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Foreword

Research training has strong links to national innovation environments and innovation policies
practised in al countries. Directing substance |earning, educating researchersin problems relevant
to innovation policies and educating the workforce with skills needed by innovative industries can
all be strongly affected by proper research training policies. Much of the actual innovation pro-
cessesin countries are performed by research trainees, which provides research training policies a
direct connection to innovation policies. Technology transfer from universities to industry com-
monly takes place in connection with research training.

Thisreport isbased on key findingsfrom the PhD study by SandraHaukkafrom the RMIT Univer-
sity, Melbourne, Australia. The introductory chapter of this report summarises the PhD topic, re-
search design, and key findings for Finland (compared to Australia and the USA). The second
chapter defines and clarifies the key conceptsfor this study and includes an overview of the nature
and performance of national innovation and research training systemsin each country. The remain-
ing chapters each represent an element of the conceptual framework, starting with a theoretical
background to the particular element and followed by an analysis of findings for each country
against key assumptionsthat have been drawn. Thefinal PhD thesiscontaining all findingsand rec-
ommendations, together with a description of a research training culture of innovation will be
availablein late 2005.

The data collection stage was undertaken in the three countries — Australia (from February to June
2003), Finland (from July to December 2003), and USA (from January to May 2004). Whilst over-
seas, theauthor of thisreport wasaVisiting Scholar at the University of Oulu and University of I11i-
nois at Urbana-Champaign. Document analysis, interviews with innovation and research training
experts, and statistical analysis were the main methods used as part of the historical research com-
ponent. Case study methodology (which used the methods of semi-structured interviews, short ob-
servations and document analysis) produced 30 case studies of research studentsin the science and
technology fields of geospatial science, wireless communication, biosciences, and materials sci-
ence and engineering. The quantitative research component involved collecting data from the
OECD and country sourcesin relation to innovation investment and performance, size and outputs
of research training systems, international mobility and migration, and human capital stocks, in-
vestments, returns and impacts (economic and non-economic).

Tekes wishes to thank the author for an informative, analytical and, policywise, a most timely
study.

September 2005

Tekes
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Summary: Key findings for Finland compared to

Australia and USA

Nature and performance of national innovation
systems and research training systems

Efforts to create a coherent and efficient national innova
tion system have transformed Finland into aleading inno-
vating nation. Finland invests significantly more than Aus-
tralia and the United States in terms of gross and business
expenditure on R&D (as a proportion of GDP) and the
number of researchersasaproportion of total employment.
Patenting and S& E publishing activities (on a population
basis) remain above that for Australia and the United
States. Finland’ s share of world citations continuesto rise.
Rankings from the latest Global Competitiveness Report
indicate that Finland remains aworld leader in terms of its
potential to attain sustained economic growth over the me-
dium and long term; ability of its firms to create valuable
good and services using efficient methods; and potential to
innovate for competitiveness. Chapter 2 presents key
strengths and weaknesses aswell as strategiesto strengthen
Finland’ s national innovation system. Thekey challengeis
internationalising the national innovation system to ensure
it can better manage the impact of globalisation and rapid
international change on industrial structures, business
models and competencies.

The Graduate School system and other research funding ar-
rangements have succeeded in expanding the number of re-
search (doctorate) graduates within Finland’s national in-
novation system. Finland’s commitment to the Bologna
process is expected to increase mobility of research stu-
dentswithin Europe (including Finland) and further reduce
the time taken to compl ete doctorates. It is still too early to
determine whether the Knowledge and Innovation reforms
toresearchtraining in Australiahave succeeded in address-
ing specific deficiencies and creating better connections
between universities and the national innovation system.
The steady increase in the number of research compl etions
is a positive sign. The research training system in the
United States has also aimed to improve attrition and com-
pletion rates (as indicated by the PhD Completion Pro-
gram), equip students with the capabilities to work in dif-
ferent sectors, and encourage research training in
multidisciplinary environments. Prior to the events of Sep-
tember 11, there were also concerns about the rapidly in-
creasing supply of foreign research studentswho remainin
the United States after graduating.

Element 1: International mobility and migration
of research students and graduates

Thiselement of the conceptual framework assumesthat re-
search studentsarelikely to contributeto anational innova-
tionsystemin Australia, Finland or the USA if, after gradu-
ating, they continue their research career AND remain in
their own country (they are immobile); migrate to Austra-
lia, Finland or the USA from another country (brain gain);
return home from another country (brain circulation);
and/or leave home but maintain professional links and net-
works that encourage international flows of highly skilled
workers and knowledge (brain circulation).

Finland, along with Australia and the United States, has a
range of programsin place which aimto facilitatetheinter-
national mobility of research students and graduates. Key
providers of mobility programs in Finland are the Acad-
emy of Finland and the Centre for International Mobility
(CIMO). Programs funded by Tekes, the European Union
and other Finnish and international organisations also fa-
cilitate international mobility. In addition, the Finnish
Government has in place an International Strategy for
Higher Education and a strategy for the Internationalisa-
tion of Finnish Science and Technology. These efforts are
proving successful in encouraging greater international
mobility of tertiary students to and from Finland through
student exchanges. However the number of research stu-
dents participating in student exchanges or undertaking
doctoral studiesin Finland remains small. Also of concern
is the downward trend in the number of Finnish teachers
and researchers making overseas visits and the number of
foreign researchers visiting Finland. Despite increases in
the foreign-born population, Finland has low migration
rates and consequently the share of foreign HRST remains
below other European countries. This comparesto Austra-
liaand the United States which have been very successful
in attracting and retaining research students and graduates.
The issue for Austrdiais the brain drain of domestic re-
search graduates. The United States hasrelied heavily on a
supply of foreign students and researchers for some time
and events of recent yearsare suggesting that it isno longer
the primary destination for these people.

Foreign research students and graduates in Finland are at-
tracted to the high level research environment and as a



whole are satisfied with the quality of information and
guidance provided. As aresult, nearly half of those people
surveyed in 2004 intend to stay permanently in Finland.
Friendships, personal contacts and recommendations are
proving to be the most successful ways to attract foreign
students and researchers to Finland. Therefore, Finland
should continue its efforts to encourage more student ex-
changes but with a greater focus on attracting research stu-
dents. This includes more innovative approaches (includ-
ing funding opportunities) to attract foreign research stu-
dents and graduates to Finland. More effort is also needed
to encourage Finnish research students and graduates to
work abroad where they can establish international net-
works. Although most of the Finnish research studentswho
were case studied participate in international conferences,
workshops and/or courses, this study recommends mobil-
ity initiatives that are longer in duration in order to estab-
lish strong and ongoing networks.

Finland, Australia and the United States are proud of its
ability to employ researchers at rates that are consistently
above the OECD average and for its efforts in expanding
the number of research jobs (particularly in industry for
Finland and the United States). However, those with doc-
toral degreesaccount for asmall proportion of those people
who work as researchers, particularly in the business sec-
tor. Despite the existence of publicly funded programs that
support research careers, the attractiveness of research ca-
reers remains an issue in each country for similar reasons.
These include the difficulty in securing permanent posi-
tions, pay rates that are below other professional occupa-
tions, and intense competition for fellowships and scholar-
ships. Academia remains the key career choice for many
research graduates mainly because their programs have not
prepared them to work in other sectors and demand for re-
search graduatesin industry isnot sufficient. More effortis
needed in the three countries to address these issues whil st
considering the demand and supply for research graduates
in science and technology fields.

Element 2: Knowledge production and
distribution by research students
(case studies)

Element 2 assumes that the contribution of the 30 research
students to their national innovation system is enhanced
when their research is characterised by a combination of
Mode 1 and Mode 2 knowledge production and distribu-
tioni.e. their research considers the context of application,
involves stakeholders and leads to transdisciplinary re-
sults; research results are effectively disseminated to all
stakeholdersthrough the process of production (beyond the
traditional Mode 1 methods of journal and conference pa-
pers); and their research training program equipsthem with
economically relevant knowledge and the capabilities to
work in knowledge-based economies. These activities are

further enhanced when they occur in countries with cul-
tural characteristics that are conducive to innovation.

All 30 research students were undertaking research that to
varying degrees was context related i.e. useful to industry,
government or society. The usefulness of their research is
indicated in many cases by funding support by potential
benefactors. The students are expected to disseminate their
resultsthrough thetraditional Mode 1 methods of reporting
in journals or at conferences — three to four international
(and refereed) publications is arequirement at the Univer-
sity of Oulu. Some studentswere more activethan othersin
disseminating their results through other methods due to
their own initiative and/or the existence of networks and
activities established by their supervisor, department and
university. Most students were interacting with and dis-
seminating their resultsto their scientific community. Stu-
dents from the Department of Crop Sciences at University
of Illinois a Urbana-Champaign (UIUC) regularly met
with industry and were able to disseminate their results
through extension specialists. Students (and employees) of
the Centre of Wireless Communication (CWC) in Oulu
regularly report relevant findings to industry sponsors.
There was no case where a student actually organised their
research around the context of application by interacting
with and disseminating resultsto all stakeholders. Students
could interact with people from other disciplines through
seminar series and the sharing of facilities. The three stu-
dents from the Beckman Institute were the only students
who appeared to be directly involved in transdisciplinary
research.

Most students were developing the economically relevant
knowledge of know-what, know-why and know-how in
their research area. Only a small number of supervisors
spoke specifically about helping their students to develop
know-who i.e. the ability to co-operate and communicate
with different kinds of people and experts. One reason for
this could be that supervisors assume that students will de-
velop their own networks and build relationships over the
duration of their studies and through attendance and pre-
sentation at conferences and other events. Most of the stu-
dents from the University of Oulu and UIUC were funded
to attend relevant conferences and events. Asinternational
conferences were usually held in the United States, UIUC
students could easily access these international networks.
Students from the University of Oulu mainly attended in-
ternational conferences and meetings held in Europe with
some students (particularly those from the CWC) travel-
ling beyond Europe. Most of the Australian students were
unable to attend international conferences due to funding
difficulties. Only three of the 30 students had undertaken
actual placements at universities located outside their own
country. The centre head of CWC spoke of hisintention to
introduce a system of internal networking to assist young
researchers to learn how to network and build relation-
ships.



In terms of capability development that met the needs of
employers in knowledge-based economies, some supervi-
sors spoke about the role of research training in developing
generic skills, helping students to become independent re-
searchers, and improving their ability to learn, solve di-
verse problems and generate ideas. The online generic
modules at RMIT University and the Biobusiness Course
at Biocenter Oulu are examples of programs designed to
provide research studentswith more general skillsrequired
by employers. A department head at the UIUC discussed
the need to ensure that the research training programis pro-
viding students with the necessary skills to work as re-
searchers, managers and/or directors.

All three countries have cultural traits that support innova-
tion. However, Australian culture does not appear to have
embraced innovation and theimportance of R& D tothe ex-
tent that the other two countries have. This study recom-
mendsthat research is undertaken to examine the impact of
national culture on the production and distribution of new
knowledgein research and research training environments.

Element 3: Research training, human capital
and economic growth in Finland

This element of the conceptual framework assumesthat re-
search training represents human capital formation at an
advanced level, leads to relatively high private and social
returns, and representsasignificant investment in R& D ac-
tivities by a country in order to build a highly qualified
workforce. Indicators on educational attainment show that
Finland is now producing more people with university de-
grees after performing below the OECD average for some-
time. Although Finland produces less university graduates
as a proportion of the population aged 25 to 64 years than
Australia and the USA, a higher proportion of the popula-
tion go on to complete aresearch degree. Finland produces
a higher share of graduates in S& E fields than Australia,

the United States and the OECD mean mainly due to the
very high share of engineering graduates. However, Fin-
land has experienced lower average growth in HRST con-
tributing to recent declines in HRST stocks, HRST core
and the number of scientistsand engineersin Finland (after
peaking in 2001).

University educated people in Finland earn significantly
more than those people with upper secondary education
and are less likely to be unemployed than the rest of the
population. Datafrom Statistics Finland shows that people
with aresearch degree earn significantly more than those
withaBachelor’ sdegree. High earnings combined with the
low cost of education have led to private rates of return for
university educated people in Finland that are well above
that for Australia and the United States Higher taxation
ratesin Finland may have offset the high public cost of ed-
ucation, leading to above average social rates of return for
university educated people. For all three countries, earn-
ingsdatasuggeststhat private and social rates of returnsfor
those people with research degrees are above rates given
for the combined category of tertiary type A and advanced
research degrees.

The relatively high level of human capital investment and
stocksin Finland appears to have had a positive impact on
GDP per capita, life expectancy, infant mortality, relative
poverty and life satisfaction and feelings of happiness.
However, human capital investment appears to have nega
tively impacted on Finland’ s homicide conviction/commit-
tal ratewhichisabovethe OECD average. Thebasic analy-
sisdid not find any correlation between the human capital
indicatorsand GDP growth rates, labour productivity inthe
business sector, CO2 emissions and suicide rates. This
study recommends a more thorough analysis of the rela-
tionship between research training and economic growthin
each country.
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1 Introduction

1.1 Background

The Commonwealth Government of Austraia released a
White Paper, Knowledge and Innovation: A policy state-
ment onresearch and research training in December 1999.
ThisWhite Paper outlined reformsto “ make the best use of
availableresourcesto ensure that the research and research
training undertaken in Australian universities continues to
be world class and that the new knowledge it generatesis
effectively linked to innovation in Australian industry”
(Kemp, 19993, p. iv).

Reforms were largely in response to the Government’s
concern that research in universities is often discon-
nected from the national innovation system. Reforms
aim to extend higher education research to the national in-
novation system through closer links with industry,
thereby contributing to stronger local and international
connections between the producers and users of research.
Universities are expected to conduct research and research
training in an entrepreneurial environment. This involves
universities collaborating with partners across the world
and with other actors in the national innovation system.
Therewould be astronger movement of staff and research-
€ers across various research settings through collaborative
projects and student exchanges. Research students would
acquire skills and knowledge in both academic and indus-
trial environments.

Research undertaken by the OECD (1999) around the same
time found that the interaction of market institutions (the
users) and non-market institutions (the knowledge produc-
ers) to achieve collective goals influences “the direction
and speed of innovation and technology diffusion” (p. 23).
The OECD (1999) identified several examples of interac-
tions among enterprises, universities and public research
institutes that facilitate innovation and technology diffu-
sion: research contracts, mobility of researchers, licensing,
spin-offs, joint labs, co-publications and informal contacts
within professional networks.

Some of the Knowledge and Innovation reforms sought to
address deficiencies in research training and enhance “the
important contribution of research students to the national

research and innovation system” (Kemp, 19993, p. 18).
This contribution has been described as undertaking cut-
ting edge research, renewing the research and academic
workforces, and transmitting knowledge and skills. How-
ever, there hasbeen little research on theimpact of research
and research training initiatives in actually enhancing the
contribution of research studentsto Australia snational in-
novation system. Lundvall (1992) argued that national ed-
ucation and training are missing elementsin a national in-
novation system and called for future research to “integrate
education and training systems and innovation systems in
one single analytical framework” (p. 15).

Therefore the purpose of this study isto investigate if and
how resear ch training contributesto a national innova-
tion system in order to determine ways that Australia can
improvethiscontribution. Australiacurrently ranksamong
the top 10 OECD countriesin many of the innovation indi-
cators, such the size of its research workforce, publication
rates, and government funding of R&D. However, it re-
mains well below the OECD average for business invest-
ment in R& D, employment of business researchers, diffu-
sion and commercialisation of innovations (asindicated by
patenting levels), linkages and collaborations, and citations
of publications. Asaresult, thisstudy isalso examining the
contribution of research training to national innovation
systems in Finland and the United States of American
(USA) — two contrasting countries which are regarded as
world leaders in innovation.

Findings should provide stakeholders in each country
(such aspolicy makers, funding bodies, universitiesand in-
novation researchers) with greater insight into the contri-
bution of research training to the national innovation sys-
tems of Australia, Finland and the United States. The key
outcome of the study istheidentification of the features of
aresear ch training culture of innovation that could en-
hance this contribution. Thisis achieved through an analy-
sis of research training and innovation policy and systems
in these three countries since the early 1990s together with
case studies of 30 research studentsin the science and tech-
nology fields of geospatial science, wireless communica-
tion, biosciences, and materials science and engineering.



1.2 Research design

The study aims to address the key research question of
whether research training (particularly in science and tech-
nology fields) contributesto national innovation systemsin
Australia, Finland and the USA. This involves answering
eight secondary research questions within a conceptual
framework consisting of three elements (Figure 1):

International mobility and migration of research
students and graduates, particularly in science and
technology fields.

Knowledge production and distribution by research
studentsin a national innovation system (based on
30 case studies of research studentsin science and
technology fields).

The relationship between research training, human
capital and economic growth.

Key research questions:

[ Does research training (particularly in science and technology
fields) contribute to rational innovation systems in Australia,
Finland and the USA?

Elements of the conseptual framework:

[ International mobility and migration of research

students and graduates
[J Knowledge production and distribution by research students
[J Research training, human capital and economic growth

Research questions:

[J What is meant by innovation, a rational innovation
system, research training and research students?

[J What is the role of research training (particulary in
science and technology fields) in a national innovation
system?

[ What have been the major developments in, and
performance of innovation and research training
policies/systems in Australia, Finland and
the United States?

[J What policies have been introduced in each
country to support the international mobility and
migration of research students and graduates?

[J How has each country perfomed on terms of
brain drain, brain gain and brain circulation?

[ Is the R&D work performed by 30 research
students likely to contribute to an innovation?

[J Does research training as human capital
formation contribute to economic growth
in Australia, Finland and the United States?

[0 What is a reseach training culture
of innovation?

Research

Country

University level

Research training program level

The study uses a mixed methodology strategy based on a
complementary relationship between qualitative and quan-
titative research methodologies. The strategy consists of
three components that were undertaken for Australia, Fin-
land and the USA:

 Historical research to source and analyse key documents
that explain the nature, development and performance of
the national innovation system and research training sys-
tem in each country. The key focus of the historical re-
search component was to determine if policies and sys-
tems encourage research students to contribute to a na
tional innovation system.

Case study research to produce 30 case studies of research
students in science and technology fields from RMIT
University (Austraia), University of Oulu (Finland) and
University of Illinois at Urbana-Champaign (USA).

Quantitative research whereby statistical datais an im-
portant part of the historical research methodology and
two elements of the conceptual framework.

Constructivism/Interpretivism

Methodology:
Historical research,
late 1980s to present

Methods: Documents, statistical
records and oral statements

Methodology: Quantitative

<=

Methods: OECD and country
statistical records

Methodology:
ﬂ Case study research
Methods: Interviewing, observing
and filming to form 30 intrinsic
case studies of research students
in science and technology fields

S

4

student level

S

Number of people interviewed/case studied

Figure 1.

Research design



2 Key concepts

The following concepts are defined and/or clarified in this
chapter because they are words or terms within or closely
related to the key research question:

 Innovation

» National innovation systems

* Research and development (R& D)

» Human resources in science and technology
* Research students and training

This chapter aims to present internationally agreed and/or
recognised definitions and explanations for these concepts
rather than to debate their meanings (as addressing the key
research question is the focus of this study). By doing so,
this chapter aimsto explain what is meant by “innovation”,
a “national innovation system”, “research training” and
“research students’ (research question 1). The discussion
in this chapter also aims to identify the role of research
training (particularly in science and technology fields) ina
national innovation system (research question 2). This
chapter also provides an overview of the nature and perfor-
mance of national innovation systemsand research training
systemsin Finland, Australia and the United States.

2.1 Innovation

Definition of innovation

The OECD Oslo Manua (1997) contains guidelines for
collecting and interpreting science and technological data
related to innovation. The 1997 versionisbased on thetest-
ing of conceptsand classificationsin the earlier (1992) ver-
sion by many OECD countries, animproved understanding
of the innovation, and the existence of awider range of in-
dustries. The main type of innovation inthe manual istech-
nological product and process (T PP) innovation defined
as “implemented technologically new products and pro-
cesses and significant technological improvements in
products and processes’ (p. 31). The word implemented
meansthat the TPP innovation has been “introduced on the
market (product innovation) or used within a production
process (process innovation)” (p. 31).

Technological product innovation covers both goods and
services, and takes two broad forms: A technologicaly
new product is defined as a* product whose technol ogical
characteristics or intended uses differ significantly from
those of previously produced products. Such innovations

can involve radically new technologies, can be based on
combining existing technologiesin new uses, or can be de-
rived from the use of new knowledge’ (p. 32). Examples
provided in the manual include the first microprocessors
and video cassette recorders which used radically new
technologies, and the first portable cassette player which
combined existing tape and mini-headphone techniques
into anew use. Although not stated in the manual, thistype
of innovation has also been described as breakthrough or
radical innovation. A technologically improved product
is defined as “an existing product whose performance has
been significantly enhanced or upgraded. A simple product
may beimproved (in terms of better performance or lower
cost) through use of higher-performance components or
materials, or acomplex product which consists of anumber
of integrated technical sub-systems may be improved by
partial changes to one of the sub-systems” (p. 32). Exam-
ples provided include the use of higher performance com-
ponents to substitute plastics for metals in kitchen equip-
ment or furniture, and the introduction of ABS braking or
other sub-system improvementsin carsto partially change
one of a number of integrated technical sub-systems. This
type of innovation has also been described as progressive
or incremental innovation. Technological processinnova-
tion is defined as follows:

Technological processinnovation is adoption of technologi-
cally new or significantly improved production methods, in-
cluding methods of product delivery. These methods may in-
volve changes in equipment, or production organisation, or a
combination of these changes, and may be derived from the
use of new knowledge. The methods may be intended to pro-
duce or deliver technologicaly new or improved products,
which cannot be produced or delivered using conventional
production methods, or essentially to increase the production
or delivery efficiency of existing products (p. 32).

The manual distinguishes between worldwide TPP inno-
vation, “the very first time a new or improved product or
processisimplemented” (p. 34), and firm-only TPP inno-
vation which occurs “when a firm implements a new or
improved product or process which is technologically
novel for the unit concerned but is already implemented in
other firms and industries’ (p. 34). The manual presents
these terms as New to the world and New to the firmin Fig-
ure 2, which also includes an I ntermediate category where
an innovation could be geographical asit isnew to acoun-
try or region. Figure 2 also includes other innovation which
represents or ganisational innovation or “the introduction
of significantly changed organisational structures; the im-
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Figure 2. Types of innovation. Source: OECD (1997) p. 36

plementation of advanced management techniques; or the
implementation of new or substantially changed corporate
strategic orientations” (pp. 36-37). Organisational innova-
tions lead to a “measurable change in output, such as in-
creased productivity or sales’ (p. 37). The category of not
innovation refersto changesin products and processesthat
“areinsignificant, minor, or do not involve a sufficient de-
gree of novelty; or “other creative improvementswherethe
novelty does not concern the use or objective performance
characteristics of the products or in the way they are pro-
duced or delivered but rather their aesthetic or other subjec-
tive qualities’ (p. 37).

Therest of this section discusses the most well known the-
ories, models or approaches to innovation. Rothwell
(1994) identified five gener ations of innovation models:
first generation (technology or science push), second gen-
eration (need or market pull), third generation (coupling of
science, technology and the market), fourth generation (in-
tegrated) and fifth generation (systemsintegration and net-
working). The fourth generation or integrated model in-
volves parallel development with integrated development
teams rather than a sequential process; strong supplier and
customer linkages with the firm; collaborations between
firms (such as joint ventures and strategic alliances); and
integration of R& D, manufacturing and marketing func-

tions. The fifth generation or systems and networking
model includes fully integrated parallel development and
significantly more networking through strong linkages
with leading-edge customers; the use of expert systemsand
simulation modelling in R& D; strategic collaborations and
networking between firms; co-development of new prod-
uctsand linked systemswith suppliers; and an efficient and
flexible innovation process enhanced by IT technologies
(Industry Commission, 1995).

Linear models (post World War ll)

In the period following World War 11, the linear model of
innovation inwhich the market reacted to R& D outputsina
smple sequential process was generally accepted. In this
technology or science push model knowledge flows smoothly
in one direction from basic research to development (de-
sign and engineering) to production (manufacturing) to
marketing and then sold in the marketplace. Based on his
definition of invention as a new combination of pre-exist-
ing knowledge which satisfies some want, Schmookler
(1966) proposed a demand-induced model of innovation
consisting of six critical stepsto produce an invention: the
existence of inventive potential (i.e. the availability of the
last bit of knowledgeto create an invention); acquisition by
the inventor to thislast bit of knowledge; desire by the in-



ventor or backer for the effect of theinnovation; decisionto
make the invention; creation by the inventor of the inven-
tion’ s root idea; and reduction of the invention to operable
form (pp. 16-17).

Kline and Rosenberg’s chain-link model
(1986)

Kline and Rosenberg (1986) criticised economists for
treating technological innovation as a black box of known
components and process, concentrating only on inputs and
outputs rather than on what goes on inside the box. They
were concerned that technologists were only interested in
technological processes inside the box, ignoring market
forces and ingtitutional requirements for innovation. Kline
and Rosenberg (1986) argued that the linear model of inno-
vation distorted the reality of innovation as it did not in-
clude feedback paths between and within events; take into
account the real world problems of “inadequate informa-
tion, high uncertainty and fallible people” (p. 266); or re-
cognisethat innovation involves complex and variable pro-
cesses and systems. Science is not a precondition for inno-
vation (using the bicycle as an example of an innovation
that occurred without science) but an important part of the
innovation process. Innovation draws on science and the
demands of innovation create new science. The outcome of
an innovation is highly uncertain due to “uncertainty not
only about technical performance but also the market re-
sponse and the ability of the organisation to absorb and uti-
lise the requisite changes effectively” (p. 276). These fac-
tors together with significant differences in how innova-
tions are generated from industry to industry make it diffi-
cult to measure the impact of innovation.
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Figure 3. Chain-link model of innovation.
Kline & Rosenberg (1986) p. 289

Kline & Rosenberg (1986) proposed a chain-link model
(Figure 3) consisting of five major paths of activitiesinthe
innovation process:

» Thefirst pathisthe central -chain-of-innovation from de-
sign through to devel opment, production and marketing.

» The second path is a series of feedback links between
these activities (F and f).

» Scienceisthe third path which is linked to the develop-
mental processes and is called upon by the other stages
when information is needed (D and K). The type of sci-
ence needed depends on the stage in which it is under-
taken, such as pure, long-range science at the design or
invention phase compared to processresearch at the pro-
duction stage.

e The fourth path between research and invention (D) is
rare and involves new scienceleading to aradical inven-
tion, such as lasers, semiconductors, atom bombs and
genetic engineering.

e Thefinal path is feedback from the products of innova-
tion on the market to science through the support of sci-
entific research of instruments, machines, tools and
technology procedures (1) and scientific research about
the product area (S).

Dosi’s stylised facts (1988)

Dosi (1988) defined innovation as “the search for, and the
discovery, experimentation, development, imitation, and
adoption of new products, hew production processes and
new organisational set-ups’ (p. 222). Based on contribu-
tions by a number of authors to the economics of innova-
tion over the previous decade, Dosi (1988) identified five
stylised facts of innovation that represent fundamental
properties of the innovative process (pp. 222-223):

e Uncertainty about the occurrence of unknown events,
existence of techno-economic problems with unknown
solutions and consequences of actions.

* Increasing reliance on advancesin scientific knowledge
for major new technologies.

* Increasing complexity of research and innovative activi-
tiesleading to formal organisations (such asR&D labo-
ratories in firms, universities, government |aboratories)
as opposed to individual innovators.

e Many innovations and improvements are the result of
learning-by-doing and learning-by-using when solving
production problems, meeting customer requirements,
overcoming bottlenecks etc.

e Technical changeisacumulative activity i.e. technolog-
ical advances are a function of the technological levels
already achieved.

Despite an increasing reliance on scientific progress for
technological advances, Dosi (1988) found that links were
more direct and powerful in some technologies and sectors
and more indirect in others. For example, many innova-
tionsin electronics and chemicalsindustriestend to rely on
emerging new technological paradigms made possible by



scientific advances. In such cases, innovative activities in
these science-based sectors are often formalised in R&D
laboratories, undertaken by large firms and lead to product
innovations that are taken up by many sectors as capital or
intermediate inputs. Dosi (1988) identified the use of sci-
ence-based equipment and intermediate inputs together
with generic science-based knowledge acquired by re-
searchers and engineers during their formal training as ex-
amplesof indirect links between science and technol ogical
advances in other sectors.

Porter’s national competitive advantage
(1990)

Porter (1990) developed his national competitive advan-
tage approach by examining specific industries and indus-
try segments to explain why nations achieve international
success in particular industries. He identified four broad
and interrelated factors (and presented these as a “dia-
mond” in Figure 4) that shape the environment in which
firms compete: factor conditions i.e. access to infrastruc-
ture and human, physical, knowledge and capital re-
sources; demand conditionsi.e. the home market’ s demand
for theindustry’ s product or service; related and supporting
industries i.e. internationally competitive supplier indus-
tries and related industries in a nation; and firm strategy,
structure and rivalry (Porter, 1990). The government’ srole
isto influence these conditions through subsidies, policies
(such as palicies for capital markets and education), stan-
dards and regulations, and as amajor buyer of many of the
nation’s products. Chance events (such as surgesin world
or regional demand, changes in financial markets and ex-
change rates, war, pure invention etc) are included in the
diamond as they cause shiftsin competitive advantage.

Porter (1990) divided factor conditions into basic factors
(e.g. natural resources, climate, location, unskilled and

semi-skilled labour, and debt capital) and advanced factors
(e.g. modern digital data communications infrastructure,
highly educated personnel such as graduate engineers and
computer scientists, and university research institutes in
sophisticated disciplines). To achieve higher-order com-
petitive advantages such as differentiated products and
proprietary production technology, Porter (1990) argued
that countries need advanced factors that require large and
sustained investments in human and physical capital. To
show how the creation of advanced factors relies on basic
factors, he used the example of how the supply of doctoral
level biologistsis dependent on the pool of talented univer-
sity graduates in the field. Porter (1990) al so distinguished
between generalised factors (such as highway system, a
supply of debt capital, pool of well-motivated employees
with college educations) that can be deployed in a wide
range of industries and specialised factors (such as nar-
rowly skilled personnel, infrastructure with specific prop-
erties, knowledge bases in particular fields). He concluded
that the “most significant and sustainable competitive advan-
tage results when a nation possesses factors needed for com-
peting in aparticular industry that are both advanced and spe-
cidised” (p. 79). Whereas natura resources or location are
basic factors that are inherited, nations must create and con-
tinualy upgrade advanced and speciaised factors. Porter
(1999) found that internationally successful national indus-
tries are characterised by a significant direct investment by
firms, trade associations and individuals in factor creation,
and a close coupling of private and public investments.

Because the determinants of national competitive advan-
tage to do not occur evenly throughout an economy, Porter
(1999) proposed that industries are connected through
cluster swhich draw on “common inputs, skills, and infra-
structure and also stimulates government bodies, educa-
tional ingtitutions, firms, and individualsto invest in relevant
factor creation or factor-creating mechanisms’ (p. 135).
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Figure 4. Determinants of national competitive advantage. Source: Porter (1990) p. 127



Theimpact of industry clusters on factor creation (and up-
grading) is strongest when there is vigorous domestic ri-
valry and rivals are located in the same city or region.

Systems of innovation approaches

Therearefour typesof innovation systemswhich servedif-
ferent purposes but can be regarded as systems and net-
working models or systems of innovation approaches. In-
novation systems can be national (which is discussed on
subsequent pages), regional?, sectoral? and technological®,
and their development have been mainly influenced by in-
teractive learning and evolutionary theories of innovation.
The process of learning and user-producer interaction are
key elementsof theinteractivelearning theory proposed by
Lundvall (1992) and the Aaborg group in Denmark. The
basic premise of the evolutionary theory of technical
change first proposed by Nelson and Winter (1982) is that
technical changeisan evolutionary processin which inno-
vations are path dependent (i.e. built on existing technolo-
gies), open-ended, time-consuming, involve considerable
randomness, and although superior, are not optimal in solv-
ing a technical problem. As a result, the system never
reaches a state of equilibrium (Edquist, 1997). Edquist
(1997) identified nine characteristics that are common to
systems of innovation approaches (pp. 16-29):

* Innovation through learning is the key focus of the sys-
tem.

» Systems aim to be holistic covering all determinants of
innovation i.e. economic, institutional, organisational,
social and political.

* Innovations, ingtitutions, organisations and the whole
system develop cumulatively over time.

» Systems of innovation differ across countries, regions
and technologies due to differences in the structure of
production, resources devoted to R& D and innovation,
performance of technology development and diffusion,
and organisations and institutionsin the system, making
it difficult to compare systems and define an optimal
system of innovation.

* Firms seldom innovate in isolation but interact with
other organisations, such as competitors, suppliers, cus-
tomers, government agencies, universities etc.

 Innovation encompasses technological process innova-
tions, technological product innovations and organisa-
tional innovations.

« Ingtitutionshaveacrucial roleininfluencinginnovation,
and include formal institutions such as R&D laborato-
ries and universities as well as norms, rules and laws.

e Ambiguity about the systems of innovation concept
(such as the unspecific boundaries of systems) provides
openness and flexibility for competing perspectives and
solutions but makes the process of selection between al-
ternatives difficult.

e Thereisno formal theory for the systems of innovation
approach but instead it is characterised by conceptual
frameworks.

