
invoicing systems
(but unreliable
because of complex

level money flows)

Number of HEI/PRO
personnel involved in
contract projects

Measure of exposure to May range from mar-
research-external needs ginal to full time contact
and values

May be difficult to
collect

Revenue to HEIs/PROs
from contracts

Monetary value of activ- Primarily a measure of

ity level R&D with a high prob-
ability of KT, not of KT
as such. Does not cap-
ture payment in kind

Frequently not
reported by
HEIs/PROs or
difficult to collect

Revenue to HEIS/PROs
from foreign contracts

Would have to be
tagged by
HEIs/PROs

Potential measure of Probably more relevant

quality and relevance of at the level of individual

research services HEIs/PROs than at na-
tional level

12 Since we are looking for indicators and not neaelssfor correct figures, the latter would not de
problem if the proportion of personal business thassame in all countries and every year. However,
despite the lack of data on this it is fairly stfesay that this is not the case.
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Indicator Pro

Con

Data opportunities
and challenges

Client feedback to

HEI/PRO service provided

Measure of quality of

Probably more relevant
at the level of individual
projects and aggregated
to HEIs/PROs than at
national level

Costly to collect
data uniformly

Repeat business from
clients

iour in clients

Measure of quality of
co-operation, possible
measure of R&D behav-

A national measure Operational diffi-
would have to include  culties in defining
repeat participation with data

any HEI/PRO,; this

would then be a measure

of firms’ frequency of

participation

Longevity of partner-
ships with clients
sides

Measure of quality of
co-operation from both

Conservative unless May be difficult to
accompanied by a meas-measure reliably

ure of renewal of client and to aggregate
portfolio

Firms co-operating with
HEIs/PROs
HEIs/PROs

Simple measure of pro-
pensity to work with

Large and small firms  Available from CIS
and projects count the

same

R&D in HEIs/PROs
funded by business

Monetary measure of
the interests of business

Available from
Eurostat

No distinction as per
degree of co-operation

Publications from co-
operative projects

Measure of scientific
quality in joint projects

Publications would
have to be tagged
by HEIS/PROs

Little different from

other scientific publica-
tions although they may
be more directly relevant

Co-publications between Measure of tight re-
search co-operation

private and public au-
thors

Research output, usually Can be mined from
co-operation with indus- publication data-
try research departmentspases

perhaps little knowledge

transfer to firms’ innova-

tion processes

Based on criteria set forth in section 2.2, thedfk@roup has selected to focus on
eight component indicators as shown in Table 5:

Table 5: Proposed component indicators for knowledg transfer through co-

operation

Indicator Definition

Normalisation

Data sources

2.1. Number of R&D
contracts in HEIs/PROs
with firms and other
users

All contracts where a
firm funds the HEI/PRO ployed in HEIs and

to perform research on PROSs (or per M€ total
behalf of the firm, with

the results usually pro-

vided to the firm. In-

clude collaborative

agreements where both
partners provide funding

and share the results.
Exclude cases where the
firm funds a research

chair or other research

of no expected commer-

cial value to the firm.
Also exclude consul-

tancy contracts.

Per 1,000 FTEs em- KT survey or regu-
lar reporting from
HEIs/PROs to au-

R&D expenditure) thorities
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Indicator Definition Normalisation Data sources

2.2. Number of consul-  All contracts where a Per 1,000 FTEs em- KT survey or regu-
tancy contracts in firm funds the HEI/PRO ployed in HEIs and lar reporting from
HEIS/PROs with firms  to perform consultancy PROs (or per M€ total HEIs/PROs to au-
and other users with the firm R&D expenditure) thorities

2.3. Revenue to Financial value of ser- Percentage of total R&D KT survey or regu-
HEIs/PROs from R&D  vice provided from expenditure in HEIs and lar reporting from
contracts with firms and HEI/PRO to client(s) PROs HEIs/PROs to au-
other users under the contract thorities

2.4. Revenue to Financial value of ser- Percentage of total R&D KT survey or regu-
HEIs/PROs from consul- vice provided from expenditure in HEIs and lar reporting from
tancy contracts with HEI/PRO to client(s) PROs HEIs/PROs to au-
firms and other users  under the contracts thorities

2.5. Firms co-operating Firms co-operating with Percentage of all firms CIS

with HEIs HEIs in innovation some polled

time during last 3 years

2.6. Firms co-operating Firms co-operating with Percentage of all firms CIS
with PROs government or public  polled

research institutions in

innovation some time

during last 3 years

2.7. R&D in HEIs/PROs R&D performed in Share of (GOVERD +  Eurostat
funded by business higher education sector HERD) financed by
(HERD) and govern- business enterprise sec-
ment sector (GOVERD) tor
2.8. Co-publications Scientific publications  Per 1,000 FTEs in Science Metrics/
between private and where at least one au- HEIs/PROs Scopus
public authors thor has listed an affilia-

tion with at least one
HEI/PRO and a least
one other author has
listed an affiliation with
at least one firm. Re-
corded in the country of
private partner

Indicator 2.7 is one of the proposed headline itis previously assessed by the
Expert Group. R&D and consultancy are mutually egisle activities in these indica-
tors. The union of indicators 2.1 and 2.2 (at theel of the firm) and the union of 2.5
and 2.6 (at the level of the HEI/PRO) should impiple correlate strongly. However,
by maintaining separate indicators, one will getiaderstanding of the relative vol-
umes of consultancy and R&D co-operation and dédkhces in profiles between
HEIs and PROs. Similarly, the sum of 2.3 and 24 ssibset of 2.7, as the latter also
includes non-project funding (such as donationser@me, interpretations of the
empirical results will give input to any revised séindicators for institutional co-
operation in R&D and other phases of innovation.

Data availability and suitability will be discussedchapter 3.5. For the question of a
separate knowledge transfer survey, see also atiapte

3.4Indicators for knowledge transfer through exploitation or commercialisation
of research results

The three main activities traditionally acknowledges technology transfer and hence
important knowledge transfer activities are paten{as a strong form of IP protec-
tion), licensing in various forms of IP to (mostlgdmmercial partners, and support
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for the establishment of new firms based on knogdeaind/or people from HEIs and
PROs. Many of these have at their core an invemtiade by researchers and wholly
or partially owned by the researcher and/or the 6iEhe PRO, depending on the
situation and on the legal regulations in the appate jurisdiction. The introduction
of routines to disclose such inventions or discegeto IP staff (typically in KTOs)
helps stimulate commercial orientation and alsp$idefine and enumerate the popu-
lation of ideas on which the IP staff is actuallgrking. The transfer or regulated
sharing of ownership or the right to exploit theention or the exact knowledge in
guestion is then an important activity in IP mamagat. The choice to maintain se-
crecy, to apply for patenting or to release inghblic domain is a strategic choice.
KTOs typically log and frequently report patent bggtions as a leading indicator of
technology transfer. However, the high number afield or withdrawn patent appli-
cations reported by patenting authorities attesthe difficulty of using patent appli-
cations as a good indicator of knowledge tran&een granted applications only
vouch for technical uniqueness and thus protedatpbihder patent laws, which may
be important for transferring ownership or the tighuse, but not necessarily for
practical or commercial utility.

Potential indicators in a non-normalised form cdased by the Expert Group follow
in Table 6 below. Pros and cons relate to the iglaf the proposed indicators as
indicators of knowledge transfer. The consideratimnthe table are obviously not
exhaustive but key issues have been addressed.

Table 6: Potential indicators for exploitation or ommercialisation of research
results as a component of knowledge transfer

Indicator Pro Con Data opportunities
and challenges

Invention disclosures Simple measure of ac- Not all discoveries or Available from
from HEI/PRO employ- tivity level for KTOs inventions are chan- some surveys
ees nelled through KTOs.

