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This volume is a synthesis, of the thinking co@b out of the second

OECD Blue Sky Forum on indicators fé:&lence Technology and J
Innovation (STI) and proposalsy for wor the next few years. The
forum, held in Ottawa on Septéfiber 25- ZQQOOG attracted 250 people from
25 countries. Over 50 papers e presénted, followed by pI‘OdUCtIVG‘O
discussions. @

For this volume, a selection of pa& s rewsed by the qﬁ’

some were combined, to present the key o !T‘c % a manner
that made them as accessible as possible to a broad munity than that
of the day to day producers and users of STI indicators. As the world
interconnects, the pervasive nature of science, technology and innovation
activities are potentially part of every policy and every policy and regulation
has some impact on science technology and innovation. Making the findings
of the Blue Sky Forum as widely accessible as possible extends the public
policy discourse and emphasizes the importance of STI indicators in that
debate.

As well as making the findings of the Blue Sky Forum widely available,
the volume raises issues that will form part of the work plan for STI
indicator development and they will also influence OECD outreach activities.
A fact of indicator development in the 21st century is that the OECD is not
alone in doing it, and it is imperative to work with the other organizations
that are demonstrating competence in the subject so that the collective work
is more than the sum of its parts.

The second Blue Sky Forum in Ottawa followed ten years after the first
one in Paris in 1996. With the rate of technological and organizational
change going on in world, the next Blue Sky Forum may have to be sooner
than a decade away. However, this book sets the course and poses the
questions that have to be addressed as the STI indicator community, both
producers and users, moves forward.

The OECD Blue Sky Forum would not have been possible without the
support of the host agencies in Ottawa, Industry Canada and Statistics
Canada, and the involvement of the U.S. National Science Foundation under
grant SRS-0544653.
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This publication would not ha\m&’ possible without the fﬂlﬁ’y’i of
the Canadian Federal Policy Resear itiative, and it would have beer&ss
readable without the tireless style @j content editing of Jennifer Wilson a
the cooperation of the authors. 4Jany people helped producehis\ volume,
including Carol Blais-Blake frogmStatistics Canada and Josepw rom the
OECD. Anthony Arundel, AleS$andra Colecchia and Fr, ult served as
editors. Choosing among y valuable contributio s a hard and
subjective task. All of the ofiginal versions of the fapers, as well as those
not included in this volume, can be viewed and do ded from the OECD
web site at: www.oecd.org/sti’dlu ,8

eskyconferenng
This volume contains a Rgﬁer co-a% by Professor Christopher w
, 45 years ago, drafted the firstty

Freeman, the same Christopher Fgeeman
version of what would become t rascati Manual and which gave rise_to
the Frascati family of manuals that su@rt work on a wide range of scj :
technology and innovation indicators: y manuals, and th thods,
stimulated much of the debate held at the Blue Slgy IIﬁgrg].@i olume is
dedicated to Christopher Freeman in recognition of s ¢ontribution to our
subject.
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SCIENCE, TECH NOLOG@AND INNOVATIO@@I CATORS:

THE CONTEXT OF CHANG
N v
\RFred Gault _ 7Qp o)
° v

atjstics Canadal?,
T

| O K
1.1. Introduction (/ (@

The second OECD Blue Sky Forum td6k plgge in Ottaw, i 6eptember
2006 to examine science, technology and innovation FS-T%n icators for use
in policy in the 21 century. The context for indicator development, and use,
had changed considerably from the first Blue Sky Forum in Paris in June
1996 and this book looks at those changes and how they are influencing
indicator development.

1.1.1. A decade of change

It is an appropriate time to look back, and to the future, as 2007 is the
50™ anniversary of the first OECD expert group dealing with science and
technology indicators (OECD 2002: 151) and it occurs at a time when the
OECD is considering expanding its membership and when other inter-
national organizations are looking at the role of STI indicators in their
policies. If there is a word that summarizes what is going on in 2007 as this
book is being written, it is ‘interconnected’ and the interconnection of
various indicators, policies and programmes is a recurring theme in the
book.

In the early days of indicator development at the OECD, the focus was
on indicators related to research and development (OECD 1963), but the last
20 years have seen work on innovation, intellectual property, technological
balance of payments and S&T personnel. While this has been going on, the
Berlin wall fell, opening up Central and Eastern Europe, and Brazil, Russia,
India and China, the BRICs, have emerged as economic powers. These
changes have been chronicled by Thomas Friedman (2006) in his book, The
World is Flat, and the OECD has contributed a handbook on indicators for
globalization (OECD 2005a).

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
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When experts gathered for the mg@Blue Sky Forum, crudgé Was
below $20 a barrel, compared with than $60 in 2006 and 2007 wr@
reached $70. The Internet was in @uace but the impacts of the Web and €-
commerce were yet to be felt. Wireless telephones existed b d yet to
include broadband and the poywyerful computer applications c&() and the @

impacts of biotechnology were™hot as pervasive as they w. Analysts

were aware of the aging poplation in most of the ind lized countries

but the concern about the logs 0f knowledge throughetirement, the cost of ()

healthcare and the impact on sqcial programme not as high. Climate "

change, biodiversity and availapility of water, w erging issues. J
What came out of the first e Sky F n@ere discussions and papers w

on knowledge, intellectual propert@otect Innovation, and on governmentt,)
programmes of direct and indirest.and mdrrect support for technology apd
R&D (OECD 2001). As well, there g discussion of the need to a
systems approach to the development oFingligators.

The intellectual property discussion let to th@OEbD@rgoﬁhe triadic
families of patents and on-going analysis (OECD 2006a, 149), the knowledge
discussion resulted in new indicators used by the OECD in its publications
(OECD 2005b), as well paving the way for work on measuring knowledge
management (OECD 2003). Work on innovation continued and contributed
to the 2" and 3" editions of the Oslo Manual (OECD/Eurostat 1997;
OECD/Eurostat 2005). Tax treatment of R&D is still a current topic at
OECD as more countries adopt various forms of tax incentives. The 1996
discussions of a systems approach to STI indicators inspired work in
member countries (Statistics Canada 1998) which is still going on.

As the decade progressed, the need to continue to take a systematic look
at indicator development became more widespread. In 2004, the China
Society for Science and Technology Indicators met to review the need for
indicator development. The OECD Global Science Forum brought indicator
and policy experts together in Finland in July 2006. The 32" Seminar of the
European Advisory Committee on Statistical Information in the Economic
and Social Spheres (CEIES) discussed ‘Innovation Indicators — More than
Technology’ in February 2007 and the Red Iberoamericana de Indicadores
de Ciencia y Tecnologia (RICYT) met in May in Brazil in 2007 to consider
new science and technology indicators.

More broadly, the OECD held its second OECD World Forum on
Statistics, Knowledge and Policy in Istanbul in June 2007, which covered,
among other topics, climate change, biodiversity, knowledge, human capital,
demographic issues and technology. In Europe, the European Union’s
Seventh Framework Programme (Muldur et al. 2006), while not explicitly
focused on STI indicators, does cover a wide range of interconnected

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
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research topics that will require co f&X indicators for monlt({ ﬁg and
evaluation. The same could be sai the UN Millennium Develop

Goals (MDGs). O

In September 2007, the A#lcan Union is convening |®\'ﬁ¥t Inter-
governmental Committee on @rlcan Science, Technolog @ nnovation
Indicators in Mozambique and the Russian Federatlon@\ he European
Commission and the Italiamatistical office, is hQldifg”an international q)
indicators meeting in Mosco November 2007. 6

The meeting in Ottawa MOOG was part @s global interest in the 3
intersection of indicators and palicy. The Oé/forum was different from
that of 1996, both in content@nd in iéwllectlve sense of urgency to
produce indicators needed to ad(régs the iSsues of the day and to supporo)
evidence-based policy development. If recognized the interconnectioryof
indicators and the need to address mul issues, as well as indi idual¥ones.
Luc Soete and Chris Freeman in Chapter ote tha hat W ant in

20™ century development of STI indicators ma no ortant in the
21% century, but the information may now be mlsleadlng when not
connected to the activities of other actors in the economic and social system.
This point is also made by John Marburger in Chapter 2 who observes that
‘in the face of rapid change, old correlations do not have predictive value’. It
is the need to understand the dynamics of change that drives the develop-
ment of STI indicators in the 21% century.

1.1.2. Evolution of indicators

STI indicators, their development, interpretation and use, are the
province of the OECD Working Party of National Experts on Science and
Technology Indicators (NESTI) which reports to the Committee on
Scientific and Technological Policy (CSTP). NESTI has been in place for
over 40 years and its roots in the organization go back half a century. It
systematically reviews the need for indicators, encourages experiments in
their production and use, and codifies the knowledge in the form of manuals.
Then, it manages the revision of the manuals.

The manuals allow the ‘routines’ of data collection, interpretation and
indicator development to be shared by thirty member countries and by non-
member countries that wish to produce indicators that can be compared
internationally. This is not a static process as the economy and the society
change, as they have done significantly over the last decade, and the
manuals are revised in light of the experience. Two examples are the
emphasis on R&D in service industries in the 6™ edition of the Frascati
Manual (OECD 2002) and the addition of a chapter on linkages in the 3™
edition of the Oslo Manual (OECD/Eurostat 2005) that deals with innova-

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
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tion. The manuals, the tacit knowled Hexd by the experts, and t‘lﬁrmal
language used to discuss the measdr€ment and interpretation issue§Qre
equivalent to a technology and, @ machine-based technologies, they d@

not always behave, or diffuse, aséxpected. 5

Richard Nelson (2003) haQ@ade the point that it is *morg d¥Ticult for a ¢
technology to advance if learning is limited to what acquired by
doing or using’ and that does/fajse a question about hgw ielicators, and their
use, advance the understandiffgof the subject, and W@\er there is @ SCIENCE
underlying the evolution that halps with the advamee™ Over the last decade, J
there have been examples offansferring the&i?ces of NESTI to other v

groups, some more successful @1 othersg\
anual

By 1996, NESTI had proc@d mandals on R&D (OECD 1994a),"?
patents (OECD 1994b), technologfcal é;a:ance of payments (OECD 19@,
innovation (OECD 1992) and S&T pe el (OECD/Eurostat 1995), &IT"of
these had come out of the same proce$?bf experiment, compasSon of
country experience, and consensus on best pracﬁce. o@v& in 1996 the
OECD Committee on Information, Computer and Communications Policy
(ICCP) recognized the need for statistical support and indicator development
describing the information society. The subject matter was quite removed
from that involved in knowledge creation, protection, transmission and
delivery to the market so a new ad hoc panel was established in 1997 to
develop indicators for the information society, chaired initially by a Vice-
Chair of NESTI to maintain the network and to transfer the working
practices. The ad hoc panel became the Working Party for Indicators of the
Information Society (WPIIS) in 1999 and now has an agenda at least as full
and complex as that of NESTI and produces its own guidelines for indicator
development (OECD 2005c).

In 2000, the need for comparable statistics on biotechnology was
recognized by both NESTI and the Working Party on Biotechnology (WPB)
and an ad hoc group was established which was managed by NESTI and
informed the agendas of the two Working Parties. By 2004, it had achieved
its initial objectives of developing definitions for statistical purposes, models
surveys for data collection, and the collection and dissemination of statistics
and indicators (OECD 2006b). After a period of working virtually, it has
been reconstituted to serve WPB.

In 2007, with the creation by CSTP of a Working Party on Nanotech-
nology, once again an ad hoc group of experts has been established to follow
the same programme as in biotechnology. What this demonstrates is that the
practices are transferable and help the subject to advance. A consequence is
that NESTI has had to become a broker and co-ordinator, as well as a
subject matter committee.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
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These examples illustrate the abilif @ transfer the practices gf@ESTI
into different groups dealing with dlﬁﬁ;nt subjects, but they do not ad

the question of the underlying sc@ce that could support experiments a
advance the development of indigators. John Marburger doe at this
question in Chapter 2 when he@roduces the science of scien lity. °

It is, perhaps, worth noting one case where an ind @\ programme,
similar to those just described;lid not result from seéera yéars of work and

that is the case of indicator f knowledge mana nt. The decision to i')
undertake the work grew ou an OECD foruw& d in Ottawa in 2000, J
managed by the OECD Ce for Educatng/ esearch and Innovation
(CERI), and followed by me Js in D, Germany and Paris. The w
meetings and the work of pagicipants roduced a model survey andéy
descriptions of attempts to meas nowledge management in participatipg
countries. The final outcome was an CD book (OECD 2003), but{ e

this

was no ad hoc group or established g party ready to t
subject. Dominique Foray discusses thls rtheigin ﬁm t the real
outcome was the inclusion of knowledge manage sues in the 3"

edition of the Oslo Manual (OECD/Eurostat 2005).

A final example is the work on human resources for science and
technology (HRST), discussed in Chapter 11. The work has been done within
NESTI, but the subject is complex and involves issues of education and
training, labour force participation, mobility and life-long learning. The
question naturally arises as to whether this work would be better supported
by a link with other working parties, much as the work on biotechnology has
benefited from its connection with WPB.

1.1.3. A systems approach

The use of a systems approach to indicator development and classi-
fication has been growing over the last decade as a way of getting at the
dynamics of change. The starting point for the approach is the actor, or the
economic agent, such as a firm, a public institution, or an individual. Actors
engage in activities and some examples of ST1 activities are R&D, invention,
innovation, diffusion of practices or technologies, and human resource
development related to all of these activities. Actors, engaged in activities in
the system are linked to other actors and activities. Some examples of
linkages are contracts and co-operation agreements, co-publishing, com-
mercialization of intellectual property, and flows of knowledge and
capacities through the movement of people. As a result of activities and
linkages, there are short term outcomes, such as increased sales, productivity
or market share leading, over time to economic and social impacts. The
changes in social behaviour, and in industrial organization and practices
resulting from wireless communication are examples of impacts.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
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Understanding the system requi Smore than aggregate J?pfstics
produced at regular time intervals. T icro-data relating to the actors Ygve

to be available for analysis and thg@nalysis is improved if different data s

can be linked together to proviéle more information. Of co his pre-
supposes that organizations d by confidentiality agree@\s, such as @
statistical offices, are able provide the access protecting

confidentiality. Following thg behaviour of actors ove e supports the
study of causal relationships{rather than correlationsacharacteristics from U
aggregate cross-sectional data., However, to ass pacts, a variety of
techniques are needed, includigg case studies, re is rarely a clear path 3
from a technological and org@gization C néand economic and social w
impacts.

While a systems approach Q]ot new in economic analysis (Simgn
1996), the contributions to this book d@onstrate that it is now being S@én

the development of STI indicators.
I)f . L e C“\)

1.2. Policy: development and application

Indicators are developed to be used and the policy community is the
target. However, for this to work, there has to be a dialogue between the two
communities about the availability of data, information and knowledge that
can be used and about what needs to be developed.

If the dynamics of the system are to be understood, there have to be
micro-economic models that can be used to simulate social behaviors and
which include boundary conditions, such as the availability of energy,
materials or highly qualified people, which constrain the process. Such
models could provide scenarios as a basis for the dialogue between the policy
and the indicator community as well as input to the more conventional
macro-economic models.

The need for micro-economic models is raised by Marburger in Chapter 2
as part of building a new social science discipline, the science of science
policy, which could take advantage of econometric methods and model
building to provide the science policy makers with the same support now
provided by the system of national accounts and econometric research to the
makers of fiscal and monetary policy. The U.S. National Science Foundation
has moved to support the development of a science of science and innova-
tion policy (SciSIP) by inviting applications for grants in this area (NSF
2007).

The system of national accounts (SNA) has been in place much longer
than the current set of STI indicators and it is a system, something STI
indicator developers are still working towards. However, the two activities

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



1. SCIENCE, TECHNOLOGY AND INNOVATION INDICAGORS: THECONTEXT OF CHANGE - 15

e /‘ - .\ A\
are now overlapping after a decision 9Me UN Statistical Com i(s)'dn in
February 2007 to treat R&D expeneilire as capital expenditure in the@xt
revision of the SNA. This means @t a broader community of users will #€
involved with R&D data and with the economic and social ingplidations o

their change. °
Reinhilde Veugelers, in Chapter 3, looks at the@%tween STI

indicators and evidence-basg@\policy in the Europgan“efion and makes )]
reference to the Barcelona et of 3% of Gross %nestic Product to be
spent on R&D in the EU, (initially by 2010. ﬂ? raises a question of J
language and interpretation as“the target is rep in EU documents as 3%

of GDP allocated to R&D,@l in th eStdency Conclusions of the w
Barcelona European Council (ZOche rel@vant paragraph is the following. {9

Paragraph 47. In order to cl0se the gap between the EU and its mgpor
competitors, there must be a g@rﬁfant boost of the overall'\R&D
and innovation effort in the Unid@w”with a particul sis on
frontier technologies. The European CunclL_treR agrees that
overall spending on R&D and innovation in the Union should be
increased with the aim of approaching 3% of GDP by 2010.Two-
thirds of this new investment should come from the private sector

(European Council 2002).

The expenditure is to be on *‘R&D and innovation’ not just on R&D and
this is a significant distinction from the perspective of allocating the two-
thirds of resources from the private sector. More firms engage in the activity
of innovation than in R&D suggesting that the 3% target would have been
more accessible had it been interpreted in the way it was originally
presented, including both R&D and innovation.

Veugelers goes on to develop the indictor requirements for the European
Union and raises the need for a systems approach and for micro-level data
and analysis. The systems approach includes the need for linkage measures
to help explain the ‘European Paradox’ (Soete 2006), the apparent inability
for the knowledge in the well supported public science system to translate
into commercial value.

Both Chapters 2 and 3 present the policy need not just for more
indicators, but for indicators which are linked together so that they can tell
the story about change in the system. They both stress the need for micro-
economic analysis and the implicit requirement for access to micro data if
the analysis is to be done.
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1.3. New and better measures ¢\ S

Innovation, which connects to@e market, has been a subject for poli®
and indicator development fordmore than twenty years an(xe subject
continues to evolve. Anth Arundel, in Chapter 4,§t§ rves that @
innovation policy in Europe is feavily focused on those # hat do R&D
but, as noted above, more figgs innovate than perform @ If the policy
objective is wealth creation, ﬁ important to undersfagd the innovators that v
do not do R&D. A striking observation is that 419 innovative firms in "
the Community Innovation vey (CIS) dat g studied innovate by J
adopting technology from othﬁg}rganiza' nSCPhis leads to a question of
how that adoption took place FArundel aQSonntag 1999) and the role Of")
user initiated innovation (von Hi@, see Chapter 8).

Arundel also observes that inter(a#ional comparisons do not a%@s
work, even if the relevant manual is foll . He examines so ese
problems in Chapter 4 and finds that there are pultyral (differences in
countries that give rise to different interpretation of the same question. This
is one of the reasons for doing cognitive testing of survey questions in the
language that they are to be administered in, in the region of the respondent.
To address the situation, he introduces composite indicators that give more
credible international comparisons.

While Arundel makes the case for getting more policy-relevant
information out of the CIS data, Tara Vinordrai, Meric Gertler and Ray
Lambert in Chapter 5 introduce the importance of the concept of design in
the process of innovation. This touches on the importance for industrialized
economies to move up the value chain by using the creativity of their labour
forces to produce more desirable and usable goods and services. It also
establishes the need for new indicators related to the process of innovation,
but that also is a call for the engagement of the policy community in this
important area.

Dominique Foray, in Chapter 6, argues the case for indicators related to
knowledge, and specifically for knowledge management, following the
OECD pilot project (OECD 2003) which established proof that such
information could be gathered and compared. The chapter shows the
difficulty of developing a new class of indicators even when it may seem a
reasonable thing to do and the pilot project never yielded an OECD manual
or handbook. However, the work on knowledge flows and knowledge
management was not lost. As Foray points out, it appears, somewhat
transformed, in the 3" edition of the Oslo Manual (OECD/Eurostat 2005),
as part of industrial organization and practice. As with non-R&D performing
innovators, use of design and a creative labour force, the developing of
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indicators of knowledge practices neﬁo‘/mogue with the policy cc(r{“rpﬂnity
to make the case, and this takes time: @)

The final chapter in the secti%np,Chapter 7 by Heidi Ertl and ¢ IleagueQ,
moves along the innovation chaf and proposes indicators oﬁ\n acts of
activities linked to innovationmﬂs includes the importance merciali-
zation indicators which deal with what has to be done t@k the product,
once delivered to the markgt)successful. This er\g‘c he information )]
about innovation which just teals with putting a ne oduct on the market e

or finding better ways of pro@ng or delivering ;b J

Chapter 7 covers indicators\for a nug%IEe@f technologies and makes 0]

points raised by others such as ¥f€ need t icro-data, to do longitudinal
analysis, to link data sets to enha@their vdlue for analysis, to use a variet
of methods for indicator developifent and insight, such as case studies’gs
well as aggregate statistics and micr nomic simulation modglj&g( and
the importance of understanding the behavipdr of thelflrm ov%,tm study
the dynamics of survival and growth characteristfs. e

1.4. Actors and linkages

Technological and related organizational change activities are initiated
by actors which could be firms, public institutions or people. The actors are
tied together by linkages in the economy and the society and these linkages
raise questions and offer opportunities for a better understanding of the
dynamics of the system.

Eric VVon Hippel, in Chapter 8, looks at the role of the user in the
innovation process and poses some challenging questions about intellectual
property protection and about how innovations are transferred from the
innovative use to others in the community of practice or back to the
suppliers of the original product. This leads to discussion of an ‘information
commons’, open source software, and methods of free revealing.

One of the questions coming out of this work is whether intellectual
property protection instruments are achieving the intended purpose of
disclosure in return for a temporary monopoly or whether they are being
used strategically by firms to inhibit other firms from gaining the economic
benefits of invention and innovation. A second question is whether the
current intellectual property regime is appropriate for a world where more
and more users of goods and services are able to change them to their
advantage and may then wish to share these changes with others.

The use of intellectual property and its protection form part of the
business strategy of the firm, for those firms with the capacity to develop
and manage a business strategy. With the 3 edition of the Oslo Manual
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(OECD/Eurostat 2005), attention is tur ﬁg more to the organizat{)l)‘f the
firm, including the use of business«pé:tices and strategies, as well a3he
development of new or existing n‘@<ets for the goods or services produceﬁ)
Developing STI indicators of buSiness practices or strategies i latively
new activity and it carries \m it the question of how 55 | these
activities have been.

Zealand which shows that maragement practices, a I as innovation, can i')
be measured and related to ogtcbmes. This int% he concept of a panel J
survey to the discussion and“the importanc aking the same set of
observations of the same firm qyé" time. gitudinal analysis provides w

an opportunity to see the effects gwer time 8§ changes in the practices of thety
firm or in the environment in whishdt operates.

Richard Fabling, in Cha 9, presents evidencg ersurveys in New

Institutions can be observed at difé;e t points in time and they r(z%o
be observed as they interact with othep fhstitutions. Ricg‘:hr(}s/vkins,
Cooper Langford and Kiranpal Sidhu, in Chaptel’lo, @he~the role of the
university in an ‘innovation society’ and how it transfers knowledge to the
private sector. This leads to an exploration of knowledge pathways and a
call for statistical measurement of the transfers, an issue that appears later in
Chapter 13.

The chapter by Laudeline Auriol deals with highly qualified people as
stores of knowledge and as vectors of knowledge flow. The specific interest
is in the international mobility of doctorate holders and the chapter
demonstrates that measuring mobility is not easy, but it is important if there
is to be better understanding of temporary mobility, such as the taking of a
post-doctoral fellowship for a few years and returning home, and ‘brain
drain’ which may involve migration and the taking of a permanent position.
In Chapter 11 she stresses the importance of collecting information on the
intentions of doctorate holders and on the motivation for their mobility. The
indicator development that follows from Chapter 11 is essential for the
understanding of the dynamics of the STI system.

The role of doctorate holders in the STI system is part of a larger
question which related to the education and training and mobility of the
labour force. The European Commission (2007) has proposed a coherent
framework of indicators and benchmarks for monitoring progress towards
the Lisbon objectives in education and training. Eurostat reports on the
mobility of human resources in science and technology (Meri 2007) and the
U.S. National Science Foundation reports every two years on the science
and engineering labour force and its education (National Science Board
2006).

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



1. SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS: TI-EONTEXT oF cHanGe - 19

e— —4,
1.5. Connections and impacts ¢\ S I{/

The interest in indicator devel@nent in the 21 century is moying fro@
indicators of activities and linkadges to indicators of outcome w§;e short

term and longer term impactyy&hapters 12 to 14 deal W|th esand ®
impacts from three different perspectives: biotechnolo fundmg of
health research; and, sustaingkle development. Impact hese and other

areas are sure to be on the agenda of the next OECD&e Sky Forum.

0
Antoine Rose and Chuck NlcNiven, in Chap% 2, tackle the need to »)
establish impact measures of technology as@ Wws in importance, much

as the generic information a ommurQL technologies (ICTs) have v
done. This draws upon work of ho® group on biotechnology at the¢)
OECD (OECD 2006b) and pointS\#He way to development of the agend@f

that group as it starts to meet again. (/

Alan Bernstein, and colleagues, in Ch rl% lo kat ho H{hﬂ%act of
the funding of health research can be measure Work and a
process, which is still being developed is presented. leen the demands on
government funding the question of what the government gets for funding
health research, or any other research, cannot be avoided. The development
of the framework and its application by the Canadian Institutes of Health
Research provides a laboratory for others trying to do the same in support of
evidence-based choice on the part of government, followed by ex-post
justification based on impact analysis. As an example, the importance of
such evidence for evaluation is raised by Sarewitz (2007) in relation to the
doubling of the budget of the U.S. National Institutes of Health (NIH).

Michael Bordt, Julio Rosa and Johanne Boivin open up the issue of STI
and sustainable development and make some proposals for how to integrate
the two. This was also the subject of a conference sponsored jointly by the
OECD and the government of the Republic of South Africa in 2005 (OECD
2007), the outcome of which is still influencing OECD agendas.

Dealing with sustainable development is both important and timely as
the linkages in the economic system become more evident. Concern about
climate change, energy costs and security have led to the use of food crops
for the production of bio-ethanol which is intended to reduce the
dependence on fossil fuel. As result, the growing demand for bio-fuel is
underpinning higher agriculture prices (OECD-FAO 2007). The impact of
this goes beyond the increasing cost of popcorn in cinemas. When combined
with increased food demand from China and India, and the cost of energy
needed for transport, the UN World Food Programme now needs more
money to feed the hungry. To deal with this requires many technologies,
practices and policies to work together and to reinforce one another to
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achieve a common objective. Provi d| ﬁhe STI indicators to In{Clb this
work is a major and important chall ’)

)

Christopher Freeman an(muc Soete bring the b Qa close by
warning the indicator and thg=policy communities abou g 20" century
thinking in the 21* and theﬁroaden the debate tc@clude developing as )
well as developed countries, which is essential i interconnected and
interdependent world. A shift\gsuggested froné‘ga‘nportance of the formal J
creation of knowledge to the binationpf\€xisting knowledge to make w
new knowledge that can be WSed to c@e value. However, this raises(o

questions, already discussed, ab@the functioning of intellectual property
policy in the 21* century.

1.6. What have we learned and where are we going? *

Along with other contributors to th , they stress the i (}(t)nge of
organizational and cultural factors in reI ation tote no(?gl@ pact in a
development context which gets back to the need to Tnderstand the frame-
work conditions within which development takes place and opportunities for
sustainable growth appear.

In the final chapter, Alessandra Colecchia presents what the OECD and
its committees could aim to do in the short and medium term. This will
determine the outcomes and the longer term impacts of the second Blue Sky
Forum and set the stage for the third.

1.7. Conclusion

In summary, the 2006 OECD Blue Sky Forum, and the contributions to
this book, make the point that STI indicators, whether new or established,
are needed to tell the story of economic and social change. To do this, their
emphasis must shift from activity measures to impact measures to observe
the consequences of activities, such as innovation, and to support the
monitoring and comparison of policy interventions. However, this does not
mean that measures of activities and linkages should be forgotten.

Making this happen requires co-ordination, focus and synthesis within
organizations like the OECD, and across international and supranational
organizations. For the analysis to address the issues of the 21* century, there
has to be access to the micro-data on individual actors in the STI system, so
long as the confidentiality of the respondents is protected.

Developing a science of science policy as a social science discipline
paves the way for a theoretical underpinning for STI indicator development,

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



1. SCIENCE, TECHNOLOGY AND INNOVATION INDICAORS: THECONTEXT OF CHANGE - 21
e /I « |
which will allow this ‘social technol gf? to advance more quﬂ:(fy‘ and
effectively. ﬁ O

measures require attention before the next Blue Sky Forum as i highly
qualified people that create, tr&@@mit and use knowledge to cr@ value.

In a global economy that Ligks together the develope the developing
countries, understanding the[ggle of STI in sustai@e development is a
challenge for the next decade.

Within the subject of ST {t@dlcator development, human;resour’;

Not to be forgotten are c}agsmcatlons and% elines that are needed to J
collect and interpret data on t Tl sys to produce indicators that w
can be compared over time, acroweogra y and national boundaries. Thi

is the work that expert groupsNike NESTI have been doing for half a

century. (/
b
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C@apter 2
. 5
THE SCIENCE OF SClWCE AND |NNOVAT|® Licy ®

hn Marburger ()]

Office of SCieéhce and Technology @okcy —

Executive Offi@f the President, U@ted States »)

8@ g

Policy making, while not si@e, can be pursued in a straightforwardo)

way, with traditional phases of dgta gathering and analysis. Po{y
implementation is exceptionally diff E'nd not at all straightf vard.
Success in either depends critically on ade&ss tg reliable a&rﬁ:b efined
data. But high quality and clear definition, while nec a@a Yy N0 means
sufficient to render data useful. The data also have to be relevant to the
issues policy seeks to address and they have to be accompanied by a
credible interpretive framework. These requirements, obvious though they
may seem, are very difficult to satisfy. My remarks about these needs and
difficulties are based on my own career as a scientist, administrator, and

policy advisor, during which | have struggled with policy in nearly every
stage of its complex life cycle from conception to death.

In my current role as science advisor to President Bush and Director of
the U.S. Office of Science and Technology Policy | am acutely aware that
actions of the U.S. government have global impact, and | am deeply motivated
to help make those actions as rational as humanly possible. Rationality in
action, from my scientist’s viewpoint, entails linking actions to empirically
validated hypotheses about the behavior of the phenomena whose course
over time we wish to influence. 1 am assuming we have general goals in
mind that we want to achieve, and those goals too must be established with
some idea of how we can tell if we have met them, or at least are making
progress toward them.

Facts do not speak for themselves. They are meaningful only in some
explanatory context. Physicists are fortunate in having achieved consensus
on a nearly comprehensive interpretive framework for the phenomena they
observe. Economists can mostly understand each other — or at least many of
them say they do — and they use a variety of conventional interpretive
frameworks, expressed in their most concrete form through mathematical
models with parameters that are estimated by matching to data. Science
policy makers tend to rely on economic models and data when they exist,
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but also employ ad hoc surveys and o iffons offered by panels o{éﬁerts.
Science policy implementers are us government employees and el&Qed
officials whose information com@from a variety of sources of varyin@
degrees of visibility, with advo&acy groups on the high en science
policy technocrats somewheremaar the bottom. | would like t nge this. | @
would like to have science %?Iaicy tools that are so le that their
products are embraced by the.advocates as well as the t ocrats. | do not
expect tools that approach credibility of New(dg’s laws or quantum ()
mechanics, but | believe we ¢an move the stand for science policy
making and implementing c\g}er to what aI@exists in the world of J
economic policy. w

Not that all is rosy in that wgsld. Thg&)nomist magazine published al»
critique of economic models in i ly 15, 2006 issue, recounting infamqus
wide-of-the-mark model predictions ang’noting how results, particularly% e
“computable general equilibrium” mod s,$pd to mirror the pre @p ions
of the model-builders. But the report also oteddlo%f ngfal ¥e models
are. “Big models, which span all the markets in an ec .’ said the report,
“can make policymakers think twice about the knock-on effects of their
decisions.” That is a salutary effect, even if the models are not perfect. The
report quotes OECD Chief Economist Jean-Philippe Cotis as saying “orders
of magnitude are useful tools of persuasion.” | agree. Despite their short-
comings, economic models have raised awareness of the complexity of
economic policy issues, and provided insights into the possible side-effects
of policy. “All models,” urged the Economist report, “should ultimately be
seen as pedagogical devices, their calculations a means to the end of helping
policymakers think through their decisions.”

I am emphasizing models because they are essential for understanding
correlations among different measurable quantities, or metrics. The time
series of a single metric, of course, says nothing about cause and effect. Its
shape — smooth or chaotic, increasing or decreasing — may get us thinking
about what is going on, but otherwise it gives little insight. Statistically
significant correlations among different metrics do provide clues to an
underlying model, but do not necessarily indicate a causal relationship. It is
a logical fallacy to regard one metric as “indicating” another just because
their time series are correlated. Both metrics could be responding to a third
unmeasured or unknown driving force. | am surely not telling this audience
anything new, but this fallacy is routinely ignored by advocates, and may
lead to bad policies.

For example, several years ago a colleague showed me the results of an
unpublished study showing an amazingly strong correlation between U.S.
federal spending on non-biomedical research and the number of bachelor’s
degrees awarded in the physical sciences, mathematics and engineering. No
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similar correlation seems to existgf\\/\/\/@n research funding ar(d(ﬁé ree
production in the bio-medical scien hat does this mean? Can | re
scholarship incentives with R&D@endmg to adjust the production rate

engineers? The authors speculatbd about possible extrinsic e but did

not explore them. This correlayign is so strong | would real@e 0 know e
what is going on. | would like 10’know what causal factor, engineering
degree production — and indegd production of scientists | fields — and |

need a model relating produ to its inputs. Despit&the fact that no model
exists to explain these data, my colleague, a resp d skeptical scientist
(and not an author of th udy nor a ment employee), was 3

physical science. For other rea s this i asonable policy just now for
the U.S., but | was reluctant to u@e data Without deeper understandmg 01“'7
its significance.

distributing them widely in an vocacy afo obtain more funding for

In a more exasperating case of advo trumplng analysis WS&IGS
have seized upon the downward histori€al trgnd 'Support of
research per unit of GDP (i.e. non-business R&D int |t |n our country as
an argument for substantially increasing government research funding. Now
OECD analyses have shown that business sector investment in research,
which is more than twice the government amount, is strongly correlated with
productivity. To quote OECD’s Chief Economist again: “... growth regres-
sions point to large effects of business R&D spending on productivity.” In
the U.S., the federal share of non-business R&D has steadily increased to all
time highs both in absolute terms and as a percentage of the discretionary
domestic budget (exceeded only by a spike during the Apollo program in the
late 1960’s). But the GDP has far outpaced both the discretionary budget
and the federal R&D share, which accounts for the declining federal R&D
intensity that advocates deplore. (The current ratio of U.S. federal R&D to
GDP stands at about 0.7% which is the OECD average. The public-plus-
private sum, or total R&D intensity, is fairly stable over time, and the U.S.
value of 2.7% is exceeded among large economies only by Japan’s 3.1%.)
But it is the business R&D intensity that really counts here. A declining
federal R&D intensity might even be viewed as an indicator of successful
policies for encouraging business sector R&D. Perhaps the U.S. is spending
as much on federal R&D as it needs to, perhaps more, perhaps less.
Undoubtedly it could be spending it more wisely. | can find arguments to
support various positions, but the salience of the underlying correlations is
low, and very few people who serve on science advisory panels are even
aware of them. Advocacy groups tend to ignore detailed statistical analyses,
or interpret them to suit their causes.
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Federally funded R&D does play ‘fmportant role in what sgr{“go'have
called the “ecology of innovation,” aﬂﬁve have tried to understand thafle

so we can work toward an effec@ distribution of funds among dlffer

fields. This is a universal probldg for science ministers in e egﬁ?ountry

We tend to copy from each o%?r and then cite trends in oth XO triesto @
support our decisions. | am stife many in this audiencg ware of the
complex and decentralized ngture of government—spons research in the
U.S., which presents huge lenges to rational dmution of resources. U
Overall science planning and ,policy-making is_a plished through a
bewildering variety of adwsbd panels, inter working groups, and J
Executive Branch policy processes, the ymportant of which is the
annual budget process that synffesizes tl@:@posal presented annually by

the President to Congress. In gress, multiple committees and subo)
committees authorize and appropr nds in an intense advocacy enV|

ment from which politics is rarely exctlw . Organizing this potenga*l aos
would be easier if we had “big model f the sort eco se to
intimidate their adversaries. More seriously, the amrsfnr@s ould benefit
from the level of scholarly activity that exists today in economic policy.
Nevertheless, the U.S. does manage to achieve consensus on a number of
science policy principles, not the least important of which is the idea that
government should fund high risk long lead time basic research and the
private sector should fund lower risk short lead time applied research and
development. Some of these principles are embedded in the current
competitiveness initiative launched earlier this year by President Bush in his
State of the Union speech.

The “American Competitiveness Initiative” (ACI)* is a multi-component
proposal to strengthen long term U.S. economic strength. This proposal is
highly visible and is currently receiving favorable attention by Congress. It
is notable that the most expensive part of the Initiative is the Research and
Experimentation Investment Tax Credit, a tax incentive for business R&D
that Congress has tended to pass year by year, but which we would like to
see authorized permanently. Given the empirically inferred sensitivity of
economic output measures to business R&D intensity, this is a rational
policy proposal in the sense | defined earlier in my remarks. The ACI also
includes tuning of the federal share of R&D as well as important education,
training, and immigration proposals. We believe all these actions will
improve the climate for innovation and competitiveness, but they function at
a level within the economy that is only very weakly probed by existing
empirical studies. We have lots of data, and we have some correlations, but
we do not have models that can serve even as “pedagogical devices” for

1. ACI (2006), “American Competitiveness Initiative”, Washington D.C.: Domestic Policy
Council, Office of Science and Technology Policy.
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policy formation. Without these the @Ilenge of defending a @érent
pattern of actions to improve the framdw !ork is daunting. O

Unfortunately, in our era of dynafic change, the empirical co ons that
inform the excellent OECD aﬂﬂ/ses of economic performarQ e not very
useful to science policy makers as guides to the future ' not models
in the sense that they capturgthe microeconomic ba that lead to the

The ACI seeks to strengthen f; %1 dations for future economic p ormanc@
a '!&%
°

trends and correlations wi n discover in em al data. Take, for i')
example, the production of tec icaIIy trained p I in China. China is J
producing scientists, mathematiCians, and engw at a prodigious rate. As

a scientist and an educator, I to app such intellectual prolifera- w
tion. As a policy advisor, | ha\many gBestions about it. How long, fory
example, can we expect this gr rate to be sustained? Where will %:s
burgeoning technical workforce find ¢ s’7 What will its effect be e

global technical workforce market? Is | hing a massive cy le,0f Boom
and bust in the global technology workf e? Historjcal correla-
tions do not help here. Nor, | am afraid, does sim mg the Chinese

policy makers what they intend. They also need better tools to manage the
extraordinary energy of their society. We need models — economists would
call them microeconomic models — that simulate social behaviors and that
feed into macroeconomic models that we can exercise to make intelligent
guesses at what we might expect the future to bring and how we should
prepare for it.

I am under no illusion that either the OECD or any other single organi-
zation will be able to produce such models in a single massive effort. But |
do believe it is a realistic goal to build a new specialty within the social
science community — complete with journals, annual conferences, academic
degrees, and chaired professorships — that focus on the quantitative needs of
science policy. The U.S. National Science Foundation has launched a
program in “the social science of science policy” and important conferences
are taking place where such issues are discussed. There are several reasons
why this is a good time to encourage such ventures.

First, the dramatic influence of information technology on almost every
aspect of daily life, from entertainment to global trade, has made it very
clear that technical issues will be an important dimension of nearly all future
economies. In this context, science and technology policy acquires an
unprecedented significance. Post World War 11 science policy, at least in the
United States, focused on Cold War issues until the late 1980°s. The 1990’s
were a transition decade. Since the turn of the century all science policy eyes
have been on technology-based innovation and how to sustain it. Studies of
government science investment strategies have a long history, but the
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increased demand for economic effect{EPess creates a dynamlcln(“ Which
new approaches to science policy st will flourish.

Second, in the face of rapid @al change, old correlations doynot hav
predictive value. The technical “workforce today is highly ile, and
information technology has nt%nly dramatically altered the ing condi-
tions for technical labor, but has also transformed and radicated the

functions of entire categor;@_gf technical persongel. tributed manu-

facturing, supply chain man ent, and outsourci ancillary functions i')
have undermined the usefulpess of old taxonomaies Classifying work. The J
conduct of scientific research™tself has beeré@formed, with extensive
laboratory automation, internet\Q&nmunir@g d publication, and massive w
computational and data processi ower. We simply must have better toolst»
that do not rely on historical series. They do not work anymore

Microeconomic reality has inundated @croeconomic tradition with a d
of new behaviors. |>,

Third, the same rapidly advancing technolo@es Iﬂlal@e%d these new
conditions also bring new tools that are particularly empowering for the
social sciences. Large databases and complex models are inherent in social
science research. The vast articulation of internet applications makes possible
the gathering of socio-economically relevant data with unprecedented speed
and affordability, and access to massive inexpensive computing power
makes it possible to process and visualize data in ways unimagined twenty
years ago. New capabilities for direct visualization of large data sets in
multiple dimensions may render traditional statistical methods obsolete. A
growing community of scientists from many different fields is inventing
data mining and data visualization techniques that | believe will transform
traditional approaches to analysis and model-building. These new tools and
opportunities can be an invigorating stimulus for all the social sciences,
including the social science of science policy.

The themes of this “Blue Sky I1” meeting bear directly on the issues that
make my job difficult. On behalf of all science policy advisors everywhere, |
commend and thank OECD and its committees and the sponsors of this
week’s conference for their good work. | look forward to learning more
from you about how to improve the empirical basis for science policy.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



3. DEVELOPMENTS IN EU STATISTICS ON SCIENCE, §E@HNOJTGY AND INNOVATION - 33

e =q;
6
o

mél%pter 3 * ’)

DEVELOPMENTS IN EU STATISTICS OQ’: ENCE,
TECHNOL@Y AND INNOV ()
TAKING STOCK AND MOVING SERTO -
EVIDENCE- BMED POLICé@IALYSIS1 J

v

ilde Veug?r v
European Commission- Bureau uropean Policy Advisers (EC-BEPA),
Katholieke Universiteit Leuven, and
Centre for Economic Pollcyzévch (CEPR), London \)

e Lect
3.1. Introduction

In 2000, the Lisbon European Council rightly recognized that Europe’s
future economic development would depend crucially on its ability to create
and develop high-quality, innovative and research-based sectors. European
Union (EU) and national action plans were accordingly developed. In view
of the scope of the problem, it was clear that tackling the EU’s deficient
innovative capacity required a longer-term, broad, systemic policy frame-
work. No single action would deliver innovation-based higher growth.
Rather, a series of interconnected initiatives and structural changes was
needed. In addition to the stimulation of research inputs from the public and
private sectors, other structural reforms in product, labour and capital
markets became part of the policy agenda. Nevertheless, the EU’s research
and development (R&D) deficit became a central focus of research policy
with the articulation, at the Barcelona European Council in 2002, of a target
of 3% of gross domestic product (GDP) for spending on R&D and innova-
tion by 2010, one-third of which was to be publicly financed.?

1. The author acknowledges the input from European Commissioner Janez Potocnik’s
Knowledge for Growth Working Party on S&T Indicators, particularly from V. Duchene
(DG Research) and A. Gotzfried (Eurostat).

2. See EUROPA (2002), Presidency Conclusions, Barcelona European Council, March 15
and 16, para. 47, http://europa.eu/european_council/conclusions/index_en.htm; accessed
March 9, 2007).
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Several years later, Europe’s Eécﬁhance in R&D and |{|6yatlon
continues to be disappointing. While<Rere are examples of good perforrrﬁbce
in particular sectors and mem@r states, overall the EU innovati

environment remains weak. If regnt trends continue, neither t private
nor the 1% public target will tmeached by 2010. °
With poor results have come fatigue, lack of |nt nd mounting

of governance; no real com ent beyond rhetori correct and missing
instruments. Evaluations of thg EU’s innovatio cy (such as the Kok
Report (EC 2004) and the Ahe’Report (CEC have also identified the
governance of innovation poI| ncludl ck of well-informed policy

makers, as a major problem. Q (7]
0

The way forward for impr nnovation policy in Europe lie
better analyses and recommendations léé ide evidence-based pollc‘)'/aﬂflgn
Policies need to be supported by anal{fs, mon torlng ation
practices, which then feed back into the policy pr h&sx ter examines
the challenges for the statistical system in establlshlng an evidence-based
policy process. The range of current official statistics has improved to some
extent, but is still inadequate for measuring the knowledge economy and
supporting policy analysis.

criticism of policy: insufficigfMpublic funding dedicﬁ e/innovation; lack

Cule

The adoption of the EU legal framework for science, technology and
innovation (STI) statistics in 2003—2004 constituted a major step forward,
because a common methodology for the mandatory provision of statistical
data is the basis for EU policy development and understanding. However,
the statistics defined in the legislation and the underlying methodology are
limited: for R&D statistics, the methodology is based on the Frascati
approach to R&D, which is essentially an input approach and therefore lacks
the essential features of a systemic framework for policy development and
understanding.

Over the past 10 years, some experiments with process indicators
(describing knowledge flows or research networks) and micro-level
indicators (monitoring the behaviour and performance of key actors, such as
firms or universities) have tried to rectify this problem. However, these pilot
studies were conducted on an ad hoc basis and have yet to result in
internationally comparable data and methodologies.

The aim of this chapter is to indicate the main gaps in the current STI
statistics and to propose ways of improving the current situation.
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3.2. What data and indicators are neﬂ&df?

growth, it is important to broadefwthe scope of the exercise be ata and
indicators in the area of R only. For assessing innovai apacity, @
defined as the ability of a systefh not only to produce nexmigBas but also to
commercialize a flow of inpayative technologies over longer term, a
range of factors deemed impattant for effective i%on effort is required. v

From a policy perspective (@how to improve the EU’SQ%((;onon@

A well-developed supply side qf R&D (as reflec the amount of R&D "
carried out or the number of Skilled researchersjniBlved) is a necessary but J
insufficient condition for succggsful innoy, ioéBroader framework condi-
tions are important as well, inefuding su.Q&ent demand for innovation too)
reward successful innovators. itical element in the framework is the
interconnectedness of the agents in, the system, linking the comiggn
innovation infrastructure to specific tegbh logy clusters. This requir sﬁood
industry-science linkages and well-functior#ig c%)ita and Iab&ﬁ(n ets.

From the perspective of innovative capacity, country differences with
respect to innovation and growth might reflect not just different assets in
terms of labour, capital and stock of knowledge, but also varying degrees of
capacity to distribute knowledge (the efficiency of the innovation system).
Overall, this discourages an approach that a) looks at knowledge creation
indicators only; and b) looks at statistical indicators individually to assess
performance. Rather, it suggests that a systemic approach should be taken
towards understanding the relationship between STI and socio-economic
development.

The problem with this approach, however, lies in producing empirical
approximations of nations’ institutional frameworks and capacity to
distribute knowledge. The only pieces of statistical evidence available at
present are those showing the importance of interactions, such as the
availability of venture-backed financing, co-operation on R&D among firms
and between industry and science, international co-patenting, and the
number of researchers employed by business.

3.3. Taking stock of indicators currently used in the EU policy process

The wide scope of the Lisbon strategy made it necessary to identify and
focus on a restricted, well-defined set of targets and policy measures needed
to achieve the strategy’s objectives, and a corresponding set of indicators to
monitor progress on the targets.
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The selection of the indicators is cks&y constrained by the avaﬂ}blllty
of data. Time series should be avadable, timely and comparable a€dss
member states, and should includ€)major benchmarks (such as the Unil@

States, Japan or China). L \
Q) Q) .

3.3.1. Structural indicators Q

To monitor progress on principal targets of the on strategy, the
European Commission and “Council agreed on a of main structural e
indicators. The performance pf ynember states a ing to these indicators J
is continually assessed. @

For the European Know\é’a e ArthEKA), R&D and innovation(o
expenditure as a percentage of , with a target of 3% by 2010, is the

main indicator. Beyond this, there are r&:zer (secondary) structural indicag@ys
for the EKA, which are constantly moniérgd:

e Spending on human resources (public expendmrem @cﬁo‘rs*

e Gross domestic expenditure on R&D (GERD) by source of funds
(private/public);

e Level of Internet access: households/enterprises;
e Science and technology (S&T) graduates: total/females/males;

e Patents: European Patent Office (EPO)/United States Patent and Trade-
mark Office (USPTO);

e Venture capital investments: early stage/expansion and replacement; and

e Information and communication technology (ICT) expenditure: informa-
tion technology (1T)/telecommunications expenditure.

3.3.2. Innovation indicators

For the area of innovation and R&D, the Lisbon European Council
requested the development of the European Innovation Scoreboard (EIS) by
the Commission’s Directorate-General (DG) Enterprise. The EIS contains
indicators that have been selected to summarize the main drivers and outputs
of innovation. It is a composite indicator application, with a combination of
innovation input and output indicators.?

3. Composite indicator construction is sensitive to which indicators are included and with
what weight. The fact that each of the six publications of the EIS to date (EIS 2006 was
released in February 2007) has seen a revision of the composition of the summary
indicators suggests that analysts have not fully come to grips with capturing the
innovation process into a composite.
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Input indicators include science a ‘??nglneerlng (S&E) gradﬂzl“ge the
population with tertiary education, dband penetration rates, public@nd

private R&D, innovation expendlt@s ICT expenditures, early- stage ventt@
capital, and small and medium-siged enterprises (SMEs) mnovax‘e in-house
and co-operating on mnovatlo%)utput indicators used are hj nology e
employment, high-technology &xports, sales shares of pewy-¥-market/firm
products, and EPO/USPTO/Txjadic (US, EU and Japa patents, trade-
marks and designs. Q ()
The EIS uses mainly Eu t data, covering,ﬁ untries. A number of J
indicators overlap with the E ructural indic w

3.3.3. Research indicators 2 0)

In support of the European Regearch Area (ERA) |n|t|at|ve
Research was directed to produce a seétf indicators and a methodol for
benchmarking research (policies) in the mdfber tat e@geports
these indicators in the Key Figures series. The I| ﬁnt and output
indicators, very much in line with the EIS. On the mput side, they include
expenditures on R&D, researchers, new S&E graduates, education expendi-
tures and venture capital investment. On the output side, they include
scientific publications, EPO/USPTO/Triadic patents and high-technology
trade.

3.4. Evaluating the choice of indicators

3.4.1. Are the right indicators being measured?

Both the structural indicators and those specifically for research and
innovation, although restricted by data availability, clearly seem to be
motivated by the weaknesses in EU innovative capacity and by the
“systems” approach to improving that capacity. Although R&D spending is
a central structural indicator, it fits into a set of other indicators, allowing
integration with labour, capital and product market reforms.

A key message of a systemic approach is that the effectiveness of
innovation systems depends on a balanced combination of creative capacity,
diffusion capacity and absorption capacity. These capacities are all somehow
reflected in the selected indicators. The targets selected for the EKA, apart
from R&D expenditure, show the central importance of a highly educated
labour force in the EU’s creative and distributive capacities. They also
reflect the specific significance of ICT expenditure in the EU’s growth
agenda as an investment in a general-purpose technology and acknowledge
the importance of financing for innovation.
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Nevertheless, some important arcﬁ\a@not covered. [~ 7

o
3.4.1.1. Linkage indicators O

The area of indicators that iéfeast represented is industry-&(@;e links.
The lack of industry-science lfdkage indicators is especiall @r ing since
this is one of the particular deficiencies of EU innovat@apacity (cf. the
European “research paradox’f’)\What is missing in thg setf main indicators
are those on, for instance, Co-operation, co—pate@ and co-publishing
between firms and research ipsfjtutes, researcher. ility between industry
and science, private funding ofbasic research@:gting by universities and
public research institutes, and l\&ﬁ'ersity s% . This is due partly to a lack
of data, but clearly more could b@ne (se

3.4.1.2. Economic incentives and irﬁytutional regimes (@

The business environment in whic ote@ial innovags‘\’o rate is
important for their chances of commercializing thek—irfevations success-
fully. It includes regulatory barriers, openness to national and international
competition, ease of entry, and effective protection of intellectual property.
This area is seriously underdeveloped in the current work on innovation
indicators. Again, this is due partly to a lack of data, but more could be done
here too.

3.4.1.3. Connecting national/EU innovative capacity to the global
system

The collection and monitoring of innovative capacity indicators are
carried out predominantly at the national level. But clearly, economic agents,
and particularly large firms, which drive nations’ innovation potential, are
increasingly operating transnationally. This has important implications for
the performance of national innovation systems: a) relevant actors include
foreign actors operating in or linked to national innovation systems; and
b) national actors are operating in or linked to other innovation systems.
Both of these factors are likely to have an impact on the performance of a
national system. Currently, there is a lack of indicators tracing the inter-
national activities of actors and their links to national innovation systems.

4. Soete (2006) defines the European “research paradox” as “the fact that contrary to
economic theory and intuition, a strong scientific research base does not appear to go
hand in hand with strong technological and economic performance, rather the contrary”
(214).

Cule

elow). (7]
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3.4.2. Are the indicators being mgdlﬁéd at the right level otll“/'

aggregation? o
o 2

34.2.1. Sectoral/technologicarHeveI \*

Underlying any aggregatecpnovation indicator is the r@ral makeup ¢
of the economy, which differs greatly among EU count‘Such structural
differences can play an imp t role in explaining some™of the differences ()
in innovation performance. The main reason for thi€ ig*that there is a great ==
deal of diversity among int@?rial sectors and/g8ehnologies in terms of J’
innovation process, and innovatign inputs and uts. Technological oppor- v
tunities differ across sectors, vtk ICT as?dme example of a high-growth
sector with huge potential for t ologicat advance. Other major sectoral¥?
differences are the size of the ihfovating unit, the ease and methods-of
appropriation, and the motives for inn@tion (product versus process{iro-
vations). There is also a great deal of jgiwversity among the ou)ees of
innovation, ranging from in-house R&D Iaborat&iesl_thr@g(su pliers and
users, to public research institutes for the industries using science-based
technologies. This implies that there will be major sectoral differences in
many of the indicators used. Unfortunately, high-quality data at the sectoral/
technological level for some key variables are lacking.

3.4.2.2. Regional level

Innovation policies are often developed and implemented at the regional
level, in addition to the national and EU levels. Regional indicators can help
to inform these policies. The Commission is planning a biannual Regional
Innovation Scoreboard (RIS), starting in 2007, but again data constraints are
seriously limiting the scope of this exercise.

