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Executive Summary

Thisdocument reportsthe resultsof an effort to identify international best
practice related to the management of National Syssemsof Innovation and

develop relevant recommendationsfor South Africa.

The reportisdivided into three main chapters. Chapterone “Best Practice in
Govermance” identifiesissuesrelated to structuresand organisational
structures; priority setting; public funding of research and development (R&D)
and management of science and technology (S&T) capacity development.
Chaptertwo “Best Practice: Monitoring Science and Technology Systems’
providesan overview of the approachesused internationally to monitor and
assessthe performance of the national system of innovations (NS). In the
chapterare discussed the approachesused by the National Science
Foundation (NSF) in the USA; the Science and Technology Agency in Japan;
the Organisation for Economic Cooperation and Development (OECD)
indicatorsand the approach of the Trend Chart on Innovation by the
European Commission. The third chapter “Best Practice: Public-Private
Linkages Technology Transferin Science and Technology” identifiesissues
related to public-private linkagesin science and technology in general and
of technology transfer from universitiesin particular. Each chapter containsa
relevant to South Africa discussion and a set of recommendations. The report
endswith a “Summary of ReRcommendations’ where allrecommendations

are presented together.

The chapteron governance identifiesthat in countrieswith systemsclose to
dualand decentralized archetypesgovernmentstake actionsto strengthen
structureswhich enable greater coordination acrossthe research domains. It
isidentified that about half the OECD countrieshave a single department
responsble for more than 50%of the overallresearch budget. Japan and
Australia were moved in thiscategory in 2001 and in France 80%of the
research budgetisallocated through the Ministry for Research and New

Technologies.



Technology foresight isidentified asthe preferred mechanism for setting
research priorities. It isidentified that prioritization processesare fuelled by the
effortsof policy makers, who are under public pressure, to respond to societal
needs, maximize returnson public investment and enhance accountability. In
certain countriesidentification of research prioritiesisdirectly linked to
selecting enginesof future economic growth (Korea), to redirecting their
research systemstowardsemerging areas (USA, Denmark) and addressing

budgetary constraints (Czech Republic).

In the field of public support for R&D it isidentified that governmentsincrease
the volume of the allocated resourcesbased on the recognition that R&D
funding isa majordeterminant of the performance of the systems of
innovation. Preference isgiven in allocating research funding according to
competitive grant modes. The establishment of research chairsand the
introduction of tax incentivesfor R&D appearto be two dominant formsof
strengthening the national syssemsof innovation internationally. Emphasisis
placed in institutionalising the support of critical areasof the science base
(ie.physicalassetsand cyberbased infrastructure necessary forresearch by
the country’sscientists) which are not supported naturally by other funding
mechanisms (e.g. research ships, equipment etc) and in setting up
mechanismsmonitoring “rust out” of facilitiesand platformsin order to inform

the policy makersappropriately.

The finalissue examined in the chapteristhe management of S&Tcapacity
development. Feeding the S&Tpipeline to ensure an adequate supply of S&T
personnelisrecognised internationally asthe most important challenge in the
effort to support science, technology and innovation. In modern times
investment in scientific human capitalhasbeen a cornerstone of the
economic development policiesof OECD countriesaswell asforemerging
economiesaspiring to climb the development ladder. Successful policiesare
based on making public sectorresearch more attractive by increasing
salariesand improving employment conditionsand improving stipendsfor
PhD students. Complementary policiesare also enacted in orderto retain

and attract scientific staff from abroad.



In the chapter on monitoring it isidentified that governmentsinternationally
improve the strategic intelligence upon which policy choicesand decisions
are based by developing Sience Indicators Systems. Science Indicators
Systems (SIS) are comprehensive collectionsof indicatorsdescribing the status
quo of a country’sscientific, technological and innovation activitieswithin the
local socio-economic environment and within the international arena The
National Science Foundation’sapproach in producing the “Science and
Engineering Indicators’ isidentified asbest practice internationally. The NSF
Indicatorsare produced in fulflment of the National Science Board’s
mandate to report to Congresson the statusand health of science and
technology in the USA. Factorswhich have been identified to have
contributed in the successof the “Science and Engineering Indicators’
include: firstly, it collectsdispersed statisticsallin only one book. Secondly, it
discussesscience mainly by way of chartsratherthan numbers. Tables
appearprimarily in the Appendix. Thirdly, it includesbrief highlightsfor policy
makers. Fourthly, there issmall analysis. Fnally, each edition alwayscontains

something new in termsof information and indicators.

A complementary approach to Indicatorsisthe “Trend Chart on Innovation in
Europe”. The Trend Chart servesthe “open policy co-ordination approach”
laid down by the Lisbon Councilin March 2000. It supportsorganisation and
scheme managersin Europe with summarized and concise information and
statisticson innovation policies, performancesand trendsin the European
Union (EU). It isalso a European forum for benchmarking and the exchange of

good practicesin the area of innovation policy.

The trend chart tracksinnovation policy developmentsin all 25 European
Union (EU) Member Sates, plusBulgaria, Iceland, Israel, Liechtenstein,
Norway, Romania, Switzerland and Turkey. It also providesa policy monitoring
service forthree othernon- European zones: NAFTA/Brazil, Asia and the

MEDAZ2 countries.

a The MEDA programme isthe principal financial instrument of the European
Union forthe implementation of the Euro-Mediterranean Partnership. The
Programme offerstechnical and financial support measuresto accompany

9



The chapteron public- private partnerships/technology transfer identifiesthat
the type of partnership best suited fora given policy objective willdepend
not only on the shareholdersand theirobjectives, but also on the type of
market or systemic failure being addressed and focusesmore extensvely on

effortsby governmentsto bring closer universitiesand industry.

Following the European Commission (EC) it isargued that innovation should
be fused and become part of allregulatory and institutional reform in a
country. The EC arguesthat current innovation policy —“second generation
innovation policy” - emphasizesthe importance of the syssemsand
infrastructuresthat support innovation. These, however, are influenced by
many policy areas, in particular research, education, procurement, taxation,
intellectual property (IP) rightsand competition policy. But these policy areas
are not developed having in mind innovation issuesand the need to work
togetherisnot alwaysrecognised. The aim of the “third generation innovation
policy” isto maximize the chancesthat regulatory reform will support
innovation objectives, ratherthan impede orundermine them. While the
argument ismore profound in the area of technology transferthe approach is

valid acrossthe total spectrum in the management of NS.

Itisargued that mechanismsfacilitating industry science interactions
(technology transfer offices; incubators; science parksetc) are necessary but
not sufficient conditionsto bring the desrable result of technology transfer
from universitiesto industry. There are featuresin the specific technological
domainswhich should be expected to be influential. Some obviousfactors
would be government regulations (promoting or inhibiting collaboration); the
R&D strength of the relevant industry (greater strength leadsto more demand
led interactions); the size structure of firms (larger frmsmay lead to more
formal interaction); science and educational policies (e.g. the size of funding
and the orientation of funding) which affect the strength of the academic
research base and the quality and volume of ‘output’ of graduatesin

particular fields; the existence of a developed venture capital market; the

the reform of economic and social structuresin the Mediterranean partner
countries.

10



functioning of variousbridging institutionsand the prevalent valuesasregards

industry-academia collaboration.

Based on the above and on the local scene the report advancesthe
following recommendations. In the heart of the recommendationslie the
establishment of performance and monitoring metricson an horizontal basis

(acrossgovernment and the innovation system.

Recommendationsrelated to governance:

The Department of Science and Technology (DST) should consider
recommending the establishment of Chief Scientists Officesin
Government Departmentsboth nationally and provincially. The Chief
Sientists Officers—preferably at the level of Deputy Director General -
willbe responsible for promoting effective use of science in policy
making; for managing the Departments research and development
resources; forenhancing science capacity and quality in the fieldsof
interest of the particular Departmentsand raising awarenessand
understanding of the effectsof science and research on the
Departments activities. Chief Sientistswillbe ambassadorsfor S&T

integration.

DSTwithin itsmandate to coordinate national research and innovation
should consideradopting an approach of “coordination through
monitoring”. DSTshould monitor the research funding activities of
Government and publish the resultsannually. The “Annual Review of
Government Funded R&D” willdescribe the extend to which the
current Departmental science and technology programmes (of the
individual government departments) are supporting the S&T
infrastructure and are matched to the scientific and technological
needsof the country. Furthermore the Review will highlight the
prospectsof bringing about a closeralignment between the various
departmental programmesand the country’sneeds. The OECD
recommendationsforthe collection of data and the development of

a report on Government Budget Appropriationsor Outlaysfor R&D

11



(GABOARD) and the “Forward Look” by the Office of Science and
Technology (OSI) in the UKcan be used asprototypes.

DSTshould monitor closely the implementation and fine development
of the tax incentivesfor R&D scheme and itsimplicationson other
direct support schemes. The taxincentivesscheme may have adverse
consequencesin the businesssectorinnovation activitiesif applied
inappropriately and/orif the government withdrew itssupport from
existing direct incentivesschemes. Smilarly DSTshould monitor the
progressforthe establishment of research chairsat the universties with
the ultimate objective of keeping the momentum and alleviating

possible obstaclesin the process.

DST, within itsmandate to co-ordinate the scientific and technological
system, should establish an inter-departmental committee on “Critical
Scientific and Technological Infrastructures’. The mandate of the
committee should be to investigate and make recommendations
concerning policy and programmesaffecting “critical scientific and
technological infrastructures’ such asresearch and training facilities,
research equipment, scientific and technological telecommunications,

and R&D management.

The Committee should consderamong othersthe viability of
introducing

a the funding of “critical S&T infrastructures’ asa separate line
item inthe governmentalbudget [Expenditure defrayed from the
National Revenue Account]

a approachespromoting closercollaboration on aspectsof
critical S&Tinfrastructure among organisationsreporting to different
government departments(e.g. academic institutions, research

councilsand parastatals.)

The National Research Foundation (NRF) should institutionalise the
support of research and training equipment by establishing an
appropriate directorate/division. The division should be funded by

dedicated (earmarked) funds, by top-dicing the budget of the other
12



directoratesand by raising fundsfrom local and international donors.
Smilarly the NRFshould establish appropriate ‘competitive
grants/funding mechanismspromoting : the interaction between
academia and industry forthe development and construction of new
orimproved equipment;the maintenance and augmentation of the
R&Tequipment infrastructure; the development of the necessary
infrastructuresin institutionsthat are eitherlacking or are with deficient
infrastructures. A programme promoting the development of remote
utilisation of equipment should be considered asan urgent priority in
view of itspossible impact acrossall other programmes. Different

programmesshould be established for different objectives.

The funding formula of the Department of Education (DoE) for
academic institutionsshould make R&Tequipment an explicit
component of the formula. Furthermore, adequate fundsshould be
earmarked for at least the next five yearsin order to facilitate the

required replacement and upgrading of R&Tequipment.

DST, in collaboration with the DoE, should consider undertaking a drive
to double the number of scientistsand engineersgraduating from the
higher education sector within the next 10 years. Such a target will
require an expected growth of 7% peryear. Innovative approaches
should be considered forfunding thisobjective. A possible approach is
to request the universitiesto develop proposalsof the resourcesthey
require and they are prepared to commit in order to achieve the
objective and choose to support those which contribute most in the

achievement of the objective.

Expansion of the highereducation sector willbe constraint in the short
term by lack of appropriate numberofacademics. DSTand Higher
Education South Africa (HESA) should motivate to the Department of
Home Affairsthe introduction of “speedy immigration visas’ for
academicswho may wish to come to South Africa in fieldsof high
priority. A complementary approach isto provide incentivesfor the
repatriation of South African academicsabroad. A five year tax

holiday with repatriation financial assissance and possble NRFresearch
13



support may attract a numberof academicswho are already familiar

with the South Africa system.

Recommendationsrelated to monitoring:

The National Advisory Council for Innovation (NACI) should develop in
regularintervals (e.g. biennially) the “South African Science and
Innovation Indicators’. The report should present quantitative
descriptionsof key aspectsof the scope, quality and vitality of the
country’sscience and innovation enterprise. The report should be
submitted to Cabinet and Parliament and should be publicly available
for public and private policy makers. The NSF“Science and

Engineering Indicators’ could be used asblueprint.

NACI should considerapproaching the European Commission
(Innovation Policy Directorate of DG Enterprise and Industry) with the
objective of participating in the Trend Chart programme activities.
Such participation not only will market the country’sinnovation system
internationally but it will also provide the necessary discipline and
benchmarking expertise required in the monitoring of the national

innovation system.

NACI should consder creating a fund supporting long term research
on issuesof science and innovation policy. Currently the only support
forscience and innovation policy research iscoming from NACI's
procurement activities. While NACI'sapproach issupporting to a
certain extend the existing expertise in the field in the country, the lack
of ingtitutionalised long term support constraints the development of
new expertise in the field of science and innovation monitoring and

assessment.

Recommendationsrelated to public-private linkages/technology transfer:

DSTshould establish an IP Agency. The Agency will have the
responsibility to promote IPwithin the public research institutesdomain.
The Agency should provide financial support forthe establishment of

IP, technology transfer and technology licensing officeswithin the

14



public research institutesin the country and it will subsidize patent filling
and maintenance costs. The Agency should furtherundertake to
provide regulationsfrom time to time related to the distribution of
royalties of the successful inventions. A substantial percentage of
royaltiesshould accrue to individual researchersuntil that time that

there isa culture supporting patentsin the country.

DS, (asthe R&D coordinating Department) in collaboration with all
relevant Departmentsshould consider developing and expanding a
Technology in Human Resourcesfor Industry (THRIP) type programme.
THRIP currently issupported by the Department of Trade and Industry
(D) and it supportsthe misson and areasof priority of DTI. In a similar
vein the programme should receive fundsfrom the Department of
Mineralsand Energy, Department of Environment Affairsetc in order to

support theirrespective missonsand areas of priority.

HESA, asthe voice of the higher education institutions (HEls), with the
support of DSTshould establish the necessary structuresforthe
monitoring and assessment of the regulatory environment in which the
universitiesof the country operate. It should utilize the produced
intelligence in orderto inform policy and decison makersabout
appropriate actions. Smilarly HESA with support from the DSTshould
undertake the regular monitoring of the way highereducation
institutions fulfil their mission related to technology transfer and
disseminate the information to itsmembers. The objectivesof the effont
willbe: to provide information regarding the continuing development
of interactions; to provide information supporting the development of
public funding of the third mission of the HEIs activity; to provide to HEls

benchmarking and management information.

DSTshould aim to enhance the demand side for university based
industrial R&D in the country. The introduction of tax incentivesfor R&D
may be a particularuseful approach asit hasthe potential to attract

international R&D resourcesin the country.

15



DoEand DSTshould place priority in enhancing basic and mission

oriented research in the higher education institutionsin the country.

University administrations should empowertheiracademic staff to undertake
research, development and innovation activities. Promoting decentralized
approachesand supporting staff hasthe potential to bring the desrable

effect.

The Thsumisano Trust with the support of the DSTshould consider enhancing its
mission to support the third mission of the universitiesacrossthe total spectrum
of the mission (not only forthe establishment of technology station) and

acrossall universitiesin the country.
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Preamble

The objective of thiseffort isto produce a profile of best practicesin key
spheresthat account for a significant portion of the productivity,

effectivenessand efficiency of the NS.

More specifically the termsof reference specify that the expected output will

be:

Summary of national and international best practicesthat account for
a significant portion of the productivity, efficiency and effectiveness of

the NS, and

Informed recommendationson best practicesthat should be adopted
in South Africa. The policy recommendationswillthen be converted

into a Ministerial advice document.

Possible areasforthe identification of best practice, mentioned in the termsof
reference, include the following: monitoring infrastructure needsavailability
and utilisation; technology transfer; governance of the NS; role of innovation
in public-private linkages; incentivesforinnovation; smart waysof accessng
foreign funding; incentivesforregional co-operation; capacity building; role

of full time equivalents (FTE) in innovation capacity provision.

Identifying best practicesforbenchmarking purposes (informed
recommendations) isa widely used approach developed forthe corporate
level. At the national level benchmarking and identification of best practices
are usually manifested in the form of national comparisonsaccording to sets

of relevant indicators.

It should be emphasised that identification of best practise facesa number of
challenges. How do you decide that particular performance isthe result of
best practice? If particular policiesare followed by a number of successful
countriesdoesit mean that those policiesare best practices? To what depth
a particularpractice and itsattributionsshould be investigated? and others.

At the national levelissuesof best practice should also be seen in the context

17



of other policiesthat may affect orbe affected by best practice and the

historical evolution and political dynamicsof the particular recommendation.

Thisreport isstructured in three chapterswhich examine issuesof governance;
monitoring and public —private linkages/ technology transferin science and
technology. Undergovernance are investigated issuesof structuresand
organisational settings; issues of priority setting; public funding of science and

technology (incentives) and management of S&Tcapacity development.

In each of the chapterswe contrast international best practice with

approachesin South Africa and we develop relevant recommendations.

18



Best Practices in Governance

Introduction

Governance of the science system asa whole isdefined! asthe decision
making processthat governsstructural adjustments, priority setting, the
allocation of fundsand the management of human resourcesin a way that
efficiently respondsto the concernsof the variousstakeholdersinvolved in the

system.

OECD hasinvestigated recently the issue S&Tgovernance underthe aegisof
the OECD Committee for Scientific and Technological Policy (CSIP). The
project identified challengesconcerning the governance of public research
systemsand then it addressed issuesof structure, priority setting, funding and
the management of human resources. Asmain challengeswere identified
the response of the innovation system to societal needs, the increasing
multidisciplinarity of scientific research and the evolving interactionsbetween
institutionsinvolved in the funding and performance of research activities
funded by public funds. Information on reformsand good practice with
regard to policy responsesto identified challengeswere collected through

country surveys, case studies? and literature surveys.

Governance structures and organisational settings

The OECD report identifiesthree archetypesof structures:® the centralized
archetype with a strong top-down management approach, high share of
ingtitutional funding and an important role for public research institutions; the
decentralized archetype with relatively low top-down control, hardly any
ingtitutional funding and strong research base at universitiesand the dual
system with mixed top-down and bottom up approachesto priority setting, a

mix of institutional and competitive funding and a “balance” between

b The same approach isoutlined forthe South African environment in A Pouris
(1995) “Towardsa metric of organisational structuresfor S&Tpolicy: the
concept of Sience Policy Space” SAJof Sience 91:1-4
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research performing institutions. Countriescan be positioned in the triangle of

the three archetypesaccording to their characteristics.

Each archetype hasitsown advantagesand challenges. Forexample the
report suggeststhat “Although on the whole more centralized systemsseem
to be more rigid, once changeshave been decided they might be easierto
make because top down proceduresare shorterthan those in the mixed
approach of the dual system orthe bottom up approach of the
decentralized system, both of which take more time for coordination and

consensusbuilding before decisionscan be made”3

In countrieswith systemsclose to dualand decentralized archetypes
governmentstake actionsto strengthen structureswhich enable greater
coordination acrossthe research domains. The greaterinterest in research
shown by different policy domainsand the scale and complexity of research
are some of the reasonsbehind the move towardsmore centralized models

of governance.
Two approachesstand out:

Consolidating majorresearch funding responsibilitieswithin a single

department
Developing formal structuresforinterdepartmental co-ordination

Concerning the first approach about half the OECD countrieshave a single
department responsible for more than 50% of the overallresearch budget.
Japan and Australia were moved in thiscategory in 2001. In Fance 80% of
the research budgetisallocated through the Ministry for Research and New

Technologies.

Asfarasformal structuresforinterdepartmental coordination isconcerned
countriesutilize a variety of approachesranging from chief scientistsand
ministrieswith coordinating responsibilitiesto coordinating bodiesdrawing in
externalmembers(e.g. Science and Technology Policy Council in Fnland; the
Council for Science and Technology Policy in Japan; the Sience and

Technology Policy Councilin Ireland etc).

20



BOX 1: Reformsin Japan

In Japan, a major administrative reform of the science system took place in the
beginning of 2001, including the establishment of a central co-ordinating body for
science and technology policy in the Cabinet Office of the Prime Minister (Council for
Science and Technology Policy-CSIP), and the merger of the ministry responsible for
education and science and the agency implementing research and development into
the newly created Ministry of Education, Culture, Sports, Science and Technology-
MEXT). More autonomy wasgiven to national research institutionsand national
universities. The second phase of the Science and Technology Basic Plan outlining
science policy objectiveswasapproved by the government in 2001, following the first
phase, implemented in 1996.