Legal differences be-

tween countries may

skew the comparison

Priority patent applica- Simple measure of ac- Easily inflated (low Applications sub-
tions submitted from tivity level application barriers) mitted from the
HEIs/PROs public sector avail-

able from Eurostat.
Applications from
HEIs/PROs avail-
able from some
surveys and can
also be extracted
from public data-

bases
Patents granted to Simple quality-corrected Reflects technical origi- Available from
HEIS/PROs measure of activity level nality, not necessarily = some surveys and
utility potential can also be ex-
tracted from public
databases

13«50me surveys” in this context typically meansveys of KT activities performed regularly by
membership organisations such as the ASTP or Pr&lioope or other international or national actors.
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Indicator

Pro

Con

Data opportunities
and challenges

Number of new licens-
ing agreements

Simple measure of ac-
tivity level, one KT
relation per contract

Large and small agree-
ments count the same.
Little information about
future economic poten-
tial

Available from
some surveys

Number of licenses
yielding revenue

Measure of current stockLarge and small agree-

of active licensing
agreements

ments count the same

Available from
some surveys

Revenue to HEIs/PROs
or their KTOs from
licensing agreements

Financial value of
knowledge transferred
from HEI/PRO to cli-
ent(s) under the agree-
ments

Pricing may reflect com-
plex relationship man-
agement

Available from
some surveys

Revenue to HEIS/PROs
or their KTOs from
licensing agreements
with foreign clients

Quality measure reflect-
ing trade specialisation

Complicated by fiscal
strategies of multina-
tional firms

Available from
some surveys. Pos-
sible future avail-
ability from

TBOP*

Number of new spin-
offs from HEIS/PROs
(based on IP agreement)

Simple measure of ac-
tivity level

Little information about

Available from

size and future economicsome surveys

potential. Some spin-offs

may be a response to
incentives

Number of new start-ups
(regardless of IP agree-
ments)

Simple measure of ac-
tivity level

Start-ups without formal
IP transfer may also be

Available from
some surveys, but

an indicator of personnel concerns about

transfer

reliability

Current stock of existing Measure of current stockMany successful spin-

spin-offs

of active spin-offs

offs are merged with
existing firms

Available in some
ad hoc studies

Current size of spin-offs
(employment or turn-
over)

Measure of economic
outcome from knowl-
edge transfer

Many successful spin-
offs are merged with

existing firms, regardless

difficult to enumerate
size due to original
transfer

Available in some
ad hoc studies

Longevity of spin-offs

Quality measure of
survival of spin-offs

Many successful spin-
offs are merged with
existing firms, difficult
to establish in the short
run

Available in some
ad hoc studies

Based on criteria set forth in section 2.2, thedtk®roup has opted to concentrate on
eight component indicators as shown in Table 7:

4 TBOP: Technology balance of payments. Datasetteftiational trade etc. maintained by the

OECD.
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Table 7: Proposed component indicators for knowledgtransfer through exploi-
tation or commercialisation of research results

Indicator Definition Normalisation Data sources
3.1 Invention disclosures Inventions or discover- Per 1,000 FTEs em- KT survey
from HEI/PRO employ- ies submitted to KTO  ployed in HEIs and

ees staff or equivalent for ~ PROs (or per M€ total

assessment of commer- R&D expenditure)
cial application

3.2 Priority patent appli- New priority patent Per 1,000 FTEs em- KT survey
cations submitted from applications submitted ployed in HEIs and
HEIs/PROs (only one patent juris- PROs (or per M€ total

diction counts per tech- R&D expenditure)
nically unique inven-
tion)

3.3 Patent applications Patent applications Per 1,000,000 population Eurostat
submitted from public ~ submitted from govern-
sector actors to EPO ment sector and higher

education sector to EPO

(by priority year, not

necessarily submission

year)
3.4. Patents granted to  Technically unique Per 1,000 FTEs em- KT survey
HEIs and PROs patents granted (only  ployed in HEIs and

counted the first year if PROSs (or per M€ total

granted in different R&D expenditure)

years from different
jurisdictions)

3.5. New licensing All licences, options and Per M€ total R&D ex- KT survey
agreements assignments for all typespenditure in HEIs and

of IP. Count multiple PROs (or per 1,000

(identical) licenses with FTEs employed in HEIs

a value of less than 500 and PROSs)

Euros as one license.

3.6. Licensing revenue Total income from all Percentage of total R&D KT survey
to HEIs and PROs types of know-how and expenditure in HEIs and

IP before disbursement PROs (or per 1,000

to the inventor or other FTEs employed in HEIs

parties and PROSs)
3.7. International licens- Total licensing revenue Percentage of GDP TBOP
ing trade from HEIs and to public sector institu-
PROs tions for export of IP

(not including 'cultural’

IP)15
3.8. Number of new Number of new compa- Per 1,000 FTEs em- KT survey
spin-offs nies expressly estab-  ployed in HEIs and

lished to develop or PROs (or per M€ total
exploit IP or know-how R&D expenditure)
created by HEI/PRO and

with a formal contrac-

tual relationship for this

IP or know-how, such as

a license or equity

agreement

Indicator 3.7 is an enhanced version of one optioposed headline indicators as-
sessed earlier by this Expert Group. For the questi a separate KT survey, see

15 See Annex 3 section 11 in the Expert Group’s fiegbrt (Finneet al, 2010) for details.
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chapter 3.5. For all the component indicators wiizta are to be collected through a
KT survey, we have given a preferred and a secboate for normalisation. This is
based on the experience from the work of the Expartip on Knowledge Transfer
Metrics that it might be difficult to find data dooth R&D expenditure and FTEsS in
the HEIs and PROs represented in each surveyulf eount is achieved, then these
national data can be acquired from official statssin most countries, but even here,
data are incomplete. If not, other approacheseyeired. For a fuller account, see
(EUR 23894, 2009), chapters 4 and 6.

3.5Current and future data availability

Much of the data required for the proposed compbimeiicators is collected and
published in most European countries on a regwsistand made available as consis-
tent data sets through international sources. imesof these cases, normalisations

will have to be calculated, again using publishathdor the denominator. Some of
the proposed indicators require minor adjustmeraswill have to be discussed with
the agencies producing the data. Other data, ticpkar those tagged “KT survey” in
the preceding tables, require some effort. A metaited overview follows in Table

8: Data availability for component indicators. Foe availability of data in different
countries, Table 9 is indicative.

Table 8: Data availability for component indicators

Indicators Data source Data availability

1.1 LFS Data exist, but do not seem to be published

1.2 CDH Published data, but infrequently

1.3 (HEIs) Should be integrated in regular officigborting from HEIs to na-
tional authorities if not already done and thelfarton to Eurostat

1.4 LFS Published item may include some studewtsjty PhD students,

without a prior full time working experience. Thisstortion may be
improved either by LFS themselves or by estimah@ student
numbers from national sources for correction

15 (HEIs) Should be integrated in regular offigighorting from HEIs to na-
tional authorities if not already done and theHarton to Eurostat
1.6 GEM GEM data are put in the public domain weittime lag of three years.

An agreement with the GEM consortium or a large benof na-
tional GEM partners would make data available wighorter time
lag. This particular item includes students anthaler number of
pensioners, distorting the indicator slightly. itlywrobably be feasi-
ble for GEM to make available these data baseduatests only

21-24 KT survey See below
2.5 CIS Published data
2.6 CIS Published data
2.7 Eurostat Published data
2.8 Science metrics Data also published through Innovation Union Scoaet
/ Scopus
3.1-3.2 KT survey See below
3.3 Eurostat Published data
3.4-3.6 KT survey See below
3.7 TBOP Data on international flows of licensiegenue are being revised

and refined, due to be implemented from 2014. Whiismake it
possible to distinguish licensing derived from tealogy etc from
artistic or ‘cultural’ IP. To split these into publand private sector
streams will require some estimation which as ¢fiy@ot scheduled
to take place uniformly across Europe. For furttetails, see (Finne
et al, 2010) Annex 3
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3.8 KT survey See below

Most of the data marked LFS, CIS, TBOP and Eur@statavailable from Eurostat's
publicly available online databank at
http://epp.eurostat.ec.europa.eu/portal/page/gstasistics/search_database. For
GEM data, see http://www.gemconsortium.org. For Gi2ith, see
http://epp.eurostat.ec.europa.eu/statistics_exgdiéimdex.php/Careers_of _doctorate_
holders. New data are due to be released 2011.