3.4.2.3. Micro-level

S&T indicators need to measure a wider range of actors, such as
universities, research institutes, transfer platforms, start-ups, small innova-
tive firms, multinationals and venture capital firms. Understanding what
drives their behaviour is an important component in understanding the
performance of the aggregate system. Hence, more information is needed at
the level of individual actors on relevant parameters (for instance, compe-
tencies, motives, performance) and relationships (financial, flow of personnel,
strategic coordination and so on).
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With respect to firms, several surv &nd questionnaires (the 6 hisa-
tion for Economic Co-operation andﬁevelopment (OECD) R&D su@y,
the Community Innovation Surve)@:IS) and the R&D Scoreboard which'@
based on company account infogation) can use the individuakﬁ%n as the
)

unit of analysis. m (\
3.5. The way forward D O
0

A smooth process of evidence-based policy sis is still a distant
prospect. Work to be done ikgludes: a) imprg he basic indicators for J
innovation input and outpyt; \ b) devel irénew indicators; and c)
disaggregating the data reportimg at the S‘Qwalltechnological, regional and(o
institutional levels.

The following sections describe th(}Jrrent work in these areas. (@

O
3.5.1. Improving basic indicators ° | e c\

3.5.1.1. Monitoring the business enterprise sector’s contribution to
R&D financing

The “Barcelona 3% Objective” (3% of GDP to be devoted to R&D)
refers to the execution of R&D, while the “Barcelona 2/3 Objective” (two-
thirds of total expenditure on R&D to be funded by the business enterprise
sector) refers to the source of funding. According to the Frascati Manual
(OECD 2002) and the Commission Regulation (EC) 753/2004, expenditure
on R&D can be broken down and analyzed by sector of performance (the
sector in which R&D activities are executed) and, for each sector of
performance, by source of funding (the sector financing the execution of
R&D).

The monitoring of the “Barcelona 2/3 Objective” has been incomplete,
since “R&D funded from abroad” is not split into private and public
spending. There is a need to urge national statistical offices to obtain a more
complete matrix, and to try to make these data mandatory under the next
revision of the regulation (from 2007 onwards).

3.5.1.2. Public expenditure on R&D

When policy analysts monitor the public funding of R&D (the so-called
“Barcelona 1/3 Objective™), the indicator that is characteristically used is
“GERD, financed by government.” This information typically becomes
available for analysis only after considerable delay. Government budget
appropriations or outlays for R&D (GBOARD) data provide information on
public budgets for R&D that is available more expeditiously. These data are
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therefore an interesting source for oﬁtoring public efforts 51‘ R&D.
GBOARD and GERD statistics ar mmonly used in a compleme@ry
manner, although they differ in I@J fundamental ways: a) unlike GER?
GBOARD provides public budgé figures, and no expenditur ;and b

GERD is solely domestic, wheyeas GBOARD may include i e\mt nal co-
operative initiatives, such as the European Space Ag %SA) or the
Airbus program.

The correlation between@ two series (by cou@( and across time) is i')
very weak. To improve thair correspondence,? r and internationally J
harmonized procedures for lap€ling R&D ex;g( ures need to be agreed.
More work can be done to @hnonize ensive policy information w
contained in distributions of R budg®s according to institutional oréy
thematic categories, starting wit revision and better use of the NABS
(Nomenclature for the Analysis and g€gmparison of Science BudgeQT d
Programs) system to classify GBOAR 0cio-economic obj%&?;. his
would, inter alia, allow an analysis of ho muchputﬂ: @d@g allocated
to more basic research versus applied research.

3.5.1.3. Scientific output

Bibliometric statistics on publications and citations are analyzed as a
proxy for scientific productivity. At the moment, the most highly recognized
databases relating to scientific publication and citation data are owned by
Thomson ISI. There are some drawbacks and limitations with regard to the
sampling frames of the journals and papers, but there are, as yet, no better
sources of information at the global level, particularly with regard to
citations. The diffusion of these privately held data for use in (policy)
analysis has so far been very limited.

3.5.1.4. Technological output: patents

In 2004-2005, the international Patent Statistics Task Force (on which
various international organizations, as well as DG Research and Eurostat,
are represented) was entrusted with the establishment of an internationally
harmonized raw data source on patents: PATSTAT. The EPO committed
itself to biannual delivery of a harmonized raw dataset, which would then be
used for data production by the OECD, Eurostat and others. This effort has
already led to increased data cleaning and production at Eurostat. The
PATSTAT raw data file can be further exploited by improving the break-
down of data according to type of institution and by building in linkages to
other datasets.
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3.5.1.5. Researchers ¢\ (@)

Information on researchers by@dly covers three areas: the number GD
researchers and their variations (8tocks); their mobility patternx%/s); and
the reasons why they are movijfyg) (motivational aspects and ¢ péths). At @
the European level, the information on researcher stocks j ﬁed through
various channels: a) the R&Dwgtatistics collected by Eu OECD; b) the
Community Labour Force ey; and ) survey@ doctorate holders, )
widely spread among Eurgpean countries. T as where data are
unfortunately very poor, but re they are ne less relevant for policy J
making are mobility of researﬁgs (inter ioéﬂy and intersectorally) and (7,
researchers’ career paths. StaiStics on @%areers of doctorate holders
(CDH) are coordinated internati ly (involving Eurostat, the OECD and(o
the United Nations Educational,” Sgientific and Cultural Organizagdn
(UNESCOQ)). Surveys on doctorate ers currently exist in\ﬁ&eral
countries, but with various objectives, pulgtioifto(doc a\g “olders,
graduates, etc.) and frequencies. As a consequence, kmtfon is currently
unusable for international comparisons. In response to the needs expressed

by users, a process was set in motion to develop an internationally
standardized CDH survey. Eurostat will propose a legal basis for this survey

(as for the R&D survey). This would mean that it would be mandatory for

all European countries to provide the data.

3.5.2. Developing new indicators

3.5.2.1. The process of knowledge creation and diffusion

A new category of indicators has been emerging since the late 1990s
that attempts to describe the process of knowledge creation and diffusion
within the systems of innovation. Such indicators permit the analysis of the
existence of networks of researchers/inventors, and the extent to which the
industrial base makes use of the results of scientific work for its innovation
activities.

A great deal of work is being done in this field, particularly on:
e Co-publishing activities;
e Co-patenting activities;
e Patent-to-patent citations/references; and

e Patent-to-non-patent citations/references (e.g. scientific publications).
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In addition, concordance tablesgilﬁzg%ACE (Classificatio( @Eco-
nomic Activities in the European munity) sectors and InternatfQdal
Patent Classification (IPC) code@nd concordance tables linking NA
sectors, OECD field of science égd technology (FOS) and U O fields

of education have been devel with the aim of providing insight @
into the S&T links of industrial'Sectors.

Although most of thesefStudies provide new and emely valuable )]
insights, there is still a lack ordination of and h&onization among the e
methods and approaches taken,\resulting in a | comparability across J
time and space. More work $’needed on be@ tegration of the ad hoc
studies’ results into official sta@cal systems. w

. _ @ _ 9
3.5.2.2. The international flow\a#R&D investment

With regard to the international fIM R&D spending, the majo da%n
current information concerns R&D expen@iture_by f&u compan{e-outside
their territory, and particularly outside the Triad, T Iﬁ?ﬁegulation of
the European Parliament (EP)/Council on Community Statistics on the
Structure and Activity of Foreign Affiliates (the FATS Regulation), which
was close to final adoption in February 2007, includes the collection of
R&D expenditure data for “inward R&D” (R&D spending in the EU by
affiliates of foreign companies), but does not anticipate any data collection
on “outward R&D” (R&D expenditure by EU member states abroad). A
major barrier to the dissemination of these data seems to be poor coverage
and quality.

3.5.3. Disaggregating the data

3.5.3.1. Sectoral/technological data

The interest in, and use of, sector-specific R&D policies and
specialization are hampered by the fact that the current NACE classification
is inappropriate for measuring the knowledge economy and society. In
particular, a) there is a lack of national and international consistency in the
application of NACE and North American industrial classifications,
especially with respect to the service sector; b) the current levels of aggre-
gation in the NACE codes do not serve the purpose of R&D specializations
(e.g. pharmaceutical preparations and basic products should be listed along
with the aggregate “manufacture of chemicals and chemical products”); and
c) there are not yet internationally standardized and commonly used classi-
fication and reporting by technology area with respect to technology-
specific information, of relevance for analysis in the fields of, for instance,
biotechnology, nanotechnology, new materials and ICT.
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The sectoral activity classification NRCE/ISIC (International fgﬂdard

revised to create the second versm@f NACE (NACE Rev2). This impro
activity classification will respofg more effectively to the re @ents
measuring the knowledge ecompginy and society by rebalanC| classifi-
cation towards services. Eurostat and the OECD plan to j#ag ent the new
NACE classification for R statistics from the rce year 2008

ﬁ)ly improve the usef&ess of sectoral R&D

U (%

3.5.3.2. Micro-data \» @

Industrial Classification of All E mic Activities) is currently %

onwards. This should consid
data.

In recent years, several newg icatorg;nd statistical bases have beené)

developed that describe or measure firms’ behaviour in S&T systems.
Nevertheless, the collection of more i ro-data and the linkage of sw&él
micro-data sources would open up mo ortunities in th|s f firm
identification were more standardized, mformatlm ( re patents
R&D budgets, innovation, value added, trade, employmen could be pooled
across surveys and other databases.

For non-profit agencies such as universities and research centres, the
OECD collects and reports aggregate information on R&D budgets and
personnel. Disaggregating this information to the level of individual organi-
zations is hampered by too many differences in data collection across
countries. The survey on R&D expenditures in the non-profit sector is less
internationally standardized than surveys for the profit sector.

In addition to the official surveys, there are a number of ad hoc surveys
on individual units (e.g. surveys of Technology Transfer Offices (TTOSs)).
Most of these initiatives, however, have been developed without co-
ordination at the international level. As a consequence, most of them cannot
yet provide sufficient comparability across countries and periods. There is a
need for the European Statistical System (ESS)/Eurostat and the OECD to
get more involved in this area.

3.6. Conclusion

There is clearly much work to be done in the area of S&T-relevant
statistics: a) improving the quality of existing data and indicators;
b) developing new series of indicators for new areas; c) developing more
disaggregated sets of indicators; and d) improving the linkage of data and
indicators.

Y
3
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But in addition to producing bett r8&T statistics, it is im;(o(f;ht to
improve the diffusion of those ste.ﬁ§iics. Data should be more e@ly
accessible to the relevant user{7)- not only policy makers, but al@

researchers, who serve as imfprtant intermediaries in pr ing the
information for policy analysigyAllowing researchers easier a datais @
therefore an important factor in“dchieving more evidence, policies.

less linear and more interactive. Users/researchers Id be more actively

In general, the process off€ating and diffusing § istics should be )]
involved in the design of S&T slatistics, so that t n not only inform the J
v

statistical system of user ne®ds, but also betfer*tnderstand the system’s

technical constraints. \Q Q\
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INNOVATIOKBURVEY INDICATORE
WHAT IMPACT ON INNOVATION P@ Y?

)
Anthony Arundel —
United Nations University-Maastricht Econ Research Institute »)
on Innovation and, Technology @)O-MERIT) O
O ?
4.1. Introduction (/ (/4

<
The first Blue Sky conference in s igl % &}% wide
audience to some of the results of the first Commgﬁrty novation Survey
(CIS) from 1993, which was arguably one of the most comprehensive major
sources of new innovation data at the time. The purpose of the CIS and other
innovation surveys based on the first edition of the Oslo Manual was to
overcome some of the limitations of the research and development (R&D)
surveys. Two main goals were to provide data on innovative activities that
were not based on R&D and to provide output measures of innovation.

The CIS is now implemented every two years in all member states of the
European Union (EU). The results of the fourth CIS, covering innovation
activities between 2002 and 2004, became available in 2006 and 2007. The
fifth CIS was in the field in early 2007 and planning for the sixth CIS, which
will implement the recommendations of the third edition of the Oslo Manual
(OECD/Eurostat 2005), is underway.

With results from up to four consecutive surveys, one would think that
the CIS would play an essential role in assessing and developing innovation
policy. Unfortunately, this has not happened to the extent anticipated in
1996. European policy largely relies on long-established indicators for
R&D. These indicators are excellent measures of formal, creative activities
to develop innovations in-house, particularly in manufacturing. However, the
CIS collects data on four characteristics of innovation in modern knowledge
economies that are not adequately covered by R&D indicators: the diffusion
of technology, the role of “distributed knowledge bases’ in sharing informa-
tion of value to innovation (Smith 2002, 2004), the continual increase in the
economic importance of the service sector, and the importance to many
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firms, in both the manufacturing and Vize sectors, of informal lﬁréyhtlve
activities that are not based on R&D=

policy making in Europe and makes several suggestions for i ing the
usefulness of the CIS. This rmres returning to some of th iginal goals
of the CIS and using the CIS to construct new indicators ter meet the
needs of the policy commuyMy.? Several example&il |nd|cators are

This chapter examines why I@D indicators still dominate |:novatlg>

provided, including an outputmeasure with better int ional comparability, i')
an indicator for knowledge @fusion, and a se»v indicators for firms’ J
v

innovative capabilities. @
4.2. The policy context for innova@ indigtors (7]

Between 2004 and 2006, the autifoy and colleagues at UNU- Mi@’
interviewed 67 members of the policy &mumty 55 from

countries and 12 from Canada, Japan, Australia and w = on their
use of and need for innovation indicators. R&D in |cators were the most
widely used and were considered to be the most valuable. In contrast, only a
minority of respondents referred to the use of indicators drawn from the CIS
or similar innovation surveys in policy making or evaluation.

Within the EU, there are two main reasons why the policy community
strongly emphasizes R&D indicators over innovation survey indicators. The
first is due to the continuing power of the linear model of innovation, while
the second is due to the structure of innovation support programmes.

4.2.1. The case for R&D indicators

A major factor in the continuing popularity of R&D indicators is the key
role that R&D plays as the source of inventions in the science-push or linear
model of innovation. The countless announcements of the death of this model
and its presumed replacement with “systemic” models using Schumpeterian
definitions of innovation are decidedly premature. The continuing influence

1. Bell (2006), using data from the SESTAT survey for the United States, estimates that
two-thirds of scientists and engineers in the private sector are not employed as
researchers. Many of them could be involved in informal activities to develop or
implement innovations.

2. Godin (2002) comments that the innovation surveys “ended up measuring innovation the
way they measured R&D, i.e. in terms of inputs and activities,” rather than fulfilling their
original goal of measuring outputs. The view of this author is that the design of the CIS
questionnaire is compatible with the original goal. The problem is in how the data are
used.

3. United Nations University — Maastricht Economic and social Research and training centre
on Innovation and Technology.
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of the science-push model has argu% ﬁmdered policy interest lﬂéﬂlder
range of CIS indicators. O

policy focus on the science-pdsh model of innovation b e most
academic research has also fmsed on R&D. A UNU- ME? nalysis of
176 academic papers in English using CIS data found th 5% explored
innovation strategies, perforfffynce, or other charaérn s of innovative

Academic research using c@m has not managed to o ’gme t’>

firms that did not perform R&D, although many of look at knowledge
sharing from a systemic perspegtive.* In additio demic research based
on the CIS has not been wiw used by the ean policy community.
The UNU-MERIT interviews fgkld that nalysts rarely use this body
of research because academic pape(s are n8 focused on their needs. Out o
the 176 academic papers using CNSdata, only 21 (12%) were found to m
any policy recommendations. Most of¢these 21 papers included onIy
sentences or a single paragraph that diScissed the policy relev. the
results. One of the problems, as pointed out by Vgugelsys@nd-Cassiman
(2005), is that CIS results for one country do not providea strong basis for
policy development. Policy-relevant results need to be replicated across
several countries, but this is difficult due to data access restrictions that
usually limit access to CIS data to one country.

The second reason for the policy focus on R&D indicators is due to the
dominance of supply-side R&D support programmes in innovation policy.
An example is the Lisbon Agenda, and specifically the Barcelona European
Council’s initiative to solve the EU’s decline in competitiveness with a
proposal to increase European R&D intensity to 3% of gross domestic
product (GDP) by 2010. This fixation on R&D has probably delayed the
slow progress made over the 1990s towards an expanded view of innovation
that includes informal activities”.

The dominance of R&D support programmes in documents and political
discussion also reflects the distribution of public funds for different types of
innovation policies. Although there are no official statistics on the amount of
funding for R&D versus other types of innovative activities, some relevant
data are available on the Trend Chart website, which maintains an extensive
database of innovation programs in each of the EU member states. A thorough
search of the database in September 2006 identified 54 programs that did not
necessarily involve R&D. These largely consisted of programs to fund the

The UNU-MERIT database is maintained by Dr. Cati Bordoy and includes all papers, in
English, presenting microeconomic analyses of data from CIS1 through CIS4. The
database was last updated in January 2007.

An example is the influential 2005 Green Paper on Innovation, which noted the
importance of including innovation activities other than R&D (CEC 2005).
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diffusion of technology and skills, parii &Iarly to small and med(u&“yﬁzed
enterprises (SMEs).® It is unlikely t is covered all non-R&D innov&tion
programs, but it should have ca@lred the range of programs on offeb
Annual expenditure in euros wés available for 85% of the \ ograms,
which covered the following ams °

e Training staff from SMEs, particularly in technolog@quirements and
innovation management;D

0
e Technology adoption subwes particularly f ernization; 3
e Subsidies to acquire Ilcenc\ﬁo new techn(@gy w

e Subsidies to hire skilled smeband en g neering (S&E) staff; and ()]

e Manufacturing extension servites é/help identify firms’ needs for ®v

technology.’

These five policies are likely to be mdst relgvang f é!\@s‘hat do not
perform R&D or which have low innovative capablfitieS” On average, the
10 states that joined the EU in 2004, plus Greece and Portugal, spend eight
times more on a per capita basis on these types of programs than the more
developed EU member states, but overall these programs account for less
than 2% of EU public expenditures on R&D. Even allowing for substantial
under-reporting in the Trend Chart database, programs to support innovative
activities that do not involve R&D probably account for less than 5% of all
government support for innovation.

The low public investment in these types of programs suggests that
indicators for innovation activities that are not based on R&D, such as the
diffusion of technology and skills, will never be as important to the policy
community as R&D indicators, with the possible exception of the 10 member
states mentioned above. However, such policies could be relatively more
important to SMEs (a target of many policy actions) than the low investment
would suggest. An Innobarometer survey in 2004 asked a sample of 4 534
innovative SMEs, covering all 25 EU member states at the time, if any of
eight types of innovation support programs were “crucial to any of your
innovation projects, such that the innovation would not have been developed
without the support.” Almost a third (31.5%) of respondent SMEs that used
two or more innovation support programs cited support for collaboration as

6. See http://trendchart.cordis.lu/

7. Most EU countries support a system of regionally based technology transfer or innovation
offices to provide support and technical advice, such as the Manufacturing Advisory
Service (MAS) in the United Kingdom or OSEO-ANVAR in France. They provide general
education programs, including demonstration projects, visits to successful innovative firms,
help with identifying relevant new technology and courses on innovation management.
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crucial, followed by programs to sup fDresearch (cited by 25%{6‘9& the
adoption of process technology (citedy 14%) (Arundel 2004). The latfed is
supported by several of the five @es of programs listed above, while ti@
first and fourth programs can bé,relevant to collaboration bysimdyoving a
firm’s innovative capabilities.m \

Increased interest in the role of demand in innovati also lead to
greater interest in diffusion/Mdicators. Both the igfl al Aho Report
(CEC 2006) and the Comp eness and Innovati@?ramework Program e
(CIP) (CEC 2005) stress markets and demand, Apgltiding the role of lead
users, and discuss the need toicrease the rat option within Europe of
information technology in the sg)ice sect?cl CIP proposal observes that w
“making innovation work means gaQovatiomcapacity building, the uptake ofé»
new technologies and of existing nologies in a new context and carryipg
them through to the business level.” Tagachieve these goals, the CIP prcg S
an entrepreneurship and innovation progrgto support the trans ech-
nology, the uptake of technologies and appliCations, arjd cQ-gpgratidn between
universities and firms. Two other sections of the CIP~proposal support the
adoption of information and communication technology (ICT) and the
creation of markets for sustainable production methods and energy-efficient
technology.

The Aho Report and the CIP proposal are hopefully part of a gradual
shift in Europe from supply-side support for the creation of new ideas
through R&D to a concerted effort to ensure that these ideas also find their
way to firms that can apply them to their new products, processes and
services. This shift was also reflected in the UNU-MERIT interviews. The
interviewees were asked an open-ended question about the types of new
indicators that they would like to have. The most frequent request was for
indicators for the process of commercialization and collaborative activities
involving innovation. The latter was of the greatest policy interest, cited by
interviewees from all but two of the 19 countries.

4.3. Improving the relevance of the CIS

An analysis of the interviews, program funding, and several major
innovation policy documents indicates that R&D activities will remain the
core focus of innovation support programs in Europe. Nevertheless, the policy
community is interested in better indicators for activities such as commerciali-
zation and collaboration, which will involve both R&D performing firms
and firms that use other methods to innovate. As recognized by the Aho
Report and the CIP proposal, European competitiveness will depend on both
R&D and on the diffusion and application of new technology (which may or
may not involve R&D).
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The CIS and similar innovation sur eﬁ? can provide useful ind%l‘gt’s for
both sets of policy needs, but thisswill require the development of @w

indicators, in addition to the indic@)rs that are currently publicly availab

for instance on Eurostat’s New €gonos Web site or in the Eur publica-
tion Innovation in Europe (E@4005). The existing set of ir%t S is not
adequate because the indicators’either lack sufficient detad meet policy
requirements or they do notrovide the type of info @‘. required by
policy. For instance, very fgyJindicators are provTi% separately for both
R&D performing and non-R&D, performing firms, reduces the value of

many indicators for developir\q)nnovation poligaboth groups.

One solution is to develop\gknplex i% S based on the responses to w
more than one survey question. @plex Icators can reveal much mor
about firms’ innovation activities strategies than simple indicators based
on the frequency of responses to a sing@question. <

This section gives examples of nevvbﬁmplex indicators fgrvAew-to-
market innovations, knowledge diffusion and MnoialiECQHbilities. All
three examples were inspired by the interviews with the policy community
and are based on an analysis of the micro-aggregated CIS3 data that were
released by Eurostat in July 2006.28 A major drawback is that the dataset
contains results for only two highly developed countries, Belgium and
Iceland, and for 10 less innovative EU member states — another illustration
of the problem with access to CIS data. Nevertheless, the results demonstrate
the possibilities of using the CIS to construct new indicators.

ule

The new indicators described below use only non-interval-level data
with high response rates to a specific question and are weighted to reflect
the population of firms in each country. The three examples concern how
firms innovate, but only the third example is directly linked to R&D. The
relevance of the other two proposed indicators could be improved by
providing separate results for both R&D and non-R&D performing firms.

4.3.1. New-to-market innovations

The published CIS indicators include an output indicator for the
innovation sales share®, defined as the percentage of total product sales,
aggregated across all firms, from products that were “new to the firm’s
market.” Using CIS3 data, the best-performing European countries for the
innovation sales share were Spain with an innovation sales share of 16.3%,
followed by Finland (14.5%) and Portugal (10.8%). In comparison, percentages

8. All results are weighted to reflect the population of firms in each country.
9. This indicator is included in DG Enterprise’s European Innovation Scoreboard (see
www.proinno-europe.eu/doc/EIS2006_final.pdf, last accessed April 22, 2007).
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were much lower for Germany (6. 2% F(fznce (5 8%), Belgium (!@ the
Netherlands (3.1%) and the United dom (1.7%). ()

These results are puzzling ar@nd to reduce confidence in t aCIS l\@

one expects Portugal’s performante on this indicator to be m n three
times better than the Netherl:% and more than five times r than the
United Kingdom. The explanation is that the question aﬁb ut sales from
products that were new to m’s market. Portugyes Spanish firms
could have outperformed th therlands and the L@d Kingdom because
they were introducing innovatigns, already avail n other markets, to a
less developed domestic market?Furthermore, a@ need not have developed
the innovation in-house throu &D, b simply have been passing
on an innovation that had bee mvelo by another firm based in
different market. Consequently t mbination of results for R&D and r&
R&D performing firms is misleading.

The problems with this indicator can ll}partlally rectlflea‘I |ng a
complex indicator that includes data from a @ the firm’s
market: local, national or international.’® A reasonable assumption is that
firms that have introduced a new-to-market innovation and are active on
international markets are subject to greater competition, and therefore new-
to-market innovations will be more comparable among firms based in
different countries. A second step, not explored here, is to provide separate

indicators depending on how firms innovate (see section 4.3.2 below).

Table 4.1 presents results for three new-to-market innovation indicators.
Column A, the publicly available indicator for the innovation sales share,
shows that firms based in Spain, Portugal, Romania, the Czech Republic and
Slovakia performed better than firms based in Belgium. Belgium’s relative
performance improves for the percentage of firms that introduced at least
one new-to-market innovation (column B). Column C gives the results for a
complex indicator: the percentage of firms that introduced any new-to-
market innovations and were active on an international market."* In
Belgium, 8.2% of firms meet these requirements, compared to only 1.2% of
firms in Spain. Belgium is the leading country for this indicator, whereas
Spain is the second worst performer after Bulgaria. These results suggest
that Spain’s high performance for the innovation sales share was from
product sales on the domestic market that may already have been available

10.

11.

The question asks for the firm’s main market. An international market can include a
neighbouring country. Responses to the CIS4 questionnaire will provide more accurate
results because it asked about local, national, other EU, and non-EU international
markets.

Given full interval-level data, the indicator can be calculated as the share of total product
sales from new-to-market innovations by firms active in international markets.
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on other markets. In general, the co I& |nd|cator in column Cl;fwldes
results that should be considerably meye comparable across countries.

Table 4.1. New-to<4garket innovation indicators \*

Belgium
Bulgaria

m N (]
A ~ B
Ar@«-to market
Innovation sales shar| Any new-to-market ovation and active on  Ratio C.
innovation
ternational market —

BE 5.1 U 18.0 ’b 82 045
< 1.0 01

BG 2.1 \» 6.3
Czech Republic  CZ 7.2 12Q‘ 7.4

Estonia
Greece
Iceland
Latvia
Lithuania
Portugal
Romania
Slovakia
Spain

EE 45 O 13.9 47 0.34

GR 29 (?.3 22 (00.19
S 20 1 29 &\) 026
Lv 23 78 © | e& 0.36
LT 43 131 27 0.21
PT 108 19.8 44 022
RO 78 138 35 0.25
SK 6.2 80 34 043
ES 163 113 12 0.11

Source: CIS3 micro-aggregated data referring to innovation activities in 1998-2000.

4.3.2. Knowledge diffusion

Knowledge diffusion is an essential aspect of innovation by both R&D

performing and non-R&D performing firms. It includes: the acquisition of
knowledge that does not require interaction with the source,'* such as the
purchase of capital goods or services, including the licensing of intellectual
property; the acquisition of knowledge that is freely available from sources
such as scientific publications or through attendance at trade fairs; and the
acquisition of tacit knowledge obtained directly from other people through
collaboration. The third edition of the Oslo Manual (OECD/Eurostat 2005,
82) stresses the importance of collecting information on each of these three
methods of knowledge diffusion.

12. A good indicator for the first kind of diffusion could be produced using expenditure data
on the acquisition of machinery, equipment and software. The equivalent CIS3 data have
not been used because of a high non-response rate to this question, but the response rate
in C1S4 appears to have improved substantially.
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These three types of diffusion can e‘?&bdlwded into two grouﬁl‘ }btlve
knowledge diffusion, in which firms develop innovations through
action and collaboration with othe0|rms or institutions; and non- mteractl@
knowledge diffusion, in whick firms obtain external kn e only
through open sources or throuwhe purchase of technology.

The CIS3 can be used to identify active knowledg@ ion, defined
here as a positive response t@/ne or more of three a) Were the
firm’s product innovations eloped mainly in éperatlon with other

enterprises or institutions? b)\Were the firm’s pra nnovations developed J

mainly in co-operation with otffer enterprlses itutions? c) Did the firm
have one or more co- operative ngeme, novation with other enter-
prises or institutions? The resultscSthe analysis are given in Figure 4.1. (7]

Figure 4.1. Percentage of innovative fgrms developing innovations thrqﬁﬂ

collaboration (active K oWge diffusion) \)
- | eC
61.4
60
” 479 486 500
438 —— | i
401 407
L 369 374 - || || || || i

33.2
a0l 270 282 g B B e ] ]

24 - H H H H H H H H D H

oH H H H H - < - 4 H H H

GR ES PT RO SK Ccz BE BG IS LT EE Lv

Source: CIS3 micro-aggregated data referring to innovation activities in 1998-2000.

Other types of indicators for knowledge diffusion can also be constructed.
For example, it is possible to combine knowledge diffusion through both
technology adoption and active collaboration by including firms that gave a
positive response to the question about the acquisition of advanced machinery
and equipment, or that reported that their product and process innovations
were developed mainly by other firms. Such an indicator can identify the
importance to firms of all types of knowledge diffusion. For the 12 countries
in the dataset, 78.7% of firms reported innovating through one or more
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e — J
diffusion-based methods, highlightiry&rucial importance of kﬁ@l‘edge
diffusion to innovation. @)

4.3.3. Innovation modes L

The Oslo Manual define@firm as innovative if it hag idMroduced at ¢

least one product or process that was new to the firm its his means that

no distinction is made betwg€n firms that purchase gew teChnology off the ()]
shelf with minimal effort those that have eéive in-house R&D ==
projects to develop innovatiops)Although thi@a or is widely available, J
it is of limited value to policy¥ecause it com irms with very different
methods or modes of innovati\ﬁ;l An in@ r decrease in this indicator v
does not necessarily mean that igmQvation Support policies have succeededd)

or failed: for example, a decrease Wsthe share of firms with highly developgd
innovative capabilities combined wnh(y increase in minimally mnos@

firms could produce a net increase. |>,

The solution to this problem is to develo% alset@‘ g‘dlcators that
describe how firms innovate, using a methodology that assigns all CIS
respondents to one, and only one, category. Previous research has taken this
approach (Tether 2001; Arundel and Hollanders 2005), but the relevance of
the results was hampered by using categories that did not closely reflect
policy needs or by using questions with high non-response rates, requiring
complex and non-transparent statistical routines to assign all firms to the
most appropriate innovation category.

The method proposed here and summarized in Figure 4.2 avoids the
non-response problem by using only nominal-level questions and improves
policy relevance by focusing on two innovation characteristics that,
according to the UNU-MERIT interviews, are important to European policy:
collaboration, and formal in-house innovation based on R&D (or proxied
through patenting). The first axis for this indicator refers to whether or not a
firm was involved in active knowledge diffusion through collaboration
(defined in section 4.3.2). The second axis refers to whether or not the firm
had formal in-house creative activities, measured by its response to one of
two questions: a) Did the firm perform R&D? or b) Had the firm applied for
at least one patent? Those that responded positively are defined as “inventive”
firms that were most likely to produce innovations containing a major
technical advance. Those that did not answer either question positively were
informal innovators with the ability to develop innovations on an ad hoc
basis, such as through production engineering. It should be noted that Figure
4.2, and the results given in Table 4.2 and Figure 4.3, exclude non-
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Informal innovation activities 41.4%

Formal innovation activities @7%

innovative firms, which account for a sa@ share of all firms in !e(‘grhl of
the less innovative countries.™ @)

Figure 4.2. Innovativ firms’ methods of innovatio%

o
Non-collaborators ngaborators
Qﬂ ~
Al al non-collaborators B. Informal collaborators s

15.8%

'O’

(8. 9%@ technology adopters)@

J

C. Fo}v}}non-collat@m D. Formal collaborators

Vo 2

]
18.1% 0)

Source: CIS3 micro-aggregated data referring to innovatio(ytivities in 1998-2000. (W
Note: Percentages in bold sum to 100% of all innovative firms. \)

Cell A: Firms that only reported informal innovation activities in- hous’and'ﬁd enaatlon activities based on
collaboration or co-operation with other firms or institutions.
Cell B: Firms that only reported informal innovation activities in-house, but collaborated or co-operated with other
firms or institutions to develop innovations.
Cell C: Firms that reported formal innovation activities (performing R&D or applying for a patent), but had no
innovation activities based on collaboration or co-operation with other firms or institutions.

Cell D: Firms that reported formal innovation activities (performing R&D or applying for a patent) and collaborated
or co-operated with other firms or institutions to develop innovations.

The goal for policy is to increase innovative capabilities by shifting the
national distribution of innovative firms towards quadrant D in Figure 2, and
to encourage non-innovative firms, particularly in less innovative countries,
to enter one of the four innovative categories. Of note, the group represented
in quadrant A, which has the largest share of innovative firms, includes
firms that only innovate through adopting technology developed by other
firms or institutions (technology adopters).

Table 4.2 gives some characteristics of the four groups of innovative
firms, with separate results for the technology adopters in quadrant A of
Figure 2. Compared with the average, a significantly lower proportion of firms
in quadrant A was active on international markets, had sourced external
knowledge (although almost all innovative firms derived some knowledge
for their innovation activities from external sources) and had introduced
both a product and a process innovation. These results suggest that the
informal non-collaborators had fewer intensive innovation activities than the

13.

The share of non-innovators was 50% in Belgium, 88.4% in Bulgaria, 68.1% in the Czech
Republic, 63.4% in Estonia, 71.9% in Greece, 46.7% in Iceland, 60.8% in Latvia, 71.8%
in Lithuania, 54% in Portugal, 82.8% in Romania, 80.4% in Slovakia and 66.9% in Spain.
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other groups, but some of them gl@have had reasonably a&/jfged

innovative capabilities.

Table 4.2. Charaéteristics of innovative firms *
m é °
A1 > B Q D
Informal non- Ti ology Informal al non- Formal
collaborators ters collaborators Acollaborators coIIaborato_

. A 4
menatoral e\ e s O
*6%

Source external 82.8% 8)%%0 Q’G 89.2% 95.%;

knowledge?

Product . . . . .
innovator 66.0% 52.8% (/ 64.1% 85.1% (@.9 %
Product &

process 31.2% 10.9% 21® | el X 64.4%

innovator

Source: CIS3 micro-aggregated data referring to innovation activities in 1998-2000.
1. Firm’s main market.

2. Gave a rating of “high” or “medium” importance to at least one of seven external knowledge sources for their
innovation activities: suppliers, customers, competitors, universities, government research institutes, conferences/
meetings/journals and fairs/exhibitions.

Figure 4.3 shows that there are large differences by country in how
firms innovate. For example, compared with Belgium, Spain and Greece had
low percentages of innovative firms that collaborated on innovation,
particularly firms that engaged in formal innovation activities. Almost all
innovative firms in Bulgaria innovated through informal non-R&D-based
activities, whereas this proportion was much lower in Belgium and Greece.

The information in this indicator on the distribution of firms” innovative
capabilities should help policy analysts to acquire a better understanding of
national innovative capabilities and to develop policies that can shift firms’
capabilities towards greater collaboration and formal innovation activity.
The indicator should also be directly relevant to the policy community
because it identifies R&D and non-R&D performing firms and the incidence
of collaboration in both groups. As shown in Table 4.2, both R&D
performance and collaboration are associated with a higher incidence of
activity on international markets, product innovation, and combined product
and process innovation.
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Figure 4.3. Innovative firms’ rr@ %s of innovation, by countn{)o
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Source: CIS3 micro-aggregated data referring to innovation activities in 1998-2000.

4.4. Conclusion

This chapter contends that one of the main barriers to the use of the CIS
by the policy community is a lack of indicators and analyses that are
relevant to policy needs. In part, this is unsurprising, because one of the
main goals of the CIS is to provide data on non-R&D-based innovation
activities, whereas supply-side R&D support programs dominate innovation
policy. The growing policy interest in demand, commercialization and
collaboration should enhance the value of the CIS, but this also requires
using the CIS data to develop appropriate indicators on these issues. The
academic community could also help by discussing the policy relevance of
their research.

One of the main problems to date is poor links between the policy
community and statistical offices and academics that use the CIS data. One
respondent to the UNU-MERIT interviews noted that analysis “must be pull
driven — pulled by policy interest and not the other way around. Without
these interface mechanisms, the analytical results of the CIS are not visible.”
According to a second respondent, the results of the CIS are rarely used to
inform policy because of the “long, long distance between the people who
write papers based on the CIS and the decision-making level at ministries.”
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The three examples of new types dPindicators that could beIG}éated
using CIS data are a response to s stions made by the policy ana@ts
interviewed by UNU-MERIT. Hf@ver, this is an ad hoc and incomple@
method of identifying the types{of indicators that would be xf.ﬁfe to the

policy community. In this respgst, Statistics Canada offers a xample @
of the right approach. The diviSion responsible for the ﬁ] Survey of
Innovation is frequently in cggtact with its users in go ent ministries

and can provide customizﬁanalyses of data orNimplement additional ()

surveys, based on funding by the ministry making_tReXequest. This process
ensures that Statistics CanadgJhas ongoing i ég@tion with the users of 3
innovation data and the in-houipﬁxpertise r nd to their needs. w

Fortunately, there are severalgitiativeSsunderway to improve availablety
indicators based on the CIS and olve some of the problems with mi%-
economic analysis. The OECD, Eurosgat and the group of Nordic co S
are currently supporting research on the®dduglopment of new CIS j Lg‘tors.
The OECD is also organizing a series of“parallgl e!_ohnrﬁ@ alyses of
national innovation survey data in order to overcometimited access to data
from more than one country. By the spring of 2007, over 15 countries were
participating. This initiative should provide more robust results on major
policy issues, such as the link between innovation and productivity. Eurostat
is also developing a “safe access centre” to permit academic access to CIS
data from several European countries.

Finally, Europe’s industrial structure, with large fixed investment in
low- and medium-technology sectors, means that the goal of a marked
growth in productivity over the short term cannot be attained without a
significant increase in the innovative capacity of firms active in low- and
medium-technology manufacturing sectors and the service sectors. Diffusion-
based innovation has a strong influence in these sectors, whereas R&D-
based innovation is more crucial to high-technology manufacturing. The CIS
was designed to provide data on many types of innovation activities and
consequently should be a key source of useful data for the European policy
community on knowledge diffusion, collaboration and other areas of interest
to policy. These indicators need to be provided for both R&D performing
and non-R&D performing firms.
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5.1. Introduction

The essence of innovation is the process of bringing to market new
products or processes, which, if successful, generate new economic value.
Traditionally, this process has come to be viewed as one in which the
primary inputs are scientific, technological or commercial. Scientists working
in university, corporate or public laboratories generate new knowledge in a
variety of forms that may lead to commercializable outputs. Institutions of
higher learning produce highly qualified personnel, who transmit knowledge
in embodied form throughout the economy, enhancing the innovative
capacity of firms. Engineers, technical workers and organizational specialists
develop new production processes and improvements to existing processes.
Interaction with customers and suppliers provides important knowledge
inputs that further contribute to the innovation process.

However, there is an emerging consensus that innovation does not
simply occur in the realm of scientific discovery. It is not the result of
research and development (R&D) activities alone, and it is not necessarily
associated with a particular technology. Rather, innovation takes place
throughout the economy and rests on a variety of inputs, including non-
technological activities. Scholars and policy makers now recognize the
critical role of non-technological innovations in the creation of economic
value and the competitiveness of firms, regions and nations. Yet, measure-
ment of innovation activity rests heavily on traditional technology-based
indicators, such as R&D and patent activity. In fact, these measures have
been the lifeblood of national statistical agencies and other organizations
responsible for capturing the importance of innovation to economic growth
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and productivity. Design is mcreasm Iﬁvlewed as a key aspecl“ 7f the
innovation process, and investment < design is one of the most |mp

assets for businesses and nationgIn the United Kingdom, de 3|§:n use

captured through the Communitdg Innovation Survey (CIS); h r, there
remains little systematic evid of how Canadian firms, fo ple, are @
using design. Given the significant role of design in on and the
failure of the traditional approach to measuring inn@on activity to
capture it, it is crucial to ask{Hbw can the role and spgpificance of design in
the creation of economic valuije captured and m,eé d?

This chapter addresses thfs question by ewing the accumulated
evidence — both quantitative ar\ghualitatixgr\o he importance of design as
a key input in the innovation prgeess and%es a source of value added in
wide range of sectors, and by @gesting some strategies for modifying
innovation surveys to capture the role @esign in the innovation proceisé/

Y
3
v

5.2. Why is design a critical input in the in%vaionlgr(@s@ X

The literature on innovation has traditionally focused on the role of
universities and laboratories, patenting, and scientific and technological
R&D. However, design is an important and often overlooked aspect in the
process of firm learning and innovation. The argument presented here for
incorporating design into the measurement of innovation is consonant with
recent literature on creativity and the emerging cultural economy, as well as
with literature on the business use of design. Together, these provide some
theoretical insight into why design requires attention in the study — and
measurement — of innovation and the innovative capacity of firms,
industries, regions and nations.

5.2.1. Creativity and the cultural economy

A well-established literature in the social sciences now recognizes that
creative, symbolic and aesthetic content and inputs are critical in the
production of goods and services in the contemporary economy (Lash and
Urry 1994; Scott 2001). Within this literature there are two focal points. The
first of these documents the specific industrial dynamics of a set of creative
and cultural industries, including film and television, new media, fashion,
publishing, music and advertising (see Scott 2001; Power and Scott 2004).
Studies consistently demonstrate that firms in these creative and cultural
industries are often highly innovative, yet their innovative capabilities rely
less on scientific discovery and R&D in the traditional sense and more on a
variety of other inputs, including artistic and design inputs. The second point,
while recognizing that the creative and cultural industries are themselves
important sources of innovative products and can enhance the innovative
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capacity of other industries, emphasiz ﬁ?e role of highly sklllea/l)btlve
workers in the innovation processﬁeatlve workers are critical t
economic performance of firms a@ regions through their roles in creati

new products and processes akgd engaging in creative pr -solving
(Florida 2002; Markusen, Schneck and Cameron 2004). Tth%g sts that @
creative inputs (such as desighy can be applied in a -- different
business and industrial contexts extending beyond the ve and cultural
industries. 6

ule

5.2.2. The business use of‘d.e)sign @

As noted above, it is no\&)/videly Q@D ed that creative inputs are v
critical in the production of goomand serwices. Lash and Urry (1994, 15)0)
claim that “the design component\e@mprises an increasing component of
value of goods,” resulting in the ce |ty of the design process an% e
increasing “design intensity” of prod @d services across th my.
In other words, design must be understood as astr teg used to
enhance firms’ competitiveness (Power 2004). Recent terature on the
“business of design” echoes this sentiment (Nussbaum 2004a). In fact, the
phenomenal market success of products such as Apple’s iPod and other
electronics made by companies such as Sony, LG and Samsung is widely
attributed to the companies’ ability to use design effectively throughout their
business strategies (Nussbaum 2004b, 2005). However, it is not just
technology-intensive industries that have used design to secure their position
in the global marketplace. Firms in more traditional industries, such as
furniture, textiles and apparel, have also been able to reinvent themselves
through the effective use of design (Lorenzen 1998; Rantisi 2002; Leslie and
Reimer 2003).

Within the firm, design can be incorporated throughout the research and
product development phase, applied to manufacturing processes to reduce
costs, and used in the creation of retail environments and in branding,
packaging and marketing, enabling firms to differentiate their products and
services in local and global markets. Firms can take advantage of design
capabilities by a) having their own in-house design department; b) employing
designers as part of multidisciplinary teams in various facets of their
business (e.g. concurrent engineering, product development, marketing); c)
hiring freelance designers to work on specific projects; d) purchasing the
services of an outside design consultancy; or €) using some combination of
the above four options.

While the discussion above identifies design as critical to the innovation
process, only recently have studies explicitly documented this relationship.
Most of the evidence concerning the effective use of design to fuel innovation
and ultimately secure value added for a firm has emerged from Europe and a
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handful of other developed and develo nﬁ’countrles and relies on ﬁ(‘ iyidual
cases studies or one-off surveys w Zealand Institute of Econfdic
Research 2003; Power 2004; Dar@1 Design Centre 2003; Design Coun
2004; New Zealand Design Téskforce 2003; DIAC 2004, G%[Ier and
Vinodrai 2004). Overall, theggastudies suggest that design \ ritically
important source of economiC¥value, raising levels of fagoftability, pro-
ductivity and competitiveness, The use of design caance sales by
improving both the function d aesthetic qualitiem product. It can also ()
reduce production costs, simplify and enhance _t ustainability of the
production process, and diffe&a}liate, brand an& alue to products in the 3

v

market.

Despite the accumulated empjikical ev%ce that design is an importantéy
input in the innovation process, t are few systematic studies that provgge
comprehensive data on the use of¢dgsign across national econ
Furthermore, there is a lack both of a \?on deflnltlon of desj d of
systematic indicators of design in innovdtion @atidnal level,
making reliable national comparisons and mter io I benchmarking
difficult (Bessant, Whyte and Neely 2005; Haskel et al. 2005; Swann and
Birke 2005; Tether 2005). This oversight can, in part, be attributed to the
lack of design-related questions in the survey instruments used to capture
innovation.

Most innovation surveys rely on the Oslo Manual, which provides
guidance on data collection for a comprehensive set of innovation indicators.
The current edition of the Oslo Manual (OECD/Eurostat 2005) provides a
definition of innovation that extends beyond the development or use of
various technologies. Its concept of innovation includes organizational and
marketing innovation alongside established forms of product and process
innovation. Yet, even with these promising revisions, the Oslo Manual
includes only a limited treatment of design and remains heavily biased
towards production and manufacturing activity. For example, design is
included as an example of marketing innovation, which suggests that design
is conceived only as a decorative add-on. Design is not included as a separate
innovation activity or expenditure category in the Oslo Manual’s recom-
mendations for coverage in innovation surveys.

Surveys in New Zealand and the United Kingdom, however, have
identified design as a separate input in the innovation process. For example,
elsewhere in this volume Fabling uses innovation survey data from New
Zealand to show that there is a positive and significant relationship between
innovation and design use.
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5.3. Challenges in measuring the con@lﬁon of design to mnovfp&

Kingdom and Canada. These caséstudies offer stark contrasts i design
has been incorporated into the%asurement of non-technologjegfNinhovation @
in these countries. They also prdvide lessons for analyst Ilcy makers

on future directions for thecorporation of the use esign into the
understanding and analysis omlnovation processes a&utcomes. i)

This section examines the @@easurement of design in tg Unlt@

5.3.1. Design and innovatﬁa.n) evidence fr %e United Kingdom J

The United Kingdom has %ng sta and active design promotion
policy, and its Design Council gfs, charged with promoting good deS|gn(/)
practice to facilitate competitiviress and innovation among UK fir
Design has traditionally been perceQ?d in the United Klngdom
important source of comparative advan gb,and recent ewdenceﬂ\)ehown
that the use of design among UK firms |mprove9bu ine ance and
productivity (DTI 2005; Design Council 2004). However these strengths
are often underutilized, and design has not been prominent in UK innovation
policies.

Within the UK context, there are two primary sources of data on the
business use of design. First, the Design Council has conducted a series of
landmark surveys and studies (see, for example, Design Council 2004).
Second, the UK Innovation Survey (UKIS), carried out as part of the CIS,
includes a small number of questions directly related to the use of design in
the innovation process. Like other innovation surveys, the UKIS records the
importance that firms attach to design-related intellectual property (IP),
including design registration and complexity. However, in contrast to the
prevailing approaches to measuring innovation that follow the Oslo Manual,
the UKIS collects information on design expenditure as a distinct innovation
input. Using these data, it is possible to develop design-related indicators
that can be linked directly to measures of product and process innovation.
This permits a rigorous analysis of how design-related innovation activities
relate to other factors in the innovation process.

Results from the UKIS 2005, part of the fourth CIS (CIS4), provide
some interesting insights into firms’ use of design. While more businesses
identified in-house R&D (32%) or capital expenditures (47%) as important
inputs, 19% of firms identified investments in design as important to their
innovation activities. Furthermore, spending on design accounted for 5% of
total firm expenditures on innovation. While this was only a modest
proportion of overall expenditures, it was higher than firms’ expenditures on
acquiring external sources of knowledge (4%), an area that receives
significant attention from policy makers and academics alike. Moreover, the
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propensity to invest in design did no§ y S|gn|f|cantly across wﬁ’yétrlal
sectors, with a similar proportion o s in knowledge-intensive senAgks,
manufacturing and retail reportlr@ design-related activity. ThIS provi
some preliminary evidence that €lgsign is an important factor § ovation
across the UK economy. m °

However, there were a number of other design- rela@ nditures that
could not be measured direcfffy since some design acti s were included )]
in other categories within th IS. For example, th perimental develop- e
ment component of R&D cgn)include design y. In addition, when J
v

respondents were asked to e mate their de expenditures, they were
instructed to exclude any sp ng aIr% counted for in their R&D
expenditures. Similarly, preparing~innovatians for the market accounted forl»
a high proportion of total firm e ditures on innovation, and this activ, ty
probably included expenditures on ne(/}aackaglng and presentation, w

are design-intensive activities.

Despite this incomplete coverage, the dlffeﬁnck_lﬁgpropensny to
innovate between firms that were “design-led” and those that were
“technology-led” can be examined. Design-led firms were those that either
had design expenditures or used design registration or complexity to protect
their innovations. Firms that engaged in R&D activity (inside or outside the
firm) or assigned some importance to patents to protect their innovations
were considered to be technology-led. Of course, there was substantial
overlap between these two categories. Table 5.1 shows that the majority of
technology-led firms were also design users. Firms that were both
technology- and design-led were considered to be “design-inclusive.”

Table 5.1. Overlap between design- and technology-led firms

Not design-led Design-led Total
Not technology-led 59.5% 7.3% 66.8%
Technology-led 9.2% 24.0% 33.2%
Total 68.7% 31.3% 100.0%

Source: UKIS 2005 (C1S4) (authors’ calculations).

Did firms that were design-led or design-inclusive have higher levels of
innovation than technology-led firms? Figure 5.1 shows the propensity of
firms in all three categories to innovate. While there was little difference in
propensity to innovate between firms that were only design-led or
technology-led, firms with complementary technological and design-related
investment (design-inclusive) had a greater propensity to innovate.
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Figure 5.1. Propensity of firms in tﬂ nited Kingdom to mnoCﬁ}z
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Source: UKIS 2005 (CIS4) (authors’ calculations).

These complementarities can be assessed in greater depth by an
examination of two conditional probabilities: the probability that a business
will engage in a particular innovation-related activity (A) given that it
engages in another innovation-related activity (B); and the probability that it
will engage in B given that it engages in A. In general, these two proba-
bilities will not be the same.

Table 5.2 summarizes these two conditional probabilities and shows the
large number of one-way complementarities that existed between different
innovation activities. A conditional probability of greater than 50% implies
that the two activities complemented one another. For example, among firms
that engaged in design-related activities, 71% were also involved in intra-
mural R&D, 81% had capital and software expenditures, 76% invested in
innovation-related training and 63% had marketing expenditures. However,
the probability that a firm with other innovation inputs would engage in
design was quite low. Overall, these findings reveal that engaging in design
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activity will lead firms to undertake ffRer innovation actlvmes Gyt the
reverse is not necessarily true. @O O

Table 5.2. Conditional probabilitidg of engaging in innovation-r@activitles
[ )

m
Capltal and M M
. . Intramural Extra-mural External :
Innovation activity software Tr Design  Marketin
R&D R&ID expenditures knowledge qg)
=
Intramural R&D = 31%‘ ) 73%* 28%® 68%" 39% 51%*3,

Extramural R&D 82%* 82%* @ 73%* 49% 60%.

&

Capital and software

9 9 - 0, 0/ * 0,
expenditures 45% 19% O 2 25% 67% 28% o

External knowledge 59%* 36% 85%’ - 81%* 43% @57%*
Training 49% 20% 77°/§/ |>, 27% - 3@ 45%
Design 71%" 33% 81%" 7® | C 63%"
Marketing 60%" 27% 74%" 31% 74%" 42% -

* Indicates probability greater than 50%.
Source: UKIS 2005 (C1S4) (authors’ calculations).

By moving beyond simple bivariate analysis and employing econo-
metric modeling techniques, it is possible to examine the extent to which
design influences innovation outcomes while controlling for the effects of
other innovation inputs and other conditions of the innovation system. A
series of experimental probit regressions was conducted using three different
measures of the propensity to innovate as the binary dependent variable: the
introduction of a product innovation (a good or service that was at least new
to the firm), a process innovation, and a novel product innovation (a good or
service that was new to the market). While the full analysis included
variables to account for the different sources of information that respondent
firms drew on in the innovation process, alongside control variables for
industrial sector and region, Table 5.3 reports only the estimated parameter
values for the marginal effects of a firm employing the specified innovation
inputs, together with tests of significance — standard errors and z-scores.
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Table 5.3. Determinants of innopdtion: probit regression resul{;lo

~

Product innovation LU Process innovation Nolrel ;‘oduct inndeation

Independent Std. Std. z- ‘) Std. z
variables dFfdx error %re dFfdx error  score @ error  score
Intramural R&D 0170  0.010 Q7.25 0055  0.008 7U0138 0018 7.30)
Extramural R&D 0.037 0.012 .04 0.036 0.009 é 0.054 0.019 28

Capital and software
expenditures

0.039  0.009 u24 0.122 (@@ 17.3 -0.051 0.019 -2!3

External knowledge 0.034  0.011 \Aé 0.01 .008 1.9 0.027 0.019 g

Training for innovation 0.036  0.009 3.@ 0.062  0.007 9.0 -0.010  0.018 ‘?0.6

Design functions 0.059  0.011 5.46 2033 0.008 43 0.071 0, @ 3.9

Market preparations 0.189  0.011 18.67 0.043b/0 007 6.1 0 1 \)0 017 7.2
Source: UKIS 2005 (CIS4) (authors’ calculations). ¢ L e L’ '

In all three versions of the model, investment in design is positive and
statistically significant. However, the relative importance of design in
influencing the propensity to innovate depends on the type of innovation
outcome. For example, in the case of product innovation, intramural R&D
and market preparations had a larger impact than design. With regard to
process innovation, design had a lower parameter value than in the case of
product innovation, and capital and software expenditures had a greater
impact than design. Finally, in the case of novel product innovation, design
had a higher marginal effect and was relatively more important than in the
other two cases, while some other inputs had a negative impact or were not
significant. For example, the acquisition of external knowledge, the subject
of much policy activity in many countries, did not appear significant in the
introduction of novel product innovations.