The objectivesof the Council for Science and Technology Policy are

basic/comprehensive science and technology policy planning and generalco-
ordination among the ministiescomprehensive role with regard to science and
technology policy by combining varioustypesof research, academic included.

National universitiesare being re-organized into independent administrative institutions,
with the aim of making them more autonomousand more accountable fortheirresults.
Thisre-organization wasfinalized in 2004.

With these reforms, the Japanese science system aimsto prioritiesthe allocation of
resourcesto make R&D infrastructure, to view R&D investmentsin termsof a return to
society and industry, and to postion Japan’sscience and technology asa contribution
to world knowledge. Great expectationsare attached to the resultsof these reforms.

The above effortsare reflected lowerdown in the hierarchy of research
systems. Governmentsattempt to improve the contributionsand outputs of
public research organisationsand universitiesusing a number of approaches.
One approach isto centralize the administration of a number of
government/public research institutions. In Spain the main research
organisationswere transferred to the Ministry of Science and Technology in
2000 asa first step in developing organisational reformsand changes.
Anotherapproach isthe privatization of research institutions. In the UK the
Department of Trade and Industry turned itsresearch institutionsinto
executive agenciesand then it privatized a number of them such asthe
National Engineering Laboratory and the Laboratory of Government

Chemists. Japan isusing similarapproaches.
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BOX 2: Restructuring in the research Councilsin the UK, Sweden and Norway

In the United Kingdom, research councils (RCs) have been gradually established since 1920
to manage and fund generally applicable orbasic research, the prioritiesof which are in
principle to be determined autonomously by the scientific community. They were
established asindependent non-departmental public bodiesto support basic, strategic
and applied research, postgraduate training and the public understanding of science.

In 1994 the UK RCsunderwent re-organization asa result of the 1993 White Paper “Realizing
our Potential”. The rationale wasto get them closerto potential usersand structure them so
that RCscould “identify areasfor crossfertilization and integration along the continuum of
basic, strategic and applied research”. The restructuring resulted in the creation of seven
research councils. Each wasprovided a misson statement recognizing the importance of
research undertaken to respond to userneedsand support wealth creation. Each counclil
came to have a part-time chairman from industry. They receive most of their funding (67%)
via the science budget of the Office of Science and Technology (OST), but also from
government departments, industry, charitiesand overseassource.

With effect from 1 January 2001, the Svedish parliament decided to re-organize itspublic
research-funding agency system. Thisnew structure wascreated to serve several purposes:
concentrate effortsin key scientific fields, promote co-operation between different fieldsof
research, stimulate interdisciplinary work, support outstanding research talents, improve the
dissemination of information about research and research resultsand support work related
to important societal questions(gender equality, ethical issues).

The new structure replaced a system of responsbilitieswhich were dispersed in a variety of
institutions (11 different research councils). It now comprisesthe Svedish Research Council,
consisting of three separate councils(humanitiesand social science, natural science and
technology, medicine) and a special committee foreducational science. While the
Council’'smain taskis still defined as“supporting fundamental research in all scientific
fields’, tasksalso include more generalitemsrelating to managing the science sysstemssuch
aspromoting renewal, profile establishment and mobility in the research community,
creating a good research environment and advisng the government on research policy
issues.

Funding from the Council ismostly granted on the basisof competitive procedures. In its
funding decisions, the Council hasto take specialaccount of support to young researchers,
heavy equipment and support for “minor” subjectsin the humanities.

In addition to the major Research Council, two specialresearch councilshave been
established: the Svedish Research Council for Working Life and Social Sciencesand the
Swvedish Research Council for Environment, Spatial Planning and Agricultural Sciences. The
Swvedish government saw a great need for new knowledge in these areas. Thisnew funding
structure forresearch wascomplemented by a new public authority for supporting applied
research, technical development and innovation: the Svedish Agency for Innovation.

The transition to the new structure wasfacilitated not only because extensive resources
were carried over from the old system, but also asa substantial proportion of the new funds
made available forresearch were allocated to the new institutions (Svedish Ministry of
Education and Science, 2000).

The Research Council of Norway (RCN) wasestablished in 1993 by merging five primarily
discipline-oriented research councils. The research council reform and the RCN were
subject to a thorough international evaluation in 2000-2001. Asa result of the evaluation the
RCN willbe reorganized. The six former divisonsof the council organized by discipline willbe
replaced by three broad divisons, organized by function (i.e. advancement of subjectsand
disciplines, innovation and user-initiated research, strategic programmes). One of the aims
of the reorganization isthat the RCN will put strongeremphasison long-term basic research
aswellason R&D-based innovation. Otheraimsare improved user orientation and a
stronger focuson interdisciplinary co-operation.
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Research Councils, asintermediate level funding agencies, are strengthened

internationally asmeansof running competitive programmes.

Priority Setting

Priority setting isviewed asa strategic activity with the potential of increasing
the return on public investmentson research. A 1991 OECD* study concluded

that:

“Priority setting isnecessary forincreasing the relevance of research to

economic growth

Priority setting isessentially a complex political processinvolving may people

who interact with one another

The concept of priorities should include not only “thematic” prioritiesbut also
“structural” prioritiesaswell (e.g. training of research personnel; balancing

different typesof funding instrumentsetc).

New approachesto prioritiesinclude the development of strategic medium

term plansand science and technology “watch””.

The 2003 OECD study suggeststhat prioritization processesare fuelled by the
effortsof policy makers, who are under public pressure, to respond to societal
needs, maximize returnson public investment and enhance accountability. In
certain countriesidentification of research prioritiesisdirectly linked to
selecting enginesof future economic growth (Korea), to redirecting their
research systemstowardsemerging areas (USA, Denmark) and addressing

budgetary constraints (Czech Republic).

The report identifiesthat although prioritization isa widespread activity;
countriesare divided in using bottom up approachesand top-down ones. In
countrieswith top-down approachesthe central government (sometimeson
the advice of a centraladvisory body) adoptsexplicit strategies, policiesor
plansthat specify priority areasfor research (Austria, Hungary, Japan, and
Norway). In the bottom up, decentralized approach different government

agenciesuse theirown approachesfor priority identification (Sveden, USA).
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In certain countriesthere isan integration or mix of top-down and bottom-up
approaches Forexample Australia isusing a sectoral and pluralistic
approach to priority setting. In 2001 the government’sInnovation Action Plan,
Backing Australia’s Ability®, flagged the need foran emphasison research in
which Australia enjoysorwantsto build competitive advantage. The Minister
of Education, Science and Training in 2002 announced fourresearch priority
areas(supported through the Australian Research Council (ARC) ); nano and
biomaterials;genome/phenome research; complex/intelligent syssemsand
photon science and technology. A total of 33% of ARC funding istargeting

these priority areas.

An example of a priority setting exercise with a direct follow up in termsof

investment funding isthe ICESKISprogramme in Netherlands. (Box 3)

Box 3: Fom Natural Resourcesto Knowledge Society- Netherlands

ICESKISprojectsare financed from a fund constituted by natural gasrevenues.
Realizing that the natural gasreserveswould eventually be depleted, the
government chose to set aside a portion of the revenue forlong-term investments
in structural aspectsof the economy. Thisportion wasput into a special fund,
called the Fund for Economic Sructure Improvement (FES). The FESlaw dealswith
issuessuch asinput, output and management of the fund.

In the early 1990sthe knowledge infrastructure (KIS  wasincorporated into the
investment strategy. It wasargued that an investment impulse wasneeded to
created multidisciplinary networks of knowledge in orderto addresssome of the
complex future bottlenecksand challengesin Dutch society. To implement this
strategy, a separate, inter-ministerial task force (ICES KIS wasformed with the
mission to prepare the strategy forinvestment in creation, development, diffusion
and implementation of knowledge in the Dutch economy. Responsibility isshared
by all participation ministries, particularly the Ministry of Economic Affairsand the
Ministry of Education, Culture and Science.

A third ICES KIStound wasinitiated in 2000. ICES KIS3 isdifferent form the previous
two roundsin that the processwaschanged form a top-down to a bottom-up
approach. More transparency and participation form all partieson the knowledge
market (universities, research institutes, ind ustry, and government) wascalled upon
to secure wide support forthe processand the finaloutcome. Anotherimportant
suggestion forimprovement wasto create a three-step approach. In the first step,
a long list of
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thematic perspectives wascreated. With the input form representativesof about 40
organizationsinvolved in science and R&D, 200 ideaswere generated, which were
clustered into eight thematic categories. In the second step the Dutch cabinet
selected six out of the eight thematic categories. In the third step, a callfortender
wasput out. On 20 November 2003, the Dutch cabinet willdecide which tenderswill
be awarded with funds. The decison-making processwillbe supported by the reviews
of scientific expertsand otherexpertswho willhave considered the societal and
economic meritsof the proposals.

The budget available for ICESKIS-3 is EUR 805million. With IVES KIS the Netherlands
created a tool forinitiation and management of large multidisciplinary R&D projects,
economy through public-private participation. A secondary objective of ICESKISisto
reduce the rigidity of the Dutch research system by stimulation the scientific research
structure to form an integral part of the nationalinnovation system.

An approach used from the majority of the OECD countriesin order to identify
needsand capacitiesistechnology foresight. Snce the publication of the
booké “Research Foresight” by Ben Martin and John Irvine in 1989 foresig ht
exerciseshave become common place internationally. Foresight hasbeen
defined as: a processby which one comesto fullerunderstanding of the
forcesshaping the long term future which should be taken into account in
policy formulation, planning and decision making...Foresight includes
gualitative and quantitative meansfor monitoring cluesand indicators of
evolving trendsand developmentsand isbest and most useful when directly
linked to the analysisof policy implications. Foresight preparesusto meet the
needsand opportunitiesof the future. Foresight in government cannot define
policy, butit can help condition policiesto be more appropriate, more
flexible, and more robust in theirimplementation, astimesand circumstances
change. Foresight istherefore closely tied to planning. It isnot planning-
merely a step in planning” (Coates1985).” Foresight exerciseshave been
undertaken in Canada, UK, Austria, Czech Republic, Germany, Korea,
Netherlandsand others. In countriesthat do not conduct foresight
governmentsmonitor the resultsof foresight exercisesin other countries

(Denmark, Iceland).

Public Funding of R&D

R&D funding isrecognised asa major determinant of the performance of the
science system. OECD (2003) identifiesthat all countrieshave enhanced

strategic thinking in the development of their funding policiesand
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mechanisms. Even though itscountry hasitsown traditionsin the funding of

research there are some trendsand approachescommon to all countries.

The first such trend concernsthe volume of R&D funding. Thisisgenerally
increasing in OECD countries. New funding from public sourcesisusually
attached to specific priorities, new interdisciplinary research programmesand
new funding schemessuch ascentresof excellence, public fundsand

foundations.

A second trend isrelated to changesin the allocation of funds. The
proportion of fundsdistributed through competitive grant schemesis
increasing relative to institutional funding in the public sector. Thistrend,
however, may have a numberof undesrable consequences(e.g. limit
support forresearch infrastructure) and remedial funding modesmay be
required (e.g. funding fullcost of research, funding instrumentssupporting
research infrastructure and other). Smilarly the use of institutional fundsby
government research institutionsand universitiesisincreasingly evaluated with

measurable performance indicators.

A third trend isexperimentation with new (to the countries) funding schemes.
Examplesinclude support forresearch in interdisciplinary priority areassuch as
the FondsNationalde la Science in Fance and the establishment of the
Leading Technological Institutesin Netherlands; establishment of public
foundationswith the mission to distribute research fundssuch asthe
Knowledge Foundation in Sveden, the Bay Zoltan Foundation for Applied
Research in Hungary, the Fund for Research and Innovation in Norway and

others.
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Box 4: The UK example

In the United Kingdom competitive funding of university research relative to
institutional funding hasincreased rapidly in recent years. Thistrend isgiving rise to
major concerns. Fundsfrom the Higher Education Funding Councils (HEFC) enable
(HEl) to conduct research that isnot supported by other sources. Asthe proportion
of “Project” funding increases, research work funded with such fundsconsumes
the staff time and infrastructure funded by HEFCs. The situation isaggrevated in
research areaswhere the proportion of HEFC fundsaccountsfora much smaller
portion of total research, notably in biomedicine in the United Kingdom. There are
indicationsthat in thisarea the widening distortion between “project” and
“institutional” funding isresulting in “squeezing out” of some formsof long-term
basic research. Although research councilsdo fund basic research through the
“responsive” mode funding, thiscannot necessarily replace HEFC funding since
the RC funding through thismay failto support research at the cutting edge, as
there may be time lag for RC peerreview committeesto be responsve to
research needsat the real frontier. Also, different typesof funding may induce
different behaviourson the part of the researches, i.e. the basic research that
researchersundertake with RC funding and with HEFC funding could wellbe
different.

Anotherconcern isthat the relatively diminishing funding through the HEFC stream
of the dual funding system and the increasing grant funding isresulted in
inadequate funding of university research infrastructure. Research Council (RC)
funding, aswellascharitiesand industry funding of university research only covers
the direct cost of research. It isassessed that remedialinvestmentsare needed in
generic ingtitutional infrastructure (buildings, plant and services, ITnetworksand
libraries), the minimum level of research equipment and facilitiesto attract
external funding (the “well found laboratory”), and improvementsin advanced
scientific equipment to maintain infrastructure forworld-classscience. In response,
the UKgovernment hasdecided to allocate a majorpart of the annual science
budgetincrease to boost university infrastructure. It recently announced that it will
institute a dedicated earmarked capital stream for university science research
infrastructure (HM Treasury 2002*). Also, the UK research-funding bodies
(government, RC’sand HEFCs) agree that grant funding of university research
should move towardscovering the fullcostsof research. The HEFCs, with the
encouragement of their sponsoring bodies, are working to help HElsdevelop a
standardized methodology for assessing the full costsof research, which isneeded
to move towardscovering fullresearch costsby the grant funders(see also
country report on the United Kingdom).

* HM Treasury (2002) Investing in Innovation: A strategy for Science, Engineering and
Technology, accessble at www.hm-treasury.gov.uk

Probably the most popularapproach of funding research isthe establishment
of centresof excellence. Japan launched a university resource allocation
prioritization scheme called the 21 Century Centresof Excellence (COE)
Programme in 2002. The objective isto create research unitsof world class

excellence in selected fields. One hundred and thirteen unitswill receive JPY
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100 TO 500 milion each for five years. Finland adopted a strategy to establish
centresof excellence in 1995. During the period 2000-2007 26 centreswere
supported. Austria established the K-pluscentres; the Czech Republic

introduced “research centres’ in 2000 and others.

Fnally a popularapproach in supporting R&D isthrough R&D tax concessions.
R&D tax concessionsare used extensively asan indirect way to encourage
busness R&D expenditures. During 20058,18 OECD countrieshad R&D tax

incentivesin place compared to only 12 in 1996.

Taxincentivesand direct subsidiespossessdifferent characteristicsand may
be used to achieve alternative, but complementary objectives. The main

differencesbetween these two policy measuresare:

Direct subsidiesinvolve discretionary government control over decision
making; fundsare selectively channelled to sectors, firmsorinvestments
identified ashaving the greatest potential for growth orthe most pressing
need forassistance. With tax incentives, marketsdetermine which investments

willbe undertaken; decison making remainswith investors.

Tax incentivesare typically structured to deliver assissance to a broad range
of sectors, frmsorinvestments. Direct subsidiesare usually targeted to

relatively smallnumbersof sectors, firmsorinvestments.

It isgenerally the case that direct subsidiescan be accessed by both
taxpaying and non-taxpaying firms. However, tax incentivescan also be
designed to achieve thisobjective through the use of refundability or loss-

transfer provisons.

The revenue cost fordirect subsidiesiscapped at the funding level made
available to the granting authority in a year while the revenue cost of tax
incentivesisdependent on market-determined levelsof investment. Again

howeverthere are approaches? which can limit the fiscal costs.

The tax system can be more effective in encouraging longer-term investments
--firmscan reasonably expect to receive ongoing benefitswhen multi-year

projectsare undertaken. Funding levelsfordirect subsidiesare often
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established on an annualbasisand may vary (sometimessignificantly) from

yearto year.

By making use of the existing tax administration structure, tax incentivescan
be lesscostly (in termsof both administration and compliance), easerto

access, more timely, more certain and lessburdensome than direct subsidies.

Tax incentivesmake the importance of R&D an issue of discusson and
understanding among communitiesforeign to science and technology such
asaccountants, financial officersand lawyerswith long term benefitsfor

science and technology.

Management of S&T Capacity Development

Feeding the S&Tpipeline to ensure an adequate supply of S&Tpersonnel is
recognised internationally’® asthe most important challenge in the
management of S&Tcapacity development. In modern timesinvestment in
scientific human capital hasbeen a cornerstone of the economic
development policiesof OECD countriesaswellasforemerging economies
aspiring to climb the development ladder'l, OECD arguesthat although
demographic numbersand investment in early education may be part of the
set of policy instrumentsrequired to ensure an adequate scientific workforce,
the structure of science and education system of a country, the funding of

research and the setting of research prioritiesare decisive aswell.

A number of countriesthrough appropriate policieshave been successful in
ensuring an adequate scientific workforce during the recent years. In the year
2000, Korea, Germany, Fnland, Switzerland and Fance led the OECD
countriesin the production of university level graduatesin natural sciences
and engineering asa share of total graduates. During the 1998-2000 period
the number of S&Euniversity degreesawarded in Iceland, Sveden,
Switzerland and Ireland increased significantly with Sveden registering a 32%
increase. Smilarly Germany hasbeen able to more than triple enrolmentsin
computerscience during the period 1995 to 2001. Smilar successeshave
been achieved by a number of countriesin increasing their PhD graduates. In
the 1999-2000 academic yearsthere were 4302 full time PhD studentsin the
Hungarian doctoral schoolscompared to 1527 in 1993. In Australia a
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continuing growing trend in doctoral completionscan be observed from 2905

in 1996 to 3664 in 1999.

Successful policiesfocusin a number of approaches. The most important of

them are:

Effortsto make S&Teducation more attractive: In order to addressthis
issue a number of countriessuch asPortugal, Fnland and Belgium
redesigned curricula, increased the resourcesdedicated to schools,
established new science centresand launched science exhibitions. The UK
government hascommitted large amountsof fundsto improve
deteriorating facilitiesand raise stipendsfordoctoral ssudents!2, (Sone
2000). Updating teacher skillsin various scientific fieldshasalso be part of

the set of policy instrumentsemployed. The Hnish LUMA programme is

BOX 5: Fnnish LUMA program to improve teacher training**

In 1996, the Fnnish National Board of Education launched a national
development programme called LUMA, which aimsat improving mathematical
and science knowledge among teachersand raising it to an international level.
Within the framework of LUMA (an acronym of the Fnnish words meaning natural
sciencesand mathematics), mathematical and science teachersof all
educationallevelsmay participate in additional training free of fees. The LUMA
project group hasalso developed special material teachersmay use in the
classroom, forinstance a book to assist physic teaching in primary schoolora
publication dealing with scientific experimentsin class.

A definite evaluation of the programme isnot available yet, but the Fnnish Ministry
of education hasalready drawn a postive conclusion. The feedback from
teacherswashighly positive, co-operation between teachershasincreased and
the connectionsbetween schoolsand with partnersoutside the schoolshave
become strongerthan before. Many of the 270 educational institutions that
participated in the nation-wide project have introduced classesthat specialize in
mathematicsand science. Public appreciation of mathematicsand science has
risen aswell with teachersplacing a highervalue on their profession.

*x Furtherinformation on the LUMA programme isavailable at
http://www.minedu.fiminedu/education/luma/finn_knowhow.html

considered asan example of good practice.

Increasing funding for PhDs: In Hungary government increased funding for
doctoral schoolsand granted universitiesthe right to train and award PhDs.
Professorscan apply forindividual grants, which ensure high monthly salaries

(e.g. Szechenyiand ilard Scholarshipsand Szentgrorgyi Scholarships). Aswe
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mentioned, between 1993 and 2000 the numberof doctoratestripled in
Hungary. Portugal hasone of the highest increasesin new PhDsdue in part to
active funding. In Canada NSERC increased the numberand dollar value of
post-graduate scholarships. OECD suggeststhat “In addition to high quality
research environment, salariesthat can compete with those on offerin the
private sectorand abroad are important incentives. Better stipendsat the
training level and careeropportunitiesthereafter are important at enlarging
the science base at home”.13 An example isthe Introduction of Integrative
Graduate Education and Research Traineeship (IGERT) programmesin the
USA which offer stipendsin support to graduate studentsengaging in

research in priority areas.