A separate annual KT survey targeting HEIs/PRChar related KTOs is consid-
ered the best way to capture data for a numberda¢ators as long as they are not
reported on a regular basis to authorities andnatistatistics agencies. The Expert
Group on metrics identified 14 initiatives of difémt duration and standing address-
ing this need in various parts of Europe (EUR 232®09). These are typically con-
ducted by or for or in collaboration with profegsab associations for knowledge
transfer professionals, and their primary purpsdgpically to contribute to the pro-
fessional development of members. However, theioseteport {pid.) showed that at
least two of these survey initiatives, those of RSnd ProTon Europe, could be co-
ordinated to provide a useful starting point folexing data also for a European
indicator set. While no concrete assessment hasrbade of the cost associated with
expanding these initiatives to produce nationaht®wof IP management related indi-
cators, it seems that it would be far less codtthia time than initiating a separate
series of official statistical investigatiofsThe quality of results for the purpose of
producing national statistics would depend on desmthe surveys with this in mind.
The European Commission is currently commissiosingh a survey within a score-
board framework (see http://www.knowledge-transteidy.eu); experience from this
exercise may be important in designing a futureremmegular KT survey, possibly in
co-operation with surveys of professional orgamset such as exemplified above.

1% In some countries, national authorities and psifeml associations already combine efforts in col-
lecting these data.
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4 PROPOSED AGGREGATION TO A COMPOSITE INDICATOR

4.1 Current and future picture

The 22 proposed component indicators will be pgétioer in a composite indicator

as suggested in Figure 2, where a suggestive simattiotation is used to characterise
and group the components. Data sources are listéd isecond ring from the outside;
sources marked in red indicate lack of nationafrestes for a large number of coun-
tries. KTS is the knowledge transfer survey asutised throughout this report. For
other abbreviations, see the tables of componeitators or the running text.
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Figure 2: A composite indicator for knowledge tranger

4.2 Normalisation, aggregation, weighting

The first normalisation for each component indicaés described in chapter 3, en-
sures comparability between countries. In ordexotwstruct a composite indicator,
component indicators must be normalised a secamgldigainst each other. For joint
normalisation between component indicators, theesa each component are con-

27



verted linearly in such a way that the lowest s@r®ng individual countries one
year for a component indicator is set to 0 andhibbest score is set to 1. The com-
posite scores will then vary between the theorkefoveer and upper bounds of 0 and
1.

This is a frequently preferred solution which amisuon a sophisticated ranking sys-
tem among participating nations. It also has thesequence that numerical values of
the composite are not directly comparable from yeas to the next. This means that
time series of the composite score are not directigparable within each country;
however, countries can use the composite scoresmpare their own development
over time with that of similar countrié$.

For comparison at the component indicator leve iecommended to use data that
have not gone through this second level of norra@tia. This will allow comparisons
both over time within and between countries and dlsect comparisons between
countries.

Extreme values (outliers) are identified but nguated for, at least not in this first
version of the composite. Nor has it been consitlaezessary at this stage to make
any non-linear transformations of any of the unded component indicators. Miss-
ing data are imputed by repeating the most recatat prior to the missing data points.
This means, for example, that Community InnovaBonvey data are used for two
consecutive years because these surveys are rontexeyears.

Within each of the three main areas, a technied-gpecific composite is constructed
as the average of its available normalised comgadnditators for each country. This
will reduce the need to reconsider detailed werghtwhen more component indica-
tors become available for individual countries.sltioice also makes it possible to
calculate a country specific composite even inaihgence of some component indica-
tors. However, it should be noted in the intergretawhat components are missing.
In calculating the total composite indicator for Kiie Expert Group has weighted the
three main areas as follows: people transfer 2@@et, R&D co-operation 40 per
cent, and commercialisation 40 per cent. The sliglative down-weighting of
knowledge transfer through people is due to thke tdexperience with using avail-
able data as indicators for knowledge transfesné# ore more of these is missing, no
total composite indicator is calculated.

The resulting composite indicator will have a vailu¢he range fro 0 to 1, with higher
values indicating higher volumes of knowledge tfanwhen compared across coun-
tries. Time series of composite scores are compabaiween countries in the sense
that they show whether individual countries areluaig up with others or lagging
behind.

4.3Robustness and sensitivity

Data are available for 15 of the 22 proposed corapbimdicators, and only 8 of these
have good homogenous coverage. Therefore, onlgtdyhpreliminary testing of ro-
bustness and sensitivity to individual componeats leen possible. The correlation

7 Other ways to construct a composite exist thatadlibw direct comparisons both over time and
between countries; they are, however, far moreoetdb.
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between component indicators varies greatly witheavailable data, but there are
no alarming signs for the overall composite. Wenemend that a fuller analysis be
performed when knowledge transfer survey data becmmilable from the curreat
hocKT survey commissioned by the European Commisai@hmentioned towards
the end of chapter 3.5.
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5 INDICATOR VALUES USING SAMPLE DATA

Table 9 on page 31 shows sample data for avaitainigonent indicators and the
resulting composite indicator for 2008. Before thigle, we present some details
about the underlying data and a guide to its repdifter the table, we discuss some
aspects of the actual data.

Data for component 1.1 are estimated using puldisla¢a for the entire labour force
and subtracting sectors that together capture aidke non-business sectors (NACE
codes O, P, Q, T, and U). There will be some inggas in these numbers.

Data for the numerators of components 2.1, 3.1,38% 3.6 and 3.8 are collected
through ProTon Europe’s KT survey (Balderi and Riega, 2010). For these, two
comments are in place. Only a small number of atesare sufficiently covered to
warrant a near full count. That survey has respotsde many countries, but too
small samples in most countries to warrant gersatdin to the national level. The
main challenge is that high performers tend toigipgte more than low performers.
However, if nearly all major actors take part, tigata together may provide a good
estimate of the total activity in that country. Fodiscussion of generalisation to na-
tional level in biased self-selected samples inskiiveys, see (EUR 23894, 2009).

Second, it has been necessary to normalise diesktby total R&D expenditure in
the HEI sector (HERD) because PROs are not incladedoecause data for FTE re-
searchers, which might have been a preferable risatian factor for components
2.1, 3.1, 3.2, and 3.8, are not available for fithese countries.

Data for component 1.6 relate to 2007 and for 4.2006. These were the most recent
data available in the spring of 2011.

In the lower half of the table, normalised scomsgach component indicator are

shown for each country where the data are availdllis table is also indicative of
which data are available for each country over tiGwtliers, defined as departing
more than 2 standard deviations from the mean taf fda available countries, are

marked with underscores.

In the upper half of the table, each of the daiatgdrom the lower part is converted
to scores in the range 0 — 1 as explained in chdptt the top of each section, the
corresponding area-specific composite is calculaad at the very top (line 2), the
resulting overall composite is displayed for eactrtry.

The composite should be interpreted with extrenme bacause there are so many
component indicators without data and becausedherage of countries varies be-
tween components. Commercialisation currently dépem a single component for
the majority of countries. The small number (foofrcountries where other commer-
cialisation indicators are present, makes the dmriton of these components to the
composite somewhat unreliable because the realmaaand minima might be out-
side the range found in these countries. An alteraomposite score without the
KT survey has been calculated for comparison @imethe table). Consequently, the
calculated composite values are not suitable folighing an official ranking be-
tween countries.
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Table 9: Composite indicator for knowledge transfer(2008)

Data for 2008; calculated composite indicator (all components: scale 0-1)

EU BE BG CzZ DK DE EE

IE GR ES FR

IT CY LV LT LU HU MT NL AT PL PT RO SI SK FH

SE UK HR TR

IS NO CH RS MK

Knowledge transfer

0.32 0.68 0.05 .. 0.47 0.29

.. 0.08 0.27 0.42 0.09

.. 0.19 0.19 .. 0.57 0.39 0.15 0.11 0.13 0.40 .. 0.52 0.32 0.67 .. W .