Overall, the results of this analysis suggest that engaging in design is
associated with significantly higher probabilities of firm-level innovation. In
statistical terms, this translates into a 15-20% increase in the propensity to
innovate compared with firms that do not report distinct design-related
investments in the innovation process.
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5.3.1. Design and innovation: ev@\me from Canada (@)

In Canada, design has not bee@articularly prominent within culturalﬂb
economic policy, nor has it bebn systematically targeted a a%urce of
innovation for Canadian firm owever, recent research h s\g nto fill @
this gap in our understanding of the contribution of desigmyjim\the Canadian
context (Gertler and Vinodrgin2004; Vinodrai 2005, Zsee also DIAC
2004). For example, Gertler Vinodrai (2004) haysstudied the contribu- v
tions that design skills make within a wide range o lished and emerging e
sectors. Figure 5.2 shows th e growth of & a’s design labour force J
(defined occupationally to inclyde\industrial.int€ibr, graphic, fashion, theatre w
and other designers, as well as &fchitects %ﬁndscape architects) outpaced(o
that of the overall labour force .@ een 1987 and 2002.° Canada’s design
workforce grew at a rate of 3.7% per ygar, compared with only 1.7% for@he
overall labour force. Figure 5.3 compa mployment in design occupations
with employment in Canada’s design indu&try etvlfg!n 19(?@1 02. It
shows that, overall, employment in the design Workifard&Xdefined occupa-
tionally) grew at a faster rate than employment in the design industry,
suggesting that industries outside the design industry were availing them-
selves of design-related expertise by employing designers directly. Figure
5.4 confirms this finding by showing the sectoral distribution of people
working in design occupations in 2001. Fewer than half of all designers
worked in specialized design firms found in professional services. In other
words, designers were employed in a wide range of traditional and emerging
industries.

1. It is worth noting that, in contrast to most Canadian jurisdictions, Montreal and the
province of Quebec have successfully incorporated design into their economic
development strategies (Leslie and Rantisi 2006). In Ontario, design has only recently
been acknowledged as an important source of innovation and value added (Design
Exchange 1995; DIAC 2004; City of Toronto 2006).

2. While the analysis presented in Gertler and Vinodrai (2004) uses data for Ontario, this
chapter offers a similar analysis conducted at the national level. In general, the results are
quite similar.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



5. CAPTURING DESIGN: LESSONS FROM THE GNFFED INGDOM AND CANADA - 7D
e /‘ - k A\
Figure 5.2. Indexed design en@fﬂent in Canada, 1987-20‘61‘/‘
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Figure 5.3. Employment in design occupations vs. employment in
Canada’s design industry, 1987-2002
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Figure 5.4. Sectoral distribut@oﬁaesigners in Canada, 2061‘/‘
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The importance of this finding is emphasized elsewhere. Vinodrai’s
research (2005, 2006) explores how design expertise is transferred between
the design industry and other sectors of the economy. Through an analysis
of employment dynamics, contractual relationships, freelance activity, and
the longitudinal labour market mobility of industrial and graphic designers,
she demonstrates how designers work in various settings over the course of
their careers, both in the design industry and in other industries. Overall, the
findings from Vinodrai’s analysis (2005) have led her to conclude that
design expertise and knowledge developed in working for a variety of
employers can be transferred between firms and industrial sectors via labour
market mobility. Firms benefit from designers’ circulation in the labour
market, since designers can bring new knowledge into the firm, thereby
acting as an important source of embodied knowledge, in much the same
way as engineers, scientific researchers and technical workers (see also
Angel 1991; Almeida and Kogut 1999; Henry and Pinch 2000).

The empirical findings reviewed above suggest that Canadian firms in
many industries are hiring designers and that this practice has become more
widespread in recent years. However, it remains an open question as to how
effectively Canadian firms are using design expertise. It is also imperative to
differentiate between users and non-users of design to determine if some
firms and/or industrial sectors have made more extensive and effective use
of design, as well as how and where design expertise is being utilized and
applied within firms.
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Unlike the situation in the Uni stie%ﬁingdom there are fe\/\/l“ re-
hensive data sources in Canada that ore the various aspects of des@%

that attempt to understand the t@mess use of design. The quantltatl e
analysis presented above relies g data from Statistics Canad ﬁensus of
Population and Labour Force ey (Gertler and Vinodrai 20 \l’ ese data @
sources enable analysts to undérstand the socio-economi emographic
characteristics of people wogking in design occupatio@ in the design
industry. However, they doﬁn provide informatiQy, about the industrial ()
dynamics of these sectors, nor do they focus on hg ign is being utilized "
within particular industries. hermore, these are cross-sectional and 3
therefore tell very little about egiployme ility and other factors that w
can be revealed through longktfinal a . Vinodrai’s analysis (2005,
2006) relies on a qualitative méthpdology”to understand the Iongltudmalw
labour market dynamics of designers

<
The only comprehensive, natlona({ y that epr|C|tIy e r@eﬂ the
business of design in Canada is the Survey0f SemyicejIndysirigs: 3pecialized
Design, which has been conducted annually since 8 (Statistics Canada
2007). This survey is based on a sample of establishments in the specialized
design services industry, which includes: landscape architectural services;
interior design services; industrial design services; graphic design services;
and other specialized design services.® The survey provides basic information
about the number of establishments, their size and their sources of revenue
(design consultation, design services, project management, other), as well as
some broad-brush information about the types of clients (government,
businesses, individuals and/or families) and where these clients are located
(same province, different province, international).

However, there are a number of drawbacks to the survey. First, there is
no detailed geography of the design services establishments below the
provincial level. Given that design employment tends to cluster in metro-
politan areas, this is a significant shortcoming. Second, there is very limited
information about the clients and users of design services, including their
industrial or sectoral classification and the nature of the relationships
between design service providers and design users. Hence, leading and
lagging sectors in the use of design services cannot be identified. Third, the
survey fails to capture in-house design activities within non-design firms.
Given the evidence that this activity has been increasing in relative and

3. Statistics Canada was able to identify readily establishments in the specialized design
services industry only with the adoption of the 1997 North American Industry
Classification System (NAICS). Prior to this, the Standard Industrial Classification (SIC)
did not allow for the easy identification of firms in the design services. Architectural
firms are covered under a separate survey: the annual Survey of Architectural Services
(Statistics Canada 2006a).
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absolute terms in recent years — borne oﬁ! by the key finding the{ (“gd th

half of all designers do not work in deﬁ;n firms — this too is a critical g

the understanding of design use m@e economy. Finally, there are few d|r

ways to assess the business practiges and innovation performa firms in

the design services industry, arw link these to their economic {} ance. @
a

Statistics Canada’s Survey of Innovation solicits tion about
product and process innov in manufacturing, na resources and )]
specialized services firms. Irrfact, the sample for t urvey of INNovation  mm
2003 (Statistics Canada 20@4)) included establj nts in the industrial J
design services industry. While?including this % ry in the survey had the
advantage of revealing the sqg&es of | ve ideas and the level of w
innovation for establishments ing}e1 part he design industry, it did not{z)

capture how design was being us other industries.

tion for innovation activities, both intern d exterpal to th There
is, however, no explicit recognition of the rolefnatﬂe (|n -house or
from outside the firm) play in enhancing the innovative potentlal of a firm.
Furthermore, while the Survey of Innovation links innovation activity to
firm performance (measured in terms of sales revenues, quality, process
improvements, productivity and market share, inter alia), it does not shed
light on the impact of design inputs on firm performance. In other words, it
leaves unaddressed a key question: How does design add value to firms’
products and services and enhance firms’ competitive success?

The Survey of Innovation gathers E data on the sources ofml} ma-

Despite these shortcomings, the Survey of Innovation has considerable
potential as a tool for addressing such questions. Perhaps its most important
characteristic is the breadth of its target population, since it covers a wide
range of sectors in the Canadian economy.” It includes both newer and older
industries, and incorporates both more and less knowledge-intensive forms
of economic activity. Such a sample structure would support an analysis of

4. For the Survey of Innovation 2005 (Statistics Canada 2006b), the internal sources of
information included: R&D staff; sales and marketing staff; production staff; manage-
ment staff; and other plants or R&D laboratories in the same firm. External sources
included: suppliers; clients or customers; competitors; consultants; commercial, public or
non-profit R&D laboratories; universities and colleges; conferences and trade fairs;
scientific journals and trade publications; investors; industry associations; the Internet;
and experienced entrepreneurs.

5. Each of the past Surveys of Innovation has targeted a slightly different sample. The
Survey of Innovation 1999 (Statistics Canada 2001) covered approximately 6 000
businesses in the manufacturing, construction and natural resources sectors, while the
Survey of Innovation 2003 focused on approximately 1 700 establishments in specialized
services (including industrial design). The Survey of Innovation 2005 returned to the
broader coverage of the 1999 survey, with a sample of approximately 8 000 firms.
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how the use of design varies by se t&P, firm size and other ;fwnent
characteristics. @)

A small number of new q@ons could be added to the Survey 9
vale m&i

Innovation to measure the prevalence of design use. They gather °
information on:

e The number of full- andpart-time, as well as pern@wt and contract,
design staff employed inm

se;® and ¢ ()
e The use of designers e)%gnal to a firm (f@elancers, design firms), J’
measured in terms of the \gﬂar value of @enditures to purchase their i,
design services.
©

Relatively modest, increme modifications to existing Survey o
Innovation questions’ would allow jhe collection of vital inform
concerning the importance of designe r]contributing to innovati{s eas,

by gauging: e Le C"

e The importance of design staff in-house in generating innovations; and

e The importance of external design firms and freelancers in generating
innovations.

More probing analyses exploring how design contributes to the
innovation process would require new questions, such as:

e At what stage in the innovation/production process is design used:
— initial stage of product/process development;
— later stage (e.g. customization);
— packaging, marketing?

Additional questions could explore the link between design activity,
innovative capacity and firm performance more explicitly. For example, a
national study in the United Kingdom commissioned by the Design Council
(2004) asked firms across the economy a number of questions related to the
use of design within their firm:

6. This could be further disaggregated by type of designer, using accepted occupational
categories such as industrial, interior, graphic and fashion designer, architect, landscape
architect, and other.

7. Question 25 in the Survey of Innovation 2005 asks: “During the three years, 2002 to
2004, how important to your plant’s innovation activities were each of the following
information sources?”
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e How have design, innovation andﬁe‘a:ﬂvity contributed to your {us'léess
over the last three years?

e Has design become more img)rtant in maintaining your ¢ petiti?
edge over the past 10 year

e What role does design play in your business? o
e How is design used in ne@)roduct or service de&pment?

e What are your main reaso@or not using morefa nal design expertise?
5.4. Learning from the United I’\@gdom EQ\%nada

This chapter has reviewed th@ccumulated arguments, both conceptyal
and empirical, concerning the growing ortance of design as a deterngiNant
of firms” innovative capacity and com etPe success. It is cle ng this
review that the economies of countries in the Orgtisaé@rﬂor conomic
Co-operation and Development (OECD) are becoming Increasingly reliant
on the use of design as a way to enhance the market success of goods and
services. As part of the more general trend towards identifying and
exploiting non-price forms of competition, firms in many of these countries
appear to be discovering the importance of design as a source of economic
value.

While some countries — most notably, the United Kingdom and
countries in Northern Europe — have led the way in devising means to
document this phenomenon statistically, Canada and other OECD countries
have not kept pace. This chapter’s exploratory analysis of the Canadian
case, using available employment data reported by occupation and industry,
as well as more qualitative information, appears to indicate that design
activity is expanding rapidly in Canada, and that it is spreading well beyond
the design industry itself. This is in keeping with evidence from other OECD
countries (Danish Design Centre 2003; Power 2004). Yet, the current national
surveys of innovation do not collect information on a systematic basis that
would allow the documentation of the prevalence of design use and its
importance to the innovation process in sectors across the OECD
economies. Moreover, the current approaches to documenting the structure
of and interrelationships between elements within most national innovation
systems are hampered by an unduly restrictive list of participants: designers
are conspicuous by their absence from the list of agents of innovation and
sources of innovative ideas.

U

J
v

2
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Given this mounting evidence, it is Dear that the existing pg 7%:)1‘
indicators of innovation activity nee be modified to capture the gro
importance of designers and de5|g01puts to the innovation process. In ot
words, those actors who are respnsible for providing design i need to
be counted among the usual ligj=pf agents — scientists, enginegggdmanagers,
technical/skilled workers, uniVersity and private resea consultants,
customers and competitors —awho are routinely regard active partici-
pants in the innovation systgml. How, then, can th@gxtent and impact of ()
design’s contribution to the innQvativeness and c ive success of firms
be measured? How can the \AQBS in which fir integrating design into 3
their innovation and productlor{ﬂactlces &ed” w

b
The review of the UK ewdgzse mdél\s some promising directionsb)
The survey instruments and questigns developed for the UKIS and by
Design Council offer some importa orrectlves to the measurem

innovation activity that account for e of de5|gn Clea{) |ng
questions similar to those used by UK res€archegs i existing
surveys of innovation (without the offsettlng de of other survey

questions) increases the risk of adding unduly to firms’ burden of response.
Nevertheless, the growing body of international evidence concerning the
strategic importance of design across the economy warrants a serious
reconsideration of the content and structure of innovation surveys in order to
reflect these recent developments. Furthermore, the linkage of innovation
survey data to other measures of firm characteristics and performance,
including those collected through other establishment-based surveys, could
allow the determination of the extent to which a firm’s use of design is
correlated with export activity, growth in sales, employment and market
share, and other key performance outcomes.

If the secular trends documented in this chapter are indeed as funda-
mental and widespread as they appear to be, then it is of critical importance
for high-wage, developed economies such as the OECD countries to collect
information on design use and its role in innovation. This chapter has argued
that a number of modest but significant incremental modifications to
existing national innovation surveys would go a long way towards achieving
this goal, while also complementing the useful information already available
through other national surveys and official statistical data sources, such as
national censuses. Given the growing recognition of non-technological
sources of innovation, such as design, this would seem to be a good time to
initiate a rethinking — and redesign — of existing data collection instruments.
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6.1. Introduction b ,‘\)

2
7/

This chapter addresses the issue of the develop g?m icators aimed
at providing a measurement base with both breadth and depth from which
research in the “economics of knowledge” can benefit. While initial attempts
at quantification in the area of the knowledge economy were based on both
national accounting (Machlup 1962) and growth accounting (Abramovitz
and David 2001), the use of indicators with a direct bearing on knowledge
(Jaffe and Trajtenberg 2002) is becoming the dominant approach. There is no
summation (or composite value), as in accounting, but rather a collection of
available statistics on several dimensions of knowledge, such as scientific and
technological knowledge, innovation inputs and outputs, and organizational
practices." The strength of this latter approach is that, depending on the
quality of the indicators, it allows a genuine grasp of the phenomena of
knowledge and innovation under consideration.

The economics of knowledge is now at the point where it has the
potential to become a strong, empirically disciplined science, depending on
whether enough progress can be made on developing the underlying data
and the indicators ensuing from them. This chapter argues that the economics
of knowledge is at a crossroads, and it uses the development of knowledge
management indicators as an illustration of this.

1. See Godin (2007) for the development of this classification with regard to different
approaches to “measuring knowledge.”

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



88 — 6. ENRICHING THE INDICATOR BASE FOR THE ECONOMICS OF KNOW} 8BGE [~

e /I - l\ ql.{ .

6.2. The history of knowledge manag@i\ent indicators /0
Knowledge management (K,{fis generally considered as a sgt of nez)
organizational practices that_seems to be of broad reIe% to the
knowledge economy. It covermy set of practices or proces entionally

designed to optimize the use of knowledge — that is, to i @ e efficiency of
allocation in the areas of kno@dge production, dist& and use. ()]

When some statisticians, economists and a started to become
interested in studying KMN\Jhformation ab %[ consisted mainly of J
anecdotal evidence, success stokies and business studies done by
consulting companies. Followifg are ac s of a couple of successfulo)
initiatives that first started to attr%?ttentlon through publication in business
journal articles and in such influengial books as Working Knowledte
(Davenport and Prusak 1998, xiv): I?'

At Hoffman-LaRoche a knowledg mamgerlwin@i@i& in 1993-
1994 reformed the process of developing new drug applications, the
voluminous, complex documents that must be submitted to the FDA
[Food and Drug Administration] before any new drug can be
approved and brought to market. In significant measure because of
the initiative, applications and approval for several new products
now take many months less than the usual time to complete, at a
saving of $1 million per day.

At Hewlett-Packard, the amount of product knowledge required to
effectively use and support complex computer products has exploded.
So in 1995, the company implemented a knowledge management
tool called “case-based reasoning” to capture technical support
knowledge and make it available to personnel around the world.

In their introduction, Davenport and Prusak claim that KM is a great
source of competitive advantage, enhancing both the efficient allocation of
this precious resource and companies’ innovative capabilities. There is no
way of knowing if they are right. However, consultants and gurus are quick
to claim that KM is the unique solutlon to all problems encountered in the
course of a firm’s daily operations.?

Economists usually like to know a bit more than this about a new
practice or technology that starts to be widely diffused in the economy.
Since many firms are spending money on KM, one would expect them to be
getting something in return. But spending money on “something” is hardly a

2. This is not, of course, a reference to Davenport and Prusak, who have written a useful
book that articulates their considerable knowledge, experience and practices in this area.
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reliable predictor of its returns. How dZ@conomists know if KI\{(“/More
than a fashionable social technolegy when there is no evidence @at

implementing it is efficacious? Is@M simply a new managerial dlscou£§

used to renew motivation and{commitment among partici in the
capitalist enterprise (Boltanskdsand Chiapello 1999) or is j ffective @
organizational innovation t has the potential tg=jMyease labour
productivity?

To answer these questiors, economists have@ design an applied
research program that obvio sI involves the of indicators (Foray
2004). The quest for broade nd more syst@?@é empirical information
relating to KM entails a four- s rocess

v

e Conceptualization: it is neary to examine the literature to see(o
whether there are economic reasong to manage knowledge. The idea ?
search for and articulate stylized f out knowledge as a co ity
to see whether a good economic case cEf be madi_or a p&/ae mpany
to invest in KM. e

e Data collection: data to highlight the various dimensions of the
phenomenon are needed. This is a crucial issue. A special feature of the
economics of technical change, innovation and knowledge is that it calls
for large amounts of data, much of which is rather unconventional for
economists (Trajtenberg 1990). This feature reflects both objective
econometric requirements and the conviction that, if the phenomena of
knowledge and innovation are to be understood, the only choice is to
seek data with a direct bearing on them. This is less obvious than it
sounds: economists are reluctant to engage in raw data collection, trying
instead to compensate for the scarcity of data with econometric
ingenuity (incentives in the profession are set accordingly); the
prevailing conception of legitimate economic data is rather narrow and
conservative. This may be justifiable in other areas of economics, but
not in the realm of innovation and technological knowledge.

e Answering the big question: does KM matter in economic terms? That
is, would an increase in inputs and resources for KM lead to more
outputs? Unless this question is answered, there is no point in proceeding
to the final step.

e The manipulation of incentives and inputs to achieve particular goals —
the usual prescription of economics (Griliches 1962).
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6.2.1. Stylized facts about knowl@\a as a commodity /0

Clearly, many views on know@ge as a commaodity can be foynd in t?‘@
literature. Several of these cam\be used to build an econo@ase for

implementing KM practices. m [ )

Knowledge is a product of learning by doing: Many | ation activities
occur “on the floor” or ofi-Nne (as opposed to(off-Wrfe), through the ()]
mechanism of learning by d . In this process, intion is not the main =
goal, but may nevertheless %céur as a joint prgpyct of the activity. The J
process can even entail an exp€rimental appro@ people plan experiments
on-line and draw conclusio ew o s-are generated and variety v
ensues). However, since the maip~goal is ™ deliver a service or produce &)
good at the end of the day, the leasing process can conflict with a workeg’s
normal expected performance. Thus,dthere is a role here for KM %n e
organization of proper conditions to arb;e this conflict and ote
experimental learning in the daily operational mnt(ﬁt %faa@a facturing
plant or service operation.

Knowledge is like a fixed cost: A piece of knowledge needs to be
produced only once and can be used repeatedly by as many people as want
to use it. The production of knowledge is like a fixed cost in the production
of goods and services. Fixed costs are by definition a source of economies of
scale in production, which raises various strategic and policy issues. Again,
an economic case can be made for KM, this time as a method for seeking
some kind of optimal use of knowledge.

Knowledge needs to be reinforced: Evidence in the psychological
literature shows that, when people are interrupted in the performance of a
task, their ability to remember it is diminished. Hirsch (1952) found that,
when a job was resumed after an interruption, it was at a lower level than
that attained prior to the interruption. The knowledge derived from learning
by doing quickly loses its value and, if the stock of knowledge is not
replenished by continuous production, it depreciates rapidly. A case can be
made here for KM as a method of organizing mechanisms explicitly to aid
the memorization and maintenance of existing knowledge and to minimize
accidental loss of inventions.

Knowledge is difficult to transfer: As von Hippel (1994) puts it,
knowledge is “sticky.” Stickiness raises a number of issues in terms of the
organization of knowledge production and the integration of pieces of
knowledge that have been produced in different places.

Knowledge is tacit: Typically, knowledge and expertise are neither
articulated nor codified. Tacit knowledge resides in people, institutions or
routines. The fact that it is tacit makes knowledge difficult to learn,
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memorize, recombine and transport. e(?olutlon and this again {rékés an
economic case for KM, is to codi wledge: the knowledge is recdQed
on a medium. This entails high fl@l costs, but all KM operations can th
be performed at a very low margigal cost. Codification, as a K cedure,
increases the memory capacm of an organization and c é earning
programs for new workers.

The last stylized fact fgfiyd in the literature %oesQ articulate any

characteristic of knowledge a commodity. Ra it is the need for i')
organizational structure andy pyactices to comp@ t the investment in J
information and communicati technology (I(‘@ ere is now considerable
evidence that “organizational pIemelg\ ch as business processes, w
decision-making structures, mcﬁve syStems, human capital, corporately
culture and KM — play an impor role in a firm’s ability to realize va&u{e
from its ICT instruments (Brynjolfsso d Hitt 2005). The act of acquikAg
and maintaining these organizational ¢ ;ﬁ;nents isa real cost the Tirm,
but also a potential source of signific vajue Jw ined with
appropriate investments in technology. KM practices ppear to be an
important organizational complement, playing a key role in increasing
private and social returns from ICT investments. As Milgrom, Qian and
Roberts (1991) put it, the deployment of ICT and the adoption of KM
practices are mutually complementary, with each making the other more
attractive. It is through the development of such complementary activities
that the Solow paradox has been resolved.

Thus, there are plenty of economic motivations and arguments for
private companies to design, implement and develop KM practices. The
literature dealing with the main features of the economics of production and
transmission of knowledge clearly builds an economic case for KM. It can
be inferred from this that KM is probably more than just a managerial
fashion; rather, it is a social technology that is likely to have a positive
impact on efficiency, innovation and productivity. There are therefore grounds
for proceeding to the next step, data collection.

6.2.2. Data collection

Good economic research depends on the generation of appropriate and
reliable economic data. If economists want to comment on the economics of
KM, the only way to do so is to have a measurement base on which research
in the economics of KM and innovation can be founded. The Organisation
for Economic Co-operation and Development (OECD) KM survey, the
result of an intense collaboration between Statistics Canada and the OECD,
was developed in 2001 and 2002 to:
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e Create a systematic database on iﬂg ﬁ?ﬁusmn of KM practices %me
OECD countries;

e Obtain some leverage in terr;LQf international comparlsons bytusing th
OECD mechanism, which cgnsisted of contracting with n | offices o
to do the work within a c on framework of statisti ii 'ﬁielmes

e Contribute to the stabilizatign/standardization of the ¢
and terminology of KM,; é

e Create some mfrastructurUnowledge related@he survey (terminology,
categories, questions, test results), so thit countries and researchers

ptual categories

could use it to undertake fi r studi analysis.

The survey, whose metho@gy national studies and topics are
extensively described in OECD (2Q83), produced important resul
demonstrated that it is possible to pro e aggregate meas res\OPKM
implementation and diffusion, and to bui ind'&atL égft aviour
with regard to KM; and it generated a series of resultS-abbut the diffusion of
KM, the effects of firm size and technology, firms’ priorities in terms of KM
practices and purposes (acquiring and sharing knowledge, human resource
management, etc.), and the complementarities between KM and other
innovation activities (see, in particular, Earl 2003, 2005; Earl and Gault
2003; Edler 2003; Kremp and Mairesse 2003; Lhuillery 2006).

6.2.3. Answering the big question

Is KM of significance in economic terms? The data have shown that KM
practices are widely adopted within the private sector. However, there are
plenty of cases of innovations in social technologies that have been
extensively adopted over a short period, while no clear evidence about their
economic impacts has ever been produced (Nelson 2003).

Kremp and Mairesse (2003) used French data from the third Community
Innovation Survey (CIS3) to study whether there is a relationship between
KM intensity and outputs (in either innovation or productivity). The
evaluation of the economic impact of a new practice or technology is
difficult, since the same firm cannot be observed simultaneously with and
without KM. If a firm that has implemented some KM practices is studied,
there is no direct way of discovering what the outcome would have been if
the company had not implemented KM. There are several indirect
approaches, however: for instance, one approach is based on the assumption
that, as long as two groups of firms share the same characteristics, it is
acceptable to compare the treated group (with KM) with the untreated group
(without KM). Kremp and Mairesse, however, used the opportunity afforded
by a very large dataset (6 000 firms) to search for statistically significant

U

J
v
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correlations between an indicator ofbAKAhwtensity and output anc{ @éome
variables (innovation, patenting, laBQur productivity) in a cross-sectfQdal
econometric study. Their findir@ show the statistical and econo
significance of the estimated impact of KM intensity (2003, 15%gardless

of size, industry, involvemenysn research and developme D) and e
whether they belong to a gromof firms, companies tepe K%novate and
patent more extensively if t have adopted KM poIi All else being
equal, when KM intensity iricreases, the propensity ¥Q innovate, as well as
innovation intensity, also incteases significantly; same is true for
patenting. The estimated imp are quite sub&ﬁﬁl and, in spite of all the 3
usual reasons of econometric_misspecificgtioRGghat potentially apply here, w
the authors claim that the restfts remaq?latistically informative. At a
minimum, they reflect underlyinsitive correlations, conditional on a fair‘o
number of relevant factors. The alithqrs’ tests and results for the relaw
between KM intensity and labour pro%yc jvity provide a similar pigtefge of

the positive effect of the new organizationgbfractice on ecor@&&ables.

As Kremp and Mairesse point out, all these resuffs df_no@ teate causality,
although such a causal link seems a priori more likely than not.

These results provide some detailed evidence for the view that
intangibles like KM and other organizational complements are a crucial part
of the explanation for the recent surge in productivity in OECD countries.
They also encourage economists to extend the research towards incentive
mechanisms and the social arrangements that would be most conducive to
increasing KM intensity as an important driver of innovation and productivity.

6.2.4. Incentives

The fourth and last step in the process deals with the existence and
identity of factors and incentives affecting the level of KM activities. It is
instructive, for example, to consider the issue of employees who are
encouraged, through some kind of rewards mechanism, to write, codify and
share documents. These employees therefore have to undertake two different
tasks (their normal work and the KM activity), and they have to choose a
level of effort for each. The firm’s challenge is to offer incentives to elicit
the optimal level of effort. The theory of incentives in a multi-task setting
claims that it is necessary to balance incentives optimally across tasks;
otherwise, employees will inefficiently allocate greater effort to those tasks
that offer them the highest return. On the basis of this general observation, it
is possible to model optimal incentive structures for the effective implementa-
tion of KM practices.
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The OECD survey provided@w international economic and poli@
community with some useful reséits concerning KM: %

companies;

e There is a strong econdi@e case for |mplement|nf in private

e The production of ag@ate measures of v@us aspects of KM
diffusion, as well as of firms’ behaviour vi;ﬁ the management of
this asset, is possible;

e Some statistical tools hav%en testQand improved and are publicly
available (Earl and Bordt ZO(@

e The estimated impacts of KM on @ovation and productivity are&e

substantial; and |>, ,‘\)

e It would be useful to proceed further tov’varcls.tt@ngnipulation of
incentives and inputs to achieve particular targets in terms of KM
intensity.

However, the proof of concept — i.e. the demonstration that the questions
are relevant and aggregate measures are possible — is by no means sufficient
to ensure that new indicators are accepted internationally and the data
collection is routinized.

As they exist now, the KM indicators (i.e. indicators of KM intensity)
are by no means ideal. An ideal indicator has to pass successfully the tests of
precision, absence of bias, stability over time, comparability across different
classifications, resistance to manipulation, aggregation and cost (Jaffe
1999).

It is obvious that a new indicator will be improved if enough time is
allowed for it to be used and tested, and for people to use it routinely for
both data collection and data interpretation. While some indicators of R&D
are now close to ideal (at least for those who believe in the importance of
R&D in innovation and economic growth), the first attempts at R&D
indicators required improvement.

This shows that the first phase of building and using a new indicator,
which has demonstrated its relevance and some practical merits, is
extremely perilous, often involving insurmountable obstacles. This is a
selection phase, characterized by market failures that stem mostly from
problems of “increasing returns”:

Y
3
v

2
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e The creation and initial use of e?hdicator entail high fIX@. 0Sts
(research, initial tests, survey dsg]gn and implementation), whicR<re
difficult for a small group of iiflators to bear;

e The wide diffusion ofm new indicator requires st *network °
externalities: the more iméeresting the indicator angd €Qe® higher the
number of “users” (statistical offices), the grehe number of
additional users it will at@t;

e The successful implementation of a survey } es strategic comple-
mentarities at the institu#onal level am esearchers, statisticians,
policy makers and the bus'(?s commumity&fihich exist only partially at @/
the start (the section of the bysjness ¢ unity that has to be mobilizedg,
as a source of information a KM is different, for example, from that
which provides information about R&D);

<
e There is a time series effect: “old indbenors" create a double \tue for
the corresponding survey done at time n — tH& valga @ cOHecting data at
time n + the value of not discontinuing the time series; this second value
is, of course, O in the case of a new indicator;

ule

o Finally, a successful indicator is a “code,” which enhances the efficiency
of communication and information-processing procedures among a large
number of economic agents. But a code represents an especially durable
form of capital, and when individuals learn a code it is an act of
irreversible investment on their part (Arrow 1974; David 1994). The
need for codes that are mutually understandable within organizations
causes individuals and groups to become specialized in the information
that can be readily transmitted by the code and to ignore information that
would require a different code to be absorbed. Since the code is part of
the organization’s capital, it will be modified only slowly over time.

All these features correspond to some form of increasing returns in the
development and consolidation of new indicators. It is not necessarily the
case that the international community will adopt an indicator, even if the
proof of concept has been produced. As in any case of technological
competition that entails uncertainty and increasing returns, the best will not
necessarily win. The winners will be those that succeed in achieving enough
momentum to benefit from the dynamic of increasing returns, while keeping
other good candidates out of the market.

A further complication arises from a problem of scarce resources, which
includes not only money, but also attention from policy makers (to interpret
new indicators that might change their policy perspective) and time from the
business community (to complete questionnaires). This means that a new
indicator will often be imposed at the cost of existing ones. This creates
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more difficulties, since the existingylfators are somewhat cIo!e(‘ J0_the
ideal than the new one. @)

It is obvious that there is littl & om to correct these market fal; es. T?
initial phase of implementation is*a decisive one. It should invi ultiple
interactions among researchers@atlstlmans and official surve |n|strators,
policy makers and, of course, the business commum@ e source of

hich very few

information. This phase oper@tes as a sort of filter $ )]
new indicators pass success . Accounts of survi of this phase ShOW e
that success entails the creatjoy of a coalition eholders that rapidly J
recruits strategically valuabl®new member process resembling the v

creation and eventual dominati@bf an “ng € community.”

(7]
6.4. Conclusion O
(! @
The economics of innovation and ogical knowledge Qt)marlly
an empirically disciplined science. The OECD KM as many

other examples relevant to this discussion,® shows the need for applied
economists to learn and gather the facts of technology and organization
themselves. Data based on remote proxies are inadequate. An ongoing
challenge for applied economists in the area of innovation is to enlarge the
scope of empirical material that economists will regard as legitimate, and
perhaps even routine, in applied research. This effort is necessary if the
economics of innovation and technological knowledge is not to remain
purely abstract, but is able to link theory to practices. By doing this, it will
be able to provide both private-sector managers and policy makers with
information about the aggregate economic impacts of new organizational
and human resource practices, new business methods and new discovery
technologies.

However, the case of the development of KM indicators shows that this
is a difficult process. The production of a proof of concept is no guarantee
that the indicator under consideration will be adopted internationally in what
has become the conventional manner. For example, there is no inter-
nationally accepted manual of KM indicators similar to the Frascati Manual
(OECD 2002) for R&D indicators.

Nonetheless, KM practices, as systematically used by private firms, are
clearly a central organizational concept in the knowledge economy, and it is
therefore important to measure firms’ behaviour in this area. In addition,
KM and other new human resource practices are complementary invest-
ments that are larger than investments in ICT itself. However, they go

3. The measurement of user innovation is another case in point (see von Hippel elsewhere in
this volume).
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largely uncalculated, and the task f‘EPneasurlng more effect(\lb' the
intangibles that are increasingly im nt to knowledge-driven growtl@d
firms’ performance remains incon@te.

The challenge of developing & measurement base from wINgh§o study
KM at the firm level is, therg€Qye, still to be faced, and theﬁb a need for
stronger political commitment, as well as more interactio statisticians,
economists, policy makers arﬁhe business sector. )]

However, the great success of the developm ent dicators from firm- "
based surveys of innovatioR_activity, as i nted in a number of 3
European countries and elsewhete (includj géanada) offers a reason for
optimism. The success of the munlty@v@vatlon Survey (CIS) is easily
explained. Innovation is an old prestigious economic concept, famlllaro)
to economists (not only Schumpet ). Little effort was required to attract
the interest of policy makers, who Wé;e ell aware of the |mport e of
evidence about innovation performance, it was IIy d the
section of the business community in charge of% nn(iya nagement in
firms. Thus, the network of potential users was initially quite large and was
strongly supported by powerful institutions. The strategic complementarities
among the various stakeholders already existed, since they were quite
similar to those for R&D data collection. Only the fixed cost of launching
the survey could have been a problem, but this proved surmountable since a
large number of institutions were willing to share the burden.

As part of this development, the most recent revision of the Oslo
Manual (OECD/Eurostat 2005) — which is the “codebook” for innovation
indicators — extends its coverage to new types of innovation, including
“organizational innovation.” This category is obviously broader than KM,
but is clearly related to it. Most of the examples of organizational innovation
in business practices are actually KM practices (OECD/Eurostat 2005, 51).
More specifically, KM measurement is discussed throughout the manual
(OECD/Eurostat 2005, 24, 77, 87 and 125), drawing on the work in OECD
(2003). Within the series of Community Innovation Surveys, the four
questions about the adoption of KM practices, used in Kremp and Mairesse
(2003) to estimate KM intensity, have been used again in CIS4.

A final reason to be optimistic about the development of a rich indicator
base for the knowledge economy is that, even in the absence of a large
international survey using standardized procedures for data collection on
KM, empirical studies on the economic impact of KM (as well as of other
new human resource practices) are proliferating (see Hall and Mairesse
2006), all of them concluding that such new practices enhance performance
(see Shaw 2004, for a survey). Of course, all these studies are based on
partial surveys, ad hoc datasets and datasets that are not purpose-designed.
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Hence, the studies are extremely co t@ and have a poor potgrl)l for
international comparisons and benckinarking. However, although eadof
these studies seems vulnerable an@)pen to criticism on many counts wh@
considered alone, the overall conviergence of their results is qune incing.

The success of the CIS% well as the mcreasmglﬁ ody of

empirical research on KM and organizational innovat sed on firm-
level data, show that the fut n@hof the economics of. dge as a strong
empirical discipline is pro g, and that the o ive of enriching its

()
indicator base is achievable. U @ J
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7.1. Context (/ \)(@
b x

)

For centuries, science, technology and innovatiolw—(ﬁ) activities have
been one of the driving forces of economic and social change. The trans-
formation of the developed economy from one based on natural resources to
a globally integrated system based on knowledge and information could not
have occurred without the adoption of scientific principles or the imple-
mentation of innovative technology. Similarly, STI activities have accelerated
growth and brought about social change through the movement of people,
goods and services, and through an increased capacity to generate, transmit
and use STI knowledge.

Despite the importance of STI activities, much of the existing informa-
tion about them relates only to inputs: for example, who is involved in
which activity and what is the nature of that activity? These basic measures
are essential for tracking who is doing what, where, how and why. However,
they are less useful for assessing the outcomes and impacts of STI activities.
Although some current indicators do provide information on the immediate
outputs of STI activities, the focus is now shifting to more sophisticated
measures of the potential value added and costs of STI, and their longer-
term implications for the economy and society.

This chapter presents Canadian initiatives geared towards understanding
the social and economic impacts of STI activities. In particular, it discusses
measures currently used by Statistics Canada and other agencies to describe
STI activities and offers new approaches to understanding their impacts. A
discussion of the need for and challenges of impact indicators is also
included, as well as recommendations for the future direction of this work.
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Indicators serve many purpo. They can be linked to policy issu@
through analysis in order to gude decision-making; they caa b%used to

7.2. The need for indicators ¢\ S

monitor and evaluate progra nd they are needed for ben rking and
comparison purposes, both over time and across counj#eg. Whatever the
intended purpose, indicators pgpvide relevant informati(@out the state of
the economy or society throughlthe use of statistics.

0
Whereas activity indicagp are needed fowpgscriptive analyses and J
decisions about funding, and” indicators of%n ages are important for
illustrating how various parts oﬂﬁe econo% S w
outcome and impact indicatorsare crutal

resource allocation and accountaﬁ/

ociety are interconnected,
for evidence-based policy,&)
requirements (Gault 2006). e

7.2.1. Developing indicators ¢ b ,‘\)(

For relevant indicators to be developed thgre Lus@eg‘ demand for
them. They must feed into the policy process, evolving over time and
according to changes in policy priorities. For Statistics Canada, this means
maintaining a relationship with the main users of the statistical and analytical
outputs, including policy departments, key stakeholders and international
bodies, such as the Organisation for Economic Co-operation and Develop-
ment (OECD).

Canada has been engaged for some time in the development of
indicators and the collection of data for a number of STI activities, including
research and development (R&D), innovation, intellectual property (IP) and
its commercialization, and technology adoption and diffusion. Work began
with programs intended to obtain insights into inputs and outputs of STI
activities, which then led to a broader focus on STI linkages and outcomes
(for example, the uses of information and communication technologies
(ICTs), determinants of innovation, new technology adoption and business
practices). There is now a push to move even further towards understanding
the impacts associated with STI.

All along, Canada has contributed to, and benefited from, the develop-
ment of internationally agreed guidelines, definitions and classifications for
the measurement of STI through active participation at the OECD’s
Working Party of National Experts on Science and Technology Indicators
(NESTI) and the Working Party on Indicators for the Information Society
(WPIIS). International collaboration and coordination are essential if work
on STI outcomes and impacts is to continue to advance.
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7.3. The challenges of assessing impaﬁa S I‘/‘O

Impacts are not easily definec@r measured. Work in this area.is stiII@

the early stages, and there are nokestablished frameworks on wiisk\to build.

One of the more obvious diffygajties is the fact that impacts&l e some @

time to emerge into observable” phenomena. In some caseg,\the outcomes

and impacts of STI activitiesshave not yet been full orbed into the

economy or society. For example, it is clear that If¥grnet use has brought

about changes in social behaviours, but the broader ikgacts of these changes
are still unfolding. U

In addition, impacts are of@} diffichy entify and cannot easily be w
traced back to their origins. Imp are als& multi-dimensional: they can be&)
both positive and negative; the n be direct or indirect; they can vzy

ule

among actors (e.g. individuals, firms);¢&they can affect the economy, s Y%
and more; and they can affect the envir nt surrounding S&@ ities
that results from changes in STI policy or strategp (SlEis@ Canada 1998a).

Finally, impacts cannot be measured in the same way as activities. They
are better understood through a combination of surveys and analytical
techniques, rather than through direct assessment from survey instruments
alone. This approach is useful for identifying the linkages and outcomes of
STI activities, which can then be used analytically to shed light on impacts.
Some examples of analytical techniques used for this purpose include
econometric modeling (Klassen and Carnaghan 2006; Sciadas, Clermont and
Veenhof 2005; Veenhof 2006) and microeconomic simulation modeling
(Wolfson 1995). A case study or data linkage approach (Baldwin and
Sabourin 2001, 2004) would also add value to the study of impacts.

7.4. A systematic view of STI indicators

The first and most basic step towards understanding impacts in the
context of STI indicators is establishing a framework. A framework not only
helps to guide statistical work and identify measurement gaps, but also
provides a better understanding of how different indicators are connected.

7.4.1. A framework for STI indicators

Shortly after the first Blue Sky conference, Statistics Canada — in
consultation with Industry Canada, members of the Advisory Committee on
Science and Technology Statistics and its Working Group, and others —
developed a framework for a statistical information system for science and
technology (S&T) (Statistics Canada 1998a). The structure of the system
comprises an actor or set of actors engaged in activities, the linkages and
resulting outcomes, leading to economic and social impacts.
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Indicators that describe the actors anfPactivities are of great nﬂﬁfance
in the early stages of measuremenﬁﬂ(:apturlng who is doing what
activities, where, how and why. @ time passes and policy needs evol
interest shifts to measures of fipkages. These may include flow of
graduates to industries, the somes of funding, and the licens, @v IP from e

government or universities.
Qimpacts of STI.

Measures eventually begiffyo address the outcomes
If outputs are the direct resuttof STI activities (nu% of patents granted,
mes are the medium-

articles published, new productd produced), then
term result of STI activities (MOre skilled empﬁ s, greater market share).
These can typically be meas throu nistrative or survey data. w
Impacts, however, are the long rm coRsequence of activities, linkagesty
and outcomes. For the reasons disgéssed in the preceding section, these are
more difficult to measure and are gugually, but not always, addQ d
analytically. Some practical examples oFthk.system follow. ‘(‘\)

e A small firm (actor) conducts R&D in tele.corlmu@a&ns (activity),
which requires a team of skilled employees and venture capital funds
(linkages). The result is a new cellular telephone (outcome), which has
an impact on the communication patterns of individuals and the
organizational practices of business.

ule

e Universities (actors) engage in innovation in biotechnology (activity)
through collaborative partnerships with government (linkages). The
result is a life-saving heart medication (outcome), leading to an
improved quality of life for those who take it and changes in labour
demand by the pharmaceutical industry (impacts).

7.4.2. A conceptual model

Figure 7.1 illustrates the relationships in the STI system. This model
recognizes that actors generate, transmit and use STI knowledge by engaging
in activities. Linkages represent the means by which STI knowledge is
transferred between actors and through activities, leading to measurable
outputs and intermediate outcomes. In turn, linkages, outputs and outcomes
lead to a wide range of longer-term impacts.

While the model describes the flow of STI knowledge through the
system, it also takes into account the complexities of existing indicators and
the development of new ones. For example, measures of linkages and
outcomes contribute to a better understanding of impacts; output indicators
can be partial measures of impacts (Arundel 2006); and impacts can
influence the generation, transmission and use of new STI knowledge, as the
cycle begins again.
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Figure 7.1. A conceptual&oﬁzl for STI indicators I(‘/‘
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Source: Adapted from Statistics Canada (1998a) and OECD (2005).

7.5. Existing measures

A number of initiatives are currently underway that use existing
measures of STI to shed light on impacts. For example, linkages between the
use of information and communication technology (ICT) and a number of
social and economic outcomes, including literacy, income and time use,
have already been made. The impacts of ICT on communication and spending
patterns, as well as on people’s work and leisure time, are being explored,
and work is progressing on linking innovation to commercialization, and
R&D investments to results.

7.5.1. Innovation, commercialization and IP

The Oslo Manual (OECD/Eurostat 2005) already contains advice on
how to interpret the impacts of innovation. To date, national surveys have
focused on factors that affect the bringing of the first copy of a product to
market, with some indicators of the percentage of sales due to new or
significantly improved products. Statistics Canada’s Survey of Innovation
2005 (Statistics Canada 2006a) is based on the principles of the Oslo
Manual, as well as on the approach adopted by the Community Innovation
Survey (CIS). It includes detailed questions to elicit a better understanding
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of the nature of innovation and it:ﬁb ercialization at the f{r{“ vel,
including business success factors a stacles, sources of mformatlor@d
impacts of innovation. O

One of the more important re r‘éearch questions in this area@s to the
relationship between innovatmand firm performance. Thagha acteristics
of innovative and non-innovative firms, particularly in ty dian service
sector, have been examined yith a view to gaining ormatlon about

%‘I h

this association. To obtain a'etter understanding o impacts of innova- i')
tion and technological change, the survey goes beﬁ] the “core” questions, J

addressing the link between Movation and h resource capability, the

flow of innovative goods and wlices (sQﬁain) and outsourcing, and

the creation and loss of jobs. 9 (7]
od

In addition, a new “impact” e in the 2005 survey has impr
understanding of the linkages and mes associated with |n‘$v6tlon
activity. Firms were asked to indicate thel@€gree of importa arious
impacts, such as increased range of goods or se Nic i@Proved erX|b|I|ty
of production or service provision, increased plant productivity, increased
market share, reduced environmental impacts, and improved health and
safety.

If innovation is defined as the first commercial use of a new or
significantly improved product or process, then commercialization can be
seen as one aspect of the economic impacts of STI activities. Most questions
in the early innovation surveys related only to the introduction of an
innovation. The 2005 revisions to the Oslo Manual (OECD/Eurostat 2005)
broadened the wording to include organizational structures and management
practices, as well as innovation activities or projects and commercialization.
These revisions have led to new indicators of innovation, which show how
knowledge from different sources combines to add value to a firm, leading
to impacts on business and people (Gault 2006).

Survey questions about innovation activities also address the introduction
of innovations to the market and post-introduction commercialization. Others
ask about barriers to the commercialization of innovation, and questions on
sources of funding and support for commercialization are also included.

In a first step towards a better understanding of the economic impacts of
STI activities, Statistics Canada is undertaking a set of feasibility studies,
using case studies.
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e Pre-commercialization activities |ver3|t|es governmenté
private sector. What approachessare organizations using to optimi
commercialization potential of@elr research effort (i.e. activities rang
from directing research into “Sommercializable” areas to busi e%plannlng
and marketing potential te@ologles)?

e Private-sector licensing (in and out). What are thlonal and inter-
national sources of the éﬁnologies being used\in W private sector? ()
What is the value of publicly funded technology at is the destination ==
of the technology developed in Canada? WhéPgre the regional, sectoral J’
and international destinations? This stud)@ develop an approach to w
tracing licensing between s‘e\iors, co and regions.

e Private-sector IP managem@ Are inventions being reported, patented
and licensed? What is the propenﬁ of Canadian companies to pgafct
their IP and of managers to recogn¥zepthe commercial potentlw heir
inventions? Indicators similar to thosé”in thg plthgC@ anage-
ment surveys will be developed.

e The importance of management capacity. What skills are required to
obtain optimal benefits from technology — for example, recognition of
market potential (vision); business and management skills (funding,
organization, production); technological skills; legal skills (IP manage-
ment)? Are businesses with access to these skills more likely to
innovate, to commercialize, to be successful?

e The relative contribution to sales of process innovation. Surveys of
innovation ask for the proportion of sales from new or significantly
improved products. This study will attempt to determine the extent and
nature of the contribution of new processes by reporting on their
characteristics and their impact on products produced.

e Commercialization of R&D and small R&D performers. This study
will develop a) an approach to tracing R&D effort to the marketplace;
and b) an understanding of why many smaller R&D performers conduct
R&D intermittently. An interviewer guide has been prepared (Statistics
Canada 2006b), and a summary of interview findings released (Rosa and
Rose 2007). Surveys will follow.

e Commercialization of innovation. What actions are taken to maximize
the commercial benefits from innovation? What barriers remain to
obtaining optimal benefits? To what extent are inventions being patented
and licensed abroad? Questions on marketing activities are included in
Statistics Canada’s Survey of Innovation 2005; however, additional work
will develop an approach to determining the contribution of com-
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mercialization activities to the prgrﬁbn of sales from new or |r{“p"oved
products.

One component of these stuit IP management, is already u dersto@
to some degree for the public sector. Statistics Canada has be€ \ ducting
surveys in the higher- educan@ctor and in federal depart ince 1998
to determine how to maximize the benefits resulting publlc -sector
research. Indicators include anagement infrastn%:7 d expenditures,

number of patents held and mercialized, and licgf§ing. One of the main i')
insights gained from these syrvgys is that the d turns from licensing J
income are very small compdred to the or outlay of R&D. Total
royalties for all universities | 04 WEQQ $56 million (Read 2006). w
The presumption is that the benefits to the 8¢onomy of IP licences are man

times that value. Furthermore, theJddenefits of unlicensed IP (i.e. publis d
papers, consulting activities, know-h alned) are probably very la

well. One of the objectives of the co ization studies is t%e ine
the value to the public sector of IP transf red fm Le éb@ tor to the
private sector.

Bordt and Earl (2004) conducted a preliminary investigation into the
benefits of public-sector IP to the private sector. About 4 120 firms reported
that they licensed technologies from the public sector (institutes of higher
education, government and hospitals). Over 4 400 reported that technology
acquired from the public sector played a major role in the firm’s success.
The commercialization studies will develop means of asking these
companies what the value is to them of the technology that has been
transferred.

7.5.2. R&D

Canada’s federal government is a major player in S&T, investing over
$9 billion each year through direct support for businesses, universities and
federal R&D, and related scientific activities (RSA) (Statistics Canada
2006c¢). Existing data-gathering efforts follow the guidelines of the Frascati
Manual (OECD 2002) and focus primarily on S&T inputs — R&D expendi-
tures by performing and funding sector, R&D personnel, socio-economic
objectives of R&D, application of R&D, linkages between R&D performers
and funders, and the number of full-time equivalents (FTES) engaged in
R&D. There is limited information about the results and outcomes of R&D
investments.

Work led by Industry Canada’s Innovation Policy Branch, in partnership
with Statistics Canada and others, is underway to strengthen the linkages
between R&D investments and outcomes for Canadians, as well as the
current knowledge base on the impacts of federal S&T investments.
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Specifically, this work will build on i fGPmation already coIIect!cl‘gﬂ the
socio-economic objectives of the R erformed, as well as data on pa@mts

and royalties from federal Iaborato@s and universities. The results indicat
project will help to develop a mgre detailed picture of theseqiaykstments,
determine areas for improvement in federal support, andﬁq ity larger @
social and economic impacts %vernment expenditure siness R&D.

A number of related projects g underway. @

e Current measures for f80eral government Ré activity. Determing s
the current federal gover@nt results indica or R&D expenditures. J

e Linkage of R&D expendjtyyes to re It@ﬂdicators. Use a sample of @/
government R&D projects”linking exgenditures and results, and besb’
practices to build a database @esults indicators.

e Commercialization feasibility stt@e . Measure the value of, barrie@o
and impacts of commercialization acti\i')ies. x
*Lec

7.5.3. Advanced technologies

The adoption and integration of advanced technologies into business
may have important social and economic outcomes and impacts, which can
be explored both qualitatively and quantitatively. Existing Statistics Canada
programs measure the level of advanced technology diffusion across
industries, as well as the actors, activities, linkages and outputs associated
with technology diffusion.

7.5.3.1. Manufacturing technology

The impacts of advanced manufacturing technology (AMT) are being
explored by linking AMT surveys to production surveys. To reduce the
burden of and ensure consistency of response, the approach taken is to link
the results of surveys that collect mostly qualitative data to the results of
quantitative production surveys. These data linkages have demonstrated that
manufacturing establishments using AMTs outperform those that do not
(Baldwin, Diverty and Sabourin 1995; Baldwin and Sabourin 2001, 2004;
Baldwin, Sabourin and Smith 2003). Moreover, advanced technology
adoption in the manufacturing sector has been shown to lead to better jobs,
and higher wages and salaries than non-adoption. Other impacts include
gains in market share at the expense of non-adopters and growth in labour
productivity.

Responses from surveys containing qualitative questions are also useful
for understanding the outcomes and impacts of AMT adoption. For example,
technology adoption may result in the need for more training and/or a
shortage of skills to operate the technology. In turn, the actions taken by
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/
plants in response to advanced techn I@y adoption will have {(ﬂlﬂonal
impacts. Such issues were exploreﬁn the 1998 Survey of Advafged
Technology in Canadian Manufa@mng (Arundel and Sonntag 1999),
which information was collecteld on technology use, skill %ges and
actions taken to deal with shoqes such as employee trainin type of @
information begins to address the cycle of STI indicat rackmg the
activities, linkages and result@ outcomes. @

Arundel and Sonntag (1999) found that skill s@ges increased AMT i')
investment shares (the percig?age of total inv@ent in machinery and J
equipment spent on AMTs in the previous thre&ars) and the probability of w

adopting a new type of A Althou?r@
through training, and higher Wa@and

from acquiring new AMTS.

shortages increase costs
es, they do not prevent plantso)

Work is already underway on the urvey of Advanced Te ﬁlogy
for Manufacturing and Logging. The sur WI ude de estions
about advanced technology adoption and planne sGellas results and

outcomes. In particular, respondents will be asked to rate the impact of a
number of effects following the adoption of advanced technology, including:
reduced labour requirements per unit of output (productivity); reduced time
to market, improvement in product quality (product improvement); increased
flexibility, customization, specialization or skill requirements (business unit
organization); reduced energy costs (business unit efficiencies); increased
profitability, opening new export markets (market performance); and
reduction of environmental impacts. The new survey will also address
linkages between innovation and technology adoption.

7.5.3.2. Biotechnology

Canada has pioneered a number of important concepts and data
collection initiatives related to biotechnology. Beginning with a pilot survey
in 1997, Statistics Canada has conducted the Biotechnology Use and
Development Survey (Statistics Canada 2007a) in alternating years. The
survey was designed to begin to measure direct outputs and outcomes,
including indicators of business practices and revenues, counts of products
on the market, employment in biotechnology activities, expenditures on
R&D, IP management, use of tax incentives, costs of regulatory compliance
and sources of funds. Existing social outcome indicators for biotechnology
are related to human resources — employment, unfilled job openings,
recruiting from abroad, spinoffs from public organizations, impact on
employment of contracting activities, and collaborative arrangements. Some
of these concepts can also be extended to the previously mentioned work on
commercialization (i.e. the granting and obtaining of IP rights).
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Statistics Canada conducted the wayf®s first Bioproducts De\éﬁﬂnent
Survey in 2004 (Statistics Canad 05a), which aimed to captur&e
development and production of t@e alternative products in Canada. T
information, albeit limited, offerdghe potential to begin an ass S‘US"'[ of the
impacts of bioproducts develgpinent; existing economic m(%e include @
rates of use by firms and vales of sales from biopr (relative to
traditional products). Similagly, the Functional Foods@ Nutraceuticals
Survey (Statistics Canada 3) provides financal measures of firms

engaged in the production or development of products, including
revenues, exports and R&D, as a total for m and as they relate to 3

functional foods and nutracesﬁls. The_gsu also addresses business w
practices, raising capital, IP a uman @rces. Some analysis has been
done to examine the impacts o ulation” on functional food and nutra—o)
ceutical product activities (Tebbells 2005). This study reported that aboyt
40% of firms would be willing to con research to support heal& Ims
related to functional foods and nutraceutigels if Iatf-lling regulatidsas were
changed. Firms were also asked about the perc&ve n@c&f changes to

regulations on domestic sales, export sales, and ability to compete with
global competitors.