Attracting women and minoritiesto S&Tisof primary importance to countries
with underrepresentation of the particular groups. The following Box provides

an overview of relevant policy measures.
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BOX 6: Improving the attractiveness of the public research sector

Raising salaries and funding. The UKgovernment plansto increase the salariesof post-
doctoratesby 25%and increase funding for the hiring of university professors. The Czech
Republic hasimplemented schemesto provide additional financial support to young
R&D workersup to 35 yearsof age. The European Commission hasdoubled the amount
of funding devoted to human resourcesin the Sxth Research Famework Programme to
EUR 1.8 billion in orderto improve the attractivenessof the European research area. The
Backing Australia’s Ability initiativesinclude establishing prestigious Federation Fellowships
worth AUD 225 000 a yeareach. These are aimed at attracting and retaining leading
researchersin key positionsand up to 125 Federation Fellowshipswillbe awarded with
total funding of AUD 112.3 million overthe next five yearsfrom 2002 to 2006. The Prime
Minister announced the first fifteen Federation Fellowshipson 25 September 2001. In
addition, the number of Australian Postdoctoral Fellowshipswillbe doubled from 55 to
110 and remuneration of these postionswillbe improved, with total funding of AUD 50.1
million from 2002 through 2006.

Employment reformsand post creations. Germany islaunching the development of junior
professorships, which are temporary poststo attract young researchersto universty
employment in some 30 universties. These junior professorswill be tied to research
departmentsratherthan to professors, which iscurrently the case fornew academics. In
2001, the BMBF provided EUR 6.1 million. Junior professorsare granted three-year
employment contracts, renewable one. In Austria, a major reform hastaken place in the
employment of the university system. Asof January 2004, new university staff will not have
civilservant statusand employment contractswill be limited (fourto six years) after which
scientistsresearcherswill have to apply fornew contracts, depending on the number of
available posts Tenure willonly be granted to full professors. Currently 21-23% of total
university staff istenured professors. Norway aimsto increase the number of doctorates
by 60% by 2007 in orderto secure recruitment to research in academia and industry,
international recruitment and the recruitment of women. In FFance, the some 700
teaching-researcher postswere created between 1997 and 2001 to strengthen the
public research sectorand attract post-doctoratesfrom overseas. The Dutch Ministry of
Education, Culture and Science and the Ministry of Agriculture, Nature Management
and Hsheries, together with the universties, have launched the Renewal Impulse scheme
to retain bright young researchersin the public science system. The programme focuses
on three stagesof the scientific career up to professorship: young post-docs,
experienced post-docsand top talent. In the first round (2000) NOW placed 43
candidates. The aim isto select over 1000 researchersbetween 2000 and 2010.

Source: Op cited OECD (2003)
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BOX 7: Whatisbeing done to improve the role of women in academia and
research?

Canada. The goal of the “Chairsfor Women in Science and Engineering”
programme created by the NSERC isto increase the participation of women in

X Eand to provide role modelsforwomen considering careersin these fields.
NSERC funding ismatched by cash contributionsfrom corporate sponsors. In
addition, the University Faculty Awards (UFA) programme assists universitiesin hiring
25women faculty membersin the NSEeach year by providing a salary
supplement of CAD 40 000 peryear perchairholderforup to five years.

Finland. Secific long-term measures(since the 1980s) have steadily increased the
numberof women in research making Fnland one of the countrieswith the highest
share of women in research at all levels: in 2000, about 32% of research personnel
in general and 43%of university research personnelwere women. Snce 1998 all
Academy of Anland callsforfunding applicationshave encouraged women in
particularto apply. In 2000, the Academy adopted an equality plan to promote
genderequality in the science community: where applicantsare equally qualified
forthe post, preference isgiven to women.

Germany. The BMBFhasset up a “women in education and research” division. The
division’sresponsbilitiesinclude establishing gender mainstreaming in the BMBF
itself with the aid of a separate budget item entitled “strategiesforachieving
equal opportunitiesforwomen in education and research”. Non-university
research organizationshave created careertrack poststo attract more female
rescarchersto science and technical areas.

Iceland. In recent yearsthere hasbeen a move towardsimproving the conditions
forwomen to participate in the labour market. The Icelandic Parliament (Althing)
haspassed lawsenabling longer parental leavesforboth parents,companies
have introduced flexible working timesand methodssuch asremote work stations
forwomen at home. Day care centershave been a limiting factorin some
communities.

Attracting talent from abroad isa strategy followed by a number of countries
in orderto complement their S&Tpipelinesat different points. Canada, the UK
and the USA have traditionally met part of theirdemand through the
immigration of foreign nationals. In 1999 the number of individuals with
mastersordoctoraldegreesimmigrating to Canada wasequalto the
national production. During the same year 33%in the UK, of all PhD
doctoratesin science and engineering were awarded to studentsfrom
outside the UK. Apart of the attraction of the research system and salariesthe
interplay of administrative and fiscal incentivesinfluencesthe decision of

foreign researchersto work in certain
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countries

Netherlands. The Aspasia programme run by the Research Council NWO with
financial participation of NWO, the Ministry of Education, Culture and Science and
the universtiesaimsto promote women assistant professors (UD) to associate
professors (UHD).

Sweden. Positive discrimination isexpected in the recruitment processfor postsin
the higher education sector.

United Kingdom. The ATHENA project, funded by OSTand the UK highereducation
funding councils, isworking to tackle the issue of women’sunder-presentation in
highereducation employment. It hasbeen in existence fortwo yearsand a further
two yearsare planned before a full review. The government hasalso set up a Web
site on women in S&Tto provide statistical data on women in S&Twith a view to
informing policy: www.setdwomen.gov.uk. United Sates. The NSFsAdvance
Program focuseson advancing the early academic careersof women in
postdoctoral orequivalent positions.

Source: Op cited OECD (2003)

BOX 8: Science and Technology policiesto retain and attract scientific talent

Attracting foreign and expatriate talent: The UK government, jointly with the
Wolfson Foundation, isfunding a Research Merit Award scheme run by the Royal
Society and worth GBP 20 million over five years. This offersinstitutionsadditional
fundsto increase the salariesof researcherswhom they wish to retain orrecruit
from industry or overseas. In Germany, the Humboldt Foundation and the German
Federal Ministry for Education sponsor a EUR 22 million Research Award the “ Sofja
Kovalevskaja-Preis’ to help young scientistsfrom overseasaswell asexpatriate
German scientistscarry out research in Germany fora period of three years. A
single award can be asmuch asEUR 1.2 milion. Fance haslong supported the
temporary stay of foreign researcherseach year, in particular from emerging
economiessuch asBrazil, China, Mexico and South Africa.

Providing tax incentivesto encourage recruitment of foreign personnel: Denmark,
the Netherlandsand Belgium have passed lawsto alleviate the taxburden on
foreign expertsand highly skilled workers. In Quebec, the government isoffering
five-yearincome tax holidays(credits) to attract foreign academicsin IT,
engineering, health science and finance to take employment in the provinces
universities. In 2001, Sveden adopted similar policiesfor highly skiled workerswho
live in Sveden forlessthan five years.

Repatriation schemesfor post-docsand scientists: The Academy of Fnland hasa
programme to ease the return to Fnland of Fnnish researcherswho have been
abroad fora length of time. In Austria, the Schroedinger scholarshipshelp returning
Austriansintegrate into scientific institutions. Germany’s Ministry for Research and
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Education (BMBF) hasalso launched a new programme in 2001 to attract the return
migration of German researchersoverseas. In support of the repatriation of Canadian
postdoctoral researchers, the Institutesof Health Research offersa supplementary
year of funding to Canadiansand permanent resdentswho are recipientsof either
the Japan Society forthe Promotion of Science (JSPS) Postdoctoral Fellowshipsfor
Foreign Researchersor Welcome Trust/ CIHR Postdoctoral Fellowships. In orderto be
eligible forthe “Canada Year” funding, training must take place in a Canadian
laboratory. ltaly hasrecently introduced the “Reverse Brain Drain Project”, which is
aimed both at attracting foreign professorsand scientistsand at facilitating the
repatriation of Italian scholarsabroad. In 2002, the ltalian government provided EUR
20 million in additional funding for new positions. Over 100 foreign scholarshave been
employed in Italian universties, most of them in the fieldsof mathematicsand physics
(51%) and engineering. Also, 63 ltalian scholarsbenefited from the project.

Leveraging immigrant and Diaspora networks: Such networksdo not only exist among
emigrantsfrom developing countries, Swviss scientistsin the UShave created an
Internet network and directory (Swiss-list.com) to link Svissscientistsand post-
doctoratesworking in the USto colleaguesin Switzerland. The French foreign ministry
sponsorsmeetingsbetween French post-doctoratesworking in USresearch institutions
and Fench companies.

Source: OECD, AD Hoc Group on Seering and Funding of Research Institution
guestionnaire results; International Mobility of the Highly Silled, 2002

It should be emphasised that the above effortsare undertaken after
employment of R&D staff in the highereducation sectorincreased sharply
between the mid 1980sand mid 1990sin a number of countriesi.e. Australia,
Austria, Denmark, Germany, Ireland, Norway and Portugal. Forexample
Fnland and Ireland have doubled the numbersof theirresearch staff in the

highereducation sector.

In general OECD countriesand particularly the USA spend substantial
percentagesoftheir GDP forthe development of their highereducation
sectors. Hgure 1 showsthe expenditure on tertiary education asa
percentage of GDPin 1999. The data coverall expenditure (direct and
indirect, public and private) on universitiesand other public and private

institutionsinvolved in delivering or supporting tertiary educational services.

Thisfigure showsclearly how the USputsmore emphasisthan the EU on
investing in tertiary education. In fact, the EU figure standsat only 1.3% of GDP
spent on tertiary education, while the USpercentage is2.3%. Much can be
said about regional disparitiesin these data, but it remainstrue that no single

country in the EUspendsaslarge a share of its GDP on tertiary education as
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the US The EU countrieswith the highest public expenditure per GDPon
tertiary education are the Nordic countriesFHnland, Sveden and Denmark, all

above 1.5%of GDP, followed by Austria with 1.5%.

In the EU and throughout the developed world, primary and lower secondary
education ischaracterised by largely universal enrolment. Together with
uppersecondary education, which isalso characterised by very high
enrolment rates, these levelsrepresent the bulk of educational expenditure.
At the same time, higher spending perstudent at the tertiary level of
education compensatesforlower enrolment ratesand causesthe overall

investment at that levelto be higherthan at the secondary level.

In the EU, educational expenditure at pre-primary, primary, sscondary and
post-secondary non-tertiary levelsin 1999 accounted for 76% of the total
educational expenditure. Expenditure at tertiary level, on average in the EU,
represented nearly one-quarter of the total expenditure on education. When
examining these data one should take into account that studentsat tertiary
education levelin Europe represent about 15%of the total ssudent population

enrolled in the entire education system (EC, 2000, p. 103).

The percentage of educational expenditure going to tertiary education
varies significantly from one Member Sate to another. Countriessuch as
Finland or Ireland invest 30% or more of theireducational expenditure in
tertiary education. ltaly, Fance and Portugal, on the other hand, allocate a
smaller share (lessthan 20%) of their educational expenditure to the tertiary
level. Compared to the US where tertiary education represented 35%of total

expenditure on education, Europe allocatesa much smaller proportion.

It should be emphasised that these figuresdepend on enrolment ratesand on
demographic constellations. However, they also expressdifferencesin the
approach to education and in educational structuresand systemsin different
countries. Higher investment in tertiary education leadsto the generation of

highly qualified expertsthat can develop new technologies.

Expenditure on tertiary education during the 1990sgrew dlightly faster than
overall GDP. In 1995 1.1%of European GDP wasdevoted to the financing of
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tertiary education;in 1999 it wasincreased up to 1.3%of GDP. In Fnland and
the UK, there wasa dlight decrease of the share of national wealth allocated
to tertiary education (from 1.9% of GDPin 1995 to 1.8%in 1999 in Fnland, from
1.2%of GDPin 1995 to 1.1%in 1998 in the UK). Conversely, at the end of the
1990s, Greece, Ireland, Portugal and Sain devoted a higher share of their
GDPto tertiary education funding: from 0.70%in 1995 to 1.0%in 1999 in
Greece, 1.3%to 1.4%in Ireland, 0.9%to 1.1%in Portugal, and 1.0%to 1.1%in

Sain).

FHgure 1: Expenditure on tertiary education aspercentage of GDP (1999)

L 5 | 2.3
Finland 1.8
Swedan 1.7
Denmark 1.6
Avstria 1.5
Ireland 1.4
Metherands 1.3
Belgium 1.3
EL- 15 |, 1.3
France 1.1
United Kingdom 1.1
Spain 1.1
Portugal 1.1
Cermany 11
Greaca 1.0
Japan 1.0
Italy 0.8
0.0 0.5 1.0 1.5 2.0 2.5

Source: DG Research

Data: QECD 2001 and 2002

MNote: Mo data available for L. B: public expenditure only. EU-15 figure is a simpla country average calculated across all countrigs
for which data are available. Estimates: DG Research.

Third European Report on S&T Indicators, 2003

Governance of S&T in South Africa

The South Africa system of innovation can be characterized asa
decentralized (pluralistic) one. Government departments (at National level)
oversee theirown research councils contract research organisationswith
minimal if any coordination. Forexample the Department of Water Affairs
overseesthe Water Research Commission; the Department of Health the
Medical Research Council; the Department of Mineralsand Energy oversee
MINTEK etc. The Department of Education isresponsible for the Higher
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Education Institutionsand the Department of Science and Technology is
responsible for NRF, CSRand HSRC. An effort by the Department of Science
and Technology to coordinate the effortsof the research councils/ contract

research organisationswasabandoned during 2005.

The pluralistic character of the system isextended to Higher Education
Institutionsaswell. The Department of Education isofficially responsble for the
management and financial support of the country’suniversities. However NRF
the agency promoting research in the university sectorreportsto the
Department of Science and Technology and the THRIP programme —the
major mechanism promoting University-Industry collaboration in the country- is

an initiative of the Department of Trade and Industry.

The weaknessesof the pluralistic system are manifested in a number of ways:
a numberofdepartmentsabdicate their responsibility to support science and
technology fortheir sectors; policy decisonsare taken without scientific/

research support and conflicting initiativesaffect adversely the NS.

Following international best practice we recommend the following:

DSTshould considerrecommending the establishment of Chief
Scientists Officesin Government Departmentsboth nationally and
provincially. The Chief Scientists Officeswillbe responsible for
promoting effective use of science in policy making; forenhancing
science capacity and quality in the fieldsof interest of the particular
Departmentsand raising awarenessand understanding of the effects
of science and research on the Department’ activities. Chief Scientists

willbe ambassadorsfor S&Tintegration

DSTwithin itsmandate to coordinate nationalresearch and innovation
should consideradopting an approach of “coordination through
monitoring”. DSTshould monitor the research funding activities of
Govermnment and publish the resultsannually. The OECD
recommendationsforthe collection of data and the development of
areport on Government Budget Appropriationsor Outlaysfor R&D

(GABOARD)* and the “Annual Review of Government funded
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Research and Development” by the Cabinet Office!®in the UKcan be

used asprototypes

Government in South Africa playsa modest role in the funding of R&D,
spending below R3 billion peryear mainly forthe support of research in
Government organisations (fig 2). The percentage of Business Enterprise
Expenditure in R&D (BERD) financed by Governmentisjust below 6.5% (11.9%
in UKand 10.9%in USA, Korea 8.1%, France 9.9%). Government’'ssupport for
BERD in South Africa isexclusively through direct incentive schemes(e.g.
Innovation Fund, Support Programme for Industrial Innovation etc). In the 2006
Budget Speech it wasannounced that a taxincentive scheme for R&D willbe
introduced. Thisapproach can be argued to be one of the most important

onesforthe attraction of R&D funding from abroad.

Smilarly Government’'sfinancial support for highereducation issmallin
comparison to international standards. Government spending on higher
education is0.72% of GDP in South Africa (2003). The relevant figuresfor other
countriesare substantially higher — USA 2.3% of GDP; Fnland 1.8% of GDP; etc.
Recently the DSTin collaboration with the National Research Foundation
announced the intent to establish more than 200 research chairsin the
universities of the country infusing approximately R500 million peryearin the

sector.

The issue of equipment isof importance in the context of university support by
Government. A recent article’® commentsthat Government appearsto
ignore infrastructural needsand requirementsin the sector. It states“The
White Paperon Higher Education mentionsequipment only circumstantially
and in aggregation with otherneedsand the National Research Foundation
Billdoesnot give the “responsibility” to the Foundation to protect and
develop thisinfrastructural need. It should be mentioned that the NRFis
enabled by the Billto support equipment needs, but thisdoesnot become an
entrenched responsibility in the same way asthe disciplinary interestshave
become”. The article identifiesthat there isa substantial backlog in

equipment which hamperresearch and training in the country.
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Fgure 2: Hows of Funding for R&D” (2003/4 Rmillions)
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dingswe propose the following:

DSTshould monitor closely the implementation and fine development
of the tax incentivesfor R&D scheme and itsimplicationson other
direct support schemes. The taxincentivesscheme may have adverse
consequencesin the businesssectorinnovation activitiesif applied
inappropriately and/orif the government withdrew itssupport from

existing direct incentivesschemes.

DSTshould monitorthe progressforthe establishment of research chairs
at the universitieswith the ultimate objective of keeping the

momentum and alleviating possible obstaclesin the process.

DST, within itsmandate to co-ordinate the scientific and technological
system, should establish an inter-departmental committee on “Critical
Sientific and Technological Infrastructures’. The mandate of the
committee should be to investigate and make recommendations
concerning policy and programmesaffecting “critical scientific and
technological infrastructures’ such asresearch and training
equipment, scientific and technological telecommunications, and

R&D management.

The Committee should consideramong othersthe viability of
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introducing

1] the funding of “critical S&T infrastructures’ asa separate line
item in the governmentalbudget [Expenditure defrayed from the
National Revenue Account]

a approachespromoting closercollaboration on aspectsof
critical &T infrastructure among organisationsreporting to different
government departments(e.g. academic institutions, research

councilsand parastatals).

The NRFshould institutionalise the support of research and training
equipment by establishing an appropriate directorate/division. The
division should be funded by dedicated (earmarked) funds, by top-
dicing the budget of the other directoratesand by raising fundsfrom

local and international donors.

The NRFshould establish appropriate ‘competitive grants/funding

mechanismspromoting :

o the interaction between academia and industry for the

development and
0 congtruction of new orimproved equipment;

o the maintenance and augmentation of the R&Tequipment

infrastructure;

0 the development of the necessary infrastructuresin institutions

that are eitherlacking orare with deficient infrastructures.

A programme promoting the development of remote utilisation of
equipment should be consdered asan urgent priority in view of its
possible impact acrossall other programmes. Different programmes

should be established for different objectives.

The funding formula of the Department of Education foracademic

institutions should make R&Tequipment an explicit component of the

formula. Furthermore, adequate fundsshould be earmarked for at
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least the next five yearsin orderto facilitate the required replacement

and upgrading of R&Tequipment.

We have argued that education isundoubtedly the most important factor

contributing to employment of individuals, international competitiveness,

development and economic growth.

In South Africa only a small percentage of the appropriate age population

attendstertiary education. In comparison with countriesin Asia, Europe and

America, South Africa hasa very smallnumber of studentsat tertiary

education level.

South Africa should increase thisnumberby a factorof 4to 5in orderto

become competitive with the rest of the world. The ratio of first degreesin

Natural Sciencesand Engineering to 24-year old population isalso highly

distorted in comparison with the rest of the world. The relevant population

should increase by a factorof 10 if South Africa wantsto be comparable with

the rest of the world.