Etzkowitz & Leydesdorff’s Triple Helix of
Academic-Industry-Government (1995)

With an interest in how to study innovation systems from
different dimensions and subdynamics, Henry Etzkowitz
and L oet L eydesdorff proposed in 1995 that the key institu-
tions of university, industry and government form adually
layered network in a national innovation system: “one
layer of institutional relationsin which they constrain each
other’ sbehaviour, and another layer of functional relations
in which they shape each other’s expectations’ (Leydes-
dorff, forthcoming). They observed that the new environ-
ment for innovation is characterised by astrong role of uni-
versities and other knowledge producing institutions; ac-
tive engagement of al levels of government in formulating
policies; strategic aliances of firmsin devel oping and mar-
keting new products, product and process innovation within
industry (which are complemented by techno-scientific in-
novation); and the emergence of science-based technolo-
gies that originated in academia and were encouraged by
Government policies (Etzkowitz, 1998). As a result, the
three institutional sectors of public, private and academia
that previously worked separately are increasingly work-
ing together in a spiral pattern to form atriple helix with
linkages emerging at various stages of the innovation pro-
cess. There are four dimensionsin their model (Etzkowitz,

1998, p. 129):

* Internal transformation in each of the helices, such asthe
development of strategic alliances among companies or
changes in the resource base of universities.

« |Influence of one helix upon another, such as the role of
the US Federal government in shifting intellectual prop-
erty rights and technology transfer for discoveries made
from Federally funded academic research over to uni-
versities (through the Bayh-Dole University and Small

1 Cooke (2001) identified region, innovation, network, learning and interaction as key, linked concepts in aregional innovation
system made up by network organisations and/or members who associate). He referred to the Boston biotechnology case as one
of the world’s leading clustered, regional, sectoral innovation systems.

2 Malerba (2002) defines a sectoral system of innovation and production as a*“ set of products and the set of agents carrying out
market and non-market interactions for the creation, production and sale of those products. A sectoral system has a specific

knowledge base, technologies, inputs and demand” (p. 1).

3 Carlsson (1997) refers to the definition of technological systems provided by Carlsson & Stankiewicz (1991) as “knowledge and
competence networks supporting the development, diffusion and utilisation of technology in established or emerging fields of
economic activity. They consist of networks of firms, research and development (R& D) infrastructures, educational institutions

and policy-making bodies” (p. 2).



Business Patent Act of 1980); and the formulation of
policies and programs by state governments to encour-
age universities to establish industrial ties.

 Creation of anew overlay of three helices, established to
generate new ideas and formats for high tech develop-
ment, such as regional industrial clusters.

» Recursive effect of these exchanges among institutional
spheres both on the spiralsfrom which they emerged and
on the larger society, such asthe effect on science itself
asaresult of internal changeswithin academia, strength-
ened and diffused by government policy.

Etzkowitz (2001) also referred to the “second academic
revolution” in which entrepreneurial scientists and univer-
sitiesare transforming the knowledge produced in academia
into intellectua property. This has involved faculty mem-
bers and graduate students assessing both the commercial
and intellectual potential of their research. Universities are
becoming core ingtitutionsin society which contribute more
to economic development by combining teaching and re-
search with technology transfer, shifting from an individua
to an organisational perspectiveintheir missions, and gener-
ating social, intellectual and human capital.

2.2 National innovation systems

Origins and approaches

In his 1987 book, Technology Policy and Economic Per-
formance: Lessons from Japan, Christopher Freeman first
published the term national innovation system (NIS) defin-
ing it as “the network of institutions in the public and pri-
vate sectors whose activities and interactions initiate, im-
port, modify and diffuse new technologies’ (Freeman,
1987, p. 1). Freeman (1995) attributed the origins of the
concept to Friedrich List (1841) and the initial use of the
term to Bengt-Ake Lundvall. List proposed anational sys-
tem of political economy involving the protection of infant
industries and a broad range of policies of learning about
and applying new technology. List was aiming to enhance
industrialisation and economic growth in an attempt “to
understand the reasons for British commercial supremacy
and enable Germany (and other countries) to catch up”
(Freeman, 1995, p. 19). Awareness of the NI'S concept was
heightened with the release of abook on technical change
and economic theory by Dosi et a (1988). The book in-
cluded afour chapter-section on national systems of inno-
vation by Lundvall, Freeman and Nelson. Lundvall (1992)
and Nelson (1993) devel oped different but somewhat com-

plementary national systems of innovation approaches that
haveinformed the devel opment of national innovation sys-
temsin many countries.

Lundvall (1992) defined a national innovation system as
“all parts and aspects of the economic structure and thein-
stitutional set-up affecting learning as well as searching
and exploring — the production system, the marketing sys-
tem and the system of finance present themselves as
sub-systems in which learning takes place” (p. 12). This
definition is based on his interactive lear ning approach
that assumes knowledge is the most fundamental resource
in a modern economy; the long term competitiveness of
firms and national economies depends on their innovative
capability; and innovations are cumulative i.e. based on
pre-existing knowledge. Acknowledging that globalisation
and internationalisation are challenging the national ap-
proach, Lundvall (1992) believesit isstill important to un-
derstand how institutional and economic structures impact
on the promotion of innovation at a national level. Lund-
vall (1992) identified five key elements of anational inno-
vation system that vary from country to country:

e Internal organisation of private firms, including the
learning capabilities and information flows required to
strengthen innovative capability.

* Inter-firm relationships with competitors and knowl-
edge producers (such as universities and research insti-
tutes).

« Ingtitutional set-up of the financial sector to provide re-
sources, especialy for small and medium enterprises with-
out the sufficient resources to invest in new technologies.

* Role of the public sector and government in supporting
innovation through schemesthat encourage scientific re-
search, and regulations and standards which influence
the rate and direction of innovation.

* Resources, competencies and organisation of the R&D
system, referred to as R&D intensity.

Learning is the central activity in the interactive learning
approach and is enhanced by shared norms and culture in
countries. Itisasocially embedded processwhich involves
interactions between people (particularly between produc-
ers and users of knowledge), positive feedback and the re-
production of knowledge. This processleadsto “ new prod-
ucts, new techniques, new forms of organisation and new
markets’ (Lundvall, 1992, p. 8).

Lundvall and Johnson (1994) found that three intercon-
nected phenomena’ in the post-Fordist era (i.e. ICT, flexi-
ble specialisation and changes in the innovation process)

4 The three interconnected phenomena included “the devel opment of information communication technologies (ICT) to handle,
store and move information, and the cost of the competence required to deal with information efficiently; the movement towards
flexible specialisation where organisations respond rapidly to changesin demand and to other external changes (for example, by
making minor changes to products in the short term or developing product innovations to meet user needs in the longer term); and
changes in the innovation process means that firms must find ways to increase the learning ability at al levels of the firm and
enter into cooperation and alliances with other firms both in order to share financial risks and gain accessin amore diversified

knowledge base” (Lundvall & Johnson, 1994, p. 25).



created new constellations of knowledge and learning in
the economy. This led them to coin the term learning
economy in which firms are regarded as learning organi-
sations that first learn how to learn and gradually develop
their capacity to learn:

The learning economy is a dynamic concept; it involves the
capability to learn and to expand the knowledge base. It refers
not only to the importance of the science and technology sys-
tems— universities, research organisations, in-house R& D de-
partments and so on — but also to the learning implications of
the economic structure, the organisational forms and the insti-
tutional set-up (p. 26).

Lundvall and Johnson (1994) identified four different
types of economically-relevant knowledge that are com-
bined in the innovation process in the learning economy:
Know-what (knowledge about “facts’ or “information™);
know-why (knowledge about principles and lawsin nature,
human mind and society which is essential for technologi-
cal development in certain areas such as chemicals and
electronics); know-how (the ability to do different kinds of
things on a practical level i.e. skills); and know-who (the
social ability to co-operate and communicate with different
kinds of people and experts). Firms gain this knowledge by
learning intentionally through education, training, R&D
and market research (learning-by-searching) and as a by-
product of routine economic activities (learning-by-pro-
ducing). Knowledge can also beforgotten when it isnot ac-
tively used, deteriorates or is no longer relevant to the con-
text. Innovation can be blocked by old habits of thought,
routines and patterns of cooperation. Forgetting is “an es-
sential and integrated part of learning” (Lundvall & John-
son, 1994, p. 38) as the creative destruction of knowledge
can lead to radical innovations. The government’srole in
the learning economy isto support learning processes by:

 providing the means to learn i.e. investing in education
and training, continually renewing theform of content of
these activities, and adapting to new social and technol-
ogy developments

 providing incentivesto learn such as systems of salaries
and wages and income taxes at the individual level and
patent laws and tax rules at the firm level

* ensuring the capability to learn i.e. government studies
of best practice programs, diffusion of findings to lag-
gards, and financial support for organisational innova-
tions and experimenting

 providing access to relevant knowledge i.e. access to
universities, technical institutes and libraries; agents to
link knowledge producers and knowledge users; and
government programmes for projects of cooperation to
support network formation

* encouraging learning to forget through for example, a
system of redistribution to compensate victims of
change such as different social security arrangements,
active labour market and retraining policies.

By 2002, Lundvall et al (2002) were advising that national
innovation systems should be considered from the dimen-
sionsof structure (what is produced in the system and what
competencies are most devel oped) and the institutional set
up (how production, innovation and learning takes places).
Innovation system studies should avoid a narrow focus on
the role of science and science-based technologies. They
called for a greater focus on the process of learning and
competence building; the creation, transformation and
passing away of innovation systems; the broadening of the
analysis of economic development to include the affects of
knowledge production on social and ecological sustain-
ability; and new development strategies together with pol-
icy coordinationintheareasof socia policy, labour market
policy, education policy, industrial policy, energy policy,
environmental policy and science and technology policy.

The ingtitutional approach proposed by Nelson and
Rosenberg (1993) examines how institutional structures
and mechanisms in national systems of technical innova-
tion can impact on technological and economic perfor-
mance of different countries. Similar to the earlier work of
Kline and Rosenberg (1986), Nelson and Rosenberg
(1993) stated that national innovation systems are strongly
influenced by the mix of industries within a nation and the
nature of technical change which differs between indus-
tries. Arguing that technology and business are becoming
increasingly transnational, they questioned the relevance
of the national innovation systems concept, and clarified
each word rather than the concept itself. They focused on
identifying thefactorsthat influence national technological
capabilities rather than understanding the behaviour of
firmsand institutions to explain theword innovation. They
defined systems as “a set of institutional actors that, to-
gether, plays the major role in influencing innovative per-
formance” (pp. 4-5). Institutions involved in industria in-
novation includefirmsand industrial research |aboratories,
aswell as supporting institutions such as universities, gov-
ernment agencies and policies. Science isregarded as both
aleader and follower and intertwined with technology, asit
givesrise to new technology on the one hand yet is under-
taken to understand and improve new technologies on the
other. They found that technology advancesin many fields
are being made by people who are university trained in sci-
ence and technology. Universities play akey roleinthein-
novation system not only asatraining ground for scientists
and engineers but “as a source of research findings and
techniques of considerable relevance to technical advance
inindustry” (p. 11). Inthe closing chapter of hisbook, Nel-
son (1993) made the following key points about national
innovation systems based on findings from 15 country
studies:

« It isworthwhile to the observe national innovation sys-
tems however internationalisation is making it difficult
for national governments to support national industry
and requires people, governments and the public re-



search system to work with firms with overseas head-
quarters.

« Differencesin economic and palitical circumstancesand
priorities (such as size of population, income levels, re-
source endowments, R&D intensity and military R&D)
contribute significantly to differencesin innovation sys-
tems.

» Highly competent firmsin their line of business, an edu-
cation and training system that provides firms with a
flow of people with the rights skills and knowledge (in-
cluding universities that are responsive to the training
needs of industry), and a package of fiscal, monetary and
trade policiesthat encourage firmsto export are features
common to effective innovation performance.

* The effectiveness of government programs for publicly
supported research (in universities and public laborato-
ries) and industrial R&D is debated, and whether pub-
licly funded research helpsfirmsto innovate variesfrom
field to field.

Features of a national innovation system

The European Commission (1995) defined anational inno-
vation system asthe “sum total of firmsin anindustry, the
fabric of economic and social activitiesin aregion, or even
in society as awhole, whose dynamics are a complex mat-
ter” (p. 2). The OECD (1999) used the definition of a na-
tional innovation system provided by Metcalfe (1995) that
referred to the role of institutions:

A set of distinct institutions which jointly and individualy
contribute to the development and diffusion of new technolo-
gies and which provide the framework within which govern-
mentsform and implement policiesto influencetheinnovation
process. Assuchit isasystem of interconnected institutionsto
create, store and transfer the knowledge, skills and artefacts
which define new technologies (p. 24).

The European Commission (1995) argued that the innova-
tion processis “not alinear process with clearly-delimited
sequences and automatic follow-on” (p. 4), but involves a
system of interactions “between different functions and
different players whose experience, knowledge and know-
how are mutually reinforcing and cumulative” (p. 4). Simi-
larly, the OECD (1999) found that innovation requires the
performance of specific actors (enterprises, research insti-
tutes and universities) but states that these interactions are
increasingly complex and are occurring at “local, national
and world levels among individuals, firms and other
knowledge institutions” (p. 3). The forms, quality and in-
tensity of theinteractions of main actorsin anational inno-
vation system are influenced by a variety of factors that
vary from country to country. Factors such as country size,
level of development, industrial specialisation, specificin-

stitutional settingsand policy priorities contributeto differ-
encesinfinancial systems, corporate governance, legal and
regulatory frameworks, the level of education and skills,
the degree of personnel mobility, labour relations, and pre-
vailing management practices. These factors also impact
on acountry’ sability to mobilise political and financial re-
sources to exploit possibilities offered by a technological
gap (Villaschi, 2002). Despite these differences, the inter-
action of market institutions (the users) and non-market in-
stitutions® (knowledge-producers) to achieve collective
goals“influencesthe direction and speed of innovation and
technology diffusion” (OECD, 1999, p. 23).

A national innovation system aims to generate, diffuse
and use knowledge, which is crucial for economic perfor-
mance, competitiveness, increased productivity and im-
proved living standards in a knowledge economy (Figure
5). Atthemicrolevel, firmsfocuson their internal capabil-
ities and interact more intensely with firms with comple-
mentary assets (through partnerships) and with other insti-
tutions involved in the production process, such as univer-
sities, private and public research laboratories, regulatory
bodies, and providers of consultancy and technical ser-
vices. At the meso level, firms with common characteris-
tics cluster by sector (industrial), region (spatial) or func-
tion to share a common knowledge base. At the macro
level, knowledge flows through macro-clustering (where
the economy is a network of interlinked sectoral clusters)
and functional analysis (where the economy, as networks
of institutions, maps knowledge interactions among and
between institutions). The OECD (1999) identified five
types of knowledge flows within the functional analysis
approach that can be measured. Of particular importanceto
this study, are knowledge flows that occur due to interac-
tions among enterprises, universities and public research
institutes such as joint research, co-patenting, co-publica-
tions and more informal linkages.

Acknowledging human resour cesasacrucial elementina
national innovation system, the European Commission
(1995) argued that “a better-educated, better-trained and
better-informed workforce helps to strengthen innovation”
(p. 2). Innovation systems demand that individuals have a
constantly changing set of skills. A severelack of flexibility
in the structures of education and training establishments
and their approach to change, excessive stress on academic
knowledge, and too compartmentalised courses were
found to impede the ability to adapt and reformul ate educa-
tional programmes to the needs of the changing world.

According to the OECD (2001a), continuous product, pro-
cess and organisational innovations require organisational
Iearning through intensive information exchange and interac-
tion within and between organisations (which leads to struc-
tural capital) together with the ability of organisationsto ap-

5 The OECD (1999) acknowledged that non-market, knowledge-producing organi sations need adequate resources to “push their
investigations beyond what markets can see” (p. 15) to build the stock of knowledge.
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Figure 5. Actors and linkages in a national innovation system.
Source: OECD (1999) p. 23

ply new knowledge (their absor ptive capacity). Creating new
and disseminating existing knowledge aso requires individ-
ual learning, which leadsto human capital. New knowledge
created by a PhD student is an example of individual learn-
ing in table 1. The OECD (20024) explained the role of
learning within an innovation system as follows:

Effectiveinnovation systems are dynamic and generate capac-
ities for adaptation through learning. The learning processin-
cludestypically searching for knowledge internal and external
to thefirm, experimentation with products, servicesand strate-
gies, and evaluation. Governments need to continuously adapt

Table 1. Categories of learning

through policy experimentation and learning. Experimenta-
tion and learning is a partly self-steered process of configura-
tion of the system towards a better alignment between itsvari-
ous components (p. 80).

Factorsaffecting the per for mance of anational innovation
system include the quality of the education system; thereg-
ulatory, legislative and fiscal framework; the competitive
environment and the firm’ s partners; the legislation on pat-
entsand intellectual property; and the public infrastructure
for research and innovation support services. The role of
Government in a national innovation system has been to

Dissemination of existing knowledge

Creation of new knowledge

Individual learning
(resulting in human capital)

A
e.g. schooling; vocational training;
learning-by-doing in the workplace

B

e.g. university-based research by PhD
student; learning-by-doing in the workplace

Organisational learning
(resulting in structural capital)

C

e.¢. building data bases, creation of routines
and manuals; appropriation of technological
licences from other firms; recruitment of
highly qualified staff by firms

D

e.g. R&D in universities by research groups;
R&D within firms; collaborative R&D
between firms and research institutes

Source: OECD (2001a) p. 15
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address blocks® in the innovation system and to secure
framework conditions’ that are conduciveto innovation. In
a report from the National Innovation Systems project,
Dynamising National Innovation System, the OECD
(2002b) recommended against developing a grand design
for a national innovation system. Instead it supports a
knowledge-based, comprehensive structura policy which
includes policy instruments that support systems growth
and address problems that restrict the core conditions of a
well functioning system. These core conditions are an effi-
cient configuration or structuring of the constituent parts of
the systems, such as the economic structure or the organi-
sation of universities and public labs; and the structure of
the innovation processitself, or the particular processes by
which knowledge flowsin innovation systems and leads to
improved economic performance.

According to David and Foray (1995), Governments need
to pay greater attention to the processes of knowledge ac-
cess and distribution in their public policies related to the
functioning of national innovation systems. The produc-
tion and acquisition of knowledge (or a knowledge prod-
uct) in anational innovation system depends on the extent
of codification, publicness, disclosure, and how codes, lan-
guages and symbols are commonly understood (Foray,
1997). In addition to generating new knowledge, David
and Foray (1995) found that innovation systems must aim
to increase their knowledge distribution power by provid-
ing institutions with incentive mechanisms and coordina-
tion arrangements, including intellectual property rights
that encourage the disclosure and pooling of knowledge
(which is discussed further in Chapter 4). Foray (1997)
called for the establishment of an efficient knowledge sys-
tem that generates, distributes and utilises knowledge:

A knowledge system includes economic agents (or learning
entities) that assume the relevant functions of knowledge gen-
eration (by means of cognitive exploration and search) such as
the codification and reduction of knowledge to information,
the monitoring and perception of information (involving en-
coding, decoding, trandation, filtering and compression), the
communication and transfer of knowledge, and its storage, re-
trieval and reconstruction. It also includes the institutions that
serve to overcome the market’ s deficiencies in the production
and distribution of knowledge (p. 65).

The critical role of scientific knowledge (particularly in
the areas of biotechnology, new materials and information
technology etc) in many technological innovations is evi-
denced by the increasing number of referencesto scientific
publicationsin patents. The increasing intensity of univer-
sity-industry scientific cooperation in many countries is
shown by the expansion of co-patenting and co-publishing
activities. In many cases, research students have a signifi-

cant role in these industry-science relationships by under-
taking scientific research and developing the skills re-
quired by firms seeking to “adopt new technologies, new
instruments and methods for industrial research” (OECD,
2002c, p. 16). The OECD (2002c) identified a number of
areas for policy action that would support and encourage
industry-science relationshipsin anational innovation sys-
tem. These include giving priority to basic and long-term
mission oriented research in government S&T
programmes; ensuring appropriate frameworks for intel-
lectual property rights (IPRs); matching supply and de-
mand for scientific knowledge; improving the governance
of universitiesand public laboratories; safeguarding public
knowledge through IPRs; promoting the participation of
smaller firms; attracting, retaining and mobilising human
resources; improving the evaluation of research; respond-
ing to globalisation; and building on existing innovative
networks and clusters (pp. 9-10).

Assessing national innovation system
performance

To assess the performance of anational innovation system,
Lundvall (1992) recommends the use of measures that in-
dicate the “efficiency and effectiveness in producing, dif-
fusing and exploiting economically useful knowledge” (p.
6). The European Trend Chart on Innovation provides in-
formation and statistics on innovation policies, perfor-
mance and trends in all European member countries and
other countriesin Europe. In 2000 the Eur opean I nnova-
tion Scoreboard (EIS) was developed to monitor the
progress of Europe in reaching its goal set at the Lisbon
summit to become the most competitive and dynamic
knowledge-based economy in theworld within the next de-
cade. The EIS consists of 17 main indicators and three ad-
ditional indicatorsfor candidate countriesdivided into four
categories:. human resources for innovation, the creation of
new knowledge, the transmission and application of
knowledge, and innovation finance, outputs and markets.
The indicators for the transmission and application of
knowledge are based on data coll ected from manufacturing
and services enterprisesas part of Eurostat’ sthird Commu-
nity Innovation Survey (CIS).

Another useful approach for measuring innovation is in-
cluded in the European Commission’s Third European Re-
port on Science and Technology Indicators produced in
2003. Thisreport dividesindicatorsinto two categories. in-
vestment in knowledge production, dissemination and ab-
sorption; and performance in knowledge production, ex-
ploitation and commercialisation. Many of theseindicators
as well as other indicators are provided in the OECD’s

6 Blocksin anational innovation system include institutional rigidity, lack of networking or mobility of human resources, and
conflicting incentives between enterprises and the public research sector.
7 Framework conditions include a stable macroeconomic environment, a supportive tax and regulatory environment, and

appropriate infrastructure and education and training policies.
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Table 2. Key innovation indicators

Investment indicators Australia | Finland USA OECD
Gross Domestic Expenditure on R&D (GERD) as a proportion of Gross 1.54% 3.46% 2.6% 2.26%
Domestic Product (GDP), also known at R&D intensity (2000) (2002) (2003) (2002)
Government financed GERD as a proportion of GDP 0.70% 0.90% 0.81% 0.68%
(2000) (2002) (2003) (2002)
Business Enterprise Expenditure on R&D (BERD) as a proportion of GDP 0.78% 2.41% 1.79% 1.53%
(2001) (2002) (2003) (2002)
Higher education expenditure on R&D (HERD) as a proportion of GDP 0.41% 0.66% 0.44% 0.41%
(2000) (2002) (2003) (2002)
Total researchers per 1000 total employment 7.2(2000) | 16.4 (2002) | 8.6(1999) | 6.5 (2000)
Investment in knowledge (R&D expenditure + higher education expenditure + 41% 6.2% 6.8% 4.3%
investment in software) as a proportion of GDP, 2000
Performance indicators Australia Finland USA O0ECD
Scientific publications per million inhabitants, 2001 760 983 705 468
Number of triadic patent families per million inhabitants, 2001 16.3 83.1 52.6 37.6

Source: OECD (2003) and (2004a)

Main Science and Technology Indicators and Science,
Technology and Industry Scoreboard. Key innovation in-
vestment and performanceindicators from these two publi-
cations are contained in Table 2. Finland’ s performance in
most of theseindicatorsis assessed against that for Austra-
lia, the USA and the OECD in this chapter.

The World Economic Forum’'s Global Competitiveness
Report combines hard data (such as utility patents, tertiary
enrolment and internet usage) and findings from the Exec-
utive Opinion Survey completed by |eading business exec-
utives and entrepreneurs to produce two key indexes:

* The Global Competitiveness Index (GCI) developed
by Jeffrey Sachs and John McArthur aims “to analyse
the potential for the world's economies to attain sus-
tained economic growth over the medium and long
term” (World Economic Forum, 2003, p. xii). The GCI
consists of three indexes which assume that the process
of economic growth can be analysed according to the
macroeconomic environment (Macroeconomic Index),
quality of public institutions (Public Institutions Index)
and technology (Technology Index). The Technology
Index includes an Innovation Subindex formulated from
patent and tertiary enrolment data and survey questions
about university and industry research collaboration,
technological sophistication, firm-level innovation and
company spending on R&D.

e TheBusiness Competitivenessindex (BCI) developed
by Michael Porter indicates at the micro level “the abil-
ity of firms to create valuable goods and services using
efficient methods’ (World Economic Forum, 2003, p.
xviii). Data on patenting and cellular telephone penetra-
tion together with survey responses are used to calculate
two subindexes. Company Operations and Strategy
Subindex and the Quality of the National Business Envi-
ronment Subindex.

The Global Competitiveness Report also includes the Na-
tional Innovative Capacity Index (NICI) developed by
Michael Porter and Scott Stern to determinethe potential of
countries to innovate for competitiveness. Survey data is
used to calculate the NICI which isthe unweighted sum of
five subindexes representing “important components of in-
novation vitality” (World Economic Forum, 2003, p. xxii):
Scientific & Engineering Manpower Subindex, Cluster In-
novation Environment Subindex, Innovation Linkages
Subindex, Company | nnovation Orientation Subindex, and
Innovation Policy Subindex. Theseindexesarereflectedin
the elements of national innovative capacity shownin Fig-
ure 6 below.

Porter and Stern regard the number of international patents

granted by the US Patent and Trademark Office (USPTO)
as the best measure of national innovative performance
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Figure 6. Elements of national innovative capacity.
Source: World Economic Forum (2003) p. 105

(World Economic Forum, 2003). The cost involved is a
sign of the innovation’s potential economic value and the
standard of technological excellenceisat or near the global
technology frontier. However, the USPTO does not distin-
guish between those patents that are very minor innova-
tions and patents that represent major, revolutionary inno-
vations. In terms of measuring the success of anational in-
novation system, the Porter and Stern identified four criti-
cal factors: the size of the labour force dedicated to R&D
and other technically oriented work; the amount of invest-
ment directed at R& D; the resources devoted to higher edu-
cation; and the degree to which national policy encourages
investment in innovation and commercialisation (Council
on Competitiveness, 1999).

Many Governments assess innovation performance by
mapping their country’s national innovation system. The
final report of the Commonwealth Government, Mapping
Australian Science and Innovation, released in November
2003 defined mapping as the empirical analysis of innova-
tion systems: A map is “usually not just a description, but
an analysis of components, structure, and linkages to show
how they affect science and innovation performance” (Nel-
son, 20033, p. 40). The Commonwealth Government based
its mapping framework on the OECD scoreboard publica-
tions, European Union’s Community Innovation Survey
and Trendchart, earlier mapping exercises undertaken in
Australia, and mapping exercises carried out in other coun-
tries such as Finland, Norway, UK and Canada. The Com-
monwealth Government found that mapping projects gen-
erally involve some combination of

o careful institutional descriptions

 data-driven analysis of the structure and flow of R&D
resources (i.e. funding and expenditure)

14

o dtatistics-based assessments of science and innovation
performance

 university/public sector research agency-industry inter-
actions, including direct collaboration and indirect flows
of scientific knowledge into production

e key industrial clusters (dispersed or geographicaly fo-
cused) and related science or research activities

 analysisof the structures and strategies of major players
within the system (especially large R& D performers)

« analysis of public policy systems in terms of organisa-
tional structure and flow of resources.

Godinho, Mendonca & Pereira (2003) found that most
mapping exercises have concentrated on the actors and
linkages that connect a national innovation system. They
argue that it is necessary to consider the resources in-
vested in innovation and the results stemming from the
combination of these resources, largely through an analy-
sis of innovation performance. As aresult, Godinho et a
(2003) have developed aframework to map anational in-
novation system based on eight major dimensions which
arerepresentative of the multidimensionality of anational
innovation system. They use 38 variables to measure in-
novation performance within these eight dimensions: re-
sources supply, actors and their behaviours, interactivity
and linkages, institutional diversity and development, ex-
ternal communication (or absorption), economic struc-
ture, innovation, and diffusion. Researchers per 10,000 la-
bour force is a variable in the resource supply dimension
and PhDs in science and engineering per 1000 in the age
group 25 and 34 yearsis avariable in the actors and their
behaviours dimension.



2.3 National innovation systems in
Finland, Australia and the USA

Finland

Finland was the first country to adopt the national innova-
tion system approach in its science and technology policy
during the depression of the early 1990s. Thissystemisre-
garded as a sophisticated and coherent model that other
countries learn from, performing strongly in terms of
growth, competitiveness and technological sophistication
and infrastructure (European Commission, 2004). Finland
describes its system as a“ comprehensive entity composed
of producers of new knowledge, users of knowledge and
various interactive relations between them. The major
components of the innovation system are education, re-
search, product development and knowledge-intensive
business. The system is permeated by wide-ranging inter-
national cooperation” (Finnish Science and Technology
Service, 2005). Finland currently assessesthe success of its
national innovation system in five areas. the capability for
constantly generating new high-standard and relevant
knowledge; efficient and unimpeded diffusion of knowl-
edge and know-how; advanced capability for exploiting
knowledge produced abroad; effective horizontal partner-
ships in the domain of knowledge which permeates soci-
ety; and as aresult of which network-building across sec-
toral boundaries comes naturally.

Key organisations or “players’ in Finland’s national in-

novation system (Figure 7) are asfollows:

» The Scienceand Technology Policy Council of Finland co-
ordinates innovation policy activities at anational level.

* The Ministry of Education is responsible for Science
Policy and the Academy of Finland.

e The Ministry of Trade and Industry is responsible for
Technology Policy, Tekesand VTT.

» TheAcademy of Finland plansand funds basic research,
research training and science policy (providing funding
for research of 208 million eurosin 2004).

e The Nationa Technology Agency of Finland (Tekes)
plans and funds applied technical research and industrial
R&D (providing funding for research of 409 million eu-
rosin 2004).

» TheTechnical Research Centre (VTT) isFinland' slarg-
est governmental research institute carrying out techni-
cal and techno-economic R&D work.

e The Finnish National Fund for Research and Develop-
ment (Sitra) was established by the Finnish Government
in the late 1960s to finance technical R& D, and today is
one of a number of organisations that provide venture
capital support.

» The network of higher education institutions, technol-
ogy centres, centres of expertise and other operational
players within regional innovation systems.

 Large (and increasingly internationalised) industrial en-
terprises particularly in forestry, engineering, manufac-
turing and electronics.

Finnish science and technology system

PARLIAMENT
Science and Technology §
Policy Council
Other ministries

Universities and Public Research Institutes

Ministry of
Education

Akademy of
Finland

Ministry of Trade
and Industry

Business Enterprises and Private Research Institutes

Figure 7. Finland’s national innovation system.
Source: Finnish Science and Technology Service (2005)

15



In 2002, thetotal R& D workforcein Finland national inno-
vation system consisted of 55,044 personnel of which
38,632 personnel (or 70.2%) wereresearchers. Of thesere-
searchers, 21,283 (or 55.1%) were working in business en-
terprises, 12,392 (or 32.1%) in higher education and 4,600
(or 11.9%) in government. In addition, there were 22,105
students enrolled in postgraduate courses in 2004 of which
around 70% were undertaking doctoral research.

Finland reportsonitsinnovation performance as part of the
European Innovation Scoreboard (European Commission,
2004). The SWOT analysis of Finland’s national innova-
tion system included in the latest report for the period cov-
ering September 2003 to August 2004 isincluded in Table
A1l in the appendix. Key strengths identified in the report
and SWOT analysis included the high number of people

with tertiary qualifications, high public and business in-
vestment in R& D, high-tech patenting, innovation co-op-
eration, and internet penetration. Weaknesses included in-
novation expenditures in services, low attractiveness as a
location for foreign direct investment, small number of in-
novative SMEs, low employment in medium tech indus-
tries, diffusion of ICT into traditional industrial sectorsand
services, and thelow level of entrepreneurship. Theimpact
of globalisation and rapid international change on indus-
trial structures, business models and competencies are key
challenges for Finland. This study included interviews
with representatives from key playersin Finland’ s national
innovation system. Table 3 contains strengths and issues
about the Finnish innovation system that werelargely iden-
tified from these interviews.

Table 3. Strengths and issues in Finland’s national innovation system

Strengths

Issues

The system is organised. It has efficient and effective supporting
agencies with distinct roles, such as the National Technology
Agencies of Finland (Tekes), Academy of Finland, Sitra (National
Fund for Research and Development), Ministry of Trade and
Industry, Ministry of Education, and The Science and Technology
Policy Council of Finland. There is continuous evaluation and
improvement of these agencies and their programs and priorities.

Impending changes to intellectual property rights legislation that
are aimed at providing greater incentives for universities to exploit
research results may jeopardise the trust built up in existing
university and industry partnerships and may discourage new
partnerships.

People from agencies, universities, research institutes and
industries talk to each other as shown by strong networks and
clusters particularly at regional levels. A small country means it is
easier for people moving in similar circles to know each other.

There is pressure on the welfare state due to the ageing population,
prevailing high unemployment, and pressures to reduce taxation.

Industry involvement in R&D is a part of the normal R&D life, which
is due largely to the establishment of Tekes in 1983 which made
funding available for university and industry partnerships.

As Finland’s innovation system is in itself a unique model, it may
have some difficulty in finding inspiration and lessons in other
models.

Research on innovation and technology is undertaken from many
angles. The current four year research program called ProAct
consists of 25 to 30 projects to “increase our understanding and
knowledge of the effects of technology, research and technology
policy on society and the economy, and of the effects of society
on technological development” (ProAct, 2003). There is also a
dedicated research institute called VTT Technology Studies
which performs interdisciplinary research on the interface
between technology, the economy and society.

Finland does not have critical mass in terms of materials,
intellectual resources or customers for major projects or
innovations. Similar to other countries with a small population,

it is somewhat reliant on the global economy and must move
towards global networking to “improve the quality, reduce
overlapping knowledge production and help to pool existing
resources and allocate them to important targets” (Science and
Technology Policy Council of Finland, Knowledge, Innovation and
Internationalisation, 2002).