7.533.ICT

Much attention has been directed to ICT indicators, in large part as a
result of the World Summit on the Information Society (WSIS), the first
phase of which was held in Geneva in 2003 and the second in Tunis in 2005.
A number of global initiatives have been completed, including the
identification of core indicators for the information society, the completion
of the OECD Guide to Measuring the Information Society (2005), and the
building of capacity to improve ICT indicators globally and in developing
countries. Again, most of the existing indicators capture infrastructure,
access and use, as well as some linkages and early outcomes.

Understanding ICT impacts is important, not only for guiding policy,
but also for making the case for ICT diffusion in developing countries. The
link between ICTs and development has been the driving force behind much
of the international activity, including the WSIS. Interest in issues such as
economic marginalization and social exclusion has led to closer investiga-
tions of the “digital divide” (Sciadas 2002; Orbicom 2003, 2005). This work
represents a huge step forward in the development of a framework for
measuring the divide, monitoring its evolution across a great number of
countries, and examining the strengths and weaknesses of country-specific
ICT policies.
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Although relatively little has bee:éoﬁ‘é t?assess the impacts O{K)T use
by households and individuals, it issacCepted that changes are occurrl

the way people work, communlc@ and spend their time. These chan
will lead to impacts on the econhmy and society, but such i are not
easily measured through offigia statistics and surveys. Ra&\ alytical @
tools are needed to identify the inkages and contribute tg4Qewnderstanding

of these impacts. @

e Surveys of Internet usgeginning with the J@ Household Internet i)
Use Survey (HIUS) (Stafjstics Canada 12@ , provided the first
indicators of Internet pe tion among I? olds. Over time, and as
use of the Internet has béd&ne mor read, analytical work has v

shifted to exploring the li outcomes of ICT. This shif¢)
prompted a redesign of the S Ieadlng to the release of the fiyst
Canadian Internet Use Survey (CI in 2005 (Statistics Canada 2%&)
Now based on individuals, the CI lows for a broade,SO@Iytlcal
approach and, for the first time, usés an onte nate mparable
dataset to help situate Internet use in Canada in refation to Internet
activity in other countries. The availability of data on how the Internet is
used and experienced directly by individuals places analysts in a better
position to begin to address outcomes.

e Early outcomes of Internet use were assessed in the 2000 General
Social Survey Cycle 14: Access to and Use of Information and
Communication Technology (Statistics Canada 2001). The survey used a
direct approach to ask respondents whether their use of the Internet had
changed the amount of time they devoted to other activities, such as
watching television and spending time with family (Dryburgh 2001).

e Relationships between literacy skills and ICT use were explored in a
study based on data from the International Adult Literacy and Life Skills
Survey (IALS) (Statistics Canada 2005b). The study found that, as
literacy skill levels rose, so did other factors, such as the perceived
usefulness of computers, diversity and intensity of Internet use, and use
of computers for task-oriented purposes. This occurred even when other
factors with an impact on computer use, such as age, income and
education level, were taken into account. Outcomes of ICT use were
also investigated: for example, it was found that people who used
computers and had higher literacy rates were far more likely to have
higher incomes (Sciadas, Clermont and Veenhof 2005).

e A more recent study of how Internet users spend their time focused on
different economic, social and recreational behaviours among Internet
users and non-users (Veenhof 2006). Changes in communication and
spending patterns induced by ICTs have also been examined (Sciadas
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2006). This type of work enhance&vrﬁerstandmg of the social o@bmes
associated with ICT use. @)

Internationally, much has @ done with respect to explQring t@
economic impacts of ICTs, using“macro-data, industry data an@%ro data.
For example, evidence from -level studies suggests that%use of ICT
has positive impacts on firm performance and produc ECD 2004,
Pilat 2005). However, it is ortant to note that pacts occur in
conjunction with other chang and investments n‘§1lrm — for example,

)
improved skills and organiz ti al changes. At WQ gregate level, studies J
"/}

have shown that mvestmen ICT contrlb capital deepening and
growth (OECD 2005). An “i s Work t the 2006 WPIIS meetings
further highlighted country expe ces a analyses in this area (CIaytonO)
2006; Pilat 2006). Following are maries of some Canadian |n|t|at|ves

e A study of the changing patterns(l pital formation and s ggl‘es of
economic growth for Canadian busib&ss bega to add acts
of technological progress and the accumulatio ssets on the
Canadian business sector. The data show that increases in capital and
labour continue to be important contributors to output growth. Multi-
factor productivity is also an important source of growth in output
(Harchaoui et al. 2001).

e The Survey of Electronic Commerce and Technology (SECT)
(Statistics Canada 2007b) has provided baseline data for ICT adoption
by Canadian businesses since 2000. SECT was a “world-first” for a
statistical agency in terms of cross-economy measures of e-commerce.
Survey questions also address the perceived benefits of and barriers to
buying and selling on-line, in an effort to understand linkages and
associated outcomes and impacts, although these measures are less
objective than empirical measurement techniques.

e The newly developed researcher database facilitates the use of
SECT micro-data for research and analysis under Statistics Canada’s
Facilitated Access Program. Recent work involved researchers from the
University of Waterloo, who used the database to focus on factors
influencing the transition of Canadian firms from one stage of e-business
to another. Using the Technology, Organizations and Environment (TOE)
framework, the researchers were able to follow individual firms over a
three-year period. Preliminary results from the study suggested that
firms both progress and regress through the stages of e-business. While a
smaller proportion of large firms regressed, very few firms of any size
made the jump from having no Web site at all to conducting e-commerce
sales on a Web site during the period of study (Klassen and Carnaghan
2006).
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Although work on understanc@g impacts has been advancmg there‘@

7.6. New approaches ¢\ S

still much to be done. Studies aired at gaining a better underst of STI
impacts must take into ac t the fact that, although impact @
indicators are comparable acroSs applications (improv th and well-
being, increased market shargsgand lower production co e@;hanging social
behaviours), others are appligation-specific — forhgxample, the annual v
reduction in greenhouse gases from biofuels (Ar %’5 06). Impacts should
be assessed with a sense of thgir relevance t TI activity concerned. J
Depending on that activity, th ay ta to observe, which makes
them even more difficult to Mentify. | ranth cases, one could begin to(o
identify the potential outcomes a pacts of the activities, in an attempt to
trace them back through measures of linkages. These limitations mean gt
different approaches to understanding Eis may be required for 3fkrent
STl activities.

e C

e Statistics Canada’s 2007 Survey of CommercLllzatlon will provide
further insight into the benefits of public-sector technology transferred to
the private sector, the proportion of R&D that is commercialized, and
the contribution of revenues from process innovation. Research in the
area of IP management in the public sector and results from a new
survey on business incubators will give rise to alternative approaches to
and measures of impacts.

e There are two types of outcomes for products and processes developed
through biotechnology activities: those that are substitutions for or
improvements of existing products or processes; and those that are
entirely novel or radical. The impacts from these outcomes could be
assessed in different ways. Assessment of the impacts of substitution, for
example, could address the reasons for it — less expensive, more
reliable/less risk.

e The public sector is a major source of new knowledge, which leads
to market activities through the commercialization of IP and the
creation of spinoffs. The public sector is also a tester and early adopter
of new technology, helping to influence the diffusion and adoption of
technology and practices as they become more generally accepted. To
advance the work of STI outcomes and impacts, it is important to
continue and improve measurement activities for the public sector.

e Work has also begun on understanding the role of organizational
practices, such as knowledge management, in firms’ productivity
and survival. This type of organizational innovation further highlights
the linkages between knowledge generation, transfer and use within the
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firm and the economy. Developin hetter approach to und(.!&}ﬂdlng
organizational innovation — esp y its impacts — should be a prio

e Studies of the impacts of Ig' use have typically relied on dire
assessment through respogdent perceptions. As ICT pen%@&m rates
have begun to reach satur&)n levels in some countriesh®re Is a need
for new insights into ICT linkages and outcom hether through
time-use studies, Iongit@nal studies or otheg, instriments, such as ()]
micro-simulation. One approach is to examine@ expected OULCOMES
associated with ICT re&r}spectively t(z@s whether they have J
occurred. For example, as (2006) tatistical information to
demonstrate that the papaﬁss SOCi € reduction in physical mail w
and the end of traditional retgihhave — %o far — not materialized. Related”)
questions were also addressethin the study: How and to what extent
the availability of on-line shopplrg)hanged the shopping behavi
Canadians? How has the adoption digital technologi
individual communication patterns? () L e C

e Statistics Canada’s Facilitated Access Program provides researchers
with access to micro-data, subject to project approval and user fees.
This program contributes to the basic framework of STI activities — the
generation, transmission and use of STI knowledge. Participating
surveys include the 1998 Survey of Advanced Technology in Canadian
Manufacturing, the Survey of Innovation, the Biotechnology Use and
Development Survey and SECT. The use of micro-data as a tool to
assess impacts should be encouraged. Linking activity surveys with
financial or administrative sources would also enhance understanding of
impacts.

7.7. Main recommendations

The proposed recommendations offer the international community
opportunities for extending work on impacts beyond what has been possible
for individual countries. The development of new indicators and new
approaches for understanding impacts should be a collaborative effort,
beginning with an agreed framework for indicators. This will ensure
internationally comparable measures and a recognized set of guidelines,
which can be used to steer STI policy for the next decade.

It is therefore recommended that experts, policy makers, national
statistical offices and international organizations:
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Coordinate their activities to de@&m agreed conceptual frlaép'%sork

for STI impact indicators;

Coordinate the developmentnguideIines, indicators and apprdaches 1?
assessing STI impacts, Jgcognizing the benefits of%@ national

comparability, but ensurifvg/that indicators meet nat'n@riorities for
policy making and planning; examples of indict at could be

developed include:

ule

Innovation, commercializa@ and IP @
The success rate of co@ﬁmrciali } measured as a ratio of &
expenditure on R&D resultingsin comMgrcialization — licences, patents¢,
inventions and spinoff comp — to total expenditure on R&D).

The proportion of patents (goverﬁm t, higher-education and\grﬁ/%z-
sector) that has been assigned or othe&: cc;mrrt_r-cializ% .

The proportion of sales due to new or significantly improved processes,
marketing innovations and organizational change.

The value and utility of products and processes perceived by consumers.
Measures of work culture and structures.

A conceptual framework linking innovation, commercialization and
productivity (as recommended in the Oslo Manual (OECD/Eurostat.
2005, para. 413); see Bordt et al. 2005).

Definitions of international core concepts and model questionnaires for
IP management in public and private sectors.

Biotechnology, bioproducts, and functional foods and
neutraceuticals

The perceived impacts of products/technologies, i.e. screening technology
for early diagnosis.

The purpose of products/technologies (health, environment, agriculture),
i.e. to reduce the use of pesticides.
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e Measures of social outcoméSbehaviours — health and ;ﬁell-beir@

employment, spending patt&rns time use, communicat atterns,
social networks. m

e Measures of ICT divides — rural-urban, gender, age, ’atlon income —
to determine how more @ense use of ICT and pe of Internet use ()
affect the gap between ICT “haves” and “have-n 3

e Measures of economic “eltcomes — tllz{%act of broadband, e-
commerce efficiency, orga@tlon of Q\ rm performance.

e Measures of ICT skills (or (diyital litefacy) — the ability to nawgateo)
retrieve, and interpret and apply information using a variety of meti@ls
and formats.

e Continuation of capacity building an%,infomi_E @ﬁ&e through
international working groups, such as the WPII xpert Group on ICT
Impacts.

e Further develop analytical techniques and tools to trace pathways and
identify sequences of events.

e Build on linkages and associations to gain a better understanding of
decision-making, changes in behaviours, outcomes and impacts by:

— Making use of different types of data (micro-data, longitudinal
data);

— Making use of different analytical approaches (case studies,
data linkage);

— Making use of different analytical techniques (econometric
modeling, microeconomic simulation modeling); and

— Focusing on attempts to understand individual businesses by
linking financial data with firm activities to follow firms over
time (i.e. survival and growth studies).

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



118 - 7. TowARDS UNDERSTANDING THE IMPACT OF SCIENCE, TECHNOROBY AJDINNOVATION ACTIVITIES

e ~q;
6
o

RQ@rences \*

Arundel, Anthony (2006), “Biotechnology Adoption al fo-Economic
Impacts Indicators”, papes presented at the meeg e OECD

2

Working Party of Natioked Experts on Science Technology
Indicators (NESTI), May 10, Paris.

Arundel, Anthony and Viki SqRntag (19995, @tterns of advanced

Cule

manufacturing technolog MT) u anadian manufacturing:
1998 AMT survey results”, istics Canada Catalogue No. 9
88F0017MIE — No. 12, Noverber, Ottawa. 17/

Baldwin, J.R. and D. Sabourin (2001)“lkgpact of the adoption 'ﬁ:})(
advanced information and communicdtion tgch Io% onf
performance in the Canadian manufacturing sector”, Statistics Canada

Catalogue No. 11F0019MIE — No. 174, October, Ottawa.

Baldwin, J.R. and D. Sabourin (2004), “The effect of changing technology
use on plant performance in the Canadian manufacturing sector”,
Statistics Canada Catalogue No. 11F0027MIE — No. 020, July, Ottawa.

Baldwin, J.R., B. Diverty and D. Sabourin (1995), “Technological
adoption and industrial transformation,” in T. Courchene (ed.),
Technology, Information and Public Policy, in the Bell Canada Papers
on Economic and Public Policy 3. Kingston, Ontario: John Deutsch
Institute for the Study of Economic Policy, 95-130.

Baldwin, J.R., D. Sabourin and D. Smith (2003), “Impact of advanced
technology use on firm performance in the Canadian food processing
sector”, Statistics Canada Catalogue No. 11F0027MIE — No. 012,
June, Ottawa.

Bordt, Michael and L. Earl (2004), “Public sector technology transfer in
Canada, 2003”, Statistics Canada Catalogue No. 88F0006XIE —
No. 018, Ottawa.

Bordt, Michael, L. Earl, F. Gault and S. Katz (2005),
“*Commercialization’ as a statistical concept?”, Innovation Analysis
Bulletin 7(1), Statistics Canada Catalogue No. 88-003-XIE, February.

Clayton, T. (2006), “ICT Investment, Use and Economic Impact”, paper
presented at the WPIIS Expert Meeting on ICT Impacts, May, Paris.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



7. TOWARDS UNDERSTANDING THE IMPACT OF SCIENCE, TECHNOLOGY‘A-F"D INIE/ATION ACTIVITIES - 119
/‘ L I.
Dryburgh, Heather (2001), “Changin &or Ways: Why and How I‘/‘
Canadians Use the Internet”, Staystics Canada Catalogue No.
56F0006XIE, March 26. (O

Gault, Fred (2006), “Measurin{knowledge and its economic é@%s: the
role of official statistics,’ &g Brian Kahin and Domini uﬁray (eds.),
Advancing Knowledge and the Knowledge Econom ridge, MA:
MIT Press, 27-42.

0
Harchaoui, Tarek, P. Armstrong, C. Jackson and Eérkhani (2001), “A —

comparison of Canada-\S. economic gro the information age, J
1981-2000: the importance of investmenfd¥ICTs”, Statistics Canada 0]
Catalogue No. 11F0027 —WX0. 001, %a.

Klassen, Ken and Carla Carnag@ (2006), “Exploring the Determinants
of E-commerce Adoption and Evglytion in Canada”, paper prese t
the Statistics Canada Socio-Econo ianerence, May, Ot

Orbicom (2003), “Monitoring the Digital Divid® . .Lan@egond", G.
Sciadas (ed.), Ottawa: NRC Press. http://www.orbicom.ugam.ca

Orbicom (2005), “From the Digital Divide to Digital Opportunities:
Measuring Infostates for Development”, G. Sciadas (ed.), Ottawa:
NRC Press. http://www.orbicom.ugam.ca

OECD (2002), “Frascati Manual: Proposed Standard Practice for Surveys
on Research and Experimental Development”, Paris: OECD.

OECD (2004), “The Economic Impact of ICT — Measurement, Evidence
and Implications”, Paris: OECD.

OECD (2005), “Guide to Measuring the Information Society”, Paris:
OECD.

OECD/Eurostat (2005), “Oslo Manual: Guidelines for Collecting and
Interpreting Innovation Data”, 3rd ed. Paris: OECD.

Pilat, D. (2005), “The ICT productivity paradox: insights from micro
data.” OECD Economic Studies 38, 2004/1.

Pilat, D. (2006), “The Economic Impacts of ICT: Lessons Learned and
New Challenges”, paper presented at the WPIIS Expert Meeting on
ICT Impacts, May, Paris.

Read, Cathy (2006), “Survey of intellectual property commercialization in
the higher education sector, 2004, Statistics Canada Catalogue No.
88FO006XIE — No. 011, Ottawa.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



120 - 7. TOWARDS UNDERSTANDING THE IMPACT OF SCIENCE, TECHNoiopY ANDINNOVATION ACTIVITIES

L= °

Rosa, Julio and Antoine Rose (2007 ﬁzport on Interviews on I(‘ /.
Commercialization of Innovatie’, Statistics Canada Catalogue N
88F0006XIE, No. 004. Ottaw@)

Sciadas, George (2002), “Unyelting the digital divide”, Conn@ess
Series, Statistics Canada@3talogue No. 56F0004MIE @s
October, Ottawa.

Sciadas, George (2006), “C@Ilves in digital times onnectedness ()
Series, Statistics Canada Catalogue No. 56F0 IE — No. 14, —
November, Ottawa. \j J

Sciadas, George, Y. Clermo dB. V%%OOS) “Literacy and 1/
digital technologies: Ilnkag nd out Connectedness Series, {9
Statistics Canada Catalogue\Nd. 56FO00OMIE — No. 12, December,

Ottawa. (/ (

Statistics Canada (1998a), “Science and bthnolog CtIVI
Impacts: A Framework for a Statistical Infoﬂnaio,n Statlstlcs

Canada Catalogue No. 88-522-XPB, December, Ottawa.

Statistics Canada (1998b), “Communicating by Computer”, The Daily,
July 17, Ottawa: Statistics Canada.

Statistics Canada (2001), “General Social Survey Cycle 14: Internet Use”,
The Daily, June 29, Ottawa: Statistics Canada.

Statistics Canada (2003), “Functional Foods and Nutraceuticals Survey”,
The Daily, October 6, Ottawa: Statistics Canada.

Statistics Canada (2005a), “Bioproducts Development Survey”, The Daily,
May 16, Ottawa: Statistics Canada.

Statistics Canada (2005b), “Adult Literacy and Life Skills Survey”, The
Daily, May 11, Ottawa: Statistics Canada.

Statistics Canada (2006a), “Survey of Innovation, 2005 (Preliminary)”,
The Daily, June 2, Ottawa: Statistics Canada.

Statistics Canada (2006b), “Commercialization and R&D Impacts, 2006:
A Collaborative Research Project Between Industry Canada and
Statistics Canada — Interviewer Guide”.
http://www.statcan.ca/english/sdds/instrument/5140 Q1 V1 _E.pdf
(accessed July 19, 2007).

Statistics Canada (2006c¢), “Science Statistics Service Bulletin™, Statistics
Canada Catalogue No. 88-001-XIE, Vol. 30, No. 6, September,
Ottawa.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



7. TOWARDS UNDERSTANDING THE IMPACT OF SCIENCE, TECHNOLOG Yy INIE/ATION AcTiviTies - 121

e /l «
Statistics Canada (2006d), “Canadian f@met Use Survey”, The 6(})’
August 15, Ottawa: Statistics Cadada.

Statistics Canada (2007a), “Bl%Qmology Use and Developme Survey,
2003”, The Daily, Januar@ Ottawa: Statistics Canada. A

Statistics Canada (2007b), “EMctronic Commerce and @Q}gy 2006,

The Daily, June 2, Ottawg; Statistics Canada. U
Tebbens, Jacqueline (ZOOSbFunctional Foods an traceuticals: The N

Development of Value-added Food by Canagj irms”, Statistics J

Canada Catalogue No. 83F0006XIE, No. 826YSeptember, Ottawa. v
Veenhof, Ben (2006), “The I}q}érnet is @mging the way Canadians

spend their time?”, Connect@diess Series, Statistics Canada Catalogue 9

No. 56F0004MIE — No. 13, éﬁOttawa 7/
Wolfson, Michael (1995), “Socio-Ec Statlstlcs and Publ‘gaegj%y

A New Role for Microsimulation Modeling@, S @n

Catalogue No. 11F0019MPE, No. 81, prepared t 50th Session of
the International Statistical Institute, August, Beijing.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



it E . 123
LI I

U (%
\ggrt FO@@
Q 9
THE CHANGING KNOWLEDGE LANDSCAPE A&D
THE NEED FOR W METRICS \)
e Lect

Cule

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



8. DEMOCRATIZING INNOVATION: THE EVOLVING PHENCRHENON [DFUSER INNOVATION

-125

LA == <
@6 e ql(}'
Q
CBlApter 8 P
N )
DEMOCRAZ)ZING INNOVATION:
THE EVOLVING PHENOMENON OF USER@\I VATION!

DEric von Hippel b

MIT SIerDSchool of Mana nt

8.1. Introduction O

When researchers say that |nnovat<8ﬁ elng democratlzed t%} ean
that users of products and services — both ¥irms gnd jn mers —
are increasingly able to innovate for themselves. tred innovation
processes offer great advantages over the manufacturer centred innovation
development systems that have been the mainstay of commerce for hundreds
of years. Users that innovate can develop exactly what they want, rather than
relying on manufacturers to act as their (often imperfect) agents. Moreover,
individual users do not have to develop everything they need on their own:
they can benefit from innovations developed and freely shared by others.

User-centred innovation processes are very different from the
traditional, manufacturer-centred model, in which products and services are
developed in a closed way, with the manufacturers using patents, copyrights
and other protections to prevent imitators from getting a free ride on their
innovation investments. In the manufacturer-centred model, a user’s only
role is to have needs, which manufacturers then identify and fill by
designing and producing new products. This traditional model does fit some
fields and conditions. However, a growing body of empirical work shows
that users are the first to develop many, and perhaps most, new industrial
and consumer products. Further, there is good reason to believe that the
importance of product and service development by users is increasing over
time.

1.

An overview of von Hippel (2005).
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The trend towards the democratizatiofPof innovation applies to ilfp‘rma-
tion products such as software and to physical products, and it is
driven by two related technical @nds: a) the steadily improving desi
capabilities (innovation tool kitslthat advances in computer are and
software make possible for ugsks; and b) the steadily improy ility of @
individual users to combine amd coordinate their innovat ﬁated efforts
through communication mediﬁiuch as the Internet. @

The ongoing shift of imoOvation to users ha@ome very attractive i')
qualities. It is becoming pro%(.a?sively easier for users to get precisely J
what they want by designing™it for themselg novation by users also
provides a very necessary con@bment t eedstock for innovation by w
manufacturers. Moreover, innov@n by Wsers appears to increase socially
welfare. At the same time, the shfyof product development activities frgm
manufacturers to users is painful and difficult for many manufac% .
Open, distributed innovation is “attackindZ_a major structure o %95 cial
division of labour. Many firms and indUstrieg mpst paakg” fondamental
changes to long-held business models in order toadapt. Further, while
government policy and legislation sometimes preferentially support
innovation by manufacturers, considerations of social welfare suggest that
this must change. The workings of the intellectual property (IP) system are
of special concern. But, despite the difficulties, a democratized and user-
centred system of innovation appears well worth the effort.

Today, a number of researchers are working to enhance understanding
of user-centred innovation processes. This chapter offers a review of some
collective learning on this important topic to date.

8.2. The importance of innovation by users

Users, as defined here, are firms or individuals that expect to benefit
from using a product or service. In contrast, manufacturers expect to benefit
from selling a product or service. A firm or an individual can have different
relationships to different products or innovations. For example, Boeing is a
manufacturer of airplanes, but it is also a user of machine tools. If one were
examining innovations developed by Boeing for the airplanes it sells,
Boeing would be considered a manufacturer-innovator in those cases. But, if
one were examining innovations in metal-forming machinery developed by
Boeing for in-house use in building airplanes, they would be categorized as
user-developed innovations and in those cases Boeing would be considered
a user-innovator.
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Innovation user and innovation ﬁhufacturer are the t\N({ @heral
“functional” relationships betweenﬁovator and innovation. UserdQre
unique in that they alone benefit (@ctly from innovations. All others (he@
lumped together under the terdy, “manufacturers”) must sel m*)vatlon-
related products or services topysers, indirectly or directly, in 0 profit
from innovations. Thus, to profit, inventors must sell or dgghse knowledge
related to innovations, and manufacturers must sell pgodycts or services
incorporating innovations. Siﬁrly suppliers of in ﬁlon -related materials
or services must sell them — unless they have direc or the innovations —
in order to profit from them. fb

ule

The *“user” and manuf atlon of the relationships w
between innovator and |nnovat| can b xtended to specific functions(y
attributes or features of products serwces When this is done, different
parties may turn out to be associated dlfferent attributes of a partgﬂI
product or service. For example, house are the users of th ing
attribute of a household electric light SWI'[ - thewusq it to-LugTli ts on and
off. However, switches have other attrlbutes such as “gasywiring” qualities,
that may be used only by the electricians who install them. Therefore, if an
electrician were to develop an improvement to the installation attributes of a
switch, it would be considered a user-developed innovation.

Both qualitative observations and quantitative research in a number of
fields clearly document the important role that users play as first developers
of products and services later sold by manufacturing firms. Adam Smith
(1776) was an early observer of the phenomenon, pointing out the
importance of “the invention of a great number of machines which facilitate
and abridge labour, and enable one man to do the work of many” (14).
Smith went on to note that “a great part of the machines made use of in
those manufactures in which labour is most subdivided, were originally the
inventions of common workmen, who, being each of them employed in
some very simple operation, naturally turned their thoughts towards finding
out easier and readier methods of performing it” (17). Rosenberg (1976)
explored the matter in terms of innovation by user firms rather than by
individual workers. He studied the history of the US machine tool industry,
finding that important and basic machine types like lathes and milling
machines were first developed and built by user firms with a strong need for
them. Textile manufacturing firms, gun manufacturers and sewing machine
manufacturers were important early user-developers of machine tools.

Quantitative studies of user innovation document the fact that many of
the most important and novel products and processes in a range of fields
have been developed by user firms and by individual users. Thus, Enos
(1962) reported that user firms developed nearly all the most important
innovations in oil refining. Similarly, Freeman (1968) found that user firms
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developed the most widely license wsg‘u@ucal productlon proce!s(‘ Y Von
Hippel (1988) discovered that users ware the developers of about 80%

most significant scientific mstrum@ innovations, and also the developersff?
most of the major innovations i, semiconductor processing. ag%t (1984

determined that a considerabl ount of invention by Britis was for e

in-house use. Shah (2000) fobhd that the most com y important

equipment innovations in foug sporting fields tended developed by

individual users. é b ()
f

Empirical studies also sw that many userp— rom 10% to almost J
40% — engage in the developient or modﬁm@ of products (Table 8.1).
About half of these studies d@)ot dete epresentative frequency of w
innovation, as they are designe@or oth®& purposes. Nonetheless, whenly
taken together, the findings make\gry clear that users are doing a great deal

of product development and modificat@in many fields. <

Table 8.1. Studies of user inl%(/ati.n fEZ{UéCC X

% of users developing
Innovation area Number and type of users sampled and building product
for own use

Industrial products

1. Printed circuit computer-aided 136 user firm attendees at a PC-CAD 24.3
design (CAD) softwarea CONFERENCE

2. Pipe hanger hardwareb Employees in 74 pipe hanger installation firms 36
3. Library information systemse Employees in 102 Australian libraries using 26

computerized online public access catalogue
(OPAC) library information systems

4. Surgical equipmentd 261 surgeons working in university clinics in 22
Germany

5. Apache OS server software 131 Technically sophisticated Apache users 19.1

security featuresE (Webmasters)

Consumer products

6. Outdoor consumer products' 153 Recipients of mail-order catalogues for 9.8

outdoor activity products for consumers

7. “Extreme” sporting equipments 197 Members of four specialized sporting clubs 37.8
in four “extreme” sports

8. Mountain biking equipmenth 291 Mountain bikers in a geographical region 19.2
known to be an “innovation hot spot”

Sources: *Urban and von Hippel (1988); Herstatt and von Hippel (1992); “Morrison, Roberts and von Hippel
(2000); “Liithje (2003); ®Franke and von Hippel (2003b); ‘Liithje (2004); 9Franke and Shah (2003); "Liithje, Herstatt
and von Hippel (2002).
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Studies of innovating users (both 'rﬁ?s%d individuals) shqov(lﬁc'm to
have the characteristics of “lead s” (Urban and von Hippel 103s;
Herstatt and von Hippel 1992; O@n and Bakke 2001; Lilien et al. 2002).
That is, they are ahead of the gajority of users in their po jon wit
respect to an important marksi trend, and they expect to relatively e
significant benefits from their Solution to the needs they A ﬁncountered.
The correlations found betwegg innovation by users andyead user status are
highly significant, and the effeg¢ts are considerable Iﬁenke and Shah 2003;
Lathje, Herstatt and von Hippel 2002; Morrison rts and von Hippel

2000). o)

Since lead users are at the \%\iing edeQt%espect to important market
trends, one would guess that magy of thesovel products they develop foréy
their own use would appeal to ot sers too and so might provide the basis
for products that manufacturers Woulee)vish to commercialize. This sé(n
fact, the case. A number of studies have'shawn that many of the jngoyations
reported by lead users are judged to be ommdciaﬂ/ ga@]v and/or to
have been commercialized by manufacturers.

Cule

Figure 8.1. Correlation between lead user characteristics and
attractiveness of innovations

Attractiveness of innovations

A

Innovation

10

Estimated OLS curve

o

[

2 3 4 5 6 7 8 9 10 11 12 13 14

Lead user index

Estimated OLS function: Y = 2.06 + 0.57x

where

Y = attractiveness of innovation

x = respondents’ strength of lead user characteristics
Adj. R?=0.281; p = 0.002; n = 30

Source: Franke and von Hippel (2003a).
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Research provides a firm basis for Heze empirical findings. S{gﬁﬂcant
correlations have been found betweén the two defining characteristi€of
lead users and the likelihood that @)se users will develop new or modifi
products (Morrison, Roberts anél, Midgley 2004). In addition, it Yas been
found that the higher the inteﬂﬁy of lead user characteristic played by e
an innovator, the greater the coMmercial attractiveness of, novation that
the innovator develops (Fra and von Hippel 2003a Figure 8.1, the
increased concentration of imvations towards the&t indicates that the U
likelihood of innovating is greater for users wi er lead user index
values. The rise in average{anovation attray ess from left to right J
indicates that innovations deyeloped by | users tend to be more
commercially attractive. (Innovetion attra@mess is the sum of the novelty
of the innovation and the expecte@eadth of market demand.) ©9

8.3. Why do many users want custom &O%ths? \)’(@
X

Why do so many users develop or modify p.rodlr;ts@ Geir own use?
Users may innovate if, and as, they want something that is unavailable on
the market and they are able and willing to pay for its development. It is
likely that many users do not find what they want on the market. Meta-
analysis of market-segmentation studies suggests that users have highly
heterogeneous needs for products in many fields (Franke and Reisinger
2003).

Mass manufacturers tend to follow a strategy of developing products
designed to meet the needs of a large market segment well enough to induce
purchase and capture significant profits from a large number of customers.
When users’ needs are heterogeneous, this strategy will leave many users
somewhat dissatisfied, and some seriously dissatisfied, with the commercial
products on offer. In a study of a sample of users of the security features of
Apache Web server software, Franke and von Hippel (2003b) found that
users had highly heterogeneous needs, and that many were willing to pay to
get precisely what they wanted. Nineteen percent of the users sampled
actually innovated to tailor the Apache software more closely to their needs.
Those who did so were found to be significantly more satisfied.

8.4. Users’ low-cost innovation niches

An exploration of the basic processes of product and service
development shows that users and manufacturers tend to develop different
types of innovations. This is due in part to information asymmetry: users and
manufacturers tend to know different things. Product developers need two
types of information in order to succeed: need and context-of-use information
(generated by users); and generic solution information (often initially
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generated by manufacturers specia IZI a particular type of éd“yﬁon)
Bringing these two types of inform together is not easy. Both are n
very “sticky” — that is, costly to r@ve from the site where the informati
was generated to other sites (vok, Hippel 1994; Ogawa 199 a result,
users generally have a more aggyrate and detailed model of t@\w ds than
manufacturers have, while mantfacturers have a better m f the solution
approach in which they spec ﬁe than the user has.

When information is sticky, innovators have a ency to rely largely i')
on information they already have in stock. Users 0 develop innovations J
that are functionally novel, uiring a grea% of user-need and use-
context information for thelr velopm ile manufacturers tend to w
develop innovations that are impeqvement$,on well-known needs and tha
require a rich understanding of seldtion information for their developmept
This “sticky information” effect is ap@ent in studies of innovation
and von Hippel 1994; Ogawa 1998). |>,

If the information asymmetry argument is ex&ndld.o@sgp further, one
can see that information stickiness implies that information on hand will
also differ among individual users and manufacturers. The information
assets of a particular user (or a particular manufacturer) will be closest to
what is required to develop a particular innovation, and so the cost of
developing that innovation will be relatively low for that user or
manufacturer. The net result is that user innovation activities will be
distributed across many users according to their information assets. With
respect to innovation, one user is by no means a perfect substitute for
another.

8.5. Why do users often freely reveal their innovations?

The social efficiency of a system in which individual users develop
individual innovations is increased if users somehow diffuse what they have
developed to others. Manufacturer-innovators partially achieve this when
they sell a product or service on the open market (partially, because they
diffuse the product incorporating the innovation, but often not all the
information that others would need to understand it fully and replicate it). If
user-innovators do not somehow also diffuse their innovations, multiple
users with similar needs have to develop similar innovations independently
— a poor use of resources from the viewpoint of social welfare. Empirical
research shows that users often do achieve widespread diffusion by an
unexpected means: they “freely reveal” what they have developed. Freely
revealing information about a product or service it has developed means that
the innovator voluntarily gives up all intellectual property rights (IPRs) to
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that information, and allows all i efasted parties access tg Iﬁc the
information becomes a public good hoff, Henkel and von Hippel 2@).

The empirical finding that u often freely reveal their innovgtions ha
come as a surprise to innovationresearchers. On the face of ’;,e would
think that, if a user- mnovator@roprletary information has to others,
the user-innovator would strive to prevent free diffusi ther than help
others to gain free accesm what it has dev§$d t private cost. QU
Nonetheless, it is now cle at individual user: user firms — and
sometimes manufacturers — n freely reveal ed information about
their innovations. @ daa J

important in bringing this phefioiyenon general awareness. In these‘o
projects, it was clear policy That contrlbutors would routinely
systematically freely reveal codes that ﬁrg;;d developed at prlvatgxﬁense
(Raymond 1999). However, the free revedlifig of product innavatidas has a
history that predates the advent of open-source sStwdre. &Re 1983), in his
study of the eighteenth-century iron industry, was probably the first to
consider the phenomenon systematically. Later, Nuvolari (2004) discussed it
in the early history of mine pumping engines. Free revealing by
contemporary users has been documented by von Hippel and Finkelstein
(1979) for medical equipment, by Lim (2000) for semiconductor process
equipment, by Morrison, Roberts and von Hippel (2000) for library
information systems, and by Franke and Shah (2003) for sporting
equipment. Henkel (2003) has documented free revealing by manufacturers
in the case of embedded Linux software.

The practices involved |}\Q)éin S0 software development were

Innovators often freely reveal their innovations because it is the best or
only practical option available to them. Keeping an innovation as a trade
secret is unlikely to be successful for long — too many others have similar
knowledge — and some holders of the “secret” information stand to lose little
or nothing by freely revealing what they know. Studies have found that
innovators in many fields view patents as having only limited value
(Harhoff, Henkel and von Hippel 2003). Copyright protection and copyright
licensing are applicable only to “writings”, such as books, images and
computer software.

Innovators’ active efforts at free revealing are explicable because it can
provide significant private benefits, as well as losses or risk of losses. Users
who freely reveal what they have done often find that others then improve,
or suggest improvements to, the innovation, to their mutual benefit
(Raymond 1999). In addition, users who freely reveal information may
benefit from enhancement of their reputation, both from positive network
effects due to increased diffusion of their innovation and from other factors.
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Being the first to reveal a particular in $tion freely can also enﬁl?pé the
benefits received, and so there can~£$ually be a rush to reveal, mudas

scientists rush to publish in order@gain the benefits associated with beir@

the first to make a particular discéyery.
Q N .
8.6. Adapting policy to user innoVation (\
Is user innovation a go@thing? Welfare eco ists answer such a )
question by studying how a phenomenon or cha fects social welfare.
Henkel and von Hippel (2008)explored the saciéwelfare implications of J

user innovation. They found , compegi1D6 a society in which only w
manufacturers innovate, social Welfare is bly enhanced by the presence

of innovations freely revealed t@‘sers. is finding implies that policyo)
making should support user innovatjon, or at least should ensure giat
legislation and regulations do not fa\&r manufacturers at the exp e of
user-innovators. I)' n ¥

_ e ol eC -

The changes required of policy making to achieve neutrality with regard
to user innovation versus manufacturer innovation are significant. Consider
the impact of past and current policy decisions on open and distributed
innovation. Research done in the past 30 years has convinced many
academics that IP law is sometimes, or often, failing to have its intended
effect. IP law was intended to increase the amount of investment in
innovation. Instead, it now appears that there are economies of scope in both
patenting and copyright that allow firms to use these forms of IP law in
ways that are directly opposed to the intent of policy makers and to the
public good (Foray 2004). Major firms can invest to develop large portfolios
of patents. They can then use these to create “patent thickets” — dense
networks of patent claims that give them plausible grounds for threatening
to sue across a wide range of IP. They may do this to prevent others from
introducing a superior innovation and/or to demand licences from weaker
competitors on favourable terms (Shapiro 2001; Bessen 2003). Movie,
publishing and software firms can use large collections of copyrighted work
for a similar purpose (Benkler 2002). In view of the distributive nature of
user innovation, with each one tending to create a relatively small amount of
IP, users are likely to be disadvantaged by such strategies.

It is also important to note that users (and manufacturers) tend to build
prototypes of their innovations economically by modifying products already
available on the market to serve a new purpose. Laws such as the (US)
Digital Millennium Copyright Act (1998), intended to prevent consumers
from illegally copying protected works, can have the unintended side effect
of preventing users from modifying products that they have purchased
(\Varian 2002). Considerations of both fairness and social welfare suggest
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that innovation-related policies shou¢\b&nade neutral with respgcl“ 20 the
sources of innovation. @)

by legislation or by policy mak . However, beneficiaries of\isting law
and policy will predictably re change Fortunately, a wa vade some
of these problems is in the hands of innovators thems.el’E example, if
many innovators in a particuf@\ field decide to reve$O what they have

It may be that current impediféents to user innovation will b;remov@

developed, as they often ha ason to do, users ¢ llectively create an i')
information commons (a colledtion of informati eely available to all) J
containing substitutes for some? or a great dea@e information now held

as private IP. Then, user-innov@&s can afund the strictures of IP law @
by simply using these freely re@led sUlstitutes (Lessig 2001). This isty
essentially what is happening in tRedfield of software: user-innovators in that

area now have a choice between progtietary, closed software provid%éy
Microsoft and other firms and open-s r§,software that they egall
download from the Internet and modify 8s they th ésﬂ’_‘ye helr own
specific needs.

Policy making that levels the playing field between users and
manufacturers will force more rapid change onto manufacturers, but will by
no means destroy them. Experience in fields where open and distributed
innovation processes are far advanced shows how manufacturers can and do
adapt. Some, for example, learn to supply proprietary platform products that
offer user-innovators a framework within which to develop and use their
improvements (Jeppesen 2004).

8.7. The diffusion of user-developed innovations

Products, services and processes developed by users become more
valuable to society if they are somehow diffused to others that can also
benefit from them. If user innovations are not diffused, multiple users with
similar needs have to invest to (re)develop similar innovations, which, as
was noted earlier, is a poor use of resources from the social welfare
standpoint. In the case of information products, users have the possibility of
largely, or completely, doing without the services of manufacturers. Open-
source software projects are object lessons in how users can create, produce,
diffuse, provide user field support for, update and use complex products by
and for themselves in the context of user innovation communities. In
physical product fields, the situation is different. Users can develop
products, but the economies of scale associated with manufacturing and
distributing physical products give manufacturers an advantage over “do-it-
yourself” users.
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How can, or should, user innovati nSof general interest be t/ l‘s}érred
to manufacturers for large-scale diffﬁ&aon’? There are three general meffdds
for accomplishing this: a) mam@cturers can actively seek mnovatloff?
developed by lead users to fodq the basis for a profitabl cg%wmerc
product; b) manufacturers cgmsdraw innovating users int x design e
interactions by providing themWith user innovation tog and c) users
can become manufacturers inQrder to diffuse their mno@ns widely (von
Hippel 2005). B

"/

Users’ ability to innovate }}}mprovirQadically and rapidly as a resulto)
of the steadily improving quality omputer software and hardware, better
access to easy-to-use tools and compoemnts for innovation, and access t@n
ever-richer information commons rele to innovation. Today, rms
and even individual hobbyists have acc ophisticated %mmg
tools for software and sophisticated CAD desén |ERMrardware and
electronics. These information-based tools can be run on a personal computer,
and their price is rapidly coming down. As a consequence, innovation by
users will continue to increase even if the degree of heterogeneity of need
and willingness to invest in obtaining the right product remains constant.

0
8.8. Democratizing innovationU @ J
)

Equivalents of the innovation resources described above have long been
available to a few within corporations. Senior designers have been supplied
with engineers and designers under their direct control, and with the
resources needed to construct and test prototype designs quickly. The same
is true in other fields, including automotive and clothing design: think, for
instance, of the staffs of engineers and model makers employed to help top
automotive designers quickly realize and test their designs.

But if, as has been shown, the information needed to innovate in
important ways is widely distributed, the traditional pattern of concentrating
innovation-support resources on a few individuals is hugely inefficient.
High-cost resources for innovation support cannot efficiently be allocated to
“the right people with the right information”: it is very difficult to know who
these people are before they develop an innovation that turns out to have
general value. When the cost of high-quality resources for design and proto-
typing becomes very low (the trend described here), these resources can be
diffused widely, and the allocation problem diminishes in significance. The
net result is a pattern of increasing democratization of product and service
innovation — a pattern that will involve significant changes for both users
and manufacturers.
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9.1. Introduction

There is a wide variety of views on the strategies, practices and
characteristics of firms that make the greatest contribution to innovation and
productivity growth. Internationally, those behaviours that have been found
to be positively related to, or a cause of, better firm performance include:
research and development (R&D) (e.g. Griliches 1998; Guellec and van
Pottelsberghe de la Potterie 2001); human resource management (HRM)
practices (e.g. Ichniowski, Shaw and Prennushi 1997; Lazear 2000; Sels et
al. 2006); human capital investment (e.g. Black and Lynch 1996; Addison
and Belfield 2004); innovation (e.g. Crepon, Duguet and Mairesse 1998;
Hall and Mairesse 2006); international engagement (e.g. Tybout 2000;
Criscuolo, Haskel and Slaughter 2005); and information and communication
technology (ICT) investments (e.g. OECD 2004a; APC 2004).

1. The author is a Chief Advisor (Economic Strategy) at MED on secondment to SNZ, and
is an affiliate of Motu Economic and Public Policy Research. The views expressed in this
chapter are his and do not necessarily represent any of these organizations. The author
wishes to thank Julia Gretton and Hamish Hill (both SNZ) for extremely able research
assistance, and Eileen Basher (SNZ), Arthur Grimes (Motu) and Bettina Schaer (MED)
for helpful feedback on the chapter.
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What, perhaps, is interesting, given 8 wealth of evidence, is {kl)ather
sparse uptake of many of these “higﬁerformance” activities (FigureQ.S
and 9.6 demonstrate this for New@aaland). Part of the explanation may #€

that the applicability of suck\ practices will vary accordiqd\ to the
characteristics of the marketyyq which firms operate.? Th%p sion of @
practices is also consistent wi resource-based view o irm, whereby
decision-makers within firms,_make resource allocati ecisions using
idiosyncratic endowments knowledge and ability (Penrose 1959; ()
Wernefelt 1984). In this view qf the firm, much sis is placed on the "
market search function, or “gpfrepreneurial spj é‘that takes technologies 3

Rodrik 2002; Baumol 2002). Imt€rpreted is light, our understanding of

the microeconomics of product growth provides empirical evidenceo)
consistent with the importance ot learning by doing and path depend
(e.g. Nelson and Winter 1982; Aghio{m Howitt 1998). Two pz&&tﬂarly
robust results from this literature are the istence of relative prosidttivity
performance over time and the positive contriBButi ce‘ié turnover to
aggregate productivity growth (e.g. Haltiwanger, Lane and Speltzer 1999;

Bartelsman and Doms 2000; OECD 2004b; Law and McLellan 2005).

From a policy perspective, a narrow view of innovation runs the risk of
missing or misattributing the importance of joint strategic decisions, and
other activities directed by those decisions, within the firm. Bias can arise in
assessing the impact of, for example, R&D or ICT investment if innovation
outcomes are attributed entirely to these activities.> Good econometric
studies, of course, control for firm fixed effects (of which management
quality might be a likely contributor), reducing the risk of coefficient bias.
However, knowing that the econometric technique has compensated for
some missing variables does not shed much light on the debate around
government’s role in innovation policy and productivity growth — a subject
that motivates much of the economic policy agenda in New Zealand (e.g.
New Zealand Government 2002). As Arundel (2005) points out, policy
development can tend to coalesce around what is measured (despite the
caveats that researchers place around their work).

S
and tests their worth in localized marketéoénions (e.g. Hausmann and

2. For example, the usefulness of patents depends, among other things, on the characteristics
of the knowledge being protected (Levin et al. 1987).
3. Recent case study and empirical evidence regarding business use of ICT (OECD 2004a;

APC 2004) emphasizes the importance of strategic intent, complementary investments
and organizational change in maximizing the benefit from ICTs. While much knowledge
is embodied in the physical capital, firm behaviour needs to be reshaped to capture the
gains from such knowledge: for instance, employees may need specific training; supply-
chain management may need re-engineering.
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Smith (2006), in his assessment of HENew Zealand innovatioﬁéys‘tem,
emphasizes the importance of taking< systemic view of innovation polidy.
Even if the policy guidance dictat@by the data is correct, risk still arises
policy design if related functiondithin the firm are not acco for and
appreciated. Would the assesspyent of best-practice R&D poli \e ifferent @
if the influence of good marketing or customer engagem ﬁrm innova-
tion outcomes were better ynderstood? More general om a systems
perspective, firms may Iegitiéely choose not to be'&tting-edge innovators U
themselves. How should their pon-technological ces be structured to
enable them to be “fast adoptegs” of knowled erated elsewhere in the 3
(global) economy? % w

Traditionally, the innovativeu@pabilit of firms has been assessed by{»
posing such questions as: Do yo (Frascati Manual) R&D? Do you own

a legal monopoly over intellectual proegty (e.g. a patent)? Do you eer
scientists/staff with advanced academic u%;ications? Measures gvf\?s ype
generally send a mixed message on the inrfovatie czggg' of N ealand
businesses. For example, cross-country comparison hess expenditure
on R&D (BERD) suggests relative weakness, while product and process
innovation outcomes suggest relatively strong performance (see Figures 9.1
and 9.2).

The key concern of this chapter is to provide some assessment of the
potential “mismeasurement” of innovation arising from a pure focus on
product and process improvement. To this end, it investigates how broader
measurement of innovation changes our understanding of what an innova-
tive New Zealand firm looks like. The chapter attempts to provide a sense of
how New Zealand policy agencies are working towards an improved
understanding of the economic development process, and innovation’s role
within that process. Dataset development has a key role to play.

9.2. Datasets

Few international econometric studies have used datasets that provide a
broad view of the practices within firms. Where such studies exist (e.g.
Spanos and Lioukas 2001; Bloom et al. 2005), the datasets used would not
meet the exacting standards of an official statistical agency (primarily
because of small sample sizes and/or low response rates). New Zealand
policy agency requirements for a more sophisticated understanding of firm
practices and performance led, in 2001, to the introduction of the Business
Practices Survey (BPS), which included questions on strategy, customer and
supplier relations, HRM, benchmarking and quality control, together with
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(self-reported) performance metrics.’ § rvey was deS|gned pri %
the basis of an understanding of the agement, marketing and econ

literatures, with a limited number @questlons on innovation (Knuckey et m)

2002).

Econometric research usn@ne BPS dataset produced fi \t at were
consistent with the importance of the business practlces@med in Section
9.1. Behaviours that were sh to be particularly importest included R&D, )]
HRM and marketing (Fabli and Grimes, forthc g). Reinforcing the
arguments above, traditional nce and technol %&T) indicators were J
found to signal firm success, ut S0 too we ivities underlying “non-
technological” innovation, su s inve n market development or w
organizational improvement.’ rﬁ)rtant t was seldom the case thatly
better-performing firms engagedhdnly in technological innovation. l&h
unique aspect of this research lies Qgrely in the survey design,
allows the contribution of specific bu ctices to be isolate, %\)

In 2003, Statistics New Zealand (SNZ) raﬂ al‘_u,ll@n tion survey
(SNZ 2004). To date, this dataset has not been used for microeconometric
research, and it was decided in 2005 that the way forward for innovation
measurement in New Zealand was an integrated collection approach. The
resulting Business Operations Survey (BOS) has a three-part modular
survey design, with one module focused on firm characteristics and
performance (both quantitative and qualitative measures), and two other
modules examining business practices and outcomes. Although the survey is
conducted annually, there is rotation of content, yielding annual firm
performance data with alternating biennial data on innovation and business
use of ICT (Figure 9.3). The modular approach has been adopted for two
primary purposes: to cope with respondent load, driven by increasing end-
user needs; and to allow specific policy-relevant data to be collected on an
ad hoc basis — using a “contestable” third module — without the need for a
full stand-alone survey to be administered. The survey’s research potential is
increased by the incorporation of a longitudinal sub-sample and by the
planned linkage of the BOS to administrative (tax) firm performance data.

4. This survey had a predecessor in the New Zealand Manufacturing Business Practices
Survey. As the name suggests, that survey had a narrow industry cover, and the questions
asked reflected this (Knuckey, Leung-Wai and Meskill 1999).

5. Additionally, many practices appeared not to be significantly related to firm performance.
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The BOS design process has presentedSNZ and policy agenci!s@bth an
opportunity to bring additional persggctives on firm performance intdJhe

process.® As a result of changes tOhe innovation data collection, SNZ

produced economy-wide estimates of product, process, organg nal and
marketing innovation, followipgythe guidelines of the revise o/Manual e
(OECD/Eurostat 2005; SNZ 2006).

The BOS is sampled two-way stratific 'onQ rolling mean )]
employment (RME) and, ominantly two-digit; §industry. The 2005

survey was mailed to 6 979 live\firms, and a tot 595 usable responses J
were returned (80.2% responS¥rate). These o, ations were weighted to
represent the population of 34,@ privat onomically significant firms in w
New Zealand with six or more RMES in al ustries excluding Government(y
Administration and Defence; Libhagles, Museums and the Arts; and Personal

and Other Services. (/ <

Two types of analysi ted i hapter. W
wo types of analysis are presente mbfs c.apl-e C"

Section 9.3 presents population statistics and r sg%ns for the BOS
cross-section,” omitting Electricity, Gas and Water Supply, and Sport and
Recreation industries. This had the effect of reducing the sample size by 111
firms and the population size by 499 (1.4%), but had the advantage of
putting the BOS industry coverage on a consistent basis with the BPS
(allowing easier comparison of the cross-section results with the panel
results presented in Section 9.4).2

In 2005, the contestable third module of the BOS was constructed to
replicate the business practice measurement in the BPS. Section 4 reports
results for the panel of 1,285 firms in both the BPS and the BOS. This
number constitutes 46.6% of BPS responses, which is high given that the
BOS did not purposively survey surviving BPS respondents.® However,

6. The main areas of improvement in the BOS come through the following: incorporating
advances in the study of innovation; using feedback from BPS research as to which
behaviours seemed most important; bringing more quantitative discipline to the measure-
ment of firm performance; and incorporating the growing international understanding of
the role of ICTs as the latest in a series of general-purpose technologies.

7. All analyses in Section 3 used population weights and accounted for the survey design.

8. While both survey populations had a minimum employment cut-off of six, the basis for
measuring employment shifted from full-time equivalents (FTEs) to RMEs. The main
conceptual differences are: FTEs include working proprietors; RMEs are calculated on a
head-count basis, while FTEs count part-time workers as 0.5 FTE; and FTEs are February
snapshots, while RMEs are an average of monthly counts. The net effect on the
comparability of the BPS and BOS populations is unknown; however, the two employ-
ment measures are strongly correlated in the panel.

9. The BOS 2005 was mailed to 55% of BPS respondents and had an 84% response rate.
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there was attrition in BPS responder;[}géﬁwe?n 2001 and 2005, an{ifbére is
some indication that this panel may iased in favour of better-perfor
firms. In particular, the primary r@ons for non-availability for selection
the panel were firms no longer béing on the statistical frame o loyment
dropping below the populatio eshold.’® This bias manifest{\ Ifthrough e
the greater incidence of some™~‘high-performance” praghgein the panel
relative to that in the BPS popylation. Given the import of this issue, it
is revisited in Section 9.4.& this chapter, no effat has been made to
compensate for this bias — a fact to remember wh rpreting Section 9.4
results.”! d ;8

J
7
9.3. Innovation results, 2005 \» Q\ 0)@

This section first compares a@co&tgasts different innovation measi®s
(across both practices and outcomes) ;EE the BOS 2005 cross-gestion.
This is the first research use of these date an%tmnal slié;ni& urally,
exploratory. Since this chapter is partly concerned rﬁé) ing the results
of the expanded innovation collection format (i.e. the introduction of two
“new” innovation types), firms that had successfully innovated were divided
into three distinct groups: those that had introduced product and/or
operational process innovations only (PP); those that had introduced
organizational/managerial process and/or marketing method innovations
only (OM); and those that had introduced a combination of PP and OM
innovations (COMBO).* Given the prior discussion, it should be noted that
the breakdown into innovation groups is inconsistent with our advocated
holistic view of the firm; it was done purely for ease of exposition and not
for conceptual reasons.