0.81

Alternative w ithout KT survey data

0.60

0.17 0.10

0.26

Mobility

1.1 HEl graduates employed in private sector

1.2 PhDs employed in business enterprise sector (2006)

1.3 Continued professional development revenue to HEls

1.4 Employed people with tertiary education age 25-64 involved in training
1.5 Teaching in HEl by people w ith primary job outside HE/PRO

1.6 Students' entrepreneurship propensity (2007)

0.46 0.39 0.12 0.24 0.71 0.28 0.57 0.45 0.26 0.47 0.32 0.18 0.52 0.22 0.37 0.48 0.13 0.25 0.42 0.58 0.20 0.12 0.18 0.39 0.11 0.67 0.68 0.54 0.25 0.25 0.61 0.79 0.93
0.53 0.81 0.34 0.01 0.64 0.41 0.79 0.97 0.37 0.78 0.71 0.00 0.91 0.45 0.76 0.63 0.21 0.09 0.69 0.14 0.33 0.05 0.25 0.37 0.03 1.00 0.59 0.74 0.23 0.49 0.58 0.72 0.87

.. 0.48 0.00 0.32 0.99

.. 0.18

.. 0.31 0.17 0.19

..100001 . 027 . 012

0.39 0.24 0.00 0.43 0.98 0.27 0.35 0.26 0.09 0.44 0.21 0.38 0.35 0.23 0.17 0.33 0.08 0.41 0.56 0.61 0.25 0.20 0.00 0.58 0.16 0.76 0.77 0.76 0.03 0.07 0.87 0.66 1.00

..0.04 .. 018 022 0.17

.. 0.13 0.31

.. 0.05 0.17

.. 0.03 ..0.09 .. 0.00 ..0.11 022022 ..025 . 0.120.500.18 0.40 1.00

.. 0.30
.. 0.50

. 011

R&D co-operation

2.1 HEVPRO R&D contracts w ith firms

2.2 HEVPRO consultancy contracts w ith firms

2.3 HEVPRO revenue from R&D contracts w ith firms

2.4 HEVPRO revenue from consultancy contracts w ith firms
2.5 Share of firms co-operating w ith HEls

2.6 Share of firms co-operating w ith PROs

2.7 R&D in HEIs/PROs funded by business

2.8 Public/private co-publications

0.34 0.50 0.06 0.30 0.49 0.23 0.14 0.19 0.06 0.10 0.28 0.07 0.08 0.29 0.26 0.33 0.49 0.00 0.43 0.40 0.25 0.16 0.21 0.65 0.37 0.80 0.45 0.57 0.37 0.00 0.84 0.50 1.00 0.02

.. 0.64 0.07 0.40 0.59 0.31 0.16 0.25
.. 0.54 0.11 0.22 0.61 0.13 0.07 0.19
0.50 .. 045012 . 025

.. 0.00

.. 0.11 0.38 0.09 0.13 0.31 0.39 0.36 0.63 0.00 0.44 0.67 0.31 0.24 0.08 0.81 0.38 1.00 0.46
.. 0.23 0.33 0.01 0.07 0.24 0.37 0.52 0.23 0.00 0.39 0.27 0.35 0.19 0.07 0.71 0.33 1.00 0.29

.. 0.26

.. 1.00

.. 0.46
.. 0.44
.. 0.40 0.48

.. 0.39
.. 0.55

.. 061025 . 1.00 0.00 .. 034 .. 0.67 0.84 0.71 0.67 .. 0.82

0.18 0.31 0.01 0.12 0.62 0.24 0.09 0.12 0.06 0.07 0.16 0.10 0.04 0.00 0.01 0.12 0.09 0.00 0.45 0.28 0.01 0.04 0.03 0.25 0.05 0.52 0.59 0.31 0.08 0.00 0.86 0.55 1.00 0.02

Commercialisation 0.23 1.00 0.00 ..0.350.35 .. . 0.020.340.62 0.06 .. 0.07 0.04 .. 0.79 0.29 0.02 0.06 0.01 0.16 .. 0.16 0.02 084 . .. . . 056

3.1 Invention disclosures from HEl employees .. 027 . 051 .. 0.00 .. 1.00

3.2 Priority patent applications submitted from HEls . . . .. 017 .. 052 .. 0.00 . . . . . . . . . . . .. 1.00 .

3.3 EPO patent applications from HEYGOV 0.23 1.00 0.00 .. 0.66 0.35 .. .. 0.020.050.62 0.09 . 0.07 0.04 .. 0.79 0.29 0.02 0.06 0.01 0.16 .. 0.16 0.02 0.02 0.56

3.4 Patents granted to HEls and PROs

3.5 New licensing agreements w ith HEls .. 0.10 .. 0.09 .. 0.00 .. 1.00

3.6 Licensing revenue to HEls .. 0.88 .. 0.07 .. 0.00 .. 1.00

3.7 International licensing trade from HEIs/PROs

3.8 New spin-offs from HEls .. 0.00 .. 081 .. 0.29 .. 1.00

Data for 2008; component indicators EU BE BG CZ DK DE EE IE GR ES FR IT CY LV LT LU HU MT NL AT PL PT RO SI SK F SE UK HR TR IS NO CH RS MK

Knowledge transfer

Mobility

1.1 HEl graduates employed in private sector (% of employment in sector)

1.2 PhDs employed in business enterprise sector (% of recent doctorates) (2006)
1.3 Continued professional development revenue to HEIs (% of GDP)

1.4 Employed people w ith tertiary education age 25-64 involved in training (%)

1.5 Teaching in HEl by people w ith primary job outside HEVPRO (% of all teaching)
1.6 Students' entrepreneurship propensity (%) (2007)

24.1 31.3 195 11.2 26.9 21.3 30.7 35.3 20.0 30.4 28.7 10.8 33.7 22.1 30.0 26.6 16.1 13.0 28.2 14.3 19.1 12.1 17.1 20.1 11.7 36.0 25.8 29.5 16.5 23.1 25.3 28.9 32.7

. 17.9 22126 345

81 . . 122 7.7 83

.. 348 27 ..109 . 61

17.5 11.6 2.8 18.7 39.5 12.7 159 12.3 6.0 19.4 10.7 16.8 15.7 11.2 9.0 15.2 5.7 18.1 23.7 25.6 12.2 10.3 2.7 24.6 8.9 31.3 31.6 31.2 3.7 5.2 354 275 40.3

.. 0.49 .. 1.50 1.71 1.39 . 111

238 .. 059 137

.. 042 ..089 .. 025 ..099173173 ..195 . 1.06 3.651.48 2.95 7.05

.. 233

6.9

R&D co-operation

2.1 HEVPRO R&D contracts w ith firms (per 1,000 FTEs in HEIs/PROs)

2.2 HEVPRO consultancy contracts w ith firms (per 1,000 FTEs in HEIs/PROs)

2.3 HEVPRO revenue from R&D contracts w ith firms (% of total R&D expenditure)

2.4 HEVPRO revenue from consultancy contracts with firms (% of total R&D expenditure)

2.5 Share of firms co-operating with HEIs (%)

2.6 Share of firms co-operating with PROs (%)

2.7 R&D in HEIs/PROs funded by business (%)

2.8 Public/private co-publications (per million population)

.. 0.19 0.05 0.13 0.18 0.11 0.07 0.09

.. 0.13 0.04 0.06 0.15 0.04 0.03 0.06
72 . . 65 20 . 38
36.2 61.5 2.3 24.7 123 495 19.0 25.8

2.5

.. 0.06 0.12 0.05 0.06 0.11 0.13 0.12 0.19 0.03 0.14 0.20 0.11 0.09 0.05 0.23 0.13 0.28 0.14
.. 0.06 0.09 0.02 0.03 0.07 0.10 0.13 0.07 0.02 0.10 0.07 0.09 0.06 0.03 0.17 0.09 0.23 0.08

3.9

.. 10.7

.. 0.14
. 011
58 6.9

.. 013
.. 0.13

87 38 ..139 04 . . 49 95117 101 9.4 . 115

12,5 159 31.8 20.7 83 20 3.024.919.6 12 90.0563 25 87 63510103 105 117 61.7 17.7 1.7 170 111 198 4.2

Commercialisation

3.1 Invention disclosures from HEl employees (per Mg total R&D expenditure)

3.2 Priority patent applications submitted from HEIs (per M€ total R&D expenditure)
3.3 EPO patent applications from HE/GOV (per million population) (2007)

3.4 Patents granted to HEls and PROs (per 1,000 FTEs in HEIs/PROs)

3.5 New licensing agreements w ith HEls (per M€ total R&D expenditure)

3.6 Licensing revenue to HEIs (€ per k€ total R&D expenditure)

3.7 International licensing trade from HEIs/PROs (% of GDP)

3.8 New spin-offs from HEls (per 100 M€ total R&D expenditure)

.. 0.16

. . . .. 0.07

1.64 7.20 0.01 .. 477 2,55
.. 0.05
.. 5.59

.. 0.66

.. 0.25
.. 0.14

.. 0.07
.. 0.04

.. 0.18 0.40 4.44 0.65

.004 . 001
. 062 .. 021
. 259 .. 136

.. 042

.. 051 031 .. 5.73 2.08 0.16 0.43 0.07 1.18 .. 1.20 0.17 0.17
.. 0.37

.. 6.36

.. 3.05

.. 4.01
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Many of the outliers (underscored) are only sliglatlitside the +2 standard deviations
range and have little impact on the scores foctraposite. The exceptions are com-
ponent 1.4 (adult education at university) for DKIaCH, 1.6 (students' entrepreneur-
ship propensity) in NO, 2.5 (firms co-operatingmHEIs) and 2.6 (with PROS) in Fl,
2.8 (private/public co-publication) in IS and Chhda3.3 (EPO applications) in BE.
These high values result in most of the countraadclustered together on the lower
part of the scale for these indicators. Any adj@stta because of this would have to
be considered carefully.