Prior to the recession, Finland set in place an ambitious plan to
become a high technology producer and exporter. Finland did not
cut back on R&D expenditure or education expenditure during the
recession. These smart decisions led to Finland (and in particular,
Nokia) to reap the benefits of the technology boom of the 1990s.
Some did say there was also an element of luck.

Also stated in the above report and reiterated by the representative
from the Science and Technology Policy Council of Finland (2002),
Finland is criticised for its “high taxation, strange language and
harsh climate” - factors which may make it difficult for Finland to
complete on the global market for competent researchers.

came out tougher and more efficient.

The businesses that survived Finland’s recession in the early 1990s

Finland has always had a strong investment in human capital.
In many countries the base degree is the Bachelor degree
whereas in Finland the base degree is the Master degree.

Greater efforts are now being placed on social innovations to
ensure complementarity of societal and social development
with economic and technological development.
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The current policy framework for science, technology and
innovation was rel eased in December 2002 in the sixth tri-
ennial review of the Science and Policy Council of Finland,
Knowledge, Innovation and I nter nationalisation. Table A2
inthe appendix contains the key innovation measures from
this review that aim to address challenges facing science
and technology policy, enhance the internationalisation of
the national innovation system, and further develop inno-
vation in Finland. In summary, the nationa strategy in-
cludes a focus on socia innovation, international science
and technology cooperation, national competencies, effi-
cient commercialisation of research, greater resources for
the Academy of Finland and Tekes, increased competitive
science and technology funding, revised intellectual prop-
erty legislation to encourage universities to undertake and
utilise research, strengthened linkages between research
organisations and business, foresight exercises that antici-
pate societal and technological developments, improving
the prospectsfor research careers, and measuresto enhance
regional devel opment.

Three major reportsthat wererecently released support this
national strategy by aiming to improve the functioning of
the national innovation system. The report | nnovation Pol-
icy to Yield More Returns identified the structural chal-
lenges of the activities of cooperation organisations that
promote innovation. These organisations include technol-
ogy centres, various development companies, businessin-
cubators and organisations that tend to the corporate rela-
tions of universities. The report recommended that the
“Ministry of Trade and Industry should examine how it
could adopt amore holistic approach to coordination of the
national innovation policy” (Ministry Trade and Industry,
2004) which could reqguire the restructuring of the public
sector. In November 2004, the Science and Technology Pol-
icy Council released a strategy for the Internationalisation
of Finnish Science and Technology that aims to strengthen
knowledge, competence, education, research, and innova
tion through extensive international cooperation. One of the
strategy’ s objectives is to “enhance the integration of the
Finnish innovation system with international science, tech-
nology development and innovation” (p. 1). The Finnish
Government adopted a resolution on the structural devel-
opment of the public research system in April 2005. The
resolution aimsto continually devel op the quality and rele-
vance of R&D to ensureitisworld classand relevant to the
national economy, societal development and citizens
well-being (Ministry of Education, 2005a).

Australia

The diagram of Australia’s national innovation system
(Figure 8) was included in the OECD (1999) publication,
Managing National Innovation Systems, and dightly re-
vised by the Department of Industry, Science and Re-
sources (1999) initsinnovation framework paper, Shaping
Australia’s Future. Organisations were grouped into the
Australian Commonwealth Government, thelegal and reg-

ulatory framework, promoting and supporting organisa-
tions, public education and research organisations, private
research organisations, linkages and technology diffusion,
and venture capital programs. More recently, five main
groupsof playersacrossthe public and private sectorswere
identified as part of Australia’s major mapping exercise of
science and innovation that was completed in November

2003 (Nelson, 2003a):

e Thousandsof largeand small firmsin the business sector
inall industries, including firmsthat are part of multina-
tional corporations.

39 higher education institutions (universities) which un-
dertake research to generate new knowledge and train
the future research workforce, aswell as other organisa-
tions including Cooperative Research Centres and Cen-
tres of Excellence.

* A variety of Australian Government and state and terri-
tory government research and science agencies (e.g.
CSIRO, the Defence Science and Technology Organisa-
tion), including units within agencies, which carry out
research for the“ public good” (where government isthe
prime funder or customer) and/or in partnership with
businesses and universities.

* Private non-profit bodies, including 29 medical research
institutes (most of which are associated or co-located
with higher education institutions).

* More than 60 major research facilities in which, princi-
pally, universities and government research agenciesare
jointly involved.

There were 95,710 personnel in Australia’'s R&D work-
force in 2000 of which 66,099 personnel (or 69.1%) were
researchers. Of these researchers, 39,507 (or 59.8%) were
working in higher education, 16,124 (or 24.4%) in business
enterprises and 8,972 (or 13.6%) in government. In 2004,
there were 47,309 research students enrolled in higher edu-
cationingtitutionsin Australiaand 15,231 of these students
(or 32.2%) were undertaking research in the S& T fields of
natural and physical sciences, information technology, and
engineering and related technologies.

The Commonwealth Government hasimplemented arange
of initiativesdesigned to build Australia’ s capacity to inno-
vatewithin anational innovation system by addressing sys-
tem weaknesses and devel oping features of an effective na-
tional innovation system. Australia’s current innovation
policy iscontained in Backing Australia’ s Ability, an inno-
vation action plan for the future (see Table A3 in the ap-
pendix) — a five year $2.9 hillion strategy announced by
Prime Minister John Howard in January 2001. The Gov-
ernment estimated that their strategy would be under-
pinned by $6 billion from the private sector and educa
tional and research ingtitutions that will work in partner-
ship with it to enhance Australia’ s capacity for innovation.
In May 2004, Prime Minister John Howard announced that
the Government had further strengthened Backing Austra-
lia’s Ability by $5.3 billion, culminating in aten year fund-
ing commitment of $8.3 billion from 2001 to 2011.
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Figure 8. Australia’s national innovation system.
Source: DISR (1999) p. 37

The Minister for Education, Science and Technology, Dr
Brendan Nelson, released Mapping Australian Scienceand
Innovation in November 2003. The purpose of the map-
ping exercise was to inform future policy development by
identifying strengths that should be maintained and devel-
oped; weaknesses and gaps in science and innovation per-
formance; and complementarities and areas of possible
greater cooperation between the national Government and
state and territory Governments. Many of the strengths,
weaknesses and complementarities in Australia’ s national
innovation system from this report (in Table A4 in the ap-
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pendix) have existed for some time and examined in nu-
merous reports. Backing Australia’s Ability: The Austra-
lian Government’s Innovation Report 2004-05 found that
Australia continued to perform strongly in the areas of
R&D expenditure in government and higher education, a
highly educated workforce, the share of foreign affiliatesin
manufacturing R&D, and multi-factor productivity
(Howard, 2005). Areas of weak and/or deteriorating per-
formanceinclude patenting levels, business expenditure on
R& D, and breadth of international science and engineering
collaboration.



United States

The European Trend Chart on Innovation includes annual
policy trend reports on the North American countries of
Brazil, Canada, Mexico and the United States. The latest
report for the period from September 2003 to August 2004
described the US national innovation system asacombined
centralised and regionalised system consisting of many
Federal agencies with R&D and commercialisation
programmes and State and |ocal government agencieswith
science and technology initiatives. Thereisno central body
coordinating these activities.

Mowery and Rosenberg (1993) referred to the gargantuan
task in describing the US national innovation system.
Their discussion on the changing roles of the three main
sectors of industry, universities and the Federal Govern-
ment highlighted key features of the post war US national
innovation system:

* National R&D investment that was more than that of all
other OECD nations combined during most of the post
war era. However, US national output devoted to R& D
has been flat or declining since the early 1990s. Thisis
largely dueto disinvestment by the Federal Government
inall forms of R&D, falling from nearly 60% of the na-
tion’s R&D investment in 1970 to around 30% in 1997
(Council on Competitiveness, 1999).

 Public policiesin the areas of antitrust (which increased
corporatereliance on industrial research and innovation)
and military R&D (which is regarded as an important
source of commercial strength in high technology indus-
tries).

e Thesignificant increasein Federal Government support
for university research during and after World War 11
(particularly in basic research and in defence-related
technologies) transformed major US universities into
centres for the performance of scientific research. Fed-
eral funds also enlarged the pool of scientific personnel,
allowed universities to acquire equipment and facilities
for high quality research, and reinforced the link be-
tween research and teaching.

e The importance of new firms in the commercialisation
of new technologies within the US economy such asin
microel ectronics, computer hardware and software, bio-
technology and robotics.

e Thedecentralised structure and funding of the UShigher
education system (including the provision of public
funding by State Governments) encouraged linkages be-
tween academic and industrial research particularly
those that were based on the needs of the local economy
and/or involved the agricultural industry that has exten-
sive Federa and State extension programs.

» The scale of the US education system alowed for a
broad based system of training scientists and engineers
that aided the diffusion and utilisation of advanced sci-
entific and engineering knowledge.

 Privateindustry that hasretained its dominance as a per-
former of R& D leading to continued growth in employ-
ment within industrial research.

* Strong research performance asindicated by the share of
Nobel Prizes and citation of scientific papers.

Two US palicy initiatives to strengthen intellectual prop-
erty rightsled to significant increasesin patent applications
by universities and Federal agencies, significantly enhanc-
ing their contribution to the US national innovation system.
The Bayh-Dole University and Small Business Patent Act
(1980) permitted Federal agencies to grant licences to
small businesses and non-profit institutions (including uni-
versities) for patents based on Federally-funded research.
The Federal Technology Transfer Act (1986) allowed Fed-
eral laboratories to conduct cooperative research and de-
velopment agreements with private firms (Mowery and
Rosenberg, 1998). However, thereis concern that inappro-
priate and poor quality patents have imposed hidden eco-
nomic costs and inhibited growth, leading to a call for
open, global standards that can enhance interoperability,
encourage collaboration and speed process transformation
(Council on Competitiveness, 2004a).

The United States continues to be the largest and most in-
novative economy in the world, characterised by cutting
edge science research across awide range of fields, strong
capabilities to convert research into applied technology,
support for high technology start-ups, extensive venture
capital markets and relatively open labour markets that en-
able immigration of S& T personnel from other countries.
However, there are a number of issues that are narrowing
the gap between the United States and some European Un-
ion and Asian countries. These include a lack of US stu-
dentsentering S& E graduate programmes, further declines
in the enrolment of international graduate students, insuffi-
cient funding for basic science, tighter regulations govern-
ing science (such as genetics and stem cell research), short-
ages of high skilled labour, and coordination problems
caused by system decentralisation (European Commission,
2004b).

The American Electronics Association in its 2005 report,
Losing the Competitive Advantage? The Challenge for Sci-
ence and Technology in the United States, argued that
America s competitive edge in science and technology is
slipping. They attributed this situationto US policy makers
and industry leaders neglecting the country’s technology
infrastructure (i.e. skilled labour, R&D and a business
friendly environment) and increasing competition from
countries (many of which have adopted economic reforms)
for foreign talent, innovation and technology products and
services. The Taskforce on the Future of American Innova-
tion (2005) agreed that the United States can no longer take
its supremacy for granted, with many nations “on a fast
track to pass the United States in scientific excellence and
technological innovation” (p. 1). The Taskforce in its re-
port, The Knowledge Economy: Isthe United States Losing
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Figure 9. US National Innovation Ecosystem.
Source: Council on Competitiveness (2004b) p. 22

its Competitive Edge? called for sustained investments and
informed policies in the essential areas of education, the
workforce, knowledge creation and new ideas, R&D in-
vestments, the high-tech economy, and specific high-tech
sectors.

In addition to the above issues, there is aso concern about
the changing nature of innovation. Prior to the National In-
novation Summit of December 2004, the Council on Com-
petitiveness released the National Innovation Initiative In-
terim Report in July 2004 which found that innovation is
now a global phenomenon, arises from the intersection of
different fields or spheres of activity (i.e. multidiscipli-
nary), sparks innovation in other areas (i.e. an innovation
multiplier), spreadsthrough independent activities of many
rather than one company or entity (i.e. elements of emer-
gence and openness), and has a transformational force
changing not just industries or market but the way people
in society live, work and engage with each other (pp. 5-6).
The working group’sfinal report 21st Century Innovation
recommended creating a National Innovation Leadership
Network, establishing innovation learning centres within a
national support network, developing an aggressive public
policy strategy to energise the environment for innovation,
changing education to prepare students to become leaders
and innovators, and introducing new mechanisms to en-
courage collaborative investmentsin innovation other. Ta-
ble A5inthe appendix contains policy recommendationsin
relation to these themes. The working group proposed that
policy initiatives occur within a National Innovation Eco-
system (Figure 9) in which innovation is considered pri-
marily in terms of customer value creation, leading ulti-
mately to broader economic and socia benefits.
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Finland’s national innovation system
performance

The performance of Finland’s national innovation system
presented in this section is based on key innovation invest-
ment indicatorsi.e. Gross Domestic Expenditure on R&D
(GERD) and Business Enterprise Expenditure on R&D
(BERD) as a proportion of GDP, the number of research-
ers, and investment in knowledge as a proportion of GDP;
and key innovation output indicators i.e. triadic patents,
publications and citations. This data is supported by Fin-
land's rankings in the World Economic Forum’s Global
Competitiveness Report. Thefollowing analysisshowsthat
Finland invests significantly more than Australia and the
United Statesin terms of grossand business expenditure on
R& D (asaproportion of GDP) and the number of research-
ers as a proportion of total employment. Patenting and
S& E publishing activities as a proportion of the population
remain above that for Australiaand the United States. Fin-
land’ s share of world citations continuesto rise. Finland re-
mains aworld leader in terms of its potential to attain sus-
tained economic growth over the medium and long term (as
indicated by the Global Competitiveness Index), ability of
its firms to create value good and services using efficient
methods (as indicated by the Business Competitiveness In-
dex); and potential to innovate for competitiveness (asin-
dicated by the National Innovative Capacity Index).

GERD as a proportion of GDP in Finland has grown sig-
nificantly, from 1.17%in 1981 to 3.46%in 2002. Finland's
investment in R&D as a proportion of GDP compares to
1.54% for Australia (in 2000), 2.6% for the USA (in 2003)
and 2.26% for the OECD (in 2002) (Figure 10). Following
aperiod of falling growthinthelate 1980sand early 1990s,
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Figure 13. Financiers and performers of R&D. Source: OECD (2005a)

Finland’s compound growth rate (in constant prices) for
GERD has been consistently above that for Australia, the
USA and the OECD (Figure 11). During the 1990s, Finland
recorded average annual growth of 8.7% compared to 5.4%
for Australia, 3.5% for the USA and 3.3% for the OECD.
Finland’s BERD as a proportion of GDP rose consistently
throughout the 1980s and 1990s and since 1999 it has been
above has that for the USA and the OECD. In 2002, Fin-
land’sBERD asaproportion of GDP was 2.41% compared

to 0.78% for Australia (in 2001), 1.79% for the USA (in
2003) and 1.53% for the OECD (in 2002) (Figure 12).

The proportion of R&D financed and performed by the
four difference sectors (business enterprise, higher educa-
tion, government and private non-profit) hasvaried in Fin-
land, duelargely to theincreased role of the business enter-
prise sector (Figure 13). The proportion of R& D financed
by industry in Finland rosefrom 56.3%in 1991 to 70.8%in
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2001 (compared to an increase for the OECD from 58.8%
to 63.2% over this period). Similarly, the proportion of
R& D performed by businessenterprisesin Finland hasin-
creased (from 57%in 1991 to 71.1% in 2001) compared to
69% for the OECD in 2001.

The number of resear chersin Finland has increased from
6 out of every 1000 people employed in 1991 to 16.4 peo-
ple in 2002. This is well above that recorded of 7.2 re-
searchers for Australia (in 2000), 8.6 researchers for the
USA (in 1999) and 6.5 researchersfor the OECD (in 2000)
(Figure 14). The proportion of researchers employed in the
Finland’s business sector has increased from 36.8% in
1991 to 55.1% in 2002, with both the Government and
higher education sectors accounting for a smaller propor-
tion of researchers. Despite thisincrease, the business sec-
tor in Finland accounted for alower proportion of research-
ersthan the OECD (63.8% in 2000). The size and nature of
theresearch workforceinthethree countriesisdiscussed as
part of researcher careersin the next chapter.

Finland's investment in knowledge (R& D expenditure +
higher education expenditure + investment in software) as
a proportion of GDP has increased from 4.3% in 1992 to
6.2% in 2000 (Figure 15). During this period, Finland has
consistently recorded a rate above that for the OECD
(which was 4.3% in 2000) and narrowed the gap between
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itself and the United States (which invested 6.8% of GDP
in knowledge in 2000).

Patent data indicates that Finland continues to diffuse
and/or commercialise innovations at arate well above that
for Australia, the USA and the OECD (Figure 16). The
number of triadic patents from Finland that were filed at
the European and Japanese Patent Offices and granted by
the US Patent & Trademark Office (USPTO) hasincreased
from 32.1 patents per million inhabitants in 1991 to 83.1
patents per million inhabitants in 2001. This compares to
16.3 patentsin Australia, 52.6 patents for the United States
and 37.6 patents for the OECD in 2001 (per million inhab-
itants). In terms of patents in high technology industries,
Finland performs strongly in the ICT sector but below the
OECD in the hiotechnology sector. In 1999, the USPTO
granted Finland 60 patents per million inhabitants in the
ICT sector (compared to 51.7 patents for the OECD) and
2.1 patents per million inhabitants in the biotechnology
sector (compared to 4 patents for the OECD). However,
patents in high tech industries in Finland are falling with
ICT patents peaking at 78.4 patents per million in habitants
in 1998 and biotechnology patents peaking at 5.9 patents
per million inhabitantsin 1994.

Since 1994, Finland has produced more science and engi-
neering (S& E) publications as a proportion of its popula-
tion than Australia, the USA and the OECD (Figure 17).



Table 4. S&E publication and citation rates

FIN AUS USA
1992 1996 2001 1992 1996 2001 1992 1996 2001
Share of world publications 063% | 0.73% | 0.78% | 2.09% | 2.34% | 2.28% | 36.31% | 34.0% | 30.91%
Share of world citations 0.55% | 0.65% | 0.79% 1.86% 181% | 2.05% | 51.75% | 48.85% | 43.63%
1990 1994 1999 1990 1994 1999 1990 1994 1999
Relative citation index 0.89% | 0.94% 1.02% | 094% | 0.84% | 0.87% 1.36% 1.36% 1.35%

Source: National Science Board (2004)

The number of publications per million inhabitants pro-
duced in Finland rose from 576 publicationsin 1986 to 983
publications in 2001. This compares to 760 publications
for Australia, 705 publications for the USA and 468 publi-
cations for the OECD in 2001 (per million inhabitants).

Finland's share of world publications has aso increased,
rising from 0.63% in 19920 0.78% in 2001 (Table4). The
fields of clinica medicine (37.8%), biomedical research
(14.1%) and biology (10.1%) accounted for alarge share of
Finland's S&E publications in 2001. There has also been
an improvement in Finland’ s share of world citations from
0.55%in 199210 0.79% in 2001, with thefields of health (a
world ranking of 1), clinical medicine, biology and bio-
medical research achieving the highest citation ratesfor Fin-

Table 5. World competitiveness rankings

land. Because the citation of Finland's S& E publications
was above its publication rate, itsrelative citation index (i.e.
shareof cited literature adjusted for its share of published lit-
erature) was 1.02 in 1999, which represented aworld coun-
try ranking of 7. This comparesto a citation index for Aus-
traliaof 0.87 (and aworld ranking of 14) and acitation index
for the USA of 1.35 (and aworld ranking of 2).

Finland's retained its world ranking of 1 for the GCI in
2004 although it fell to second place in the BCI ranking
(Table 5). Between 2001 and 2004, Finland improved its
macroeconomic index ranking from 10 to 3 but its com-
pany operations and strategy ranking fell from2to 7. The
NICI represents a country’ s potential to innovate for com-
petitiveness based on innovation output (mainly patenting)

World ranking
Index FIN AUS USA FIN AUS USA
2001 2004
Growth Competitiveness Index 1 5 2 1 14 2
Macroeconomic Index 10 17 7 3 14 15
Public Institutions Index 1 8 12 3 12 21
Technology Index 3 5 1 3 17 1
Business Competitiveness Index 1 9 2 2 13 1
Company Operations and Strategy 2 24 1 7 19 2
Quality of the National Business Environment 1 7 2 1 12 2
2001 2003
National Innovative Capacity Index 2 7 1 2 15 1
Proportion of Scientists and Engineer Index 7 8 6 3 11 4
Innovation Policy Index 4 10 1 2 4 3
Cluster Innovation Environment Index 2 1 3 21 2
Innovation Linkages Index 3 1 2 10 1
Operations and Strategy Index n.a. n.a n.a 8 22 1

Source: World Economic Forum (2002), (2004) and (2005)
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and innovation drivers (such asinfrastructure, clusters and
linkages). Finland retained its world ranking of 2 in the
NICI in 2003 and improved its performance in the propor-
tion of scientists and engineering index, innovation policy
index and innovation linkages index. However, Finland
was ranked 8th in the operations and strategy index.

2.4 Research and development
(R&D)

The OECD Frascati Manual is a technical document that
provides internationally accepted definitions of research
and development (R& D). The OECD (2002d) regards this
manual as a cornerstone of its efforts “to increase the un-
derstanding of the role played by science and technology
by analysing national systems of innovation” (p. 3). The
Frascati Manual along with the Olso Manual belong to the
Frascati family of methodol ogical manual sand both manu-
als state that R& D is one of the main activitiesin the tech-
nological product and process (TPP) innovation process.
Other activitiesin theinnovation processinclude: the other
acquisition of knowledge (such as patents, licences and
technical services), acquisition of machinery and equip-
ment incorporating new technol ogy to produce anew prod-
uct, various other preparations for production/delivery
(such astooling up and staff training), and marketing. R& D
and the acquisition of machinery incorporating new tech-
nology arethe only activitiesthat are regarded as automati-
caly TPP innovation activities with the remainder in-
cluded if required.

The Frascati manual refersto R& D as research and experi-
mental development, which comprises “creative work un-

dertaken on asystematic basisin order to increase the stock
of knowledge, including the knowledge of man, culture
and society, and the use of this stock of knowledge to de-
vise new applications’ (OECD, 2004d, p. 30). The manual
identified three types of R&D activities and examples of
the three types in the fields of natural sciences and engi-
neering are provided in Table 6:

e Basic research is defined as “experimental or theoreti-
cal work undertaken primarily to acquire new knowl-
edge of the underlying foundations of phenomena and
observable factors, without any particular application or
useinview” (p. 77). The manual distinguishes between
pure basic research which is “carried out for the ad-
vancement of knowledge, without seeking long-term
economic or socia benefits or making any effort to ap-
ply the resultsto practical problemsor to transfer the re-
sultsto sectorsresponsible for their application” (p. 78);
and oriented basic research which is “carried out with
the expectation that it will produce a broad base of
knowledge likely to form the basis of the solution to re-
cognised or expected, current future problems or possi-
bilities’ (p. 78).

» Applied research isdefined as“ also original investiga-
tion undertaken in order to acquire knowledge. It is,
however, directed primarily towards a specific practical
aimor objective” (p. 78). The manual acknowledgesthat
new projects for applied research are often based on
promising results from basic research.

* Experimental development is defined as “systematic
work, drawing on knowledge gained from research and
practical experience, that is directed to producing new
materials, products and devices; to installing new pro-
cesses, systems and services; or to improving substan-
tially those already produced or installed” (p. 79).

Table 6. Examples of three types of R&D in natural sciences and engineering

Basic research Applied research

Experimental development

Study of a given class of polymerisation
reactions under various conditions, of the
yield of products and of their chemical and
physical properties.

Attempt to optimise one of these reactions
with respect to the production of polymers
with given physical or mechanical
properties, making it of particular utility.

Scaling up the optimised process at
laboratory level and investigating and
evaluating possible methods of producing
the polymer and articles to be made from it.

Study of a crystal’s absorption of
electromagnetic radiation to obtain
information on its electron band structure.

Study of absorption of electromagnetic
radiation by this material under varying
conditions (temperature, impurities,
concentrations) to obtain given properties of
radiation detection (sensitivity, rapidity).

Preparation of a devise using this material
to obtain better detectors of radiation than
those already existing in the spectral range
considered.

Determination of amino acid sequence of an
antibody molecule.

Investigations to distinguish between
antibodies for various diseases.

Devising a method for synthesising the
antibody for a particular disease on the
basis of knowledge of its structure and
clinically testing the effectiveness of the
synthesised antibody on agreeable patients.

Source: OECD (2002d) pp. 79-80
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There needs to be “an appreciable element of novelty and
the resolution of scientific and/technological uncertainty”
(p. 34) for an activity to beclassified asR&D. If an activity
does not meet these conditions, it is regarded as a related
activity®. R&D is needed when “the solution to a problem
is not readily apparent to someone familiar with the basic
stock of common knowledge and techniques for the area
concerned” (p. 34). R&D activitiesare classified by institu-
tional classification (i.e. the organisations performing and
funding R& D) and by functional distribution (i.e. the na-
ture of the R&D programmes). The five sectors within the
institutional classification of national R& D effort are: busi-
ness enterprise, government, private non-profit, higher ed-
ucation and abroad. Functional distribution breaks down
R& D activitiesby type, product field, objectiveand field of
science, and also distinguishes between military and civil
R&D.

The Frascati Manual uses R&D expenditure and R&D
personnel as key measures of R&D inputs or “effort de-
voted to R&D” (OECD, 2004d,p. 20), both of which al-
low for international comparisons. The manual refers to
two types of R&D expenditure: intramural expenditure
defined as“all expendituresfor R& D performed within a
statistical unit or sector of theeconomy” (p. 21) and extra-
mural expenditure which are “payments for R&D per-
formed outside the statistical unit or sector of the econ-
omy” (p. 21). A country’s R&D effort is measured by
gross domestic expenditure on R&D (GERD) during a
given year - presented as a percentage of gross domestic
product i.e. GERD/GDP ratio.

2.5 Human resources in science
and technology (HRST)

The OECD/Eurostat CanberraManual (1995) also belongs
to Frascati family and contains guidelines for the collec-
tion, interpretation and analysis of data on human re-
sourcesin science and technology (HRST). The manual ac-
knowledges the importance of highly skilled human re-
sources to the innovation process, particularly in terms of
the development and diffusion of knowledge. It makes ref-
erence to the OECD’s 1992 report on Technology and the
Economy: The Key Relationship that “ stressed that an ade-
quate supply of appropriately educated and trained human
resources was a critical factor in innovation” (p. 3).

The manual broadly and cautiously defines science as
knowledge or knowing inthedisciplineswithinit core cov-
erage: natural science, engineering and technology, medi-
cal sciences, agricultural sciences and social sciences; but
excluding humanities. Technology is defined as “the appli-
cation of knowledge, and more narrowly dealing with tools
and techniquesfor carrying out the plansto achieve desired
objectives’ (p. 16). Peoplewho areregarded ashuman re-
sour cesin science and technology (HRST) must have ei-
ther successfully completed education at the third (univer-
sity) level inan S&T field of study, or if they are not for-
mally qualified are employed in an S& T occupation where
these qualifications are normally required. The total num-
ber of people who fulfil these conditions at a particular
point of time is called the HRST stock. Figure 18 com-

With third-level education
and employed in an S&T occupation

Without third-level education
but employment in an S&T occupation

With third-level education but not
employed in an S&T occupation

|:| HRST in terms of occupation
:| HRST in terms of qualification

Figure 18. Categories of HRST. Source: OECD/Eurostat (1995) p. 17

8 “Related activities’ include education and training, scientific and technical information services, general purpose data collection,
patent and licence work, routine software development, industrial production and distribution of goods and services, and the
administrative and other support function of raising and managing R& D funds (OECD, 2002d).
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Table 7. Coverage for HRST data collection, by field of study and level of education

Field of Study Level 5A/6 Level 5B
Natural sciences Core Extended
Engineering and technology Core Extended
Medical sciences Core Extended
Agricultural sciences Core Extended
Social sciences Core Extended
Humanities Extended Complete
Other fields Extended Complete
Table 8. Coverage for HRST data collection, by occupation
ISC0-88 groups of occupations Coverage
122 Production and Operations Department Managers Extended
123 Other Department Managers Extended
131 General Managers Extended
21 Physical, Mathematical and Engineering Science Professionals Core
22 Life Science and Health Professionals Core
23 Teaching Professionals Extended
24 Other Professionals Extended
3 Physical and Engineering Science Associate Professionals Extended
32 Life Science and Health Associate Professionals Extended
33 Teaching Associate Professionals Complete
34 Other Assaciate Professionals Complete

Source: OECD (1995)

binesthetwo categories of HRST to form the principle cat-
egory called the HRST cor e which consists of people with
a tertiary education who are currently employed in S& T
occupations. HRST flowsisthe number of people who en-
ter and leave the HRST stock during the time period, as
they meet or cease to meet one of the conditions.

Given the wide definition of HRST, the manual recom-
mends a framework to modulate the coverage of the data
collectionin order toreflect education levels, fieldsand oc-
cupations that are central to S& T activities. Table 7 indi-
cates coverage by field and level of education based on
three categories: core (e.g. a person with a university de-
greein engineering), extended (e.g. aperson withaPhD in
English literature) and complete (e.g. a person with non-
university, level 5 qualification in graphic art). Categories
of coverage by occupation type in Table 8 are based on
the International Standard Classification of Occupations
(ISCO) and include core (such as chemist, statistician and
computer programmer), extended (such as university pro-
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fessor, economist and historian), and complete (such as
school teacher, athlete and estate agent).

The Canberra Manual defines professionals as including
“occupations whose main tasks require a high level of pro-
fessional knowledge and experience in the fields of physi-
cal and lifesciences, or social sciencesand humanities. The
main tasks consist of increasing the existing stock of
knowledge, applying scientific and artistic concepts and
theories to the solution of problems, and teaching about
the foregoing in a systematic manner” (OECD/Eurostat,
1995, p. 93). People are usually required to have a“fourth
ISCO skill level” which is equivalent to a university or
postgraduate qualification. The key functions of the two
core groups of professionalsin Table 8 (physical, mathe-
matical and engineering science professionals, and life
science and health professionals) are to “conduct re-
search, improve or develop concepts, theories and opera-
tional methods, or apply scientific knowledge relating to
their fields” (p. 93).



2.6 Research students and
training in Finland,
Australia and the USA

Definitions of “research students” and
“research training”

Research students in this study are classified according to
educational and occupational classifications specified in
the Frascati Manual. The manua refers to research stu-
dents as postgraduate students who are working towards a
PhD. Table 9 showsthat a PhD is classified in the Interna-
tional Standard Classification of Education (ISCED) as
level 6. At this level, tertiary programmes “lead to the
award of an advanced research qualification” and “are de-
voted to advanced study and original research and are not
based on course work only” (OECD, 2004d, p. 97). Stu-
dentsusually submit “athesisor dissertation of publishable
quality which isthe product of original research and repre-
sents a significant contribution to knowledge” (p. 97).
Level 6 programmes should prepare graduates for faculty
and research posts. The manual acknowledges the diffi-
culty of the borderline between R&D and education and
training at ISCED level 6. The manual treats any level 6
curricula (such as set courses, study schemes, compulsory
laboratory work) as education and training when it is
highly structured and “the teacher transmits knowledge
and trains in research methods” (p. 36). However, inde-
pendent study undertaken by students as part of their thesis

or dissertation istreated asan R& D activity becauseit con-
tains “the elements of novelty required for R&D projects
and presenting their results’ (p. 36). The manual also states
that students at the ISCED level 6 are often attached or em-
ployed by the same university to teach at lower levelsor to
undertake related activities. Asaresult, the manual recom-
mends that research students should be considered and
counted as researchers who are defined as “professionals
engaged in the conception or creation of new knowledge,
products, processes, methods and systems and also in the
management of the projects concerned” (p. 93).

Incorporating the definitions for HRST, research students
who are undertaking independent research for their PhD
thesisor dissertation aretherefore regarded asresearchers.
They are a permanent part of the HRST stock given their
ISCED category 5A qualification when commencing a
level 6 programme. They are also a core part of the HRST
stock when these ISCED category 5A qualificationsarein
the fields of natural sciences, engineering and technology,
medical sciences, agricultural sciencesand social sciences.
Although the Frascati Manual refersto researchersas* pro-
fessionals’, the CanberraManual statesthat HRST profes-
sionals in these fields have a “high level of professional
knowledge and experience” (p. 93). Some research stu-
dentsmay aready have ahigh level of professional knowl-
edge and experience when they commence a level 6
programme. However, this study assumes that the purpose
of research training or level 6 programmes is to provide
students with the necessary knowledge and experience to
work as HRST professionals.

Table 9. International Standard Classification of Education (ISCED) levels

ISCED-97 categories

General coverage OECD personnel categories

6. Second stage of tertiary
education — leading to an
advanced research
qualification

5. First stage of tertiary
education — not leading to
an advanced research
qualification

programmes to qualify for

programmes

5A. Theoretically based tertiary

entry to advanced research

5B. Practically oriented or
occupation-specific
programmes

4. Post-secondary, non-tertiary
education

Holders of university degrees
at PhD level

Post-secondary Holders of basic university degrees

below the PhD level

Holders of other tertiary degrees

Holders of other post-secondary
non-tertiary diplomas

3. Upper secondary education

2. Lower secondary or second
stage of basic education

Holders of secondary education

1. Primary education or first
stage of basic education

0. Pre-primary education

Secondary diplomas
Primary Other qualifications
Pre-primary

Source: OECD (2002d)
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Finland

Research training in Finland occurs within an education
system that consists of pre-school education, comprehen-
sive school, post-comprehensive general and vocational
education, higher education and adult education (Figure
19). Higher education in Finland comprises two parallel
sectors: the university sector consisting of 20 universities
and the non-university sector consisting of 29 regionaly
managed polytechnics (ammattikorkeakoulut or AMK) of -
fering vocational education and Bachelor degrees with a
professional emphasis, such as engineering. Ten of the 20
universities in Finland are multi-faculty institutions. The
other ten universities are specialist institutions - three are
universities of technology, three are schools of economics
and business administration, and four are art academies.
The Ministry of Defence has amilitary academy providing
university-level education.