10.  SNZ’sstatistical frame tracks legal units over time, so that attrition from the frame should
not be assumed always to be a trait of poor-performing firms.

11.  The Section 4 panel results are reported on an unweighted basis. That is, these data are
not treated as representative of any wider population.

12.  Firms that had not successfully completed any innovation in the previous two years
(NON) act as the reference group. This diverse group of firms was made up of those that
were attempting to innovate but had not completed an innovation; those that had
attempted, but then abandoned, an innovation; and those that had not attempted to
innovate in the reference period.
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Table 9.1. Innovation rates and reIationsﬁpﬁ’o

Headline innovation
rates (2yr):
Introduced new
products

Introduced new
operational processes
Introduced new
organizational/managerial
processes

Introduced new
marketing methods

Innovation groups
(2yr):

PP: Introduced product
AND/OR operational
process innovations
ONLY

OM: Introduced
organizational/managerial
process AND/OR
marketing method
innovations ONLY
COMBO: Introduced
combination of
"technological” & "non-
technological"
innovations

NON: No innovation
introduced over the
period

c —

etween mnovatlon outi s 2005

__OPwhich also:

S

=}
5
[+]
|a\l);z

[} %) c
L8 3 g 2 A &g o
o = N3 2 Q S Eg B8
= f G & 23 S 88 &
ol 1 s 5% &t %
8 < 9 & 5 & SE S8
5 g0 5 g8
3 £ @ B s S 815 45
W A £ g 5
= Q - O (@]
7852 22.9% 100.0%04.2% 37.8% 48.4% | 30.3% 25.1% 20.6°/£7 23.1%
7066 20.6% 491%  100.9% 63.5% 52.6% | 26.2% 31.2% (&% 21.3%
9124 26.6% 41.2% 49.2% %0%. 594% 5.% ‘9 o  289%  25.9%
4
8147 23.8% 46.6% 45.6% 57.6% 100.0% | 26.3% 245% 213% 275%
Of which also:
2
= =
2 w |B555533553 £53
=] < clsE gvsE OTE ODoE
ires o
SlE® S.E“’ z.s‘“ S
o
4799 14.0% 9.6% 4.0% 19.9% 66.5%
3669 10.7% 4.6% 8.2% 18.5% 68.6%
7782 22.7% 8.4% 7.0% 36.0% 48.6%
18011 52.6% 0.9% 2.3% 4.2% 92.7%
34261  100.0%
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Table 9.1 presents innovation rate 4 the innovation groups fbé top
section of the table shows overall #&§€s for the four innovation outc
and, to the right, rates of succes@l (and ongoing attemfts at) mnovatid?
conditional on having innovated\on another dimension." For. ple, o
those firms that had successfdly introduced new operatio, cesses, @
63.5% had also introduced new~organizational/manageri ?@sses. These

results support the motivating hypothesis of this ch . technological
progress does not operate in@endently of wider pragtices within the firm.
Applying the innovation group definitions above sizes this point. The "

bottom section of the table sh that the COM roup (i.e. firms that had 3
introduced a combination of “ nologl %‘ “non-technological” inno- w
vations) had by far the Iarg opulatl ong the innovation groups.
Figure 9.4 puts these results in t ontext f economy-wide innovation byo)
comparing innovation in 2003 a 005. Little attention should be pai

overall rates, because both populatl had to be adjusted to U}f ieve
comparability, and because the innovatio erence periods erent.

The important point to draw from this figure is it t ggsults miss the
complexity of the innovation story for a significant proportion of product

and operational process innovators.

The distinction between PP and OM innovation groups is itself unclear,
since over one-fifth of the members of each of these groups considered they
were ongoing innovators on the other dimension (bottom right of Table 9.1).
These last data suggest a potential mislabelling of the innovation groups as
“distinct.” However, it was preferable to specify subsequent regressions
with outcomes on the left-hand side and activities on the right-hand side
(despite the obvious problem of whether causality can be asserted in this
contemporaneous relationship). The admission that the groupings violated
the advocated holistic approach had already been made. Firms crossing the
artificially imposed boundaries only emphasize this latter point.*

13.  Innovation rates were measured over a two-year time frame to align with the frequency of
the BOS innovation data collection.

14.  The robustness of this decision was tested by the construction of two alternative dependent
variables for model (1) in Table 9.2. First, the innovation groups were expanded to include
ongoing innovators; and, second, innovations were counted and an ordered probit regression
performed. Both specifications showed similar bulk features (signs and significance of
independent variables) to those of the preferred model.
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Figure 9.5. Innovation activities, 2005 (BPS-consistent industry coverage)
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Figure 9.6. Sources of ideas/information for innovation, 2005 (BPS-consistent industry coverage)
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Figure 9.5 shows overall partici @n%tes in innovation a(f’ﬂltles
measured in the BOS 2005, while ﬁlre 9.6 shows sources of idea€Jor
innovation. There was significant @latlon in the rates of business uptake
these practices: general trammg&pf employees was conduct 85% of
firms, while mergers and acqugions (M&A) activity affecteé& han 3% e
of the population. The questionto be asked is: What is th mporaneous
relationship between innovatign activities and outcom 0 answer this
question, a series of multinorpigl probit regressions ohe innovation groups
on firm characteristics and variqus combinations of iRpdvation activities was
conducted (Table 9.2)."° The &Q‘ficients in the &bﬁfer two interpretations. =
First, they indicate whether the characteris tice or source of informa- w
tion was more or less likely to assocﬁéwwth the innovation group that
heads the column the coefficie(it§s in (rélative to the NON group). A‘O
p-value under each coefficient in cat the statistical S|gn|f|cance of
interpretation. Second, the coefficients be compared, by looking ssa
row (within a model), to see whether all)nﬁdepend nt vari more
likely to be associated with some successful ||ﬂ10v o@rﬁps than with
others. A supplementary test of the equivalence of the OM and PP co-
efficients indicated whether the characteristic, practice or source of informa-
tion was significantly more likely to be related to one of these outcomes
(p-values for these tests are not reported, but significant differences at the
5% level are denoted in the table by bold coefficients).

Firm size, export intensity and ODI all have significantly positive
coefficients in model (1), but these results are not robust to the inclusion of
firm practices. FDI was related to innovation outcomes across all specifica-
tions, and it was more likely to be associated with PP innovation than with
OM innovation. Subsidiary firms were significantly less likely to be innova-
tive, perhaps because of a division of responsibilities within the business
group (the model (3) effect of the business group as a source of ideas would
support this hypothesis). Firm age was not significant in any of the
regressions. It may be that the simple model specified was not appropriate,
or that other variables, particularly firm size, were picking up any life-cycle
effect.

15.  Included in firm characteristics are: firm size (in logs); age (in logs); export intensity
(percentage of total sales); foreign direct investment (FDI) intensity (proportion of firm
ownership from overseas); outward direct investment (ODI) indicator (whether the firm
had offshore interests); subsidiary firm (whether the firm was in a business group, but not
the group leader); and industry (division-level Australian and New Zealand Standard
Industrial Classification (ANZSIC) 1993 dummies). Industry dummies are not reported in
most tables. These dummies are jointly significant in all specifications.
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At the bottom of each model aritsm ﬁ?oportlons of accurately pl“ eglicted
innovation groups. Model (1) is poordt identifying innovators of any tyfd.*°
The model becomes better at @scernlng successful innovators on€e
innovation activities and/or soukes of information are intro Part of
the increase in the overall pregygtion rate from the first mod%d0 ) to the
last (74.8%) is likely to be due 10 the routing in the innov;, odule of the
survey.’” However, the wayn which the model allo innovators to
innovation groups has also ifpproved, suggesting thdithe practice-inclusive
models are adding explanatorijower over and ab/% e routing effect.

It is evident from model f innovation ideas were

ule

that most souﬁ
not individually significantly ed to i on outcomes, the strongest w
positive effect coming from mlng (whereas new staff werely

practices were significantly related to ovation outcomes (bearing in
the caveat around these significance te h}o hlghllght just agﬁp
innovation-specific employee training was ifhportant, ammg
was not (general training being pervasive and e ore a common
characteristic of non-innovators); the newly measured innovation activities
of changed marketing strategy, new strategy/management techniques and
organizational restructurmg had a significantly higher relationship with OM
than with PP innovation;™ marketing new products was a property of PP
innovation (perhaps suggesting that existing marketing methods were more
commonly used to introduce new products); higher shares of in-house R&D
were of greatest importance to PP innovators; and the contemporaneous
relationship of R&D intensity to innovation outcomes was, if anything,
negative. Given the existing literature on the role of R&D in innovation, this
last observation should raise concerns about causality and the importance of

negatively related to PP innovati utcomes) In contrast, most innovatign

16.

17.

18.

A randomized allocator would, on average, score 25% on this measure. A model that does
not predict any innovators would score 53% (i.e. the rate of non-innovators).

Respondents that did not identify themselves as successful, ongoing or ceased innovators
were routed past the innovation questions used in this analysis. Since the innovation
activity and “source of information” questions were asked in relation to “trying to
innovate,” zeroes were assigned as the responses to these routed questions. While logically
appropriate, the imposition of an exact relationship for roughly half the population
strengthens the apparent statistical association between the activities and outcomes (and
therefore risks imposing the result that is to be tested).

While coefficient signs consistent with intuition support the idea that the model was
appropriate, an alternative (or additional) interpretation might be that the questionnaire
led respondents to the “appropriate” answers on innovation activity. Examining the direct
relationship between quantitative firm performance and innovation activities, or the
lagged effect of these activities on outcomes, may shed light on this issue.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



9 HOW INNOVATIYEfARE EW ZEALAND FIRMS? - 159

-

€ - 4,
considering lags between practices a@&omes These concern Il“gd toa
consideration of the BPS-BOS pane O

9.4. Panel results 'ko \* ’) .

This section seeks to reﬁQe general business prgets in 2001 to
innovation outcomes in 200§ A measure of firm mces (excluding
innovation activities) was colstfucted from a subset uestions for which a )
concordance could confidentwe mapped acros% S and BOS surveys o
(Table 9.3 lists the subject aréas/covered).? ly, self-reported “high” 3
relative productivity (a binary) was regre population-weighted BPS w
practices, and the predicted pr ilities @vated by this model were usedo)

as the measure of management ices in both 2001 and 2005 (i.e. for the
2005 management Practlce index, 2001 &odel coefficients with 2005 vari@e
values were used).

Table 9.3. Questions used in the h,na@melw_ pécfgxrdex

Description BPS BOS
Clear vision or mission Q2.3 C7

Promoted set of company values Q2.4 C8

Procedures for customer complaints Q3.1 C10
Non-sales staff in contact with customers Q3.2 C11
Measure customer satisfaction Q3.3 C12
Customer involvement in product development Q34 C13
Systems to measure supplier quality (binary) Q441 C14
Supplier involvement in process improvement Q4.2 C15
Delegation authority to handle supplier problems Q4.3 C17

(continued...)

19.  Another potential explanation is that the choice of R&D question was wrong. This was
tested by the introduction of the innovation module R&D indicators into the model (2)
specification, with the following effects: R&D intensity remained significantly negative
with almost identical coefficients; the p-values on the in-house R&D share coefficient
became large and the in-house R&D indicator was significantly positive for PP and
COMBO innovation (suggesting multicollinearity); and the external R&D indicator was
negative but insignificantly different from zero.

20. Innovation activities were deliberately excluded from this list, so that their additional
impact on innovation outcomes could be tested.

21.  This model ignores the fact that “good” management practices may be industry- or size-
specific.
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Table 9.3. Questions used in the m‘@@ement practice index (cé(‘yued)
Description . BPS 0S
Formal performance reviews (binary) {O * Q5.2 ABCZG
Performance pay schemes (binary) m \ Q5.3 c®
General employee training (binary) O Q5.5 C28
Health and safety management processes D b Q5.6 0310)
Staff involvement in product/process problem @ification Q6.1 CS_
System for information storage & retrieval @ Q7.1 C1

Systematic benchmarking against other firms \)) Q\ Q7.2

Use of various measures to assess performance O Q7.4 %0
Monitoring competitors' products (/ Q7 @ C22
Closeness of core equipment to "frontier |>¢ _X \)9 7 A45

Note: For questions with multiple response categories, each category‘respclls_e \@eﬂtﬂed as a separate binary
variable. Where applicable, the “don’t know” category of each question was dropped (to avoid perfect multi-
collinearity); failing that, the “no” category was dropped.

The issue of panel bias needs to be revisited before the properties of this
index are discussed. In Table 9.4, a binary of whether a firm was in the
panel was regressed on the 2001 (population-weighted) characteristics of
firms in the BPS dataset, and on survival on the sampling frame.?? This latter
variable was, naturally, a critical determinant of the panel composition. Since
survival on the frame captures the attrition effect, the importance of firm
size should be interpreted as being related to sampling, specifically by
reducing the probability of dropping below the BOS firm size threshold and
by increasing the probability that the firm will be in a stratum with a higher
sampling proportion. To some extent, bias is also suggested by the 2001
practices and outcomes of firms in the panel. Testing across product and
process innovation outcomes, innovation practices and the management
practice index shows that the panel has a significantly larger proportion of
firms that were marketing the introduction of new products (p = 0.020) and
that were well managed (p = 0.000), as measured by the management
practice index. This latter effect is demonstrated in Figure 9.7, where the
distribution of the 2001 management practices of the panel relative to that of
the BPS population is shown.

22.

Some control variables in 2005 were unavailable in 2001 (ODI and subsidiary) and others
(FDI and export) were binaries instead of intensities. While detail was lost, there was a
very strong relationship between 2001 and 2005 controls, reflecting the expectation that
these characteristics should display some persistence. Similarly, some of the practice
categories were slightly different between the BOS and the BPS. These differences are
reflected in Table 9.6 variable names, where applicable.
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Table 9.4. Firm characteristics‘fsvﬁarlng selection in the p
N In panel\'

In(FTE) '&O 97+ >

m \“xJOO]

In(age) 0.157
O [0.107]

Export indicator D 0.110
b [0.255]

——
Foreign direct investment (FDI) indica@ @ 0.012 J

e [0.930]

Mining and quarrying (ANZSIC division w 0.559*
Q\ [0.029]

Manufacturing (ANZSIC division C) O -0.153

(/ [0. 294{
Construction (ANZSIC division E)

Wholesale trade (ANZSIC division F) 0.744**
[0.000]
Retail trade (ANZSIC division G) 0.890**
[0.000]
Accommodation, cafes and restaurants (ANZSIC division H) -0.145
[0.531]
Transport and storage (ANZSIC division I) 0.599*
[0.003]
Communication services (ANZSIC division J) 0.391
[0.157]
Finance and insurance (ANZSIC division K) 0.460*
[0.022]
Property and business services (ANZSIC division L) 0.808**
[0.000]
Education (ANZSIC division N) 1.014*
[0.000]
Health and community services (ANZSIC division O) 0.677*
[0.002]
Cultural and recreational services (ANZSIC division P) 0.634*
[0.010]
Survived 1.913*
[0.000]
Constant -3.461*
[0.000]
R2: 0.281

Note: Probit regression with selection in the panel as the dependent variable. Asterisks denote significance at the
5% (*) and 1% (**) levels (two-sided test — robust p-values in square brackets below coefficients).
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Figure 9.7. Management practices of panelﬁaﬁ/e to those of the BPS pgl“waéion, 2001
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With this potential bias borne in mind, two common-sense tests were
performed on the management practice index. First, the persistence of
practices over time was examined, and it was noted that there was a general
increase in the index from 2001 to 2005 (Figure 9.8).2 While changes in
practices were quite diverse, prior practices played an important role in
explaining subsequent practices (model (1) of Table 9.5). Second, model (2)
of Table 9.5 confirms that firms that reported organizational/managerial
innovation over the period 2003-2005 also experienced changes in practices,
as measured by the change in the index between 2001 and 2005. Taken
together, the regressions in Table 9.5 suggest that the conservative approach
taken to variable concordance was satisfactory, and that what the manage-
ment practice index was measuring was consistent with the respondents’
sense of how their firm had changed. Model (2) could also be considered a
useful “reality check” on the respondents’ interpretation of the organizational/
managerial innovation question.

23. The continuous line in Figure 9.8 shows how the density of management practices
changed. There was a net decline in the number of firms with scores between 0.2 and
0.5, with most of the net increase occurring at index values above 0.5.
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Figure 9.8. Changes in mana‘%&nt practlces 2001—2005’(‘/
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Table 9.5. Tests of the plausibility of the management practice index

Panel (1) Panel (2)
Management Organizational/
practices (2005) managerial innovation (2005)
In(FTE) 0.021** 0.208**
[0.000] [0.000]
In(age) 0.005 -0.041
[0.485] [0.447]
Export indicator -0.006 0.026
[0.588] [0.766]
Foreign direct investment (FDI) 0.001 0.149
indicator [0.972] [0.178]
Management practices (2001) 0.232*
[0.000]
Change in management practices 0.537*
[0.002]
R2:0.111 R2: 0.054

Note: Model (1) is a linear regression with the management practice (2005) index as the dependent variable. Model
(2) is a probit with reported organizational/managerial innovation as the dependent variable. Both regressions
contain industry dummies (division-level ANZSIC, coefficients not shown). Asterisks denote significance at the 5%
(*) and 1% (**) levels (two-sided test — robust p-values in square brackets below coefficients).
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Using the management practice i @(ea two- stage test ('Ilm‘y 96)
addressed the question: What impaeﬁd 2001 business practices ha
2005 innovation outcomes? Inmal@ the impact of innovation practlces a
sources of information on innovégion groups was tested. Thenl\ﬂﬁeasure

of how well managed the figpgwas in 2001 was introduc e what @
impact this additional explanat0ry variable may have ha (1) reveals

that very few innovation agtivities were significantl ed to positive
future innovation outcomes. éwsistent with concern®about the potential for ()

returns to R&D being lagged, ;both in-house d engagement with
universities/polytechnics werg_now positively éclated with innovation, 3
whereas contemporaneously thew were no eting new products stands w
out as being positively as3eCiated \@\mnovatlon outcomes, both
contemporaneously and over tirrqther inhovation activities — investment?

in machinery and equipment, i I design, and innovation- reI
employee training — show no longer- relationship with innov.

all had strong positive contemporaneous tionships (Tabl \Serhaps
suggesting that the intent of these activities was %o ehablEh roductlon of
current innovations rather than to be investments in the future innovative

capacity of the firm.

Table 9.6. Lagged effect of practices on innovation outcomes

Panel (1) Panel (2)

oM PP COMBO oM PP COMBO

In(FTE) 0.132* 0.020 0.157* 0.130* 0.022 0.149*
[0.029] [0.748] [0.005] [0.031] [0.729] [0.009]
In(age) 0.058 0.119 0.010 0.061 0.119 0.018
[0.509] [0.193] [0.902] [0.492] [0.194] [0.821]
Export indicator -0.124 0.034 0.160 -0.120 0.032 0.183
[0.419] [0.818] [0.235] [0.435] [0.829] [0.177]
Foreign direct investment (FDI) indicator -0.041 -0.052 0.092 -0.046 -0.052 0.082
[0.842] [0.793] [0.606] [0.824] [0.793] [0.643]

To innovate (1yr):
In-house R&D -0.050 0.130 0.471* -0.054 0.134 0.453*
[0.742] [0.382] [0.000] [0.723] [0.370] [0.001]
External R&D 0.167 0.020 0.069 0.165 0.029 0.059
[0.336] [0.907] [0.662] [0.344] [0.868] [0.712]
Machinery and equipment 0.013 0.169 0.110 0.010 0.172 0.097
[0.924] [0.217] [0.394] [0.945] [0.211] [0.450]
Acquired other knowledge -0.176 0.055 0.303 -0.182 0.056 0.286
[0.368] [0.765] [0.063] [0.354] [0.761] [0.079]
continued...
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Table 9.6. Lagged effect of practices qnqnnovatlon outcomes (cor{ﬁyéd)
P&nm1) Panel (2)0
oM O PP COMBO MBO
Industrial design 0.006 S 0.282 0.018 0.003 ﬁ -0.012
[0.98m [0.259] [0.941] [0.993] \ 30] [0.9&)]
Marketing new products 0.066 0.365* 0.397* m 0371%  0.380"
[0.6@ [0.010] [0.002] , [0% [0.009] [. Ooﬂ)
Trained employees 0.2 0.062 0.191 0.231 0.063 0.168m
[0.086] [0.658] [0.1 [0.097] [0.655] [0.193
Sources of innovation ideas: \)) e
Competitors 0.322 0.064 .080 0.313 -0.062 063
[0.095] OJ 725] [0.641] [0.105] [0.733] [0.714]
NZ owners & associated firms 0.064 0.018 0.057 0.053 @ -0.002
[0.642] 0. 7@{ [0 884] [0.679] [0 [0.986]
Overseas owners & associated firms 0.151 0.131 0 08¢ L_ Oé C "D\?;] 0.085
[0.286] [0.339] [0.466] [0 [0.349] [0.512]
Industry/employer organizations -0.087 -0.049 -0.225 -0.092 -0.050 -0.247
[0.533] [0.731] [0.082] [0.513] [0.725] [0.056]
Research institutes & consultants -0.144 -0.113 -0.096 -0.146 -0.113 -0.100
[0.329] [0.439] [0.477] [0.323] [0.441] [0.458]
Universities/polytechnics 0.086 0.365* 0.197 0.084 0.370* 0.194
[0.607] [0.030] [0.197] [0.615] [0.029] [0.206]
Books/conferences/exhibitions -0.002 0.129 -0.016 -0.002 0.121 -0.006
[0.990] [0.434] [0.917] [0.990] [0.465] [0.968]
Professional advisors -0.147 -0.464* -0.095 -0.145 -0.465™ -0.081
[0.308] [0.002] [0.475] [0.315] [0.002] [0.539]
Trade New Zealand 0.323 -0.046 0.158 0.320 -0.044 0.141
[0.157] [0.836] [0.415] [0.161] [0.844] [0.466]
Technology New Zealand -0.171 -0.190 -0.005 -0.169 -0.19%4 0.009
[0.543] [0.461] [0.981] [0.548] [0.449] [0.968]
Industry New Zealand -0.262 0.109 0.148 -0.266 0.110 0.126
[0.373] [0.684] [0.562] [0.365] [0.680] [0.622]
Govemment departments 0.197 0.227 -0.090 0.197 0.222 -0.089
[0.306] [0.222] [0.614] [0.306] [0.230] [0.622]
Management practices (2001) 0.239 -0.141 0.896*
[0.548] [0.725] [0.016]
NON 93.5% NON 91.8%
OM 0.6% OM 0.6%
PP 3.8% PP 4.2%
COMBO 35.5% COMBO 35.8%
54.5% 53.8%
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Model (2) introduces 2001 manage &l practlces A twofold cgl)]smn
can be drawn: the initial endowmen&df management practices was goo or
COMBO innovation outcomes in @)5 and the introduction of the mana
ment variable had no substantlakmpact on the coefficients o |f|cance
of in-house R&D and mark of new products. In othtﬂd s, good @
management practices appear to provide an addition ct on future
innovation outcomes. D

9.5. Conclusion U ®b
How innovative are Ne\%ealand ir Based on the evidence

presented here, it appears tha¥they are innovative than prewously(o
thought. What impact do theseQ]ovatlons have on firm performance7
Nobody knows, but resources are invested to find out. This ch
has attempted to give an idea of the qges s that may now be ans
by the new data. Driving this knowledg&ﬁlld g if_enda i |re of
government agencies to improve understanding actices and
performance and, in doing so, to foster better policy design and
implementation.

Cule

What are the implications for the development of international innovation
indicators? The work presented here advocates for a broad statistical
interpretation of innovation activities and outcomes, to mitigate the risks of
vesting our understanding of good business practices in a limited set of
variables. Both activity and outcome indicators could take on a more
composite nature, with a focus less on single high-level outcomes and more
on the bundles of activities and competencies that are required to deliver
superior firm performance. Such an approach would naturally lead to data
collections that are more interdisciplinary in their theoretical grounding. At
the same time, much more attention could be paid in statistical outputs to
measuring the persistence of firms” innovation behaviours. Such a
longitudinal approach, together with firm-level performance data, would
increase the ability to quantify the impact of innovation on economic
growth.

An ongoing sustained effort is required to inform our understanding of
the innovation process. That effort is only partly about future indicator
development. For example, in New Zealand there are four strands to current
BOS-related research: the production of detailed economy-wide innovation
statistics (SNZ 2007); micro-econometric research using panel data to
examine the two-way causal relationship between practices and performance,
particularly the way in which firms’ practices change in response to market
signals; detailed case study follow-up of 50 BOS respondents to gain a
deeper understanding of New Zealand business practices; and participation
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in the National Experts on Science ﬁTechnoIogy Indicatorsl(ﬁﬁ’STI)
cross-country innovation project to dﬁﬁ internationally comparable res€alich

results from the dataset. O
New Zealand is fortunate tﬁ%t the modular design of the allows
some scope (over time) to pensate for our limited abiity to form a ¢

comprehensive picture of how firms behave. It is in th@tu e of surveys
that judgements are neede@\to prioritize questiQns. spite the best Q
intentions, the models applied™o these judgements \A&nevitably lead t0 the
non-collection of data on impdrtant subject ar e research program J
outlined above, together with e broad revievg e New Zealand national

i 0 deepen understanding of w

innovation policy (OECD 20(\'@, is des%g
t

the innovation process and, in dgig so, tONest the global view reflected indy

the BOS.* (/ ) o
b ° |l e C‘\)
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10.1. Introduction O
7/

In monitoring and measuring the S(f%y]ance of national an nal
innovation systems, the role of universitt€s hag be om%ﬁ?cﬁ— e most
hotly contested issues. It is accepted that the univertify e a source of
new ideas that may eventually transfer to the market. However, there is
much debate about how transfers actually occur and about their direct
economic significance. Some use econometric arguments to show that
academic research has a high return on investment (e.g. Mansfield 1991,
1998). Others argue that the “commercialization” of university research by
entrepreneurial universities is an essential economic driver (Etkowicz 1983).
But these views are countered with arguments that the greatest value of
university-based research lies in the training of highly qualified personnel
and the provision of basic scientific research and advisory capabilities
(Nelson 1959, 1966; Cohen, Nelson and Walsh 2002; Feller 1989; Feller,
Ailes and Roessner 2002).

However, in the increasingly results-oriented research funding climate
in most Organisation for Economic Co-operation and Development (OECD)
countries, universities are being called upon more frequently to justify
public investment by demonstrating that more new ideas are finding their
way into commercial applications more quickly. The result has been an
explosion of Technology Transfer Offices (TTOs), a new priority to create
spinoff companies and increasing government interest in higher education
R&D (HERD) figures. Accordingly, many universities have themselves

1. In most cases, even strong proponents of the university’s role in research and development
(R&D) concede this point. Mansfield (1991), for example, does not disagree that this is a
key university function.
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come to see knowledge transfer as a mefs of leverage to obtain lrépeased
government funding.? g o

impact of publicly funded, university-based research (Salte Martin
2001). Moreover, most of the%uplrlcal evidence that has b oduced to

date tends either to question assumptions about the exte@ gnificance of
commercialization and spin0¥s, or to suggest that relationship is Q
fragmentary, inconsistent af™ highly context-dep nt (Mowery et al. mmm
2001; Nelson, Peterhansel anq Sampat 2001; Coh Ison and Walsh 2002; J
Sampat, Mowery and Ziedonis*2003). @

It has always proven diffl%? to demonstrate the overall Sconom’}

This chapter suggests that\ffere is aan more challenging problem.
The conventional statistical de@}ion of "university-industry knowledge‘o
transfer (i.e. what is and is not coulited) is tied to a very narrow concept
zation of innovation as a phenomenon%that is oriented almost nﬂrely
towards the production and application of technoliny As §o§hence
evidence for the performance of unlversny—lnd try transfers is
gleaned more or less exclusively from indicators associated with the inputs
and outputs of science and engineering (S&E) laboratories. The contention
in this chapter is that the indicator regime so oriented misrepresents and very
probably underestimates the role and value of university research in the
innovation process.

The discussion begins with a reconceptualization of the dynamics of
innovation in terms other than the production of technology. Instead, these
dynamics are explored in the context of an “innovation society” — a heuristic
device for visualizing innovation not just in terms of individual new inputs
(be they technologies, methods, organizational forms, etc.), but also in terms
of the assimilation and absorption of factors like these by various social
groupings, such that the result is observable change in behaviour or practice.
In other words, the proposal is to define and assess innovation in terms of
changes in the socio-economic fabric, rather than in terms of any specific
contributing factor, technological or otherwise.

Inevitably, this leads away from production-oriented perspectives and
forces a confrontation with the problem of how demand for innovation is
expressed and fulfilled. Specifically in the university-industry knowledge
transfer context, it is proposed here that the need to understand demand
factors broadens the kinds of knowledge that industries require in order to be

2. For example, the Association of Universities and Colleges of Canada (AUCC) has
proposed a “deal” by which government contributions to overheads would increase in
return for a doubling of university-based R&D and a tripling of commercialization
revenues by 2010 (AUCC 2005).
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able to respond to the complexity of &&ocio-economic enviro(r{“st in
which they seek to place new goods services. O

Within this framework, techn Q;y becomes just one of many ki owled@
streams that must come togetherin order for innovation to oCsgrYWithout
the assumption that technologmme primary and causal facta I innovation,
there is far more scope for understanding the role of te@l gy in a more
nuanced way, particularly as @ interdependent, or eyen ndent, factor in )]
innovation. From this standpofmt, the scope of universégenerated knowledge e
that could be relevant in any antion context i dened considerably. J

Having adopted the “innoxgs'on socie%” @vspective, the chapter goes w

on to construct a critique of the”current ator regime for assessing the
university’s contribution to the iation system. The university occupies ao)
unique and pivotal position in th¢ “innovation society.” Universities@o
produce and sometimes directly expkg’w%oﬂwledge, but increasingslinﬁlany
other institutions both collaborate and pete wijth universife this
endeavour (Hicks 1995). But no other instituti®n lnkseeCproduction of
knowledge to the development, application and dissemination of knowledge
production skills and capabilities. This significantly widens the number of
potential knowledge transfer pathways, very few of which are represented in
the current indicator regime.

Many of these potential pathways do not emanate from basic or applied
science laboratories. Instead, they may come from a diverse array of social,
life and management sciences and, in some cases, also from the arts and
humanities. Their role is to enhance the ability to understand and influence
the socio-economic milieu in which innovation occurs. Building on previous
work that suggests how these inputs can be assessed more systematically in
an innovation context, this chapter shows that the “innovation society”
contains a variety of roles for many different kinds of knowledge, and that
no particular form is necessarily dominant. It is proposed that, to understand
the innovation process in more of its complexity, there is a need to begin
valorizing and measuring more types of knowledge inputs.

Finally, with brief reference to case studies and examples, the chapter
demonstrates how indicators could be developed that reflect more
adequately the nature and extent of university interaction in the innovation
process. The extent and significance of this interaction is probably much
greater, more direct and more diverse than demonstrated in the current
indicator regime.
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10.2. The “innovation society™: defini&i@e socio-economic Cont@;}t'é)r
university knowledge transfer ,)

Most scholars have discredifsd simplistic models in Whicl\ vations
are seen to flow directly fronme transfer of basic scientifi%@ edge to
industry. Current models stresS the interactivity and ity between
basic and applied science andegtween technology and m s. Nevertheless,
there remains a heavy emph on investigating innd\ation in the virtually i-)
exclusive context of techno\(‘)egj/. Indeed, post—% and Winter (1977, J

v

1982), the focus has been pxedominantly on é ynamics of technology
production and adoption in firr@

Freeman (1994) suggests tha@g reasons for the historical emphasis o
technical change have been metheeological: a need to reduce the complex
social parameters of innovation to a e manageable set of variabl r
economic modeling. He is certainly corre(bAs economics is fu a@ntally

a production-oriented science, technology is a&acﬂee Csu ogate for
innovation because it is a measurable industrial output. It is not surprising,
therefore, that for indicator purposes “innovation” has been conceptualized
almost exclusively as “technological innovation,” irrespective of the nature
or extent of the role actually played by technology in this process.

Thus, most of the indicators in current use (particularly patents, R&D
data and publications data) are oriented, in effect, towards invention.® This,
despite admonitions in virtually all the significant innovation literature since
Schumpeter that invention and innovation are different (even if related) and
that, in many cases, the analytical parameters of innovation may not be
related to technology at all. Crucially for a more holistic “societal”
conceptualization of innovation, virtually none of the indicators in current
use gives any adequate explanation for what motivates the innovation
process in the first place.

Exploration of the issue of motivation, which would bring a broader
range of social factors into the innovation context, has largely been either
sidelined altogether or confined to interpretive case studies. However,
stimulated most recently by an intensified interest in service innovation,
social scientists have begun to take the idea of a social calculus of innovation
more seriously, dispelling the notion that innovation can or should be
explained mainly in terms of conventional manufacturing-oriented factor

3. It is, however, noteworthy that for many years invention has not been the main orientation
of national or regional innovation surveys covering many OECD countries, or indeed of
the Oslo Manual (OECD/Eurostat 2005). Since the early 1990s, the official statistical
definition of innovation has evolved considerably to encompass processes and services
(see Earl and Gault 2006).
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inputs (Lancaster 1966; Cornwall 1977 ﬁHIes et al. 2000; Setterfélﬂ‘ﬂooz
McMeekin et al. 2002; Tidd and 2003; Cowan, Cowan and S

2004). /o)

For producers, the motivat%n to innovate may be sirﬁ?}to gain
advantage over other produc@ But this may not corres ow end
users or consumers formulate demand for products or se@x or example,
Lancaster (1966) suggests thgf¥onsumers’ buying d are made not on )]
the basis of product utility, according to conse@v perceptions of the
social functions of goods. In othey words, people daQQ purchase automobiles; J
they purchase personal mobility along with @ status (see also Swann

2001). 1/
- N

In an “innovation society” pework,” the motivation for innovatio
would not be expressed simply as and for goods, but rather as dem@d
for change in how individuals or socu';zyr ngs live in the World ﬂ@\
in how as well as what they produce and ¢

This proposition points back to Schumpeter’s d!Tmﬁ%n of mnovatlon,
which was simply “doing things differently in economic life” (Schumpeter
1939) — a definition entirely consistent with his lifelong view that, although
innovation may include technological change, there is no necessary or
exclusive relationship between innovation and (particularly “new”) tech-
nology. To innovate, it is enough to deploy existing technology in new
contexts, or simply to market goods and services in new ways (Schumpeter
1912, 1950). Indeed, Schumpeterian innovation revolves mostly around the
entrepreneurial function of anticipating, creating and organizing markets,
whether the goods and services involved are technological or non-
technological, existing or new.

In this regard, most scholars of innovation have noted the requirement
for complementary actions and assets, particularly with respect to the need
to coordinate technology with the environments in which it will be
implemented (Nelson and Winter 1982; von Hippel 1988; Cowan, Cowan
and Swann 1997; Roehrich 2004). However, technology is almost always
identified as the primary driver of this coordination process, or as the central
input around which the innovation process as a whole revolves.

But, in truth, the question of which inputs constitute the cart and which
the horse is entirely open. For example, new value-producing configurations,
business models or financial instruments can be the definitive factors in
establishing the commercial viability of a new technology — that is, making
it possible for the technology to become part of an innovation (Stabell and
Fjeldstad 1998; Afuah and Tucci 2001; Chesbrough and Rosenbloom 2002;
Chesbrough 2003; Hawkins 2003; Tassey 2004). Thus, for example, Mandel
(2000) argues that the technological developments in Silicon Valley during
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the 1990s would have been impossible o for innovations in the /e(f)étory
environment and financial instrume at permitted unprecedented de@es
of access to venture capital. For h@ the so-called “new economy” is mof€
about access to investment capial than to computer technolqgigd and the

Internet. m (\ ®

10.3. The problem of indicatorﬁor university-industr@owledge
transfer i)

Studies using the current\m)jicator regime & yielded a vast amount J
of knowledge about innovatiogyin the spegific&dntext of the production of w
goods (less so for services). t WheQ‘his knowledge is applied to
assessments of the broader socia@vensions of innovation and particularly
the role of public institutions — in this gase, universities — some fundamegfal
questions about the entire indicator reg e|a>r£ thrown into sharp re@(

Figure 10.1 illustrates a hypothetica “seqtenc]e_” o (Ee‘nnovation
process that employs commonly used descriptive categories, but in a
configuration that is more consistent with the “innovation society”
framework as just outlined. It should be noted that, although the process
depicted in Figure 10.1 is referred to as a sequence, feedbacks are likely at
various stages, and the process can be diverted, halted, abandoned or
restarted accordingly.

It is assumed that innovations are instigated by multiple and not
necessarily coordinated demand factors or motivations. Each of these can
yield various actions, which typically involve making inputs of time, money,
knowledge, materials, human resources and so forth into various processes,
such as research, development, production or distribution. The result of each
action is an output or outputs, which can emerge in the abstract form of new
knowledge (whether codified or tacit) or in a more concrete form as an
invention. Outputs can remain outputs — i.e. they are never exploited — or
they can yield outcomes in the form of various applied endeavours and
enterprises. The result of such outcomes can be innovation, which has been
defined specifically in the “innovation society” context as an observable
change in the patterns, behaviours and practices of human life. Thus, in this
framework, impacts are distinguished from outcomes. It is proposed that
impacts are the ultimate evidence that innovation has occurred and that in
some way they will influence motivations for stimulating further innovation
activities. The presumption is also that impacts may become evident only
after the passage of considerable time.
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Comparing Figure 10.1 to the curr fBase of innovation indicét(r},‘ itis
clear that the focus of the latter isﬁost entirely on inputs and outQuts.
Outcomes and impacts do figure@ the indicator regime, but often the@
categories are confused with ong another or are conflated, t aving a
huge analytical gap betwee e immediate, concrete co nces of @
outputs and the longer-term adWitional effects of innov@ on a broader

range of socio-economic ph;z:swena.

A sharper distinction is erable. Thus, if a pat@is an output, then an i')
exercised licence in a spinoff firm is an outco imilarly, a published J
research report is an output,~dnd its use as asis of a new standard
method of analysis is an og&ome. E%Q ¢ impacts would include w
demonstrable changes in stamtd mdsroeconomic  indicators. Non-<{»
economic impacts would inclu undamental changes in perception_or
practice: for example, the reconceptuaén?’a\tion of the place of humans f{l@fe
world that is associated with the Darwiniarjgvolution.

Inputs, outputs, outcomes and impacts coﬂstitllle @)ﬁone indicator
axis — namely, what is measured. The other axis concerns the relationship of
the data to the phenomena being measured. On this axis, indicators can be
distinguished as measurements, surrogates or correlates (Jaffe 1998).
Measurements are the direct quantification of phenomena: for example,
counts of firms with origins in the university measure the extent of spinoff
firm formation. Surrogates are indirect representations of phenomena linked
by explicit hypotheses: for instance, the expenditure of research dollars
indicates research effort. Correlates are quantities linked to a phenomenon
by a statistical hypothesis: for example, the level of employment of highly
qualified personnel may be a correlate of innovation activity.

Distinguishing between actual measurements and surrogates or
correlates is critical to understanding the policy implications of indicators.
Table 10.1 uses the two indicator axes to present indicators that are currently
associated most prominently with university research.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



10. UNIVERSITY RESEARCH VAN * ImOVATION society”-179

e /I «
Table 10.1 Classification of indicators &mated with university re /(}Pch
with ples O

(Modifii(Qom Jaffe 1998) \
L W& W

Measurements m Surrogates !\\arrelates (]

. - . N
Inputs Effort (person or equipment Expenditures
years) O (e.9. HERD)

Outputs Discoveries Papers b Prizes -
Inventions U Citations @ Patents2 J
Human capital Expert evaluj‘on@ Higher-education expendi@s

Patentsa

rees ”

Outcomes New devices Patentg/ Licences \)
New drugs New drug abﬁaﬂorﬁ L e C “,

Impacts Economic growth Gross domestic product (GDP)  Gross domestic expenditure on
R&D (GERD), business
expenditure on R&D (BERD),
HERD

Emission levels
Science in newspapers

Productivity growth Productivity metrics
Environmental improvement
Public appreciation

10.4. Towards a new model of university-industry knowledge transfer

At present, inputs into university laboratories are measured almost
exclusively in terms of levels of public and private investment in basic
research. In Canada, for example, HERD is dominated by the amount of
public research funding allocated to the natural and applied sciences.
Increasingly, outputs are also monitored, but almost entirely in terms of
production-oriented indicators (patents, publications or prototypes).
Furthermore, the end point of university involvement in the innovation
process tends to be defined in terms of the commercialization of specific
laboratory outputs (which may represent only a tiny fraction of total
laboratory output), often as it relates to the creation of spinoff companies.
But even here, only the quantity of spinoffs and commercial applications is
measured.

The contention here is that these indicators not only fail to encompass an
appropriate range of knowledge that is already known to be transferred from
the university to the innovation process, but also, by focusing too narrowly
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on the natural sciences and enginee i@ create an art|f|C|aI {J)ér to
understanding the actual scope and siﬁficance of this process. O

Landry, Amara and Lamari QQl) show that university resea'ex outplr}
in selected areas of social science’also transfer to the marketp nd that,

as far as the actual transmlssm%f knowledge is concerned, t en appear
to do so somewhat more efficiently than natural smer’ engineering
outputs.! Moreover, Hearn, |1@nningham and Ordoga 2004) demonstrate

how, in today’s service-ric onomy, university rgssarch outputs in fine i')
and applied arts can be transgged to the marke@ igh-value commercial J
products and services as su as and in sipifat ways to outputs from
engineering laboratories.? Fur more ch, Lehmann and Warning w
(2004) indicate not only that unpeersity-i stry transfers emanate from aly

broad range of disciplines, but als t different knowledge transfer dynamj cs

can be observed for different knowlgtige sources within the univer l¢
transfers from social science being mor€ li to require physic ity

to specific industry sites than transfers fromaturad sciEceér@%neermg

10.4.1. Exploring knowledge pathways

The key to understanding the dynamics of these other modalities of
knowledge transfer is to focus on the variety of possible outcomes from
university research. The complexity of these outcomes has been recognized
widely in research policy documentation (e.g. Martin and Salter 1996;
Reamer, Icerman and Youtie 2003; Lambert 2003; Molas-Gallart et al.
2002; AUCC 2005; Munn-Venn 2006). These reports and reviews identify
many diverse pathways along which outcomes emerge from university
research.

For the purposes of this discussion, the seven-part categorization of
research “benefits” adopted by Salter et al. (2000) is suitably representative
as a guide to the various pathways that knowledge produced in universities
may follow on its way to becoming an applied outcome:

1. Landry, Amara and Lamari (2001) focus on six social science fields, two of which (social
work and industrial relations) are oriented towards practical application. Political science
and economics represent commonly required skills in administrative, policy and
managerial contexts. Sociology and anthropology are core sciences in management and
market research.

2. Indeed, the size of “cultural” goods markets can be enormous. For example, in the United
States in 2002 (the last year of available business census data), the US motion picture
industry had total receipts that were substantially larger than those of the US computer
hardware industry.
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e  Forming networks and stimulatiRA'n@raction; I{ /'0
e  Creating new firms and Iicens@; patents; »)

e  Creating new scientific instrﬁments and methodologies; \*
()

e Increasing capacity for scmtific and technical probl@ ving;
e Increasing the stock of uﬂul knowledge; b

v
e  Training skilled graduati) 3
e  Creating “social knowledg@e” (i.e. knowle@ about the socio-economic O

environment). W
)

Within such a scheme, the@oblem ecomes one of identifying a
balanced set of indicators for all the paghways from which outcomes eme(@e,
be they technological or not. Clearl),fﬁ attention that input andqOwmtput
indicators now receive is a consequencé”of the pothesjs- (RoMalways
explicit) that they are correlates of the growth of ofdedge stocks, the
training of research graduates and an increasing capacity for problem
solving. In this section, it is argued that indicator development should be
aimed at understanding both the mechanisms associated with the above
pathways and the ways in which specific knowledge streams follow these
pathways into the innovation process.

An easily implemented first stage in characterizing this wide variety of
possible knowledge transfer pathways would be to propose indicators of
targeted additions to existing qualitative and quantitative research that
investigate phenomena related to these pathways. Several studies have
already begun to address the indicator problem from this perspective (e.g.
Molas-Gallart, Tang and Morrow 2000; Molas-Gallart et al. 2002).

To illustrate some of these dynamics further, the authors of this chapter
offer some preliminary observations based on their own analysis of data
relating to knowledge transfer patterns within the University of Calgary.
Detailed relevant information was drawn from three sources. First, the
university permitted a statistical analysis of faculty annual reports filed in
2004 that dealt comprehensively with three areas of responsibility: teaching,
research and service (administrative and planning activities involving
faculty members, as well as community contributions); these reports covered
100% of over 1 300 continuing full-time staff. Second, 219 faculty members
responded to a survey questionnaire administered by the authors. Third, a
number of respondents agreed to be interviewed about their individual
knowledge transfer experience.

Analysis of the faculty annual reports revealed 81 instances of activities
identified as conventional “technology transfer.” The leading faculties were:
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Engineering 35 trar$§5 0.28 per faculty {I(\I?bel‘
Medicine 14 tragsters 0.03 per faculty memb
Environmental design® 7 &ansfers 0.28 per facu%smber
Activity related to intellddal property (IP) was subst@a, ut was ®

centred in only a few faculties. A total of 101 reports on S, copyrights

and registered industrial desi@ were filed in 2004. JTheYedding performers QU

were: —
Medicine \ﬁ reports %9 per faculty member J
Engineering @eports 0.28 per faculty member w
Science 30 @orts 0.14 per faculty member 9

Otherwise, most of the knowledgg flows had no exclusive orien @on
towards technology. The most signi v%,observation arising_ {rnt the
faculty annual reports was the relatively wite digrib tiorﬁr@s culties of
consultancy and community service activities. E ugh one might
assume that consulting is an under-reported activity among university
faculty, there were over 500 reported instances of consulting to firms (the
majority), governments and organizations. Medicine reported 220 such
assignments, engineering 73 and environmental design 67. If reckoned in
terms of consultancies per faculty member, however, the highest
concentration occurred in environmental design, which is much smaller than
the medicine and engineering faculties:

Environmental design 2.68 per faculty member
Kinesiology 0.81 per faculty member
Engineering 0.57 per faculty member

The faculty survey asked respondents what they perceived to be the best
way to achieve social benefit from research. The results were as follows
(individuals could choose more than one response):

Publication in the open literature 144
Collaboration with knowledge users 100
Launching a venture or business 19

Although few respondents rated launching a venture or business very
highly, 39 respondents indicated that they had actually started a business or
other venture that created employment and/or revenue, and another 15

3. This faculty includes architecture, industrial design, environmental sciences and planning.
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expressed an intention to do so. Signi &htly in this category, thel‘gadlng
faculties included social science, well as medicine, engineering\@nd
science. Once again, the most cofnon form of active knowledge transf€p

was through direct contact with kqowledge users.

The survey also probed @outcomes of consulting ar\Q\o'IaLorative ¢
activity. The benefits to partners were identified most fretly as occurring
in the following forms: D

Market entry or expansion

New products or servicesU

Ked

Y
3
v

@ 23%
Improvement to a product »‘éervice Q\ 22% Y
Administrative systems, new@mproved 15%

The semi-structured interviews of{w further insights into the vﬁ%y
of processes involved and highlighted limitations imposedhDy the
complexity of the knowledge transfer relationshlﬁ onLthe@iyficance of the
statistical summaries of the annual reports and the survey. Table 10.2
presents several examples from these interviews of actual knowledge flows
that correspond to each of the pathways identified by Salter et al. (2000).

Table 10.2. Qualitative identification of knowledge pathways

Knowledge pathway* Type of example identified in interviews
Forming networks and stimulating interaction e Major research consortia

e  Direct participation in a large-scale industry project
Creating new firms and licensing patents e Successful licensing to an established firm

e Spinoff involving a university scientist
Creating new scientific instruments and e Services from a unique university research facility
methodologies

e Development of a new diagnostic protocol

Increasing capacity for scientific and technical .
problem solving

Increasing the stock of useful knowledge

Consulting

o Contributing to the development of effective project
management practices

o Working in a regional R&D cluster

Training skilled graduates e Hiring graduates
e Recruiting research associates internationally who remain in
a local cluster

Creating “social knowledge” e  Social factors in project contract construction

*Knowledge pathways identified by Salter et al. (2000).
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It is fascinating to evaluate these e‘ﬁ?ninary findings Withqtlé@)ddder
of knowledge utilization” concept in&uced by Landry, Amara and Lari
(2001). As shown in Table 10.3,@is provides a process view that rela

knowledge use to decision-making processes using a sc* ith six

Stage 2: Cognition User@rbs knowl%z
k

cumulative stages of knowledmtilization in ascending order<\ °
Table 10.3. Stages ﬁhe ladder of knowledge ation Q)
(Adapted from™=gndry, Amara and Lam@amM2001) —
Stage 1: Transmission Usédtains knowledge fb J

Stage 3: Reference User cit d elaborat®s knowledge ‘Q
Stage 4: Effort User deﬁ knowledge @
Stage 5: Influence Knowledge is usgﬁng,gision-making (

Stage 6: Application Knowledge is applied directly ® protmtsggvi@_ ‘;SUcesses, etc.

Landry and his colleagues apply this model to empirical analyses of
large samples of Canadian social scientists, natural scientists and engineers,
and their overall observations are highly relevant to indicator construction.
As the complexity of the relationship between university researchers and
industry increases, so usually does the rate at which the knowledge ladder is
ascended. Basic research projects tend to have relevance mainly near the
bottom of the ladder, whereas more collaborative and applied projects tend
to be found towards the top.

10.4.2. Some possible next steps

A report on measuring the socio-economic impacts of academic research
in the United Kingdom (Molas-Gallart et al. 2002) offers a large number of
possible metrics, with warnings about difficulties, costs and needs for
further research. It is notable, however, that a majority of studies still focus
on the single pathway of spinoffs and licensing. Nevertheless, even using
already accessible data and more or less standard methods, it would be
possible to take several immediate steps to improve indicators in the other
six outcome categories.

10.4.2.1. Step 1: Normalize cost input indicators

Financial input data (e.g. HERD) are widely available and used
frequently. These data are also widely interpreted as a correlate of all the
outcomes. But their analysis should be balanced to recognize the fact that
different types of knowledge have different production costs. For example,
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input data indicate generally that the ¢ fSof medical research exce@fhose
of S&E research, which in turn exceeﬁﬁie costs in all other fields. Input@ta
should be normalized for the sca@of research expenditure in each of ﬂo
contributing disciplines and knowdedge streams. \
)

10.4.2.2. Step 2: Match graépate knowledge indicat \ﬁ
innovation roles @

There is reasonable consensus that knowledge grapsfer by graduates is =
the most significant pathway\fof the influence of/fyiversity research (Salter
et al. 2000; Munn-Venn 20 But this poggs,a challenge for indicator
development. A tantalizing hi fwhathpssible can be detected in the w
Canadian National Graduate Su, (Statdstics Canada 2002), which has(/)
analogues in many countries. Ctsently, the survey provides informati
about the educational requirements fof\arious jobs. But it does not Iv?
descriptions, educational requirements andfkpowledge fields Wlt el of
the innovation process. At a more concretemu erigah there is
considerable information on relative wage patterns among young highly
educated workers based on census data (see, for example, Morissette,
Ostrovsky and Picot 2005). On the basis of the hypothesis that wage patterns
in knowledge-intensive sectors are correlated to creative contributions, wage
data could be examined in terms of possible knowledge stream
decompositions that could track the contribution to innovation of employees
with different qualifications.

10.4.2.3. Step 3: Valorize new instruments and methodologies

The development of new instrumentation and methodologies is a key
output of university research (Rosenberg 1992), and close parallels have
been noted between the instruments and methodologies developed in basic
research and those adopted by firms (von Hippel 1988). Salter et al. (2000)
suggest that this is the second most important contribution (after human
resources) of university research to economic activity. There has been
considerable interest in indicators derived from firms’ investments in capital
equipment, but the origins of this equipment in university research could
also be tracked.

10.4.2.4. Step 4: Build partnership indicators

It has been a mistake to group all industry funding and all government
funding into separate silos. The observations from the analysis of the
University of Calgary data suggest that all the knowledge pathways are
supported by active interaction with users. If the Landry model is applied to
funding sources, then research funding associated with user sponsorship and
participation is likely to correlate to outcomes. Key examples of this type of
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funding are research consortia that ﬁzlude users, industry- !pl‘peored
research chairs, and research co t work in laboratories that
continuing contract research relatl@shlps with users. It would probably

an input measure is propose r funding modalities wher
university researchers are invol¥ed in longer-term relatiopskj
industry funding should be summed with the releva

be difficult to segregate data ondthese types of research spon; . Thus,

try and
n this case,
anting agency

contributions to provide ap_bverall indicator off\esearch funding for

partnership activity.

Y
U { o
v

10.4.2.5. Step 5: Expand unw’sity facﬁlewveys

In universities that use annugeport'
of activities in various categorie

systems, statistical summaries&)
n provide insight into levels of actiy

at different stages of the knowledge L(?zatlon ladder. An effort sho%
gc can

made to define standardized reportin

ies so that these o

be clarified. If annual reports cannot be Widelwp ac'_s Ié natlonal
un

survey project could present the questions to a sample

iversity faculty.

Such a survey would be a valuable complement to existing firm-level
innovation surveys, and at least two significant new outcome indicators
could result:

Participation in user seminars and conferences as a surrogate for
increasing problem-solving capacity and network building; and

Publication and presentation in user-oriented media, including trade
journals and general media, as a correlate for increasing the stock of
useful knowledge at the third stage of the knowledge utilization ladder
or higher.