The introduction of KT survey data for four couatichanges the commercialisation
score for these countries as compared with onlygusomponent 3.3, and the changes
are quite large and go both ways. The score foirJgarticular changes dramatically.
This is partly due to a methodological artefactshse only four countries have these
data. This shows that it is imperative to includ€Tasurvey to get a good composite
indicator for knowledge transfer.

Total composites have been calculated for 19 EU Maritates, four of which in-
clude a broader range of components because dabnigy of data from a KT sur-
vey. As stipulated before, these are based on sadaph and should not be inter-
preted as official rankings. We therefore abstesmfcomments on the scores of in-
dividual countries.
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6 CONCLUSIONS AND RECOMMENDATIONS

As the foremost outcome of its work the Expert Gron Knowledge Transfer has
shown that it is possible to construct a reasonateposite indicator for knowledge
transfer at the national level in Europe. The cositedndicator will provide a highly
needed overall view for improving knowledge transfe well as relevant components
to account for national differences in strategyotal of 22 indicators have been pro-
posed, grouped under the headings of

* commercialisation of research

* institutional co-operation in R&D and other phasésnovation

» knowledge transfer through trained people

Existing multi-year datasets have been found fooflthese component indicators.
For eight of these, data exist for a large numlbeoantries. For another seven, data
exist from many countries, but they are not negédgsaady for aggregation to the
national level. But even with the current datasgtspmposite indicator seems a more
appropriate representation of knowledge transfam my of the two previously pro-
posed headline indicators alone. The coveragesisibhéhe areas of knowledge trans-
fer through people and through institutional co+agien. It is smallest in the core
area of commercialisation backed by IP managemsénth is the main area of con-
cern leading to the present report. As it is, ER@pt applications from the public
sector is the only indicator covering a wide ranfeountries; this is too scant to rep-
resent valorisation of research results at HEISRR®s in Europe.

In order to be able to produce an annual composiieator of knowledge transfer,
there are three sets of tasks that need to betakdar listed in order of priority:

* To generate more and better data on commercialsatithe national level
(task 1)

» To collect and collate data from the various sosianed integrate them in a
published composite indicator system (task 2)

» Toimprove data for other component indicatorsk(@&s

Task 1 has the highest priority: to generate daadive reliable estimates of com-
mercialisation indicators at the national level thNgut these, the composite indicator
will not be a sufficient monitor of progress in diree areas of knowledge transfer.
There appears to be three options for this tatkf #hem focusing on the collection
of data from, or about, HEIs and PROs, either ftbese directly or from KTOs that
serve them.

The first option is for states to implement harnsexl reporting requirements for HEIs
and PROs concerning commercialisation of reseashits according to the defini-
tions of indicators 3.1, 3.2, 3.4, 3.5, 3.6 and 8.&ould be advantageous in such an
exercise also to include data for indicators 1.@ &5 on training from HEIs and 2.1
through 2.4 on institutional co-operation from HEmd PROs. Some of these data are
already collected by some national authoritiesaas qf the regular annual reporting
routines of HEIs and PROs and their experiencekldmiimportant in establishing a
harmonised effort.
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The second option is for the European Commissiongiigate a series of annual sur-
veys collecting these data. The surveys could keeiid to HEIs and PROs or to
KTOs. KTOs are in most cases closer to commereaiabis activities but may have
little incentive to collect data about activitiesylond their own. HEIs and PROs may
be in a position to demand data from KTOs servmagrt but usually not the other
way around. Experiences from the on-going KT sumviethe European Commission
should be taken into account for deciding on tipisom.

The third option is for the European Commissiofidise with one or more owners
and operators of recurring knowledge transfer sigdirected to KTOs. Some of
these have long standing alliances with nationaDKiEtworks. This fact allows for
high response rates and even, in some countriealnfmst full coverage of all HEIs
with commercialisation activities. Two such surgayners, ASTP and ProTon
Europe, have agreed to standardise their datactiolleon core performance indica-
tors for KTOs. A scheme for collating data fromittsirveys has also been devised.

Of these three options, the first one will probatplye the most reliable data collec-
tion over time. The third one will probably be abdestart producing national esti-
mates much faster and also be the least expensoaibe routines already exist and
KTOs have an established practice of returningityudhta on commercialisation.
Given that the greatest shortage of data is inditea, the Expert Group recommends
option 3. The main challenge for this option is hovachieve reliable data on na-
tional volumes in countries where the surveys dchawe full coverage of institu-
tions. In these cases, techniques of stratificaticsamples may improve the reliabil-
ity of national estimates. The agreement with #levant voluntary organisations will
also have to settle questions of ownership andtiee data collected.

Task 2, combining data to a composite indicatoonis with which the European
Commission has some experience organisng,in having the Innovation Union
Scoreboard produced. There is also, in fact, soredap in indicators between inno-
vation and knowledge transfer. There may be somefltén co-ordination of collec-
tion and dissemination of the two sets of indicatétowever, the primary need is to
i) have the data on knowledge transfer collateth Wigh quality, ii) published, and

iii) entered into policy discussions and decisiahsational and international levels.
The preparation and publication of a compositedatdir and its use for policy pur-
poses should progress in close co-ordination vaighviork on collecting more data on
commercialisation, regardless of the solution chdeetask 1.

The Expert Group recommends for the European Cosnonisin suitable collabora-
tion with ERAC and its member states, to initiab¢hbtasks as one undertaking, with
a single, strong project manager to secure sufficeality, progress, and impact in
both tasks.

The Expert Group has assigned lower priority t& 3amproving the availability and
guality of other data, as it does not make sensgdattate this task without initiating

the two others. It should be the responsibilityhef appointed project manager of
tasks 1 and 2 to also ensure progress in taskeSpfidsent report contains a thorough
review of the relative strengths and shortcomirfgsxesting datasets and a number of
them would benefit from modifications to serve wadlcomponent indicators for
knowledge transfer. The Expert Group acknowledigedact that adapting existing
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datasets to fit a purpose for which they were migfireally designed may require ex-
tensive effort at the national level. It is therefonore appropriate to prioritise efforts
between such modifications once the entire prageghder way. The present report
should serve as a useful reference for the projactager and others in improving the
guality of the composite indicator for knowledgartsfer in a stepwise approach.
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ANNEX 1: Short biographies of authors, and acknowldgements

The report is written by an Expert Group appoirtigdhe European Commission,
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ANNEX 2: Selected prior work that broadens the scop of knowledge
transfer

The following pages show parts of the path follovegdhe Expert Group in estab-
lishing a wider concept of knowledge transfer.

Knowledge can travel many ways from the research stor to a broader audience

The linear understanding of research producing kewwledge that is then trans-
ferred to industry and subsequently used as a sdarénnovation has been supple-
mented with various metaphors indicating the comipés of an innovation ecosys-
tem. Despite this, however, the terms technologydfier and knowledge transfer
have essentially been maintained, although theefiglducation Funding Council for
England (HEFCE) currently talks about knowledgehexge and thus acknowledges
the interactive nature of many activities arounal whiversity/industry links.

For the purpose of this report, we primarily coesiinowledge transfer from the re-
search sector to other parts of society, mosthettemomic sector, which is predomi-
nantly private. The research sector consists ofausities, other higher education
institutions, research institutes, teaching ho&pigovernment laboratories and other
similar institutions with a mission to perform raseh. For the sake of brevity, we
group these into HEIs and PROs. HEIs teach whil®@®&sually don’t. Some HEIs
perform little research but nevertheless maintaird(teach) research based knowl-
edge. Most HEIs in Europe are owned and finanaed (tigh degree) by public au-
thorities. Many PROs are private non-profit orgatiens but receive substantial
amounts of funding originating in public budgetbefe are great differences between
countries in the organisation of the research seetg.in whether PROs are pre-
dominantly government owned or private foundatioh¥’

The production and application of new knowledgetigh research and development
and related innovation activities takes many pafimwledge transfer in this context
is basically processes and activities that helphkedge that is developed and held in
academia become available for the production of s@eio-economic and cultural
value in society at larg®.The knowledge about how KT actually takes placeifin
ferent contexts is accumulating but many queststitisemain unanswered. Tradi-
tional academic publication of research is impdrfanquality assurance and diffu-

18 Obviously much knowledge is produced in the pevsgctor, too. Large corporations frequently
have their own research facilities primarily diexttowards creating commercial value; these do not
belong to the research sector in this context, éhveagh many of them may be playing important
bridging roles. There is of course also much pei@ivate, public/public and private/public knowl-
edge transfer, which is basically outside the sewffibis report.