Table 1: Ratio of Natural Science & Engineering Degrees and first university
degreesper 100 24 year olds

Ratio of Nat Science &
Engineering
Graduatesover all first
Natural Science & Hrst university university deg.
Engineering degrees degrees graduates
to 24 year old population
UK 10.0 36.0 0.28
SKorea 9.0 24.7 0.36
Australia 8.0 35.9 0.22
Japan 7.7 30.1 0.26
Canada 6.9 31.2 0.22
European Union 6.5 22.4 0.29
Israel 4.3 22.3 0.19
Cuba 3.2 13.6 0.24
Chile 2.5 9.5 0.26
Thailand 1.7 9.8 0.17
Brazil 1.7 8.2 0.21
Mexico 1.6 9.4 0.17
South Africa 0.6 4.8 0.13

Source: Unesco Databasesand Sience and Engineering Indicators-2002
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The CHE8 reportsthat the number of university and technikon graduates
increased from 81764 in 1995 to 101680 in 2002. Thisisan increase of 24%over
the 7 yearperiod oran annual growth rate of approximately 3% peryear.
Even if we assume a zero population growth, it will take 50 yearsfor South

Africa to reach the levelsof SKorea and Israel.
Based on the above we propose the following:

DSTin collaboration with the Department of Education should consder
undertaking a drive to double the number of scientisssand engineers
graduating from the higher education sector within the next 10 years.
SQuch a target willrequire an expected growth of 7%peryear.
Innovative approachesshould be consdered for funding this
objective. A possble approach isto request the universitiesto develop
proposalsof the resourcesthey require and they are prepared to
commit in orderto achieve the objective and choose to support those

which contribute most in the achievement of the objective.

Expansion of the highereducation sector willbe constraint in the short
term by lack of appropriate numberofacademics. DSTand HESA
should motivate to the Department of Home Affairsthe introduction of
“speedy immigration visas’ foracademicswho may wish to come to
South Africa in fieldsof high priority. A complementary approach isto
provide incentivesforthe repatriation of South African academics
abroad. A five yeartax holiday with repatriation financial assistance
and possible NRFresearch support may attract a number of

academicswho are already familiar with the South Africa system.

Summary of Recommendations

Governance isa multifaceted activity including governance structuresand
organisational settings; priority setting; public support and funding of research
and innovation and management of S&Tcapacity development. In this
chapterwe have discussed international trendsand the comparative
stuation in South Africa. Next we provide the list of the relevant

recommendation made in the chapter.
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Recommendationsrelated to governance:

DSTshould consider recommending the establishment of Chief
Sientists Officesin Government Departmentsboth nationally and
provincially. The Chief Sientists Officeswillbe responsible for
promoting effective use of science in policy making; forenhancing
science capacity and quality in the fieldsof interest of the particular
Departmentsand raising awarenessand understanding of the effects
of science and research on the Department’ activities. Chief Scientists

willbe ambassadorsfor S&Tintegration

DSTwithin itsmandate to coordinate national research and innovation
should consideradopting an approach of “coordination through
monitoring”. DSTshould monitor the research funding activities of
Government and publish the resultsannually. The OECD
recommendationsforthe collection of data and the development of
a report on Government Budget Appropriationsor Outlaysfor R&D
(GABOARD)* and the “Annual Review of Government funded
Research and Development” by the Cabinet Office20in the UKcan be

used asprototypes

DSTshould monitor closely the implementation and fine development
of the tax incentivesfor R&D scheme and itsimplicationson other
direct support schemes. The taxincentivesscheme may have adverse
consequencesin the businesssectorinnovation activitiesif applied
inappropriately and/orif the government withdrew itssupport from

existing direct incentivesschemes.

DSTshould monitorthe progressforthe establishment of research chairs
at the universitieswith the ultimate objective of keeping the

momentum and alleviating possible obstaclesin the process.

DST, within itsmandate to co-ordinate the scientific and technological
system, should establish an inter-departmental committee on “Critical
Scientific and Technological Infrastructures’. The mandate of the

committee should be to investigate and make recommendations
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concerning policy and programmesaffecting “critical scientific and
technologicalinfrastructures’ such asresearch and training
equipment, scientific and technological telecommunications, and

R&D management.

The Committee should consider among othersthe viability of

introducing

1] the funding of “critical S&T infrastructures’ asa separate line
item inthe governmentalbudget [Expenditure defrayed from the
National Revenue Account]

a approachespromoting closercollaboration on aspectsof
critical 2T infrastructure among organisationsreporting to different
government departments(e.g. academic institutions, research

councilsand parastatals).

The NRFshould institutionalise the support of research and training
equipment by establishing an appropriate directorate/division. The
division should be funded by dedicated (earmarked) funds, by top-
dicing the budget of the other directoratesand by raising fundsfrom

local and international donors.

The NRFshould establish appropriate ‘competitive grants/funding
mechanismspromoting : the interaction between academia and
industry forthe development and construction of new orimproved
equipment; the maintenance and augmentation of the R&T
equipment infrastructure; the development of the necessary
infrastructuresin institutionsthat are eitherlacking or are with deficient
infrastructures. A programme promoting the development of remote
utilisation of equipment should be considered asan urgent priority in
view of itspossible impact acrossall other programmes. Different

programmesshould be established for different objectives.

The funding formula of the Department of Education foracademic

institutions should make R&Tequipment an explicit component of the

formula. Furthermore, adequate fundsshould be earmarked for at
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least the next five yearsin orderto facilitate the required replacement

and upgrading of R&Tequipment.

DSTin collaboration with the Department of Education should consider
undertaking a drive to double the number of scientisssand engineers
graduating from the highereducation sector within the next 10 years.
Such a target willrequire an expected growth of 7%peryear.
Innovative approachesshould be considered for funding this
objective. A possble approach isto request the universitiesto develop
proposalsof the resourcesthey require and they are prepared to
commit in orderto achieve the objective and choose to support those

which contribute most in the achievement of the objective.

Expansion of the highereducation sector will be constraint in the short
term by lack of appropriate numberof academics. DSTand HESA
should motivate to the Department of Home Affairsthe introduction of
“speedy immigration visas’ foracademicswho may wish to come to
South Africa in fieldsof high priority. A complementary approach isto
provide incentivesforthe repatriation of South African academics
abroad. A five yeartax holiday with repatriation financial assistance
and possible NRFresearch support may attract a number of

academicswho are already familiar with the South Africa system.
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Best Practices in monitoring S&T
Systems — Science Indicator Systems

Introduction

An important way of enhancing policymaking isto improve the strategic
intelligence upon which policy choicesand decisionsare based. During the
past 50 yearsgovernmentsand theiragencieshave developed a number of

approachesmonitoring their sysstemsof innovation.

While thistype of intelligence isgenerated via a variety of toolssuch as
evaluations, technology foresight, technology assessment and othersthe
prime feedbackto Governments@mechanism of policy-making isan extensve
set (system) of S&Tindicators. S&TIndicatorshelp the policy making bodiesin
government ornon-governmental institutionsin theiradvisory capacity, to

evaluate past and present policies, and desigh and implement new ones.

Sience Indicators Systems (SS) are comprehensive collectionsof indicators
describing the statusquo of a country’sscientific, technological and
innovation activitieswithin the local socio-economic environment and within

the international arena.

In the last 40-50 yearsthe S&Tindicatorshave developed considerably, thanks
to the effortsof the academic community, national agenciessuch asNSFin
the USA and international organisationslike OECD and EUROSTIATfor the
European Community. International harmonisation of conceptsand common
methodologiesfordata collection have been developed on the international

level, especially forthe OECD countries, by the preparation of the "Fascati",
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"Odo"and "Canberra" manualsthat contributed to a considerable
improvement in the quality and quantity of indicators, aswell astheir
compatibility. So, creation of a useful source of information for policy
planning, decison-making and evaluation processesismethodologically

sound.

Indicatorsare used by a variety of clients. FHve typesof potential usersof S&T
indicatorscan be identified: the policy makers, the business, the scientific
community, the general public and the international organisations. Two of
these groupsare usually investorsin production processes. policy makers

(government, itsdepartmentsand Parliament) and business.

Each group have different demands: policy makerswant to have a complete
overview of development in the S&Tforuse in policy deliberations. They need

up-to-date, key indicatorsby policy relevant categories. The Busnesssectors

also need general overview and detailed information on theirown and

relating sectors. The Scientific community islooking forlong time series,

detailed statisticsand comparable institutional indicators. Interest groupsof
researchersalso would like to get detailed information on theirown field. The

International organisations(e.g. G7, UN, OECD, BU, European Parliament,

APEC, AU etc.) are interested in the ranking of nationsaccording to scientific
capabilities, competitivenessand so on. Detailed S&Tinformation can help

searching co-operation partnersand obtain knowledge of global trends.

National Science Foundation Indicators

Probably the most wellknown SSisthe one produced regularly by NSF. The
law creating the NSFalso gave it a role in policy advice and in the evaluation
of research. The NSFwasasked to “provide a central clearinghouse forthe
collection, interpretation and analysisof data on scientific and technical
resourcesin the United Sates’ In 1968, Congressexplicitly mandated the NSF

to report on the statusand health of science and technology.

The National Science Board (NSB) followed a conservative approach initially
and published a set of statisticswithout any policy analysesand assessments.

The argument at the time wasthat it would be “unrealistic to expect one
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federalagencyto renderjudgement on the overallperformance of another

agencyordepartment.”

President Nixon in 1970 and Congressin 1976 asked foran annualreport on
the statusand health of science and technology (reminding the NSBthat
they were not fully meeting their obligation). These requestsshaped NSB's
decision to produce an annualreport that would provide baseline data for
each yearwith a seriesof chaptersproviding an assessment of the health of

science.

The “Science and Engineering Indicators’ hasbeen a great successfora
numberof reasons. “firstly, it collected dispersed statisticsall in only one book.
Secondly, it discussed science mainly by way of chartsratherthan numbers.
Tablesappeared primarily in the appendix. Thirdly, it included brief highlights
for policy makers. Fourthly, there wassmall analysis. Fnally, each edition

alwayscontained something new in termsof information and indicators.”

Science and Technology Agency Indicators

The Sience and Technology Agency (STA) inJapan have investigated the
issue of SSin the processof the development of their system. The main
findingsof that analysisunderpin the current theoretical and empirical

understanding of SSand we report them below.

Frst, a SSshould be used to grasp the statusquo of the country’s scientific
and technological activities. Second, it should be used to set goalswhich will
be attained within a certain time period. Third, it should be used to formulate

and evaluate alternative policieswhich have been orwillbe implemented.

Based on the purpose of the indicators STA derived the following typology:

1.  Reporting indicators

The purpose of thistype of indicatorsisto measure the variousaspects
of the present scientific and technological (S&7) activitiesas
accurately aspossble. Emphasisshould be placed on investigating

the right indicatorswhich truly reflect the S&Tactivitiesto be measured.
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Fom the policy maker' sviewpoint, thistype of SScan be utilised asan

early warning system for S&Tactivities.

Judgement indicators

The purpose of thistype isto formulate national goalsof S&T. Some
goalsmust be decided concerning a country’stimetable of S&T

activitiesduring a specified time period.

In orderto transform the reporting type into the judgement type, the
selectively chosen individual indicatorsmust be organised. Indicators
which are more orlessrandomly chose without assuming causality
should be integrated into several comprehensive indicators. These
indicators, which are selected to measure the current statusof a
specific country’s S&Tactivities, should be consistently compared with
the time seriesdata of the country and with the corresponding data of

other countries.

Through such transformation, policy makerscan utilise SSasthe basis

for formulating national goalsof S&Tactivities.

Evaluation indicators

The purpose of thistype of indicatorsisto examine the causal
relationshipsamong indicators. The system must be further organised
so that some statistical analysiscould be made on the relationships

among the indicators.

STA concluded that almost all existing “science indicators’ are the
reporting type, although occasionally some attemptsto construct a
judgement type of “science indicators’ are being made in various
countries. However, such attemptshave not yet been on a systemic

and regularbasis.

Nevertheless, thistypology showsthat reporting type indicatorsare the
basisforthe two othertypes. In otherwords, the varioustypesand

purposesof SScan be constructed based on the reporting type. Thus,
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effortsshould be centred initially on the development of a reporting

type SIS

STA hasfurther argued that R&D activitiesare performed within a more
general scientific and technological infrastructure and that the &T
infrastructure isformed on the basisof a more general “societal
infrastructure” which supportsa country’sactivities. Consequently SS

should contain indicatorsreflecting the variousinfrastructures.

On the principlesmentioned above, STA developed the Japanese SS

which containsthe following type of indicatorsshown in table 2.

In a similarto STA fashion the Office of Technology Assessment (OTA)
in the USA hasinvestigated the adequacy of the USSS

Table 2: Distribution of selected indicators

Major Category Sub-category Sub-sub-category
SOCIETAL INFRASTRUCTURE | 3
Education 6
S&TINFRASTRUC TURE 14 Economy
Culture
R&D elements 14 | Input elements 8
Support elements 6
Institution 12 | R&D evaluation 8
R&D INFRASTRUC TURE 35 R&D support 4
Evaluation 9 R. evaluation 5
T. assessment 4
Knowledge 9 Accumulation 6
Creativity 3
R&D RESULTS 35 Private goods 15 | Direct effects 7
Indirect effects 8
Public goods 6 Sandard 3
Service 3
Industrial
S&TCONTRIBUTION International
Societal
SOCIETALACCEPTANCE 3
TOTAL 103
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The conclusion of the report wasthat betterdata on the federalresearch
system are instrumental forthe creation and refinement of research policies;
that Congressneedsagency and budget specific data, while the agencies
need data related to the performance of theirprogrammesand their
constituent research projectsand that depending on data collected by NS
and NIHrisksgeneralising resultsand trendsthat might not apply to the system

asa whole.

Table 3 showsthe data and indicatorsidentified asdesrable and their

primary users.

Table 3: Desired data and indicators on the federal research system

Primary Users

Category Description Method Congre Agencie OMB
SS S

OSIP

Agency funding  Funding within and acrossfields Agency data
allocation and agencies collection 4 4
method (and FCCSET)

Cross-agency information on
proposal submissionsand
awards, research costs, and
the size and distribution of the
research work force
supported

Research Research expendituresin Agency data
expenditures academia, federal and collection 4 4 4
industrial laboratories, centres,
and universty/ industry
collaborations

Agency allocationsof costs
within research projects, by
field

Mega-project expenditures:
theircomponents, evolution
overtime, and construction
and operating costs

Research work Sze and how much isfederally Lead agency
force funded survey 4 4

Sze and composition of
research groups

Research Time commitmentsof Lead agency
process researchers survey; 4

Patternsof communication onsite studies
among researchers

Equipment needsacrossfields
(including the fate of old
equipment)

Requirementsfor new hiresin
research positions

Outcome Citation impactsforinstitutions Bibliometrics;
measures and setsof intitutions surveys of 4 4
industry and

International collaborationsin academia
research areas

Research-technology interface,
e.g. university/ industry
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collaboration

New production functionsand
quantitative project selection
measures

Comparison between ear-
marked and peer-reviewed
project outcomes

Evaluation of research
projectsprogrammes

Indicators Proposed successrate, PI Agency
successrate, proposal analysis 4 4
pressure rates, flexibility and
continuity of support rates,
project award and duration
rate, active research
community and production
unit indices

Source: Office of Technology Assessment, 1991

Box 9: The establishment of National S&Tstatisticsindicator system in China

The S&Tcensusin 1985 for the first time collected data reflecting national S&T
activities (except for Taiwan province), which laid a foundation for further setting up
China’s & Tstatistical indicator system and implementing S&Tstatistics.

Snce 1986, annualreporting system hasbeen constructed in R&D institutions affiliated
to government departments, large and medium sized enterprises, and higherlearning
ingtitutions, which hasformed a network from the central to the local operated and
co-ordinated by the Sate Science and Technology Commission, the Sate Education
Commission and the Sate SatisticsBureau. R&D performing unitsare surveyed
according to theirgeographic location through the network. Snce that time,
statistical scopesand contentshave been expanded gradually. Currently, the
implemented statisticssurveysare asfollows:

survey for basic information on S&Tactivities of R&D institutionsin social and
humanity and natural sciencesfields;

survey on performance of national S&Tprogrammes
patent statistics

survey on S&Tachievementsand awards

survey on technological market

survey on non-governmental S&Tinstitutes

national scientific publication and citation statistics:

retrieved China’spublicationscatalogued by fourinternationalindex systems, SCl,
ISR, ISTP, B, and make statistical analysisof 1200 domestic scientific journals,
research paperspublished, and citation

statisticsof import and export of high-tech products:

based on the Sandard International Trade Classfication and OECD’sHigh-Tech
Product Classfication, to make statistical analysisfor exportsand imports of
China’shigh-tech productsby using China’sCustomsAnnual Report.

The focusof the effortsison:
international compatibility, and

supportlocal policy demands
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OECD Indicators

OECD hasmade a crucial contribution in the international acceptability of
X Tindicatorsby creating “standards’ forthe development of internationally

compatible relevant indicators.

OECD hasbeen one of the first multilateral organisationsto investigate
indicatorsrelevant issues (otherimportant organisationsin the field are also
UNESCO, EUROSTATand NORDFORSK). In 1963 it produced guidelinesforthe

collection of input data to R&D (Fascati Manual).

R&D input data hasbeen the predominant policy variablesforalmost 20
yearswhen the move away from the linear model of innovation brought to
the surface the limitationsc of the R&D input statisticsand made profound the

need foradditional indicators.

The following are indicatorswhose developmentisrecommended by OECD

and indicatorson which OECD isworking currently.

R&D statistics

The collection of R&D statisticsstarted in the 1960ssupported by the rapid
growth of the amount of national resourcesdevoted to research and
experimentaldevelopment. The amount of money spent on R&D hasbeen

the primary input indicatorfordecadesand hasbeen used asa measure of

c The use of spending data islimited in itsrelevance to the impactsof R&D.
There issome correlation between the level of R&D spending and innovative
success. Forexample, if fewerresearch projectsare performed, then
companiesand countriesforgo the potential benefitsof the research.
However, spending alone doesnot guarantee innovative successbecause
many additional factorsfigure into the innovation processand have
important effectson the resulting outputs. The reality of the process of
innovation ismuch more complexthan expenditure data alone can reveal.

Furthermore, the usefulnessof R&D spending indicatorsislimited because the
way in which innovative activitiesare structured and managed can be as
significant asthe amountsof resourcesdevoted to them in determining their
outcomesand effectson performance. Those nationsor firmswith extremely
efficient innovation syssemscan outperform those that use greater R&D
resourcesinefficiently.
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how much research isbeing performed. The human resourcesinvolved in R&D
isthe second indicatorin the inputsof R&D. The majoradvantagesof using
expenditure data asan indicator are that they are easily understandable,
readily available, have been consistently gathered overtime and they can
measure effortsin different project, disciplines, sector, etc. according to same

unit.

The straightforward rationale — the more R&D spending, the more innovative
activity — isthe primary advantage to using expenditure data in policy
discussions. Iltssimplicity and close tiesto the linear model of innovation allow
it to be readily understood by those with little specialised knowledge, making
it appealing in policy discussions. These same simplifying characteristicsmay
have led to itsuse in otherareas. In some contexts, countriesand companies
are categorised according to theirtechnological sophistication on the basis

of their R&D spending levels; little attention isgiven to other factors.

Guidelinesforthe collection of R&D statisticsare provided in the Proposed
Sandard Practice for Surveysof Research and Experimental Development
(Fascati Manual 1993) and R&D Satisticsand Output Measurement in the
Higher Education Sector (Frascati Manual Supplement 1989). OECD, Paris,

Fance

Technology balance of payments statistics

The TBP registersthe international flow of industrial property and know-how.
Thistype of statistics measure the international diffuson of disembodied
technology by reporting allintangible transactionsrelating to trade in
technical knowledge and in serviceswith a technology content between

partnersin different countries.

Transactionswhich are covered by these statisticsare purchase and salesof
patents, licensesfor patents, know-how, trademarks, franchising, technical
services, modelsand designsand finance of industrial R&D outside the

national territory.

OECD reportscurrently TBP data according to industry, type of operation and

geographical area.
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Guidelinesforthe collection of R&D statisticsare provided in the Proposed
Sandard Method of Compiling and Interpreting Technology Balance of
PaymentsData (1990), OECD, Paris, Fance

Bibliometrics

Bibliometricsisthe generic term covering information extracted from
publications. Bibliometric analyssusesdata on numbersand authorsof
scientific publicationsand on articles(and in patents) and the citations
therein to measure the “output” of individualsdresearch teams, institutions,
and countries, to identify national and international networks, and to map the

development of new fieldsof science and technology.