A faculty survey instrument might deliver many kinds of additional

information. Analysis of currently available annual report data makes it
clear that a better understanding of faculty IP activity is possible than that
derived from the reports of TTOs, and that a more nuanced understanding of
consulting activity might also be achieved. Since IP activity that is not
reported through TTOs frequently reflects projects done in partnership with
users, it might be a significant indicator of more diverse and complex
relationships. A clearer understanding of consulting activity might allow
differentiation of the role played by this important but under-documented
activity in several of the knowledge flow pathways.
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10.4.2.6. Step 6: Develop social k@/ledge indicators {/O

The fundamental hypothesis @tivating this chapter is that innovati@
must be perceived as a holistic secial process involving the c@‘aﬂon of
many more knowledge dimen@ﬂs than are normally covered jay fechnology.
University research and traintfhg encompass the fullgmye of human
knowledge. Thus, much uniyegsity research is oriented ards the social
knowledge pathway. Apprﬁate indicators woulg\need to come from

revised innovation surveys that are relevant to a b r range of industries.
Employment surveys would\Qdve to probe t anging roles of highly J

qualified personnel. \» 2

10.5. Conclusion O

2
<

The concept of an “innovation sgefeE"rwas developed as aﬁ&istic
device to revitalize the original emphasis Sc@um eter ang-otehs’on the
systemic societal dynamics of innovation. In thj_c(ﬁe of indicator
development, it is a way of arguing for a broader definition and more
nuanced calculus of knowledge production and transfer in the innovation
process.

This chapter has shown that the basis for expanding this calculus already
exists, and that many elements could be implemented relatively quickly
provided that innovation is conceptually reframed as stemming from the
outcomes of various forms of knowledge application and not just from
financial and technological inputs and outputs relating to industrial firms.
Instead, the broader societal dimensions of knowledge production, transfer,
application and evaluation must be considered, and particularly the role of
knowledge as produced in disciplines other than the natural and applied
sciences. The university occupies a crucial position in this structure, and
researchers must learn to characterize more of its knowledge outputs
statistically if they are to assess its true role in the innovation process.
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Research activity has often involved |b€nse exchanges ?w ose in
charge of conducting the research, and these exc fan ays ignored
national barriers. As early as the Middle Ages, the elite from all over Europe
and elsewhere travelled the world to learn from their counterparts abroad.
However, historical and political events, such as the Second World War,
have driven and sometimes changed the intensity and direction of these
movements. Many scientists have left Europe to find better working
conditions on the other side of the Atlantic, prompting a debate on the so-
called brain drain. Nowadays, the globalization of the economy and its
knowledge base has increased the demand for the highly skilled and has
become the main driver of the international mobility of researchers (Bastri
2007). For this reason, international mobility is becoming more prominent
on the policy agenda of those in charge of monitoring science, technology
and innovation (STI). Many policies, at both the national and institutional
levels, are implemented to encourage mobility while at the same time
attracting and retaining talented people. The question remains, however, as
to what the optimal level of mobility is and what balance should be sought
between incoming and outgoing researchers. While the possible brain drain
from developing countries is much debated, as well as the large flows of the
highly skilled to the United States, the US National Science Board (NSB)
has expressed concern about the small number of US scientists and engineers
going abroad for study or research and has made recommendations to
remedy this situation (NSB 2001, 2003).

Yet, assessing the flows of the highly skilled, measuring their inter-
national mobility and differentiating between migration and temporary
mobility prove to be real challenges for statisticians. Migration indicators
have tentatively compensated for the apparent inexistence of international
mobility indicators, but the inherent weakness of international migration

11.1. Introduction
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statistics and the fact that these statistic f:?ely take into account the(@v’el of
qualifications of the people covered em have compounded the pro

The Organisation for Economic C@peratlon and Development (OECD)
been working for several yeass, on issues relating to the (aigxnationa
mobility of students, researchgysy scientists and other highly groups,
while attempting to improve available statistical to D 2001a).
Of the various initiatives revigyed below, this chapter | n greater detail
at the project designed to fi the career paths o&ctorate holders, the ()
first results from which seem quite promisin erms of improving
understanding of the cross—boﬁr movements o Q orate holders. J

o v

This chapter first offers s ba5|c i n about the current inter-
national statistical landscape, w is mowe or less confined to mlgratlon-(/)
type data. Yet, while migrations by nature international, their mea
ment relies strongly on national co(c?pts that are linked to cour{
migration policies and to their policie the acqmsmon of hip.
This produces the following paradox: th€re is.ve @t way of
internationally comparable statistics on mlgratlon eover, education
systems and qualifications differ greatly from one country to the next, and
this influences the nature of the statistics describing them.

The chapter goes on to consider which databases recently introduced or
enhanced within the OECD can be used to obtain data on the international
mobility of the highly skilled. It then presents and discusses the initial
results from a project launched in 2004 by the OECD, in co-operation with
Eurostat and the United Nations Educational, Scientific and Cultural
Organization (UNESCO), to measure the careers and international mobility
of doctorate holders (the CDH project). These results shed some interesting
light on the characteristics of the populations concerned in seven countries
(Argentina, Australia, Canada, Germany, Portugal, Switzerland and the
United States), and on possible new approaches that might improve the
measurement of international mobility and migrations.

Statistics on international migrations

OECD countries have many different kinds of migration policies and
systems. In schematic terms, a distinction can be made between the
“immigration countries” that have been populated through successive waves
of immigration (Australia, Canada, the United States and New Zealand),
which use a system based on the granting of permanent residence permits,
and other countries, for the most part in Europe, which tend to use a system
of delivering temporary residence permits. This influences the sources of
data used for measuring migrations at the national level, and also affects the
definition of the immigrant population and the way it is counted.
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11.2.1. Data sources on internatio I(%igrations I‘/‘

Four kinds of data sources on jgternational migrations can be identi |9$
(for further details, see OECD Z(QQ, 269-75 and Lemaitre 2005%

e Population or foreigner r@ters are used in many Noris; uropean
countries (Germany, Belgium, the Netherlands, th ic countries).
Nationals and/or foreigng#§ are supposed to register the authorities,
and this makes it poss to estimate the nugders of residents and
immigrants. However, departures are not re as systematically as
arrivals, and rules govekaihg registratio %in particular length of
stay, vary among countri his affe@\t nternational comparability w

of the data from these regi egrs 12

¢ Residence and work permits ar¢’widely used in several OECD countrigs,
including those that have populaﬁgn registers. The main diﬁicu([?in
using them as a source of internationaflyycomparable statistias ¢ that the
length-of-stay rule varies. The permanent r&id@e@rﬁtg{éramed by
the “immigration countries” are of unlimited duration, while the
temporary residence or work permits delivered by other countries are of
variable duration depending on the country. Thus, the statistical
coverage of certain migrant groups, such as students, varies from one
country to another. Furthermore, the population groups targeted by such
permits depend on the free circulation agreements in effect (the
Schengen Agreement, for example). Nevertheless, efforts are underway
at the OECD to establish harmonized flow statistics on arrivals, using
visitor permits (OECD 2006).

ule

e Population censuses and labor force surveys provide data not only on the
foreign population, but also on level of education and occupation, which
is generally not the case with the other data sources. Moreover, these
sources are harmonized internationally. Their limitations have to do
with their infrequency (in the case of censuses) and with the sample size
for certain categories (in the case of labor force surveys).

e Specific surveys, such as for passengers entering or leaving a territory,
are conducted in some countries. The best known is the United
Kingdom’s International Passenger Survey, but Australia and New
Zealand use similar surveys.

11.2.2. Definition and measurement of the immigrant population

Several conclusions can be drawn from the preceding discussion. First,
data on arrivals or immigrants are more systematic than those on departures or
emigrants (emigrant numbers are often estimated using data for immigrants
in the host country). Second, population censuses and labor force surveys,
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which are the most reliable sources ﬁlernatlonal comparlson! 6‘;3V|de
data essentially in the form of stoelg rather than flows (which are fdre
usefully derived from permits or p@enger surveys) Third, although there@
an accepted international definiion of ¢ ‘migrant,” L this is no r&%y taken
into account in national statisf®s, for obvious reasons of co | ity with
countries” migration systems. This, together with the di of tracking
changes in individuals’ succgsgive situations, makes it cularly hard to
draw distinctions between s term or temporary ations and long-term
or permanent migrations, aqd)to identify suc;s or back-and-forth

movements across borders.

eule

The definition of the imnﬂﬁ.&int pop@;@n also depends on countries’
migration systems. In the “immyegration tries,” the most widely used®)
criterion for defining an immigrast is place of birth, while in most o%
countries, especially in Europe, it is Q)zenshlp This reflects the faq( t
the process of acquiring citizenship has rically been mor x)ematlc
and swift in the “immigration countries,” as®@a eags ﬁcouragmg
settlement. This has an impact on the statistics resu tlng from these two
measurements of foreign populations, as can be seen in Table 11.1.

The data in Table 11.1 illustrate the fact that, in all countries, the foreign
population constitutes a larger share of the total population when measured
by country of birth than when measured by citizenship (other data show that
this is true beyond the six countries presented here). This is because a
portion of the foreign-born population will have acquired citizenship of the
country of residence. Another, albeit much smaller, portion of that population,
however, will always have had citizenship of the host country despite being
born abroad. This is the case, for example, with communities of repatriates
from Portugal’s former colonies. On the other hand, depending on legislation,
individuals born of foreign parents in a given country may not be able to
acquire citizenship of that country. The issue of the definition of the
immigrant population is thoroughly discussed by Dumont and Lemaitre
(2005) in their analysis of census data.

1. A long-term migrant is “a person who moves to a country other than that of his or her
usual residence for a period of at least a year (12 months), so that the country of
destination effectively becomes his or her new country of usual residence.” A short-term
migrant is “a person who moves to a country other than that of his or her usual residence
for a period of at least three months but less than a year (12 months), except in cases
where the movement to that country is for purposes of recreation, holiday, visits to friends
or relatives, business, medical treatment or religious pilgrimage” (UN 1998, 112).
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Table 11.1. Doctorate holders in six OI‘Esﬁountrles by origin (pe{cl“gtages)

Australia Canada O Germany Switzerland  Portugal* Un| States
(2001) (20011 (2004) (2004) \ (2003)
Total 100.0 12:0 100.0 100.0 Y 1000
Citizens of the country 86.0 92.6 69.9 06.2 88.3
Foreign citizens 14.0 ‘; 8.0 74 30.1 3.8 11.7
Total 100.0 [10b.0 100.0 1% 1000 1000 U
Born in the country 53.6 459 82.5 84.6 7435
Foreign born 46.4 1 12.0 @‘1 A 15.4 25.7 J

Birthplace unknown ; )
*Data for Portugal are provisional and refer to ®0ctorate hol 0 recelved their doctorate between 2%) and

2004 Q
Source: First OECD/Eurostat/UIS data collection on the ca@s of doctorate holders (CDH). @

The shortcomings of these measuremel?s' sumest,i;[.rrlh %\@uﬁ»be useful
to cross-tabulate data using several criteria (place of ace of residence,
citizenship, citizenship at birth, length of stay, etc.) in order to refine the
interpretation of, and thus record more accurately, the immigrant, foreign or
mobile population. The remainder of this chapter attempts to demonstrate
this.

11.3. Two databases for measuring the international mobility of the
highly skilled

11.3.1. The OECD Education Database

For many vyears, the OECD, in co-operation with the European
Commission (through its statistical office, Eurostat) and UNESCO (through
its Institute for Statistics (UIS)), has been collecting statistics on member
countries’ education systems. The three international organizations jointly
issue a questionnaire, addressed to the authorities (ministries or statistical
offices) in each country responsible for compiling the statistics, and the data
collection covers education spending, personnel and students at all levels of
the education systems.
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Figure 11.1a. Distribution of foreign stud an France, by region of ol‘gm 2003
(percedtages) 0
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Source: OECD Education Database.

One of the matrices produced by the OECD database was for many
years that for foreign students enrolled in higher education in each OECD
country, by citizenship, gender, level of diploma and field of study. The data
were therefore collected in the host country (as illustrated in Figure 11.1a
for France), but the combined host country—student citizenship tabulation
also revealed students’ choice of foreign destination through the distribution
of students from one country of origin in their countries of study (Figure
11.1b).
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Figure 11.1b. Distribution of French st;g@ts in other OECD coun(é} 2003
(per ges)
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Source: OECD Education Database.

One of the problems in interpreting these data had to do with an issue
already raised here — namely, the fact that they are gathered according to the
criterion of citizenship. Thus, the OECD publication Education at a Glance
(OECD 2005, 263) gave the reader the following warning:

Students are classified as foreign students if they are not citizens
of the country in which the data are collected. While pragmatic
and operational, this classification yields some inconsistencies as a
result of differing national policies regarding the naturalization of
immigrants and the inability of several countries to report foreign
students net of foreigners who are permanent residents in their
country of study. Indeed, countries that naturalize immigrants
stringently overestimate the size of their foreign student body,
compared to more lenient countries. Bilateral comparisons of the
data on foreign students should therefore be made with caution,
since countries differ in the definition and coverage of their
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foreign students. In particular, s&e countries only report{ ers
who have come to their ntry expressly for the purpo
pursuing their educatlon@/hlle other countries report both re5|de®
and nonresident foreigistudents.

The group of national Merts working on indicator: education ®

systems (INES) considered this problem and proposed @ of improving
the 2005 joint questionnairgm\The approach selectgd to gather data

according to three variables forder to refine the igfmation: citizenship,
residential status in the country (temporary or nent) and country of J
prior education. Results have™jeen obtained If of the countries, and

they make it possible to det ne as gk on of residential status or w
country of last diploma, whether me is stigent mobility. In countries of the(/)
European Union, it is the latteNgtiterion that is the determining fact
because the notion of temporary or p anent residence loses its me@

with the application of the Schengen A \)
S ke

11.3.2. The OECD Database on Immigrants and"Expatriates

Most OECD countries, and many other countries, held their last
population census in or around the year 2000. The OECD took the occasion
to gather the data from those censuses from national statistical offices and to
establish a database on the number of residents in OECD countries, by place
of birth, citizenship and level of education. The information contained in
this database therefore reflects the cumulative effect over past decades of
population movements within and towards the OECD zone. Moreover, it is
possible to estimate the expatriate population from the number of residents
in one OECD country born in another OECD country or in a non-member
country, whether naturalized or not. Emigration rates have thus been
calculated for about a hundred countries, and they include data on the highly
skilled. These data show that most OECD countries are net beneficiaries of
highly skilled migration (Figure 11.2).
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It is expected that this database wil b&upplemented, ina secoﬁl‘ phase,
with more detailed statistics by field«a§ Study, occupation, length of sta@ a
country and some other variables.@we limitation on this exercise, howev
lies in the fact that population<gensuses are infrequent and ha,lgthe data
quickly become obsolete. The@ercise could nevertheless be ed with @

the next census cycles. O
11.4. Measuring the internatk@l mobility of doctopgte holders: a new 0

methodological approach
preslepproeEt > 5

One of the missions of the QECD Di t(@(e for Science, Technology w
and Industry is to follow trénds in ri chers’ careers and in their(o
international mobility. With this , it decided in 2004 to monitor a project
to follow the career paths of doctorat%olders, who constitute the poo{hf
researchers, and to look closely at the ernational mobility. The rt to
assess international mobility requires co- ratign feom the @aﬁ, untries
of immigration and emigration, and partnership amoE-v@o international
organizations to coordinate the project. A group of experts was established,
which currently represents 40 countries, including France, Germany, the
United States, Canada, Australia, China, Russia and India, as well as some
smaller countries, such as Uganda, that may experience a brain drain. The
OECD, Eurostat and the UIS are jointly coordinating the project.

11.4.1. Interpretation of data on the origin and residential status
of migrants

The methodology developed by the group of experts consisted of
gathering data on immigrant populations through the host countries, while
recognizing the difficulty of obtaining departure data and the need to avoid
double counting. As well, the group decided to use several criteria relating
to the origin of migrants, in order to interpret the migration data more
accurately. Data on doctorate holders were therefore collected by country of
birth and citizenship (whether by birth or by acquisition), cross-tabulated
with residential status (permanent or temporary), length of stay in the
country, previous country of residence, and other demographic or educational
variables (in particular, country of previous degrees). The sources for these
data could include population censuses, labor force surveys, targeted
surveys (a methodology and a questionnaire for such surveys have been
developed as part of the project), or a combination of these sources.

An initial data collection was conducted in September 2005, and some
of the results are presented below. Seven countries (Argentina, Australia,
Canada, Germany, Portugal, Switzerland and the United States) were able to
provide data.
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As shown above in Table 11.1 @data confirm the dlfferﬁyés in
results obtained when the |mm|grant ulation was measured by coun@of
birth and when it was measured @cmzenshlp The data on Australia al
Canada show, in fact, that a consiflerable portion of their popula cqmred
citizenship of the country thro@m naturalization (Table 11. 2)

Data for Canada and the United States, not shown h' icate that the
populations born in each try were roughly those holding
citizenship of the country by=birth, and that the f%n populations Were
roughly equal to those borny aljroad, minus the@ e who had acquired J
citizenship of the country (th&*difference bei ounted for by nationals
born abroad; see box 3 of Ta@é 11.3). ¥ because birth within these w
territories automatically confersgsjtizens of the country; i.e. jus soli¢y
applies in their case: boxes 2 an(@of Table 11.3 are equal to zero. This_is
not, however, the case in most other ¢ trles In Germany and Switzeﬂ ,
for example, legislation governing the g of citizenship is ie cter,
and children born to immigrant parents y nop acquire~thgCitieenship of
their place of birth. Unfortunately, the data supplied by Germany and
Switzerland in the course of this exercise were incomplete and could not be
included here.

The fact remains, however, that for “immigration countries,” such as
Canada and the United States, the number of doctorate holders born abroad
who had acquired citizenship (box 4 of Table 11.3) provides an indicator of
definitive or long-term immigration, while the number of those born abroad
who had foreign citizenship (boxes 6 and 7 of Table 11.3), with the exception
of those who had chosen to retain their original citizenship even though they
had settled definitively in the country, gives an indication of more recent
immigration or of temporary mobility.

Information on residential status (permanent or temporary) can refine
the data on the timing (recent or earlier) of arrivals in a country. The data on
length of stay show that, among doctorate holders, a much higher percentage
of foreign permanent residents in the United States had been in the country
for 10 years or more than foreign non-permanent residents (Figure 11.3).
The data on residential status reveal that the foreign-born population was
much more integrated in Canada, either through naturalization or through
the granting of permanent residence, while the foreign non-permanent
resident population was more significant in the United States (Table 11.4).
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Criteria for granting nationalit it"genship in OECD countries (/
There are two rules that determine an individ nationality/citizenship of origin: jus soWgg “law

parents’ nationality. While one will take plﬁcedence over the other dependin e country, it is
common to find a combination of both. Asgstinction must be made, then, am categories@f
countries: those where jus soli predomimaies and there is little recognitili J8s sanguinis; those

of the soil” and jus sanguinis or “law of the(plood,” relating respectively to placi of birth ghd to

where jus sanguinis prevails; and those where both jus soli and jus guinis are applied. The
classification of any country in one@these categories may, howewef, change over time adJ
legislation evolves.

—
1. Countries where jus soli predpminates: this is thw for Canada, Ireland and tg

United States

2. Countries where jus sanguin'r%ﬁevails: ia,@'enmark, Finland, France, Germaa/,
Greece, Italy, Japan, Luxembourg,the Neth&garttls, Norway, Spain, Sweden, Switzed?nd
and Turkey grant citizenship to a@d if one of its parents has that citizenship.

3. Countries where both jus soli and jUS guinis are considered in granting cm@shlp a
child born in Australia, Belgium, Ne and Portugal or the Unlte dom will
have the citizenship of that country if, at th e of its blrth one ts held that
citizenship or was permanently settled in the terrltoﬁ/

The acquisition of citizenship by naturalization is based on other crlterla. age, residence, lack of
criminal record, means of support, etc. (updated and adapted from OECD 1995, 165-89).

Figure 11.3. Length of stay of foreign resident doctorate holders in the host
country (percentages)

‘ B Lessthan5years O5-10 years 010 years or more ‘

200 - — - e —— S

wt+---  |----=-=--]  femmemmmmeme e - F---

355 327
L R e e e,k R
45.6

714
R e, . R

49.1

T T T
Germany (2004): foreign  Switzerland (2004): foreign United States (2003): United States (2003):

residents residents foreign permanent foreign non-permanent
residents residents

Source: First OECD/Eurostat/UIS data collection on CDH.
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Table 11.4 Residential status of foreign-f@rn doctorate holders in Cﬁyﬁda,
the United States and.%%rtugal (percentages) O

~
k‘JCanada United States rtugal* /
(2001) (2003)
Citizens K 618 59 (V904 ¢
By birth 0.9 3.6 78.6
By naturalization D 66.9 4 1.7
Foreign citizens 32.2 % 9.6

==
Permanent residents U 26.1 0.0 6.6 J
Non-permanent residents : ) 6.1 @ 14.1 17 w
Unknown . Q\ 1.3 2
Total (Orooo - 100.0 1000

*Data for Portugal are provisional and refer to doctorate@ers who received their doctorate bet)(e@ZOOO and
2004.

Note: Columns may not sum to 100 because of rounding. o L e C ('

Source: First OECD/Eurostat/UIS data collection on CDH.

Table 11.4 also shows very clearly a feature peculiar to Portugal: the
importance of the foreign-born population holding citizenship by birth,
which accounted for 78.6% of the entire population born outside the
territory. These were individuals who were repatriated at the end of the
colonial wars, following Portugal’s decolonization process.

Finally, supplementary data on date and place of doctorate awarded and
previous degrees attained, as well as on length of stay in the country, can be
used to qualify the type of migration/mobility involved. Similarly, this
information, supplemented by other data on intention to remain in or leave
the country, can be used, in the case of recent immigration or of countries
where naturalization rates are low, to clarify the figures on doctorate holders
with foreign citizenship.

11.4.2. Use of supplementary variables to measure mobility

More data on date and place of doctorate and previous university
degrees, as well as information on intention to stay in or move out of a
country, have been collected and are presented here.

Table 11.5 shows different patterns across countries for where doctoral
degrees were received. First, the percentage of citizens of the three reporting
countries who received their doctorate abroad varied greatly. It was very
low, as expected, in the United States (5.2%), was double that figure in
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Portugal (10.2%)~ and reached 18.;? ﬁ’Argentma (there are alléps no
foreign doctorate holders in Argenta, so the total shown in the bl
roughly corresponds to Argentine@tizens). Second, a higher perc ntageﬁ%
foreign citizens had earned theirldoctoral degree abroad: 15.2S6§Dortugal

and 43.2% in the United Statg¥yThis latter figure may be s ifng given
the fact that many foreigners come to the United States are for their
doctoral degree, but it revealgsthat there are also many f ners who come
to work in the United States aftdr doing their research¥aining abroad.

ule

Table 11.5. Place where doct&a}e was recei\/i(@%tizenship (percentages)
1 Vi

Argem ngrtugal United States
(2005) 2004) (2003) &
. Foreign - @reign
Total @lzens citizens Citizens ( dizens
Total 100.0 10 ° 100.0 doQ\) 100.0
Received their doctorate degree e
in the country 81.1 89.8 : 94.8 56.8
Received their doctorate degree
abroad 18.9 10.2 15.2 5.2 432

Source: First OECD/Eurostat/UIS data collection on CDH.

In addition to keeping track of cross-border movements, policy makers
are interested in the reasons or motives for these movements so that they can
assess how to influence and facilitate mobility. It seems that there are very
different motives for international mobility, ranging from private or family
reasons to professional and economic motivations. Policy mechanisms do
seem to have an impact, but the extent to which this is the case is difficult to
assess (Nerdrum and Sarpebakken 2006). The CDH project is thus trying to
collect qualitative information on the intentions and reasons for mobility.
The data for the United States offer some information on how motivation for
mobility has evolved over time, and how this relates to the residential status
of migrants in the country. The data from Table 11.6 show that, over the five
years prior to 2003, job or economic opportunities in the United States became
more prominent as a motive to move to that country than educational oppor-
tunities, compared with the preceding five years. Reasons relating to scientific
or professional infrastructure also became more important. These trends were
particularly marked among doctorate holders with permanent resident status.
For those who had acquired US citizenship, family-related reasons also

1. In addition, 31% of all doctorate holders who received their doctoral degree abroad had
also earned their previous degree abroad (and 8% of those had received their doctoral
degree in Portugal).

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



208 - 11. THE INTERNATIONAL MOBILITY OF DOCTORATE HOLDERS it
LI

played an important role, althougr:rl?@ int
than in the five years preceding the

—

-

he five years prlo(é/%%OB

Table 11.6. Reasons given by doctordte holders for coming to the L@ States over
the last 10mars, 2003 (percentages)

Entered the country in the last five years D

Citizens of the
country (by
naturalization)

Foﬁg\c\zens

residents

Permgnent™ Non- -permanent T°t?ﬂ)
res%s —

Educational opportunities in the United States U 28.1 @AA 26.0 23.D'
Family-related reasons 20.3 <a 6.0 8¢/
Job or economic opportunities \)‘ 25.0Q\ 45.6 28.5 3T
Scientific or professional infrastructure in my field 26.6 40.0 39.5 ‘33.4
All reasons 100.0 100.0 100.0 o, 100.0
Citiz&( the Foreign citizens ‘("
Entered the country five to ten years ago country ermanent ment | Total
naturalization) iem 'E:eswlents
Educational opportunities in the United States 19.9 274 38.1 31.0
Family-related reasons 325 10.7 42 10.7
Job or economic opportunities 21.7 29.2 21.3 25.0
Scientific or professional infrastructure in my field 21.1 30.1 35.6 31.3
Other reasons 48 2.6 0.7 2.1
All reasons 100.0 100.0 100.0 100.0

Note: Columns may not sum to 100 due to rounding.

Source: First OECD/Eurostat/UIS data collection on CDH.

Data on intention to move out of a country are also collected on an
optional basis in the CDH project. The data in Table 11.7 confirm that US
citizens are not very internationally mobile: only 5% of recent doctorate
holders declared their intention to move out of the country, while the
equivalent figures for Canadian and Portuguese citizens were 16.6% and
14.6%, respectively. Around 40% of foreign citizens in both Canada and the
United States intended to leave the country in the next year, while only 25%
of foreign citizens in Portugal did so.

Table 11.7. Recent doctorate holders with the declared intention to
move out of the country in the next year (percentages)

Canada Portugal United-States
(2003-2004) (2000-2004) (2003)
Citizens 16.6 14.6 5.0
Foreign citizens 39.2 25.0 40.1

Source: First OECD/Eurostat/UIS data collection on CDH.
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2 oo o
A look at the intended destination V|des more informatio @ﬁong
Portuguese doctorate holders who #¥ended to move, 60% planned

30% to the Americas (66% of these to the United States). Am octorate
holders with Canadian citizepgip who intended to move(;\ edguarters @
planned to go to the United States and 18% to Europe. | nited States,

the chosen destinations of dogtgrate holders were very d nt according to
whether they were citizens tﬁot. About half of dc@ate holders with us U
citizenship had chosen Europe as their next de ion and 19% Asia.
Among doctorate holders witp) foreign citize @ in the United States, J
choice of destination probably ected thejr oigQim to some extent: 57% had G/
chosen Asia and 16% Europe ( ures lléhd 11.5).

elsewhere in Europe (half of the@to the United Kingdom or Ssam) an@

Figure@lA and 11.5. @
Intended destination of doctorate holder ing to leave the United 3&5 2003
(percentag
Citizens L eoragn Citizens
Oceania
North 2 North
Oceania Africa America Europe Africa America
! 4 o 16 13 south

America
8

Asia
57

Source: First OECD/Eurostat/UIS data collection on CDH.

11.5. Conclusion

This chapter has highlighted the difficulties encountered in the measure-
ment of the international mobility of the highly skilled and in the inter-
pretation of data on international migrations. These problems are linked to
differences in national migration systems, legislation and policies, which
influence the content of data sources for migration statistics, as well as the
definition of immigrant populations.

The CDH project proposes improved measures of international mobility
through a new methodological approach that involves cross-tabulation of
data using a number of criteria relating to the origin of migrants. Thus, in
“immigration countries” such as Canada and the United States, the foreign-
born and naturalized population of doctorate holders would provide an
indicator of long-term immigration; the foreign-born population with foreign
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citizenship and no permanent residents s would give an md((}o‘n of
more recent or temporary immigratiecﬁmd the foreign-born populann@th

permanent resident status could g)considered to indicate an intermedia@

situation. L

Supplementary data on d@and place of doctorate rece?d length of
stay in the country, and intentions and reasons for m;, can help to
determine whether a brain gfajn or temporary mohjlit involved. Such
data are also necessary for=mterpreting mformatl n countries where
citizenship is harder to acqu'\%and where the n of permanent or non-
permanent residence does notapply. The C oject is trying to gather
such data and to construct indi@&rs of inQ@t nal mobility.

U

v

This chapter demonstrates th4t there is a’'way to build relevant indicatorso)

of international mobility, notably BY differentiating between migration-
and mobility-type indicators. It also g@u that collecting informatih on
the intentions and reasons for migration {@fd moblrEE/ is n , since
policy mechanisms may need to take into ac®ou V\f'ﬁle varlety of
individual considerations and motivations involved.
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12.1. Introduction & (@

>

The existing rhetoric on the future benefits®f kli_ot@nﬁegy could be
summarized as: biotechnology is the next technology wave that will deeply
transform the economy and society by providing products and processes that
will solve health problems, feed the world with new agricultural products,
heal the environment and provide sustainability. Beyond the rhetoric, the
indicators of biotechnology activities reveal an emerging phenomenon that
is still relatively small. Many actors from the private sector, governments
and universities are convinced of the future success of biotechnology. A
recurring policy question is: What evidence provides a solid basis or
argument for government to invest in biotechnology?

The last decade saw the emergence of a wealth of data and statistics
attempting to portray the development of biotechnology. This work is
largely summarized in A Framework for Biotechnology Statistics (OECD
2005), which provides guidance and standards for the measurement of
biotechnology activities. It should be noted that most of the data currently
collected focuses on the activities, linkages and outcomes of firms engaged
in innovation activities through the use of biotechnology.

Activity indicators focus on data collected on actors (who), performing
an activity (what), in a location (where), to fulfill an objective (why).
Linkage indicators show how many resources have been committed and how
actors are connected to other social or economic organizations and institu-
tions. Outcome indicators provide measures of the results achieved. Most of
these indicators are available in Canada through the Biotechnology Use and
Development Surveys conducted by Statistics Canada (Statistics Canada
2007).
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Biotechnology impact indicators ¢ e related to indicatorslo()bcio-
economic change. An impact indicate} %way be a ratio and typically trafl a
change. For example: X% of the@ccine market is composed of produ

developed using biotechnology, €égmpared with Y% in a previ riod; or
X% of total research and devejgpment (R&D) is performed iotech- @
nology; or the occurrence of &' disease, expressed as g pgrsentage of the

population, is diminished by X% after the introduction enetic therapy.
In many of these cases, socig-gconomic change follgyys the introduction of
the biotechnology activity.

Typical problems assoc\ra)ed with imp dicators related to an
emerging technology are two&kj. First err compared with long-term
trends observed in major socio- omic Wpact indicators, the magnitudety
of biotechnology-related indicatoxsd such as revenue generated and overall
employment, appears relatively small,df not negligible. This type of iQ t
indicator captures a net wealth effect —"thit s, the difference betwedn*new
economic activities generated and econofmic a.tivgssg]s@t ued as a
result of the emergence of the new technology. Secormd, most existing
impact indicators do not take into account substitution effects, such as
substitutions of inputs, changes in processes leading to the production of
goods and services, and substitutions in finished products. This chapter
argues that a significant part of the impact of biotechnology is the result of
substitution effects. Measuring such impacts remains a challenge for
statisticians.

Y
3
v

This chapter also focuses on impact indicators that would be relevant to
policy analysts and decision-makers and discusses what transformations of
or additions to existing measures of activities, linkages and outcomes are
required to allow the construction of impact indicators.

12.2. Overview of existing indicators and the current state of
international comparability

The first attempts to measure biotechnology focused on R&D activities
in the late 1980s. Early measurement showed rapid increases in R&D
spending, almost doubling every second year (Statistics Canada 1997). This
was a sign that businesses were adopting biotechnology.

Biotechnology data collected through existing R&D surveys are usually
fairly limited, providing information on numbers of actors and personnel
involved and money spent, broken down by firm size, industrial sector and
geographical location. A better understanding of the technology adoption
and innovation process associated with biotechnology requires more
sophisticated data collection instruments.
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In the late 1990s, the statistical $fices of some Organlsa(“cyl for
Economic Co-operation and Develdpment (OECD) member couffes
(Canada, New Zealand and Franc@mmated their first dedicated surveys
biotechnology activities in the #qdustrial sector. The main f of these
surveys was firms that were a ly engaged in the use of bio logy for
R&D, production and innovatiOnN purposes. Q@

ation could be
divided into three parts. The first part determined w r the surveyed firm
was engaged in biotechnolog{?ctlvmes and, if what way. Typically,
respondents were given a list=from which to@ ate their use of specific
biotechnologies. Similar tech es wer, to determine the areas of
application for biotechnology op~ipnovati%e behaviour. Responses to thely
questions allowed the building he final population of biotechnolog-

Generally, the questionn@e used to collect thE in

Cule

active firms.
The second part of the questionnaire b(alt with standar&_ﬁﬂr@@ors of
firm characteristics, such as firm size, geogr@p @2atton, industrial

classification, ownership and structure. Determination of these characteristics
required the collection of general quantitative information, such as on
employment and revenue. Most other types of information were qualitative
in nature and could be used to segment the respondent population for the
purposes of analysis.

The third part of the questionnaire requested both qualitative and
quantitative information oriented towards specific policy and analytical
questions. These questions were often similar to those encountered in the
measurement of innovation and described in the Oslo Manual (OECD/
Eurostat 2005). They covered the role of alliances and partnerships, success
factors and impediments, management of intellectual property (IP) instru-
ments, and business strategies.

Because many aspects of biotechnology are related to health, food and
the environment, regulation plays an important role. It also creates
additional lags in the innovation process. As a consequence, raising capital
is an important factor to consider, both for established firms that require
enough financial capital to undertake the commercialization process and for
emerging firms that need to survive until the commercialization of their first
products. Therefore, biotechnology surveys put more emphasis on collecting
information on raising capital, covering attempts to raise it, success in
raising it, amounts raised, sources of funds and obstacles encountered.

In recognition that innovation is becoming a more collective endeavour,
much attention was given to alliance and partnership formation. There are
generally two reasons for the need to enter into collaborative arrangements:
managing risks and accessing capacities. Risks can be financial or related to
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market uncertainties. For the purpose ﬁblotechnology surveys, é(fyésmg
capacities included access to cedplementary R&D knowledge,
production facilities, distribution r@/vorks and regulatory management.

Concurrently with these surv&/ developments, the OECD é@shed an

Ad Hoc Working Group on Measurement of Biotechn tatistics,
reporting to the Working Party of National Exper Science and
Technology Indicators (NEsm and to the Workmgg Biotechnology q)
(WPB).

The Ad Hoc Working Gr‘qu)a met five time @Neen 2000 and 2004. It J
established a statistical definitioR for biot hnéogy and proposed ways of
applying the definition in R& surveys%dicated biotechnology surveys
and patent classification. It alsgropose a list of potential indicators,o)
collection guidelines, classificatibh schemes, and model questions @d
surveys (see OECD 2005). (C/

In 2004, the OECD hosted a Works% omthﬁgr@:‘mﬁcw of
biotechnology. The summary document made some ing points about
the measurement of impacts. Most countries had focused on the biotechnology
activities of dedicated firms or early adopters of the technology. However,
as a generic and enabling technology, biotechnology brings many changes to
a broad spectrum of economic activities that cannot be effectively monitored
by a sole focus on the early adopters. Biotechnology is a tool used to
develop many applications, which, once developed, may have significant
impacts that will not necessarily be linked back to the original use of
biotechnology. Therefore, the impacts of biotechnology may potentially be
underestimated.

Another interesting point made relates to the focus on biotechnology
itself, from two different perspectives. First, biotechnology tools and
applications that are developed and used can vary quite substantially
according to application domains. There are some overlaps, but also
important differences, in the techniques used for health, agri-food or
industrial applications. Recent Canadian experience in conducting a bio-
products survey showed that firms in the sector outside health and agri-food
do not necessarily recognize themselves as coming under the biotechnology
umbrella. Biotechnology can be very sector-specific. Second, biotech-
nology, particularly in the industrial sector, may only be a tool in a more
fundamental process that consists of progressively substituting existing
petroleum-based applications with applications based on a new and different
use of biomass, a renewable resource.
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The measurement of biotechnolo ‘:‘mpacts will need to ggﬁ
assessment of key activities perfor y the actors directly involved i
use of the technology to encomp@ impacts on the demand and consum€p

side. { \*

12.3. Is biotechnology importar@ (\

Biotechnology is often d@ibed as a generic an@mbling technology — )
that is, a set of techniques that enables a new of innovations to be "
spread across many industries JThe first key %n is: How important is J
it? One way to recognize the\early st % a technology revolution
statistically is through R&D afivities. I%OS, Canadian industries spent
$1.5 billion on biotechnology-refat§d R&D: This represented 12% of total”
industrial R&D, and was less than the expendlture for information @hd
communication technologies (ICTs) b|II|on) but more t 1( for
aerospace ($900 million) and automobife duﬂss ( & Willion).
Biotechnology R&D expenditure has experienced it growth rate
since 1987. However, when biotechnology revenue or employment is
compared with the rest of the economy, the ratios are very small. If
biotechnology is important, it is not yet because of a tangible overall impact
on the economy.

The second question is: How widespread is it? Although biotechnology
R&D is clearly significant and is carried out in several industries, most of it
occurs in health and food applications. It is also found, but to a lesser extent,
in natural resources, environmental industries, informatics and industrial
applications. Why is this? One explanation could be that, as the technology
is still in its early stages, biotechnology activities occur mainly in areas
where applications can be developed more quickly, and they are entering
other industries more slowly. This is not an entirely satisfactory explanation,
since the regulation process required to get a product on the market causes a
lag in the areas where biotechnology applications are mainly being
developed.

Another explanation relates to the way in which biotechnology has been
defined so far. For statistical data collection, biotechnology is described as a
set of techniques that could be used in R&D, in production and for
environmental applications. This description has proved useful for data
collection from firms directly involved in the use of biotechnology-related
techniques. The OECD single definition of biotechnology is broad: “The
application of science and technology to living organisms, as well as parts,
products and models thereof, to alter living or non-living materials for the
production of knowledge, goods and services.” This definition should

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 - © OECD 2007



220 - 12. BIOTECHNOLOGY: FROM MEASURES OF ACTIVITIES, LINKAGES Arp-pUTchEs TO IMPACT INDICATORS

LI
— —

always be accompanied by a deflnlt ﬁ?from the list of blote/ l‘r}ology
techniques given on the OECD Web O

(S&T) in conjunction with materf I of living origin. Most oft hnlques
found in the OECD list deal Q@re with transformative pro based on
the use of living material. The list tends to disregard th dration of living
material through the use of e conventional tech$ s the list, which q)

At the heart of the OECD defiMtion is the use of science and t .; nolog

is currently used by OECD™eountries to capture chnology activities,
therefore potentially biased towhrds classical app{? ons of biotechnology,

such as health and food? If sotthis would imp otential underestimation

of the breadth of activities com{ﬁb under Q{ rella of biotechnology. w

To address this potential bial 2004 Statistics Canada conducted theo)
first survey of the development products in the industrial segtor
(Statistics Canada 2005). The basic flrey aracteristic was the novel ose of
feedstock as an input in the developmen new oducts Cesses
rather than the use of specific techniques. o this initial
survey was that firms involved in more traditlonal economlc activities may
have been engaged in activities that could be characterized as
biotechnology, but that they did not necessarily recognize them as such.

Is biotechnology an important phenomenon? The level of R&D invest-
ment suggests that it is. However, its impacts in terms of dispersion or
changes in economic structures or activities largely remain to be observed,
measured and analyzed.

12.4. Potential impact indicators

What is meant by impacts? Statistics Canada’s framework for a
statistical information system (Statistics Canada 1998) makes a distinction
between outcomes and impacts. Outcomes are the direct results of an S&T
activity; impacts are those consequences for the social, economic, political
and environmental system, and for science, that take longer to emerge and
are often more difficult to detect and attribute to their origin.

The document also makes a distinction between impacts that affect the
socio-economic system and are the result of the introduction of an
innovation, and impacts that affect the environment surrounding S&T
activities and result from changes in social, economic or political
organization. This requires further discussion.

“Innovation” is a widely used term that, strictly speaking, describes the
introduction to the market of a new product, process, organizational activity
or market development (OECD/Eurostat 2005). It is also used more broadly
to describe the introduction, adoption and diffusion of new scientific and
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technological advances. The concepﬁ ﬁhpact of innovation is a I@é too
narrow to describe the effect of erging and enabling technol@es
adequately. The latter effect couI@ae described as a stream of innovatid@
resulting from a combination &f advances in S&T and sogie:8conomic
conditions that allows the emgygence of a new technologica@te —that @
is, a system that has significaht impacts on economig={iputs (material,
labour, capital and energy), og.organizations, structures @nstitutions, and
on consumer behaviour. b

0
Single innovations may haye large impacts Qdevelopment of the J
Internet is one example — but are better d% ed and understood when

put in the broad context that wed trQ& rgence. In the case of the w
Internet, this was the developmergeaf ICTs fesulting from the introduction of¢)
computers and communication p ols.

The measurement of emerging tecﬁw gies differs slightly fro ﬂ(a%f
innovation, although the initial focus is sti{pthe firm. In innoyatk rveys,
a firm is considered innovative if it has introdﬂcec]_r.o @ Market new or
significantly improved products or processes. The characteristics of
innovative firms are then compared with those of non-innovative firms.
Analysis attempts to assess the effect of innovative behaviour on firms’
overall performance, and to establish whether some firm or innovation
characteristics are more successful than others.

Surveys of emerging technologies focus on firms’ adoption of generic
technology. So far, the aim has been not to compare the overall performance
of adopters and non-adopters, but to provide indicators of the relative market
penetration of emerging technologies. Innovative behaviour is measured as
well, but with the purpose of distinguishing between newly adopted
technologies and similar pre-existing technologies. For instance,
fermentation processes, strictly speaking included in biotechnologies, have
been used in industry for decades, if not centuries in some cases. The
measurement of innovative behaviour is used in emerging technology
surveys as a means to restrict the focus to new and innovative usage of
technologies.

Focusing on adoption (market penetration) rather than on innovation
(firm performance) allows a broader assessment of the impacts of S&T
changes. These impacts can be divided into the following five categories:

e Economic (the sphere of all market transactions, including those
concerning non-tangible assets);

e Social (the sphere of all social relations, including the policy
environment);
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e  Environmental (the physical envi n%ent, consisting of air, waéz' oil,
radiation, noise and living orgartiems other than human);

e Health (human well-being, ngding personal health and fo%supplg?
and

e Ethical and cultural (the conflict of values and cult ﬁges brought
by emerging technologiim

So far, national statistical agencies have focused tly on the economic
impacts of emerging techn@ies, but there i role for them in the
measurement of other types of impacts. In th@\se of biotechnology, little
has been attempted in these ahees. The réglainder of this chapter therefore

U

v

focuses more on economic impao@ 9

Economic impacts can be divided roughly into two categoi@s:
macroeconomic and microeconomic. ormer relates to broad &mic
aggregates such as productivity, economic%r'ovvth, irE:sﬁél @Lﬁtﬁ% trade
and the labour market; the latter concerns buSineSs- conditions and
performance, changes in price and cost structures, and the transformation
and substitution of inputs. Following is a breakdown of potential areas for
developing economic impact indicators.

12.4.1. Macroeconomic impacts

12.4.1.1. Changes in productivity

The adoption of emerging technologies results in input transformation
and substitution, and the introduction of new products and processes that,
overall, alter productivity measures. The impacts of such changes on global
productivity indicators are macroeconomic, although the understanding of
the processes governing input transformation and substitution belongs,
strictly speaking, in the category of microeconomic impacts. An important
challenge lies in the measurement of the output, especially if part or all of
this output is intangible.

12.4.1.2. Economic growth

Economic growth could be observed at the level of the economy as a
whole (gross domestic product (GDP)) or at the sectoral level. At the
sectoral level, comparison could be made to overall economic growth or to
growth in other sectors.
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12.4.1.3. Changes in industrial stry = I(‘/‘

Changes in industrial structuresrefer to the transformation of exi&?ﬁ
industries, the emergence of nevy ! ustries or change in the rela%z weig

of each industry in the econom% (\\ o
12.4.1.4. Changes in trade
This refers to changes iQommodity-Ievel tragezExamples related to U

biotechnology include measyres of genetically m d crops, imports and —
exports of biotechnology produets, and market ration of biotechnology J

products (measured as market We).
12.4.1.5. Changes in the Iabo@arket “
The adoption of biotechnology @uires different skill sets, wfich
involve knowledge of biology and biochgmistry. As adoptio in,aﬁeases,
changes in the distribution of these characteristic® col@ @nﬁnit red in the
labour force. In addition, longer-term changes in employment level by sector
could be monitored, especially if a greater demand for biomass related to the
adoption of biotechnology occurred. The changes in the characteristics of

the labour force are likely to be more pronounced in the urban rather than in
the rural population.

12.4.2. Microeconomic impacts

12.4.2.1. Firm changes

Biotechnology is perhaps one of the first generic technologies to emerge
directly from university laboratories. Many firms are spinoffs from
university research (Byrd 2002). Some of these firms survive and grow;
others disappear, move or are absorbed by other firms; still others have to
change their activities or perish. This is an area of interest to those forming
industrial policies aimed at maximizing the benefits for a country.

12.4.2.2. Changes in price and cost structures

These are more difficult to assess, since many firms do not maintain
separate accounting records for products developed through the use of
biotechnology (or other generic technology). However, comparisons could
be made between cost structures for firms offering substitute products using
biotechnology and those for firms producing similar products using
traditional techniques. This should be done over many years to avoid
distortions related to the fact that, as biotechnology is an emerging
technology, there may be initial development costs. These may skew the
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cost structure upward, especially i@r:&jof?parison with a fully ({e(yt()g

ed
technology incorporating years of preductivity improvements. ’)
12.4.2.3. Competitiveness & \*
. _— . . )
This relates to a firm’s ab%/ to survive, compete and g in a highly
3]

competitive environment. Two types of impact indicator e developed:

the relationships between pm and cost structures gnd ability of firms ()]
to compete, as measured by et share; and the Iinlélween firm strategies
and ability to compete. U @ o)

12.4.2.4. Changes in compemeness %ns ”q/

Although similar to the previ@category, this area of indicator develop-
ment relates to links that could be estaplished between firms’ strategies ghd
economic conditions, expressed in terms/of geographical location, pr ity
to market, proximity to supply sources (biok#ass) and onimit&m
centres (universities and research institutes). e

ledge

12.4.2.5. Substitution of inputs

For generic technologies, an interesting area to monitor is the substitu-
tion of inputs. It could be raw material substitution, such as the substitution
of biomass products for petroleum, energy source substitution or changes in
labour composition. An example of the latter is the progressive replacement
of chemists with biochemists or biologists. Workforce specialization may
change through the hiring of new personnel or the retraining of existing
employees.

Table 12.1 provides a summary of these potential economic impact
indicators, broken down by category.
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Table 12.1. Summary of et‘:anﬁPmc impact |nd|cators I‘/

Category Indicator;,‘\‘
Macroeconomic impacts v 7/
Changes in productivity through innwe products and processes \* °
Pro ity index by sector

Economic growth
Gr@ ratios, economy-wide and ségtoral QJ
Growth ratios, biotechnology vs. n(btechnology firms —
Changes in industrial structure J
Reve shares, by i \@ otech. vs. non-biotech. q/
R&D res, by ind otech. vs. non-biotech.

Firms’ c tranon ratios in terms of revenue, employment and R&

Transformation, jise and decline of industries 7/,
Changes in trade (changes in input-output struc \)(
Changes in |nput-outh'pattegs ",

Import and export indicators, by ind!sﬁ-y ﬁby commodity
Changes in the labour market

Structure of labour market, by occupation

Educational attainment and field of study

Microeconomic impacts
Business creation, growth, death, merger and change of activity
Number of firm creations, deaths, mergers, acquisitions
Firm characteristics: age, ownership (public vs. private)
Recording of events related to firm development: venture capital, initial
public offering (IPO), licensing, alliance formation, product to market
Changes in price and cost structures
Price of biotechnology product and price of substitute, non-
biotechnology products
Comparative cost structures of biotechnology vs. non-biotechnology
firms
Competitiveness
Biotechnology firms’ market share and changes in market share
Time series analysis of firm growth correlated to firm
characteristics
Changes in competitiveness conditions
Geographical location
Proximity indicators
Substitution of inputs
Input structure for raw material, energy sources
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12.5. Statistical requirements for the&maﬁb rement of impacts I‘/

would involve many changeso the statistical collectio ruments
currently used and the linkag existing databases to faC|I|t equired @
analytical program. In many caSes, new data would be d; in others,
changes to the way data are gQllected and to existing c@‘ications would

be needed. Following are sorﬁ)f the changes that w&d be required.

The production of the potentlaq}conomlc impact indicators Esd abo@

0
12.5.1. New surveys or cha\n.éles to exwtmg eys 3
v
0

To assess the impacts of B&chnolo ther generic technologies,
specific surveys are required the v ous sectors of the economy(/)
Currently, in Canada and in manyNdECD countries, information is colle
on biotechnology-related R&D activiti€s, Many countries conduct |nd4$
specific biotechnology surveys, which cojgpr mainly the act|V|t Irms
using biotechnology for innovative purposes; a fev ¢ unt onducted
an assessment of biotechnology activities in the government sector the
higher-education sector is barely covered. Biotechnology-related services
are rarely surveyed.

A first step would be a progressive increase in the coverage of the
sectors surveyed. This would require more work to establish adapted
definitions, methodologies and classifications. The OECD is already
engaged in a process to adapt and establish the required definitions and
methodologies for the government sector, and will follow the same process
for the higher-education sector.

Statistics Canada recently explored a new area with two surveys on
bioproducts. While biotechnology surveys are based on the use of a particular
technology, bioproducts surveys focus on the use of a specific input: the use
of biomass for innovative purposes. There is a significant overlap between
the two types of survey. Biotechnology techniques may be used for the
development of bioproducts, but they are not a necessary condition. However,
in the end, the innovations emerging from biotechnology or bioproducts
development have in common the use of living organisms, which is a key
part of the OECD definition of biotechnology. These surveys should not be
considered as separate endeavours, but rather as part of an effort to understand
the changes in the economy triggered by the emergence of biotechnologies.
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12.5.2. Linkage of existing datab@és /0

In attempts to isolate and ana@e the emergence of biotechnglogy anﬁ)
to build comparative analyses %ased on the wealth of inf m%/on and
indicators currently available fonthe whole economy, the m%a back is ®
the absence or lack of data “allowing the constructi value-added
indicators and a productivity=index. There are two m asons for this.
First, production data to sﬁlort System of Natjdgal Accounts (SNA) i)

indicators are already collected through reg production surveys.

Duplicating these efforts wold/impose an unduwe®Urden on respondents. It J
is possible to link surveys in attempt fld value-added indicators.
However, the main problem is existin would not be biotechnology—(o

specific, unless some of the firm@ere entirely dedicated to biotechnology.
Second, the collection of biotechnology-specific production data would hate
to be based on the assumption that ndents could provide su Wata.
This would be possible for firms that aret@@mpletely dedicajed*{oMiotech-
nology, but would be less likely for firms in whichLhid&ethhology is only
part of their activities, as there is no indication that respondents would
maintain separate accounting records. However, by linking survey databases,
it might be possible to perform analytical work on value-added and
productivity indicators.

12.5.3. Changes in the classification system

Building biotechnology-specific trade indicators would require changes
in existing commodity classifications. Because of trade restrictions on
genetically modified crops imposed by many countries, it would be useful to
find ways to create biotechnology- and bioproducts-specific categories that
would allow the collection of trade statistics for biotechnology. However,
this would be a significant task, as these classifications have to be
internationally harmonized. A first step would be to assess the capacity to
collect such information. This assessment would form the basis for national
and international discussions on revisions to commodity classifications.

Before or during the process of changing existing surveys and
classifications, important analytical work would need to be undertaken to
link existing micro-data from biotechnology surveys to other surveys. For
instance, biotechnology surveys could be linked to industrial R&D surveys,
innovation surveys or regular industrial production surveys. This would
substantially augment the capacity to extract valuable information.
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While many recognize that bic@hnology is an important trans ormati@
technology, there is legitimatepublic concern about som ting or
potential biotechnology applic@ns. This makes policy choice difficult
to make and to sell. Political Support is uneven from to country.
Meanwhile, as shown by thgalevel of investment in / biotechnology
continues to make progress to be diffused throug&n the economy. This
requires monitoring.

0
Increasing current knowle\dge of living or@&s, biotechnology allows WJ
S

not only the transformation of%ting png , but, more importantly, the
substitution of inputs from non-rgmewable Tesources towards the use of bio<)
mass, a renewable resource. The resut is a process that is more sustainable,

<

Existing surveys provide importa‘t/l formation on the biotech d‘ogy—
related activities performed by the indust seclz*or nd, to spméedent, by
governments. More information is needed on such i\)aesglf:ﬁ1 the higher-
education sector and on biotechnology-related services.

12.6. Conclusion @ S

With more use of biomass, product and process innovation may have
substitution effects in the economy that need to be monitored if countries
wish to maximize the economic and social returns. As often observed, large
substitution effects in the economy can trigger employment and capital
losses in some industrial sectors, and job creation and capital formation in
others. An important motive for monitoring these changes is the need to
minimize the costs associated with them.

This chapter has suggested some areas for indicator development
applicable to an emerging and transformative technology, biotechnology,
but they may also be considered for other generic technologies. Nano-
technology is a potential candidate.
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A FRAMEWORK Tm\/IEASURE THE IMP@&)

INVESTMENTS IN HEALTH RES

Alan Bernstein, Canadian Institutes of Health arch (CIHR);
Vern Hicks, Health EEogomics Consultin rvices, Halifax;
Peggy Borbey, Terry Campbe\ﬁaura McAuI@and lan D. Graham, CIHR

| O ?
Introduction ¢, (@

In 2005, the Canadian Institutes of Hehﬂ Rsearﬁh % &g\?n work
to develop a framework and indicators to measure "the “tmpacts of invest-
ments in health research. The development process included national and
international consultations that involved academics, government, research
agencies, and health organizations and associations. Through the process,
participants identified different stakeholder groups with an expected interest
in impact information and their individual interests or information needs.
The resulting framework classifies indicators into four broad categories® that
encompass a range of impacts. This chapter provides details about the
indicators and potential data or information sources. It also discusses some
of the anticipated challenges associated with impact measurement, including
the recognition that certain impacts will not easily be attributable to specific
organizations or activities. Although the framework has been designed to
collect impact measures relevant to CIHR, the collaborative and consultative
process through which it was created makes CIHR confident that others will
find it applicable to their specific needs. As CIHR and other stakeholders
begin to use the framework, further learning and improvement in methods or
approaches for measuring the impacts of health research funding are
anticipated.