¥ The problem of too little knowledge transfer isretimes cast as a problem of making the results of
public funding available for the private sector aodnetimes as a problem of communication between
the academic (or research) sector and other sempeble of turning knowledge into benefits forisoc
ety. Both formulations are of course legitimate amdn though they do in principle draw the border
between knowledge transferring and knowledge réugiactors along different lines, in practice there
is great overlap. The Expert Group has chosengnpatc approach to these distinctions.

2 A large sample of definitions of KT and relatedicepts is maintained at
http://whatiskt.wikispaces.com. Large areas of fitatapproaches and research in many traditions
called knowledge transfer are not covered by ovieve The focus here is on what has been the major
concern of classical technology transfer (see betowl the IP recommendation and extensions to that.
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sion of knowledge but frequently insufficient far aptimal uptake among existing
enterprises, new entrepreneurs, government ageamiesther actors.

Clearly, much knowledge is transferred without mintbrvention. Sometimes, new
research results are instantly taken up by innogdtrms. In other cases, new pieces
of knowledge can function as input to series of mesearch projects before some-
thing actually applicable appears. The time froamsfer until actual use can also vary
tremendously. Large numbers of students can leanething at university before one
of them uses it as a crucial background compor@rddveloping something new.
Most of the time, catching up with old knowledgdlwe necessary for firms before
they can learn how to apply the most recent finslidgnd even the famous science
based blockbusters can go through many years mdeneurial work before com-
mercial results appear. To consider only directpé&svised’ linkages in the form of
clearly identified and organised activities betwaamew research result and a socio-
economic benefit would therefore be to underesenta intertwining and mutually
supportive informal and formal flows of old and nkmowledge which together make
up knowledge transfer.

Technology transfer takes a lead

However, the need to increase uptake has resultearious initiatives. A large num-
ber of technology transfer offices have been eisfagdl over several decades to en-
hance university — industry links in particularf|leeting the need for specialised
competencies in order to establish and develogthass. The OECD has contrib-
uted to the awareness of this specialised knowlegigiefining technology transfer as
activities “to identify, protect, exploit and defémtellectual property” (OECD, 2003
p. 37) —in short, IP management. A 2003 surventitled close to 1,400 technology
transfer institutions in Europe, more than haliwbich were engaged in IP licensing
and a similar number in patenting, and many wegaged in a wide variety of link-
ing activities (ITTE Expert Group, 2004). Profesgmbassociations for technology
transfer offices and officers have developed tbein national and international sur-
veys for the purposes of monitoring technologydfanactivities, benchmarking per-
formance between themselves, displaying their &ehients to authorities and the
public, and contributing to professionalizatiortleéir work. Many of these surveys
are built on the long standing licensing surveyhef US based Association of Univer-
sity Technology Managers (AUTM), often consideriee gold standard’ of such
surveys?> 23

The core common interest of these surveys is tatergoerformance on a number of
technology transfer activities that will not ontgprove the use of research results but
also frequently generate additional revenue fordéisearch institutions in question.
Such revenue is also one among several justifieaitior establishing and maintaining
dedicated technology transfer offices. This hagrdmurted to associating technology

% Those expected to turn science into value aregsifyrprivate firms in the business enterprise sect
However, also publicly owned businesses, publigises, and other economic actors can play impor-
tant roles in innovation. Again the Expert Groug bhosen a pragmatic approach, although the em-
phasis is on private firms.

2 An overview and comparison of surveys by differ@sgociations can be found in (EUR 23894,
2009). After that, both ASTP and ProTon Europe haa@tained their output of annual surveys.

% For a thorough comparison of the contents of bh series of (or occasional) surveys, see (EUR
23894, 2009).
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transfer with primarily commercial motives. HoweyviEom a public policy point of
view, the purpose may just as well be to work wibimmercial actors because these
are often considered more effective than reseatitutions in turning new technol-
ogy into socio-economic value for society at larfger. one thing, many exploitation
processes require large amounts of capital andeh&nowledge that it would be
difficult to find in the research sector itself.

The understanding of knowledge transfer is curydmtbader than the leading defini-
tion of technology transfer as IP management pexvioly the OECD. While the need
for effective IP management is in no way diminished recognized that knowledge
is transferred through many channels, in severatdand by many activities, fre-
guently in combination. This also helps broadensitugpe from technology to other
fields of knowledge. Even though technology transféices, now increasingly called
knowledge transfer offices (KTOs), are a predomigara useful organisational form
for managing IP issues, much knowledge is transfietinroughout each HEI/PRO,
often embedded in other activities with anothemgairy purpose, with or without the
involvement of KTOs. This insight has also resulted/orks by several actual and
potential survey providers to reassess the neeahdmitoring KT. We will briefly
review some of these reassessments here.

Initiatives to broaden monitoring from technology trransfer to knowledge trans-
fer

The previously mentioned Expert Group on Knowlediggnsfer Metrics defined met-
rics for a set of core indicators to be shareduryesy providers such as the Associa-
tion of European Science & Technology Transfer €sibnals (ASTP) and the Euro-
pean knowledge transfer association ProTon Europeeir recurring surveys and
hopefully also bye.g.national authorities initiating new monitoring sches. ASTP
and ProTon Europe agreed to harmonize their ownigsetccordingly. These core
metrics focused on the activities of KTOs and wenged in scope by the ability of
these organisations to provide data that couldlvlireflect knowledge transfer in
their associated HEIs and PROs as a whole: invextigclosures, patent applications,
patent grants, licenses executed, license incomme@gaspin-offs established, and
research agreements. For details, see Table 1@ belo

42



Table 10: Key performance indicators for knowledgedransfer offices

Recommended core indicators for KTO surveys

1. Research agreements

Definition:

All contracts where a firm funds the PRO to per
form research on behalf of the firm, with the re-
sults usually provided to the firm. Include collab
rative agreements where both partners provide
funding and share the results. Exclude cases w

no expected commercial value to the firm. Also
exclude consultancy contracts.
Potential additional question(s):
**Collaborative research agreements: Agreeme

design of the research project, contribute to its
implementation and share the project outputs.
**Contract research agreements: Agreements
where all research is performed by the PRO.
**Consultancy agreements: Agreements where
PRO provides expert advice without perform
new research.

Share of total research expenditures funded by
private sectol

**Financial value of all research agreements; fo
each type of research agreement (collaboration
contract) or of consultancy contracts.

the firm funds a research chair or other reseafch departments or even by individual researchers

Comments:
An important indicator to balance patent indica-
tors, since for many PROSs, research agreements
pare a more important form of knowledge transfer.
However, many KTOs may not know the answgr,
nesiace contracts may be managed by individual

This question had the lowest item response rate
out of the seven core indicators in the ASTP
survey.

htSpace permitting, it could be possible to obtain

where both the firm and the PRO patrticipate in thdisaggregated count data on the number of each

type of research agreement.

Consultancy differs from research agreements
that it does not involve new research. In some
countries consultancy could be an important
thraethod of knowledge transfer. It is not clear if
the KTO is likely to be aware of all consultancy
contracts, which could be drawn up between
tHems and individual research staff.

If any of the three first additional questions are
r asked, it is important to clarify that collaborativ
and contract are subsets of research agreements,
whereas consultancy contracts are not included in
research agreements.

Data on private sector funding is useful as a
measure of the commercial orientation of the
affiliated institution.

in

2. Invention disclosures

Definition:

Descriptions of inventions or discoveries that ar
evaluated by the KTO staff or other technology
experts to assess their commercial application.