Most bibliometric data come from commercial companiesor professional
societieswith main general source the Science Citation Index (SCI) set of

databasescreated by the Institute for Sientific Information (I9) in the US

Patent data

Satisticson patent constitute an important output indicator of the innovation
systems. The globaldata concern the numberof patentsapplied for (as
opposed to the numberfinally granted) via national, European and other
international proceduresbroken down by country of application and country

of residence of the applicant.

The main information that can be drawn from patent documentsrelatesto
the type of technology covered by the claim, the name and nationality of
the inventor (individual, government agency, private corporation), links
between a new patent and knowledge in earlieronesand scientific
publications, the economic sector where the invention originated, and the

fieldsand marketscovered by the patents.

Patent indicatorsare used in order to identify technological strengthsand
weaknessesof corporations, countriesetc. and to analyse the rate and

direction of technical change.

Guidelinesforthe collection statisticsare provided in Using Patent Data as

Science and Technology Indicators (1994), OECD, Paris, Fance
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Trade based indicators

There isan international recognition of the symbiotic relationship between
investment in science and technology and successin the market place.
Science and technology support competitivenessin international trade and
commercial successin the international marketplace providesthe resources
required to support new S&T. Consequently trade in productsembodying
new knowledge isa performance measure forthe national investment in R&D

and in science and engineering.

Trade in high-tech productsreflectsa country’sability to carry out research
and development, and to exploit the resultsin global markets (i.e. a well
functioning NS). Moreover the industriesproducing these goodsare generally
a source of high value added and well-paid employment. Exportsof such
productstherefore represent an important indicator of competitivenessand

globalisation in the knowledge-based economy.

Guidelinesare provided in the OECD Handbook on Economic Globalisation
Indicators, (2005), OECD, Paris, France

Human resources

The term human resourcesin S&Textendsto cover everyone who has
successfully completed post-secondary education orisworking in an
associated S&Toccupation. It refersto the human resourcesactually or
potentially devoted to the systematic generation, advancement, diffusion

and application of scientific and technological knowledge.

Usersof HRSTdata include policy-makersand analystsin government related
agencies, the private sectorand academics. Issuesof brain-drain or gain,
skills, availability and planning forthe highereducation sectorare addressed
with the use of HRSTdata.

HRSTdata iswider and more detailed then the R&D personnel statistics

defined in the Fascati Manual.

Fgure 3 illustratesthe relationship among the variouscategoriesof human

resources.
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Fgure 3: Relationships of various categories of human resources

Guidelinesforthe collection of R&D statisticsare provided in the
Measurement of Human ResourcesDevoted to S&T(Canberra Manual, 1995).

OECD, Paris, Fance

Innovation data

Innovation data aim to enlarge the picture of the processof innovation
provided by the R&D and patent statistics. The innovation data focuson the
innovation processotherthan R&D and in particularon these aspects

affecting diffusion rates.

The data collected in different countriesdiffer widely in termsof objectives,
methods, definitionsand so on. However, they conclusively slow that a wide
range of data can be produced in the innovation processand assist policy

making.

The OECD Oslo Manual providesthe basisforinternational compatible:
1. definitionsof innovation and innovative activities;
2. measuring aspectsof the innovation process,
3. measuring the cost of innovation;

4. classficationsand areasof difficulty forinnovation surveys.
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Guidelinesforthe collection of R&D statisticsare provided in the OECD
Proposed Guidelinesfor Collecting and Interpreting Technological Innovation

Data (Oslo Manual 1997). OECD, Paris, France

New indicators for knowledge based economies

OECD hasdeveloped and iscurrently working in the development of a
numberofindicatorswhich willcomplement and extend those advocated in

the Fascati family of manuals. The most important of these are:

Mobility of resources: between firms, between industries, between the public
and private sector. Human resourcesare the main vehicle forthe circulation
of knowledge. Led by Sveden (NUTEK and Satistics Sweden) thisproject has
two main components. (i) an inquiry into the mobility of skiled workersas
revealed by the exhaustive taxrecordsin Sveden focusing initially, on the
“knowledge intensive businesssectors’ (e.g. financial services) in order to
explore the methodologicalissues(e.g. the effect of the birth and death of
firms). (ii) a review of the sourcesavailable in OECD countriesand how the
Swedish methodological findingscould be applied to countrieswith less
detailed data. A comparison of the resultsfrom tax recordsand from more
broadly available sourceswillbe undertaken for Sveden, in orderto assess
the lossof information resulting from use of the latter. The United Satesisalso

joining thisproject.

Patents based indicators: The aim isto go beyond smple patent counts. This
project differsfrom the othersin that it makesuse of international data, which
can be directly processed in a harmonised way. Discussionswith the
European Patents Office (EPO) have been undertaken with the aim of setting
up a quite large data base of European patents(with theirworld-wide
extensions) to include information on patent renewal and on patents
citations, which are currently largely omitted from patent studies. Data on
patentsgranted by the USPTO are also being used. Expertsare being
retained to design and calculate indicatorsusing these data, to measure the
economic value of inventions, their social ortechnological value, and the
diffusion of knowledge within and acrossnational boundaries. Testswillbe

made to compare variousindicatorsof technological performance at the
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firm level and at aggregate level: productivity, innovation and patents. A
revision of the OECD “PatentsManual” isenvisaged. Snce patentsdata are
essentially international, there wasno need of lead countriesand the OECD

Secretariat isdirectly in charge of thisproject.

Innovative and absorptive capacity of firms: Thisproject makesuse of data
collected through the first round of innovation surveysin European countries
Community Innovation sysstems (CIS). The aim isto design and calculate
aggregate indicatorsof innovative intensity at national and sectoral levels,
indicatorsof the circulation of knowledge and the sourcesof technological
information used by firms, and of the factorswhich favourorhamper
innovation. BUROSTAT, which co-ordinated the first CISand which holdsthe
micro-aggregated data, isa partnerin thisproject and ltaly isa lead country.
ltalian studieshave already shown the high potential of such data, in terms of
description of national innovation systemsand innovation policy desgn. One
available, the new methodscould be applied in the forthcoming CIS2 surveys

and in innovation surveysoutside Europe.

Internationalisation of industrial R&D: The aim isto measure the extent, the
factorsand consequencesof busnessR&D internationalisation, especially via
multinational frmsand via international alliancesof firms. Data of foreign
affiliates, collected by the Secretariat, and patentsdata willbe used. New
indicatorsof the technological content of international flowsof goodsare

being tested. The lead countriesare Germany and Fance.

Government support to industrial R&D and innovation: The aim isto develop
accurate indicatorsof “indirect” government support forindustrial R&D
notably via fiscal incentiveswhich following the current recommendationsof
the Fascati Manual, isnot credited to government asa source of fundsin the
regular OECD R&D survey. Thisbuildson an initiative launched at the 1995
meeting of NESTland isbeing pursued aspart of Module 2 of Phase Il of the
JobsSudy. It drawson data and methodsestablished by the Working Party
on Support to Industry of the Industry Committee and also on the experience
of the Working Group on Innovation and Technology Policy. Australia and

Canada are the lead countries.
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Information and communication technology: thisproject wasadded to meet
a reques from the Committee for Scientific and Technological Policy (CSIP).
It will be carried out in co-operation with the new statistical panel of the
Committee for Information, Computersand CommunicationsPolicy (ICCP),
which first met in June 1997. It willaddressthe following topics. measuring
technical change in Information and Computer Technologies (ICT) products,
the actual, totalcost of usng ICT(including complementary investment,
foregone production, etc.) and training in firmsin connection with the use of

ICTand ICTand innovation in the financial services.

Currently SSare produced and published by almost all countrieswith
developed science and technology syssems. Examplesinclude “The
European Report on S&Tindicators’ by the European Commission; the
“Science and Technology Indicatorsin the Commonwealth of Independent
Sates’ by the Ministry of Science and Technology Policy of the Russian
Federation; The “Netherlands Science and Technology IndicatorsRepornt” by
the NetherlandsObservatory of Science and Technology; the “Indicadores
de ActividadesCientificasy Technologicas- Mexico” by Consejo Nacional

de Ciencia y Technologia and others.

Trend Chart on Innovation in Europe

The “trend chart of innovation in Europe” isa complementary to indicators
approach to monitoring science, technology and innovation used by the

European Commission.

The ‘Frst Action Plan for Innovation in Europe’, launched by the European
Commission in 1996, provided for the first time a common analytical and
political framework for innovation policy in Europe. Building upon the Action
Plan, the Trend Char on Innovation in Europe isa practical tool forinnovation
organisation and scheme managersin Europe. Run by the Innovation Policy
Directorate of DG Enterprise and Industry, it pursuesthe collection, regular
updating and analysisof information on innovation policiesat national and

European level.

The Trend Chart servesthe “open policy co-ordination approach” laid down
by the Lisbon Councilin March 2000. It supportsorganisation and scheme
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managersin Europe with summarized and concise information and statistics
on innovation policies, performancesand trendsin the European Union (EU). It
isalso a European forum for benchmarking and the exchange of good

practicesin the area of innovation policy.

The trend chart now tracksinnovation policy developmentsin all 25 EU
Member Sates, plusBulgaria, Iceland, Israel, Liechtenstein, Norway, Romania,
Switzerland and Turkey. It also providesa policy monitoring service forthree

othernon- European zones. NAFTA/Brazl, Asia and the MEDA countries.

The Trend Chart website (www.cordislu/trendchart) providesaccessto the

following servicesand publications, asthey become available:

a database of innovation policy measuresacross 33 European

countries;
a newsservice and related innovation policy information database;

a “who iswho” of agenciesand government departmentsinvolved in

innovation;
annual policy monitoring reportsforall countriesand zonescovered;

allbackground material for four annual policy benchmarking

workshops;
the European Innovation Scoreboard and other statistical reports;

an annual synthesisreport bringing together key of the Trend Chart.

Discussion and Recommendations

Thischapteridentifiesmonitoring asan integral part of policy making
internationally. The chapterfocuseson the indicatorsconstituting the
National Systemsof Indicatorsand describesthe Trend Chart approach

utilised in Europe to monitorinnovation.

We suggest that the majority of countrieswith scientific syssemscollect a

numberofindicators(assuggested by the OECD) and disseminate them in
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comprehensive documentsregularly. The National Science Foundation in the
USA and the OECD provide leadership in the field with their publications
“Science and Engineering Indicators’ and “Main Science and Technology

Indicators’ respectively.

In South Africa, NACl hasrecognised the importance of indicatorsand has
established the “IndicatorsProgramme”. The Programme consistscurrently of

the following three components:
The National R&D Survey
The National Innovation Survey

Representation and participation in international indicatorsbodies

such asthe OECD’sNational Expertson S&TIndicators (NEST).

However, South Africa doesnot produce a comprehensive document with
indicators (like the NSFone) in orderto disseminate existing information and

neither supportsrelevant research in the field.
Based on the above we advance the following recommendations:

NACI should develop in regularintervals (e.g. biennially) the “South
African Science and Innovation Indicators’. The report should present
guantitative descriptionsof key aspectsof the scope, quality and
vitality of the country’sscience and innovation enterprise. The report
should be submitted to Cabinet and Parliament and should be publicly
available forpublic and private policy makers. The NSF“Science and

Engineering Indicators’ (see Appendix) could be used asblueprint.

NACI should considerapproaching the European Commission
(Innovation Policy Directorate of DG Enterprise and Industry) with the
objective of participating in the Trend Chart programme activities.
Such participation not only will market the country’sinnovation system
internationally but it will also provide the necessary discipline and
benchmarking expertise required in the monitoring of the national

innovation system.
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NACI should consider creating a fund supporting long term research
on issuesof science and innovation policy. Currently the only support
forscience and innovation policy research iscoming from NACI's
procurement activities. While NACI'sapproach issupporting to a
certain extend the existing expertise in the field in the country, the lack
of ingtitutionalised long term support constraints the development of
new expertise in the field of science and innovation monitoring and

assessment.
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Best practices in public-private
linkages/ technology transfer in
science and technology

Introduction

The term "public/private partnership”, in the area of technology policy, is
defined asany innovation-based relationship whereby public and private
actorsjointly contribute financial, research, human and infrastructure
resources, either directly orin kind.26 Partnershipscan be formal orinformal
arrangementsgoverning general or specific objectivesin research or
commercialisation and involve two or multiple actors(e.g. consortia). Assuch,
partnershipsare more than smply a contract research mechanism for

subsidising industrial R&D.

Private firmsmay enter into R&D partnershipsby themselves. They may do so
to overcome market failuresthat result from uncertainty and resource
constraintsand the inability to internalise significant spillovers. OECD (1998)
suggeststhat “private R&D partnershipscan be seen asa market response to
market failuresthat prevent frmsfrom conducting the socially optimum level
of R&D. In the same vein, public sponsorship of R&D partnershipsisa policy
response to smilartypesof market failuresthat are not resolved by market
mechanismsalone. Thisoccurs, forexample, when the transaction costs
associated with R&D partnering are too high to induce collaboration or when
the incentivesfor partnering (e.g. cost-sharing of inputs, appropriation of
outputs) are insufficient and thereby result in the rejection by firmsof socially
beneficial joint R&D projects. Systemic failuresthat arise from mismatchesin
the incentivesforco-operation among the variousactorsin the innovation
system (e.g. universities, firms, laboratories) can also impede collaboration in
R&D and technology, thusleading to lower social returnsfrom public

research”.

Probably the main appeal of public/private partnershipsisthat they reduce
the risk of failure that resultswhen governmentstry to "pick winners' through

traditional R&D subsidisation schemes. Public/private partnershipsentail the
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competitive selection of participantsand greaterinfluence from the private
sectorin project selection and management, helping ensure that the best

participantsand projectsare targeted.

OECD? suggeststhat there are no siver-bullet approaches (one fit all) in the
field. It issuggested that the type of partnership best suited fora given policy
objective willdepend not only on the shareholdersand their objectives, but
more importantly on the type of market or systemic failure being addressed.
Partnership programmesmust thusbe targeted and adapted to the market
and ingtitutional environmentsin which firmsand public research partners
operate. The size of firms, their sectorsand their position on the innovation
ladder (e.g. internal R&D capability) also have a bearing on their ability to

collaborate with public research.

In thischapterwe discussmainly effortsby governmentsto bring closer
universitiesand industry, asthistype of partnership constitutesone of the most
important policy issuesinternationally and we briefly discussinternational

collaborationsd

Universitiesare an important public sectorpartnerin the domain of public-
private partnerships. Universitieshave an important contribution to make in
thisprocessand the traditional perception of universtiesas merely institutions
of higherlearning isgradually giving way to the view that they could be
important enginesof economic growth and development —the emergence

of universities third mission.

For some the emergence of third mission runscounterto “social contract” for
science and universitiesestablished by Vannevar Bush28 in 1945 and to the
von Humboldt model of the university. Howeveritisgenerally accepted that
major political and economic changeshave affected science and
universitiesduring the last decade. Those changesgave rise to a number of

interpretationsand analyses. Gibbonset al?® have argued that there isa shift

d Thischapterdrawson Pouris, A. (2006) “Technology Transfer and Diffusion:
Capacity and Potential in South Africa’sPublic Higher Education Sector’
HESA, Pretoria
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in production of knowledge from Mode 1 (conducted within disciplines,
largely by universitiesand government research institutesand with little
consideration of eventual use) to Mode 2 (conducted on a multidisciplinary
basisby a variety of institutionsand in the context of application). Etizkowitz et
al.3®view changesin termsof the emergence of a “Triple Helix” i.e. closer
interaction between universties, government and industry and their“co-
evolution” in a changing environment. In anotherapproach Guston and
others’* have couched changesin termsof a shift in the “social contract”
between science and the universitieson the one hand and government and
society on the other. Underthe traditional social contract, based on a linear
approach to innovation, universitieshad to focuson basic research and
teaching and governmentshad to support them benefiting from the flow of
benefitsin termsof wealth, health and security coming from the end part of

the innovation chain.

Despite the proliferation of explanationsand theoriesthe “third mission” isnot
new (the land grant universtiesin the USA were set up with a social mission in
1860s) neitherhasbeen applied successfully acrossthe board.32 In the UK
innovation surveysshow that, while almost half of manufacturing firms
consider universitiesto be an important source of innovation only 10%have

developed formal relationshipswith them.

Govermnmentsand universitiesinternationally attempt to introduce the new
mission hopping forthe additional benefitsto the ingtitutionsand the regions.
These initiativesinclude the establishment of technology transfer offices,
science and technology parks, incubatorsand other property based
institutionsthat could potentially generate revenue for the university,
knowledge spill-oversto the local firmsand the creation of new jobsand
industries. In many countries, governmentshave provided support forthese
initiativesthrough legislation to facilitate technological diffusion from
universtiesto firms(e.g. Bayh-Dole Act of 1980); indirect incentivesto engage
in collaborative research (e.g. National Cooperative Research Act of 1984);
direct subsidiesforresearch joint ventures(e.g. USDepartment of
Commerce’sAdvanced Technology Programme) and shared use of

expertise and laboratory facilities (e.g. NSFsEngineering Research Centres).
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However, mechanismsfacilitating industry science interactionsare necessary
but not sufficient conditionsto bring the desrable result. There are featuresin
the specific technologicaldomainswhich should be expected to be
influential.3334 Some obviousfactorswould be government regulations
(promoting orinhibiting collaboration); the R&D strength of the relevant
industry (greater strength leadsto more demand led interactions); the size
structure of firms (larger frmsmay lead to more formalinteraction); science
and educational policies (e.g. the size of funding and the orientation of
funding) which affect the strength of the academic research base and the
guality and volume of ‘output’ of graduatesin particular fields; the existence
of a developed venture capital market; the functioning of variousbridging
ingtitutionsand the prevalent valuesasregardsindustry-academia
collaboration. Consequently, analysisof the academia -industry interactions
needsto include a range of analysesof featuresin the surrounding innovation

system aswell.

Following thisline of thinking the European Commission3® arguesthat
innovation should be fused and become part of allregulatory and
institutional reform in a country. The report arguesthat current innovation
policy —“second generation innovation policy” - emphasizesthe importance
of the systemsand infrastructuresthat support innovation. These, however,
are influenced by many policy areas, in particularresearch, education,
procurement, taxation, IPRand competition policy. But these policy areasare
not developed having in mind innovation issuesand the need to work
togetherisnot alwaysrecognised. The aim of the “third generation innovation
policy” isto maximize the chancesthat regulatory reform will support
innovation objectives, ratherthan impede orundermine them. While we refer
to the third generation policy in the context of technology transfer, the

approach isvalid acrossthe total spectrum of managing the NSe.

e An example where comprehensive support achieved the desirable policy
objective isthe establishment of “Software Technology Parks’ in India. The
companiesin SIP not only receive financial support by the government but
also they don’t have to obey in labourlaw regulationsand in foreign
exchange controls; they receive preferential treatment in energy outages,
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International Experience

A recent study (Dylan Jones-Evans 1998)36 investigated university —ind ustry
interactionsin different regions (namely Ireland, Sveden, Portugal, Northern
Ireland, Wales, Spain and Fnland) in Europe. The study showsthat in all of the
universties studied, the general mission of the Industrial Liaison Office (ILO)
function within the university isbroadly smilar, namely to devise and increase
the linksbetween the universty and external organisations. However, the
study indicatesthat there are a number of different modelsof organising the
industrial liaison function within different regionsof Europe. Within countries
such as Sain, Portugal and Fnland, only the most basic tasksare undertaken
by the ILO function, whilst in countriessuch asWalesand Ireland, where the
ILO function isan integral part of the university ad ministrative system, there
may be higherleveltasksundertaken. However, it isclear that these particular
modelshave not been deliberately chosen aspart of a definitive strategy, by
the institution, to develop linkageswith industrial firms. Rather, the processhas
been largely reactive, reflecting current administrative modelsor, in some

cases, being driven by European funding initiativesto work with industry

One of the main barriersto develop increased collaborative linkswith industry
wasa lack of internalresourcesat both an individual and institutional level.
On an individual level, academic staff doesnot have time to establish and
undertake collaborative projectswith industry in addition to theirteaching
and administrative dutiesfor the university. In addition, the emphasison
traditional outputsforacademic work, such aspublications, hasmeant that
collaborative industrial R&D isnot valued, except asa source of income.
Therefore, there isa distinct lack of motivation to undertake applied research
ortechnology development activitiesrelated to industrial needs. The study
identifiesthat the generallack of academic recognition for
commercialisation and rewardsfor publications, asopposed to patents, had

been a major barrierin many countries.

preferentialaccessin state of the art digital infrastructure; they receive 10
yearstax holidaysetc. The Indian ICTindustry growsby 15%peryear for more
than a decade.
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On an ingtitutional level, it wasconsidered that there wasnot enough
emphasis, especially in termsof internal funding within the university, to
sufficiently develop linkageswith industry. It became apparent that there was
a lack of a properinfrastructure fordeveloping academic-ind ustry
collaborative activities, especially in the marketing of research expertise. It
wasfelt that universitieswere not proactive enough, with not enough
promotional activitiesto ensure businessesGawarenessof the expertise

available.