Health research funding in Canada
Canada has three federal granting councils to fund and promote

research. CIHR is responsible for health research, although some health
research funding is also provided by the other two granting councils and by

The original framework included five categories, which have now been collapsed into
four.
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national agencies dedicated to health rﬁnnovatlon Funding fo/ é arch
infrastructure and a share of indiree} %osts are provided by two sep
agencies. O
Nine of the Canadian prov‘hces also have specific prox@l health
research funding agencies.’ T@not for-profit (NFP) sector udes many

philanthropic and disease-specific charities. Funding .o s from three
sectors — federal, provincial m NFP — often collabogt ponsor research

within their mandates.

0
The distribution of healtrh;asearch fundmg ctor is shown in Figure J
13.1. Statistics Canada estimates, for grosg dagestic expenditure on R&D q/
(GERD) include funding fro ese thr%sctors as well as from higher
education, business enterprise an relgn sources 9

Figure 13.1. Distribution of health re sear%ﬂ nding in the public and&g sectors,
2003-20 ° L e C

O NFP

10%
O Provincial I CIHR
24% 36%

B Other
federal

30%

Source: CIHR (2006).

2. Some of the national agencies that provide some health research funding include Genome
Canada Ltd., Health Canada, the National Research Council, the Canadian Health
Services Research Foundation, the Canadian Agency for Drugs and Technologies in
Health, and the Canadian Foundation for Innovation.

3. See the National Alliance of Provincial Health Research Organizations (NAPHRO)
(www.ahfmr.ab.ca/naphro.php).
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13.3. CIHR Xy o
CIHR was created in 20008with a mandate “to excel, @ding to
internationally accepted stand of scientific excellence, in réation of @
new knowledge and its translatidn into improved health f; adians, more
effective health services andQroducts and a strengthe anadian health

care system” (the CIHR www.cihr-irsc.gc.cafg/22948.html). A full
description of CIHR is available at www.cihr-irsc e/24418.html, and a
summary is given here in Fighgg/ 13.2. 6/3

v
J
Figure 13.)%&-”? o;Q!'«'ng model qj

Mandate \J @
Improved health for Canadians (/ (
More effective health services and products b’ ° C "\)
Strengthened Canadian health-care system L e

Core objectives

Advancing health knowledge through excellent and ethical research

Translating health research into action

Training and career development

Research themes

Biomedical research Health services and policy research

Clinical research Population and public health research

CIHR institutes

Aboriginal Peoples’ Health Human Development, Child and Youth Health
Aging Infection and Immunity

Cancer Research Musculoskeletal Health and Arthritis
Circulatory and Respiratory Health Neurosciences, Mental Health and Addiction
Gender and Health Nutrition, Metabolism and Diabetes

Genetics Population and Public Health

Health Services and Policy Research

Increased investments in and through CIHR in recent years have led to a
need to demonstrate accountability and value for money.

At CIHR, performance measurement data are collected routinely during
the implementation of initiatives, programs and projects. The data are
reported on a regular schedule and are ultimately used to assess performance
and progress, to guide program adjustments and to inform stakeholders.
Some examples of routine performance measurement data collected at CIHR
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include: distribution of budget expendi uf?s; details of research g alt} e.g.
number, value, success rates); training (€.g. number, value, success rates jor

training awards); and commercial@tion (e.g. number of patents, numberﬁ’p

intellectual property (IP) licendgs and of companies form ata are
collected from multiple sourcgsaincluding administrative dat sjsurveys
of stakeholders and surveys of Ttinding recipients.

Qrams and has

documented the benefits of ific CIHR-funded r
there has been no comprehenige or overall asse
terms of scientific, health and ®€onomic impac@

rch projects, to date

While CIHR regularly f8yaluates its individ%
of their outcomes in

Y
3
v

Impact framework development 2 (7]
3

Several funding agencies from acr@z the world share CIHR’s inte @i’n
assessing the impacts of health researc rder to be more table.
Understanding the impacts of research fundingeis gne @aﬁs ensuring
value for money (i.e. that research dollars are well Spent). However,
measuring the impacts of health research poses a challenge for research
funders.

There is some ambiguity in the way the terms “impact” and “outcome”
are used. Sometimes, they are used interchangeably; at other times,
“outcome” is used to refer to a mid-term achievement and “impact” to a
longer-term achievement (Hovland 2007). Impact has been categorized as
either instrumental or conceptual (Davies, Nutley and Walter 2005).
Instrumental impact has been defined as a clear connection between an
individual research study and specific products or decisions and resulting
effects. It tends to occur rarely and should not be the sole gauge of success.
Conceptual impact occurs more frequently, when research contributes to
advancing knowledge and informing decisions, and potentially leads to
broader effects when findings are implemented (Weiss 1977). Both types of
impact are difficult to measure and to attribute to specific activities or
inputs.

In 2005, building on its performance measurement and evaluation
frameworks, CIHR set out to develop a framework to measure the impacts
of its investments in health research and capacity development and to begin
to identify robust indicators that could be used to establish benchmarks and
track progress over time. In early 2005, CIHR convened a group of inter-
national and Canadian experts to identify similarities in the major objectives
of funding agencies, to review the current state of knowledge about measuring
the impacts of health research and to provide advice on the creation of a
conceptual framework.

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



13. A FRAMEWORK TO MEASURE THE IMPACTS OF INVES?\A":NTS ‘IHEALTH RESEARCH - 235

L)

The categories within which to m QEl?e |mpact were adaptedl f(‘ the
payback framework developed by rtin Buxton and his coIIeagu@at
Brunel University (Buxton and I—@ney 1994), and Buxton was an active
participant in the development ofithe CIHR framework. The fr ork was
adapted to account for |dent|flwtakeholder issues and existi rfbrmance @

measurement activities. O

13.4.1. Stakeholders

Stakeholders were defirs.c#nas those sector Qwould probably be J
interested in the demonstrate pacts of rese@ unding. The stakeholder
sectors for health research i t infor, are summarized in Table v
13.1. Some issues were unique togparticularstakeholder groups, while otherst)
were shared by many or all sectoxss For example, academic excellence was
of interest mainly in the higher—educa@ sector, while an interest in l@%
status was shared by all sectors.

ey
Table 13.1. Stakeholder sectors for health research impactinformation

Stakeholder sector Issue/interests

Higher education e  Academic excellence
e  Knowledge creation
e  Capacity building
e  Health status
Health care e Prevention strategies, diagnostic potential and effective treatments
e  Effectiveness and efficiency of resources used in health systems
e Health status
Public e  Health status
e  Health care
e  Response to public-health threats
e  Efficiency and sustainability of health systems
Business e Commercial potential
e Contribution to economic growth and productivity
e Health status
Government e  Public health and response to public-health threats
e  Health status
e Contribution to economic growth and productivity
o Efficiency and sustainability of health systems
Health research funding e Health status
e  Knowledge creation
e Research capacity
e Knowledge translation (KT)
e Contribution to economic growth and productivity
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In designing the framework, CIH @ght flrst to identify gengr(“ es
of impact information to address st older interests, and then to idexgfy
indicators to measure benchmarks @d progress. For example, health impa

would be oriented to a system ofipealth status indicators devel over the
last decade and would be t%ed annually (CIHI 1999; h¥ Canada
2004).

After consideration of st older issues, new ingicaters were identified

to assess and demonstrate research contribut
economic impacts. The resulting framework was at a meeting in May
2005 with federal governmen resentatives, incial research agencies,
health-care organizations an@ﬁacademgTR e framework and draft
indicators were then published Web site in January 20060y
(www.cihr-irsc.gc.ca/e/documentsigdeeting_synthesis_e.pdf).  Since éz{at

time, CIHR has begun to populate s of the indicators. This has
refinements and updates, which are incldd this chapter.
‘Bf” C"\)

° | e

health, social and

The CIHR impact framework

The framework details the key anticipated and desired categories of
health research impacts, and some preliminary indicators with potential data
sources. The impact categories, as adapted for the CIHR framework, are:

e Advancing Knowledge: this category includes discoveries/breakthroughs,
contributions to the scientific literature and the development of skilled
researchers.

e Informing Decision-Making: this category includes the impacts of
research in the areas of public, clinical and managerial decision-making,
practice and policy.

e Health Impacts: this category encompasses advances in prevention,
diagnosis, treatment and palliation.

e Economic Impacts: this category is divided into three subcategories
(Buxton, Hanney and Jones 2004): commercialization of discoveries;
direct cost savings; and human capital gains.

Social impacts are recognized as important, but it is not yet clear
whether it is possible to ensure the capture of these impacts through each of
the existing categories or whether a separate category is necessary. For
example, improved health is a health benefit, but it is also a benefit to society;
similarly, cost savings to the health system have both economic and social
impacts (Sharpe and Smith 2005; Torjman and Minns 2005). The possible
approaches to capturing the social impacts of health research continue to be
explored.

U

v
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Table 13.2. Preliminary indicators of health &arch impacts and pote tﬁ}Sources of
inforgyation O
®, 2
Advm%g Knowledge N A
1. Number of discoveries/breakthroughs resuljfjgyrom CIHR- Bibliometric studjea ™ ! o
supported research End of graptes@aych results reporting
2. Number of Canadian health research publications CIHR provaluations
3. Number of publications resulting from Cl pported research Cita&mpact analysis Q)
4. Impact of publications as demonstrated by citation intensity Dat s of CRC holders —
(citations/GDP) compared with wealth intw (GDP/population) @ available through Statistics CanadaJ
5. Percentage of Canada Research Chair (CRC) holders attracted tof? s /'e. census and survey data)
or retained in Canada w

CIHR performance management data

7. Percentage of Ph.D. graduates in Canada plan ost-doctoral
work in health » @
£

Informing Deci\s(onlggking « \)\

Public policies informed by CIHR and CIHR-funded research ®asd studigarfkimethod special

6. Number and type of Ph.D. graduates in Canadmear

2. Clinical practice informed by CIHR-funded research studies)

3. Health system management decisions informed by CIHR-funded | End of grant/research results reporting
research CIHR program evaluations

4. Research, policy and/or practice agendas influenced by funded CIHR performance management data
research and/or CIHR institutes Research user surveys

5. Impact of Canadian health research publications Citation impact analysis

6. Impact of publications resulting from CIHR-supported research

Health Impacts

1. Research study participants’ health status affected by Case studies (multi-method special
participating in CIHR-funded research studies)

2. Population health status influenced by CIHR-funded research End of grant/research results reporting

3. Potential years of life lost (PYLL) for target disease categories Statistics Canada data
(e.g. cancer, circulatory disease) influenced by CIHR-funded Special studies to establish links to health
research research

4. Health-related quallty of life influenced by CIHR-funded research CIHR performance management data
Analyses of publications

Economic Impacts

1. Number and nature of patents, spinoff companies and IP licences | End of grant/research results reporting

influenced by CIHR-funded research Statistics Canada data
2. Income from IP commercialization Case studies (multi-method special
3. Commercial use of research funded by CIHR’s commercialization | studies)

programs Technology assessment special studies
4. Cost savings influenced by CIHR-funded research Collaborative studies with Health Canada
5. Human capital gains, including productivity influenced by CIHR- and Statistics Canada

funded research
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Indicators within each framework cgnegory are shown in Tr{b(“ 13.2.
Examples of possible results, data avafiability and approaches for devel@%

new data sources are subsequently@scussed.

Several of the indicators fétentlfled in Table 13.2 wil to be
developed further through spml studies, as the informationgeyuired is not
routinely collected. These studies will vary in complexi in the degree
of collaboration required witffyther agencies. CIH% ales can carry out

case studies of strategic rese initiatives, for exa at suitable intervals i')
following the completion of a) strategic researd@p ect. The immediate J
importance of the approach il trated in Tabl@ is to clarify the types of
information that are desirabl entlfy ey fit within a conceptual w

framework and determine potentlﬁources f information. (7]
13.6. Framework: current examples (/ (@
O
13.6.1. Advancing knowledge ° | e C“

Discoveries and breakthroughs: CIHR is designing an end of grant/
research results reporting system to capture knowledge creation outputs
from individual research grants. It is anticipated that, once launched, this
system will provide data for this indicator. Data will also be derived from
case studies and from follow-up with funded researchers.

Number of Canadian health research publications (Table 13.3): CIHR
currently has some information on publications produced by CIHR-funded
researchers from their curricula vitae, although it is recognized that a portion
of these would probably not be directly attributable to CIHR funding. General
publication trends for health research in Canada are being used until the end
of grant/research results reporting system is operational and CIHR-specific
data are available. A study in the United Kingdom found that Canada ranked
sixth among the nations of the world (behind the United States, the United
Kingdom, Germany, Japan and France) in its share of total publications in
8 000 journals between 1993 and 2003 (OST 2004; King 2004).

Table 13.3. Publication impacts

Indicator definition Results

Canadian publications/total publications Canada produces about 5% of the world’s health research literature
at an annual rate of 14 000-15 000 publications. In 2004, this
represented roughly 6.7% of total publications on health among the
G8 nations (Observatoire des sciences et des technologies 2005).
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The two indicators above vary in efms of sophistication. Tf(e(“ tond
would be expected to be a more cedtextual measure of scientific o@n
since it takes into account a coun@ s level of economic development
sophistication can come at the dqst of reduced comprehensio L%a broad
audience. Other bibliographicApglicators can also be used fo \a ple, the @
Thomson Scientific Journal Citation Reports to assess th of specific
publications (www.thomsonisbom).

Researchers attracted to"or retained in Canada; rces of information e
include Statistics Canada su@s (Table 13.4) arb riodic evaluations of J

the CRC program. w
Table 13(1\Hum R‘Sapltal (7]
Indicator definition Resulis . @
Number and type of Ph.D. graduates® in Canada ramgfi the world for the proporti {@}Opulamn
Canada by year. with a Ph.D. (King"2004) .
Percentage of Ph.D. graduates in Canada A Statistics Canada survey in J(m %4 found that 64% of
planning post-doctoral work in health. graduates in the life sciences planned to pursue post-doctoral

studies (data taken from Gluszynski and Peters 2005, 14).

*Health research is not restricted to specific disciplines; thus, the overall number/type of Ph.D.’s is a relevant
measure for Canada.

13.6.2. Informing decision-making

The indicators listed for this impact category (research, public, clinical,
managerial and policy decisions influenced by funded research and/or CIHR
institutes) need to be put in context (Table 13.5). In other words, what
decisions have been influenced and what role has the research played? Both
strategic funding initiatives and investigator-initiated research will contribute
to this category. Follow-up surveys or focus groups can be designed to
determine how well specific research has informed decisions. These activities
can be complemented by ongoing efforts to determine how effective KT
efforts have been in affecting practice or policy.

Compared with the impact of targeted research, the impact of curiosity-
driven research may occur less often and may take longer to be observed.
CIHR intends to develop a system to monitor actively the output of all
investigator-initiated research and to undertake special studies to identify the
influence of this type of research on decision-making.
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Table 13.5. Rs&irch impacts

Indicator definition Refl@ N ’)

Research influence as demonstrated by In %!ms of citation intensity, Canada is amorm)p eight
citation intensity. %ntries, all of which are above the cuww fifles citation @
intensity as a function of wealth intepet ada and the United
ingdom are the only two G8 countove the curve (King
é)04).
Extent to which funded research and/or A recent survey found the f II(Q. -
CIHR insiitutes have influenced the There was broa ﬁ\ent among funded researchers thatJ
research, policy and/or practice agendas in - l_m 9
their communities the mshty{@w h they were affiliated had contributed w
developi city in terms of people (84%), the research
qwronmen 83%) and research excellence (91%)
. nety-three percent of CIHR-funded researchers andy90% of
non- Q? -funded researchers believed that CIH%;viset a
nati earch agenda; and 95% and 90%, fgspectively,
felt that thi endﬂs the appro| rlatﬁ
Development of scientific and public policy e Decision-makers used resufts from syntheses of CIHR-
guidelines/standards commissioned research in 2005 to determine benchmarks for

medically acceptable wait times in five priority areas.
e  Guidelines for human embryonic stem cell research.
e  Privacy and confidentiality in health research.

13.6.3. Health impacts

Participants in clinical studies experience individual health impacts.
CIHR intends to demonstrate the health impacts for participants in CIHR-
funded research. For example, for 60% of participants in the intervention
group of the DREAM (Diabetes REduction Assessment with ramipril and
rosiglitazone Medication) trial diabetes was prevented (Gerstein et al. 2006).
Study findings have the potential for a population health impact if the results
are actually adopted in practice, but this is dependent on KT activities and
other factors beyond CIHR’s control.

The indicators in the Health Impacts category will aim to measure the
influence of CIHR-funded research in the areas of prevention, diagnosis,
treatment and palliation on population health status, PYLL and quality of
life. The inclusion of the third health impact indicator suggested in Table
13.2 — the impact of health research on PYLL for target disease categories —
is based on more pragmatic considerations. PYLL is part of an ongoing series
of health status indicators compiled by Statistics Canada. Approximately
460 000 potential years of life were lost to cancer and 250 000 to circulatory
disease in 2001 (Statistics Canada, Cansim Table 102-0311), indicating a
large potential for reducing losses through mortality from these conditions.
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In a more advanced evolution of hea tﬁ!tatus measurement, it M
desirable to add a dimension of qu as well as life expectancy — h@th
adjusted life expectancy (HALE) @quallty adjusted life years (QALYSs), fﬁb

example.

Reductions in PYLL can melated to advances in kno @ although
there will usually be a margin of uncertainty, espema@/ re there are
several contributory factors . prevention, treatme determinants). Q
In the case of cardiovascul disease, CIHR is c%dermg a qualitative e
approach used in the United\Kingdom called@ itness seminar (UK J
Evaluation Forum 2006, 19), h|ch brings t r a range of experts to
identify and discuss the key infiliences veIopment of a particular w
innovation or research field thgiscontrib d to an advance in a health(y

outcome.
¢ “
13.6.4. Economic impacts |>, \)

This impact category in the CIHR framewoTk flll.m@aq};ltegorlzatlon
scheme presented by Buxton and his colleagues (2004) in a critical review
of the economic benefits of research. Economic impacts are closely related
to the concept of return on investment. In the case of funding for health
research, however, the emphasis is on social rather than private return on
investment.

e The economic benefits of research tend to be diffused throughout
society: for example, enhanced earnings and productivity as a result of
gains in workforce health.

e In many cases, research produces public goods, which are neither
patented nor traded in economic markets. Enhanced understanding of
the health benefits of exercise and diet is an example, as are new
medical and surgical procedures adopted into publicly financed health-
care systems.

e  Where discoveries or IP result in patented products or spinoff
companies, financial benefits will usually accrue to the researchers who
made the discoveries and the institutions that hosted the research (in
Canada, usually public universities or hospitals), as well as to the
downstream industries that use the products and employees of the
spinoff companies. Research funding agencies in Canada receive no
direct financial benefit from successful commercialization of IP.

These considerations argue for an approach to measuring economic
impacts that is conceptually similar to that recommended for health impacts:
measuring the overall economic impacts of research and then demonstrating
that a funding agency has contributed effectively by encouraging research.
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In addition, it is important to nofr‘rﬁ! gonomic impactge{n(}écrue
regardless of who the beneficiary is.d IS not expected that a public res€aich
funder would be the beneficiary @ny economic impacts arising from t@
funded research. L \
)

13.6.4.1. Commercializatiom Q(\

Statistics Canada condugis\surveys of IP commgrcidiZation (Statistics
Canada 2005a) and biotechriofogy (Statistics Cana%OOSb). The latter iS
part of an effort by the Canpdian Biotechnology@rategy (CBS) group to
develop a set of biotechno?‘t?ga statistics f% anada. CIHR, Statistics
Canada and other organization&re partngfiin the CBS. Statistics produced w
to date show impressive resm in td%ms of the number of new®)
biotechnology companies and an earnings, almost half of which is in the
health field. Elsewhere in this volume ¢Rpse and McNiven define a serje$-6f
macroeconomic and microeconomic i t indicators that Wf be

collected in the future. ° | e C“

While at present there are no comprehensive measures of value added
from the discovery and adoption of new technology in Canada, ways of
measuring this are under consideration (Gault and McDaniel 2005; Earl,
Gault and Bordt 2005). CIHR plans to monitor and, when possible,
participate in these discussions with the aim of collaborative development of
appropriate indicators of commercialization. CIHR also has targeted
commercialization programs, such as the Small and Medium-Sized
Enterprise (SME) Research Program and Proof of Principle (POP) grants.
The SME Research Program is a partnership between CIHR and
biotechnology companies that supports university spinoffs and new
commercial ventures. The POP program supports university-based
researchers in establishing the marketability of an invention or discovery
and then moving it towards commercial viability. Follow-up studies of the
results of these programs can provide direct measures of commercial results
from funding initiatives. For example, since 2001 the POP program has
funded more than 160 projects. Of the projects that have matured
sufficiently to be evaluated, 63% (49 projects) have resulted in the issuing of
new patents, 21% (16 projects) have had IP licensed and 14% (11 projects)
have contributed to the formation of a new company.

13.6.4.2. Direct cost savings

The Canadian Agency for Drugs and Technologies in Health (CADTH)
provides a national focus for the study of the cost-effectiveness of new
technologies and medications. Collaboration with CADTH appears to be a
promising approach to defining indicators of cost savings resulting from the
adoption of new technologies. Direct cost savings can be realized when
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research findings identify practices t&tments diagnoses, p(l‘(yﬁlon

organization of care) that are equall more effective, but less expe
than current practice; adoption @the new practice would then lead f)
savings for the system. {

N .

13.6.4.3. Human capital m Q(\

The human capital apprh measures the valug of“pOtential earnings
lost through ill health or inj0Ty. Health Canada ha%blished estimates Of
the burden of disease in Cangdd using a human mq; al approach (Moore et J
al. 1997). Work to update th estlmates is c ly being undertaken by
Health Canada, Statistics Ca and adian Institute for Health v
Information (CIHI). Once the wgpsK is co ete it seems feasible that thel)
estimates could be extended to prawide measures of the value of |IIne§'%r

injury avoided, or disability periods s ened as a result of advances e
possible by research. For example esearch Ieads to for
reductions in time to treatment or recovery’in arus f disease

is also declining, links between the two could be inves ga d

13.6.4.4. Potential future indicators

Buxton and his colleagues (2004) described a fourth category of
economic impacts: value of life and health. Work in the United States and
Australia has sought to measure the benefit of medical advances in terms of
the value of life or potential contributions to gross domestic product (GDP)
(Murphy and Topel 2003; Nordhaus 2003, 29, 30). The group of experts that
discussed the CIHR impact framework thought that such an undertaking
would be beyond the framework’s scope. The group pointed out that, from a
conceptual point of view, GDP is affected by many factors, and there is a
well-established system in place to classify and measure the economic
determinants of GDP growth. The contributions of indirect factors, such as a
healthy population, are not measured in current accounting systems.

13.7. Methodological considerations

The experts involved in the creation of the impact framework identified
a number of methodological considerations for the development of a suitable
and usable framework and indicators.

e New methods for measuring impacts should build on existing
performance measurements and evaluation.

e A variety of approaches and measures is required to cover the scope of
CIHR’s mandate and research themes.
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e  Methodologies should consider%a%bount for the short- and ((ﬁgé)rm
impacts of research.

e Where appropriate, metho lees should permit distinctio betwe?
the impact categories, cifically those of Health a\ onomic o
Impacts. 6

In addition to these methgelplogical considerations, t oup raised two
main points with respect te=dhe characteristics opNndicators: indicators i-)
should be designed so that they can be update arly and input from
other research funding agencied should be so@band the involvement of J
both domestic and mternat stakeh is desirable in order to ()
maximize insight, achieve e C|es @moling efforts and allow for(,)
comparative analysis.

<

13.8. Challenges (/ |>, &\)(

®
Participants in the framework developmentl-pr@ssc'viewed the
following as the main challenges in identifying the impacts of health
research.

e Linkages between health research inputs, outputs and impacts are
difficult to trace when knowledge develops incrementally over time and
through multiple channels.

e Health research impacts are often subjective and difficult to measure
(e.g. improved health can be measured by quality-of-life instruments,
but ratings tend to vary depending on context and personal expectations
(Carr, Gibson and Robinson 2001)).

e Attribution of credit for research impacts can be complex, as impacts
often result from a number of research projects carried out or funded
either collaboratively or independently in the same and/or different
countries. In addition, the application of research findings is subject to a
variety of contextual factors.

e  Priorities differ across stakeholder groups. For example, commercial
returns are important to industry and government, but may play a
subordinate role in the value systems of researchers and the public.

These challenges are interrelated. For example, if linkages between
inputs, outputs and impacts were clear, there would be little or no problem
in assigning attribution.

One way to try to manage the issue of attribution is to consider impacts
at different “orders of effect” (first-order, second-order and so on). The
“order of effect” or causality approach recognizes that only some impacts
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are within the direct control of initial 'rﬁmts (lower-order impacéf“ﬁther,
more distal impacts (higher-order), ough not within direct control Qill

be influenced by initial inputs. O

For a research funding r%ﬁfcy such as CIHR, “first—or&@npacts” °

would include research findi (discoveries/breakthroughs uced as a
result of funding, “second-order impacts” would includ ercialization
of research discoveries orfMesearch findings trapsl into effective )]
knowledge applications, and=“third-order impacts"&uld include broader e
health or economic impacts a@g from the use 0@ applications. J

This provides a rationale to seek attrib io@or lower-order impacts and 0]
not to focus on attribution higher- impacts, but to attempt to
measure the latter and understan{ Rpw they“have occurred. For example, ino)
the Health Impacts category, impaCts on both life expectancy and qualit@f
life through advances in health rese depend on a chain of evgMs or
circumstances in a six-step process: a) ge¥elopment of r;ai/‘t ledge
(discovery) about how to treat an illness; deﬂﬂ(ﬂ] of optimal
treatment guidelines (knowledge application); c) training of professionals in
the use of the new treatment; d) health providers’ decision to adopt the new
treatment or follow the treatment guidelines; e) access to the equipment,
supplies, services and infrastructure required to deliver the new treatment;
and f) patient acceptance of the new treatment. The latter steps of this
process involve KT (the process by which research findings are transformed
from a scientific discovery (new treatment) into a clinical application (a
practice guideline) that is widely adopted/applied in practice).

The six-step process illustrates two key points for understanding the
impacts of health research: a) the mere existence of new knowledge will not,
by itself, have widespread impacts on health; and b) research is pervasive —
it plays a key role in each step of the process that links discovery to gains in
health status.

In these circumstances, many actors will wish to claim some credit for
success. However, an attempt to assign credit to any agent, or even to any
one step in the process, seems inappropriate, since no single link in the chain
would, by itself, be sufficient to bring about the end result. The process is
typically complex, involving multiple funders, multiple institutions and long
timelines.

In view of these issues, it may be impractical to attribute credit for the
impacts of higher-order effects. Instead, the focus should be on health status
gains and their causes rather than on specific contributions. There is a
growing awareness that those responsible for research and KT should
“celebrate” success rather than attempt to apportion credit for it (Weiss
1977).
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13.9. Conclusion ¢\ S
O

It is feasible to develop ind@tors to measure the impacts of heal@

research and health research funding. A conceptual frameworl\ portant
for identifying the stakeholdgfgywho desire or require imp fdrmation
and for understanding the natufe of evidence that will g?ropriate for
each stakeholder group.

This framework facilita@ the identification @eas where specific
initiatives can be evaluated \to)identify impact areas where a more
nuanced approach is required™In broad area%cularly those of health
and economic impacts, the mo!@éromisin?gp ach to impact measurement
is to measure the value to socigiu of sci
diagnosis or treatment. Funding ncies, such as CIHR, can demonstrate
that they have played an integral partdn,the success by assuming a Iﬁéf
ship role in encouraging appropriate reSeggh, by recognizing t Q)t ntial
of discovery in its early stages, by promoling Kar, alzi @u@e king and
encouraging the ongoing assessment of impacts.

National and international collaboration between agencies and organiza-
tions that have a stake in health research and national statistical and
evaluation agencies is the most promising route to the continued develop-
ment of a robust and credible set of indicators.

This chapter has emphasized the complex challenges that exist in devising
credible approaches to the measurement of impacts. This complexity means
that no single approach will satisfy all stakeholders or be sufficient to cover
all the activities of an agency with a broad mandate, such as CIHR.
Nevertheless, as a publicly funded organization, CIHR has an obvious and
clear responsibility to demonstrate evidence of both performance and
impact.
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SCIENCE, TECHNO@OGY AND INNOV FOR
SUSTAINABLE DEVELOPME )
TOWARDS A CONCE AL STATISTIC@ FRAMEWORK —

Michael Bordt, Juht) iguel Rosa a@;gwanne Boivin J
S\a&tics Ca@ v
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<
14.1. The purpose of this chapter ¢ b <

X
Current science, technology and innovation (gT I)lsen@)t&l frameworks
and classification systems cannot always track the fluid and multiple
demands of the policy process, public opinion and current events. Therefore,
it is necessary a) to build tools that help us to gain insights into emerging
topics using existing data and classifications; and b) to reflect recurring
needs in the revision of current concepts and classifications.

The purpose of this chapter is to consider sustainable development (SD)
as an example of the “intent” of STI. “Intent” here overlaps somewhat with
socio-economic objective, but it could also include emerging environmental
technologies or other crosscutting concepts not yet taken into account in the
frameworks and classification systems.

Better linkages between STI and SD will a) provide insights into the
influence of STI on SD; b) allow policy makers to gauge the relative efforts
across various social, economic and environmental issues more effectively;
and c) encourage both STI and SD statistical systems to become more
flexible and attentive to changing demands.

Annex 4 of the Frascati Manual (OECD 2002a) already provides some
advice on *“special topics,” such as health, information and communication
technologies (ICTs) and biotechnology, as crosscutting issues that cannot
easily be analyzed with the current classification systems. This chapter
suggests a parallel discussion for SD and recommends some feasible
approaches.

The chapter reviews the STI classification systems, some existing
survey approaches to obtaining information on SD, and the international
arrangements for integrating STI and SD indicator development.
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Since the Earth Summit in Rlﬁie Janeiro in 1992 (UN 1992) the te@
“sustainable development” has thken on a multitude of meani
Millennium Declaration (UN 0) adopted a broad definitio
sustainable social, cultural, political, economic and envi tal develop-
ment. This has resulted in thgMillennium Goals. Whil ir objectives as
“foundations of a more peaceful, prosperous and jumorld” based on “the )
principles of human dignity, eguality and equit global level” are "
admirable, they are not bas n a systemati )bbeptual framework that J
accounts for the functional r nship its various components.
For example: What is the opti amoun@‘development assistance? HOW")
does deviation from the optimum @ ract from sustainability?

14.2. SD as a statistical concept ¢\ S

t included @

Environmental economists and tisticians often prefer a.ﬂ@(e
systematic approach. It is possible to i (?rate many ideals o g[)u the
rather anthropocentric concept of sustainable monﬁ cée(,l(*ment, the
first principle being that it is possible to encourage ment that meets
the needs of the present without compromising the ability of future
generations to meet their own needs” (WCED 1987).

The framework adopted for this chapter focuses on the natural
environment as a source of services required for maintaining and improving
human welfare. Keeping the first principle in mind, consideration for future
generations dictates the optimal use of these resources by making
sustainable use of renewable resources, avoiding the depletion of non-
renewable resources and minimizing waste. Statistics Canada experts have
proposed a natural capital framework (Smith, Simard and Sharpe 2001),
which views natural resource stocks, land and environmental systems
(ecosystems) as necessary raw materials that need to be maintained for
economic production. From this point of view, SD could be seen as a means
of optimizing the interaction between nature and society.

A discussion of STI for (and by) developing countries is included here
since their economic development is often more closely tied to SD than that
of industrialized countries. In many developing countries, the majority of the
population is simply trying to survive. Better agricultural and health
practices contribute to major gains in survival. Education provides the basic
opportunity for citizens to participate in economic development. Many
international development efforts focus on poverty reduction since, in many
areas of the world, the immediate need for survival often implies exploiting
the natural resource base unsustainably.

The main goal for economic development in developing countries is to
use natural and human resources as a means of leverage to improve welfare.
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The degree to which this is done sus ﬁmbly will determine Wt(eﬁ;? the
development succeeds to the point w the country becomes less deper@nt
on its natural resources and can @uerate wealth from its produced capi@
and human resources. L
Q N .
14.3. How is SD represented in clrrent STI cIassificati@ tems?

The degree to which a@ncept can be repre@ced in classification )
systems determines the degree tp which that conc n be easily analyzed,
monitored and reported. Biotéchnology, for eXﬁ? is a technology activity 3
(not an industry), but it is no ssible to ide companies, research and w
development (R&D) activitie\g,\‘%goducts dmatents that are related to bio-
technology. The ICT sector is als§ Well defined as a set of existing industria
categories (OECD 2002b). Developing, international definitions of biotegh-
nology and the ICT sector has requir ars of international co-op Ation,
deliberations and compromises in revisingjkﬁnce‘ots nd clasgifit@gttens. SD
is neither a technology activity nor a clear-cut set of ikdugteS—it is probably
best thought of as an objective. Much as with health, it should be possible to
measure whether sustainability is closer to or further away from being
achieved, but perfect sustainability may never be attained. However, SD can
be associated with certain socio-economic objectives (SEOs), technologies,
industries, goods and services, occupations and fields of science.

14.3.1. SEOs

According to the Frascati Manual (OECD 20023, 87), “Performer-based
reporting of the socio-economic objectives of R&D is most easily applied in
the government and private non-profit sectors . . . although individual
countries have applied it in the higher education sector and even in the
business enterprise sector” (see Table 14.1).

The difficulty in applying SEOs for R&D in the private sector is that the
main objective of most of this R&D is to ensure the long-term profitability
of the enterprise by developing and marketing new products (goods or
services). It is not a simple task to determine the use to which a given
product is put, but it could be done if activities were associated with specific
products or broken down by project. Australia is the only country that asks
its business sector to identify the SEOs of its research (Australian Bureau of
Statistics 2002).
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Table 14.1. Socio—ecom&ic objectives of R&D O

1. Exploration and exploitation of the Earth. O ’)

2. Infrastructure and general planning of Iarf&use. \*

3. Control and care of the environment. m o o

4. Protection and improvement of human health.

5. Production, distribution and rationa@aﬁon of energy. O q)
6. Agricultural production and technoldgy b —
7. Industrial production and technolog @ J
8. Social structures and relationships. e

9. Exploration and exploitation of space. \» Q\ G/
10. Non-oriented research.

11. Other civil research. O

12. Defence. (/ R . (
Source: OECD (2002a). o L e C"\}

Control and care of the environment is included as one of the 12 SEOs
in the Frascati Manual and is defined as “research into the control of
pollution, aimed at the identification and analysis of the sources of pollution
and their causes, and all pollutants, including their dispersal in the environ-
ment and the effects on man, species (fauna, flora, micro-organisms) and the
biosphere. Development of monitoring facilities for the measurement of all
kinds of pollution is included. The same is valid for the elimination and
prevention of all forms of pollution in all types of environment” (OECD
2002a, 145).

SD is a much broader concept than control of pollution. Some issues
relevant to sustainability are addressed under the fifth SEO in the Frascati
Manual (“Production, distribution and rational utilisation of energy™), but in
general the SEO would require modifications and more detail to represent
SD appropriately.

"/

The European Union (EU) uses the Nomenclature for the Analysis and
Comparison of Science Budgets and Programs (NABS) (EC 2004) to
provide a more detailed and comprehensive set of components of “Control
and care of the environment” (NABS code 03):

0300 General research on the environment 0306 Abatement of noise and vibration
0301 Protection of atmosphere and climate 0307 Protection of species and habitats

0302 Protection of ambient air 0308 Protection against natural hazards
0303 Solid waste 0309 Protection against radioactive
0304 Protection of ambient water radiation

0305 Protection of soil and groundwater 0310 Other research on the environment
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The Australian Standard Research ﬁzsmcatlon (ASRC) aIIO\ﬁl"ﬂ&D
data to be classified according t e researcher’s perceived pur
(Australian Bureau of Statistics 1@8) About 97 of the 594 classes in t €
ASRC are dedicated to the envirdgment. Other aspects of SD a ven mto
the remaining classes. The A could provide a useful sta@) intfora e
detailed international standar earch classification that passes SD.

classifications but that woul nefit the elucidatio R&D conducted fOr

the “intent” of SD are: U @ J
e R&D for developing cou S (spe l@ﬂnologles health solutions, w
sustainable agricultural pra ces etc. 2

e R&D in developing countri (poverty reduction, sustainable uswf
resources, development plannlng

Examples of what is explicitly include%' y of the SEO Q

e Valuation of resources (enwronrr'%cal .eczl_orﬁéscdﬁl}l)pment

economics);
e Resource dynamics (forest regeneration rates, fish stock dynamics); and

e SD as a firm strategy and embedded in standards (such as pollution,
energy and waste reduction, corporate social responsibility, adoption of
ISO 14000 environmental management standards).

14.3.2. Industrial classifications

There are at least three ways to identify non-standard industry groupings
in STI statistics:

e Existing industrial categories. The ICT sector is defined as a set of
existing industrial categories (OECD 2002Db).

e Technologies used or developed. Biotechnology companies in Canada
are identified by their use or development of specific technologies. All
firms within target industry sectors are asked if they use or develop these
technologies. Those that do are asked to answer more detailed questions
(Statistics Canada 2007).

e Goods and services produced. According to Statistics Canada, “the
environment industry is composed of establishments operating in a
variety of industries that produce environmental goods and services.”
The latter are goods and services “that are used, or can potentially be
used, to measure, prevent, limit or correct environmental damage (both
natural or by human activity) to water, air, soil as well as problems
related to waste, noise and ecosystems. They also include clean or
resource-efficient (‘eco-efficient’) technologies that decrease material
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inputs, reduce energy consum pt recover valuable by p(“ ucts
reduce emissions and/or m|n|m aste disposal problems” (Sta
Canada 2002).

The North American Indué‘ffy Classification System (RB%%) 2002
(Statistics Canada 2003) mch% many industry groupings Qﬂ ive- and
six-digit levels that are related to SD (e.g. “54162 Envir@n al consulting
services”).

0
The third revision of the International Standar strial Classification "
of All Economic Activities C Rev. 3) li {$e classification to four =)
digits, so the detailed industry, groupings f in the NAICS 2002 are
subsumed in broader categorie$*(e.g. “K7§1\Archltectural and engineering
activities and related technical co@ltancy" g ©9

Both industrial classification syst would require substantial r&f@é
ment and additional detail to reflect SD- IB(;d industries accurat%x)

14.3.3. Field of science and technology classmclano%

Field of science and technology (FOS) classifications provide a means
of classifying activities by “communities of practice” rather than by
objectives or by the industry of the activities. They are usually more
appropriate for classifying activities in higher education since, in practice,
activities in government and industry require varying combinations of
sciences and technologies to achieve their objectives.

The FOS classification in the 2002 version of the Frascati Manual was
revised in 2006, and this revision makes the classification somewhat more
useful in differentiating some aspects of SD. For example, the social aspects
of “1.5 Earth and related environmental sciences” are included in “5.7
Social and economic geography.” Given the breadth of the examples under
5.7 (“Environmental sciences (social aspects); Cultural and economic
geography; Urban studies (Planning and development); Transport planning
and social aspects of transport”), the title might be restrictive.

The detail added to “2. Engineering and technology” allows the classifica-
tion of environmental engineering (2.7) and environmental biotechnology
(2.8).

For the purposes of tracking R&D in and by developing countries, the
science of “development economics” might be better emphasized as a sub-
field of economics.

As with the SEOs, highlighting SD at a higher level would improve the
classification’s ability to be used to differentiate SD-related fields.
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It would be useful to know yo is working on SD-related activﬁl)%
Occupational classifications can glve some insight into this.

The International Stand Classification of Occupatigg\ﬁ@CO) is
managed by the International Labour Organization ). Although
environmental activities and skills are mentioned expli@ in the detailed
examples of the current versiQalILO 1988), there argéspecific “sustainable )
development occupations”. For example, the task; ivil engineers (2142) "
include *establishing controNgystems to en% ficient functioning of J

v

structures as well as safety and®vironme§L ection.”
SS

14.3.4. Occupational classification S

The Canadian National Occumonal ification — Statistics (NOC-S))
2001 (Statistics Canada 2001) sihma#arly includes many SD-related sample
job titles within a broader categor;(gor instance, “E031 Natura& d
Applied Science Policy Researchers, Cokgultants and Progra icers”
includes several examples of job titles, suchas fenvironfmental impact
analyst”, “environmental program co-ordinator” and “environmental program
manager”. “Development economist” is mentioned in the NOC-S as an
example under “E032 Economists and Economic Policy Researchers and
Analysts.”

Despite the relevant examples, it would be impossible, with either
classification system, to discern, for instance, the number of researchers
specializing in R&D on SD. As with the industrial classifications, a special
survey would be required, perhaps sampling within those classes that include
an environmental or other SD component.

14.3.5. Commodity classifications

Sometimes, the best way to distinguish SD-related industrial activities is
to focus on the technology used or the product being produced.

Most countries apply a classification of products (or commodities or
goods and services) that is based on that maintained by the World Customs
Organization (WCO 1988): the Harmonized Commaodity Description and
Coding System (HS). The HS includes over 5000 commodity groups, and
these tend to cover many of the products of concern in the analysis of SD.

Statistics Canada’s Standard Classification of Goods (SCG) is an
extension of the HS. The SCG adds two digits to provide more detail for
goods that are manufactured in Canada and for those that are imported. In
several cases, the additional digits allow the classification of the use of the
product.
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Table 14.2. Environmental go dﬁ&nd services listed in th!(‘/

Canadian Enviro t Industry Survey
= A
Environmental goods U N P

Air pollution control systems or equmeﬁﬂ \ﬂ

Water supply and conservation systgi§ or equipment

Wastewater management and sewag€treatment systems or equipment

Hazardous and non-hazardous waste management systems or equipme@
treatment of soil, surface wﬁse ater and groundwater Q)

Systems or equipment for remedig
Noise/vibration abatement systemS™or equipment [—
Environmental monitoring, analysiw assessment systems gv ment J
Solar energy systems or equipmen
Waste-to-energy systems or equm w
Wind energy systems or equment Q\
Small, mini and micro hydro systems orment 0)
Fuel cells (transportation and stationary Se
Alternative fuel technologies (other than fuel ce ) @
Cogeneration \)
Equipment for methane capture and use from landfill sffes or wricu'u_ral sourct “,
Clean technologies and related components e
Other renewable energy systems or equipment
Any other system or equipment for energy conservation and efficiency
Other
Environmental services
Air pollution control services and monitoring
Water supply and conservation services
Wastewater management and sewage treatment services
Hazardous and non-hazardous waste management services
Services for remediation/treatment of soil, surface water, seawater and groundwater
Noise/vibration abatement services
Environmental research and development services
Energy efficiency and renewable energy services
Environmental education, training and information
Management consulting and legal services (including environmental impact assessments)
Environmental management systems (EMS)
Other consulting engineering, analytical services, data collection and analysis
Other
Environment-related construction
Activities for the construction and installation of facilities for:
e Air pollution control
Water supply and conservation
Wastewater management and sewage treatment
Hazardous and non-hazardous waste management
Remediation/Treatment of soil, surface water, seawater and groundwater
Noise/vibration abatement
Renewable energy production facilities
Other

Source: Statistics Canada (2002).
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The Canadian Environment Indus f:Burvey (Statistics Cana/d(“ A002)
uses a custom list of goods, serviceénd construction activities that fdve
been designated as “environmentaO(TabIe 14.2). This list was developed
co-operation with clients and resfpndents, since neither the H he SC
provided sufficient detail to gistinguish environmental co itles. The
practical outcome of such a brddd list of commodities is tagt®s considerable
number of companies are ingluded in the definition e environment
industry, as most large firrrﬁroduce or use someNQf the more common
technologies, such as recyclinijervices.

As with the other classification systems, t e opportunities to refine
the categories to make them @e cond@@ 0 the analysis of SD. One
useful approach would be to ine a Set of emerging environmental¢y
technologies and to add these to ‘Frascati family” set of statistics (R&D,
innovation and human resources). Qis would allow tracking of e
development and use of a specific set 0 tewpologies rather thaneﬁ@a set

of industries. o L e C
14.3.6. A typology for SD in science and technology

Y
3
v

Arundel, Kemp and Parto (2007, 326) propose a typology of six main
types of technical environmental innovation that begins to integrate the
frameworks of ST1 and SD:

e 1. Clean products. Products designed to have minimal environmental
impacts over their lifecycle.

e 2. Cleaner production. Process-integrated changes in the production
system to reduce the amount of pollutants and waste materials generated
during production.

e 3. Pollution control. Technology to prevent the direct release of
environmentally hazardous emissions into air, surface water or soil.

e 4, Recycling. Identifying additional uses for certain production and post-
consumer wastes to minimize waste generation.

e 5 Waste management. A formal system for handling, treatment and
disposal of all waste.

e 6. Clean-up. A set of specific technologies to remediate contaminated
environmental media (soil, water, air).

This would perhaps be a means of organizing and prioritizing the
products and services in Statistics Canada’s longer list in a way that is more
conducive to the identification of important emerging technologies. An
R&D survey, for example, could ask if a company is conducting R&D to
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—
develop such technologies. An innovati ﬁ’survey could ask if the &
has produced new or significantly<nproved products within this s
technologies.

< %
Some existing survey appmches that offer insights %}G °

Various approaches havg been used in national eys to obtain

information on STI related D. They all work Within the existing STI )

framework of concepts and CESjlflcations.
14.4.1. Specialized R&D qugys @
tistic %

the proportion of their R&D

The Canadian R&D surveys@ja isti anada 2006b) ask respondents®)
icated to special areas. The cu (@

questionnaire asks for the percentage O(B&D expenditures attrlbutable.(

Biotechnology; ° LeCt

Prevention, treatment and reuse of pollutants and wastes, and reduction
of material and energy use; and

Advanced materials.

The United States (US Department of Commerce 2005) applies a similar

“tagging” approach for biotechnology, software and new materials.

Such “tagging” questions on emerging or crosscutting issues are useful

alone or as a means of identifying subpopulations for further inquiry. Used
alone, the questions can provide an indication of which sectors engage in
R&D in these areas. In Canada, the questions have been used to identify a
core group of firms (e.g. core biotechnology firms were identified as those
with more than 50% of their R&D in biotechnology; see Statistics Canada
2007), the characteristics of which can be further analyzed in terms of
sources of funds, human resource allocations, country of control and other
factors.

Statistics Canada also conducts a survey on energy R&D (Statistics

Canada 2006a). It asks for details about R&D on renewable energy (such as
solar, biomass, thermal) and non-renewable energy, energy conservation and
transportation. One conclusion from the analyses of the data is that, while
expenditures on all energy R&D in Canada increased by 10.5% between the
two periods 1994-96 and 2000-2002, R&D in alternative energy grew by
almost 50% (Chiru 2005).
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14.4.2. Surveys on public and priv¢a\eﬁk&D intended to suppo(f/
developing countries

In 2004, the prime minister% anada made a commitment t ncrea;?
the national effort to “devote ess than 5% of our research evelop-
ment investment to a knowl -based approach to deve:op@*sistance for

less fortunate countries” (Government of Canada 200 his required a
baseline. Canada is well endgwad with scientific capitgl, almost 112000 ()
people engaged in R&D in the business enterprise s§c®r and almost 14 000 ===
in the federal government in\2002 (Statistics Ca@a 2005a). Nevertheless, J
until recently R&D expenditufes devoted to ational development by

the federal government and thé phivate se were unknown. In response to w
these challenges, Statistics Can in coll@boration with the Office of theo)
National Science Advisor (ONSW, developed two surveys designedto

capture that information. The first wa ilot survey to measure the f I
government contribution, and the second a pilot survey to %s Nre the
contribution of business enterprises to R& mt@deLto@n@t veloping
countries.

14.4.2.1. Challenges

The population covered by this project was relatively small. The
response rate for the survey of Federal Science Expenditures Intended to
Benefit Developing Countries, 2004—2005 (Statistics Canada 2006d) was
90%, and only 13.8% of federal departments declared that they had S&T
expenditures for developing countries. The target population for the survey
of Research and Development in Canadian Industry Intended to Directly
Benefit Developing Countries, 2004 (Statistics Canada 2006e) was 1 249
units. Although the response rate for this survey was 63%, only 2.7% of
respondents acknowledged that they had R&D expenditures for developing
countries.

The concepts were difficult to define. Respondents commented that
they rarely did R&D specifically for developing countries, although
developing countries would eventually benefit from the research. There was
some confusion between exporting new products to developing countries
and performing R&D for their benefit.

The variables measured did not correspond to a specific accounting
item. The information captured by these surveys was not standard for
accounting items or for other standard classifications. For example, in the
accounting books of the business enterprises, there was no specific place to
capture the amounts of R&D dedicated to development or economic
assistance.
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14.4.2.2. Some results (7 l(‘/‘

These surveys provided a figsf measure of Canada’s mvestmers)
science intended to benefit devgl ng countries. The federal ernme’rp

had dedicated $151 million in R&D expenditures to benef%«eloping
countries directly. This expe%ure corresponded to 2.8% tal federal
expenditures on R&D. For the private sector, R&D sp g intended for
developing countries amm@d to 0.4% of totés ding on R&D Q)
performed in Canada.

Federal R&D expendlt&)ﬁg for develo%?t:ountrles were highly J
concentrated (74%) in public Ith and ure. These two areas are
essential to improving basic sefvival rafeg~However, they accounted for(o

only about 20% of federal R&D @ming overall.
<
14.4.2.3. Potential ways to improve<m surveys <
Such surveys in the future would benefit #o int@a@n'sr standard

concepts and classifications, the details of which would have to be
developed through a concerted co-operative effort to:

e improve the definitions and concepts (it should be possible to provide
explicit definitions and examples of R&D to benefit developing
countries);

e identify the specific technologies that Canada develops for the direct
benefit of developing countries;

e revise the SEOs in the context of developing countries (e.g. poverty
reduction, improved water supply, basic health needs, basic education
and family planning); and

e develop measures of the impacts of these technologies on developing
countries.

14.4.3. Innovation surveys

Canadian innovation surveys already contain special questions to
identify industries, technologies and activities. For example, Statistics
Canada’s Survey of Innovation 2005 (Statistics Canada 2006f) included
specific questions on revenues from natural resource products. As with the
R&D surveys, this “tagging” approach provides a means of identifying
industries, technologies and products. Such an approach could be used to
identify other SD-related activities.
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14.4.4. The Bioproducts Developm ﬁ‘:urvey l(‘/‘

Recent advances in science apg technology (S&T) are creating a n
range of products that can be @e from biomass resources. Rhese ar
referred to as bioproducts — that is, commercial or industrial prb{As (other
than food, feed and medihs) made with biological o™ renewable
agricultural (plant, animal), marine or forestry material atistics Canada
2006c). Bioproducts develfpinent and producti(& an emerging

component of the economy, & their global develogment can contribute to i')
sustainability and economic|glowth. For instal e use of renewable J
ethanol can reduce depende on non—rer@le petroleum products.
Furthermore, bioproducts can witribute ergy conservation by offering v
alternative ways of manufacturjmg, produdts, such as the substitution of¢)

biodegradable bioplastic bags f lastic bags, thus reducing productign
costs and damage to the environment. (/

<
The world’s first Bioproducts Develclbrﬁen Survey wa Qéu%ted in
2003 by Statistics Canada (Statistics Canada 2005b)LLt Kz ﬁ potential to
capture the development and production of these new alternative products
by Canadian firms and also to identify indicators that would eventually
permit the measurement of the environmental, social and economic benefits
of bioproducts development.

Before the conduct of the survey, data on the characteristics of firms
engaged in bioproducts-related activities were scarce. As in most emerging
sectors, bioproducts firms faced many challenges and barriers, including
access to capital and difficulty in attracting highly qualified personnel. The
objective of the survey was to gather data on the activities of Canadian firms
engaged in the development and production of bioproducts to fill gaps in
current understanding of the changes underway in these firms. Specifically,
the survey collected information on the firms’ use of biomass and other
renewable or sustainable biomaterials, the type and number of bioproducts
being developed at different stages, the benefits and constraints related to
developing bioproducts, human resources devoted to bioproducts, and firms’
financial profiles, business practices, access to capital and use of govern-
ment support programs.

The survey showed that 232 firms were engaged in bioproducts
development and production in Canada in 2004 (Boivin 2006). It also
demonstrated that, while smaller firms may have been engaged exclusively
in bioproducts development, larger firms were involved in it as a comple-
ment to their other business activities.

The existence of a bioproducts development sector in Canada itself
indicates a shift among business enterprises towards the use of more
renewable inputs. Other data, such as R&D expenditures, human resources
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dedicated to bioproducts, and benefits nﬁ’constralnts related to dg\élo ing
bioproducts, are also useful indicat or an understanding of how th
of activities can support SD. O

14.5. International institutiona@rangements \* °

The collection of environgental statistics has achie@ome degree of
harmonization at the intern al level. For exammthe United Nations )
produced a Framework for the Development of ment Statistics (UN e
1984), and these standards hawg/been applied ﬁd degree in national and J
international collections. Ho r, it is ent that there is an inter- w
national consensus on the systefnatic mea ent of the broader concept ofo)
SD and its linkage to the econom@ccording to Gault (2007, 110):

Indicators for “sustainable devefo ment” go beyond indicat eéf
“development”, and their uses are still ing. There is no o niza-
tion that takes the lead on the productlon of |ri|ca|_h I]glellnes for
their development and use and there is a debate ow to approach the
question. This debate can be simplified to a question of whether it is
preferable to have lists of indicators under descriptive adjectives such as
economic, environmental or social, the so called “three pillar” approach, or
whether a systems approach is preferable with environmental stocks and
flows and the inclusion and measurement of natural capital as a particular
stock.

There are likely to be many further opportunities to enhance inter-
national co-operation to a) improve the acceptance and coherence of SD
indicators; and b) further the cross-fertilization of STI and SD statistical
development activities.

14.6. Recommendations

14.6.1. Improved co-operation

If the STI classification systems and the “Frascati family” of manuals
are to be responsive to SD, there will need to be a great deal of co-operation
between the international STI and SD statistical communities. This may start
as a simple cross-representation in the respective committees of the
Organisation for Economic Co-operation and Development (OECD), but
eventually international organizations will need to agree on a single set of
concepts for SD.
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This chapter offers some direcfign for the closer investigation of exi&?
STI classification systems and ¢thé initiation of projects to imgrove th
visibility and treatment of SD_conhcepts. This exercise would fit from
the previous recommendati concerning improved im@a ional co-
operation.