Finnish universities are state-owned institutions governed
by the Universities Act. There are no tuition fees for do-
mestic or foreign students in Finland. The centralised uni-

versity system was changed in the mid 1980s to alow uni-
versities full autonomy in terms of teaching, research, tui-
tion, student intake, number of staff and appropriations and
other internal affairs. The Ministry of Education isresponsi-
ble for negotiating agreements with universities on target
outcomes that link appropriations to performance. Reforms
of the early 1990swere aimed at “international equivalence,
larger freedom of choice, and comprehensive degreesallow-
ing flexible combinations of study modules from different
fields and establishments’ (Ministry of Education, 2005).

Postgraduate degrees include the licentiate (lisensiaatti)
and the doctorate (tohtori). Students can commence a post
doctoral degree after obtaining the Master’ sdegree. Theli-
centiate is an optional pre-doctoral postgraduate degree,
which can be completed in two years of full-time study af-
ter the Master’s degree. Full-time studies for a doctorate
take approximately four years following the Master’s de-
gree. Students are required to undertake studies in the dis-
cipline and in the specific field of research, and to research
and prepare athesisfor both the licentiate and doctoral de-
gree. The doctoral thesis must be publicly defended.

Doc.
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5 Master's Polytechnic postgraduate

4 degrees Fy 4 Work experience

3 Bachelor's Polytechnic 3

; degrees degrees 5

1‘ Universities Polytechnics 7
specialist
vocational
gualifications

Further
vocational

aouaLiadxa yiom

3 Matriculation
2 examination
1 Upper secondary school

Vocational
qualifications
Vocational schools and
apprenticeship training

qualification
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Work experience
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Figure 19. Finland’s education system. Source: Ministry of Finland (2005)
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The Graduate School (tutkijakoulu) system was estab-
lished in Finland in 1995 to “improve the quality of re-
searcher training and make postgraduate education more
systematic, shorten the time taken on preparing doctoral
dissertations, lower the average age of new Doctors, im-
prove cooperation in education and research and increase
international cooperation in education and research” (Min-
istry of Education, 2002, p. 13). Particular concerns in-
cluded small universities not offering enough research
training, too few international contacts, too few researchers
seeking training abroad, excessive length of research train-
ing, age of doctorate recipients, uncertain entry into re-
search careers, lack of university posts between research
training posts and professorships, too much publishing in
Finnish and in Finnish scientific journals, too little
inter-university mobility among researchers, and few hold-
ers of doctorates work in industry (Numminen, 1996). By
2003, there were 114 graduate school s operating in univer-
sities and research ingtitutes, most of which are net-
work-type joint projects involving several universities.
They provided 1,428 student places funded by the Ministry
of Education and afurther 2,500 places funded by external
sources, such as the Academy of Finland, National Tech-
nology Agency of Finland (Tekes), private foundations
and industry. Research students in graduate schools are
paid to undertaketheir studiesfull-time and are encouraged
to complete their dissertation in four years.

Research training in Finland is also supported through re-
search grants from Tekes and the Academy of Finland's
Centres of Excellence in Research Programme. In 2004,
Tekes funded 603 public research projects which resulted
in the completion of 999 academic theses. The Centres of
Excellence in Research Programme launched in the 1990s
aims to “develop creative, internationally competitive re-
search and training environments’ (Academy of Finland,
2002a). The programme has supported 59 centres of excel-
lence over four funding rounds between 1995 and 2007, in-
cluding the latest six year programme from 2002 to 2007
which is supporting 16 new units.

Enrolments in postgraduate degrees (licentiates and doc-
torates) in Finland increased from 10,442 in 1990t0 22,105
in 2004 (Figure 20), representing average annual growth of
5.8% over this period, compared to average annua growth
for al higher education degrees of 3.2%. Females accounted
for 50.7% of postgraduate enrolments in Finland in 2004
compared to 38.5% in 1990. The number of research de-
greesawarded in Finland rose from 1,128 in 900 in 1990 to
1,957 in 2004, which represents average annua growth of
5.5%. Most of thisgrowth in research degreesin Finland is
due to the significantly larger number of doctoral degrees
that have been awarded (Figure 21), which have increased
from 490 in 1990 to 1,399 in 2004 (and represents average
annual growth of 8.9% over this period). Females ac-
counted for 45.2% of all doctoral completionsin Finlandin
2004 compared to 31.6% in 1990. Over the three year pe-
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Figure 20. Postgraduate enrolments by gender,
Finland 1990 to 2004. Source: KOTA Online (2005)
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Figure 21. Doctoral completions by gender,
Finland 1990 to 2004. Source: KOTA Online (2005)

riod 2001 to 2003, the S& T fields of natural sciences and
technology accounted for 37.8% of all doctorates awarded
in Finland.

In 1998 the education ministers of Germany, France, Italy
and the United Kingdom started the Bologna process by
signing the Sorbonne Declaration concerning the harmoni-
sation of higher education degree systemsin Europe. Edu-
cation ministers of 29 European countries, including Fin-
land, signed the Bologna Declar ation in June 1999. This
declaration aimsto create acommon European Higher Ed-
ucation Area by 2010 with a view to improving the com-
petitiveness and attraction of European higher educationin
relation to other continents. Theinvolves having auniform
degree structures (based on two main cycles: undergradu-
ate and graduate), comparabl e degrees using the European
Credit Transfer System (ECTS) and Diploma Supplement,
a system of study credits, increased mobility (of students,
teachers, researchers and administrative staff), quality as-
surance criteria and methodologies, and promotion of the
European dimension in higher education. At the follow up
meeting in Praguein May 2001, student participationinthe
process, lifelong learning, and the creation of joint degrees
were added as objectives. Asaresult of its commitment to
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the Bologna process, Finnish universities will adopt a
3+2+4 degree structure (3 years Bachelor degree + 2 years
Master degree + 4 years Doctorate) and a national credit
unit system that is compatible with the ECTS system in
August 2005. A national strategy for the internationalisa-
tion of higher education released by the Ministry of Educa-
tion (2001) aims to increase the annual volume of student
exchangesto 28,000 of which 15% areto be foreign gradu-
ate students.

In July 2005, aworking group established by the Academy
of Finland released the report Sustainable and dynamic
partnership. Research cooperation and researcher training
between universities, research institutes and business and
industry. The working group found that structural reforms,
strong commitment, and a change of culture and attitudes
were needed to further develop and deepen research coop-
eration between universities, research institutes and com-
panies. Specific recommendations to achieve this goal are
as follows (pp. 8-9):

 Increased R&D investment by the public and private
sectors, including a new program for scientific infra-
structure to create internationally competitive research
environments.

» Greater efforts by universities and research institutes to
commercialise research results and encourage research-
ers to establish their own businesses and work more
closely with business companies.

* Provision of competitive funding by the Academy of
Finland and Tekes for fixed-term, high profile research
and technology units in fields that are important to the
national economy.

 Greater collaboration between universities, research in-
stitutes and businesses to develop and expand pre and
postdoctoral training that better meets workplace needs.
This includes increasing studies that involve interdisci-
plinarity, international exchange and cooperation, entre-
preneurship and business know-how, training in man-
agement skills and immaterial property rights; and
where relevant, supervision of doctoral students by a
steering group including industry representatives.

* New funding instruments and information on existing
instruments by the Academy of Finland and Tekes to
promote intersectoral mobility at all stages of the re-
search career, particularly at postgraduate and postdoc-
toral levels. In addition, researchers and businesses
should be more active in international programs that
support researcher mobility and industry-academia co-
operation.

* Increased effortsto attract more foreign researchers and
PhD graduates, including the provision of internation-
ally high-quality research environments and fixed-term
competitive posts for high profile foreign researchers
sponsored by universities and funding agencies.

* Revisions by the Academy of Finland to the criteriaand
conditionsfor funding doctoral studies of employed per-
sons so that research grants are made available not only
for the completion of doctoral theses but also for earlier
stages of thesis research. This involves greater integra-
tion of employed doctoral studentsinto graduate schools
or university research teams, including those people un-
dertaking their thesisin industry.

Australia

In Australia, research students are defined as those people
enrolled in atheoretically-based advanced research degree
i.e. aDoctorate by Research or aMasters by Research. Re-
search training occurs within the higher education sector
which is one of three sectors in Australia’ s education sys-
tem, along with schooling and vocational education and
training (Figure 22). Qualifications awarded in these sec-
tors are within a national structure called the Australian
Qualifications Framework (AQF)°. There are currently 44
universities that are eligible for Commonwealth Govern-
ment operating grants, and 39 of these are autonomous
public institutions. Although accountable to government,
universities are governed and managed by a Council or
Senate; have a high degree of discretion for institutional
development; can invest, divest and borrow in respect of
property and commercial ventures; can employ their own
staff and undertake enterprise bargaining; and are self-ac-
crediting inthat they decide on “what to teach, how to teach
it and how learning is assessed” (Nelson, 2002, p.6). Over
the past decade, revenue from Commonwealth Govern-
ment grants has decreased from 60% to |less than 50%, in-
creasingly replaced with revenue from fees and charges,
especially from international students.

Enrolments in research degrees (Masters and Doctorates)
in Australia increased from 16,539 in 1990 to 47,309 in
2004 (Figure 23), which represents average annual growth
of 7.8%™°, compared to average annual growthinall higher
education degrees of 4.1%. Females accounted for 49.4%
of research degree enrolments in Australia in 2004 com-
pared to 36.8% in 1990. Research degree completions in
Australia have aso increased significantly, from 2,212
completions in 1990 to 6,321 completions in 2003, which
represents average annual growth of 8.4%. Those compl et-

9 The Australian Qualifications Framework (AQF) was established in 1995 by the Ministerial Council on Education, Employment,
Training and Y outh Affairs (MCEETY A) to provide a national articulation of awardsin the VET and higher education sectors,
and to maintain a national register of accredited institutions and courses and authorities empowered by government to accredit

post compulsory education and training (Nelson, 2003b).

10  Thisfigure does not include the significantly higher growth recorded in 2002 that occurred because of the change in the scope of
enrolments from all students enrolled at the March census date to all students enrolled between September of the year prior to the

reference year and August of the reference year.
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Figure 22. Australia’s education system. Source: Nelson (2003b) p. 30

ing doctorates accounted for 74.8% of all research degrees
(Figure 24) and females accounted for 46.8% of research
degree completions in 2003. Almost 36% of research de-
gree completionswerein S&T fields.

The current structure of Australia’s research training sys-
temislargely based on reforms announced by Minister for
Education, Training and Y outh Affairs, Dr David Kempin
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Figure 23. Research degree enrolments by gender,
Australia 1990 to 2004. Source: Department of Education,
Science and Training (2005a)

the higher education White Paper Knowledge and I nnova-

tion: A policy statement on research and research training

in December 1999. Many research studentsin Australiaare
undertaking their studies through the following schemes:

e TheResearch Training Scheme (RTS) allocates fundsto
universities based on successful research student com-
pletions (50%), research income (40%) and research
publications (10%). Eligible students complete a re-
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Figure 24. Research degree completions, Australia
1994 to 2003. Source: Department of Education, Science
and Training (2005a)
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search degree without incurring fees or aliability under
the Higher Education Contribution Scheme (HECS) up
to amaximum period of four years’ full-time equivalent
study for a Doctorate by Research and two years’ full-
time equivalent study for a Masters by Research. The
Government funded around 22,000 students at a cost of
$540.8 million in 2004.

e Australian Postgraduate Awards (APA) and Australia
Postgraduate Awards Industry (APALI) provide research
students with an annual “tax-free” stipend (valued in
2005 at $18,837 per annum for APAs and $24,650 per
annum for APAIS) aswell asrelocation and thesisallow-
ances. Research studentsreceiving these awards are al so
exempt from HECS. Doctoral studentsreceive an award
for three years with a possible extension of up to six
months and Masters students receive an award for a
maximum of two years. There were 1,550 APA awards
worth $89.3 million in 2004.

* The International Postgraduate Research Scholarship
(IPRS) Scheme provides top quality international post-
graduate students with tuition fees and health insurance
premiums for three years for Doctoral students (with a
possible extension of up to 12 months) and two yearsfor
Masters students. There were 330 places at a cost of
$17.7 million in 2004.

Knowledge and Innovation included a New Competitive
GrantsProgram administered by the Australian Research
Council consisting of Discovery grantsfor fundamental re-
search and Linkage grants for applied research. Discovery
grants can include postgraduate scholarships leading to re-
search training in high quality environments. Research stu-
dents who receive an APAI are funded through Linkage
grants that support industry-oriented research training. In
2004, 426 research studentswere awarded an APAI, and 50
of these awards were in the priority field of ICT (an initia-
tive from Investing in Growth in 1997). The ARC Centres
of Excellence Scheme (that was established as part of
Backing Australia’ sAbilityin 2001) funds 11 centresto un-
dertake innovative research within areas of nationa re-
search priority. These centres also provide high quality
postgraduate training environments. Other Common-
wealth schemes that support research training in universi-
tiesare asfollows:

e The Ingtitutional Grants Scheme (IGS) allocates funds
based on research income (60%), publications (10%)
and research student places (30%) at a cost of $284.6
million in 2004. Universities make their own strategic
judgements on how to use these fundsto support their re-
search and research training activities.

e The Research Infrastructure Block Grants (RIBG)
Scheme meets project-related infrastructure costs at arate
of 20 cents for each competitive research dollar obtained
by universities, at a cost of $160.3 million in 2004.

» The Systemic Infrastructure Initiative funds upgrades to
infrastructure to support world class research and re-
search training at a cost of $27.8 million in 2004.
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Universitiesreceiving funding from the Research Training
Scheme and Institutional Grants Scheme are required to
submit Research and Research Training Management Re-
ports as part of their profiles. These plans “describe an in-
stitution’ s approach to the planning and management of its
research and research training activity and its assessment
of itsresearch and research training performance” (Kemp,
19993, p. 41). From 2002, the Government required uni-
versitiesto include information covering intellectual prop-
erty management and processes for commercialising re-
search (that was consistent with the National Principlesfor
Intellectual Property released in September 2001) in their
Research and Research Training Management Reports.

The Cooper ative Resear ch Centres (CRC) Program was
established in 1990 to promote long-term strategic links and
collaborations between researchers and research users
from universities, the public sector and industry. Following
the 2004 selection round, there were 72 CRCs operating in
Six sectors. environment, agriculture, information and
communications technology, mining, medical science and
technology and manufacturing. A key function of the CRC
Program is to produce research graduates with the skills
needed by industry and other research users. Research stu-
dents are funded through postgraduate scholarships offered
directly by aCRC or havereceived an Australian Postgradu-
ate Award which is topped up by a CRC. For example, in
2004 the CRC for Mining offered postgraduate scholarships
starting from $25,000 and top up scholarships of $11,516 to
students with an APA. There were 1,599 research students
based in CRCsin 2001/2002. Over the ten year period from
1991/92 to 2001/2002, 1,426 Doctorates by Research and
1,022 Masters by Research were awarded to students from
CRCs. PhDs undertaken in CRCs account for about 8% of
al PhDs enrolled in science, technology and innova
tion-related fields of education (Howard Partners, 2003).

Reforms to research and research training are part of the
Commonwealth Government’s commitment to building a
highly skilled research workforce aspart of an effective na-
tional innovation system. This includes research training
initiatives that encourage enrolments in research degrees
(particularly those that involve industry), improve the
quality of research training, and ensure research students
have the necessary capabilities to work in different set-
tings. Some of the reforms also sought to address deficien-
cies in research training that were perceived by students,
research ingtitutions and employers (Kemp 1999a):

« Research programsweretoo narrow, too specialised and
too theoretical leading to graduates whose communica-
tion, interpersonal, and leadership skillsrequired further
development.

e Opportunities for students to gain experience in appro-
priate research environments were limited, contributing
to acultural gap between academic researchers and staff
in industry.

e There was a mismatch between institutional research
priorities and the interests of students.



» Research training environments were associated with
poor supervision, inadequate levels of departmental sup-
port and limited access to quality infrastructure.

« High attrition rates™ and slow rates of completion (over
four years for a Masters by research degree and nearly
six yearsfor aPhD) for research students wasted private
and public resources.

United States

There is no comprehensive system of education in the
United States asthe 50 states have freedom in shaping their
own educational systems. Figure 25 showsthe threelevels

of education (elementary, secondary and postsecondary)
that are common elements in the state systems. The 6-3-3
form ismost usual, and consists of six years of elementary
or primary school from the ages 6 to 12, three years of ju-
nior high school, and three years of senior high school.
Therearealso alarge number of private school sthroughout
the country. Students commence a Master's degree and
progressto a Doctorate program after they have completed
an undergraduate degree. A Master’s degree takes at least
one year following the completion of an undergraduate de-
gree and a PhD takes a minimum of three or four years to
complete. Graduates from Professional Schools (such as
medicineand law) can aso enrol in doctorate and post-doc-
torate programs.
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Figure 25. United States education system.
Source: National Center for Education Statistics (2002)

11 Theattrition rate for research degree programmes was 34% in 1997 compared to 20% for undergraduate study and 25% for

postgraduate coursework programmes (Kemp, 1999b, p.32)
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The National Science Foundation (NSF) estimates that in
the year 2000 there was around 3,700 degree-granting col-
leges and universities serving 15.6 million students in the
US higher education system. Institutions vary in size, type
of administrative control (public or private), selectivity,
and focus. Students have the flexibility in moving between
institutions, transferring credits, entering and leaving
schools, and switching between full- and part-time status.
The Carnegie Classification of Institutions of Higher Edu-
cation clusters degree-granting institutions by their pur-
pose and sizei.e. Doctorate-granting institutions, Master’s
Colleges and Universities, Baccalaureate Colleges, Asso-
ciate's Colleges, Specialised Institutions (such as medical
schools, law schools, theological seminaries) and Tribal
Colleges. The NSF stated that remaining aleader in gener-
ating scientific and technological breakthroughs and in
preparing workers to meet the evolving demands for
skilled workers is the key challenge for the higher educa-
tion system in the United States.

Students enrolled in doctoral programs are supported by
one or more of thefollowing mechanismsduring their stud-
ies. research assistantships, teaching assistantships, fel-
lowships, traineeships, and other mechanisms such as
work-study programs, business or employer support, and
support from foreign governments. Sources of funding in-
clude Federa agencies (such as the Department of Defense,
United States Department of Agriculture and NASA),
higher education institutions, state and local governments,
foreign sources, non-profit ingtitutions, private industry,
and self-support through loans or personal or family contri-
butions. In 2001, one in five graduate students received
Federal financial support mostly in the form of research
assi stantships.

Data on doctoral enrolments in the United States is in-
cluded in total graduate enrolments which rose from
1,586,000 in 1990 to 1,904,000 in 2001, which represents
average annual growth of 1.6% during this period. Females
accounted for 58.2% of graduate degree enrolmentsin the
United States in 2001 compared to 53.5% in 1990. In
2003/2004, a total of 44,200 doctoral degrees were
awarded in the United States (Figure 26), of which 47.3%
percent were awarded to females (compared to 36.4% of
doctorates awarded to femalesin 1989/90). Almost 24% of
doctoral degreesawarded wereinthe S& T fields of biolog-
ical sciences/life sciences, engineering, and computer and
information sciences.

In 1995, the US Committee on Science, Engineering and
Public Policy released the report Reshaping the Graduate
Education of Scientists and Engineers. The Committee
found that the three areas of primary employment for grad-
uates (universities and colleges, industry and government)
were experiencing simultaneous change. The growth in
university positionswas slowing and morethan half of new
graduates with PhDs had found work in non-academic set-
tings. However, employers were concerned that PhD grad-
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Figure 26. Doctoral completions by gender,
United States 1989/1990 to 2003/2004.

Source: National Center for Education Statistics (2004)

uates were often too specialised, and universities were
criticised for training people to work asthe next generation
of academic researchers. The committee called for reforms
to enhance the educational experience of future scientists
and engineerswho will work in either academic or non-ac-
ademic settings. These included offering a broad range of
academic options, providing better information and guid-
ance about careers, and devising anational human resource
policy for advanced scientists and engineers. Other issues
raised by the report included the relationship between the
supply of and demand for PhDsin science and technology
(in particular, an apparent oversupply) and concernsraised
about the rapidly increasing numbers of students who are
foreign citizens and work in the United States after they
graduate. The committee recommended against across-the-
board limits on enrolmentsin PhDs or limiting the number
of foreign students.

In aworkshop attended by stakehol dersin 2000 on re-envi-
sioning the PhD to meet the needs of the 21st century, six
themes for doctoral reforms were identified: shorten the
time to degree acquisition; increase underrepresented mi-
norities among doctoral recipients; improve the use of
technology for research and instructional purposes; pre-
pare studentsfor awider variety of professional opportuni-
ties; incorporate understanding of the global economy and
international scientific enterprise; and provide doctoral
students with an interdisciplinary education. More re-
cently, concerns have been raised about doctoral attrition
which was estimated at 50%. A study by the Council of
Graduate Schools found that completion ratesare higher in
science in technologies fields (at around 75% for those in
life sciences) but are much lower in humanities (between
30 to 50%). Some of the factorsimpacting on attrition pat-
terns and completion rates included selection and admis-
sion, mentoring, program environment, processes and pro-
cedures, financial support and research mode of the field.
In 2004, Pfizer Inc. and the Ford Foundation providing
funded to the Council of Graduate Schools to establish the



PhD Completion Program. This program is providing
“awards of up to $100,000 to 15 universitiesto createinter-
vention strategiesand pilot projects, and to evaluatetheim-
pact on these projects on rates of doctoral completions and
attrition patterns’ (Denecke, 2004).

2.7 Summary

A key purpose of this chapter isto determine what is meant
by innovation, anational innovation system, research train-
ing and research students (research question 1). Therelated
concepts of Research and Development (R&D) and Hu-
man Resources in Science and Technology (HRST) were
also defined and/or clarified. Thisstudy isnot aiming to de-
bate these concepts but draws on the work of well known
innovation researchers and accepted international defini-
tions and classifications contained in latest manuals from
the OECD’ s Frascati family: Oslo Manual (1997), Frascati
Manual (2002) and CanberraManual (1995). These manu-
alsincorporate UNESCO's International Standard Classi-
fication of Education (ISCED). Based on the literature re-
view inthischapter, key conceptsfor thisstudy are defined
asfollows:

* Innovation is technological product and process (new
and significantly improved) innovation that have been
implemented or organisational innovations that led to
measurable changes in output.

» A national innovation system is made up of interacting
market and non-market institutions that continuously
learn how to generate, diffuse and use new knowledgeto
form product, process and organisational innovations.
The role of Government is to provide a framework of
policy instruments that support systems growth and ad-
dress problems that restrict the functioning of the sys-
tem.

» Research training provides research students with a
high level of knowledge and skills necessary to work as
HRST professionals (and independent researchers) after
graduating.

* Research studentsare “researchers” who undertake in-
dependent and novel research to form athesis or disser-
tation. When educated in key science and technology
fields, they are acore part of the HRST stock and acriti-
cal component of anational innovation system.

This chapter also aimsto identify the role of research train-
ing (particularly in science and technology fields) in ana-
tional innovation system (research question 2). Innovation
theories show the changing nature of the innovation pro-
cess, which in turn has impacted on the features and func-
tionsof anational innovation system. One of these changes
has been the increasing reliance on scientific knowledge
for major new technologies, particularly inthe areas of bio-
technology, new materials and information technology.
This has led to greater university-industry cooperation in
many countries where producers and users of knowledge

interact to learn about and combine economically relevant
knowledge in order to innovate. This innovation through
learning process can be intentional (learning-by-search-
ing) or a by-product of routine economic activities (learn-
ing-by-producing). Researchtraining asan R& D activity is
clearly an example of learning-by-searching that can con-
tribute to innovation. As shown in the some of the case
studies presented in Chapter 4, unexpected innovations are
occurring asaby-product of the students' research suggest-
ing that research training can also be regarded as learning-
by-producing. This study assumes that the role of research
training in anational innovation systemisto build the com-
petence of research students to produce scientific knowl-
edge by developing their ability to learn about and create
economically relevant knowledge and to interact with re-
search users.

This chapter also provides an overview of the major devel-
opments in, and performance of innovation and research
training policies/systems in Austraia, Finland and the
USA (research question 3). The three national systems of
innovation and research training presented in this chapter
face similar challenges in their endeavours to be leading
countries in the generation, diffusion and use of new
knowledge. However, the structure, performance and pri-
orities of these systems differ due to factors such as na-
tional history, culture, population size and investments
made by government and industry. Large and highly devel-
oped countrieslikethe United States have marketswith ad-
vanced customers and opportunities to reap economies of
scale while maintaining diversity in R&D activities. A
strong commitment by the Federal Government to univer-
Sity research after World War 11, decentralisation of uni-
versities, and the enormous scale of the higher education
system have enabled the United States to create a large
pool of well qualified research graduates in science and
technology. Innovatorsin small high income countrieslike
Finland can more easily capture and benefit from technol-
ogy inflows but need to internationalise more rapidly and
concentrate on anarrow range of fields to reap these bene-
fits. Another issue is the proportionally higher costs in
maintaining educational institutions across a broad range
of areas needed by industry. Efforts to create a coherent
and efficient national innovation system characterised by a
highlevel of R& D expenditure and awell educated popul a-
tion has transformed Finland into aleading innovating na
tion. The Graduate School system and other research train-
ing funding arrangements have succeeded in expanding the
pool of research graduates within Finland’ s national inno-
vation system. Efforts by the Commonwealth Government
have improved the performance of Australia’ s national in-
novation system and significantly increased the number of
research graduates working in it. However, below average
R&D investment (particularly by industry), low patenting
levels, insufficient employment opportunitiesfor research-
ersin industry, and a lack of scientific recognition by the
world (asindicated by citation data) are serious and persis-
tent issues for Australia.
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3 International mobility and migration of
research students and graduates

The following literature review aims to explain common
terms (i.e. transnational/international mobility, brain drain,
brain gain, brain circulation), reasons why countries are
concerned about improving their performance (i.e. the pos-
itive and negative effects of mobility), why people work/
study abroad (drivers), the obstacl es people face or prevent
them from working/studying abroad, and the types of and
issues associated with mobility indicators. This informa-
tion provides a foundation to assess policies and programs
in Finland, Australia and the United States that encourage
the international mobility and migration of research stu-
dents and graduates (research question 4). This analysisis
supported by available data on brain gain, brain drain and
brain circulation for each country (research question 5)
and case study findings in relation to mobility experiences
of the 30 research students participating in this study.

This element of the conceptual framework assumesthat re-
search studentsarelikely to contribute to anational innova-
tionsystemin Australia, Finland or the USA if, after gradu-
ating, they continuetheir research career i.e. they areacore
part of the human resources in science and technology
(HRST stock), and they:

» remain in their own country i.e. they are immabile

* migrateto Australia, Finland or the USA from another
country i.e. brain gain

* return (home) to Australia, Finland or the USA from
another country i.e. brain circulation

» leaveAustralia, Finland or the USA but maintain profes-
sional links and networks that encourage international
flowsof highly skilled workersand knowledgei.e. brain
circulation.

Given the above key assumptions, the analysis of mobility
policies and programs must be supported by a discussion
on research careers. The nature and extent of research op-
portunities available in Finland, Australia and United
States have asignificant impact on the international mobil-
ity of research graduates by encouraging graduates to re-
main in their home country or migrate from other coun-
tries, or by “pushing” graduates out of their home country
to other countries with better opportunities.

3.1 Defining mobility

The European Commission established the High-Level Ex-
pert Group on Improving Mobhility of Researchersin 2000
as part of its efforts to increase the mobhility of researchers
and enhance research careers in Europe'. The Group's fi-
nal report released in April 2001 identified two types of
mobility of researchers, the first of which is the focus of
this element: transnational mobility (movement between
countries) and is also known as “international mobility”;
and inter sectorial mobility (movement between industry
and academia and between the private and public sectors).
Akerblom (2001) defined the international mobility of
highly skilled people as* people employed in year t who go
abroad either temporarily or permanently for employment
purposes, and people employed in year t coming from
abroad” (p. 57). International mobility includes short-term
overseas visits, long-terms stays, and permanent stays
(Mahroum, 1999). Managers and executives, engineers
and technicians, academics and scientists, entrepreneurs,
and students are the main “highly skilled” groups (Mah-
roum, 1999).

After reviewing available literature on the migration of
highly skilled people, Salt (1997) identified two key con-
cepts. The first is the concept of “brain exchange” or the
“two-way flow of expertise between origin and destina-
tion” (p. 5). The terms of brain gain and brain drain are
used when the net flow is heavily in one direction. When
researchers return to their home country they also bring
back knowledge and capacities acquired from abroad
(known as brain circulation) which may dampen or even
reverse the negative effects of brain drain (Cervantes,
2004). The second concept, which is aso related to the at-
tractiveness and availability of research careers, is brain
waste whereby highly skilled workers are deskilled when
they migrate into employment where they don't use their
skills and experience. These concepts are presented in Fig-
ure 27 asflowsinand out of S& T occupationsor the HRST
stock.

12 The European Commission (2000) estimated that an additional 700,000 researchers will be needed as part of its target to raise the
proportion of GDP devoted to R&D in the European Research Areato 3 percent by 2010 (Communication adopted on 18 January

2000 called Towards a European Research Area.)
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Figure 27. Main flows in and out of S&T occupations.
Source: Auriol and Sexton (2002) p. 25

Mahroum (1999) believes that the inflows and outflows of
highly skilled people can be significantly affected by the
nature and structure of national innovation systems. He
found that foreign scientists and research students are usu-
ally attracted to national innovation systems that revolve
around universities (undertaking cutting edge national ac-
tivities in science and technology) or where science and
technology islargely situated inindustrial research or large
public research organisations. Stanford University in Cali-
forniaand MIT in Massachusetts are exampl es of powerful
centres of excellence having a global attractiveness to re-
searchers. More recently, Mahroum (2001) argued that
“from the perspective of science and innovation policy,
country specificitiesin national innovation systems should
be taken into consideration in investigating issues of inter-
national mobility, brain drain and circulation” (p. 220).

3.2 The importance of international
mobility and migration

The STRATA-ETAN Expert Working Group® found that
theinternational mobility of scientists can substantially im-
pact on countries’ performance in the field of science and
technology and therefore growth. Nés et a (1998) argued
that the circulation of knowledge is crucia to national
economies generating and adopting new technologies ef-
fectively. Themobility of highly skilled peopleisakey ve-
hicle for knowledge flows', representing knowledge
transfer and a common knowledge base between two NIS
institutions. Therefore, the higher education sector and
R&D sector are very important NIS institutions. Mobility

also helps researchers to keep up-to-date with develop-
ments in their field, and can lead to new fields of knowl-
edge when researchers from different disciplines work to-
gether (OECD, 2002a). Cervantes (2004) identified stimu-
lating innovation capacity, increasing the stock of avail-
able human capital, and internationally disseminating
knowledge as key net positive effects of international mo-
bility. Guellec and Cervantes (2002) identified the possible
positive and negative impacts of international migration of
highly skilled workers on countries as well as the possible
global effects (as shown in Table 10).

Any loss of research talent in key research fieldsto foreign
countries is of concern to sending countries as they have
lost their investment in human capital (i.e. education). For-
eign students who do not return to their home country after
their studies also represent brain drain. The European Un-
ion believes that such losses would impact on its competi-
tiveness in the knowledge-based economy. However, re-
turning migrants and networksthat facilitate skilled worker
circulation between sending and receiving countries can
offset any loss of human capital (OECD, 2002a). Similarly,
home countries benefit from students who train and then
work abroad when they return home and transfer knowl-
edge to their home country — also an example of brain cir-
culation (Mahroum, 1999). However, Cervantes (2004) ar-
guesthat astrong out-migration of research staff could lead
to an underinvestment in education among nationals and
have severeimpacts on the R& D and wider innovation sys-
tem. Therefore, countries must invest in science and tech-
nology infrastructure and develop their own opportunities
for teaching, research and entrepreneurship.

13 The European Commission established the group in 2001 to examine human resources in research and technical development.