Anotherfinding wasthe gap of knowledge, by researchersand industrialists,
about each other®organisational cultures. These cultural differencesare
mainly down to a lack of communication by both researchersand
industrialistsabout the advantages(and disadvantages) of collaborative
activities. It wastherefore evident that there wasa need to set up guidelines
aspart of a policy forindustry working with a university, with a particular need
to increase awareness, and to market the university in a more professional
light. The reasonswhy thispotential hasnot been fully realised include a lack
of information about these activities, coupled with the fact that such
arrangementshave neverbeen previoudy consdered by university
authorities. Thiswasidentified asone area where policy makerscan influence
furtherdevelopmentsby providing more information on the potential benefits

of such relationships.

An interesting finding wasthat increasing pressuresto institutionalise
entrepreneurship (especially informal activitiessuch asconsultancy) within the
university environment may actually result in a decrease in these activities. This
wasthe case in Ireland, where universitieshave tended to exert little control
over university-industry linksand, asa result, entrepreneurial activitieshave
developed naturally asa result of the needsof both the individualacademic
and the industrial firms. Therefore, whilst academic entrepreneurship in
Sveden hasbeen encouraged asa result of ‘top-down’ strategiesthrough
institutional reformsand initiatives, the Irish approach hasbeen one of ‘laisse z-
faire’. Asa result, academicshave been allowed to develop theirown
initiativesrelative to theirown interestswhich were affected adversely when

universtiestried to formalise relations.
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BOX 10: USpolicies—MIT

Consultancy ismuch more of a core activity at MITthan it isin UK universities. The
opportunity to perform consulting work isbuilt into itsfaculty employment contract,
which only coversnine monthsof the year. The rest of the time can be filled by
consultancy work. MITprovidesstrong financial incentivesto academicsto bring in
industrial research income. It also removesteaching responsbilitiesforthose who
bring in more than $2m, and administrative responsbilitiesfor more than $4m. MIT
recognisesthe need forclearpoliciesto avoid conflicts of interest within this
framework.

The study demonstrated that academic entrepreneurship isnot merely relates
to the development of @ampuscompaniestr &in-off frms©The study
suggeststhat the most effective formsof technology transfer are consulting
and contract research and hence it suggeststhat the whole issue of the
development of @ampuscompanies@at least in relation of effective
technology transfer, needsto be considered in more detail. Thisechoesthe
findingsof the OECD reports®’3® which find that revenuesfrom patentsand
licensesare almost alwaysminimal. In the USA grossrevenuesfrom licenses
represent lessthan 3% of R&D funding of the USA universitiesand lessthan 2%
of R&D expendituresin public laboratories. Furthermore net revenuesare
much smallerand often negative. Forexample in 1997-98 the CSRO in
Australia spent AUD 4.7 milionsforlegal and patent portfolio management

costscompared to the AUD 5.26 million income from patents.

The study suggested that increasing the efficiency of collaboration between
universitiesand existing high technology firmsisa priority and it made a
numberof recommendationsfor funding related to facilitating the interface

activities.

An investigation in the UK (HMSO 2003, Lambert Report)3 aimed at identifying
trendsin the relationship between universitiesand Industry and assist in the

development of relevant policy.

The investigation identified that two broad trendsare reshaping the way that
companiesare undertaking research around the world. The first isthat they
are moving away from a system in which most of theirresearch and

development (R&D) wasdone in theirown laboratories, preferably in secret,
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to one in which they are actively seeking to collaborate with othersin a new

form of open innovation.

The second trend isthat businessR&D isgoing global. Multinationalsare
locating theirresearch centresin theirmost important markets, especially if
those marketshappen to contain centresof outstanding research. Theirhome

country isno longer the automatic first choice fortheir R&D investment.

The report arguesthat “These trendshave big implicationsfor universities,
which are potentially very attractive partnersforbusness. Good academic
researchersoperate in international networks: they know what cutting-edge
workisgoing on in their field around the world. Unlike corporate or
government owned research facilities, university laboratoriesare constantly

being refreshed by the arrival of clever new brains.”

The majorfinding of the investigation isthat the major challenge in the UK lies
on the demand side. “Compared with other countries, British businessis not
research intensive, and itsrecord of investment in R&D in recent yearshas
been unimpressive. UKbusinessresearch isconcentrated in a narrow range of
industrial sectors, and in a smallnumber of large companies. Hence
technology transfer from universtiesishampered by lack of demand for their

know-how.”

The Review recommendsthat the Government should continue to investin a
permanent and substantial third stream of funding (three year funding based
on businessplans), while smultaneously monitoring and evaluating the
outputsfrom itsinvestment. Such funding should enable universtiesto build up

theircapacity to:

Engage in networking and other outreach eventswith businesses,
including SMEs.

Market theirresearch and teaching to busness.

Establish businessliaison and technology transfer officesto provide
advice and to negotiate consultancy, contract and collaborative

research and license agreements.
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Establish spinout companies.

Provide entrepreneurship training for science and engineering

graduates.

Provide work placementsfor studentsin industry.

The Review identifiesthat management, governance and leadership within
the university syssem needsto function properly if technology transfer isto
function successfully. The review emphasizeseffortsto strengthen executive
management. It identifiesthat many universitieshave developed strong
executive structuresto replace management by committee, and have raised
the quality of theirdecision-making and of theirgovernance. Srategic
planning and the processof resource allocation have been improved. The
Review suggeststhat the sector hasreached a point where a voluntary code
of governance should be developed, to represent best practice acrossthe
sector. It recognisesthat it willnot be appropriate for all universtiesto comply
with such a code:in such cases, they can explain in theirannual report why

their particular arrangementsare more effective.
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BOX 11: USinvestmentin university research

Twenty yearsago, total research spending in the both the UKand the USrepresented
around 2.4 percent of each country’sGDP. But in the following two decades, their
pathshave diverged sharply. By 2001, USspending wasup to 2.8 percent of GDP, while
the UK share had declined to 1.9 percent.

University-based research playsa critical role in the USsystem of technological
innovation, and funding hasgrown at a rapid pace in realterms. Much the biggest
share —roughly three-fifths—comesfrom the federal Government, which put a total of
$19.2bn into university research in 2001. The largest increase in federal funding since
1970 hascome from the National Institutes of Health, and more recently the
Department of Defense hasalso been increasing itscontribution. Industry fundsaround
7 percent of totalresearch spending in USuniversties, and hasbeen the fastest
growing source of funding foracademic R&D overthe last 35 years. Over a fifth of total
university spending on R&D last year wasclassfied by the National Science Foundation
asapplied research —an enormousinvestment in applied knowledge.

One of the great strengthsof the USuniversity system liesin the scale of itsendowment
funds—endowment income and unrestricted giftshave been anotherrapidly growing
source of research funding in recent years. Research by the Sutton Trust emphasizesthe
growth of overallendowment funds.11 Twenty yearsago, Harvard wasthe only
university with an endowment of more than $1bn, whereasnow there are 39 ingtitutions.
Oxford and Cambridge would each come in at around 15 on the USlist, but no other
UK university would make it into the top 150.

Cutbacksin state funding and the setback in the stock market mean that many US
universitiesare lessprosperousthan they were. However, their financial resources till
look daunting when seen through UK eyes. The University of Southern California, for
example, hasset up a warchest to recruit 100 staracademicsin the next three years. It
hasput asde $100m for the purpose.

OECD# hasalso investigated the issue. The report analysesthe changing role
of industry-science relationship in national innovation systems, identifiesforms
of technology transfer (Fgure 4) and identifiesbenchmarking indicatorsfor
monitoring and assessment. The report emphasizesthat the most important
mechanismsoftechnology transfer are flow of graduatesto industry and
informal contactsand that licensing, spin-offsand joint labsare the tip of the
iceberg. The indicatorsidentified include: size and orientation of public
research; absorptive capacity of the businesssector; size and functionsof
intermediaries, government incentivesand programmes; regulatory
framework; financial flowsbetween public and private research
organisations; labour mobility and other knowledge flows. The report identifies

that in a globalised world foreign firmsusually make more use of public
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research institutionsthan local onesand it suggeststhat governmentsshould

consder how to exploit thisphenomenon.

FHgure 4: Mechanisms for University-Industry Technology transfer

BOX 12: Dynamic decision-making

The University of Srathclyde wasone of the first universitiesto shake up the way it
made decisions. In its 1986 assessment of effective decision-making following the
Jarratt Report, it concluded that the traditional approach “presented formidable
obstaclesto change” and that “*hard times demand ‘hard choices which would
require a more focused administration”. Overthe next decade, the university
consolidated schoolsand departmentsinto four major faculties, devolved budgetary
authority and responsbility to deans, reduced the number of committees, and
created a Universty Management Group (UMG) of academicsand administrators.

Srathclyde’sUMG demonstratesa number of important best practiceswith regard to
management teams. Frst, they meet either weekly or bi-monthly to ensure important
decisonsthat need consultation are not delayed unnecessarily. Second, they are
made up of seniormanagersfrom both the academic and administrative sdesof the
universty. Third, they practice cabinet-style, collective decision-making. Individuals
actin the interest of the institution and not that of the group they represent. In
Srathclyde, the five deansof the university all st on the UMG, and, unusually, two lay
membersof the governing body (the chairand the treasurer) and the head of the
student union are invited to attend. The collective and transparent nature of
executive management at Srathclyde hascreated a broad level of trust in the senior
team.

Furthermore the report describesa number of effortsinternationally to exploit
the production of patentable inventionsin universities. An approach used in a
numberof countriesisthe subsidization of patent filing and maintenance
costs. Forexample, the National Science Councilin Taiwan reimburses

universities 70% of the total patenting expenditure. Furthermore NSC supports
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financially the establishment of IP offices, technology transfer officesand

technology licensing offices.

The distribution of royaltiesisalso used asa policy tool (incentives). In a
numberof countriesgreater share isgranted to individuals. In the University of
California inventorsenjoyed 40% of net royalty revenues (1997). At Warwick
University in the UK, academicscan receive up to 75%up to a certain
threshold, after which the share dropsto 50%for the researcherand 50%for
the institution. In France inventorsreceive 50% of the royalties. In Korea 60% s
allocated to researcher. In Japan, the Japan Science and Technology
Corporation to which university inventionsare transferred, bearsthe costsof
patent applicationsand renewal. If the commercialisation is successful, JST

returns 80% of royaltiesto researchers.
The report makesthe following policy recommendations.

“Giving greater priority to basic and long-term mission-oriented
research in government S&Tprogrammes’. Basic and long-term
research- whether motivated by scientific curiosity or by the challenges
facing industry and society- produce new scientific and technical
knowledge thatisincreasingly important in driving innovation.
Changesin business R&D strategiesare generally accentuating
longstanding disincentivesfor private industry to invest in fundamental

research, thusheightening the need forgovernment support.

Ensuring appropriate frameworksforintellectual property rights.
Governmentsmust establish clear rulesand guidelineswith regard to
the intellectual property resulting form publicly funded research, while

granting sufficient autonomy to research institutions. A good practice is

Thisrecommendation isalso supported by empirical studieswhich show that a
minimum threshold of basic research is required before technological
innovation takes off at national level. (Américo Tristdo Bernardes and
Eduardo da Motta e Albuquerque (2003) “Crossover, thresholds, and
interactions between science and technology: lessons for lessdeveloped
countries’ Research Policy 32, 865-885).According to the findingsof Bernardes
et al (2003) South Africa should double its outputs from basic research before
the country’sinnovation system will take off.
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to grant intellectual property rightsto the performing research
organisation while ensuring that individual researchersorresearch
teamscan share in the rewards. An interim conclusion isthat a good
practice might be to grant IPRownership to the performing research
organisation but to ensure that researchersenjoy a fair share of the
resulting royalties. Globalisation of research accentuatesthe need for
additional effortsto harmoniesIPRregimesand practicesat
international level. Currently, fartoo much time iswasted in attempting
to work out the detailsand differencesin the patenting and licensing

policiesof different countries.

Matching supply and demand of scientific knowledge. Regulatory
reformsrelated to IPR'sand the licensing of publicly funded research
should be complemented by measures(such asthe establishment of
technology licensing offices, public/private partnershipsin funding
R&D, stimulifor co-operation with business, and support for spin-off
formation) that simulate businessdemand for scientific inputsand
improve the ability of public research organisationsto transfer

knowledge and technology to the private sector.

Improving the governance of universitiesand public laboratories.
Public laboratoriescan be made more responsive to emerging needs
by establishing new mechanismsfor priority- setting and funding that
reflect industry input and tie funding to performance, aswellasby
strengthening their linkswith the training and education system.
Additional effortsto break down disciplinary boundarieswillenable
them to betterengage in emerging scientific and technical areas. In
many countries, universtieswould benefit from greaterautonomy in
decision making coupled with more programmatic R&D funding.
Institutional support remainsimportant but more competitive funding
instrumentsare needed to improve the quality of research resultswhile
ensuring that fieldsof science of high economic importance receive

attention.

Safe-guarding public knowledge. Setting clearruleson IPRsiskey but
not sufficient to achieve a balance between commercial aimsand
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the research and teaching mission of the public research institutions.
Governmentsmust ensure sufficient public accessto knowledge form
publicly funded research. It must also acknowledge the risksto the
research and innovation system that may result if the IP protection
granted istoo strong and non-exclusive licensing too rare. Fnally,
ethical guidelinesforand by public research institutionsare necessary
to prevent orresolve conflictsof interest among the institutionsand

researchersinvolved in collaboration with industry.

Promoting the participation of smaller firms. Young technology-based
firmsplay a key role in linking science to markets. Governmentsrig htly
attach priority to encouraging spin-offsfrom public research to
stimulate innovation. Spin-offsfilla gap between research resultsand
innovative productsand services. They are also a meansfor universities
to broadly license technology. However, there isalso a case for public
support and incentivesto existing SMMEsand especially those in mature
industriesin order to help them link up with the science base and

enhance innovation capacity.

Attracting, retaining and mobilizng human resources. Srong demand
for highly skilled personnelincreasingly extendsacrossborders, raising
concermnsabout a “brain drain” in some countriesin which the lossof
one ortwo key individualscan undermine research capabilities. For
companiesand research ingtitutions, keeping talent requires
investmentsin in-house training, career growth potential aswell as
excellent research working conditions. To attract studentsat university,
graduate programmesmust betterintegrate interdisciplinary and
contactswith industry in training and research. Forgovernments
removing barriersand disincentivesto mobility and flexibility in research
employment isalso essential. Worker mobility isa critical element of
industry-science relationsand can be enhanced by regulatory reforms

that allow public researchersto work more closely with private industry.

Improving the evaluation of research. Evaluation of publicly funded
research must evolve in response to the considerable expansion of the

commercialisation activitiesof universtiesand public research
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institutes, and evaluation criteria must take into account that
excellence in research and training of graduateshasbecome, at least
in some disciplines, more tied to applicationsin industry. Evaluation
criteria need to recognise the quality of the research, itspotential
socialand economic impact, and the value of university research in
educating students. In thisarea, national initiatives should be
complemented by further effortsat international level to develop
benchmarking indicatorsand methodologies, and promote the use of

foreign expertise in national evaluation.”

While university-based alliancesattract particular attention in the field,
governmentsare also keen on promoting international partnerships.
Traditionally, there have been three main objectivesof publicly supported
international partnerships: i)tackling global-scale issuessuch asclimatic
change, oceanography, renewable energy and space exploration (i.e.
mega-science projects); i) promoting socio-economic/regional co-operation
in R&D through bilateral agreements; and iii) technology transferand co-
operation, mainly between advanced and developing countriesand aspart

of commercial/trade agreements.

The Intelligent Manufacturing Systems Initiative (IMS)" aimsto set the
appropriate manufacturing quality ssandardsand intellectual property rights
forinternational co-operative R&D. Thisproject illustratesthe important role of
government collaboration in what initially began asa private/private
partnership. A key feature of the IMSinitiative isitsuse of an extensive
feasbility study and the development of termsof reference forintellectual
property rights. Obtaining support from national governmentsand tapping
into nationalumbrella organisationsmade the screening and selection of

projectsmore effective.

9 Termsof Reference forIMSwere adopted in September 1991 and a
secretariat wasestablished by the sx Participants: Australia, Canada, the
European Community (EC), the five participating EFTA countries (Austria,
Fnland, Norway, Svitzerland and Sveden), Japan, and the USA.
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At the EU level, variousmechanismsexist to promote international
partnershipsin R&D and technology development. The EUREKA initiative aims
to raise the competitivenessof European industry by funding projectswhich
increase co-operation between firmsand universities/research institutesin
areasof advanced technology. Smilarly the INNOVATION programme brings
universtiesand small frmstogetheraround specific projects. The EU®
Famework Programmesforinternational partnershipsare now moving away
from sectoral based research to projectsthat require a high degree of inter-
disciplinarity and involve several Member Sates. Recently, another aim of
cross-border partnershipsisthe promotion of networking among and
between actorsof national innovation systems(e.g. between international

consortia of firmsand universities, businessto-businessrelations).

A recent OECD* report argued that the increasing pace, scale and
complexity of enterprise alliancesat the globallevel raise a number of issues
for policy makers. Efficiency gainsderive from synergy effectsamong firms
which are able to continue to operate at arm’slength. OECD pointsto the
positive effectsof strategic alliancesin termsof firm performance and profits
aswellassocial (economy-wide and consumer) benefits. Forexample,
learning effectsof alliancescan raise social welfare by equalizing worldwide
knowledge. On the otherhand, there isthe possbility of anti-competitive
effectsin caseswhere alliancesbring togetherthe leading competitorsin a
market. Frm-level benefitsmay also vary among allied firmssince larger
partnersmay derive more of the profitsthan smaller partners. Moreover, a
range of barriers, such asinformation and resource gaps, may prevent smaller
firmsfrom participating in international alliancesto the same extent aslarger

enterprises.

Thusit needsto be examined whetherthe benefitsof alliancesare higher
than their costsfrom the social aswell asthe private perspective, and what
policiesare needed to help realize the possible gainsand to minimize the

social costs.
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Technology Transfer in South Africa

Snce 2004 a new public highereducation landscape hasbeen established in
South Africa. It consistsof 22 public institutions: 11 universities, five ‘universities

of technology’ and six ‘comprehensive institutions'. In addition, two National

Institutesfor Higher Education are in the processof being established in

Mpumalanga and the Northern Cape.

The new landscape incorporatesa new institutional nomenclature, notably
the terms‘university of technology’ and ‘comprehensive institution’.
Universitiesof technology are institutionsformerly known astechnikons, and so
re-designated in October 2003. Comprehensive institutionscombine both
university-type and technikon-type programmes, and in some instancesresult

from a university-technikon merger.

Universitiesoperate within the country’snational system of innovation which is
relatively of low R&D intensity. In South Africa*? grossexpenditure on R&D as
percentage of GDPisaround 0.8% while the relevant average OECD* figure
is2.33%and in a number of countriesthe relevant figuresexceed 3% (e.g.
Swveden 4.27%, Fnland 3.4%, Iceland 3.04%etc). During 2003 the higher
education sector" performed 20.5% of the total research in the country and
industry 55.5% of the total. Despite the high share of businessenterprises R&D
(BERD) in the country’sR&D expenditures, BERD aspercentage of GDPin
South Africa (0.44 %) issubstantially lower for that of the OECD countries (1.62
%), indicating a low propensity of the businesssectorto undertake research

and development activities.