14.6.2. Improved classifications S

v
14.6.3. More experience igchnology surveys b

This chapter focuses on M Canadian exp @e in survey approaches J
to obtaining information on SD other c ng and emerging concepts. w
A project to gather informatio other %nes experiences could result@
in a wealth of existing knowle From this, perhaps, international core
surveys could be developed. A usef startlng point would be to c{;@n
international agreement on a set of e ing environmental technqldgies
the use and development of which coul evegtuaii be tr& rough
existing STI surveys.
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15.1. Introduction

As the various chapters in this volume illustrate, national statistical
offices, in close interaction with the Organisation for Economic Co-
operation and Development (OECD), have been particularly influential and
constructive over the last 40 years in developing international standards for
the measurement of research and development (R&D) and in stimulating
and improving the input and output measurement of science, technology and
innovation (STI) activities. Behind the early international attempts at
coordinating and ultimately harmonizing the measurement of R&D through
the establishment of a common statistical manual were two fundamental
considerations.

First, there was a growing post-war recognition that most efforts to
generate discoveries and inventions had become centred in relatively
specialized private and public institutions in the “research and experimental
development” network. While there was acknowledgement of the role of a
much broader spectrum of scientific and technological services (STS) linked
not just to R&D but also to production and other technical activities in both
efficient innovation and the diffusion of technical change in many branches
of industry, it was the professional R&D laboratory and the activities carried
out there that were considered characteristic of the industrial science and
technology (S&T) system as it had emerged over the late nineteenth and
twentieth centuries.
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Second, in the aftermath of the Sec nﬁ’WorId War, the conwcl(oﬁ)‘f the
contribution of S&T to military supé%acy had gradually expanded t€3he
economic sphere. A nation’s mdu@al strength and competitiveness seem
closely connected to the S&T frengths of the sectors in OEC
countries would specialize. Thealesire to have better measun%‘ pturing e

a country’s technological compgtitiveness grew as economn port policies
gradually switched from adjustment support for s@led “rust-belt”
industries to support for ne\ﬁsun-belt” high-tech fadustries. At the same ()
time, as more and more budgetary resources wer g allocated to R&D
carried out in the public or pxjyate sector, it v@ical that policy makers 3
as well as researchers would incteasingly wal e availability of quantita- w
tive statistical tools to control scale éﬁmmitment and to learn more
about the effectiveness of these @/ities. IT was also quite natural to makeo)
comparisons between countries, 6fganizations (public and/or private) @d
industries as to the direction, scale anzﬁ];:lency of their natlonal\cgrﬁmlt-
ments.

On both accounts, as the many chapters in thls Jum% illustrate and as
the Blue Sky Il Conference in 2006 brought to the forefront, the “context of
change,” to use Fred Gault’s term from Chapter 1, over the last decades has
been fundamental. The current twenty-first-century context appears to
challenge the statistical STI indicators’ focus on the activities of specialized
R&D institutions, as well as the particular national location of such activities.
As argued in the following section, alongside the process of deindustrializa-
tion there has also been a process of “deR&Dization.” Other more service-
related R&D activities have emerged, sometimes even re-emerged,
challenging the relevance of industrial R&D indicators. At the same time
and as discussed in Section 15.3, the link between the measurement of
national STI activities and their national economic impact, while always
subject to debate, particularly within the context of small countries, has now
become so loose that national STI indicators are in danger of no longer
providing relevant economic policy insights.

Over the last 40 years, the STI indicators community has anticipated the
context of change within which STI activities would be carried out.
Consider, for example, the expansion of the statistical research interests
beyond the concepts and definitions of the old R&D Frascati Manual
(OECD 1981), and the broadening of coverage beyond the old OECD club
of rich countries. The community has been a constant inspiration for policy
makers by challenging itself at regular intervals with the statistical tools it
has developed and the data it has collected.

Today, the greatest challenge will be for policy makers, still imprisoned
by their national sets of democratically chosen rules and regulations, to
acknowledge more fully the global public good of STI.
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Forty years ago, the professio@ R&D system was barely recognized b@
economists, despite their acknowkedgement that “something” (a“ag§asure of
our ignorance,” as Mo Abram@uitz put it in 1956) was beh% t of the @
economic growth in the twentieth century, and in the jegt™war period in
particular. But, of course, lopg before the twentieth ce@/, experimental
development work on new proved products angh\grocesses was carried )
out in ordinary workshops,® However, what& e distinctive about
modern, industrial R&D anuastified the fgguéon this concept in the J
Frascati Manual were its scalg, \its scientifjc \€ahtent and the extent of its
professional specialization. A Yriuch grea&}art of technological progresso)
appeared attributable to R&D w erformed in specialized laboratories or
pilot plants by full-time qualified staff, It was this sort of work that ne
to be officially recorded in R&D statiQ'C It was impracticable to \g ure
the part-time and amateur inventive work ica* of ﬂe ninegzr(b ntury.
In short, R&D statistics became, and still® ard— a&&néasure of the
professionalization of this activity.

15.2. The formalization of industrial%ﬁ7

Together with others at the OECD, and in particular Yvan Fabian and
Alison Young, one of us happened to be part of the early discussions in the
1960s on the attempt to draw up a formal manual that included or excluded
particular activities, culminating in what became known as the Frascati
Manual (OECD 1976) (see Freeman 1962, 1967, 1969; Fabian 1963;
Freeman and Young 1965). It actually appeared particularly difficult to
separate research and experimental development activities from the broader
spectrum of STS activities concerned with providing support for R&D,
disseminating the results, applying new knowledge in various ways, and

1. As we noted elsewhere: “The classical economists were well aware of the critical role of
R&D in economic progress even though they used a different terminology. Adam Smith
(1776) observed that improvements in machinery came both from the manufacturers and
users of machines and from ‘philosophers or men of speculation, whose trade is not to do
anything but to observe everything.” Although he had already noted the importance of
‘natural philosophers’ (the expression ‘scientist’ only came into use in the nineteenth
century), in his day the advance of technology was largely due to the inventiveness of
people working directly in the production process or immediately associated with it: ‘a
great part of the machines made use of in those manufactures in which labour is most
subdivided, were originally the inventions of common workmen’ (Smith, 1776, p. 8).
Technical progress was rapid but the techniques were such that experience and
mechanical ingenuity enabled many improvements to be made as a result of direct
observation and small-scale experiment. Most of the patents in this period were taken out
by ‘mechanics’ or ‘engineers,” who did their own ‘development’ work alongside
production or privately” (Freeman and Soete 1997, 6 and 9). This type of inventive work
continues today, and it is essential to remember that it is difficult to capture it in official
R&D statistics.
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producing and selling new produc;szﬁ\lﬁ! surprisingly, organizaﬁ@' that
were engaged in research and erimental development were 68en
engaged in such STS activities@ well. The Frascati Manual tried €0
distinguish between research afgd experimental developmen\ related
scientific activities. The lattenqncluded the following: ge ientific @
library, information and documntation services; trainin education of
research workers in specializgd educational institutions @as universities;
general-purpose data colleﬁn — for example, tine geological and
geophysical survey work, mapping and explg activities, routine
oceanographic survey wo daily meteor @cal records, monthly 3
production statistics, collectio darrang@e f specimens for museums,

zoological and botanical gake€ns; ro testing and standardization
activities; and design and engine@ activitles. 9

The main theoretical criterion for(r%e Frascati scheme of separatigedf
the R&D function from related sciertiffc_activities was the_distinttion
between “novelty” and “routine”; ® L e C

In so far as the activity follows an established routine pattern it is
not R&D. In so far as it departs from routine and breaks new
ground, it qualifies as R&D. Thus, for example, the collection of
daily routine statistics on temperature or atmospheric pressure is not
R&D, but the investigation of new methods of measuring temperature
or the investigation of temperatures under circumstances in which
they have never been previously recorded (for example, outer space
or the interior of the earth) is research. Likewise, the publication of a
book which simply records daily information on the temperature or
pressure is not R&D, but general purpose data collection. The
systematic analysis of these recordings with a view to explaining
long-term changes in climate, or the possible effects of changes in
ocean currents, is research activity. To take another example: in the
field of medicine, routine general autopsy on the causes of death is
not research, but special investigation of a particular mortality in
order to establish the side effects of certain forms of cancer
treatments is research. Routine tests on patients, carried out for
doctors, as for example, blood tests and bacteriological tests, are not
research. But a special programme of blood tests in connection with
the introduction of a new drug is research. (OECD 1963, 16)

On the basis of this criterion, most of the activities of central govern-
ment testing and standardization institutes, major scientific libraries and
information services, museums, and geological and meteorological survey
organizations were excluded from research and experimental development
as routine-related scientific activities. Also excluded were many scientific
and technical activities at the enterprise level, including consultancy, project
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feasibility studies, much design and en rf&erlng production englneelbdond
quality control, as well as training a formation services.

seemed relatively straightforward in the early 1960s. Since 3 though,
new sectors have emerged, @1 as the software industry {iftvwhich this
distinction is more difficult to make and is likely to 0 an under-
reporting of research in sem sectors. As discyssed the following )]
section, this distinction is, ever, also importaéwhen ONe CONSICErS
science-technology systems (that are either in Cess of rapid growth J
(“explosion”), such as the enrging econo f@ day, or in a process of
rapid contraction (“implosion’\niw the ¢ exploding” systems, almost w
all STS would be expanding, bugsfcom a statistical perspective there wouldly

be an increasing concentration o8RR&D and hence some reclassification of

STS activities in this direction. R&D gxpenditures would typically in

much more rapidly than R&D personntl hose countries. In{ufg)a e of
“imploding” science-technology systems,“a proges !i'o'n % nder-
development of R&D activities would be set in mo is was the case
after the collapse of the Soviet Union and the end of the centrally planned
economies in Eastern Europe. In all those Eastern European countries, there
was an abrupt decline in R&D activities in the 1990s, sometimes by more
than 50%. However, the fall in expenditure was much greater than the drop
in personnel and, according to descriptive accounts, many of those
employed in what were once (and sometimes still are) research institutes or
R&D departments became engaged in a variety of other STS activities either
part- or full-time, such as consultancy, teaching, computer services,
information services, design work or production engineering.

Viewed in retrospect, the gainction between novelty an routi@
r RQ%

Much of the subsequent measurement and indicators research at, for
example, the Science Policy Research Unit (SPRU) or at Yale in the 1970s
highlighted the fact that the extent of R&D specialization and profes-
sionalization should not be exaggerated. Important inventions appeared still to
be made by production engineers or private inventors. With every new
process, improvements were made by those who actually operated the
process. It was also noted that, in many firms, “technical” or “engineering”
departments and *“operations research” (OR) sections were set up, whose
function was to mediate between R&D and production and which often
contributed far more to the technical improvements of an existing process
than the formal, more narrowly defined R&D department. In retrospect, the
focus on R&D seems, however, logical. It was the specialization of the
R&D function that justified the use of such expressions as the “research
revolution” to describe what happened in twentieth-century industry.
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e /I « |
Industry associations of R&D manager {@ere created in various co(‘ |es
and most large industrial firms set eir own full-time speC|aI|zed
sections or departments. O

To summarize, over the tw%htieth century formal R&D ditures
rose gradually to become the%asure of the technological geMormance of
firms, sectors and countries, even though many other rting activities
fell outside the narrow Frasch&D definition.

STl indicators without bo@rs STI policy I@Q’S within borders?

U

J

The dissatisfaction with R@ as an %u‘ 1al” input indicator was not /]
n

confined, however, to the omittegerQle of
activities. Following the early SPRIW and Yale innovation surveys, it beca
clear that the actual industrial locus of ovatlon could well be far up é‘n
or downstream from the firm or sector ried out the resear e of
our closest colleagues, such as the Iate ith Pevitt (1 ),(Bo Rothwell
(1977) and Jo Townsend (1976), had been at pains fo many years to stress
the much more complex sectoral origin and nature of innovation than the
one being assumed through the simple but popular technological classifica-
tion of industries as high, medium or low R&D-intensive. There is now a
large body of literature on the weaknesses and biases of sectoral classifica-
tions for STI indicators.

Central in this debate is the extent to which the commercial benefits of
knowledge investments can be appropriated and by whom: the firm within
the sector having made the R&D efforts, or a firm upstream or downstream,
or even the final consumer, imitation taking place so quickly that none of the
new product rents could be appropriated by the innovator? Thus, it might
well be that sectors and activities with little registered R&D effort are highly
innovative. Some of the most competitive British and Dutch industries, such
as the offshore and dredge, food processing, finance and insurance industries,
carry out little or no R&D. According to OECD classifications, these are
typically medium- to low-technology industries. The knowledge bases
appropriate to these industries display, however, great technical depth and
variety. The list of institutions providing support for and development of
these different knowledge bases is quite long and diverse. A low-R&D
industry may well be a major user of knowledge generated elsewhere. As
highlighted by Dominique Foray elsewhere in this volume, this holds true
for many service sectors, where the introduction of new processes or
organizational structures, as well as new product innovations, is unlikely to

In Europe, the European Industrial Research Management Association (EIRMA) was
established in 1966 (www.eirma.org).

eering, design and other STS»)

SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS IN A CHANGING WORLD: RESPONDING TO POLICY NEEDS
ISBN 978-92-64-03965-0 — © OECD 2007



15. SCIENCE, TECHNOLOGY AND INNOVATION INDICATORS: THE 25T CIEFURY cHALLENGES- 277

e /I « |
involve much formal R&D investment ﬁ!re too, the crucial queét() will
be the extent to which such innov s can be easily imitated, or ¢ e
formally protected through patent@rademarks copyrights or other forms(fp

intellectual property, or can be kéqt secret.
\he central

The same argument holdm the international level. Ag?
question will be whether the commercial benefits of kn
can be appropriated domesti€ly or will “leak” toa ountries. In the

nvestments

literature on economic growttr; the phenomenon o ching-up growth is i')
typically characterized by lagging countries t@ g from the import of J
technology and knowledge, formally an ticularly, informally. In

the current context of an ino&ésingly %@ conomy, increasing R&D w
investment is hence unlikely to(@neefit OMy the domestic economy. This(y
holds a fortiori for small econ s, which means the vast majority of
OECD countries. While there had be some long-standing eV|denc

close link between sectoral R&D in j?gand export perfo iﬂ@e and
specialization (see, among others, Freefnan, @¥oyn er 1963;
Freeman 1965; Pavitt and Soete 1980; Soete 1981; osi, Pavitt and
Soete 1990), the link between national R&D expendltures and a country’s
macroeconomic growth, and productivity growth performance in particular,
appeared much more difficult to establish (Soete and Turner 1984). It
became a central question for the OECD-initiated Technology/Economy
Programme (TEP) in the late 1980s.

The TEP was instrumental in bringing together three strands of
economic thought. The first was the more institutional and structural change
insights on innovation and R&D associated with, among others, Dick
Nelson and Sid Winter (1982). The second was some of our own research at
SPRU and that of our colleagues Keith Pavitt and Giovanni Dosi on the
more formal economic insights from what came to be called at that time
“new” growth theory (very much identified with Paul Romer (1986)). The
third was the rapidly growing econometric and input-output research on
R&D led by the NBER group of Zvi Griliches. This laid the basis for the
recognition of the importance of size for technology-based competitiveness,
on the supply and on the demand side. A country had to be large or open to
have access to knowledge and the specialized labour force required for STI
activities, as well as access to a large pool of customers. Increasing national
R&D investment without paying attention to the simple observation that
“size matters” would either just lead to raising wages for the specialized
pool of STI workers — so-called “scientists and engineers” — or would result
in the absence of domestic absorptive capacity, with the outcome that such
additional R&D investments would leak away abroad.
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The inner logic of these relatively rﬁ?le and established msngﬁl)as as
yet not fully permeated through to thegatlonal STI policy world. withifhe
EU context, Fred Gault, in Chapt@l of this volume, notes that the orlgm?
statement of the Barcelona targét, of 3% of gross domestic p t (GDP
includes innovation expendltur@as well as expenditures on Féx owever, @
it does not take account of pOSsible shortages of availasleNscientists and
engineers and the consequenggs of the likely external Ie effects. Thus,

as Meister and Verspagen (RQ04) calculated, achie(gg the 3% Barcelona ()

STI target in the European Unjon by 2010 will ultipAately not reduce the "
income gap between the EurdQBin Union and %&ited States, the benefits 3
of the increased R&D efforts accruing first emost in the United States w
and the rest of the world. smﬂar@» Griffith, Harrison and Van
Reenen (2004) illustrated in thelrnom tric R&D study how the US R&D‘O
boom of the 1990s had major bene r the UK economy, and in partic

for UK firms that had shifted their R&gx the United States. For ex Ie a

UK firm shifting 10% of its R&D activigy’to the nited Stateg ¥Om the
United Kingdom while keeping its overall R&® exben@®ifes at the same
level would witness an additional increase in productivity of about 3%, an
effect that appeared to be of the same order of magnitude “as that of a
doubling in its R&D stock” (Griffith, Harrison and Van Reenen 2004, 25).

In short, the link between the location of “national” firms’ private R&D
activities and the country’s productivity gains appears increasingly loose —
for small and large countries. For most countries in the world, with the
United States as possibly the only exception, the contribution of domestic
R&D to the global stock of knowledge is relatively small, and the contribu-
tion to domestic productivity growth equally small. There is little doubt that
the largest part of worldwide productivity growth over the last 10 years has
been associated with an acceleration in the diffusion of technological change
and with global access to codified knowledge. The role of information and
communication technologies (ICTs) has been instrumental here.

Within the specific European context, the “internal” European market
dimension of the international leakage of R&D brings to the forefront the
need for a continuous reassessment of domestic European R&D policies,
certainly when viewed from the perspective of policies aimed at improving
public—private partnerships in R&D. Characteristic of public research is, to
some extent, its national embeddedness.® Over the last 10 years, several

3. In parenthesis, it can be noted that, based on this perspective, the concept of “national
systems of innovation” was developed by authors of innovation literature such as
Freeman (1987), Lundvall (1992) and Nelson (1993): differences between countries in the
set-up and nature of national institutions, in particular university education and the public
research infrastructure, seem to be able to explain to a large extent differences between
countries in innovation strength.
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countries have pursued policies tow. ;ﬁ reasing domestic

between universities and public res centres. However, this has ncﬁed
to international specialization OO)Uth research, but rather to furt
research duplication. At the sam&, time, the increased internati location
of private R&D has undermi the close domestic conne Ks etween
private and local public research¥institutions. Such opp ds in, on the
one hand, private research dgginated by mternatlonallz@ specialization
and outsourcing and, on the&er public research inated by nationali- ()
zation and duplication lead ultimately to mcrea eak links between "
public and private R&D and rther accentuaté the so-called European 3

v

“research paradox” (Soete 200%314).
2 0)

In short, from the perspective of tﬁw cation of R&D, the twen |rst-
century STI indicators debate raises cru0|£>q’ues ion boutt Aglevance of
domestic R&D policy strategies. These poI|C| 0 put more
emphasis on the public—private matching of mternatlonal R&D specializa-
tion patterns with proven international excellence in research than on the
competitiveness of national R&D policies between countries and regions.

15.4. Conclusion O

While there is likely to remain a huge worldwide concentration of
research investments in a relatively small number of rich countries/regions
such as those of the OECD, with the addition of China, India and Russia, it
is important to realize that such activities, whether privately or publicly
funded, are becoming increasingly global in focus. The shifts in global
demand underlying the process of globalization taking place today also
increasingly affect the allocation of private resources to the sort of research,
knowledge creation, knowledge diffusion and innovation being carried out
in research laboratories, wherever they are located.

Contrary to national policy belief, private firms are interested in
increasing R&D expenditures not just for the sake of it, but because they
expect new production technology concepts and new market-responsive
products to improve their own efficiency or strengthen their global
competitiveness. Given the much higher risks involved in developing such
new products for global markets, firms today often prefer to license such
technologies or to outsource the riskiest parts to small high-tech companies
that operate at arm’s-length but that, once successful, can be taken over. Not
surprisingly, in most OECD countries, the large R&D-intensive firms appear
less interested in increasing their R&D investments at home than in
rationalizing them or, where possible, reducing the risks involved in
carrying out R&D by collaboration with others, sometimes through publicly
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/
sponsored or enabled programs or&r(ﬁgh so-called “open m‘(ﬁﬁlon"
collaboration (Chesbrough 2003). O

It is here, we would claim, wfpthe broadening of the R&D ncept@
include “innovation,” with its_mtich stronger local links wmﬁmh and
development dynamics, is par@larly relevant and contains ificant new
policy insights. From a global growth and developmentg ctive, it is no
longer the impact of the trgMfer of industrial teclinoldgs on economic
development that should be e centre of the debaéut rather the broader e
organizational, economic an cial embeddlng h technologies in a J
development environment a he way in they unleash or block w

specific development and gro portu%
This process is much more plex the context of a developing‘o

country than in that of a develop e. As has become recognized in
endogenous growth literature,” the i ation policy challeng ith its
characteristic “Schumpeter Mark 1” featurg’(entrepr neurial r\&m and
“creative destruction”) versus “Schumpeter . ures (large
dominant firms extracting innovation monopoly rents) appears closely
associated with levels of development.

In the high-income, developed country context, the innovation policy
challenge seems increasingly directed towards questions about the
sustainability of processes of creative destruction within environments that
give premiums to insiders, to security and risk aversion, and to the
maintenance of income and wealth. While the Schumpeter Mark 1
dynamism is needed more than ever for advanced countries to grow along
the technological frontier, in the European case it is being undermined by
the dominance of Schumpeter Mark 2 features of innovation: large incumbent
firms searching for secure innovation rents and the maintenance of their
international competitiveness. Innovation policies in Europe have failed to
provide sufficient incentives for a Schumpeter Mark 1 innovation process to
emerge (Soete 2006). The United States, in contrast, has been more
successful, as witnessed by the Small Business Innovation Research (SBIR)
program, the lower cost of patenting for small firms, and the rules for public
procurement that favour small and medium-sized firms.

4. This view of the philosophy and aims of innovation policies as differing among countries
according to their level of development, reminiscent of many of the old infant industry-
type arguments, has now become popular in the endogenous growth literature; see
Aghion and Durlauf (2005).
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In the emerging developing co context the challeng! éppears
directed towards the establishment dustrlal technological compet
ness through more traditional mdt@lal S&T policies, including support ﬂfp
engineering and design skillskand for accumulating “e nce” in
particular. The BRICs (BrazihyaRussia, India and China) [{ﬁﬂ a good e
illustration of the innovation Policy challenge in the of emerging
developing countries: how tgagnable “infant” firms fr pidly growing
economies to become world[plhyers, capable of corfigeting technologically Q.)
with the multinational corporatipns (MNCs) of the advanced countries.
The easiest way for such firrkjjo do this is p%ﬁy to buy up firms from 3
developed countries in order wcquire direclly and build up much more w
quickly, technological expertis€”and Wé%lass engineering and design
skills. This approach has been @rved both in the extraction industrieso)
such as oil and gas exploration, imes for political reasons, an
manufacturing, from steelmaking, chezx s and automobile manufgx&re to
some of the newer, high-tech sectorsa|>ﬁch as electron puter
manufacture and pharmaceuticals. In the cas® of economles
waiting for a Schumpeter Mark 1 regime to appear and ultlmately to produce
firms capable of competing globally in a Mark 2 environment is a risky and
slow innovation policy strategy. A strategy of “backing” existing winners
seems more appropriate.

The growth trajectory set in motion in emerging economies is to a large
extent relatively predictable and straightforward. It is based on the catching-
up of their domestic market consumption patterns and productivity levels to
those of the worldwide technological frontier, as well as on worldwide
specialization based on the gaining of absolute and comparative advantage.
Their formal adherence to the World Trade Organization (WTOQO) has been
crucial here. The technology, design and marketing skills needed to sell
goods and services internationally that satisfy the quality and delivery
criteria of advanced countries will often still be lacking. For the large new
MNCs of emerging economies, these skills can best be acquired by the
takeover of firms from advanced countries. The innovation policy challenge
is, in other words, to create, as quickly as possible, a functioning Schumpeter
Mark 2 regime that translates the growth benefits associated with knowledge
accumulation and learning into more and better jobs and, ultimately,
development. Creative destruction is not an innovation policy priority here.

Finally, there are developing countries, the majority of which are
characterized by “disarticulated” knowledge systems, well described by
many development economists in the area of S&T (for example, Bell 1994;
Sagasti 2004), and where the endogenous innovation policy challenge is of a
completely different nature. At first sight, the S&T environment here is not
unlike that of Europe in the Middle Ages, where new knowledge remained
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e— -4,
isolated in pockets with no diffusion fothe rest of society. T‘(I‘ policy
challenge here is probably the mostﬁ#icult of all and is at the centre(Q¥ a
revival of research on S&T an(Onnovation and development that faﬂ'g
somewhat outside the scope of this book.’ \
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16.1. Introduction (/

The OECD has worked for 50 years Ig'dewlo ndlcag%s policy
analysis of science, technology and innovation (STH= | an ad hoc
group of experts met to discuss methodological problems of surveys of
research and experimental development expenditure. In 1961 the OECD was
formed and the Directorate for Scientific Affairs held a conference in 1962
to systematically address the problems of measuring R&D - the first “blue
sky” STI indicators conference dedicated to developing new indicators to
serve STI policy formulation. In some ways, these early pioneers were too
successful. Of all the STI indicators, R&D and constructed indicators such
as the R&D intensity of a country (R&D/GDP), are by far the most popular
and have now been enshrined in specific STI policies as quantifiable targets.
This interest persists, notwithstanding the fact that the weaknesses of this
indicator are well-known, most notably that it measures only one type of
STI input (R&D) within a complex system of different innovation inputs
and outputs.

In the mid-1990s, OECD Science Ministers requested that the
organization launch a “New S&T Indicators” project. Dubbed the “blue sky
indicators” project, its objective was to think creatively, without limiting
horizons, about developing new indicators to serve policy needs. Ministers
asked member countries ““...to collaborate to develop a new generation of
indicators which can measure innovative performance and other related
output of the knowledge-based economy.” The challenge was to propose
new indicators that would shed light on the broader system of innovation,

1. This chapter draws on Arundel, Colecchia and Wyckoff (2006), Colecchia (2006), Gault
(2007) and a summary of the Blue Sky Forum prepared by Anthony Arundel for OECD
Committees.
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including outputs. In 1996, the firs:ﬁ(ﬁzated Blue Sky confergrfy'took
place, ten years later, the Blue Sky orum in Ottawa (September 2827,

2006) reviewed progress to date @the development of STI indicators ar@

searched for new ideas.

In between the two Blue % events, as Fred Gault writ \ apter 1,
the nature of science, technology and innovation has chaq nd so has the
need for indicators to captyf®\these processes and th erplay between
them. This volume brings together some of the id@that emerged at the
Blue Sky Il Forum in Ottawg. New measuremen enges at the interface
between science systems, ifdustrial mnova@FI human resources, and
knowledge flows were discu , as w e inadequacy of existing

Y
3
v

statistical measures for analyzmthose nkages and the dynamics of(/)

science, technology and innovati an increasingly globalized world.

Rather than breaking new ground@t ndlcators most of the S|on
at the Forum reflected a need to fill in m ga ndlcat ge as
part of the current STI measurement research |s however

new emphasis on using indicators to tell compelllng storles to emphasize
outputs and impacts, to make micro data and linked data sets more
accessible, and to increase the policy relevance of the work. This concluding
chapter offers some thoughts on Blue Sky Il and its key messages to the STI
community and puts them in the context of a future OECD agenda for STI
indicators.

Innovation in the broad sense

Unsurprisingly, most of the contributions and discussion at Blue Sky |1
were about innovation, rather than science and technology. This is a welcome
development that should help to clarify the use of the term innovation.
Richard Hawkings, for example, notes that invention and innovation are
distinct processes. He writes, in Chapter 10, that “most of the indicators in
current use (particularly patents, R&D and publications data) are oriented, in
effect, towards invention” and are not measures of innovation. He further
notes that “inventions and innovation are different (even if related) and, in
many cases, the analytical parameters of innovation may not be related to
technology at all.” In current practice, the term ‘innovation activities’ can
describe the broad process, encompassing science (the basis for some but
not all inventive activity), the diffusion and commercialization of product
and process innovations, and the implementation of non-technological
innovations in marketing and organizational practices. Both of the latter are
now part of the Oslo Manual on innovation (OECD/Eurostat 2005). Tara
Vinordrai, Meric Gertler and Ray Lambert in Chapter 5 discuss industrial
design as an example of one form of non-technological innovation.
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A broad view of innovation Coﬁ vided into two main tgrg“gt% for
measurement: invention-based inn on and diffusion-based innovdn.
Invention-based innovation can be@nerated in university or industry labs

be directly driven by users. In all €ases, it is about actors and the ractions.
These can be users and their ipeyactions (von Hippel, Chapt é;f ms and
their heterogeneous businessﬁg;actices and choices of=ighevation paths
(Fabling, Chapter 9); universities and the multiplicity @weir knowledge
transfers pathways (Hawkirlg,JChapter 10); or, s &?ts and researchers U
exchanging knowledge across .sectors and bord uriol, Chapter 11).
Given the role played by intgggctions, it is no prlse that many of the J

1]

gaps that have been identified @e to do Wélg suring linkages.

Inventions, as with technol can be adopted and modified to(/)
generate diffusion-based innovati(m concept policy makers are increasingly
interested in, as pointed out by Antho Arundel in Chapter 4. Infor

and communication technologies (IC been widely used r%port
the diffusion of knowledge by openly dlstrl utingénnqvatips ROC es across
actors and sectors of the economy. Such general purposetechnologies can
also be seen as part of the broader innovation process, playing a large role in
making innovation an increasingly collective endeavor in the global market,
and in diffusing it within and across markets.

Scientific and non scientific knowledge, as well as general purpose
technologies, can all be viewed as contributing to the broader concept of
innovation. In this context, it would be of added value to focus on the
measurement and analysis of issues at the interface between science,
technology and innovation. This could require trying to answer several basic
questions: the extent to which science and technology contribute to innovation
performance; the ways scientific and technological advances are brought to
the market and are diffused and used; where and by whom the returns from
investing in this knowledge are appropriated; and, what, in contrast, are the
characteristics and contribution of non scientific and non technological
knowledge to innovation.
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e — g9,
The focus on innovation and the negdTr evidence-based analygi()’i this
area is echoed in current OECD podcy discussions An OECD Innov&tion

Strategy, along the lines of the@ECD Jobs Strategy (OECD 1996),@

currently being developed. The{goals of the Innovation Str are to
develop evidence-based analysisgnd benchmarking, a framew% r Hialogue
and review, new indicators ofm~the innovation-economi rmance link,
initiatives for innovation-friepgly business environment: d the develop-
ment of best practices and p recommendations.zb

Blue Sky messages to the‘ﬁil communitbfb

The Blue Sky Il appraisal »‘}he curre%npply of innovation indicators,(o
h th

in the broad sense, is a critical . With the exception of several under-
exploited indicators obtained from inngyation surveys, the available ranggf
indicators is almost entirely limited inputs, innovative activitigsh and
intermediate indicators that measure invent®n, or the disclos onent
of the innovation process, such as patents and biblidmetf@s “This seems to
be the result of a fragmented effort in indicators development, possibly due
to the lack of a comprehensive framework to guide measurement research in
this field and to an ongoing focus on R&D. In the words of John Marburger
(Chapter 2), “we have a lot of data, some correlations, but no models” in the
STI area. Moreover, sometimes the available data are based on remote
proxies rather than direct measurement and thus the results are inadequate
(Foray, Chapter 6). These scattered efforts prevent a full understanding of
how innovative activities lead to social and economic impacts, which is a
necessary prerequisite to the development of appropriate and coherent
policies. Understanding the full story of innovation, and being able to tell it,
requires a lot more than data on R&D or on other innovation inputs. The
Blue Sky Forum identified the need to develop additional indicators for
short term outcomes and the longer term impacts of innovation, as well as a
comprehensive analysis of the effect of innovation on outputs and impacts.

2.

See the Chair's Summary of the OECD Ministerial meeting on 15-16 May 2007:
www.oecd.org/document/22/0,2340,en_2649 201185 38604566 _1 1 1 1,00.html
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The need for indicators of activit ie ‘ﬁhkages outcomes and Myﬂts is
hardly a radical departure from exisling thought. However, develop
framework for the measurement @) innovation in the broad sense |s
straightforward. At the macro-lexgl the growth accounting fra eao%rk could
be used to approximate the nn@zt of innovation related inves x and this e
would be part of the broader rt and challenge encountese®hin measuring
intangible assets in an ecgaomy.® Also at the ma‘vel modeling
innovation inputs and outpdfs]as part of a produ&n function, or as a
“knowledge” function as referred to in the litera an be done and has "
been done at different levels b,fjophistication.gé(e and social returns can =)
be estimated, although the ysis has_oftgr been restrained by data
availability. In the past, R&D spenhding ha%een used as the input and patent
counts, or dichotomous variables @1 as wedther or not a firm has innovated, ©

r

have proxied innovation outputs. Participants in the Forum argued stror@y
for going beyond this limited view. 2/

The lack of direct measurement carbc,ertajﬂy be r@r&ated with
econometric techniques that can account for missing variabtes; however, this
does not shed much light on the debate around the role of government in
innovation policy and productivity growth (Fabling, Chapter 9). Moreover,
the macro-level framework is unable to explain the heterogeneity of actors’
innovation paths or their dynamics and interrelations.

A recurring theme of the Blue Sky Forum was the importance that firm-
level analysis, both cross-sectional and longitudinal, can have in informing
policy makers on the nature of the innovation process and its impacts on
productivity. Unfortunately, limitations on access to micro data and data
linkage problems reduce the number of experts than can analyze data and
the range of research questions that can be explored, especially in an
internationally comparable way. Both create major barriers to the construction
of a full range of STI indicators and to analytical research on the outputs and
impacts of innovation. This work also requires agreement, acceptable to the
international community, on concepts and definitions for both the measure-
ment and interpretation of the data.

3. One component of innovation expenditure, expenditure on research and development
(R&D) according to the Frascati Manual definition, has recently been recognized as a
capital investment in the system of national accounts. At the OECD, NESTI is working
jointly with national accountants on methodological issues raised by the accounting of
R&D in the SNA framework, such as: coverage and valuation of R&D production,
estimation at constant prices and international prices, R&D imports/exports, constructing
R&D stocks, and overlap between R&D and software. Guidelines for the capitalisation of
R&D in the System of National Accounts will be part of the forthcoming OECD Handbook
on Intellectual Property.
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Solutions to problems of data acc (an database linkages néﬁ/fo be

found in order to provide better infeQnation to the policy community.
ability to link different data sets@ both the micro and macro levels,

improve understanding and redéige respondent burden. For Wle the
ability to link innovation su data to business practice e
administrative databases on fifm level capital investme ﬁ
added and employment can gybstantially improve econ@
the effects of innovation oﬁ

burden by not having to repliie;tf questions in the/i&
Participants in the Blue

s or to

nings, value

ric research on

conomic outcomes ﬂ reduce respondent
tion survey.

ule

y Il Forum hallenged to make STI

indicators, and their policy ap tions, % known, and as relevant, as w

those of the System of National Agcounts

A). Another recurring theme(/)

at the Forum was the need to im e the relevance of indicators to poli
as well as increase the input of the poQ community into the de3|gn Q{
e of

indicators. The Forum supported more

h into developing

science policy, which will require going beéyond Uorl'vz;:)r whel done by

existing science policy research groups around the

. As part of this

project, the growing interest in public accountability creates a demand for
indicators to support the evaluation of public spending programs and of
public institutions.

To summarize, four key messages were sent from Blue Sky participants

to the wider STI community.

1.

Research on innovation in the broad sense is currently fragmented. There
is a need for a general framework of analysis and greater coordination
of research efforts. The goal is to understand the entire story of
innovation, from inputs to economic and social impacts.

Indicator and related econometric research must move forward from
innovation inputs and activities to include the outputs and impacts of
innovation.

New methods of analysis are necessary to understand innovation
processes, which will require improved data access, data linkages and
the adoption of interdisciplinary approaches to data.

A marked improvement in the policy relevance of innovation research
is required in order to create a science of science policy.
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16.4. What implications for OECD“érk on STI indicators? /0

All four messages from the F%Qm participants are interlinked. prove?
access to data is required to deyelop new indicators and to con nalyses
that can improve understandi%of impacts. Better data accegs¥an involve
micro data, linking different data sets, and adopting a m¢ terdisciplinary
approach to innovation resem. The OECD plays acentrdl role in each of
these four areas: coordinal the development ew and improved s
indicators; coordinating new Yesgarch to evaluate/fg outputs and impacts of
innovation; promoting solutiofs o data accesﬁ supporting research of
high policy relevance. w

The development of STI indirs at the OECD has been guided by the‘o
Working Party of National Experts on Science and Technology indicag@ys
(NESTI). While the core competenc &ESTI are the developrgdat of
statistics and methodological guidelines V[;E ovati &g&uman
Resources in Science Technology (HRST), its acti expanded in
this last half a century to directly oversee work on biotechnology statistics,
patents and bibliometrics, R&D tax incentives, and technological balance of
payments. The latest addition is forthcoming work on the measurement of
nanotechnology, while work on indicators for the information society was
spun off into an ad hoc group that has subsequently become the Working
Party on Indicators for the Information Society (see Gault, Chapter 1).

While STI indicators work at the OECD is mainly under the responsi-
bility of one group, a lesson learned in these last years is that STI indicators
are not the sole province of those working in the STI area. OECD work on
information society statistics, on multinational enterprises (MNES) statistics,
entrepreneurship statistics, productivity statistics, education and migration
statistics, taxation statistics and national accounts, are all fundamental to
advancing the measurement and understanding of science, technology and
innovation issues. The point is that the need for coordination of research
efforts goes far beyond research by and for the STI community. One result is
that NESTI has increasingly sought to collaborate and build synergies with
different OECD groups, with other international organizations, and with
non-OECD economies.*

4, The OECD Main Science and Technology Indicators (MSTI) (OECD, 2007) publishes
data for nine non-OECD economies (Argentina, China, Israel, Romania, the Russian
Federation, Singapore, Slovenia, South Africa and Chinese Taipei). Brazil, Chile, China,
Israel, South Africa, UIS (the UNESCO Institute for Statistics) and ESTAT (the Statistical
Office of the European Commission) are official observers to NESTI activities; also,
RYCIT (the Ibero-American network of Science and Technology indicators) regularly
participates. For the first time in 2007, NEPAD (the New Partnership for Africa’s
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To what extent does NESTI’s ¢ |’éht and future program tf’/\?vork
address the Blue Sky I call for meas&ﬂe;s of outputs and impacts? To
extent it already does. Work on R@ capitalization in national accounts
allow estimation of the macrogégonomic impacts of mvest R&D.
Work on collecting direct measares of indirect support to R easure
excluded in the Frascati Mantlal (OECD 2002:142) i ~n ing and will
allow better evaluation of thedmpact of public supportt &D. An effort to
develop indicators of commeigiglization of public and\grivate research is just
starting. A research proposal to revise measureme delines in the HRST
area and analyze the roIe\HRST play in hvation and economic
performance has been preparegyin antu@ of resources being made

eule

available.

Perhaps the best example @ current project to better exploit %ﬁ.
potential of existing innovation surve ta is the NESTI-WPIA Inno
micro data project.” The project addre determinants and_i s of
innovation at the firm level across cdlntrieg r:Ere e¢_ vabue is its
international scope: indicators and econometric esti sed on the same
methodological approach are applied to national data sets in a large number
of countries. Experts from over 20 countries are involved in the project,
including several non-OECD economies (Brazil, Chile, the Russian
Federation and Slovenia).®

Development) participated in the NESTI meeting, seeking ways to collaborate on STI
indicators development. Additional non-OECD countries, such as India, participate in
specific NESTI activities, notably the projects on the careers and mobility of doctorate
holders (CDH project).

5. This OECD project was launched as a joint endeavor of NESTI and WPIA (The Working
Parting on Industrial Analysis, previously called SWIC) in May 2006.

6. The indicators themes include: standard innovation indicators, innovation modes and
performance (i.e. composite indicators reflecting the degree and type of innovation
performed by firms), innovation linkages (with universities, between companies etc.), and
obstacles to innovation. The themes selected for econometric analysis (which will also
entail the compilation of comparable indicators) include: i) innovation and productivity;
ii) channels of international technology transfer; iii) non-technological innovation; and
iv) intellectual property rights (IPRs). Important characteristics of the firm will be taken
into account in those analyses, including its size, the industry it belongs to and its
multinational character (or not).
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The project overcomes data acc Slimitations by runningl l‘gﬂonal
econometric models on innovation sswy/ey micro data in parallel, rather@an

seeking to combine national micr(@ata into one large data set. The nation?
na

teams of experts run similar statidgical operations on their respegtiy@ natio

data sets: data cleaning; compfjation of indicators, and econ i€ regres- @
sions. The core data come innovation surveys s the fourth
European Community Innoyation Survey, coordinat Eurostat, or
similar innovation surveys fré countries outside of Byrope. The innovation ()
survey data are linked with data from other national eys and/or business
registers in order to impr the sophistic and accuracy of the 3
econometric models. w

This decentralized approachc@ith e&ational team working on its{y
own data set, is required by the idential character of survey micro data.
That legal constraint explains the fagt {hat, apart from a few excepp&hs,
there is almost no recent multi-countr Wyses using innova{oqy vey

micro data.’ e | eC

The project must overcome two major obstacles: imperfect compara-
bility of innovation survey data (especially for non European countries), and
differences across participating countries in the ability to link innovation
data at the firm level to data from other surveys. The latter is necessary for
many economic analyses that require company balance sheet data. One of
the objectives of the project is to demonstrate the potential of linking
surveys, registers and other administrative sources to analyze innovation
impacts. One of the results is likely to be a strong message for granting
greater data access to micro data for analytical and policy relevant purposes.

The fourth key message of the Blue Sky Il Forum is to improve the
policy relevance of STI indicators and analysis. This requires the direct
input of the policy community. One option is to apply ‘user driven
innovation’ in the development of indicators, for example by creating
systems that permit policy users to continuously influence and contribute to
indicator design. Another option is to map user needs with available
indicators and identify data gaps and priorities for new indicators. Either or
both methods would supplement the current influence of academics and
national statistical offices on indicator development.

7. The situation should improve in the future, with micro data for several EU countries now
available for researchers at the Eurostat safe centre in Luxembourg. However, the
Eurostat micro data are limited to questions included in the CIS, with no possibility to
link the CIS data to other survey results.
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Both methods are currently used at EOECD in the developm!r(‘yf STI
indicators. NESTI itself regularly e tes the strengths and weakness€of
the indicators it develops andONorks to improve their quality b%
strengthening and revising its rdethodological guidelines. It alt wit
the issue of policy relev and multidisciplinarity increasing @
collaboration with policy gms inside and outside the D and by
organizing conferences such gs the Blue Sky series. On tRe gther end, policy
makers have the opportunity] to feed directly i NESTI’s work by
providing guidance and appraisal through its nt committee, the
Committee for Scientific and {gghnological Poli @STP), and its subsidiary J
bodies. Furthermore, NESTI has keen dealig \éyh the increasing complexity w

of the subject area by leveragim the skil good will of active member
countries. Groups on specific i{sugs, from informal groups such as tasko)
forces and expert groups, to more fgrmal arrangements such as ad @c
meetings, have multiplied. 2/

While the OECD has implementeb’ magy !Il‘faf Cm'sfh\o%s for
improving the policy relevance of STI indicators an :g/nsis, there is still
substantial room for improvement. However, the current context of limited
budgets for statistical agencies results in fewer resources to experiment, to
develop new indicators, to launch new surveys, or even to add new questions
to existing surveys. One solution is to adopt a flexible approach to statistical
micro data that permits greater exploitation of existing data. An example is
the use of different aggregations, in addition to sector or firm size, to help
respond to policy questions, rather than being constrained by standard
classification systems. This is partly a data access issue, as discussed above.

16.5. Conclusions and challenges ahead

Since the first Blue Sky meeting in 1996 the nature of OECD work on
STl indicators has changed considerably. The scope has broadened with the
increase in the number of areas and issues covered. The focus has changed
from mainly statistical and classification issues to increasingly analytical
research and work that is more directly linked to policy. And, the breadth of
activities has expanded from measuring R&D to measuring innovation in a
broad sense. This has included the development of statistical frameworks for
emerging interdisciplinary technologies (first ICT, followed by biotech-
nology, and nanotechnology in the near future), to new approaches to the
measurement of HRST, and to new techniques of analysis based on micro
data.
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While science and technology, esp &Hy new information tecl(r@raiis,
were a key determinant of growt rformance across countries | e
1990s, with the advent of the nevOniIIennium broader trends have becon‘@
apparent that create a new condext for STI indicators. In pagtigNar, new
measurement challenges comgyfyom changes due to globali nland the @
environment, including the dentand for and supply of natQ ources.

f globalization. Q
Following the broader fragmertation of the value chajignd the corresponding
internationalization of manufgctyring, new trend merging in how R&D J
is performed.® In some sectorsyslich as pharmac@ Is, the trend is towards a
decline in the dominance of Ia\gémultin fopalfirms in R&D expenditures, w
with increasing shares of R&D pgeformed By small and medium sized firms.{y
Another trend is towards the outseufcing of R&D to “R&D services” firms,
many of which, while classified in g?rvices, undertake R&D for r{ -
facturing industries. New ways of condtic R&D are also emerginy, such

as using joint ventures and alliances a oubougli_n &D foreign
affiliates. Yet, the current structure of data collectiomistied to models of
national R&D performance that are increasingly unrepresentative of how

and where R&D is performed by firms (National Research Council, 2005).
Christopher Freeman and Luc Soete in Chapter 15 analyze extensively the
changing nature of R&D and its increasingly globalized nature. Other
contributions to the Blue Sky Il forum have tackled the very difficult issue

of measuring the internationalization of R&D.? This complex measurement
agenda is currently on the OECD work program and it is likely to remain
there for the years to come.

R&D provides a good /@ample of the challg

More generally, the location where the value of research and innovation
is created and captured is changing. Firms are increasingly relying on
external sources of knowledge rather than in-house expertise. Research
(including public research) is increasingly commercialized via spin-off
companies and in some sectors the licensing of patented technologies
(OECD 2004) plays a growing role in knowledge transfer In this context it
becomes difficult to obtain measures of the value of innovation and to
answer questions about who is appropriating the returns from innovation.
Finally, while increasingly relying on networks of actors across geographical
locations, science and innovation activities also tend to cluster in particular
locations or around certain institutions (e.g. a leading university or a

8. The internationalisation of R&D is not a totally new phenomenon, since some R&D has
been undertaken abroad for a long time. However, cross-border R&D has traditionally
been the corollary of foreign direct investment and until recently largely aimed at
adapting technologies for sales in host countries. (OECD 2006a).

9. See the contributions of Akerblom (2006) and Perani and Cozza (2006).
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research laboratory of a multinationa ﬁbratlon) Geographical bé(‘r}q‘arles
and traditional units of analysis, suekdas the nation, might not be the
choice for analyzing the changlr@landscape in science, technology ar@
innovation.

Another challenge comes%m major technological shif{s,Wwith a new
shift possibly underway due to a rapid increase in the @ and for energy.
While worries about limits il supplies have exigted some time, the
growing demand from China=amd India coupled wit tinued instability in
the Middle East brings these goncerns to the ound. Perhaps, more
significant is the better understanding of hov% consumption of carbon-
based fuels is changing the te Bo s are open to debate, but
when the two trends are combjsed, comes clear that science an
technology will have to address need for a conversion from fossil fuels
to other sources of energy and/or me ds such as carbon sequestratj
minimize the release of carbon dioxi the atmosphere. T, @ rge,
long-term trends underscore the need for morofom?r @Kin§-approach
to STI indicators that can meet policy requireme r the short and
medium-term future. Michael Bordt, Julio Rosa and Johanne Boivin
(Chapter 14) provide examples of existing classifications that can be used, or
questions that have been or can be added to existing surveys, to measure
issues related to “sustainable development”. For example, R&D and innovation
surveys have been used to measure scientific and innovation activity for
specific types of technologies, such as the group of related technologies that
make up biotechnology. The same approach could be used for other sets of
technologies, such as environmental technologies to look at issues of “eco-
innovation”.

eule

In the shorter term, the challenge is to render statistical systems more
flexible and responsive to the introduction of new and fast evolving
concepts that are typical of the science, technology and innovation field.
There are several ways of doing so, for example experimenting with satellite
accounts, adding questions to several surveys, or adding topic-specific
modules to main survey vehicles every n years. Experimental and flexible
approaches could progress at different speeds according to countries’ specific
priorities and resources. This will require some coordination to prevent
geographically fragmented research efforts over the long-term and ensure
that the results of successful experimentation in a limited number of
countries are taken up by the international community.
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In the longer term, a chaIIen\%o(Dthe statistical commurﬁ&}ls to
redesign surveys to address the rele unit of STI analysis. Should dafdbe
collected at the level of researc@boratories to address questions ab

basic research? Is the group levél a more relevant unit of ana sj%than the
enterprise level when lookin R&D? Should innovation s use the
establishment to look at the difftision of new process tec ies? Another
challenge is to restructure data collection in a way t!@naximizes data
linking opportunities for re@ch and the analysis& impacts. This also ()
means finding ways of providing researchers wjthdtcess to micro data "
while at the same time meetir‘q3 @rns. J

v

onfidentiality

In a context of limited bud@s for st icéagencies, there is a crucial
need to obtain the full support ofsthe poliCx community by providing theméy
with useful indicators and anal . One goal is for the international STI
policy community to develop a “scier*(I%” of STI policy based on em%t@él
STI data and indicators, similar to the relipage current Ministers w nce
and of the Economy place on economic metrics@A spconehg@al 1%-to ensure
that the Ministers of Finance and of the Economy regugn e STI policies as
central to the promotion of economic growth and sustainable development.
Both goals require more resources to be committed to developing improved
STI indicators and analysis as part of an overall measurement strategy. The
OECD is in the process of developing an innovation strategy, to be informed
by policy relevant indicators and empirical analysis. This is a window of
opportunity for mobilizing policy support and resources that is not to be
missed.
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o R
Abngviations \* 2

o o
Advanced manufacturing technology (AMT)

Australian and New Zealar@tandard Industrial Cgsi%ion (ANzsIC) Q)
Auwustralian Productivity Cowission (APC) ? 3
Australian Standard Researc >élassification C) w
Association of Universities al gllege anada (AUCC) 2]
Business expenditure on R&D RD) o
British Medical Journal (BMJ) \)(

Business Operations Survey (BOS) o L e C"

Business Practices Survey (BPS)

Brazil, Russia, India and China (BRICs)

Computer-aided design (CAD)

Canadian Agency for Drugs and Technologies in Health (CADTH)
Canadian Biotechnology Strategy (CBS)

Careers of doctorate holders (CDH)

Collége du Management de la technologie (CDM)

Commission of the European Communities (CEC)

Centre for Economic Policy Research (CEPR)

Canadian Institute for Health Information (CIHI)

Canadian Institutes of Health Research (CIHR)

Competitiveness and Innovation Framework Program (CIP)
Community Innovation Survey (CIS)

Canadian Internet Use Survey (CIUS)

Canada Research Chair (CRC)

Crown Research Institutes (CRIS)

Centre for Research on Innovation and Competition (CRIC)
Canadian Science and Innovation Indicators Consortium (CSIIC)
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Centre for the Study of Living Stand o@(CSLS)
Department of Trade and Industryg(DTI) O
Design Industry Advisory Comittee (DIAC) \*
European Commission (ECYQ) (\ ¢

European Community (ECQ O

European Commission Bu of European PoIicy@ﬂsers (EC-BEPA)

0

European Industrial Resear&h)\/lanagement A#tion (EIRMA) J

European Knowledge Area (@A) % w
MS)

Environmental management sy@m (E

European Parliament (EP) <
European Patent Office (EPO) I)' o L C &\)
European Research Area (ERA) =
European Space Agency (ESA)
Economic and Social Commission for Western Asia (ESCWA)
European Statistical System (ESS)

European Union (EU)

Foreign Affiliates Trade Statistics (FATS)

Food and Drug Administration (FDA)

Foreign direct investment (FDI)

Field of science and technology (FOS)

Full-time equivalent (FTE)

Government budget appropriations or outlays for R&D (GBOARD)
Gross domestic product (GDP)

Gross domestic expenditure on R&D (GERD)

Government expenditure on R&D (GOVERD)

Health adjusted life expectancy (HALE)

Higher education R&D (HERD)

Health Economics Research Group (HERG)

Household Internet Use Survey (HIUS)
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Her Majesty’s Stationery Office (HM 6? e ql(/‘
Human resource management ( O,)
Human resources for science ag technology (HRST)
Harmonized Commaodity Dﬁiption and Coding System (l@ ¢
International Adult Literacyand Life Skills Survey (I

Improved Business Understariding via Longitudinaéatabase

0
Development (IBU LD% @ J
Information and communicati technologlz @T) w

Information and communicatiogstechnoldgies (ICTs) (7]
Indicators of education systemsm E&) 7/
Information technology (IT) |>, \)(

° | C X
Intellectual property (IP) e

Initial public offering (IPO)
Intellectual property rights (IPRs)

Forschungsinstitut zur Zukunft Arbeit (Institute for the Study of Labour)
(1ZA)

International Labour Organization (ILO)
International Patent Classification (IPC)
International Standard Classification of Education (ISCED)
International Standard Classification of Occupations (ISCO)

International Standard Industrial Classification of All Economic Activities
(ISIC)

International Organization for Standardization (ISO)
Knowledge Economy Indicators (KEI)

Knowledge management (KM)

Knowledge translation (KT)

Mergers and acquisitions (M&A)

Manufacturing Advisory Service (MAS)

Ministry of Economic Development (MED)
Multinational corporations (MNCs)
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Nomenclature for the Analysis and C r@arison of Science Budgé[(}ﬁd
Programs (NABS) ﬁ O

Nomenclature statistique des Aﬁf@ités économiques dans la Co unaut@
Européenne/ Classification of Economic Activities in the Egean

Community (NACE) Q) (\

North American Industry Cr@sification System (NAI
National Alliance of Provi | Health Research O@uizations

0
(NAPHRO) U @ 3
National Bureau of Economigﬁesearch B@ )]
National Experts on Science an@echno y Indicators (NESTI) (7]
Not-for-profit (NFP) (/ 7/
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