Comments:
p Core indicator that is easy for KTOs to provide

3. Patent applications

Definition:

New priority patent applications. Exclude dou
counting, such as a patent application for the sa
invention in more than one patent jurisdiction.
Potential additional question(s):

New patent applications to the EF

New patent applications to the USP’

Comments:
Core indicator that is easy for KTOs to provide
némitation to priority patents should be sufficie
to prevent double counting.
If questions about EPO or USPTO patents are
asked, it is important to clarify that EPO or
USPTO applications may or may not be priority
applications. Non-priority EPO or USPTO appl
cations may be technically equivalent to priority
patent applications submitted in other jurisdic-
tions in the same year or earlier.

—
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Recommended core indicators for KTO surveys

4. Patent grants

Definition:

Technically unique patents granted. Count a pa
grant for the same invention in two or more cou
tries as one technically unique patent. If a techn
cally unique patent grant has been counted in a
previous year, it cannot be counted again.
Potential additional question(s):

New patent grants from the EF

New patent grants from the USP’

Comments:
enhe main problem is maintaining comparability
n-across countries. It could be more difficult for
i respondents to give the number of technically

unique patents than to give the number of

USPTO or EPO patents. It may be best to ask

both.

for

5. Licenses executed

Definition:

Include all licenses, options and assignments
(LOAS) for all types of IP (copyright, know-how,
patents, trademarks, etc.). Count multiple (iden-
tical) licenses with a value each of less than 50(
Euros as one license. A license grants the right
use IP in a defined field of use or territory. An
option grants the potential licensee a time petio
evaluate the technology and negotiate the terms
a license. An assignment transfers all or parhef
right to IP to the licensee.

Comments:

Core indicator that is easy for KTOs to provide

There are national differences in the survey de

nition of licenses, with AUTM in the United

States excluding software licenses worth less than
tal000 dollars.

f'

d
5 of
it

6. License income earned

Definition:

Total income from all types of know-how and IP
(patents, copyright, designs, material transfer
agreements, confidentiality agreements, plant
breeder rights, etc.) before disbursement to the
inventor or other parties. Include license issu@s ¢
annual fees, option fees and milestone, termina
and cash-in payments. Exclude license income
forwarded to other institutions than those serveq
by the KTO or to companies.

Comments:

Core indicator that is difficult for KTOs to an-

swer (only 69% answered the question in the

ASTP survey). Corresponds with the AUTM

definition. The question could benefit from cogr
2 nitive testing to determine the cause of the pro
tibkem. For instance, the definition could be too

complex or leave out an important component
| license revenue.

7. Spin-offs established

Definition:

/A new company expressly established to develd
or exploit IP or know-how created by the PRO 4
with a formal contractual relationship for thisdP
know-how, such as a license or equity agreeme
Include, but do not limit to, spin-offs established
by the institution’s staff. Exclude start-ups that
not sign a formal agreement for developing IP o
know-how created by the institution.

Comments:
pCore indicator that is easy for KTOs to provide
ndihe definition of a spin-off is compatible with th
definition used by the AUTM for a start-up. Wit
nbur definitions, a start-up is any new company
involving either people (staff or students) from
the PROs or a formal knowledge transfer agre
r ment (or both); start-ups and spin-offs are ovet
lapping concepts. If a survey requests both stafrt-
ups and spin-offs, the overlap must be clear; for
example, by asking for spin-offs and for start-ups
that are not spin-offs.

Notes:

All questions refer to a one year reference perdiddata are count data unless otherwise indicated

Text initalics indicates potential additional quest

ion.

** means that the question needs to undergo pdghitive testing.

Source: (EUR 23894, 2009 table 5.3).

That Expert Group also recognized a much broadesfs#annels for interactive or

uni-directional knowledge transfer, rangi
ing to supporting start-ups and licensing

ng fromdent placement via facility shar-
of IPsdndoing, they also reflected the
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insight that knowledge can be made available infigabiform such as patents and
publications, and embedded in artefacts and in keayeable persons. This reflects
the need to consider transfer of knowledge not onbodified but also in tacit form,
both of which are important for turning researdo ivalue. The group recommended
broadening the range of activities to monitor ie thture beyond those typically un-
dertaken by KTOs (EUR 23894, 2009). The Europeami@ission also followed up
by commissioning a unified pan-European survey DOK and HEIs using many of
these metrics, with results due to be publishezDitl and 2012*

In 2007, the AUTM began reviewing the need for mstand has come up with a
proposal for an Institutional Economic Engagemadek (IEEI) (JAUTM], [2010]).
Realizing that “reporting only on licensing actwieriously understates university
contribution” (p. 1) to “the economic health of theommunities” (p. 1), the proposal
advocates a broader view. Under the headings sfitinional support for entrepre-
neurship & economic development”, “ecosystem ofitason”, “human transfer ac-
tivities”, “technology knowledge transfer activiig “network creation activities” and
“value creation activities” they have proposedtaltof 40 themes or areas for which
to develop monitoring metrics; see Table 11 belomeffull list. They have also de-
cided that much of that which is important to monit outside the scope of their
members and therefore ought to be collected butineersities themselves.

Table 11: Metrics for institutional economic engagment

Proposed metric theme/area

I nstitutional support for entrepreneurship & economic devel opment

1. Conflict of interest policy and procedures supjfstitutions — community engagement

2. Sales of goods and services policies and preesdwpport institution — community engagement
3. Leave of absence policies and procedures supstitition — community engagement

4. Institution has stated goals, policies and resssiwhich support institution - community engage-
ment. Programs to support faculty — staff intemcti Promotion & Tenure policy

5. Institution's senior administration has demaist support for institution - community engagement
6. Institution has dedicated staff comparable tr pestitutions responsible for enabling the pubke
of institution works

7. Institution's finances are structured to nounegor maximize income from community — institutio
engagement ... institution has budget to supparnnaonity - institution engagement

8. Institution has clearly identified mechanismsframt page of website to engage with institution

Ecosystem of institution

1. State/ city/ etc. policies and procedures wihighble easy business establishment (nature — fund o
funds, investment programs, tax)

2. Business support services and activities availetblocal companies (nature of services, number o
staff, annual budget, diversity of support — cdnitors to budget, their key metrics)

3. Incubator with business support services to summall companies (number of staff, number of
clients, annual budget, diversity of support — dbators to budget, sq. ft. space available)

4. Seed funds active locally to support small comggm(number, fund size, focus areas, average in-
vestment size, annualized number of investments)

5. Venture funds active locally to support growfltompanies (number, fund size, focus areas, aver-
age investment size, annualized number of invedshen

6. Mechanisms for connecting professionals activaréa to entrepreneurial activities

7. Creative Class Ranking of Metropolitan Area

4 See http://www.knowledge-transfer-study.eu
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8. Number of specialized events or commuibiged organizations for entrepreneurial activity an

support

Human Transfer Activities

. Number of students enrolled / graduated / year

. Number of graduate students enrolled / year

. Number of graduates who remain within 60 milealma mater upon graduation

. Former institution staff who remain within 60les of former employer

. Internships

. Community work projects (as part of class)

. Courses / year designed for external communityeance

. Continuing professional development class engalm

. Number of students and companies engaged irstaag” or other experiential learning opportuni-
ties

O©CoO~NOOT, WNBE

Technology Knowledge Transfer Activities

1. Number of students and companies engaged irstma@” or other experiential learning opportuni-
ties

2. Number of companies within x miles (or State)nstitution who have a contractual relationship
with institution regarding technology use or depsient

3. Number of new companies / year who have newraotutal relationships with institution

4. Number of recurring companies / year who havdregtual relationships with institution

5. Number of consulting agreements / year with ltgaar staff from institution

6. Number of faculty involved in consulting / reega/ other knowledge transfer activities with com-
munity

7. Number of companies launched / year associaitédnsgtitution technology (as evidenced through
some type of contractual relationship)

8. Number of startip companies still in business, and their employtressociated contractually with
institution

9. Institution research projects which have stnafeg distribution of research assets

Network Creation Activities

1. Community engagement events for increasing ananmteractions held by institution designed
for community
2. Number of people met by institution senior affis from community

Value Creation Activities

1. Licensing income
2. Research income by source type (Federal, Irndlygither)
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3. Other Knowledge transfer income

- Consulting income

- professional training income

- income from economic development agencies

- SBIR awards

- Investment in spiout companies.

4. Gift income from
a. private sector companies
b. private sector companies with research relations

Source: (JAUTM], [2010]).