14 Other knowledge transfer mechanisms include co-operations, temporary exchanges and placements of staff, various types of
networks, buyer-supplier relationships, R& D collaborations etc. There are other applicable indicators such as co-authorships,
co-citations, co-patenting, number of external contracts and co-operations, branch specific common activities etc (Nas et a,

1998).
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Table 10. Possible economic effects of international migration of highly skilled workers

Sending countries: possible positive effects

Science and technology:

e Knowledge flows and collaboration, return of natives with
foreign education and human capital, increased ties to foreign
research institutes

e Export opportunities for technology
e Remittances and venture capital from diaspora networks

e Successful overseas entrepreneurs bring valuable management
experience and access to global networks

e Human capital effects:
e Increased incentive for natives to seek higher skills

e Possibility of exporting skills reduces risks/raises expected
return from personal education investments

e May increase domestic economic return to skills

Receiving countries: possible positive effects

Science and technology:

¢ |ncreased R&D and economic activity due to availability of
additional highly skilled workers

e Entrepreneurs in high growth areas

e Knowledge flows and collaboration with sending countries
e |mmigrants can foster diversity and creativity

e Export opportunities in technology

Higher education systems:

¢ Increased enrolment in graduate programmes/keeping smaller
programmes alive

e (ffset ageing of university professors and researchers

Labour market:
e \Wage moderation in high growth sectors with labour shortages
e |mmigrant entrepreneurs foster firm and job creation

e |mmigrants can act as magnets for accessing other immigrant
labour (network hiring effects)

Sending countries: possible negative effects

Human capital effects:

e “Brain drain” and lost productive capacity due to (at least
temporary) absence of higher skilled workers and students

e Lower returns from public investment in tertiary education
(waste of national public resources)

Receiving countries: possible negative effects

Higher education systems:

e Decreased incentive of natives to seek higher skills in certain
fields, may crowd out native students from best schools

Science and technology:

e Technology transfer to foreign competitors and possible hostile
countries

Possible global effects

and greater ability of employers to find rare/unique skills sets

e Better international flows of knowledge, formation of international research/technology clusters (Silicon Valley, CERN)
e Better job matches, including greater employment options for workers, researcher’s ability to seek the work most interesting to them

¢ |nternational competition for scarce human capital may have net positive effect on incentives for individual human capital investments

Source: Guellec and Cervantes (2002) p. 86

3.3 Drivers and obstacles

Countries with internationalised higher education and re-
search systems and environments conducive to entrepre-
neurship, innovation and financial opportunity (such asthe
USA) tend to attract a greater pool of foreign research tal-
ent in science and technology. Nas et al (1998) found that
social and cultural forces, political initiatives, economic
cycles, and magnetic effects (e.g. attractive regions) also
impact on mobility. Inthe case of academicsand scientists,
institutionswith areputation for scientific openness, excel-
lent quality and prestige in excelling in research are key
factors (Mahroum, 1999). These drivers of researcher
mobility are very similar to those identified by the OECD
(2002¢, p. 240):

» Economic opportunities abroad are better than those at
home, especially when there are insufficient job oppor-
tunities for S& T graduates due to low business R& D
spending and few job openings in the public sector

* Migration policies in destination countries i.e. the pro-
pensity to migrate and choice of destination

» Non-economic factors, such as host country conditions
for excellence in teaching and research — an opportunity
to enhance a scientist’s prestige and reputation

e Climate for business start-ups, self-employment and

presence of innovative high-technology industry and
centres of excellence.

Government immigration policy can respond to market
shortages, increase the stock of human capital and encour-
age knowledge circulation embodied in highly skilled peo-
ple and promote innovation (OECD, 2002¢). As a result,
the OECD (2002¢) called for the coordination of science
and innovation policies with migration policies to enhance
the attractiveness of receiving countries, and to develop a
scientific, technological and business environment that en-
courages highly skilled peopleto stay in their home coun-
tries or to return from abroad. Cervantes (2004) believes
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that migration policies must differentiate between the dif-
ferent types of highly skilled migrants who respond to dif-
ferent incentives. For example, researchers and academics
may beinfluenced to migrate due to factors such as support
for research, demand for R& D staff and desire to work in
global centres of excellence. The innovation climate, in
particular business start-ups and self employment, may be
drivers for entrepreneurs. Students are usually influenced
by the quality of the education system and job opportuni-
ties after they graduate. These are examples of pull factors
that act as incentives for international migration. In some
cases, push factor s (such aslack of opportunitiesand poor
working conditions for researchers and lack of capital for
entrepreneurs) can lead to people leaving their home coun-
try. Mahroum (1999) argued that push and pull factorsin-
fluence the volume, frequency, length and direction of mo-
bility in various channels.

The High-Level Expert Group on Improving Mobility of
Researchers identified the main obstacles to international
mobility of researchersin Europe within the categories of
general; legal and administrative; social, cultural and prac-
tical; and obstaclesto aEuropean dimensioninresearch ca-
reers(Table11). Theimpact of these obstacleson research-
erswas found to be dependent on the length of stay and the
stage of the career of the researcher, with mid-career re-
searchersin medium-term staysfacing the most obstacles.

As the literature tends to focus on migration in the aca-
demic sector and brain drain, Salt (1997) argued that there
isaneed to examine migr ation associated with theacqui-
sition of tertiary education for a number of reasons:
Firstly, the international movement of students represents
theinternationalisation of knowledge and isthe most effec-
tivevehiclefor creating aglobal migratory elite. Secondly,

Table 11. Obstacles to the international mobility of researchers in Europe

General e Lack of comprehensive statistics about mobility of researchers
e \Women researchers face more serious obstacles than male researchers, such as maternity leave

administrative families, even for short visits

Legal and ¢ |mmigration restrictions and regulations for third country researchers (i.e. no EU citizens) and their

e Different social security systems and levels of taxation

e Mobile persons having to pay contributions for benefits they cannot enjoy nor receive compensation
for, such as unemployment insurance

e Missing bilateral taxation agreements in some EU countries and outside the EU, introducing a risk of
double taxation and double taxation of pensions

practical

everyday life

parents)

Social, cultural and e |ack of one-stop information sources about rules, regulations, funding opportunities and vacancies for
researchers and administrators dealing with mobile researchers

e |ack of personal assistance for researchers with legal and practical problems
e Lack of knowledge of the local language which may hamper social integration and cause difficulties in

e For researchers with families, barriers of the partner’s careers, children’s education or daycare,
suitable accommodation and obligations in home country (such as mortgage payments, care of elderly

dimension in research attractive

researcher levels.

undertaken

Obstacles to a European | ® Danger of shortage of young researchers in the future as a scientific career is not perceived as

careers e Researchers who have been away from their national research system for some years often have
difficulties in obtaining a position upon return

e For researchers with permanent positions, longer stays abroad may be a disadvantage for careers at
home if mobility is not recognised for seniority accreditation and/or career advancement

e |ntellectual value of a research period abroad is often insufficiently recognised

¢ |nadequate funding hampers mobility i.e. too few positions or fellowships or too little research project
funding. Very little funding is available to specifically encourage mobility at mid-career and senior

e Age limits in some mobility schemes may limit possibilities for mobility, especially at the later stages in
the career and for women researchers on maternity leave

e Researchers from outside the country may have difficulties to compete with researchers already in the
country for research funding or positions due to limited advertising, nationally or locally orientated
decision procedures, excessively strict language requirements, and preference for local candidates

¢ Non-recognition of qualifications i.e. training obtained is insufficient and further training has to be

Source: High-Level Expert Group on Improving Mobility of Researchers (2001)
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the provision of tertiary education internationaly is a ma-
jor business, providing a source of income to destination
countries and establishing links. Thirdly, foreign students
(especially postgraduates) who remain in the receiving
country arearelatively cheap source of skills. Fourthly, the
volume of international student migration is enormous.
Tremblay (2002) suggested that student migration (where
students become increasingly well qualified through their
studies) is a kind of HRST migration when they join the
workforce and contribute to the host country’ s production.
This combination of student and HRST migration is partic-
ularly the case for research students studying at 1SCED
level 6 who are participating in R&D activities (through a
dissertation) in another country.

With over 80% of international studentsbased infivecoun-
tries'™, the STRATA-ETAN Expert Working Group sought
to identify factors that influence student mobility. These
factors include larger country populations with greater di-
versity of educational systemsand thereforefields of study
seem to reduce outward mobility; linguistic proximity/lan-
guage used in the education system; institutional proximity
supported by policies on freedom of movement, recogni-
tion of degrees, existence of exchange programs and geo-
graphical and cultural ties; geographical remoteness which
actsasabrake oninward mobility; and economic consider-
ations such as tuition fees, costs of living and salary re-
wards (p. 40). Mahroum (1999) found growing evidence
that foreign postgraduate studentsare mainly influenced by
the quality of organisationsthey enrol with and opportuni-
tiesin the host country that exist after their training.

In 1998, the Italian National Research Council (CNR) sur-
veyed doctoral students and coordinators from six Italian
universities who had participated (and not participated) in
an international mobility experience between 1995 and
1997. The choice of overseas destination waslargely based
on the type of research being carried out (with preference
given to foreign universities with academic excellence and
prestige) and the web of personal relations established by
the student (Avveduto, 2001). In the majority of cases, it
was easier for students to choose a university which had a
tradition of research with their home university i.e. ama
mater. Most students preferred to go abroad during the sec-
ond year of their study as thisis the point when they have
finished any coursework and developed a program of re-
search. The optimal duration of time for many respondents
was six months. The period away was regarded by some as
a consolidation of an established piece of research work
and by others as part of an ongoing study and research ac-
tivity. The preferred destinations of the doctoral students
were the United States (33.5%), United Kingdom (22.6%),
France (18.5%) and Germany (11%).

Avveduto (2001) found that the benefits of a study period
abroad fell into two categories. Thefirst category related to
a new scientific and cultural context which resulted in a
broader professional and human experience and therefore
improved competence, aswell as the capacity to cope with
new situations, acquisition of greater flexibility and toler-
ance towards others and willingness to accept mobility.
The second category was training related benefits such as
the opportunity to learn new research methodologies and
gain familiarity with avant-garde techniques and instru-
ments. Although many of those surveyed did not experi-
ence problems whilst studying abroad, for those that did
language was a major barrier, and to a significantly lesser
extent, cultural differences, different teaching methodsand
accommodation were issues. For those doctoral students
who were unable to study abroad, the main obstacles were
insufficient funds, personal commitments (family/work),
lack of information, lack of time, and inadequate knowl-
edge of the scientific opportunities abroad. In terms of the
impact of the study abroad experience on their employ-
ment, over half of the students surveyed believed it would
be easier to find work as they have awider labour market,
both in content and geographically. However, one third of
students surveyed believed that they could miss out on lo-
cal opportunitiesif the absence waslong. Avveduto (2001)
concluded by stressing the key rolethat universitiesplay in
international mobility:

The universities can play akey role in fostering international
mobility. Their primary aim should be to help students cover
the expenses incurred during the study period and to ensure
that information is disseminated widely throughout the univer-
sity community. International experienceis highly relevant to
research training, and universities and research institutions
must ensure that the opportunity to partake in such projectsis
open to all PhDs and will not turn out to be an illusion for the
vast majority (p. 240).

3.4 Measures/indicators of mobility

Mobility or “movement” indicators are useful in mapping
important linkages in innovation systems and evaluating
the effects of different policy measures (Nas et al, 1998).
The OECD and Eurostat developed the Canberra Manual
to measure human resourcesfor science and technology (as
discussed in the previous chapter). At the OECD Interna-
tional Conference on New Science and Technology Indica-
tors for the Knowledge-based Economy held in June 1996
there was concern about the lack of speciaist studies and
data on the mobility of highly skilled people. To be able to
compare national and international mobility data, there was
acall for an overdl unified approach that tracks the original
nationality of scientists, their field of scientific specialisa-
tion, and reasons as to why they moved. Similarly,

15 Tremblay (2002) in STRATA-ETAN (2002) found that over 80% of inflows of international students are to five countries—
United States (34%), the United Kingdom (16%), Germany (13%), France (11%) and Australia (8%).
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Akerblom (2001) recommended that indicators on interna-
tional mobility be broken down by qualification (field and
study) and/or occupation and country of origin/destination;
together with indicators of flows to address issues of brain
drain, brain gain and brain circulation. Such datais regarded
asimportant for four reasons (Rosengren, 1998, p.4):

e Human mobility is a proxy for knowledge flows, espe-
cially when it concerns the highly educated.

» Mohility indicatorswould help to eval uate effects of dif-
ferent policy measures in the areas of education, re-
search, labour market, regional development, etc.

e Indicators involving human resources (particularly in
natural sciences and engineering) complement tradi-
tional R&D statistics.

 Stock data on human capital becomes more meaningful
if inflows and outflows can be measured, such as the ef-
fects of educational specialisation.

Despite work by the OECD and Eurostat to develop asys-
tem of stocks and flows of HRST and the 1998 Nordic
study about the possibilities of using register-based statisti-
cal systemsto measure mobility, international comparable
indicators on the mobility of highly skilled people were
still limited in 2002: “In general, the information available
on students’, but especialy researchers and other mi-
grants lengths of stay, emigration flows, return rates and
alternate forms of mobility is patchy and inadequate’
(STRATA-ETAN Expert Working Group, 2002, p. 39).
Akerblom (2001) believes it is unlikely that international
comparable flow indicators would be available in the near
future. Despite these data limitations, Salt (1997) found
that although the volume of migration of highly skilled
people and their dependents is small compared to total in-
ternational migration (excluding asylum seekers), stocks of
highly skilled foreign workers are nevertheless consider-
able and growing, and flows of highly skilled workers are
increasing at a fast rate. Table 12 contains examples of
proxy indicators of international mobility and migration
for Australia, Finland and the United States.

3.5 Mobility programs and
performance in Finland,
Australia and the USA

Finland

Key researcher mobility programs that are funded by the
Academy of Finland and other Finnish and international
organisations are summarised in Table A6 in the appendix.
The Academy of Finland supports international mobility
through grants to Finnish research students and postdoc-
toral agreements, participation of Finnish students in re-
search training at the European University Institute, bilat-
eral agreements for research cooperation and researcher
mobility with 38 partnersin 26 countries, grantsfor foreign
researchers to work in universities or research institutes in
Finland, and subsidies for Finnish researchers to return
home. A large number of scholarships to Finnish and for-
eign research students and graduates are provided by the
Centre for International Mobility (CIMO) in Finland.
Foundations, Nordic organisations, and many other Euro-
pean and international organisations also provide funding
to support the international mobility of researchers. Fin-
land has recently established the Eur opean Resear cher’s
Mobility Portal Finland at www.aka.fi/eracareers which
is ajoint initiative with the European Union. The site is
linked to the European portal and provides information to
researchers about research and job opportunitiesin Finland
as well as advice about practical, legal and administration
matters.

Data on the movement of research students and graduates
to and from Finland is collected by KOTA Online, the
Academy of Finland and CIMO. The Academy provided
funding of 1.7 million euros in 2004 as part of bilateral
agreements which attracted 464 foreigner researchers to
Finland and 175 Finnish researchers to work abroad. In
2004, CIMO provided 1,082 grants to postgraduate stu-

Table 12. Proxy indicators of international mobility and migration

Australia Finland United States
Foreign students as a percentage of all students, 2002 17.7% 2.2% 3.7%
Student exchange: net intake of foreign students from other reporting countries 8.1% -2.3% 1.6%
(% of tertiary enrolments), 2002
Foreign PhD students as a percentage of total PhD enrolments 24% (2002) 6.4% (2002) 26.3% (2001)
Permanents visa issued to immigrant in S&T occupations, 2001 33,900
Temporary entry of foreign students (F-1), scholars (J-1) and skilled workers (H-1B) 606,514
Stay rates of foreign PhD graduates in S&T, 1998-2001 54.1%
Stay rates of foreign PhD students and researchers, 2004 (sample only) 47.6%
Foreign-born US residents with S&E doctorates, 1999 192,000

Source: OECD (2004a), (2004b) and National Science Board (2004)
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Figure 28. Visits to Finland by foreign researchers,
1994 to 2004. Source: KOTA Online (2005)

dents including 704 foreign postgraduate students coming
to Finland (mainly from Russia, Hungary and Estonia)
(Finnish Science and Technology Service, 2005).

The number of visits to Finland by foreign researchers
(Figure 28) exceeds the number of overseasvisitsby Finn-
ish teachersand resear cher s(Figure 29). For example, in
2004 a total of 1,739 foreign researchers visited Finland
(1,060 stayed for over one month and 679 stayed for less
than one month) and 1,291 teachers and researchers from
Finnish universities made overseas visits (633 stayed for
over one month and 658 stayed for less than one month).
Data on the length of stays for 2004 indicate that Finnish
teachers and researchers visited for an average of four
months (compared to 5.1 months in 1994) and foreign re-
searchers visited for an average of 5.2 months (compared
to 4.7 monthsin 1994). Figure 28 and Figure 29 show ade-
clining trend in inward and outward movements, particu-
larly in the case of overseas visits by Finnish university
teachers and researchers.

The number of foreign students studying in Finland has
increased significantly and in 2004 there were more for-
eign studentsin Finland than Finnish students abroad (Fig-
ure 30). Although foreign students continue to account for
asmall share of al tertiary studentsin Finland, data from
Eurostat shows this share has increased from 1.73% in
1998 to 2.38% in 2002. In 2004, 4,279 Finnish students
were studying overseas (and stayed for an average of 5.9
months) and 4,341 foreign students were studying in Fin-
land (and stayed for an average of 6.1 months). The report
on International Mobility in Finnish Higher Education
2004 by MiraJortikkaand Pirjo Zirrafound that postgradu-
ate students accounted for avery small share of these credit
students who take “part of his’her studies abroad, in the
form of study or practical training” (Jortikka& Zirra, 2004,
p. 2). There were only 163 Finnish postgraduate (credit)
students studying abroad and 73 foreign (credit) postgradu-
ate students studying in Finland in 2004. Data from the
OECD shows that foreign PhD students also account for a
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Figure 29. Overseas visits by Finnish university
teachers and researchers, 1994 to 2004.
Source: KOTA Online (2005)
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Figure 30. International movements of students,
Finland 1997 to 2004. Source: KOTA Online (2005)

small share of PhD enrolments in Finland (6.4% in 2002)
compared to Australia (24% in 2002) and the United States
(26.3% in 2001).

The share of foreign human resources in science and
technology in overal HRST employment is aso low in
Finland at less than 2% in 2001 compared to an average
share of between 3% and 3.5% for other European coun-
tries (OECD, 2003). A report by Taru Rastas and Candice
Stevens provided to the OECD in 2004 on Developing
Highly Skilled Workers: Review of Finland also found that
Finland has relatively low migration rates of highly skilled
workers. As shown in Figure 31, only 2.9% of the Finnish
population was foreign-born in 2002 compared to 23.2%
for Australia and 11.8% for the United States. Rastas &
Stevens (2004) attributed low migration to language and
integration difficulties, and blamed high marginal tax rates
(of around 56%) for the country’sinability to attract more
highly skilled workers. They were also concerned about
the increasing number of Finnish students (including doc-
toral students) and researchers being attracted to the United
States. They called for anincreasein repatriation that could
include financial and work-related incentives.
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In 2001, the Ministry of Education released an Interna-
tional Srategy for Higher Education. The strategy aimsto
double the number of foreign teachers, experts and re-
searchers working in higher education institutions in Fin-
land by 2010. It also sought to increase the annual volume
of student exchanges to around 28,000 students, with for-
eign students accounting for 15% of graduate school stu-
dents. Despite increases in student exchanges, data on
overseas researcher visits, foreign postgraduate students,
foreign HRST and foreign-born population suggests that
these targets are unlikely to be met.

As part of efforts to further internationalise Finland’s na-
tional innovation system, the Science and Technology Pol-
icy Council (2002) called for greater investment in all lev-
els of education, particularly research training, and in-
creased researcher mobility. Thiswould require enhancing
individual competenciesfor international activitiesand ad-
dressing barriersto mobility. The Council’s internation-
alisation strategy released in November 2004 included a
SWOT analysis (contained in Table A7 in the appendix)
that provided some of the reasons for the small number of
foreign students and researchersin Finland. These reasons
were Finland’s remoteness from global market centres,
language, severe climate, limited economic and intellec-
tual resources (and therefore, cutting-edge research in only

afew fields), and the movement of businesses (including
R& D-intensive operations) to abroad. To remove obstacles
to international co-operation and mobility, the Council
(2004) recommended legidative measures in the areas of
immigration and work permits, the internationalisation of
universities and their educational services, payments by
foreigners, and taxation. The Council also believes that
greater effortsto advance researcher careers, attract foreign
researchersand internationalise research training would in-
volveensuring high quality researchinfrastructure of inter-
national standard.

The report Mobile Minds, Survey of foreign PhD students
and researchersin Finland prepared by Kaisu Puustinen-
Hopper on behalf of the Academy of Finland (as part of the
European Commission funded project CONNECT-Fin-
land) wasreleased in early 2005. The purpose of the survey
wastoidentify and addressthe needs of foreign researchers
in Finland. Over 850 people were surveyed and/or inter-
viewed in the spring of 2004. About 60% of respondents
were undertaking a PhD in Finland and two thirds of re-
spondents were from the fields of natural sciences and en-
gineering and technology. Most respondents were funded
by a Finnish university salary (31%), Academy of Finland
(22%), Finnish university grant/scholarship (14%), Tekes
(13%) or European Union (10%). On average, respondents
had been in Finland for 4.5 years indicating that many re-
spondents are more permanent and “not just on researcher
exchange’ (Puustinen-Hopper, 2005, p. 14). Table 13
shows that 47.6% of respondents intended to stay in Fin-
land, with senior researchersmorelikely to stay duelargely
tonatureof their contract i.e. permanent versustemporary.

Puustinen-Hopper (2005) found that the most important
motivating factor that attracted foreign researchersto Fin-
land was the high level research environment, particu-
larly for postdoctoral researchers who were also establish-
ing their own networks. Other factors in order of impor-
tance were career development, experience of living
abroad, high standard of living, wife/husband/girlfriend/
boyfriend in Finland, learning the language (Finnish,
Swedish), hardship in home country, and family members
in Finland (p. 15). Other “pull” factors that wereidentified
as supporting mobility to Finland included free university

Table 13. Intended residence of foreign PhD students and researchers by career stage

Career stage Intending to stay Not intending to stay Total N
permanently permanently

Postgraduate (PhD) student 45.0% 55.0% 471

Postdoc 42.0% 58.0% 100

Senior Researcher 64.5% 35.5% 93

Professor 541% 45.9% 37

Total 47.6% 52.4% 701

Source: Puustinen-Hopper (2005) p.17
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education (including PhD studies), the flexibility of the
Finnish work culture (particularly for women), low rates of
crimeand corruption, and the open and liberal social atmo-
sphere. Many foreigner researchers decided to come to
Finland because of “the recommendation by a relative,
friend, colleague or superior. Friendships and professional
contacts that are established during exchange periods and
contacts made in conferences can lead to long-lasting
co-operation between individual s and research groups. Re-
searchersin senior rolesare often invited as visiting lectur-
ersto foreign universities’ (p. 21).

Respondents were generally satisfied with the quality of
information and guidance they received on housing and
accommodation, health care, immigration formalities, so-
cial security, taxation, language learning, |PR and research
ethics issues and family matters. However, the report in-
cluded four recommendations to improve services avail-
able to foreign PhD students and researchers arriving and

living in Finland (p. 33):

 Improving recruiting practices — A more focused and
proactive approach in offering information and guidance
services for incoming and present foreign researchers
and PhD students. The Researcher’ s Mobility Portal isa
good tool for this purpose, but effective guidance also
involves the possibility for personal communication
with an advisor. Developing human resourcesin Finnish
research environments should involve amore systematic
approach for the recruitment of foreign researchers and
PhD students. Staff members responsible for the recruit-
ment of researchers must be well aware of the various
possibilities to fund researcher mobility.

» Compiling information on researcher mobility — There
are no comprehensive statistics of the number of foreign
researchers in Finnish universities and research insti-
tutes. Universities should annually compile personnel
statistics identifying their faculty with citizenship. The
KOTA Online database could be developed to provide
information on foreign researchers (visiting and perma-
nent) working in Finland and foreign PhD students in
Finnish researcher training programmes. Thiswould en-
able the analysis of developments in the number of for-
eign researchersin Finnish universities.

* Finnish universities should further enhanceinternational
co-operation

* Further strengthening the collaboration of governmental
agencies by continuing the network of Finnish govern-
mental agencies that was established in 2004 to improve
co-operation on issues that concern foreign researchers
and students coming to Finland.

Australia

The Commonwealth Government has a history of support-
ing programs that encourage the international mobility of
research students and graduates. In the early 1990s, spe-
cific initiatives included the Overseas Postgraduate Re-
search Scheme, International Reciprocal Fellowship Pro-
gram, and internationally collaborative research projects
funded by the Australian Research Council. These pro-
gramstill exist today in someform or another. Key mobil-
ity programmes are currently funded by Commonwealth
Government through the Australian Research Council (as
part of Linkage-International) and the Department of Edu-
cation, Science and Training (as part of the Endeavour
Programme), and in partnership with other organisations.

The final report from the National Innovation System, In-
novation: Unlocking the Future, produced by the Innova-
tion Summit Implementation Group (August 2000) recom-
mended that Australia builds its competitiveness through
knowledge of and accessto overseas science and technol o-
gies. This recommendation include ensuring that technol-
ogy developed in Australia and overseas is accessible to
those who need it, including research and business mobil-
ity and exchanges and science and technology agreements
with other nations. One of the outcomes was the establish-
ment of Linkage-International, replacing the Interna-
tional Researcher Exchange Scheme (IREX)®. The pro-
gram funded two grant types from 2002: fellowships under
international agreements for the reciprocal exchange of
postdoctoral and senior researchers from Germany, France
and South Korea; and awards to build links between re-
search centres of excellence in Australia and overseas by
funding extended collaborations. Linkage-International
awards in 2005 include a new cooperative program be-
tween the ARC and the US National Science Foundation
(NSF) to help stimulate enhanced collaborations among
materials science researchers and create networks linking
individualsand centresin Australiaand the United States.

Despite the above initiatives, the number of international
research fellowships and awards available to postdoctoral
researchers hasdeclined after peaking in 2000. The Austra-
lian Research Council funded 11 fellowships and 39
awards in 2004 at a cost of $1.6 million, compared to 18
fellowships and 89 awards at acost of $2.5 million in 2000
(Table 14).

16 1n 1999, the Commonwealth Government replaced the International Reciprocal Fellowships Program with the International
Researcher Exchange Scheme (IREX). This schemeis similar to Linkage-International asit funded the movement of researchers
between Australian research institutions and centres of research excellence overseas. The scheme aso consisted of bi-national
agreements for reciprocal exchange of postdoctoral and senior researchers (i.e. France, Germany, South Korea and the United

Kingdom) as well as awards to build links between researchers.
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Table 14. Number and value of international fellowships and awards, 1999 to 2004

International Researcher Exchange Scheme (IREX) Linkage-International Program
1999 2000 2001 2002 2003 2004
Fellowships 15 19 17 12 16 11
Awards 28 89 86 54 24 39
Funding $million n/a $2.5 $2.1 $1.5 $1.5 $1.6

Source: Australian Research Council (2001), (2003) and (2005a)

In May 2003, Dr Brendan Nelson announced a four year
$113 million package of Commonwealth initiativesfor the
international education industry (Nelson, 2003c). The
package included funding of $7.9 million for the Endeavour
Programme that includes scholarships and fellowships to
attract high performing students from around the world to
Australia. Table A8 in the appendix contains the new and
existing postgraduate and postdoctoral awards offered
within the Endeavour Programme. Over 400 awards will
be offered in 2006, with the long standing I nternational
Postgraduate Resear ch Scholar ships (IPRS) scheme ac-
counting for 330 of these awards. Whereas most of the fel-
lowships and scholarships in the Endeavour Programme
are targeted at overseas research students and graduates to
Australia, the Commonwealth Government aso contrib-
utes funding to other major awards that enable Australians
to undertake research overseas. For example, the Govern-
ment contributed $4.8 million between 2004 and 2009 to
the General Sir John Monash Postgraduate Awards and
$550,000 ayear to the Fullbright awards through the Aus-
tralian-American Fullbright Commission. In 2005, eight
postgraduate students were awarded the General Sir John
Monash Award and 19 Australians received an Australian
Fullbright Scholarship to undertake research in the United
States. In addition, 20 Americans received a US Fullbright
Scholarships in 2005 to undertake research in Australia.
There are many other scholarships and awards funded by
State and Territory governments in Australia, students’
home country governments, Australian education institu-
tions and private organisations that enable Australian re-
search students and graduates to undertake research over-
seas and for overseas research students and graduates to do
thesamein Australia. For example, each year the Australian
Academy of Science awards severa travelling fellowships.
Victoria Fellowships are an initiative of the Victorian Gov-
ernment providing travel grants of up to $18,000 for early
career researchers.

Information about such opportunitiesis available from dif-
ferent sources. SPIN-Australiais a database that provides
information on research funding opportunitiesin Australia
and overseas. The Joint Academic Scholarship Online Net-
work (JASON) isasearch engine for postgraduate scholar-
ships. The Commonwealth Government recently launched
the Science Portal at www.science.gov.au to provide in-
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formation to the research community, investors and indus-
try, including research grants and programs. IDP Educa-
tion Australia (2005) provides international education and
development services in 27 countries, and this includes
providing information about postgraduate research schol-
arship opportunities. It stateson itswebsite that “the major-
ity of international studentsin Australiaarefull-fee paying
students not covered by any scholarship. Prospective stu-
dents should be aware that the number of scholarships
availablefor international studentsis limited and the com-
petition isintense”.

The analysis of the international mobility of research stu-
dentsand graduatesfor Australiais based on datafrom two
sources: research degree enrolments and completions of
overseas students compiled by the Department of Employ-
ment, Scienceand Training (DEST) as part of itshigher ed-
ucation statistics collection; and data on the movement of
S& T professionals and the estimated movement of people
who attained a PhD between 1996 and 2001 contained
within Skilled Movement in the New Century: Outcomes
for Australia by Birrell et a (2004). However, migration
data on the movement of S& T professionals does not in-
clude detailed data on the qualifications of people, making
it difficult to analyse the movement of highly skilled peo-
ple with PhDs.

Resear ch degree enrolments of overseas students rose
consistently between 1988 and 2004 (Figure 32). There
were 7,695 overseas students enrolled in aresearch degree
in Australia in 2004, which represented 16.3% of all re-
search degree enrolments. Many students are from Asian
countries, such as China, Hong Kong, Singapore, Indiaand
Indonesia. There has also been an increase in research de-
gree completions by overseas students, rising from 894 in
1994 to 1,050 in 2003 (Figure 33), which represents 16.6%
of al completions in 2003. However, overseas research
studentsare accounting for alower share of enrolmentsand
completions than previously. As a proportion of all over-
seas students enrolled in higher education institutions,
overseas research students accounted for 3.4% in 2004
compared to 14.8% in 1988 (Figure 34). Thisindicates that
growth in research degree enrolments by overseas students
has been significantly lower than growth in enrolments by
overseas studentsin lower degrees. Compared to domestic
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Figure 32. Enrolments of overseas research stu-
dents, Australia 1988 to 2004. Source: Department of
Education, Science and Training (2005a)
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Figure 34. Overseas and domestic students as
a proportion of research students, Australia 1988
to 2004. Source: Department of Education, Science
and Training (2005a)

students, overseas students are more likely to enrol in a
Doctorate by Research (83.6% compared to 78.9% for do-
mestic students) and S&T research degree (39.4% com-
pared to 30.8% for domestic students), and undertake their
studiesin thefield of engineering and related technol ogies
(17.5% compared to 9.9% for domestic students).

Table 15 (on the next page) shows three streams of inter-
national movements of S& T professionals from 1995/
1996 to 2002/2003: permanent residents of Australia
(whether Australian or overseas born), settlers (who arrive
in Australia for the first time, hold a permanent resident
visaand indicate that they possess an occupation), and visi-
tors (who hold temporary resident visaswith work rightsin
Australiaandintend to stay for oneyear or more). Australia
experienced increasing net losses of residentsin S&T oc-
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Figure 33. Completions of overseas and domestic
research students, Australia 1994 to 2004. Source:
Department of Education, Science and Training (2005a)

cupations until recently. Over thiseight period 35,368 resi-
dentsleft Australiaand 23,116 residentsreturned, resulting
in anet loss of 12,152 peoplein S& T occupations. Birrell
et al (2004) found that Australian residents who go over-
seas and return spend on average two years overseas.

Any net lossesin Australian residentsin S& T occupations
were offset by continuing increases in settlers and visitors
in S& T occupations. Between 1995/1996 and 2002/2003,
there were 34,503 settlers and 15,768 visitors. As aresult,
Australia recorded a net movement (or gain) of peoplein
S& T occupations of 38,119. Birrell et al (2004) believes
thisoverall net gainisunderstated asit does not includethe
onshore factor i.e. people who applied for permanent resi-
dence while on some other visa category in Australia. For
example, temporary workers and working holiday makers
who successfully applied for permanent residence under
the Employment Nomination Scheme. Even more so, is
the impact of overseas students who completed certain
coursesin Australiaand successfully applied for skill mi-
gration visaswithout leaving Australia. Over the two year
period ending 2002/2003, skilled visaswereissued to 136
medical scientists, 709 engineers, and 6,501 computing
professionals.