Twenty three percent of the highereducation R&D expenditure issupported
with fundsfrom the businesssector*. Thisisan exceedingly high dependence
on business. Table 4 show that the average percentage of HERD financed by
industry in the OECD countriesis 6.3%. The highest dependence isthat of
Korea where HERD financed by industry is 14.3 %.

h The 1997/98 figures (DST, 2005) showed that the highereducation sectorwas
performing 12%of the country’sR&D. Different approachesin the collection of
data may be responsible forthat discrepancy.
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Countries Most recent data Countries Most recent data
Australia 4.9 Mexico 7.8
Austria 1.7 Netherlands 6.5
Belgium 10.9 New Zealand 5.8
Canada 9.6 Norway 5.1
Czech Republic 0.7 Poland 6.3
Denmark 1.9 Portugal 0.8
Finland 6.7 Sovak Republic 0.3
Fance 2.7 Fain 8.7
Germany 11.3 Sveden 5.5
Greece 5.0 Switzerland 5.1
Hungary 4.4 Turkey 194
Iceland 10.9 United Kingdom 6.2
Ireland 5.3 United Sates 5.7
ltaly 4.0 South Africa 23.1
Japan 2.3 European Union 6.5
Korea 14.3 Total OECD 6.3

Looking inside the highereducation sectorwe can identify constraints

impending technology transfer aswellasresearch and development

activities. Tables5 and 6 show the way academicsdistribute their times*.

Table 5: Time distribution of academicsin “research intensive” universities

Activities

% time spent by Prof &

% time spent by other

Ass Profs (127) academics (157)
Undergraduate time 18.92 35.68
Postgraduate courses 11.49 10.43
Supervison postgraduates 14.76 7.34
Self education 6.28 7.89
Fecial studies 1.29 0.74
Patent 0.16 0.10
Data collection 2.24 3.48
Testing 1.21 1.55
Health 2.61 2.69
R&D 11.65 9.87
Innovation 1.35 111
Continued education 4.06 3.54
Art work 0.69 0.12
Administration 22.28 15.26
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Table 6: Time distribution of academicsin “non research intensive” universities

Activities % time spent by Prof & % time spent by other
Ass Prof (24) academics (35)
Undergraduate time 15.92 37.20
Postgraduate course 10.67 10.69
Supervison postgraduates 17.21 5.74
Self education 7.04 4.94
Fecial studies 1.54 0.97
Patent 0.00 0.09
Data collection 3.17 2.97
Testing 2.00 3.14
Health 0.83 291
R&D 14.54 5.80
Innovation 1.46 2.74
Continued education 3.25 3.69
Art work 0.04 0.14
Administration 23.17 18.94

The tablesshow that the most time consuming activitiesare administration
and activitiesrelated to undergraduate teaching. R&D activitiesconsume
between 12%and 15%of the time of professorsand associate professorsand
between 6% and 10%for senior lecturersand lecturers. Patent related
activitiesand innovation related activitieswere identified to occupy lessthan
3%of the time of academics. These figuresare substantially lower than for
similar activitiesabroad. Furthermore academicsdeclared that they wish to
reduce the time they spend on administration and undergraduate teaching

and spend more time on research and innovation activities.

The report suggested that “the limited time South African academicsspend
on R&D and otherinnovation activitiescoupled with their desire to spend
more time in those activitieshaspolicy implications. Forexample, university
administrationscan streamline their operationsand provide administrative
staff at faculty and departmental level so that can free theiracademicsfrom
administrative duties (currently occupying more than 20% of theirtime) to

spend more time on research and innovation activities’.
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The South African government recognisesthe importance of technology

transfer and the collaboration of the various stakeholderswithin the national
system of innovation and hasestablished a number of relevant programmes.
Probably the most important are the “Technology SationsProgramme” and

the Technology and Human Resourcesfor Industry Programme (THRIP).

Technology Station Programme (TSP) wasdeveloped by Department of
Science and Technology in orderto strengthen and accelerate interaction
between Universitiesof Technologiesand SMME s. The Universitiesof
Technology act ashoststo the Technology Sationsby providing a sound
institutional, organizational and legal framework. The Tshumisano Trust isthe
implementation agency forthe TSP. The Trust providestechnical and financial
support to Technology. The Technology Sationsin turn offertechnical support
to existing SMMEsin termsof technology solutions, servicesand training. The
German Technical Cooperation Agency (GT2) isone of the Trust’s
Sakeholdersand it contributestowardsskill development for the Technology
Sation staff members. To thisend GTZfundsexchangesand visitsby experts
from Germany and visitsto Germany by Technology Sation Saff. The DST

commitmentsare R18 milion peryear.
The Technology Sationsthat fallunder the control of the Trust are:

Tshwane University of Technology: Hectronics and Hectrical Engineering,
Complemented by IT

Central University of Technology, Fee Sate: Metals Value Adding and
Product Development.

Tshwane University of Technology: Chemistry and Chemical Engineering.
Mangosuthu Technikon: Chemistry and Chemical Engineering

Vaal University of Technology: Materials and Processing Technologies.
Nelson Mandela Metropolitan University: Automotive Components.
Cape Peninsula University of Technology: Clothing and Textile.

University of Johannesburg: Metal Casting Technology.

Durban Institute of Technology: Reinforced and Moulded Plastics

Cape Peninsula University of Technology: Agri-food Processing

Technologies
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The Technology and Human Resources for Industry Programme isa
collaborative effort between government and industry. Industry and DT share
the costs—and therefore the risk —of developing commercialtechnology on
a R2to Rl basis (industry: DT). The DT'ssupport may be doubled if a project
supportscertain THRIP priorities. The programme ismanaged by the National
Research Foundation.

The THRIP objectivesare:

To increase the numberand quality of people with appropriate skillsin

the development and management of technology forindustry.

To promote increased interaction among researchersand technology
managersin industry, highereducation and SETis, with the aim of
developing skillsforthe commercial exploitation of science and
technology. Thisshould involve, in particular, promoting the mobility of

trained people among these sectors.

To stimulate industry and government to increase theirinvestment in
research and technology development, technology diffusion and the

promotion of innovation.

Funding takesplace in the following ways:

i The DT'sfinancial support fora project may be doubled, if it supportsany of
the following THRIP priorities:

To support anincrease in the numberof black and female studentswho
intend to pursue technological and engineering careers,

To promote technological know-how within the Small, Medium and Micro
Enterprise (SMME) sector, through the deployment of skillsvested in HEIs
and SETs;

To facilitate and support multi-firm projectsin which firms(including at
least one BEE) collaborate and share in the project outcomes,

To facilitate and support the enhancement of the competitiveness of
black owned enterprisesthrough technology and human resource
development.
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Frmsand THRIP invest jointly in research projectswhere project leaders
are on the academic staff of South African Higher Education

Institutions.

THRIP matchesinvestment by industry in projectswhere
researchergexpertsfrom Science, Engineering and Technology
Institutions (SETI) serve asproject leadersand studentsare trained

through the projects.

Technology Innovation Promotion through the Transfer of People
(MPTOP) schemespromotesthe mobility of researchersand students
between the industrial participants, HEls, and SETlsinvolved in joint

projects. Four TIPTOP schemesare available. These are:

o The exchange of researchersand technology managers
between HEls, SETlsand industry.

o The placement of SETgraduatesin firms, while they are working
towardsa higherdegree on a joint research project.

0 The placement of SETgraduatesin small, medium and micro
enterprises (SMMEs).

0 The placement of SETskiled company employeeswithin HEIlsor

SETls.

The programme isin accordance with international best practise. Smilar
programmesare run in the majority of the OECD countrieswith the best
known being the LINK Collaborative Research Scheme“6in the UKand the

Advanced Technology Programme in the USA.

The above mentioned incentivesshould be set in the context of implicit

incentivesin the funding formula“’ of the highereducation sector.
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Distribution of Increase on budget provision
budget for 2004/05 Provisional distribution of MTEF budgets for previous financial year
(R'million) 2005/06 (R'million) 2006/07 (R'million) | 2004/05 | 2005/06 | 2006/07
R' million % R' million % R' million % % % %

1. Block grants 8568 87 9143 87 9716 87, 8.30 6.70 6.30)
1.1 Teaching inputs 5496 56 5866 56 6233 56 8.00 6.70 6.30
1.2 Institutional factors 573 6] 611 6 649 6 11.40 6.70 6.30
1.3 Teaching outputs 1374 14 1466 14 1558 14 7.90 6.70 6.30
1.4 Research outputs 1125 11 1200 11 1276 11 8.50 6.70 6.30

2. Earmarked grants 809 8 860 8 1779 8 -20.00 6.30 9.10
2.1 NSFAS 578 6) 638 6 938 6 6.10 10.40 13.80
2.2 Interest & redemption on loans 146 1 131 1 726 1) -8.70 -10.30 -12.20
2.3 Foundation programmes 85 1 91 1 115 1 30.70 6.80 6.30

3. Institutional restructuring 502 5 550 5 97 5 119.20 9.60 3.30

TOTAL 9879 100 10553 100 11592 100 10.70 6.80 6.30

The universitiesin South Africa are funded according to a formula which
distributesresourcesaccording to a number of determinants (numbersof
studentsenrolled, numberof ssudentsgraduating, number of publications

etc).

The table indicatesthat approximately R10 billion were received by the higher
education institutionsduring 2004/05. Teaching inputsand outputsare
supported with grantsvalued at R6.87 billion and research outputswith grants

valued at R1.2 billion peryear.

Legidlation and regulations, in overlapping the technology transfer arena, also
determine the successof effortsto transfertechnology from public research

institutionsto industry and government organisations®.

The fiscal environment isan important component of the national system of
innovation influencing the research intensity of the economy and
consequently technology demand and transfer. The tax environment not only
affectsthe propensity of local firmsto undertake research and development
butitisalso a powerful instrument in attracting research fundsfrom abroad.
Israel and Canada have developed a R&D industry by attracting

international funding through tax incentives.
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! " $ Y& O***&  +
Large Small Large Small
Country company | company [Country company| company
Australia 0.890 0.890]Japan 0.981 0.937
Austria 0.878 0.878]Korea 0.918 0.837
Belgium 1.012 1.008|Mexico 0.969 0.969
Canada 0.827 0.678|Netherlands 0.904 0.613
Denmark 0.871 0.871|New Zealand 1.131 1.131
Finland 1.009 1.009]Norway 1.018 1.018
France 0.915 0.915]Portugal 0.850 0.850
Germany 1.041 1.041]South Africa 1.031 1.031
Greece 1.015 1.015]Spain 0.687 0.687
Iceland 1.028 1.028|Sweden 1.015 1.015
Ireland 0.937 0.937]Switzerland 1.011 1.011
Italy 1.027 0.552]United Kingdom 1.000 1.000
United States 0.934 0.934

Table 8 comparesthe tax environmentsin South Africa and a number of other

countries. The yardstick isthe B-index. The B-index isthe ratio of the present

value of project related before taxincome to the present value of project

related costsat which an R&D project becomesprofitable for the firm that

undertakesit- that isthe critical benefit-cost ratio. Under ceterisparibus

conditions, the lowerthe value of Bthe greaterwillbe the amount of R&D

undertaken in that country. South Africa hasone of the highest B-indicesin

the world. The consequence of the high index isthat businessesdo not have

an incentive to support innovative activitiesin the country and even when

they recognise itsimportance they willundertake their R&D in countrieswith

more competitive fiscal environments. The situation affectsparticularly

adversely smalland medium enterpriseswhich usually do not have the

expertise and capacity to acquire know-how from abroadi.

The tax credit of 150%forresearch and development announced by Minister

Manuel (15 February 2006) followsclose consultationswith the private sector.
The package hasbeen developed jointly by National Treasury and the
Department of Science and Technology. It formspart of Government’s
economic programme of action which wasannounced last year.
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Procurementisa demand side determinant of innovation.50 By being a more
intelligent customerand by being more open to new approachesfrom the
outset, government can stimulate the market forinnovative productsand
encourage the growth of innovative and dynamic businesses. It can also
provide a meansof demonstrating new products, processesand services,
and help to justify investment in new skills, equipment and R&D.51 A number
of governmentshave adopted the approach and innovation isone of the
objectivesof theirprocurement. Forexample, in the UKthe DT's Fve Year
Programme, published in November 2004, took forward thisagenda. In
particularit committed the Office of Government Commerce (OGC) and DT

to:

Work togetheron a joint project to establish an ideasportal, ‘a mechanism
for firms, inventorsand researchersto submit unsolicited, innovative proposals

to the public sector.

Working togetherto support the promotion of innovation in public sector
procurement, including identifying significant and high profile projectswhere

government isseeking innovative solutions.

Smilarly the New Zealand Government isreviewing their procurement

regulationswith the objective of promoting innovation.

In South Africa procurement policy not only isnot utilised for the benefit of
local scientific and technological growth but in contrast isisolating
government from the beneficial effectsof itsinteraction with the higher

education sector (and vice-versa).

"Preferential Procurement Policy Famework Act No 5, 2000" presentsan
obstacle in the effortsof universtiesto offertheir servicesto Government and

otherorgansofthe Sate and of Government to promote innovation through

The new tax incentive meansthat, with a corporate tax rate of 36%,
Government willforego 18 centsof taxrevenue foreach rand spent on R&D.
Given that the private sectorexpenditure on R&D currently amountsto about
0,45% of GDP, thistax credit representsa windfall of well over R1 billion
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procurement . More specifically paragraph 13 (5) (a) of the Act states
"Preference pointsmay not be awarded to public companiesand tertiary
institutions'. Asa consequence universitiestendering forgovernment tenders
are in a disadvantage to othercompeting institutions. In effect thisregulation
advocatesthat government departmentsand state organsunder ceteris
paribusconditionsshould preferto award tendersand accept advice by

private sector consultantsratherthan from academics.

The regulation, furthermore, presentsan obstacle to academic institutionsto
coordinate their effortsin their interactionswith their potential clients.
Individualacademicscan argue that by bidding on theirown they have
betterchancesto be awarded government contracts (if forexample bid
through a company owned by a women orby previously disadvantaged

individuals) than bidding under the banner of their university.

Discussion and Recommendations

Technology transferisa multifaceted activity taking place through a number
of approachesranging from training studentsand consulting industry to
establishing spin off companiesand patenting inventions. Successesof
particular institutionshave captured the imagination of policy makersand
universty administratorsand the “third mission of universities’ hasbeen

popularized internationally.

Often technology transferisconsidered asan additional way to increase
university resources. However, the international experience demonstratesthat
technology transferisnot usually a large revenue generator. A number of US
universties started with that aim, but found it impossible to make significant
amountsof money and so changed theirobjectives. MIT, Sanford and Yale
allnow state that their main reason forengaging in technology transferisto
improve the public good —that is, to create the greatest possible economic
and social benefitsfrom theirresearch, whetherthey accrue to the university

ornot.

The characterization of technology transferaspublic good haspolicy

implications. While individual institutionsmay or may not be interested to

maximize public good, policy authoritieshave the responsbility and duty to
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do so. Governmentshave recognised the importance of technology transfer
and have established a number of incentivesand institutionsto maximize
benefits. Globalisation of research and outsourcing of industrial research

further emphasize the importance of the issue for national and regional

prosperity.

In the interface of Universities-Businessesgovernmentsestablish facilitating
institutions. Forexample, the National Research Development Corporation
(NRDC) wasset up in 1948 by the British Government to commercialize British
publicly funded research. In 1981, it wassucceeded by the British Technology
Group which wasset up asa publicly owned company with the same goal.
Asof 1992, BTG isa private company with international presence aiming at
commercializing noveltechnologies. In Belgium, the Interuniversity Institute for
Biotechnology (VIB) servesnine universtiesand managestheir IPand
technology transfer in Biotechnology. In Denmark, the government fundsthe
establishment of joint technology transfer networkson a regional and sectoral
levelin orderto create economiesof scale and optimise the utilisation of
resources. Smilarly in Germany the Faunhofer Patentstelle (Faunhofer Patent
Centre) servesnot only the Faunhoferresearch institutes, but also universities
and individual inventors. Servicesinclude the evaluation of inventionsand
IPRs, the filing of intellectual property applications, technological consulting,

negotiation and issuance of licensesand collecting of royalties.

However, we have argued that while the existence of interface institutionsisa
necessary condition it isnot sufficient to create the desirable effect.
Universitiesshould have the necessary capacity and orientation (desred by
clients), businessesshould recognise the importance of innovation for their
successand the impact of environmental constraints (i.e. regulationsand
legislation of relevant policy arenassuch asprocurement, competition,
education etc) should be minimal. We have outlined how the European
Commission arguesthat the aim of the “third generation innovation policy” is
to maximize the chancesthat regulatory reform will support innovation

objectives, ratherthan impede orundermine them.

In the above context the successofthe comprehensive ICTrelated incentives

in India, the support for SMMEsin Brazil and the identification that technology
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transfer from universitiesin the UK suffersfrom low industrial demand are
indicative of best practicesand approaches. Probably the most important
conclusion isthat nurturing technology transferrequiresa comprehensive

approach incorporating issuesof demand, supply and interface.

Ouroverview of the South African scene identifiesa number of issues of

importance for successful technology transfer. The main pointsare asfollows:

The South African industry isof low R&D intensity in comparison with
international standards. Furthermore the tax environment in the country
isnot research friendly. Asa consequence one may expect that
universitiesface limited demand forrelevant expertise from local and
international sources. Despite that relative small R&D intensity of
businessin the country the majority of headsof technology stations
and directorsdeansof research agree that industry in theirregion is
interested in R&D and technical know how and they believe that

there isa critical massof demandsfortechnologiesand technical
competenciesby industry in the country. Furthermore both groups
agree thattechnology transfer activitiesare financially rewarding for
their institutions. These perceptionsare probably shaped by the relative
to demand capacity of the universtiesto satisfy industrial demand and
not by the absolute orcomparative to other countriesfigures. If thisline
of argumentiscorrect universtiesmay face capacity constraintsas

industrial demand for their servicesisincreasing.

The country’shighereducation sector R&D isover-dependent on
businessenterprisesfunding (4-fold of the average OECD country). This
dependence re-directsacademic R&D away from basic and long
term mission oriented research towardsshort term industry relevant
consultancy and research. Innovation, however, isdependent on long
term mission oriented and fundamental R&D. Universitieswithout long
term mission orientated and/or basic research willeventually be

unable to satisfy the demandsof their clients.

There isasymmetry in incentivesforacademic outputs (publications)

and technology transfer outputs. Academicsreceive a certain and
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Based

defined in advance reward (financial and in termsof promotion) for
publications. Rewardsfortechnology transfer activities (e.g. patents)
require time and effort in advance and the rewardsare uncertain and
not defined. Rationalacademicswill preferto spend theirtime on
rewarding activities. While government incentivesmay play in
important role in directing university activities, university authorities
have also a numberof instrumentsavailable (e.g. determinantsof staff
promotion) that can be utilised forthe promotion of technology

transfer in their institutions.

South Africa still operatesitsnational system of innovation on the basis
of a second generation innovation policy paradigm. The paradigm
emphasizesthe importance of syssemsand infrastructuresthat support
innovation. The third generation innovation policy paradigm makes
innovation a government wide policy and aimsto maximize the
chancesthat regulatory reform in otherdomains(e.g. government
procurement, competition etc) will support innovation objectives,
ratherthan impede orundermine them. The example of procurement
in South Africa isindicative of the neglect of monitoring the effect of

regulatory reform on innovation.

The opinion survey®2 of headsoftechnology stationsand
directorsdeansof research identifiesa number of possble constraints
fortechnology transfer activities. The first, confirmed by a separate
time survey, islack of time of academicsto getinvolved in TTactivities.
The second possble constraint isrelated to the claim by the headsof
technology stationsthat industry lacksfamiliarity with work in their
institutions. Although the assertion isrefuted by the directors/deansof
research the issue isof particularimportance and should be

investigated further.
on the above we advance the following recommendations:

DSTshould establish an IP Agency. The Agency will have the
responsibility to promote IPwithin the public research institutesdomain.

The Agency should provide financial support forthe establishment of
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IP, technology transfer and technology licensing officeswithin the
public research ingtitutesin the country ant it will subsidize patent filling
and maintenance costs. The Agency should furtherundertake to
provide regulationsfrom time to time related to the distribution of
royalties of the successful inventions. A substantial percentage (70%) of
royaltiesshould accrue to individual researchersuntil that time that

there isa culture supporting patentsin the country.