PraxisUnico, a UK non-profit educational organisatior the promotion of commer-
cialisation of public and charity funded researnl2007 commissioned a study to
identify important aspects of knowledge transfenfracademic research into the
commercial sphere and propose metrics for indisatbsuch aspects at the level of
individual research organisations. Their definitadrknowledge transfer from univer-
sities was “The process by which knowledge, exgerind intellectually linked assets
of Higher Education Institutions are constructivapplied beyond Higher Education
for the wider benefit of the economy and socidtyotigh two-way engagement with
business, the public sector, cultural and commuypatyners” (Holiet al, 2008 p. 8).
The approach applied in that project was to usedagroup interviews with research
funders, senior university management (represeméisgarchers), and the business
community in order to identify important mechanisofis«nowledge transfer. A con-
sensus was formed around the following mechanisarthwnonitoring (in descend-
ing order of importance): networks, spin-outs, alodirative research, contract re-
search, continuing professional development (Ce@)sultancy, licensing, other
measures, and teaching. Following that, a numbareafsures of quantity and quality
of activities making use of each type of knowletlgesfer mechanism were pro-
posed. Many of these quantity measures are avaifedrh UK universities due to UK
government policy of linking funding to reporting several indicators for knowledge
exchange. However, none of the proposed qualitysorea were found on record
(Holi et al, 2008)? For the whole list, see Table 12 below.

% In the UK, universities regularly collect and repio funding councils data on a very long list of
indicators on all aspects of their activities. Marfythese are linked to funding decisions; decisisee
http://www.hefce.ac.uk/econsoc/buscom/measureilfter detail.
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Table 12: Metrics for knowledge transfer from univesities

Mechanism of Knowledge Measures of Quantity Measures of Quality
Transfer
Networks # of people met at events whicib of events held which led to
led to other other Knowledge
Knowledge Transfer Activities Transfer Activities
Continuing Professional Devel- Income from courses, # of % of repeat business, customer
opment (CPD) courses held, # people and feedback
companies that attend
Consultancy # and value/income of con- % of repeat business, customer

tracts, % income relative to feedback, quality of client com-
total research income, market pany, importance of client rela-
share, # of client companies, tive to their company

length of client relationship

Collaborative Research # and value/income of con- % of repeat Business, customer
tracts, market share, % income feedback, # of
relative to total research in- products successfully created
come, length of client relation- from the research
ship

Contract Research # and value/income of con- % of repeat Business, customer
tracts, market share, % income feedback, # of products success-
relative to total research in- fully created from the research
come, length of client relation-
ship

Licensing # of licenses, income generatedCustomer feedback, quality of
from licenses, # of products thatlicensee company, % of licenses
arose from licenses generating income

Spin-Outs # of spin-outs formed, revenue$urvival rate, quality of inves-

generated, external investment tors, investor/ customer satisfac-
raised*, market value at exit  tion, growth rate
(IPO or trade sale)

Teaching Graduation rate of students, ratétudent satisfaction (after sub-
at which students get hired (in sequent employment), employer
industry) satisfaction of student

Other Measures Physical Migration of Students

to Industry, Publications as a
Measure of Research Output

Source: (Holiet al, 2008 table 7).

A Dutch initiative with emphasis on health scienbas probably thrown the net
wider than most when categorising impact of (nemgvidedge (references here).
They have divided targets (and target audience®nfowledge transfer in four:
knowledge (science itself), culture (general aucksy, prosperity (private profes-
sional sector) and well-being (public professiosedtor). For each of these they have
then spelled out typical impacts of research byiifigng typical knowledge products
(such as scientific and popular publications, patgoroducts, services, guidelines,
etc), a range of typical forms of knowledge trang$eich as lectures, prizes, training
courses, consultations and target group influemcei@ctions of research), and indi-
cations of how knowledge is being used to provieledfits to society. For a full list,
see Table 13 below.
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Table 13: Indicators for impact of science on socig

IMPACT on knowl-
edge (Science)

IMPACT on culture
(General audience)

IMPACT on eco-
nomic welfare (Pri-

IMPACT on well-
being (Public profes-

vate professional sec-

tor)

sional sector)

Knowledge products
- SCl-publications
- Contribution aca-

demic congresses

- Chapters in aca-
demic books

Knowledge products

Popular science
publications
Media attention
Web publications

Knowledge products

Patents
Products
Services

Knowledge products

Scientific journal
publications
Developed guide-
lines

Products and ser-
vices

Transfer of knowl-
edge

- Invited speeches at

academic con-
gresses
- Functions in aca-

demic community

- International aca-

demic participation
in directing own re-

search
- Academic prizes
and decorations
- Courses for aca-
demic personal

(participants, bene-

fits)

- International scien-

tific consultations

Transfer of knowl-
edge

Performances for
general audience
General public
functions
Participation of
general audiences
in directing own re-
search

Public prizes and
decorations
Courses for general
audiences (patrtici-
pants, benefits)
Consultations from
general audience

Transfer of knowl-
edge

Performances for
businesses
Functions for busi-
nesses

Business participa-
tion in directing
own research
Prizes and decora-
tions from business
sector

Courses for busi-
nesses (participant:
benefits)
Consultations from
businesses

Transfer of knowl-
edge

Performances for
care & policy sec-
tor

Functions for care
& policy sector
Care & policy sec-
tor participation in
directing own re-
search

Prizes and decora-
tions from care and
policy sector
Courses for care &
policy sector (par-
ticipants, benefits)
Consultations from
care & policy sec-
tor

Use of knowledge
- SCl-citations

Use of knowledge

- Use, acquisition and -

purchase of aca-
demic books

Public citations
Use, acquisition
and purchase of

knowledge products

by audience

Use of knowledge

Benefits from pat-
ents

Benefits from
products and ser-
vices

Use of knowledge

Citations in scien-
tific journals

Use, acquisition
and purchase of
guidelines, prod-
ucts and services

Notes:

SCI = science citation index; service by ThomsontBes that records individual scientific articlesla
measures their citation by each other.
Source: Adapted and translated from Dutch (vanakitt Klasen, 2007).

The ERAC Knowledge Transfer Working Group has aeldat wide approach, not
limiting the scope to activities aimed at geneg&eonomic value, but without com-
mitting to a specific framework at this time.
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ANNEX 3: Acronyms

Acronyms are explained where they first appeah@téxt. For convenience, these
are repeated here in alphabetical order.

ASTP: Association of European Science & Technoldggnsfer Professionals
AUTM: American University Technology Managers, afgssional organisation that
i.a. performs and publishes annual licensing surveys

BERD: Business enterprise sector expenditure on R&D

CDH: Careers of doctorate holders; project inteienily undertaken by OECD,
UNESCO Institute for Statistics, and Eurostat

CIS: Community innovation survey, large Europearvay of firms performed bi-
annually by national statistics bureaus and pubtigby Eurostat

CPD: Continued professional development

CREST: Scientific and Technical Research Commiiteer ERAC)

EPO: European Patent Office

ERAC: European Research Area Committee

FTE: Full time equivalent; full and part time pasits converted to full time positions
GEM: Global Entrepreneurship Monitor, a consortikeich by Babson College that
performs and publishes annual surveys on entreprsim@ in a large number of
countries

GDP: Gross domestic product

HEFCE: Higher Education Funding Council for England

HEI: Higher education institution

HERD: Higher education sector expenditure on R&D

IP: Intellectual property

IPR: Intellectual property rights

IEEI: Institutional economic engagement index, @pgasal by AUTM

[ISER: The integrated information system on Europesearchers; undertaken by the
JRC

ITTE: Institutions of transfer of technology

JRC: Joint Research Centre of the European Cononissi

KT: Knowledge transfer

KTO: Knowledge transfer office

LFS: Labour force survey, large surveys performmcegal times a year in a large
number of countries, co-ordinated by Eurostat

OECD: Organisation of Economic Cooperation and Dmpraent

OeNB: Austrian National Bank

PRO: Public research organisation. Sometimes d&fisea government owned re-
search organisation, usually broader defined asearch organisation that receives
substantial amounts of public funding and playsla in public policy. Sometimes
HEIs are counted as PROs, but in this report wendisish between them

SINTEF: A private non-profit foundation in Norwagrfperforming applied research
TBOP: Technology balance of payments; part of degalof international trade etc.
maintained by OECD

TT: Technology transfer

TTO: Technology transfer office

R&D: Research and development
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