Birrell et a (2004) used PhD completions datafrom DEST
and 2001 census data on PhD holders from the Australia
Bureau of Statistics'” to investigate the movement of peo-
plewith a PhD in response to concerns that Australia had
experienced losses of highly qualified residents (i.e. those
with PhD qualifications). Because of data limitations they
were only able to analyse movements of recently qualified
PhDs. Birrell et al (2004) found that Australiaexperienced
a very small loss of residents of 700 people who were

17 Datagathered in the 2001 census on educational activity was based on the new Australian Standard Classification of Education
(ASCED) developed by the Australian Bureau of Statistics (ABS). ASCED replaced the Australian Bureau of Statistics Classifi-
cation of Qudlifications, and includes two component classifications, Level of Education and Field of Education. Within the
broad postgraduate degree level, Doctorates by Research and Master by Research were regarded as detailed levels within the
narrow levels of Doctoral degree level and Master degree level, respectively (ABS, 2001).
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Table 15. International movement of S&T professionals, Australia 1995/1996 to 2002/2003

1995/96 | 1996/97 | 1997/98 | 1998/99 | 1999/00 | 2000/01 | 2001/02 | 2002/03 | 8 year
totals

S&T residents departing
Scientists 712 769 1386 1521 1529 1757 1685 1447 10806
Engineers 796 875 1421 712 512 489 369 291 5465
Computing professionals 1488 1940 2369 2814 2193 2446 3040 2707 18997
Total S&T departing 2996 3584 5176 5047 4234 4692 5094 4445 35268
S&T residents returning
Scientists 523 543 892 752 872 979 901 975 6437
Engineers 660 638 999 358 344 295 328 391 4013
Computing professionals 1195 1360 1676 1250 1377 1284 2009 2515 12666
Total S&T returning 2378 2541 3567 2360 2593 2558 3238 3881 23116
Net S&T residents
Scientists -189 -226 -494 -769 -657 -778 -784 -472 -4369
Engineers -136 -237 -422 -354 -168 -194 -4 100 -1452
Computing professionals -293 -580 -693 -1564 -816 -1162 -1031 -192 -6331
Total S&T net residents -618 -1043 -1609 -2687 -1641 -2134 -1856 -564 -12152
S&T settler arrivals
Scientists 908 809 705 779 937 808 583 629 6158
Engineers 1333 1144 1190 1221 1327 1365 1055 1079 9714
Computing professionals 1183 1288 1248 1430 1778 3705 4661 3338 18631
Total S&T settler arrivals | 3424 3241 3143 3430 4042 5878 6299 5046 34503
Net S&T visitors
Scientists 144 263 206 635 454 519 495 486 3202
Engineers 237 270 620 611 525 582 574 530 3949
Computing professionals 362 337 570 1533 1325 1514 1433 1543 8617
Total S&T net visitors 743 870 1396 2779 2304 2615 2502 2559 15768
Net S&T movement
Scientists 863 846 417 645 734 549 294 643 4991
Engineers 1434 177 1388 1478 1684 1753 1588 1709 12211
Computing professionals 1252 1045 1125 1399 2287 4057 5063 4689 20917
Total S&T net movement 3549 3068 2930 3522 4705 6359 6945 7041 38119

Source: Birrell et al (2004) pp. 17-18

awarded aPhD in Australia between 1996 and 2001. How-
ever, thisloss was offset by theinflow of 1,710 PhD quali-
fied migrants and 480 PhD qualified Australians returning
from overseas, also with PhDs awarded between 1996 and
2001. Asaresult, they estimated again of 1,730 PhD quali-
fied people over this period (Table 16). Birrell et a (2004)
believes that the substantial expansion in the number of re-
search positions in Australian universities over the 1990s
contributed to this gain. However, analysis by field shows
overal net losses in the fields of education (260 people),
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management & commerce (240 people) and I T & engineering
(220 people). Overal gainsoccurred inthefields of science &
health (1,420 people) and arts & design (1,060 people).

Birrell et al (2004) attributes the movement of Australian
residents abroad largely to the long-standing keenness of
young Australians to see the world. They aso believe that
departing residents may be “pulled” by higher material re-
wards and research opportunities (particularly in the case
of highly trained people in science and technology) to first



Table 16. International movement of PhDs attained between 1996 and 2001

Science IT& Education | Management | Arts & Total
& Health | engineering & Commerce | Design
A | DEST domestic student completions 7,840 2,200 1,200 940 3,840 16,020
Reported in 2001 that they lived in Australia 7,510 1,580 860 610 4,280 14,840
1996
C | Difference (potential loss/gain) (A-B) -330 -620 -340 -330 440 -1,180
D | Australian residents returning to complete 260 50 20 10 140 480
Australian PhD
E | Estimate of domestic PhD students 7,770 1,630 880 620 4,420 15,320
remaining in Australia (B+D)
F | Revised loss/gain domestic students (C+D) -70 -570 -320 -320 580 -700
G | Migrants who were overseas students 120 60 10 10 50 240
H | Migrants bringing overseas qualification 1,110 240 30 60 290 1,710
| | Estimate of Australian residents returning 260 50 20 10 140 480
with overseas PhD
J | Gains from sources other than domestic 1,490 350 60 80 480 2,430
completions
Overall loss/gain 1,420 -220 -260 -240 1,060 1,730

Source: Birrell et al (2004) p. 45

world countries, such asthe UK which hashistorical tiesto
Australia; and “ pushed” because of scarcejobsin some sci-
entific fieldsin Australia. Birrell et al (2004) disputed the
lack of research opportunitiesin Australia because of the
increasing numbers of researchersin higher education. Ex-
pansion of the skilled migration program, the ability of
graduating overseas students to apply for permanent resi-
dence without leaving Australia, fewer restrictions on tem-
porary entry work visas, and demand for certain occupa
tions (such as computing professionals) were regarded as
major “pull” factors that contributed to increasesin settler
inflow and temporary residents in Australia from the late
1990s. Birrell et al (2004) attributed the slowdown in
movements in 2002/03 to security scares following on
from 11 September 2001 and the Bail bombing in October
2002.

The main focus of the report by Wood and Boardman on
International Networ ks and the Competitiveness of Austra-
lia's Science and Technology (February 1999) was the
availability of opportunitiesfor early career researchersin
the sciences to obtain overseas research training and career
development. Their findings were presented within a
framework where knowledge is central to economic
growth and international competitiveness. They regard
Australia as having a well developed but relatively small
science base. Australia must be able to access globa net-
works, leading researchers and latest developments in
knowledge to ensure research and research training at in-
ternational standards and the visibility of its research and

researchers. These activities usually occur because of per-
sonal networksthat are supported by various governmental
and non-governmental structures. As such, they believe
that young researchers should have the opportunity to
spend a sufficient amount of time in postdoctoral training
and career development overseas (including the world’s
leading research laboratories) to alow them to establish
and bring back networks and linkages.

Wood and Boardman (1999) identified anumber of obsta-
cles to the international mobility of young researchers.
Funding opportunities that support international linkages
and access to major overseas facilities were limited, short
term in nature, varied substantially between fields, highly
competitive (forcing young scientists to compete with es-
tablished researchers for funds), and inadequately funded
(i.e. not accounting for the full range of relocation and liv-
ing costs). They were also concerned about limited funding
for young scientists (particularly PhD students) to partici-
pate in overseas conferences; conditions under which Aus-
tralian scientists could participate in European Union
framework programs; and the ability of universitiesto ade-
quately inform staff students about funding opportunities
especially given the many sources of information. Possible
obstacles or disincentivesto attracting high calibreinterna-
tional researchers to Australia included the distance of
Australia from the world’s leading research centres, visa
application procedures, taxation issues, perceived quality
by leading overseas researchers of the facilities and equip-
ment at Australian universities and research institutions,
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and the Australian dollar combined with the high cost of
living and working in industrialised countries.

A Lega and Constitutional References Committee was
formed by the Australian Senate in October 2003 to exam-
ine the experience of Australiaexpatriates. The Committee
stated in their final report, They still call Australia home:
Inquiry into Australian expatriates, released in March
2005 that they were concerned about brain drain of Austra-
lia' s best and bright workers on the one hand and evidence
of net “brain gain” of skilled workers on the other hand.
Their report referred to a survey by Hugo et a (2003)
which identified “pull factors’ of better employment op-
portunities, professional development and higher income
as the prime motivations for emigration (Table A9 in the
appendix). Of the 2,072 people who responded to the sur-
vey, 50% stated that they intended to return to Australia
and one third of the remainder was undecided. Hugo et a
(2003) found that older respondents and those from the
USA and Canada were less likely to return. Key reasons
given by those not intending to return or who were unde-
cided were better employment opportunities, establishedin
current location, career and promotional opportunities, and
higher income. Marriage/partnership was the key reason
given by femalesfor not returning. Respondentswere more
likely to return home if they were offered a better job and
salary or for family reasons. Some of the push and pull
factor sgiven by academic researchersin their submissions
to the Committee included the opportunity to work in lead-
ing overseas research establishments, with the top profes-
sionalsin thefield and significantly superior infrastructure
support; few openings in their chosen fields in Australia,
and that overseas offered their only genuine employment
opportunities; the need for overseas experience to pave
the way for career advancement; the challenge of testing
their abilitiesin a complex working environment in a dif-
ferent culture; scale of opportunities awaiting abroad; the
proximity to other vibrant economies; tax ratesin Austra-
liathat are too high and not internationally uncompetitive;
and the perception that their intellectual endeavour wasun-
dervalued.

United States

The United States has many programs supporting theinter-
national mobility of research students and graduates. For-
eign research students seeking to study in the United States
can access financia assistance from different sources in-
cluding home government scholarships, US government
assistance, private US sources and international organisa-
tions, US universities and loans. These sources are further
explained in Table A10 in the appendix. Just over 78% of
foreign doctoral students in 2001 were supported by US
universities through research assistantships (44.7%),
teaching assistantships (17%) and fellowships (16.4%)
(Table 17). Only 6.1% of foreign students who were tem-
porary residents used persona savings to undertake their
doctorate compared to 24.5% for US citizens. Table A10
aso includes the different ways that foreign research grad-
uates can participate in academic visits and exchange pro-
gramsin the United States, as well as the range of US and
international organisations that are funding research stu-
dentsand graduates from the United Statesto undertake re-
search abroad.

After rising steadily until 1996, the number of foreign stu-
dents who have completed a PhD in the United States de-
clined in the late 1990s (Figure 35). In 2001, 11,602 doc-
torates were awarded to foreign students, most of which
were in S&E fields (82.5%). Permanent residents ac-
counted for 1,822 doctoral completions and temporary res-
idents accounted for 9,780 doctoral completions. Foreign
students also accounted for 28.5% of all doctoral comple-
tions and 36.3% of al S&E doctoral completions in the
United Statesin 2001. Just over 56% of studentswho were
awarded aUS S& E doctorate between 1998 and 2001 were
from East and South Asian countries particularly China,
India, South Koreaand Taiwan. Data on the number of US
students undertaking doctorates abroad is difficult to ob-
tain. However, OECD data on the net balance of interna-
tional student exchange showsthat the number of total for-
eign students in the United States exceeded the number of
US students going abroad by 544,000 in 2002 (OECD,
2004b). This suggests that the number of foreign doctoral

Table 17. Funding sources for S&E doctorate recipients, United States 2001

Research Teaching Fellowships | Traineeships Other Personal Al
assistantships | assistantships (1) (2 (3) 4) students
US citizens 4,086 | 25.4% | 2,389 | 14.9% | 3,776 | 23.5% | 566 | 3.5% | 613 | 3.8% | 3,937 | 24.5% | 16,069
Non-US citizen 4,281 | 44.7% | 1,629 | 17.0% | 1,570 | 16.4% | 49 | 0.5% | 749 | 7.8% 701 | 7.3% 9,574
Temporary resident | 3,789 | 46.0% | 1,398 | 17.0% | 1,312 | 15.9% | 28 | 0.3% | 703 |8.5% | 506  6.1% 8,242
Permanent resident 492 1 36.9% | 231 | 17.3% 258 1 194% | 21 | 1.6% 46 | 3.5% | 195 | 14.6% 1,332

P

50

1) Includes fellowships, scholarships and dissertation grants
2) Includes traineeships, internships and residencies
3) Includes employer reimbursement or assistance, foreign support and other sources

4) Includes personal savings, other personal earnings in graduate school, other family earnings or savings, and loans.
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Figure 35. Doctoral completions by foreign
students, United States 1990 to 2001.

Source: National Science Foundation (2004)

studentsin the United States was well above the number of
US students undertaking a doctorate or participating in a
student exchange abroad.

Between 1990 to 2001, an increasing share of foreign re-
cipients of S& E doctorates from US universities were
planning to stay or had firm plans to stay in the United
States. For those who were awarded a doctorate between
1998 and 2001, 76.3% were planning to stay and 54.1%
had firm plans to stay (Table 18). There was variation in
these plans depending on the origin continent/country of
recipients, with those from East/South Asia (particularly
Chinaand India) and Europe (particularly the United King-
dom) more likely to stay. The National Science Board
(2004) estimated that 3,500 foreign students from each an-
nua cohort of new S&E doctorates remain in the United
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Figure 36. S&E postdocs at universities in
the United States 1990 to 2001.
Source: National Science Foundation (2004)

States, with recipientsin computer and electrical engineer-
ing, physical sciences, life sciences and computer sciences
more likely to stay.

Increasing stay rates have contributed to the steady risein
the number of foreign citizens working as S& E postdoc-
toral researchersat US universities (Figure 36). In 2001,
24,601 foreign citizens were in S& E postdoctoral posi-
tions, which represented 57.2% of all postdoctoral posi-
tions. The US Bureau of Census estimated that foreign-
born people (permanent residents and temporary residents)
with doctorates accounted for 37.6% of all people em-
ployed in S&E occupations in the United States in 2000.
The National Science Board (2004) estimated that there
were around 192,000 foreign-born US residents with S& E
doctoratesin 1999.

Table 18. Plans of foreign recipients of US S&E doctorates to stay in the United States, 1990 to 2001

Plans to stay Firm plans to stay
1990-1993 1994-1997 1998-2001 1990-1993 1994-1997 1998-2001
East/South Asia 68.6% 75.4% 83.2% 44.1% 46.2% 58.5%
China 93.5% 96.6% 96.2% 58.0% 57.3% 67.5%
India 85.6% 90.1% 94.0% 62.6% 61.8% 73.2%
West Asia 59.5% 60.4% 67.2% 32.7% 34.4% 46.1%
Pacifica/Australasia 49.2% 50.6% 59.7% 33.1% 28.7% 43.1%
Africa 48.2% 55.1% 70.3% 24.5% 25.8% 40.7%
Europe 61.2% 67.2% 76.2% 44.5% 47.9% 57.5%
United Kingdom 76.2% 77.5% 80.8% 57.7% 59.5% 62.4%
North/South America 49.9% 51.6% 56.9% 36.0% 36.1% 42.4%
All non-US citizens 63.4% 69.3% 76.3% 40.9% 43.3% 54.1%
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Figure 37. Permanent visas to immigrants
in S&E occupations, 1990 to 2001.

Source: National Science Foundation (2004)

The number of permanent visas issued to immigrants in
S& E occupations between 1990 and 2001 ranged from
7,000in 19990 33,900in 2001 (Figure 37). Most of the vi-
sas issued in 2001 were to engineers (47.5%) and mathe-
matical/computer scientists (37.5%). More recent data
shows that the number of permanent visas issued in 2003/
2004 was 5% lower than the previous year (Brown &
Syverson, 2004). Data on the number of non-immigrant
(or temporary) visas issued to students (F-1), exchange
visitors (J-1) and temporary skilled workers (H1-B) shows
steady increases until 2002 (Figure 38). Thesefallsin per-
manent and temporary visasarelikely to contribute to ade-
cline in the number of S& E postdoctoral researchers em-
ployed by US universities from 2002.

The National Science Board (2004) attributed the slow-
downininward mobility to fewer applicationsand ahigher
rejection rate caused not only by events on September 11
but also to increased competition elsewhere in the world
for S& E students and talent. As aresult, the National Sci-
ence Board (2004) believes that the United States is be-
coming “less dominant asadestination for migrating scien-
tistsand engineers’ (p. 3-32). The President of the Council
of Graduate Schools, Debra W. Stewart confirmed further
fallsin graduate school enrolments of 28% in 2004 and 5%
in 2005. She stated if this downward trend continues “the
lack of foreign graduate students could seriously affect the
continued quality research. Such atrend may also signal a
changeinthe nation’ sstatus asthe destination of choicefor
international students’ (p. 1). With the European Union
now producing more PhDs in science and technology than
the USA (as well as harmonising their systems of educa-
tion) and the Governments of China, India and Korea in-
vesting heavily in graduate education, Stewart (2005) ar-
gues that the United States must redouble its efforts to de-
velop the domestic talent pool.
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Figure 38. Non-immigrant (temporary) F-1, J-1
and H-1 visas, United States 1998 to 2002.
Source: National Science Foundation (2004)

In the summer of 2004, Heather Brown and Peter Syverson
from the Council of Graduate Schools surveyed US Gradu-
ate Schools on international student admissions trends.
They aso attributed the decline in foreign students to
global competition in graduate education, changing visa
processes and the diminished perception of theUSasades-
tination for advanced graduate study. Brown & Syverson
(2004) found that many institutions are devel oping specific
practicesto improve the administration processfor interna-
tional graduate students such as earlier application dead-
lines (giving students more time to deal with visa pro-
cesses), early notification, increased guidance on the ad-
missions and visa process, and other changes such as el ec-
tronic applications and streamlining the admissions pro-
cess.

Richard Freeman (2004) from the National Bureau of Eco-
nomic Research believes that US science and engineering
would have been in crisis without the influx of the for-
eigner students and workers. At the same time he argues
that thisinflux (until recently) has been both ablessing and
aproblem:

It is a blessing because it brings the best and brightest from
around the world to our universities and labs and strengthens
our comparative advantage in science and high-tech fields.
Given the nature of the American position in the global econ-
omy, thisisnot aluxury; it is necessary for long-term US eco-
nomic well-being. It is a problem because, at the same time,
the huge influx of foreign students and workers keep wages
and employment opportunities below what they would other-
wise be. This discourages US citizens from investing in sci-
ence and engineering careers, and thereby increases our de-
pendence on the foreign-born.



3.6 Research careers in Finland,
Australia and the USA

Finland

The Academy of Finland is the key public body that sup-
ports research careersin basic science. Aswell asfunding
research training places through projects and graduate
schooals, it also has schemes to support postdoctoral re-
searchers, research fellowsand professors (Table 19). Asat
1 August 2002, the Academy was funding 360 postdoctoral
researchers, 230 research fellows and 38 professors. In
2004, the Academy allocated funding of 22.9 million euros
to research posts which represented 11% of its funding de-
cisions (which totalled 208 million euros). The Academy
also supports research careers by funding research pro-
jects, research programmes and centre of excellence
programmes. In the case of research grants, competition
has intensified with only 19% of applications granted in

2004 compared to 31% of applications granted in 2000
(Table 20). Lower successrates combined with adeclinein
the number of applications (from 257 in 2000 to 219 in
2004) has led to a fal in the total number of general re-
search grants awarded by the Academy in 2004 (estimated
at 80 in 2000 and 42 in 2004).

As the largest R&D funding body in Finland, Tekes also
supportsresearch careersthrough thefunding it providesto
the business sector and higher education sector. In 2004,
Tekes funded 1,464 corporate R& D projects (at a cost of
165 million euros) and 778 public research projectsin uni-
versities, research ingtitutes and polytechnics (at a cost of
172 million euros) (Table 21). Although the number of
public research projectsin 2004 is about 20% smaller than
the number funded in 2000, funding for these projects has
steadily increased. Key outcomes from projects completed
in 2004 that rel ate to research careersinclude 999 academic
theses and 2,451 scientific publications.

Table 19. Research posts funded by the Academy of Finland

The Academy’s postdoctoral research system is designed to advance the competence and independence of young researchers who
have recently earned their doctorate. As well as doing their own research as set out in their research plans, postdoctoral researchers
supervise undergraduates and doctoral students preparing their thesis, and teach at university. Appropriations are granted for hiring
postdoctoral researchers for a period of two years. Applications may be submitted by an individual researcher, a research team, a
graduate school or a public sector organisation, business corporation or other business organisation together with a university.
Researchers who have completed their doctorate may also apply to the Academy for grants to work abroad or to support their

further training.

Academy of Finland research fellowships are among the hotly contested positions in Finland. The posts are intended for researchers
working independently on a project in accordance with a set research plan. Academy Research Fellows are also expected to do some
teaching and to supervise undergraduate and doctoral students researching their theses. Successful candidates shall have published

and done other scientific work after taking the doctorate. Academy research fellowships are awarded for periods of no more than five
years at a time. Academy Research Fellows work with their host organisation, but their salary is paid by the Academy of Finland.

The post of Academy Professor is the highest research post funded by the Academy of Finland. Persons appointed to the post shall
be eminent researchers who are well placed to promote research within their discipline, as well as enjoy international recognition.
Apart from working on their own research, Academy Professors are responsible for running their research teams, supervising junior
researchers and often teaching at university. Researchers are appointed to the post of Academy Professor for a fixed term, usually
for five years at a time.

Source: Academy of Finland (2002b)

Table 20. Success rate of general research grant applications to the Academy of Finland

2000 2001 2002 2003 2004
Research Council No. % No. % No. % No. % No. %
Biosciences & Environment 64 30% 46 20% 40 21% 40 19% 37 16%
Culture & Society 45 26% 42 24% 46 22% 60 27% 46 17%
Natural Sciences & Engineering 100 35% 105 31% 104 30% 116 27% 88 20%
Health 48 33% 62 34% 52 37% 64 37% 43 27%
Total 257 31% 255 28% 242 28% 280 27% 219 19%

Source: Academy of Finland (2004) p. 11
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Table 21. R&D project funded by Tekes, 2000 to 2004

2000 2001 2002 2003 2004
No. Million No. Million No. Million No. Million No. Million
euros euros euros euros euros
Corporate R&D projects 1,302 154 1,339 160 1,219 157 1,395 156 1,464 165
Public research projects 995 140 922 146 798 144 801 162 778 172

Source: Tekes (2004) p. 10

Tekes also stated in its 2004 annual review that Finnish re-
searchers continue to be active participantsin the Sixth EU
Framewor k Programme (estimated at 750 participations,
73 project coordination roles and total funding of over 190
million euros in 2004), EUREK A (27 projects), COST
(26 projects) and ERA-Nets (with Tekes involved in 14
projects aimed at enhancing national and regional research
and technology programmes).

Datain the previous chapter shows that Finland continues
to employ significantly more people as researchers (as a
proportion of total employment) than the OECD average —
16.4 people out of 1000 people employed (in 2002) com-
pared to 6.5 people out of 1000 people employed (in 2000).
Finland's resear ch workfor ce has grown from 14,030 in
1991 to 38,632 researchers, with al sectors employing
more researchers (Figure 39). The business sector recorded
the highest growth in the employment of researchers be-
tween 1991 and 2002, and as a result it accounts for asig-
nificantly larger share of researchers (from 36.8% in 1991
to 55.1% in 2002). Growth in doctoral degree completions
and the research workforce has slowed in recent years fol-

lowed a decade of relatively high and consistent growth
(Figure 40). Growth in business researchers in 2002 was
the lowest recorded in amost 10 years. HRST data from
Eurostat presented in Chapter 5 shows HRST stocks,
HRST coreand the number of scientistsand engineershave
fallen after peaking in 2001.

In the report PhDs in Finland: Employment, Placement
and Demand 2003 the Academy of Finland (2003a) esti-
mated that almost 12,000 new PhDs will graduate in the
first decade of the 21st century. The report referred to fac-
torsthat suggest that demand for peoplewith aPhD inthe
labour market should continue: changing industrial struc-
ture, the growing investment in the private sector in re-
search and development, the increasing competency re-
quirements or different job tasks, and the departure of the
baby boom generation (p. 40). However, uncertainty about
public research funding means that employment prospects
within universitiesarelikely to become more dependent on
funding from external sources. The Academy identified the
need for attractive career options in both the private and
public sectors, and for researcher training to provide the
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Figure 39. Researchers by sector, Finland 1991 and 2002. Source: OECD (2005a)

18  EUREKA isapan-European network for market-oriented and industry-related R& D. It provides support for the competitiveness
of European companies through international collaboration and by creating links and networks of innovation. Tekesisthe

coordinator of EUREKA’s activitiesin Finland.

19  COST isanintergovernmental framework for European cooperation in the fields of scientific and technical research. COST’s
activities are conducted by Tekes in Finland. COST enables the coordination of nationally funded projects with the intention of
reaching awider European perspective. Basic and pre-competitive research activities beneficial to the public sector are the main

focusfor activities
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Figure 40. Growth in doctoral completions and
research workforce, Finland 1991 to 2002.
Source: OECD (2005a)

competencies for careers outside of basic research: “It is
necessary to look into how the contents of different options
within PhD programmes could be developed and how a
multidisciplinary approach could be more broadly and
firmly integrated into PhD programmes’ (p. 44). The
Academy also highlighted the importance of competitive,
high quality education and research environments with an
ability to act in an internationally networked environment
and to retain and attract top researchers and research teams.
In another report, Scientific Researchin Finland, A Review
of Its Quality and Impact in the Early 2000s, the Academy
of Finland (2003b) called for a new strategy for research
careers that considers the needs of individual researchers
and different fields of research, setsout clear targetsfor re-
search careers, removes obstacles to research careers, and
maintains and strengthens the competitiveness of the re-
searcher’s profession (p. 7).

An article called The Reformsin Finland: A Sudent’s Per-
spective by Minna Varis (a PhD student from the Univer-
sity of Helsinki) highlighted some of the obstaclesto re-
sear ch careersin Finland. She believesit isdifficult to se-
cure apermanent job in aresearch group or a suitable com-
pany after completing aPhD asmost postdoctoral positions
in research groups are “fixed-term appointments, with no
dependable future’. Many postdoctoral researchers are
paid through tax-free scholarships and are not entitled to
certain social benefits. Despite the upcoming changes to
legidlation that would entitle scholarship holdersto a pen-
sion and workers' compensation, they would still not be el-
igible for medical care, access to unemployment benefits
and maternity allowance. Varis (2004) aso believes that
pressure by the Ministry of Finance to replace temporary
posts with permanent posts in universities (where similar
work in carried out on aregular basis) will be secured by
experienced researchers with established teaching skills.

Evenif young research graduates were to secure apost asa
university lecturer, she argues that these are not ideal posi-
tionsfor scientists who are beginning their independent re-
search career. Although the University of Helsinki does
have posts for new research graduates not all departments
have funding to offer such posts. After finishing a M.Sc.
degree Varis was unable to find work in biotechnology
companies as many companies were on a “recruitment
break” due to lower funding. She doesn’t believe that the
situation will improve when she completes her PhD argu-
ing that “often times a scientist with a M.Sc. can do the
samejob asaPhD at alower cost. Currently only about 3%
of theindustrial R& D workforce has PhDs”.

Australia

Theperceived lack of acareer structurefor young research-
ers was one of the findings of the review of higher educa-
tion research policy by Robert Smithin 1988. Inthe minis-
terial statement Research for Australia: Higher Educa-
tion’s Contribution that followed, Dawkins (1989) stated
that opportunities for research graduates in the academic
labour market were limited. Research graduates were no
longer destined for university teaching and research posi-
tions. Research training should prepare students for a re-
search career in industry, government and higher educa-
tion, and for acareer outside of research (Higher Education
Council, 1992). The Higher Education Council of the Na-
tional Board of Employment, Education and Training
(1990) called for aconcerted effort “to attract the best peo-
pleinto research since the rewards for the extra endeavour,
both immediate and long-term, are usually meagre” (p. 41).
The Australian Research Council evaluated the National
Research Fellowship Scheme in 1990. This led to an in-
crease in the value and number of grants available in this
scheme and aimed to provide young researchers with an
opportunity to progress through postdoctoral, research fel-
low and senior research fellow positions (subject to com-
petitive processes). Five types of fellowships were offered
from 1991 and most of these still exist today in a revised
form (see Table 23): Australian Postdoctoral Fellowships,
Australian Research Fellowships, Queen Elizabeth |1 Fel-
lowships, Senior Research Fellowships, and Australian
Research Fellowships (Industry).

In the late 1990s, a number of major reports found that ca-
reer opportunities for scientists were still limited. Stocker
(1997) cited the reasons of poor linkages between aca
demic research and industry, science and engineering be-
ing considered unattractive choices for students, a mis-
match between research training and subsequent career op-
portunities, and an inadequate number of and intensive
competition for scholarshipsat PhD and postdoctoral level.
Stocker (1997) believed these factors were contributing to
young scientistsleaving Australia or pursing other careers,
which represented aloss of investment in their training and
opportunity for Australia.
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Table 22. Researcher pay scales, Australia (NHMRC) and USA (NIH), 1998 ($AUD)

Australia

USA

Research Assistant/Postdoc

$38,000-$51,000

$30000-$73,000

Senior Research Assistant/Senior Research Officer

$43,000-$75,000

$67,000-$145,000

Senior Research Fellow/Principal

$53,000-$96,000

$124,000-$169,000

Source: Wills (1999) p. 4

Thefinal report of the Health and Medical Research Strate-
gic Review, The Virtuous Cycle, Working together for
health and medical research, released by the Peter Willson
behalf of the National Health and Medical Research Coun-
cil inMay 1999 stated that Australia’ slack of opportunities
for scientistswas exacerbated by uncompetitive remunera-
tion scales compared to those in the United States (Table
22). Wills (1999) recommended that career development
for scientists be improved through greater opportunities at
Research Assistant and Research Officer levelsand by en-
hancing the attractiveness of postdoctoral research by de-
veloping exchange fellowships and assisting targeting of
skills development. These opportunities needed to be
backed up by “realistic grant opportunities, a strong on-go-
ing system of mentoring, and reasonable accessto early ca-
reer rewards’ (Wills, 1999, p. 4).

The Chief Scientist Robin Batterham stated in his report
The Chance to Change (released in November 2000) that
attracting and retraining the best researchers was difficult
due to the limited number of postdoctora fellowships and
the high rejection rate. This has led many researchers to
pursue careers outside Australia that provide more attrac-
tive research environments, such as the USA. Batterham
(2000) called for anincreasein Australian postdoctoral fel-
lowships from 55 to 110. To regain and attract brilliant re-
searchers, he recommended the establishment of 50 Feder-
ation Industry Chairs (at $300,000 per annum) in universi-
tiesor aresearch entity affiliated with auniversity “asave-
hicle to provide career paths, stimulate link formation be-
tween universities and industry and to increase the poten-
tial for universities to develop commercially relevant re-
search” (p. 55). Both of these recommendations were in-
cluded in Backing Australia’s Ability to “excite and retain
Australian researchers” (Howard, 2001, p. 20), athough
the number and value of Federation Fellowships were
lower at 25 new Federation Fellowships valued at
$225,000 ayear for five years.

In hisdiscussion on postdoctoral fellowship schemesavail-
ablein Australia, Nelson (2003a) stated that “early career

support, as part of an overall focus on career pathways, isa
significant issue in maintaining an adequate supply of re-
searchers’ (p. 213). Comments about postdoctoral fellow-
ships by the Group of Eight universitiesthat wereincluded
in Nelson (2003a) identified issues about research careers
in universities. These issues included a lack of awell-de-
fined career paths, reduced employment opportunities,
contract and short term nature of postdoctoral employ-
ment, and uncompetitive salaries. As a result, many post-
doctoral fellowsare more attracted to industry and other re-
search agenciesthan universities, and thereisan increasing
tendency for best doctoral graduates to go oversess.

Table A1l in the appendix explains the current Australian
postdoctoral fellowship and award schemesthat are funded
by the Australian Research Council. The number of fel-
lowships funded by the ARC rose from 144 in 2001 to 232
in 2002 (Table 23) due to extra funding provided in Back-
ing Australia’s Ability. Consequently, the success rate for
fellowshipsimproved, particularly for Australian Postdoc-
toral Fellowshipswhich rosefrom 14%in 2001 to 24.5%in
2002. The Australian Research Council continues to allo-
cate funding to early career researchersin the form of 112
Australian Postdoctoral Fellowships and 138 Discovery
projects? in 2004, with success rates of 22.9% and 20.8%
respectively. A lower number of fellowships were avail-
able for more experienced researchers (i.e. ARF, QEII,
APF and FF), and success rates of between 14.6% and
17.5% in 2004 indicate that these fellowships are even
more competitive.

Aswell asthe Australian Research Council, there are other
agenciesthat also fund postdoctoral positions. In 2005, the
National Health and Medical Research Council funded
67 new Research Fellowships (full-time, usually for five
years, and at varying doctoral levels), seven Practitioner
Fellowships, 42 Career Development Awards, 90 Training
Fellowships for recent PhD graduates (undertaken in Aus-
tralia or overseas), and one Burnett award (to attract back
medical researchers of a high calibre who have spent at
|east seven years overseas and who have not returned be-

20  Discovery Projects, early career researchers support applications for early career researchers under the Discovery Projects
element of the National Competitive Grants Program. In the 2003 application round around 15% of the Discovery Projects budget
was set aside for this purpose. This initiative commenced in the 2001 application year in response to concerns that young
researchers had become discouraged from applying for Discovery grants (ARC, 2005).
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Table 23. Fellowships and early career researcher projects, Australia 2000 to 2004

Fellowships

2000 2001 2002 2003 2004

Discovery Australian Postdoctoral Fellowships

55 55 110 110 112

Success rate

14.5% 14.0% 24.5% 19.0% 22.9%

Success rate (%)

Discovery Australian Research Fellowships/Queen Elizabeth Il Fellowships 30 30 30 3 33
Success rate n/a n/a 13.9% 12.2% 14.6%
Discovery Australian Professorial Fellowships 15 15 23 25 24
Success rate n/a n/a 13.9% 14.5% 15.4%
Total Discovery project fellowships 100 100 163 166 169

14.6% 14.3% 19.6% 16.5% 19.4%

Federation Fellowships 25 22 25
Success rate (%) 9.3% 24.7% 17.5%
Linkage Australian Postdoctoral Fellowships CSIRO 10

Success rate (%) 14.3%

Linkage Projects Australian Postdoctoral Fellowships Industry 17 27 32 32 46
Success rate (%) 37.0% 45.8% 55.2% 43.8% 56.1%
Linkage International Fellowships (1) 19 17 12 16 11
Success rate (%) n/a n/a 54.5% 72.7% 48.0%
Total number of fellowships funded 136 144 232 246 251
Discovery projects, early career researchers 64 54 161 162 138
Success rate (%) 15.0% 20.6% 25.0% 18.8% 20.8%
Linkage International Awards (1) 89 86 54 24 39
Success rate (%) n/a n/a n/a 53.3% 47.6%

(1) Fellowships and awards were granted under the International Researcher Exchange Scheme (IREX) until 2002.

Source: Australian Research Council (2001), (2003) and (2005)

cause of the lack of suitable opportunities). Eight industry
fellowships (where researchers spend two yearsin industry
and two years in a research institution) were awarded in
2004. The Commonwealth Science and Industrial Re-
search Agency (CSIRO) appointed 22 new postdoctoral
fellows across 16 Divisions under the CSIRO Postdoctoral
Fellowship Program in 2003/2004. The number of post-
doctoral fellows employed by the CSIRO rose from 194 in
2002/2003 to 259 in 2003/2004. Ten fellowships were
awarded under the Linkage Australian Postdoctoral Fel-
lowships CSIRO programin 2003. Cooper ative Resear ch
Centres aso offer employment to non-tenured scientists
and postdoctoral scientists until they find more permanent
employment (Howard Partners, 2003). Many universities
also fund their own postdoctoral fellowship schemes.

Australia also employs more people as researchers (as a
proportion of total employment) than the OECD average.
Following strong growth in the first half of the 1990s,
growth in the employment of researchersin all sectors has
dowed (Figure 41). Growth in research degree comple-

Percent
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Figure 41. Growth in research degree enrolments
and research workforce, Australia 1990 to 2000.
Source: OECD (2005a)
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Figure 42. Researchers by sector, Australia 1990 and 2000. Source: OECD (2005a)

tions in the mid 1990s was significantly above growth in
the resear ch workfor ce suggesting an oversupply of re-
search graduates at the time. The number of researchers
based in higher education has almost doubled over the de-
cadefrom 20,667 in 1990 to 39,507 in 2000. Therefore, the
higher education sector continuesto account for the largest
proportion of researchers, rising from 47.9% in 1990 to
59.8% in 2000 (Figure 42). Despite the increase in the
number of businessresearchersin Australiafrom 12,604 in
1990 to 16,214 in 2000, the proportion of total researchers
in business enterprises fell from 29.2% to 24.4% over this
period. The fall in researchers employed in Government
(from 9,281 in 1990 to 8,972 in 2000) combined with in-
creasesin researchersemployed in other sectorsledto afal
in the Government share of researchers from 21.5% to
13.6%.

Datais not yet available to show the full impact of initia-
tives announced in Backing Australia’s Ability on the size
of theresearch workforce. It can be assumed from the sheer
volume of research completions (over 60,000 completions
between 1990 and 2003, with overseas students accounting
for over 10,000 of these completions) that many research
graduates are not pursuing research careersin Australia or
are not working as researchers. The Australian Bureau of
Statistics (ABS) estimated that around 19,000 of the
68,000 people with adoctoral degreein Australiawere not
working in an S& T occupation in 2001. Research gradu-
ates (with adoctoral degree) accounted for only 4% of the
HRST Core and 2.8% of all people with S& T qualifica-
tionsin 2001.

United States

Itiswell known that many research students and graduates
from around the world are attracted to research careersin
the United States. They are“ pulled” by the availability of
opportunities within a large research workforce and well-
equipped and funded facilities made possible through mas-
siveinvestments by Government, foundations and industry
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since World War I1. Despite a slowdown in R&D invest-
ment over the past decade, the United States still dominates
global research and development, accounting for 43.7% of
al investment in R&D by OECD countries in 2003 and
38.2% of all researchers employed by OECD countries in
1999.

As stated in Chapter 2, the United States employs more re-
searchers than the OECD average — 8.6 researchers out of
every 1000 people employed (1999) compared to 6.5 re-
searchers for the OECD (2000). In the mid to late 1990s,
growth in the research workforce exceeded growth in
doctoral completions (Figure 43). The number of research-
ersin the United States increased from 981,659 in 1991 to
1,261,227 in 1999, with an additional 239,300 researchers
employed in the business sector and an additional 47,768
researchers employed in the higher education sector. In
1999, the business sector employed 80.5% of researchers
(Figure 44) compared to 63.8% for the OECD. However,
people with a doctorate accounted for only 13.7% of peo-
pleinthe HRST corein 1999 i.e. employed in S&E occu-
pations and with S& E qualifications (which totalled 3.54
million). Most people working in S& E occupations have a
Bachelor’s degree (56.3%) or a Master’ s degree (29.1%).

Data from the National Science Foundation (2004) indi-
cated that in 1999 there were 484,100 people with doctoral
degrees working in S& E occupations in the United States
(899,900 as scientists and 84,200 as engineers), with
50.5% of these people working in education, 40.3% in
business/industry, and 9.3% in government. A greater
share of doctorate qualified engineers work in business/in-
dustry (60.6%) whereas more scientists work in education
(54.6%). With over half of all doctorate holdersin S& E oc-
cupations working in education (particularly academia)
this career path remains an important option for many re-
search students and graduates. Those working in academia
are employed through the faculty tenure track system? or
work in other positions that are not considered for tenure.
Faculty titlesin order of academic rank include “ professor”,

“associate professor”, “assistant professor” and “lecturer”
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Figure 43. Growth in doctoral completions and
research workforce, USA 1991 to 1999.
Source: OECD (2005a)
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search assistantships which have grown from 79,100 in
1989 to 99,700 in 2001. The number of postdoctoral re-
searchers at US universities has also increased, from
27,932 in 1989 to 42,289 in 2001. Many postdoctoral re-
searcherswork in biological sciences(39.4%), medica and
other life sciences (30.1%), physical sciences (14.5%) and
engineering (7.3%). The median age of S&E doctorate
holders employed in academia is rising. In 2001, the me-
dian age of full-time faculty was 48.3 years (compared to
46 yearsin 1989), the median age of postdoctoral research-
erswas 33 years (compared to 32.6 yearsin 1989) and the
median age of S& E doctorate holders in other positions
was 45.6 years (compared to 42.2 years in 1989). Given
that the average age that students complete their doctoral
degreein the United Statesis 29 years, the relatively high
median age of postdoctoral researchers indicates that re-
search graduates are staying in lower paid postdoctoral po-
sitions for longer periods of time, as discussed below.
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Figure 44. Researchers by sector, USA 1991 and 1999. Source: OECD (2005a)

(or “instructor”). It normally takes as assistant professor
between five and seven years to gain tenure which is rec-
ommended by acommittee of faculty members. Many fac-
ulty members earn outside income as consultants to busi-
ness, industry and government, and some hold joint ap-
pointments with part-time teaching responsibilities and
part-time administrative responsibilities (Education Amer-
ican, 2005).

The number of S& E doctorate holdersworking in universi-
tiesand collegesin the United States rose from 206,600 in
1989 to 245,500 in 2001 (Figure 45). The proportion of
those working primarily as researchers has al so increased
from 34.9%in 1989 to 38.2%in 2001. Many research (doc-
toral) studentsin the United States are financed through re-

Romer (2000) included the possible career directions for
PhD graduatesin science and engineering fieldsin hisdia-
gram that depicted the two stagesin the production process
of scientists and engineers (Figure 46). He was concerned
that much of the flow of S& E (PhD) graduates has been di-
rected at university employment and postdoctoral and
other holding positions. Growth in academic research ap-
pointments (as discussed in this section) has been out-
stripped by growth in the number of doctorate recipients
seeking to work in academia, leading to many of these peo-
ple working in non-faculty appointments. Romer (2000)
argued that the challengeisnot to increase the total number
of doctorate recipients but to increase the number of them
workingin private sector resear ch and development. He
called for new funding from the Federal Government to en-

21 Tenureisaguarantee that afaculty member will remain employed by the university until retirement except in the case of very
unusual circumstances such as the elimination of an entire department or extreme misconduct on the part of the tenure holder. The
purpose of the tenure system isto preserve academic freedom, to prevent an institution from firing a professor for making
unpopular or radical statements or for advocating unorthodox ideas (Education USA, 2005, pp. 116-117).
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Figure 45. S&E doctorate holders employed in US
universities & colleges by activity, 1989 to 2001.
Source: National Science Foundation (2004)

courage universitiesto introduce innovative PhD programs
that would train people primarily for work in the private
sector without affecting existing programs.

Romer (2000) referred to a National Research Council
(1998) report that found the attractivenessto young people
of careersinlife scienceresearchisdeclining. A key disin-
centiveisthedifficulty that doctoraterecipientshavein se-
curing apermanent position in academia, industry and gov-
ernment. For example, the number of doctorate recipients
without permanent full-time jobs five or six years after
graduating had increased from 11% in 1975 to 39% in
1995. Many graduates join the ever-growing pool of post-
doctoral fellowswho stay longer in these positions. For ex-
ample, the number of peoplein postdoctoral positionsthree
or four years after graduating had increased from 6% to

Foreigners with
undergraduate NSE
degrees
Undergraduate
Education
Private
.A=-.. sectorresearch
Jor * +and development
. NSE degrees *

29% between 1973 and 1995. At the same time, the supply
of life science PhD graduates was rising, particularly be-
tween 1987 and 1996 when many doctorates were awarded
to foreign students. The Council (1998) argued that these
factorshaveled frustrated young scientiststo be caughtina
holding pattern:

These people, most of whom are 34—40 yearsold, typically re-
ceive low salaries and have little job security or status within
the university. Moreover, they are competing with a rapidly
growing pool of highly talented young scientists — including
many highly qualified foreign postdoctoral fellows—for alim-
ited number of jobsin which they can independently use their
research training (p. 3).

The National Research Council (1998) made the following
recommendations to address the excess supply of PhD
graduates working outside faculty in postdoctoral and
other academic positions:

* Restrain the rate of growth of the number of graduate
studentsin life sciences.

» Disseminate accurate information on the career pros-
pects of young life scientists.

« Improve the education experience of graduate students
by encouraging Federal agencies to invest in training
grants and individual graduate fellowships rather than
research grants to support PhD education

 Enhance opportunities for independence of postdoctoral
fellows such as “career-transition” grants for senior
postdoctoral fellows.

e Provide aternative paths to careers in life sciences
whilst retaining the PhD as a research-intensive degree
aimed at training future independent researchers.

Foreigners with
gracclluate NSE
Graduate i
Education U
in Science )
and Private

: . sector research
Engineering and development

University
employment
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.»" andother
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Other private sector
employment

Figure 46. Production process of scientists and engineers
in the United States. Source: Romer (2000) p. 25
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Issues raised by the National Research Council about re-
search careers in life sciences (which can be applied to
most S& E fields) are persisting. Freeman (2004) found that
people are choosing to work in other occupations rather
than spending yearsin low-paid postdoctoral positions be-
forefinding real jobsin academia, industry or government.
He stated: “Do you want to be a 35-year-old postdoc earn-
ing $40,000 in someone €else’'s lab, or an MBA earning
$150,000 working in a major business directing others?’
(p. 1). He argued that more effort (and funding) is needed
to create attractive research careers. This would involve
improved pay and career opportunities for younger scien-
tists and engineers (perhaps at the expense of principal in-
vestigators) and addressing the lower research costs
brought about by the flow of foreign born researchers.
Freeman (2004) called for big agencies (such as the Na-
tional Science Foundation and National Institutes of
Health) to devote more of their R& D budget to larger and
more attractive fell owships and stipendsfor younger scien-
tists and engineers; a major revamp of the career structure
and timing of rewards to ensure that pay and career oppor-
tunities are frontloaded rather than backloaded; and an ath-
lete type relationship between principle investigators and
young researchers where principle investigators are
coaches rather than employers. Apart from improving the
job market for scientists and engineers, Freeman (2004)
believes another major challenge is ensuring the right bal-
ance in the S& E workforce between domestic and foreign
supplies.

3.7 Case study results for Finland,
Australia and the USA

Thirty (30) research students studying in the fields of
geospatia science, wireless communication, biosciences,
and materials science and engineering from three universi-
ties?? were case studied as part of this study. Some of the
questions that the research students and their supervisors
were asked related to the students' mobility experiences
and possible career intentions after they graduate:

» Have you undertaken any of your research in other uni-
versities or industry at home or overseas? (research stu-
dents)

» Have you received any training during your doctoral
studies related to your research or research manage-
ment? (research students)

» What are your career options after you finish? (research
students)

» Hasthe student undertaken any of hisor her research in
other universities or industry at home or overseas? If
yes, how was that arranged? Where there any particular
benefits or issues? (supervisors)

e Has the student attended training during his or her doc-
toral studies related to their research or research man-
agement? (supervisors)

e What do you think the student could do when he or she
finishes? (supervisors)

The international mobility experiences of these students
during their studies and possible mobility after they gradu-
ate (as part of their career intentions) are relevant to this
discussion on each country’s performance in encouraging
the mobility of research students and graduates. The mobil-
ity experiences of these research studentsduring their stud-
ieswere mainly short term overseas visits (such as special-
ist training, conference attendance, study tours) and, in a
few cases, longer visitsto other universities.

Finland

Nine of the 10 University of Oulu research students had
been internationally mobile during their PhD studies (Ta-
ble 24). The tenth student is planning mobility activities.
Mohility activities usualy include attendance at confer-
ences, meetings, workshops, forums, and courses. One of
the students stated that Biocenter Oulu regularly funds stu-
dentsto attend relevant conferences and courses. Biocenter
is one hig organisation that funds. For example, in the
course in Croatia, | went with Biocenter money. Thereis
also the possibility to apply for grants from foundations.
But many times it is very easy to apply from money from
Biocenter and quite easy to get money from there. One of
the students from the CRC al so referred to the support pro-
vided: Usually when you write the conference paper you
are allowed to go to that conference to present your results
... It sveryimportant for our sponsorsto show our work in
that forumsoit does not matter evenifit isoutside Europe.

Apart from conferences and courses, two of the students
participated in astudy tour in San Diego and L und in south-
ern Sweden as part of Biocenter's Biobusiness course
(which is discussed further in the next chapter). Two stu-
dents were based at other universitiesin Europe for an ex-
tended period of time. One student from the CWC was
based at the University of Aachen for about one month not
only because his Finnish supervisor was working there but
also because | don’t know all the other people who Petri is
working with there and the resources that arethere. It also
benefits me to have time by myself just to work on my PhD.
Another student who was based at the University of
Groningen in the Netherlands for a couple of months ex-
plained that my supervisor comes from this group of
Groningen. We also had a post doc from here. The pro-
grams I’ ve been using have been developed in Groningen
so in that group there islots of expertise.

22 RMIT University in Melbourne (Australia), University of Oulu (Finland) and University of Urbana at Urbana-Champaign (USA).
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Four of the 10 University of Oulu research students are
from abroad (two from Italy, one from the USA and one
from India) and two of these studentsarelikely toremainin
Finland after they complete their studies. One student
stated that he wanted to stay in Finland to go on with this
research because herethereisalot of interest and also be-
cause he had settled in Oulu: | am an Italian that comes
from Oulu. Thisis my town. One of the international stu-
dents from Biocenter Oulu intendsto leave Finland to pur-

sue a post doc position in an English speaking country
where | will have better interaction with people and could
learn much more than what | have learnt here in the past
two years. Both research students from the CWC who orig-
inated from abroad had participated in student exchanges at
the CWC during their Masters studies.

Of the six Finnish students who were case studied, three of
them had no plans on leaving, whilst the other three were

Table 24. International mobility of University of Oulu research students

Yes

No

International mobility during PhD studies

Centre for Wireless Communication (CWC)

Student 1 [0 Conference/forums/workshops in United Arab Emirates, Norway, Japan, Portugal,
USA (Boston), China and Singapore

Student 2 0 Conference/forums/workshops in Portugal, France, Germany and The Netherlands

Student 3 [ Two conferences in USA (Boston)

Student 4 O Conference/forums/workshops in Hawaii, USA (Boston and Baltimore), Portugal,
Denmark, Greece, Italy and South Africa

Student 5 [0 PhD placement in Aachen University (Germany) and conference in Alaska (Anchorage)

Biocenter Oulu

Student 6 [ Conference in Prague

Student 7 [0 Meetings in Germany, United Kingdom (Brighton) and Greece, course in Croatia, and
study tour to USA (San Diego) and Sweden (Lund) as part of Biobusiness Course

Student 8 [ Course in United Kingdom (Brighton), summer school in United Kingdom
(Manchester), collaborative project at University of Groningen, and study tour as part
of Biobusiness Course

Student 9 O Conference in Vienna

Student 10 [ Planning to attend conferences/meetings and undertake study tour to USA (San
Diego) as part of Biobusiness Course

International mobility after graduation

Centre for Wireless Communication (CWC)

Student 1 [ Likely to remain at CWC

Student 2 [0 Post doc position in Finland but likely to work abroad

Student 3 [ Likely to pursue research
in Finnish industry

Student 4 [ Migrated from Italy and likely to remain in Finland

Student 5 O Migrated from the US and likely to remain in Finland

Biocenter Oulu

Student 6 [ Seeking postdoc position in Canada or Central Europe

Student 7 [ Seeking postdoc position in USA or European Union

Student 8 O International student from Italy seeking postdoc position in Europe

Student 9 O International student from India seeking a postdoc position in an English speaking

country

Student 10 [ Likely to remain in Finland
as a PhD student after
completing Masters
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planning to work in the Europe or North America. Itisin-
teresting to note that two of Finnish students intending to
work abroad had undertaken student exchanges during
their previous studies. As stated by one of these Finnish
students, it is usually very common that people go into
some other groups to do their post doc work and that is
something I'm most likely to do, whether in Finland or
abroad, in the European Union or in the United Sates.
There are lots of places for postdoc people. Another stu-
dent who has graduated and is continuing to work in the
CWCintendstowork abroad at some stage: | ammanaging
one European Union project with Markku which will start
in the beginning of next year. The project will go for two
years. In some future time | will try to go abroad from
sometime. The other Finnish student intending to work
abroad islikely to return to Finland leading to brain circu-
lation:

I think | will go abroad for a couple of yearsand then after that
back to Finland. | would liketo go to Canada again to Ontario
or Montreal but also Central Europe to Switzerland, Austria,
Germany would be possible. Hopefully for a company not uni-
versity because | have an idea | would like to work on R&D
questionsfor a Finnish biotech company when | get back from
my postdoc period so | would liketo get knowledge on working
for a company abroad, kind of getting ideas for Finnish com-
panies.

The coordinator of the Graduate School Infotech Oulu col-
lects data related to collaboration with other universities,
such as the number of visits and duration. He found that
there are much mor e people coming herethan people going
out. Most of these are graduate students. If there is deeper
co-research operation, half year visitsare common. Where
there are frequent visits between research centres, the re-
search groups usualy hire a house for the whole year and
all the time some people from the research group is here.
One of the functions of the Coordinator of the Graduate
School for Biocenter Oulu is to manage travel grants: Al-
though we get funding for 30 PhD students at this moment,
we have decided that all PhD students who are working
herein Biocenter groupsthey are membersof our graduate
schools. So they havethe samerightsto get thosetravelling
grantsand participatein our education. He also stated that
the graduate school is aiming to collaborate further with
universities to encourage greater mobility and internation-
alisation of research students. The Director of the CWC
discussed the importance of international mobility to net-
working and high quality research:

We want people to be able to go to an event, network, having
an impact where they go. Deliver their message and have it
well received. Build relationships to form networks. Also the
work they do should be of international standard, world bests,
world leading type activities. We are also encouraging good
students to go overseas, spend some time at another univer-
sity, not any university, but universities where we have a good
relationship or a good group of people. We certainly want to
raise our profile and have better international relationships
sand connections with key research centres around the world.

We have research agreements with MIT, ETH (Swiss Federal
Institute of Technology) in Zurich, University of NSWin Aus-
tralia, and several other places. We want to start sharing and
internationalising our people alittle bit more. We are placing
two people at MIT, placing someone at ETH, placing some
peoplein Canada and hopefully in Australia aswell as bring-
ing more people over here. So getting better connected with
therest of the world.

Australia

Table 25 shows that only three of the 10 RMIT research
students (from two departments) have been internationally
mobile during their PhD studies. These three students pre-
sented apaper at an international conference. Lack of fund-
ing was the main reason given by those students who were
unable to attend international conferences held outside of
Australia (although most of the students had presented pa-
persat relevant conferencesin Australia). One student who
had an abstract for a poster presentation accepted at an in-
ternational conference in Freiburg (Germany) stated that
my supervisor presented by poster and results on my be-
half. The same student had established a network (through
electronic communication) with researchers at the Univer-
sity of Pennsylvania who were undertaking similar work.
The industry supervisor of a student stated we are expect-
ing her to go overseas soon to feed back into our officesin
Paris and in the US, in Saratoga. One student acknowl-
edged the benefits of international mobility when he stated
that undertaking research somewhere else is good for the
experience, good for your knowledge and givesyou anidea
of what sort of techniques other people use, and bring that
knowledge back to RMIT and Australia. But in my case, |
didn’'t need to as| had theresources| needed. Thiswasthe
casefor most of the other studentswho didn’t see aneed for
international mobility during their studies, except in the
case of attending international conferences. Most of the
students were satisfied with the facilities that they had at
RMIT University, and some of these students used the fa-
cilities of other local universities.

Five of the 10 RMIT research students have graduated
since participating in this study in the first half of 2003.
Three of these research graduates are internationally mo-
bile: Student 2 was an overseas student who accepted a
post doc position at RMIT University; Student 3 was an
Australian student who accepted a post doc position in
New Zealand; and Student 5 was an overseas student who
accepted a post doc position in The Philippines. The two
other research graduates who were domestic students are
working in Australia: Student 4 accepted a postdoc posi-
tion at RMIT University and Student 8 accepted a non-re-
search position in State Government. Of theremaining five
students, four are likely to be internationally mobile: Stu-
dent 1 is a domestic student seeking a postdoc position in
Australia or Europe; Student 6 is a domestic student seek-
ing consulting work with her industry partner which would
involve regular overseas travel; Student 9 is a permanent
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Table 25. International mobility of RMIT University research students

Yes No
International mobility during PhD studies
Department of Biotechnology and Environmental Biology
Student 1 O
Student 2 O
Student 3 O Conference in Spain
Student 4 d
Student 5 O
Department of Geospatial Science
Student 6 O Conference in South Africa and expecting to visit overseas offices
Student 7 O
Student 8 O
Student 9 O Conference in USA
Student 10 O

International mobility after graduation

Department of Biotechnology and Environmental Biology

Student 1 [ Seeking postdoc position in Australia or Europe

Student 2 O Overseas student, postdoc position at RMIT University

Student 3 [ Postdoc position in New Zealand

Student 4 O Postdoc position at RMIT
University

Student 5 [ International student, postdoc position in The Philippines)

Department of Geospatial Science

or company

Student 6 [ Seeking consulting work with Australian branch of French based company

Student 7 [ Seeking Australian university
teaching/research position

Student 8 O Government non-research
position

Student 9 [ Migrated to Australia and seeking postdoc position in USA

Student 10 O Migrated to Australia and seeking research work in Australian university

resident of Australia (of Asian nationality) seeking a
postdoc position in the USA; and Student 10, arecent per-
manent resident and of Asian nationality, is seeking a re-
search position in an Australian university or company.
Student 7 is a domestic student seeking ateaching and re-
search position at an Australian university.

Most of the research students had a general career direc-
tion, but tended to concentrate more on their studies than
plan their career. As one student said, | just want to take
one step at a time at this stage and have just some vague
ideas about the future; although the same student did say
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that | am pretty sure | don’t want to become an academic.
Another student identified opportunities for himself in a
government department or consulting firm but also said he
was keeping it open and sort it out aswe go. Two other stu-
dentswho had completed enough work for their thesiswere
interested in continuing their PhD work. One of these stu-
dents stated that continuation of my research isvery tempt-
ingif | amgiven an opportunity to stay backandreally doa
little more work on this. If you are doing research for the
sake of getting a degree it is a different matter. It's like |
could adegreefor just oneor two experiments, thenwrap it
up. Research is a continuous process and once you get so



passionate it just continues and difficult to give up and
probably addictive to it, constantly thinking about it. The
same student was encouraged by her supervisor to look at
America and go to one of thetop well funded labs ... where
sheissurrounded by 20 people that know as much or more
about what isgoing on in her area.

One of the Australian students indicated that she may pur-
sue a postdoc in Europe because other than research I'd
like to be overseas to see something different because Aus-
traliais pretty isolated, you don’t get to see a lot of differ-
ent cultures. And it's hard to get around. If you are in Eu-
rope, it's easy to go from one country to the next, even
when it comes to conferences and things like that. Her su-
pervisor also encouraged her to undertake a post doc over-
seas. There are opportunities particularly now in the USA
for instance, they have far more research money, and pro-
viding you go to an institution with good standing you are
in a better position when you come back to Australia you
have those perceived international skills. For good reason
or bad, you are probably perceived as better than if you
have stayed in Australia.

The supervisor of the student (who was a permanent resi-
dent, of Asian nationality and seeking a post doc in the
USA) believed that she was more likely to undertake a post
doc position overseas than domestic students: Unlike per-
haps Australian domestic students, she is far more recep-
tive to thinking about positions overseas as she is used to
travelling, sheis used to getting around, she is determined
and she wantsto successin thisarea. | amsureif we could
find a suitable positionsas a post doc in North American or
Europe | am sure she would do well.

Two of the students secured post doc positions in RMIT
University, onein the same research group and the other in
a different school. The supervisor of another student ex-
pects him to remain in his group as aresearcher: After the
PhD it depends on the funding and also the commercial
stuff. If after ayear that the commercial thing can be profit-
ablel think hewill remaininthegroup and transfer toare-
searcher instead of a student. | think he will probably be
transferred into a part-time student, full-time working on
the commercial side and part-time on the PhD.

United States

Three students case studied from the University of Illinois
at Urbana-Champaign (UIUC) wereinternationally mobile
during their studies (Table 26). Two students attended in-
ternational conferences outside of the United States and
one student was awarded an East Asiaand Pacific Summer
Ingtitutesfor US Graduate Students (Australia) Fellowship
from the National Science Foundation to work asavisiting
researcher at the University of Western: I'll be spending
two months and will be bringing some of these samples

with me. Thereis a professor who has a similar technique
to analyse these. | want to compare what he is doing with
what we aredoing. Whichisbetter? What can | learn about
both techniques to build the best system. The other seven
students were not internationally mobile but were mobile
within the United States regularly attending relevant con-
ferences, meetings, workshops and specialist training,
and/or collaborating with other universities:

I worked in conjunction with researchersat other universities.
The University of Wisconsin has been very good to me. So |
have done a lot of work with pathologists up there who know
my advisor rather well and they do alot of conjunctive studies.
Sowewill run material back and forth. Wewill visit each other
a couple of times a year. Talk about projects.

The lack of international mobility by these research stu-
dents may be due to the availability of relevant events and
courses within the United States and the existence of high
level research and infrastructure at the UIUC (which in
turns attracts researchers from el sewhere to the UIUC). As
stated by one department head:

The faculty are outstanding. That is something we work on
very hard when we recruit. We tend to attract, recruit and re-
tain leaders in the field. Part of this comes because the envi-
ronment that we have locally and the infrastructure that we
have. We have built up tremendous infrastructure in terms of
tools that we can play with to do our research. And of course
since we have a good nucleus, we' ve got a good record with
funding agencies especially for getting new equipment we can
play with. Those resourcesin our case are open. They are not
intended to be for isolated uses. Open policieswhere graduate
students get trained then get turned lose on millions of dollars
equipment.

Four of the students were international students. The stu-
dents from China and India were both seeking postdoc po-
sitionsin the USA. One of these students wanted to remain
at the Beckman Institute of Advanced Science & Technol-
ogy (and since being interviewed has secured a postdoc po-
sition there) because: Illinois is a pretty good place plus
Beckman Institute isa very unique placeto work. Basically
here you meet every kind of person. Down the hall is Pro-
fessor Schulten’s simulation, and the other end of the hall
isthe chemistry people. Thelabisthereand if | need some
help, there is the NCSA upstairs. The two students from
Argentinaintended to return home. Family and cultural ties
wasthe reason given by one of these students: | thinkin Ar-
gentina that iswhere my roots are. The cultureis different.
They are much more socialable people than here. People
here are colder and live to work. None of the six local (US
born) students discussed intentionsto work abroad at some
stage. They all planned to remain in the United States and
most were seeking postdoc positions in universities. Two
students have been employed by the same department at
UIUC wherethey completed their PhD and another student
isworking as a postdoc in another university.
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Table 26. International mobility of University of lllinois at Urbana-Champaign research students

Yes No

International mobility during PhD studies

Department of Materials Science & Engineering

Student 1 O

Student 2 O

Beckman Institute of Advanced Science & Technology

Student 3 0
Student 4 O International conference in Puerto Rico
Student 5 [0 Summer school at University of Western

Australia (funded by the National Science

Foundation)

Department of Crop Sciences

Student 6 O International meeting in South Africa
Student 7 O
Student 8 0
Student 9 0
Student 10 a
International mobility after graduation
Department of Materials Science & Engineering
Student 1 [0 Seeking a teaching position in universities or a postdoc position
in a national lab
Student 2 [ International students from India seeking a
postdoc position in USA (industry or another
university)
Beckman Institute of Advanced Science & Technology
Student 3 [ Seeking work as an educational developer
Student 4 O International student from China working as
a postdoc at Beckman Institute, UIUC
Student 5 [0 Seeking a postdoc position in university
Department of Crop Sciences
Student 6 1 Working as a postdoc in Crop Sciences, UIUC
Student 7 [0 Working as a visiting senior research specialist in Crop Sciences
at the UIUC
Student 8 O International student from Argentina who has returned home
to work as a specialist in pathology and weeds
Student 9 [J Working as an extension and research (plant pathology) specialist
at the University of Nebraska
Student 10 O International student from Argentina intending to return home
to work in a university or to set up a soil consultancy

66



3.8 Summary

This chapter started with an explanation of international
mobility and migration of research students and graduates
by describing common terms, its importance, drivers, ob-
stacles and mobility indicators. International mobility and
migration of highly skilled peopleisvital tothe scienceand
technology performance of countriesby facilitating know!-
edge transfer, creating new fields of knowledge (when re-
searchers cometogether), and increasing the stock of avail-
able human capital.

Finland, along with Australia and the United States, has a
range of programsin placewhich aimto facilitate theinter-
national mobility of research students and graduates. Key
providers of mobility programs in Finland are the Acad-
emy of Finland and the Centre for International Mobility
(CIMO). Programs funded by Tekes, the European Union
and other Finnish and international organisations also fa-
cilitate international mobility. In addition, the Finnish
Government has in place an International Strategy for
Higher Education and a strategy for the Internationalisa-
tion of Finnish Science and Technology. These efforts are
proving successful in encouraging greater international
mobility of tertiary students to and from Finland through
student exchanges. However the number of research stu-
dents participating in student exchanges or undertaking
doctoral studiesin Finland remains small. Also of concern
is the downward trend in the number of Finnish teachers
and researchers making overseas visits and the number of
foreign researchers visiting Finland. Despite increases in
the foreign-born population, Finland has low migration
rates and consequently the share of foreign HRST remains
below other European countries. This comparesto Austra-
liaand the United States which have been very successful
in attracting and retaining research students and graduates.
Theissuefor Australiaisthe “brain drain” of domestic re-
search graduates. The United States hasrelied heavily on a
supply of foreign students and researchers for some time
and events of recent yearsare suggesting that itisnolonger
the primary destination for these people.

Finland is well aware of the obstacles it facesin attracting
foreign research students and graduates. Those that have

made it to Finland were attracted to the high level research
environment and asawhol e are satisfied with the quality of
information and guidance provided. Asaresult, nearly half
of those people surveyed in 2004 are intending to stay per-
manently in Finland. Friendships, personal contacts and
recommendations are proving to be the most successful
waysto attract foreign students and researchersto Finland.
Therefore, Finland should continueits effortsto encourage
more student exchanges but with a greater focus on attract-
ing research students. This includes more innovative ap-
proaches (including funding opportunities) to attract for-
eign research students and graduates to Finland. More ef-
fort is al'so needed to encourage Finnish research students
and graduates to work abroad where they can establish in-
ternational networks. Although most of the Finnish re-
search students who were case studied participate in inter-
national conferences, workshops and/or courses, this study
recommends mobility initiativesthat arelonger in duration
in order to establish strong and ongoing networks.

A basic analysis of research careersin Finland, Australia
and United States was also presented in this chapter to de-
termine whether talented people are encouraged to pursue
research careers in the three countries. Finland, Australia
and the United States are proud of its ability to employ re-
searchers at rates that are consistently above the OECD av-
erage and for its efforts in expanding the number of re-
search jobs (particularly in industry for Finland and the
United States). However, those with doctoral degrees ac-
count for a small proportion of those people who work as
researchers, particularly in the business sector. Despite the
existence of publicly funded programs that support re-
search careers, the attractiveness of research careers re-
mains an issue in each country for similar reasons. These
include the difficulty in securing permanent positions, pay
ratesthat are below other professional occupations, and in-
tense competition for fellowships and scholarships. Acade-
miaremainsthe key career choice for many research grad-
uates mainly because their programs have not prepared
them to work in other sectors and demand for research
graduatesin industry is not sufficient. Freeman (2004) rec-
ommended anumber of waysto address theseissueswhich
must be considered interms of demand and supply for S& T
researchers for each country.
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4 Knowledge production and distribution
by research students (case studies)

The focus of this element of the conceptual framework is

the contribution of the 30 research students (case study par-

ticipants) to knowledge production and distribution within

anational innovation system. There is a focus on whether

the actual R& D work performed by these studentsislikely

to contribute to an innovation (research question 6). Re-

search students were asked the following questions about

their R& D work (and these questions were slightly rewrit-

ten for the supervisor interviews):

» Where did the idea for your topic come from?

» How relevant isyour research to the needs of theindustry/
users? Who will benefit?

» What role, if any, hasindustry (i.e. the users of the
research) played in your research?

» Haveyou (or are you considering) commercialising
your research?

» What will happen with your research/results?

» How are you disseminating your results?

» What isinnovative about your research?

Research students and supervisors were also asked a num-
ber of questions about the research training environ-
ment. The purpose of these questions was to assess the re-
search training environment against the characteristics of
aninnovative culture (i.e. aninternal market for ideas, cap-
ital and talent; risks are managed; and innovation is acore
competency entrenched within the culture of the organisa-
tion):

e Are you encouraged to generate new ideas by your su-
pervisor/department? How do they respond to new
ideas?

» Havethere been risks or issues that have arisen or could
arise with your research? How does your supervisor/de-
partment assess and manage risks related to your re-
search?

» Are there any intellectual property issues? Are there
measures in place to protect the intellectual property of
your research?

» Have you received any training in innovation or com-
mercialising research?

» What infrastructure do you use to undertake your re-
search? How adequate are these facilities?

» How are you funded as a research student? Is this fund-
ing arrangement impacting on your ability to undertake
your research?

» What does the term innovation mean to you?

Case study findings in relation to some of these questions
areframed around adiscussion in thischapter about knowl-
edge production and distribution in a national innovation
system, the preferred capabilities of researchers within
knowledge-based economies, and the rel ationship between
national culture and innovation. This discussion identified
the following features that are likely to enhance the contri-
bution of knowledge production and distribution by re-
search students to anational innovation system:

* Knowledge transfer to the research students (from su-
pervisors and other sources) and knowledge creation by
the research students are based on the features of both
Mode 1 and Mode 2 knowledge production (although
Mode 1 by itself can lead to discovery-based knowledge
production).

* Research students are trained in a way that develops
their knowledgein not only the codified areas of “know-
what” and “know-why” but also in the tacit areas of
“know-how” and “know-who”.

e Research students are provided with opportunities to
maximise existing knowledge bases and are kept up-to-
date with new knowledge.

» Research students are encouraged and/or shown how to
widely distribute their research findings to relevant
publics.

» Research students are exposed to different fields and so-
cial networks, particularly those that are associated with
university-industry relationships.

e Theresearch training program in which the research stu-
dents are enrolled aims to devel op those capabilities re-
quired by employers operating in a knowledge-based
economy.

» Thecountry in which theresearch students are undertak-
ing their studies is characterised by cultural and struc-
tural attributes that encourage innovation.

The analysis of the case studies in the second half of this
chapter focuses on three areas that incorporate most of the
above features:

* Knowledge production — The new knowledge pro-
duced by the 30 research students is extended beyond
Mode 1 by incorporating key features of Mode 2. Stu-
dents consider the context of application (i.e. their re-
search useful toindustry, government or society) and are
encouraged to constantly interact with and seek input
from stakeholders (such as potential users of their re-
search and practitioners from different fields). This
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leads to research results that are transdisciplinary. This
part of the analysis also aims to address research ques-
tion 6 whichislinked to the context of application: Isthe
R& D work performed by resear ch studentslikely to con-
tribute to an innovation?

» Knowledge dissemination — Mode 2 knowledge pro-
duction includes the effective dissemination of new
knowledge beyond the traditional M ode 1 methods of re-
porting in professional journals and at conferences.
Knowledge is diffused to stakeholders through the pro-
cess of production, ensuring that the social return of the
R&D expenditure is maximised. Research training
should ensure that research students are encouraged to
widely disseminate their findings and provided with in-
centives to do so. Intellectual property arrangements
should not restrict the disclosure of new knowledge, par-
ticularly knowledge produced with public funds.

» Capability development — The contribution of research
students to a national innovation system (either during
their studies or after they graduate) isal so expected to be
enhanced if research training equips them with the four
different types of economically-relevant knowledgei.e.
“know-what”, “know-why”, “know-how” and “know-
whao”. Many of the characteristics of Mode 2 knowledge
production and distribution (which overlap the four dif-
ferent types of economically-relevant knowledge) re-
flect the capabilities that employers expect of research-
ers. Some of these capabilities presented in this chapter
include: applying scientific and technological expertise
in shifting problem contexts; collaborating with project
teams (within and across disciplines) and external agents
to create new products, processes and systems (i.e. inno-
vation potential); generic skills like project manage-
ment; and adapting to a more open and heterogeneous
environment.

4.1 Knowledge production and
distribution in a national
innovation system

There are three pieces of literature that are widely cited by
those who write about the importance of knowledge (as a
critical input in the production of goods and services) to
economic growth within a national innovation system, and
thereforeto the competitiveness of countries. Michael Gib-
bons, Camille Limoges, HelgaNowotny, Simon Schwartz-
man, Peter Scott, and Martin Trow in their 1994 book, The
New Production of Knowledge, argue that knowledge gen-
eration has shifted from Mode 1 to Mode 2. Learning isthe
most important process in economies in which knowledge
isthe most fundamental resource isthe key messagein the
1994 journal article The Learning Economy, by Bengt-Ake
Lundvall and Bjérn Johnson. Paul David and Dominique
Foray focused on how to improve the production and utili-
sation of scientific and technological knowledge in their
1995 STI Review article, Accessing and Expanding the
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Science and Technology Knowledge Base. These articles
provide important insights into knowledge production and
distribution, which are considered in this study’s analysis
of how the 30 research students are receiving, creating and
disseminating knowledge.

Before presenting the aspects of above literature which are
most relevant to this study, it is necessary to describe what
is meant by a knowledge-based economy. An Australian
article by McKeon and Lee (2001) defines a knowledge-
based economy as “an economy in which the production,
distribution, and use of knowledge is the main driver of
growth, wealth creation and employment across all indus-
tries’ (p. 1). Ideas and knowledge transform economic ac-
tivity into innovation. Knowledge is regarded as techno-
logical, cultural, social, and managerial (most of which is
tacit), and organisations devel op knowledge by integrating
information with experience and expertise to take action.
McKeon and Lee (2001) identified human capital (the
competence of the firm), structural capital (the organisa-
tion’s ability to learn and adapt), and external capital (the
organisation’ s customers and other relationships) askey el-
ements of a knowledge-based economy. These elements
reguire a significant investment by society in human capi-
tal, the information and communications infrastructure,
and science and technology.

One of the best known (and cited) books on the changing
nature of knowledge production and distribution isby Gib-
bons et a (1994). They found that knowledge generation
has shifted from taking place in a traditional disciplinary,
primarily cognitive context (referred to as Mode 1) to
broader, transdisciplinary social and economic contexts
(referred to asM ode 2). Gibbons et a (1994) identified the
following differences between Mode 1 and Mode 2 know!-
edge production (p. 3):

In Mode 1 problems are set and solved in a context governed
by the, largely academic, interests of aspecific community. By
contrast, Mode 2 knowledge is carried out in a context of ap-
plication. Mode 1 is disciplinary while Mode 2 is trans-
disciplinary. Mode 1 ischaracterised by homogeneity, Mode 2
by heterogeneity. Organisationally, Mode 1ishierarchical and
tendsto preserveitsform, while Mode 2 is more heterarchical
and transient. Each employsadifferent type of quality control.
In comparison with Mode 1, Mode 2 ismore socially account-
able and reflexive. It includes a wider, more temporary and
heterogeneous set of practitioners, collaborating on a problem
defined in a specific and localised context.

A socially distributed knowledge production system has
emerged as a key feature of Mode 2. In such a system,
knowledge is produced when it is useful to industry, gov-
ernment or society; involves continuous negotiation be-
tween the various actors; and is diffused throughout soci-
ety. Research and problem solving is usually organised
around the context of an application althoughit caninvolve
genuine basic research. As Mode 2 knowledge production
isundertaken by practitionerswith different skillswhojoin



together in a framework of action, the result is trans-
disciplinary i.e. goes beyond any one single discipline. A
research team consists of people with different skills and
experiencefrom anumber of university and non-university
sites”® where knowledge is created. A team is formed tem-
porarily to solve a problem (so flexibility and response
time are crucia factors). Afterwards, team members will
form different groups to solve different problems. Team
members are linked together through highly mobile com-
munication networks that support electronic, organisa-
tional, socia and informal interaction. Given the impor-
tance of social accountability and reflexivity, the team will
represent different stakeholders (and/or build in such con-
siderations from the start) and reflect on the purpose and
outcomesof theresearch. Quality of theresearchin Mode 2
isdetermined by awide set of criteriabased onintellectual,
social, economic and political interests compared to peer
review in Mode 1. Gibbons et al (1994) found that creativ-
ity in Mode 2 is manifested as a group phenomenawhereas
in Mode 1 individual creativity occurs within disciplines
and is“hidden under the consensual figure of the scientific
knowledge” (p. 9). The new Mode 2 knowledgeisdiffused
to those involved through the process of production (who
form and maintain communication networks) and as the
practitioners move into new problem contexts. This com-
paresto reporting in professional journalsor at conferences
in Mode 1.

Asthe number of research graduates has exceeded that re-
quired to work in disciplinary structures, many graduates
areworking in other sites such as government laboratories,
industry, think-tanks and consultancies. Consequently,
there are more sites that are competent in carrying out re-
search, which is undermining the monopoly that universi-
ties have on knowledge production. This was a key factor
that led Gibbons et a (1994) to urge governments to re-
think how they model their scientific and technological in-
gtitutions from that largely based on Mode 1 knowledge
production. This includes a different approach to policy
that integrates “education, science and technology and
competition policy into acomprehensiveinnovation policy
that is sensitiveto the fact that knowledge production is so-
ciadly distributed” (pp. 15-16).

Section 2.2 in this report describes how a learning econ-
omy isintegral to the interactive learning approach to na-
tional innovation systems. Lundvall and Johnson (1994)
identified four different types of economically-relevant
knowledge that are combined in the innovation processin
alearning economy: know-what, know-why, know-how

and know-who. Lundvall and Johnson (1994) argue that
know-how is the most important type of knowledge in the
economic process asthisishow new methods and products
come about and is much more difficult to learn than facts
and science (i.e. know-what). Much of know-how is tacit,
that is, it is embedded in human and social context, and is
unable to be codified. In a more recent article, Lundvall
(2000) continues to stress the importance of know-how by
stating that it is a characteristic of successful businessmen
and great scientistswho have “ experienced based capabili-
ties to interpret and give meaning to emerging complex
patterns and to act purposefully on the basis of thisinsight”
(p. 2). Given that many new products are based on technol-
ogiesfrom different scientific disciplines, Lundvall (2000)
also highlighted the increasing importance of know-who
i.e. “the social capability to co-operate and communicate
with different kinds of people and experts’ (p. 2). Ac-
quiring know-how (typically through apprenticeship rela-
tionships) and know-who (through social practise and
learning in specialised education environments) involvesa
large amount of trust®* and social capital.

Given the significance of sub-national and supranational
systemsin shaping technological opportunities, David and
Foray (1995) were cautious about discussing how science
and technology knowledge is produced and utilised within
a national system of innovation. This is because science
and technology activity isincreasingly organised and con-
ducted internationally, and as such many institutions are
operating beyond their national boundaries. They also
found that a significant amount of scientific and technol ogi-
cal knowledge is not completely codified. As a result of
these factors, David and Foray (1995) stated that there must
be opportunities for direct persona contact among parties
involved in order to assimilate and transfer such knowledge
—such asinformal and formal networks which link scien-
tists and engineers in private companies and research
workersin educational and pubic research institutions.

David and Foray (1995) criticised the lack of attention
given in public policiesto the processes of knowledge ac-
cess and distribution in innovation systems. They argued
that innovations systems should not be assessed only by in-
put measures (e.g. R&D expenditures) and output mea-
sures (e.g. patents or high-tech products) but also by the
use of the knowledge produced®. They called for an effi-
cient system of science and technology learning that
would increase the socia value of the knowledge that is
produced through wider distribution and inexpensive ac-
cess to new findings. Wider access to knowledge would

23 Non-university sitesinclude institutes, research centres, government agencies, industrial laboratories, think-tanks, and

consultancies (Gibbons et a, 1994, p.6).

24 Knack and Keefer (1997) found that interpersonal trust and norms of civic corporation are essential to well functioning societies
and contribute to stronger economic performance and innovation. In their study on levels of trust and civic normsin 29 market
economies, Finland was ranked second (2), Australiawas ranked sixth (6) and the USA was ranked eighth (8).

25  Measures of the use of knowledge included: ratios between what is produced and what is used (by recombination, diffusion, dual
development, change of form, etc.), and how efficiently they allocate resources between accessing existing knowledge bases and
undertaking (potentially duplicative) independent programs of discovery and invention (David & Foray, 1995, p.61).
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“increase the probability of useful new products and pro-
cesses arising from novel and unanticipated combinations’
(p-22). Thiswould lead to an increase in the marginal so-
cial rate of return on R& D expenditure and increase the so-
cial payoff from past outlays by increasing the commercial
exploitation of new knowledge. The science and technol-
ogy learning system proposed by David and Foray (1995)
is characterised not only by its ability to generate new
knowledge (which many countries have concentrated on
doing for some time) but also by its distribution power i.e.
itsability to “ support and improve the efficient functioning
of proceduresfor distributing and utilising knowledge” (p.
23). Improving the distribution power of a system requires
countriesto modify intellectual property arrangementsina
way that would speed up disclosure of new knowledge, re-
ducethe marginal costs of accessing new technological in-
formation, and promote co-operation and investment coor-
dination. Individuals must be provided with incentives to
enter into co-operationsand an ability search within theen-
tire possible space of knowledge distribution.

4.2 Capabilities of researchers in
knowledge-based economies

Knowledge production and distribution within knowl-
edge-based economiesissignificantly impacting on the ca-
pabilities expected of research students when they gradu-
ate. Many of these capabilities are being devel oped in envi-
ronments that involve university-industry relationships (or
are under increasing pressure to so). This section presents
findingsfrom Alice Lam (2002) and Hans Schuetze (2000)
inrelation to researcher capabilitiesthat areregarded as es-
sential for contributing to innovation in aknowledge-based
economy. This literature informs the analysis of the case
studiesin terms of the capabilities that the 30 research stu-
dents have developed as aresult of their research training.
Inacritique of apresentation about this study in Maastricht
in 2003%°, Bengt-Ake Lundvall stated that the key function
of research training in a national innovation system is to
develop capabilities:

| would say for research training that the most important link is
the way the PhDs enter the labour market after they have fin-
ished their PhD. That is the most important. PhD is still train-
ing, it is not primarily there in order to produce patents, they
might contributeand it isinteresting to noteif they do. But this
is not the major aim. The magjor aim isto train people to come
with capabilities where they can go in and work in different
fields.

Alice Lam (2002) examined how the emergence of the
knowledge-based economy has impacted on the organisa-
tion of R& D and thetypes of skillsand knowledgerequired

for productive and innovative activities. Her key findings
presented in Figure 47 were based on six in-depth company
case studies in the pharmaceutical, chemical and informa-
tion and communication technology (ICT) sectors in the
United Kingdom. Lam (2002) argued that knowl-
edge-based economies are characterised by third genera-
tion R& D which she defined as follows:

The third generation R&D requires the integration of R&D
into business and organisational context. Y et in contrast to the
market-driven “ second generation R&D”, it seeksto maintain
the ability to generate new knowledge beyond the existing
core competencies. Innovation in “third generation R&D” is
generated in the context of application and networks of inter-
action within and external to the enterprise. It is a de-central-
ised, network form of R& D organisation. The ability to access
knowledge from awide variety of contextsand sourcesiscriti-
cal to sustaining its capability to generate radical innovation

(p. 8).

Lam'’s findings about the impact of the third generation
model of R&D on knowledge workers and university-in-
dustry relationships are most relevant to this study. In the
third generation R& D model, R& D (knowledge) workers
operate in flexible and interactive environments in which
their work (and therefore innovation) is increasingly or-
ganised inamultidisciplinary basis. Managersinterviewed
were critical of universitiesfor putting too much emphasis
on academic specialisation, which led to graduates who re-
garded research as a process of solving pre-defined prob-
lems. One of the managers stated that: Research is about
knowing what to do when nothing is written down. It is
about learning to anticipate the unexpected and deal withit
(p. 11). Lam (2002) identified from her interviews several
(Mode 2) attributesthat company managers sought in R& D
workers and that universities must incorporate into their
curriculum:

< Broad understanding of the context and strategic vision
beyond traditional disciplinary expertise

» General capahilities, including project management
skills

* Innovative potential

e Operating in interdisciplinary and transdisciplinary
project teams

« Applying scientific and technological expertisein
shifting problem contexts

 Collaborating and negotiating with external agents
» Exploiting external knowledge

» Engaging with business functions and other corporate
functions

» Adapting to a more open and heterogeneous environ-
ment (given the increasing volatility and diversity of
R& D careers and roles).

26 Economics of Technological and Institutional Change (ETIC), European Doctoral Training Programme, Maastricht, The

Netherlands, 13-24 October 2003
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Model of R&D First generation Second generation Third generation
Innovation & knowledge Strong corporate R&D Divisional R&D decentralisation | Alliances and partnerships
strategies centralisation and externalisation Decentralisation and

internal/external networking
Knowledge sharing and

relationships Supplier of fundamental
knowledge
Certified competence

Pool of codified knowledge

Knowledge accumulation Knowledge acquisition creation
Operational forms Bureaucratic Market-based Network organisation
Types of knowledge Mode 1 > Mode 2
workers Disciplinary experts Transdisciplinary experts
Problem identifiers and Problem identifiers, problem
problems solvers solvers and strategic brokers
Competency building Internal labour market (ILM) Reduced ILM Extended internal labour market
Internal core competence Sub-contracting and (EILM)
Careers and training externalisation Extension of “core” to external
knowledge suppliers (e.g.
universities)
University-industry Linear model > Interactive model

Partner in knowledge
generation

Reputation-based competence
Tacit knowledge embodied in

people and institutional
networks

Figure 47. R&D models of innovation and competence-building. Source: Lam (2002), p. 20

Lam (2002) found that university-industry relationships
have also moved away from first and second generation
R&D models in which knowledge flows were linear from
academiato industry. In these earlier modelsthe university
was the primary source of fundamental knowledge and
supplier of certified competencies. Relationshipsare closer
and interactivein thethird generation R& D model inwhich
academiaand industry are co-producers of knowledge and
human resources, thus facilitating the transfer of codified
and tacit knowledge. Thistwo way flow of knowledge and
mobility of people requires the construction of social net-
works. These social networks enable a range of linking
mechanisms (such as collaboration in research, industrial
inputsto curriculum devel opment, student placements, and
exchange of staff) and forge long-term, multi-dimensional
and trusting relationships (i.e. ‘strategic partnerships’).
Companies are able to access the best talent, influence the
education of students and graduates, and gain accessto re-
search resultsbefore they are published. Thesefindingsled
Lam (2002) to extend the concept of extended internal la-
bour markets (EILMs) to university-industry relationships

which she defined asthe“ activerole of firmsin devel oping
social networks of knowledge and skills resourcing”
(p.16). Lam (2002) referred to Cyert and Goodman (1997)
who proposed evaluating the effectiveness of univer-
sity-industry relationships by whether learning iscreated at
the organisational level for both the university and the firm
rather than the level of funding, technology transfers and

papers.

Hans Schetze (2000) wrote a chapter on how industrial in-
novation and knowledge creation and dissemination isim-
pacting on university-industry relationships as part of the
OECD publication Knowledge Management in the
Learning Society. He recognised the enormous increase in
the commercialisation of research and university-research
linkages over the last decade and the ongoing challenge
that universities face in making their research more rele-
vant and accessible to industry. However, Schetze (2000)
was critical of universities for not engaging more in learn-
ing activities that are made possible through these link-
ages”’. In the case of technology transfer he argued that it

27 University-industry linkages or forms of collaboration include corporate affiliation programmes, consortia for pre-competitive
R&D (including centre of excellence), contract R& D, modelling and testing, use of university researchers as consultants,
purchases of patents and copyrights, hiring of university graduates, internships, co-operative education placements, and
participation in continuing professional education and other learning activities (Schetze, 2000, Table 1, p.165).
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Table 27. Knowledge needs and university-based knowledge resources

Knowledge needs

Knowledge resources

Professional/work-related updates

e Professional continuing education
¢ Developmental continuing education in new knowledge areas or interdisciplinary fields

e Skill training in new technical fields in response to, changing or emerging job
requirements, such as laser technology in manufacturing, new diagnosis/technologies
in medicine, new paradigms in fields such as biotechnology

e Training for crossover skills, such as management skills for engineers

Knowledge brokering across fields
and industries

e Provision of interdisciplinary knowledge and skills to practitioners and problem solvers
in technical, social, economic and community contexts

e Provision of assistance on complex interdisciplinary problems such as regional economic
development or technology assessment

e |nteractions between researchers and practitioners in areas of research-affected practice
undergoing rapid changes

Knowledge updates through
knowledge diffusion, transfer
and exchange

Provision of science based information and knowledge to:

e consumers and users of basic research interested in the application of research findings
for new services, processes, or products

e constituencies interested in new business formation, such as venture capitalists, bankers,
new entrepreneurs

e professionals and lay people whose work requires technological literacy, such as
journalists, managers, environmental experts, etc.

Source: Schuetze (2000) p. 170

“is often seen as unrelated to other university activities, es-
pecially teaching and learning” (p.168).

Schetze (2000) identified several ways that teaching and
lear ning functions of universities could be organised to
contribute to industrial innovation. Given the massive in-
crease and rapid turnover of knowledge, he argued that uni-
versitiesmust ook at new forms of extension and dissemi-
nation beyond the traditional channels of teaching and
scholarly publications. As shown in Table 27, Schetze
(2000) matched university-based knowledge resources
against the three types of knowledge flows identified by
Walshok (1995): education and training (to provide profes-
sional/work-related updates as part of lifelong learning);
the synthesis of knowledge from different disciplinary
fields; and knowledge, diffusion, transfer and exchange.
Schetze (2000) used the example of engineers to discuss
the particular challenges they face and how univer-
sity-based knowledge resources could be used to address
these challenges. His findings are also applicable to re-
search training. For example, universities could provide
continuing education and skills training that enable re-
search students and graduates to keep up-to-date with new
scientific and technological knowledgethat is being gener-
ated rapidly. Universities could broker knowledge across
fieldsthrough the provision of interdisciplinary knowledge
and skills and assistance with interdisciplinary problems.
Universities could provide more science-based informa-
tion and knowledge to consumers, users, constituencies,
professionals and lay people, thus increasing knowledge,
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transfer and exchange. This would involve more active
outreach and liaison activities, particularly with enter-
prises, and incentivesto encourage academic staff to do so.

Schuetze (2000) based a significant amount of his discus-
sion about knowledge needs and university-based knowl-
edge resources on a book written by Dr. Mary Walshok in
1995 called Knowledge Without Boundaries. What Amer-
ica’s Research Universities Can Do For the Economy, the
Workplace, and the Community. With greater demand by
industry, organisations and groups for accessto university
knowledge resources together with the pressure on univer-
sities to be more accountable for the benefits of their new
knowledge, she called for universitiesto have “ better insti-
tutional mechanisms for connecting the new knowledge
they develop toincreasingly larger and diverse publicswho
can use and contribute to that knowledge” (p. 2). Walshok
(1995) argued that thiswould require the creation of anew
cadre of university studentsand staff who are character-
ised by:

e aninterest in and knowledge of real problems and their

societal, economic and political context

 an ability to function effectively as members of ateam
creating new products, processes and systems

 an ahility to operate effectively beyond the confines of a
single discipline

e an integration of a deep understanding of science and

technology with practical knowledge, a hands-on orien-
tation, and experimental skills and insight.



4.3 National culture and innovation

Given the correlation between national culture and suc-
cessful innovative activity, this study assumesthat national
culture is likely to have had an impact on the knowledge
production by the 30 research students (as well as the re-
search training environment in which it was undertaken).
This section presents findings from key studies that have
assessed this correlation. These studies have been largely
informed by the research project into differencesin values
among IBM business employees from over 50 countries
undertaken by Geert Hofstede from the late 1960s.

In his 1980 book, Culture's Consequences, Hofstede (2001)
identified four independent dimensions of national cul-
ture: “power distance’, “individualism”, “masculinity”
and “uncertainty avoidance’. Informed by Michael Bond's
Chinese Value Survey of 23 countries in 1985, Hofstede
added the fifth dimension of Confucian dynamism or
“Long-Term Orientation”. See Table 28 on the next page
for adescription of these dimensionsand rankingsfor Aus-
tralia, Finland and USA (against the country means). Jones
and David (2000) discussed theimpact of these dimensions
of national culture on innovation as part of their study on
how national cultural affects the location of global R&D.
They found that innovation successis more likely to occur
in countries characterised by:

* low power distance —less formal hierarchy of authority
and control, greater decentralisation of knowledge and
responsihility, free exchange of information in both ver-
tical and horizontal directions, and limited emphasis on
rules and procedures to control operations

 weak uncertainty avoidance — a high level of tolerance
for change and ambiguity, accepting and even embrac-
ing of risks associated with an uncertain future, and ac-
cepting of competition and colleague dissent

e individualism — high degrees of personal and profes-
sional freedom, autonomy and independence, and where
individual initiative is encouraged and rewarded

» masculinity — greater emphasis on the tasks, levels of
achievement and reward, and accepting of some degree
of conflict and competition

* long-termorientation —afocus on hard work and perse-
verance, athough change occurs more rapidly in coun-
trieswith alow long-term orientation ranking.

Valuesfor power distance and uncertainty avoidance were
well below the country mean for Australia, Finland and the
United States. These countries accept and are willing to
takerisksand consider the opinions of others— characteris-
tics that serve innovation and entrepreneurship. Whereas
Australiaand United States are “ masculing” societies, Fin-
land isregarded asa“femining” society with “afriendly at-
mosphere, job security and cooperation” and an “emphasis
on relationships and group integration as opposed to indi-
vidual achievement” (Jones and David, 2000, pp. 27-28).
Thishelpsto explainthelower individualism valuefor Fin-
land compared to the other two countries. Both Australia

and the USA are countries with afairly low long-term ori-
entationinwhich traditionsare said to not impede change.

The 1986 study by Rothwell and Wissema identified nine
elements which govern the occurrence and nature of tech-
nological innovation, three of which are culturally depend-
ent i.e. the need for the innovation, size and location of dif-
fusion threshold, and the objectives of society. They found
that technology and culture have areciprocal relationship.
On the one hand, new technology impacts on the culture of
anation, that is its norms, values, attitudes, social behav-
iour, institutions, and social organisation. On the other
hand, new needs that arise from cultura or economic
changes|ead to the creation and adoption of new technolo-
gies. Rothwell and Wissema (1986) believe that govern-
ments have an important role in stimulating public accep-
tance of new technology through public policy and infor-
mation. Thisisbecause the adoption of new technology of-
ten requires facing resistance and social change.

Herbig and McCarty (1993) found that innovative capacity
is enhanced in countries with positive cultural and struc-
tural attributes. Such countries are characterised by open
societies (i.e. they do not restrict information or control the
direction on progress), ademocratic political system and a
competitive (capitalist) private economy. Herbig and
McCarty (1993) developed an Innovation Matrix (Figure
48) where countries are placed in one of four quadrants
based on positive and negative traits of culture and struc-
ture. They also recommended strategiesto encourage inno-
vative capacity within these quadrants. The USA is re-
garded as a Quadrant 1 society with positive structural and
cultural innovation enhancers, although the negative as-
pects of government regulationsand liability have caused a
movement to the right over the last few decades. Australia
islocated in Quadrant 2 in which societies are regarded as
having positive cultural traitsbut negative structural attrib-
utes (and therefore need to change structure through a
Structure-Adaptation Strategy). Although Herbig and
McCarty (1993) did not include Finland in their Innovation
Matrix, you would expect it to be located on the left in
Quadrant 1 because of its strong innovation policy and sup-
porting institutional structures but towards the bottom of
this quadrant because of its lower individualism and mas-
culinity (cultural dimension) rankings.

Scott Shane examined why some societiesinvent and inno-
vate more than others and the impact of cultural influences
on national rates of innovation. His 1992 study compared
the per capita number of invention patents granted to na-
tionalsin 33 countriesin 1967, 1971, 1976 and 1980 with
Hofstede's power distance and individualism values for
these countries. Table 29 shows that Finland consistently
increased their inventive activity during the periods stud-
ied, whereas activity in Australiaand the United States de-
clined after 1971. He found that inventiveness is more
likely to occur in less hierarchical and individualistic soci-
eties where there is more communication between people,
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Table 28. Geert Hofstede’s cultural dimensions: values for Australia, Finland and the USA

Power Distance Index (PDI) focuses on the degree of equality, or inequality,
between people in the country’s society. A high Power Distance ranking indicates that
inequalities of power and wealth have been allowed to grow within the society. These
societies are more likely to follow a caste system that does not allow significant
upward mobility of its citizens. A Low Power distance ranking indicates the society
de-emphasises the differences between citizen’s power and wealth. In these societies
equality and opportunity for everyone is stressed.

Country
mean

USA
Finland

Australia

Individualism (INV) focuses on the degree the society reinforces individual or collective
achievement and interpersonal relationships. A high Individualism ranking indicates that
individuality and individual rights are paramount within the society. Individuals in these
societies may tend to form a larger number of looser relationships. A Low Individualism
ranking typifies societies of a more collectivist nature with close ties between individuals.
These cultures reinforce extended families and collectives where everyone takes
responsibility for fellow members of their group.

Country
mean

USA

Finland

Australia

Masculinity (MAS) focuses on the degree the society reinforces, or does not reinforce,
the traditional masculine work role model of male achievement, control and power.

A High Masculinity ranking indicates the country experiences a high degree of gender
differentiation. In these cultures, males dominate a significant portion of the society and
power structure, with females being controlled by male domination. A Low Masculinity
ranking indicates the country has a low level of differentiation and discrimination
between genders. In these cultures, females are treated equally in all aspects of

the society.

Country
mean

USA
Finland

Australia

Uncertainty Avoidance Index (UAI) focuses on the level of tolerance for uncertainty
and ambiguity within the society i.e. unstructured situations. A High Uncertainty
Avoidance ranking indicates the country has a low tolerance for uncertainty and
ambiguity. This creates a rule-oriented society that institutes laws, rules, regulations,
and controls in order to reduce the amount of uncertainty. A Low Uncertainty Avoidance
ranking indicates the country has less concern about ambiguity and uncertainty and has
more tolerance for a variety of opinions. This is reflected in a society that is less
rule-oriented, more readily accepts change, and takes more and greater risks.

Country
mean

USA

Finland

Australia

Long-Term Orientation (LTO) focuses on the degree the society embraces, or does not
embrace, long-term devotion to traditional, forward, thinking values. High Long-Term
Orientation ranking indicates the country prescribes to the values of long-term commit-
ments and respect for tradition. This is thought to support a strong work ethic where
long-term rewards are expected as a result of today’s hard work. However, business
may take longer to develop in this society, particularly for an “outsider”. A low
Long-Term Orientation ranking indicates the country does not reinforce the concept of
long-term, traditional orientation. In this culture, change can occur more rapidly as
long-term traditions and commitments do not become impediments to change.

Country
mean

USA
Finland

Australia

0
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Note: Finland's ranking from EMS 97 survey

50

Source: Hofstede (2001) and (2005)

greater incentivesfor peopleto invent, opennessto change,
freedom for creativity, and acceptance of the psychological
characteristics of independence, achievement and non-
conformity. Shane (1992) concluded that these societies
are the best locations for R&D in multinational corpora-
tions, and firms operating within these societies are more
likely to have innovative cultures. In his 1993 study, Shane
argued that increasing a country’ s rate of innovation is not
just amatter of increasing their investment in R&D and in-
dustria infrastructure. Countries must aso influence the
attitudes of its citizens to those that encourage innovative
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activity. He also found that wealthier countries are more
likely to innovate, as they have stronger demand for la-
bour-saving devices and new and differentiated consumer
goods (as well as the ability to market these innovations).
His comparison of 1976 results with 1980 results showed
that the importance of power distance and individualism
seemed to be waning, particularly in light of anecdotal evi-
dence available at the time that suggested that many Asian
economies (collective and hierarchical societies) were be-
coming more innovative - hence the inclusion of Japan in
Table6.



Structural Attributes

Cultural . . . .
Attributes Positive Traits Negative Traits
Quadrant 1: Quadrant 2:
Maintenance Strategy (maintain & enhance positive Structure-Adaptation Strategy (change structure)
Positive structure)
Traits — UK
USA People’s Republic of China
) Canada
FmIland Australia
(estimate) New Zealand
Quadrant 3: Quadrant 4:
Culture-Assimilation Strategy (import firms/human Revolutionary Strategy (change structure immediately)
Negative | resources from positive cultural societies)
Traits
Latin America _
Spain, Portugal
Greece U.S.S.R.
African States

Figure 48. Innovation matrix. Source: Herbig and McCarty (1993) p. 25

A report about innovation in Finland prepared for the In-

dustrial Innovation Working Group (Anderson Wright As-

sociates, 1999) as part of Australia’s national innovation

summit in 2001 identified anumber of cultural factorsthat

are impacting on the implementation of Finland’s national

innovation system. Although Finland has a “very unusual

language”, it possesses the following cultural factors that

are conducive to innovation (p. 3):

» Thesisucharacteristic of the Finnish peoplei.e. guts, de-
termination, “what it takes’

» A long-established focus on design, supported by design
prizes such as the Pro Finnish Design Prize

* A rapid takeup of new information technologies by busi-
ness and consumers. At thetime, Finland hasthe highest
penetration per capita of the Internet in the world

» Almost universal Englishlanguage skillsinbusinessand
the professions

» Commitment to decentralisation, e.g. Kuopio's Science
Valley

* A global outward-oriented perspective, despite living
“on the edge”.

Thereport by the House of Representatives Standing Com-
mittee on Science and Innovation, Riding the Innovation
Wave, The Case for Increasing Business Investment in
R& D (June 2003) found aspects of Australian culture and
the way A