The Department of Science and Technology (asthe R&D coordinating
Department) in collaboration with all relevant Departments should
considerdeveloping and expanding a THRIP type programme. THRIP
currently issupported by the Department of Trade and Industry and it
supportsthe mission and areasof priority of DTI. In a similar vein the
programme should receive fundsfrom the Department of Mineralsand
Energy, Department of Environment Affairsetc in orderto support their

respective missonsand areasof priority.

HESA, asthe voice of the higher education institutions, should establish
the necessary structuresforthe monitoring and assessment of the
regulatory environment in which the universitiesof the country operate.
It should utilize the produced intelligence in orderto inform policy and

decison makersabout appropriate actions.

HESA with support from the DSTshould undertake the regular
monitoring of the way higher education institutions fulfill their mission
related to technology transfer and disseminate the information to its
members. The objectivesof the effort will be: to provide information
regarding the continuing development of interactions; to provide
information supporting the development of public funding of the third
mission of the HEl'sactivity; to provide to HEls benchmarking and

management information.

DSTshould aim to enhance the demand side for university based
industrial R&D in the country. The introduction of tax incentivesfor R&D
may be a particularusefulapproach asit hasthe potential to attract

international R&D resourcesin the country.
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The DoEand the DSTshould place priority in enhancing basic and
mission oriented research in the higher education institutionsin the

country.

University ad ministrationsshould empowertheiracademic staff to
undertake research, development and innovation activities. Promoting
decentralized approachesand supporting staff hasthe potential to

bring the desrable effect.

The Tsumisano Trust with the support of the DSTshould consider
enhancing itsmission to support the third mission of the universities
acrossthe total spectrum of the mission (not only for the establishment

of technology station) and acrossall universitiesin the country.

Summary of Recommendations

In thischapterwe present allthe recommendationsasappeared in the
variouschapters, classified according to institutionsmentioned in the

recommendation.
Recommendations concerning DST/NACI:

DSTshould considerrecommending the establishment of Chief
Sientists Officesin Government Departmentsboth nationally and
provincially. The Chief Scientists Officeswillbe responsible for
promoting effective use of science in policy making; forenhancing
science capacity and quality in the fieldsof interest of the particular
Departmentsand raising awarenessand understanding of the effects
of science and research on the Department’ activities. Chief Scientists

willbe ambassadorsfor S&Tintegration

DSTwithin itsmandate to coordinate nationalresearch and innovation
should consideradopting an approach of “coordination through
monitoring”. DSTshould monitor the research funding activities of
Government and publish the resultsannually. The OECD
recommendationsforthe collection of data and the development of
areport on Government Budget Appropriationsor Outlaysfor R&D
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(GABOARD)%3 and the “Annual Review of Government funded
Research and Development” by the Cabinet Office® in the UKcan be

used asprototypes

DSTshould monitor closely the implementation and fine development
of the tax incentivesfor R&D scheme and itsimplicationson other
direct support schemes. The taxincentivesscheme may have adverse
consequencesin the businesssectorinnovation activitiesif applied
inappropriately and/orif the government withdrew itssupport from

existing direct incentivesschemes.

DSTshould monitorthe progressforthe establishment of research chairs
at the universitieswith the ultimate objective of keeping the

momentum and alleviating possible obstaclesin the process.

DST, within itsmandate to co-ordinate the scientific and technological
system, should establish an inter-departmental committee on “Critical
Sientific and Technological Infrastructures’. The mandate of the
committee should be to investigate and make recommendations
concerning policy and programmesaffecting “critical scientific and
technologicalinfrastructures’ such asresearch and training
equipment, scientific and technological telecommunications, and

R&D management.

The Committee should consderamong othersthe viability of

introducing

1] the funding of “critical S&T infrastructures’ asa separate line
item inthe governmentalbudget [Expenditure defrayed from the
National Revenue Account]

a approachespromoting closercollaboration on aspectsof
critical 2T infrastructure among organisationsreporting to different
government departments(e.g. academic institutions, research

councilsand parastatals).
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DST, in collaboration with the Department of Education should consider
undertaking a drive to double the number of scientisssand engineers
graduating from the higher education sector within the next 10 years.
SQuch a target willrequire an expected growth of 7%peryear.
Innovative approachesshould be consdered for funding this
objective. A possble approach isto request the universitiesto develop
proposalsof the resourcesthey require and they are prepared to
commit in orderto achieve the objective and choose to support those

which contribute most in the achievement of the objective.

Expansion of the highereducation sector willbe constraint in the short
term by lack of appropriate numberof academics. DSTand HESA
should motivate to the Department of Home Affairsthe introduction of
“speedy immigration visas’ foracademicswho may wish to come to
South Africa in fieldsof high priority. A complementary approach isto
provide incentivesforthe repatriation of South African academics
abroad. A five yeartax holiday with repatriation financial assistance
and possible NRFresearch support may attract a number of

academicswho are already familiar with the South Africa system.

DSI/NACI should develop in regularintervals (e.g. biennially) the “South
African Science and Innovation Indicators’. The report should present
quantitative descriptionsof key aspectsof the scope, quality and
vitality of the country’sscience and innovation enterprise. The report
should be submitted to Cabinet and Parliament and should be publicly
available for public and private policy makers. The NSF“Science and

Engineering Indicators’ could be used asblueprint.

DSI/NACI should consider approaching the European Commission
(Innovation Policy Directorate of DG Enterprise and Industry) with the
objective of participating in the Trend Chart programme activities.
Such participation not only will market the country’sinnovation system
internationally but it will also provide the necessary discipline and
benchmarking expertise required in the monitoring of the national

innovation system.
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DST/NACI should consider creating a fund supporting long term
research on issuesof science and innovation policy. Currently the only
support for science and innovation policy research iscoming from
NAC/I'sprocurement activities. While NACI'sapproach issupporting to
a certain extend the existing expertise in the field in the country, the
lack of institutionalised long term support constraints the development
of new expertise in the field of science and innovation monitoring and

assessment.

DSTshould establish an IP Agency. The Agency willhave the
responsibility to promote IP within the public research institutesdomain.
The Agency should provide financial support forthe establishment of
IP, technology transfer and technology licensing officeswithin the
public research ingtitutesin the country and it will subsidize patent filling
and maintenance costs. The Agency should furtherundertake to
provide regulationsfrom time to time related to the distribution of
royalties of the successful inventions. A substantial percentage of
royaltiesshould accrue to individual researchersuntil that time that

there isa culture supporting patentsin the country.

DST, (asthe R&D coordinating Department) in collaboration with all
relevant departmentsand NRFshould considerdeveloping and
expanding a THRIP type programme. THRIP currently issupported by
the Department of Trade and Industry and it supportsthe mission and
areasof priority of DTI. In a similar vein the programme should receive
fundsfrom other Departmentsi.e. the Department of Mineralsand
Energy, Department of Environment Affairsetc in orderto support their

respective missonsand areasof priority.

DSTshould aim to enhance the demand sde for university based
industrial R&D in the country. The introduction of tax incentivesfor R&D
may be a particularusefulapproach asit hasthe potential to attract

international R&D resourcesin the country.
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The DoEand the DSTshould place priority in enhancing basic and
mission oriented research in the higher education institutionsin the

country.

The Tshumisano Trust with the support of the DSTshould consider
enhancing itsmission to support the third mission of the universities
acrossthe total spectrum of the mission (not only for the establishment

of technology station) and acrossall universitiesin the country.
Recommendations concerning NRF

The NRFshould institutionalise the support of research and training
equipment by establishing an appropriate directorate/division. The
divison should be funded by dedicated (earmarked) funds, by top-
dicing the budget of the other directoratesand by raising fundsfrom

local and international donors.

The NRFshould establish appropriate ‘competitive grants/funding
mechanismspromoting : the interaction between academia and
industry forthe development and construction of new orimproved
equipment; the maintenance and augmentation of the R&T
equipment infrastructure; the development of the necessary
infrastructuresin institutionsthat are eitherlacking or are with deficient
infrastructures. A programme promoting the development of remote
utilisation of equipment should be considered asan urgent priority in
view of itspossible impact acrossall other programmes. Different

programmesshould be established for different objectives.

DST, (asthe R&D coordinating Department) in collaboration with all
relevant departmentsand NRFshould considerdeveloping and
expanding a THRIP type programme. THRIP currently issupported by
the Department of Trade and Industry and it supportsthe mission and
areasof priority of DTI. In a similar vein the programme should receive
fundsfrom other Departmentsi.e. the Department of Mineralsand
Energy, Department of Environment Affairsetc in orderto support their

respective missonsand areasof priority
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Recommendations concerning the Department of Education

The funding formula of the DoEforacademic institutionsshould make
R&Tequipment an explicit component of the formula. Furthermore,
adequate fundsshould be earmarked for at least the next five yearsin
orderto facilitate the required replacement and upgrading of R&T

equipment.

DST, in collaboration with the Department of Education should consider
undertaking a drive to double the number of scientistssand engineers
graduating from the higher education sector within the next 10 years.
Such a target willrequire an expected growth of 7% peryear.
Innovative approachesshould be consdered for funding this
objective. A possble approach isto request the universitiesto develop
proposalsofthe resourcesthey require and they are prepared to
commit in orderto achieve the objective and choose to support those

which contribute most in the achievement of the objective.

The DoEand the DSTshould place priority in enhancing basic and
mission oriented research in the higher education institutionsin the

country.

Recommendations concerning HESA

HESA, asthe voice of the higher education institutions, should establish
the necessary structuresforthe monitoring and assessment of the
regulatory environment in which the universtiesof the country operate.
It should utilize the produced intelligence in orderto inform policy and

decison makersabout appropriate actions.

HESA with support from the DSTshould undertake the regular
monitoring of the way higher education institutions fulfil their mission
related to technology transfer and disseminate the information to its
members. The objectivesof the effort willbe: to provide information
regarding the continuing development of interactions; to provide

information supporting the development of public funding of the third
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mission of the HEl'sactivity; to provide to HEls benchmarking and

management information.

Expansion of the highereducation sector will be constraint in the short
term by lack of appropriate numberofacademics. DSTand HESA
should motivate to the Department of Home Affairsthe introduction of
“speedy immigration visas’ foracademicswho may wish to come to
South Africa in fieldsof high priority. A complementary approach isto
provide incentivesforthe repatriation of South African academics
abroad. A five yeartax holiday with repatriation financial assistance
and possible NRFresearch support may attract a number of

academicswho are already familiar with the South Africa system

University ad ministrationsshould empowertheiracademic staff to
undertake research, development and innovation activities. Promoting
decentralized approachesand supporting staff hasthe potentialto

bring the desirable effect.

Recommendations concerning TSHUMISANO Trust

The Tshumisano Trust with the support of the DSTshould consider
enhancing itsmission to support the third mission of the universities
acrossthe total spectrum of the mission (not only for the establishment

of technology station) and acrossall universitiesin the country.

101



References

10

11

12

13

14

15

16

OECD (2003) “Governance of Public Research-TowardsBetter Practices’.
Organisation for Economic Cooperation and Development, Paris

The case studiesare available at www.oecd.org/sti/stpolicy
Op cited OECD (2003) p43

OECD (1991) “Choosing Prioritiesin Science and Technology”, Organisation for
Economic Cooperation and Development, Paris

DEST (2001) “Backing Australia®Ability - Building Our Future Through Science
and Innovation”, An Australian Government Initiative, Commonwealth of
Australia available at BackingAusAbility@dest.gov.au

Martin B. and Irvine J. (1989) “Research Foresight: Priority Setting in Science”
Pinter Publishers, London and New York

CoatesJ.F. (1985) “Foresight in Federal Government Policy Making” Futures
Research Quarterly, 1: 29-53

OECD (2005) “OECD <ience, Technology and Industry Scoreboard-2005"
Organisation for Economic Cooperation and Development, Paris

Pouris, A. (2003) “Towardsa South African R&D Tax Incentives Scheme —Fscal
Policiesand Welfare Benefits’” SA Journal of Science, 99:195-199

OECD (2003) “Governance of Public Research-TowardsBetter Practices’.
Organisation for Economic Cooperation and Development, Paris

Greenspan, A. (2000), Remarksof the Chairman, Board of Governorsof the
Federal Reserve System to the National Governors Association 92nd Annual
Meeting, Washington, DC, July 11, 2000.

Sone, R (2000), “UK Funding: New Program Supports Facilities, Sipends.”
Science 289 (July):226-27

OECD (2003) “Governance of Public Research-TowardsBetter Practices’.
Organisation for Economic Cooperation and Development, Parisp 130

OECD (variousissues) “The Measurement of Sientific and Technological
Activities: Fascati Manual’ Organisation for Economic Cooperation and
Development, Paris

Cabinet Office (variousissues) “Annual Review of Government Funded
Research and Development” Office of Science and Technology, HMSO,
London

PiperakisM and Pouris A (2006) “The Sate of Research Equipment in South
Africa: TowardsBest Practice” SA Journal of Industrial Engineering 17(1): 75-90

102



17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

DST (2005) “National Survey of Research and Experimental Development: High

Level Key Results’ Department of Science and Technology, Pretoria

CHE (2004), “South African Higher Education in the Frst Decade of
Democracy”, Councilon Higher Education, Pretoria

OECD (variousissues) “The Measurement of Sientific and Technological
Activities: Fascati Manual’ Organisation for Economic Cooperation and
Development, Paris

Cabinet Office (variousissues) “Annual Review of Government Funded
Research and Development” Office of Science and Technology, HMSO,
London

Godin, B. (2001) “The Emergence of Science and Technology Indicators: Why

did Governmentssupplement statisticswith indicators?” Project on the history
and sociology of S&Tstatistics, Paperno 8, Montreal, Canada

Waterman, T. A. (1960) “National Science Foundation: A ten yearresume”.
Science, 131, p1343

Godin B, op. cit.

STA, (1986), “Report on an Investigation of a Science Indicator System”. The
National Board of Resources, Science and Technology Agency, Japan

OTA, (1991) Sience Indicators: Description or Prescription?” Cozzens, S,
Contractorreport, Office of Technology Assessment, Washington, DC

OECD (1998) “ STl Review No 23: Special Issue Public/ Private Partnershipsin
Sience and Technology” Organisation for Economic Cooperation and
Development, Paris

OECD (1998) ibid 23

Bush V. (1945 reprint 1990) “Science: the Endless Fontier” National Science
Foundation, Washington D.C

GibbonsM., LimogesC., et al (1994) “The New Production of Knowledge”
Sage, London

Etzkowitz H. and Leydesdorff L. (ed) (1997) “Universitiesand the Global
Knowledge Economy: a Triple Helix of University-Industry-Government
Relations’ Cassell, London

Guston D.H. and Keniston K (ed) (1994) “The Fagile Contract” MITPress,
Cambridge and London

Nelson RR. (2001) “Observationson the Post Bayh Dole rise of patenting at
American Universities’ Journal of Technology Transfer, 26:13-19

Faulkner, W. and Senker, J. (1994) “Making sense of diversity: public-private
sectorresearch linkagesin three technologies’. Research Policy, 23:673-695.

103



34

35

36

37

38

40

41

42

43

44

45

46

47

48

49

Meyer-Krahmer, F. and Schmoch, U. (1998) “Science-based technologies:
university-industry interactionsin four fields’. Research Policy, 27:835-851.

European Commission (2002) “Innovation Tomorrow: Innovation Policy and the
Regulatory Famework: Making Innovation an Integral part of Broader
Sructural Agenda” Innovation Paper 28, Office for Official Publicationsof the
European Communities, Luxembourg

Dylan JonesEvans (1998) “Universities, Technology Transfer and Spin-off
ActivitiessAcademic Entrepreneurship in different European Regions’ Targeted
Socio-economic Research Project No 1042, Business School, University of
Glamorgan

OECD (2002) “Benchmarking Science-Industry Relationships’ Organisation for
Economic Cooperation and Development, Paris, France

OECD (2003) “Turning Science into Business: Patenting and Licensing at Public
Research Organisations’ Organisation for Economic Cooperation and
Development, Paris, Fance

HM SO (2003) “Lambert Review of Business-University Collaboration” Her
Majesty’s Sationery Office, Norwich, NR3 1BQ

Op cited OECD (2002) note 42

OECD (2000) “International Srategic Alliances’ OECD Science, Technology
and Industry Working Papers 2000/5

DST (2005)“ National Survey of Research and Experimental Development
2003/04: High Level Key Results’ Department of Science and Technology,
Pretoria

OECD (2003) “Main Sience and Technology Indicators’ vol. 2003/ 1
Organisation for Economic Cooperation and Development, Paris

DST (2005) “National Survey of Research and Experimental Development: High
Level Key Results’ Department of Science and Technology, Pretoria

A Pouris (2006) “A National Time Use Study of Academicsin South Africa”
Institute for Technological Innovation, University of Pretoria, South Africa

Office of Science and Technology “LINK Collaborative Research Scheme”
accessble at www.ost.gov.uk/research/link_sheme.htm

Ministry of Education (2004) “Satement on Higher Education Funding: 2004/05
to 2006/ 7" Pretoria

European Commission (2002) “Innovation Tomorrow: Innovation Policy and the
Regulatory Famework: Making Innovation an Integral part of Broader
Sructural Agenda” Innovation Paper 28, Office for Official Publicationsof the
European Communities, Luxembourg

A Pouris (2003) “Towardsa South African R&D Tax Incentives Scheme: Fscal
Policiesand Social Benefits’ South African Journal of Science 99, 195-199

104



52

53

54

Edquist, C. (1996), “Government technology procurement asan instrument of
technology policy”, in Teubal et al. (eds.), Technological Infrastructure Policy,
Kluwer Academic Publishers, Amsterdam.

Edquist, C. and Hommen, L. (1997), “Government technology procurement
and economic theory” report for sub-project 3.2.2. “Government technology
procurement asa policy instrument” in the TSER-project on Innovation Systems
and European Integration, Department of Technology and Social Change,
Linkbping University

DT (2005) “Procurement and Innovation” Workshop proceedings, Manchester,
UK, 16 Nov 2005 accessed during March 2006 at www.6cp.net/Archive57.htm

Pouris A. (2006) “Technology Transfer and Diffusion: Capacity and Potential in
South Africa’sHigher Education Sector” HESA report, Pretoria

OECD (variousissues) “The Measurement of Sientific and Technological
Activities: Fascati Manual’ Organisation for Economic Cooperation and
Development, Paris

Cabinet Office (variousissues) “Annual Review of Government Funded

Research and Development” Office of Science and Technology, HMSO,
London

105



APPENDIX: Content pages of
“Science and Engineering Indicators
2004” National Science Board, USA

Chapter 1. Elementary and Secondary Education

Highlights
Introduction

Sudent Performance in Mathematicsand Science

Trendsin Mathematicsand Science Perdformance: Early 1970sto Late 1990s
Recent Performance in Mathematicsand Science
International Comparisonsof Mathematicsand Science Performance

Mathematicsand Science Coursework and Sudent Achievement

Coursetaking
Advanced Mathematicsand Science Courses Offered in High Schools
Advanced Mathematicsand Sience Coursetaking in High School

Curriculum Sandardsand Satewide Assessments

Sate Curriculum Sandardsand Policy on Instructional Materials
Accountability Syssemsand Assessments

Curriculum and Instruction

Approachesto Teaching Mathematicsand Science
Textbooks

Curriculum

Instructional Practices

Teacher Quality

Academic Abilitiesof Teachers

Teacher Education and Cettification

Match Between Teacher Preparation and Assignment
Teacher Experience

TeacherInduction, Professonal Development, and Working Conditions

New TeacherInduction
Teacher Professonal Development
Teacher Salariesand Working Conditions

Information Technology in Schools
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ITAccessat School
ITin Math and Science Instruction

TeacherPreparation and Training in Using IT

ITAccessat Home

Transition to Higher Education

Immediate Transition FFrom High Schoolto Postsecondary Education

Accessto Postsecondary Education: An International Comparison

Remedial Education in College

Conclusion
References

Chapter 2. Higher Education in Science and Engineering

Highlights
Introduction

Sructure of U.S Higher Education

Institutions Providing S&E Education
New Modesof Instructional Delivery
New Typesof Institutions

Enrollment in Higher Education

Overall Enrollment
Undergraduate Enrollment in S&E
Graduate Enrollment in S&E

Higher Education Degrees

X EAssociate®Deqgrees
X EBachelor®Deqgrees
S EMaster®Deqgrees

S EDoctoral Degrees
Postdocs

Foreign Doctoral Degree Recipients

Major Countries Economies of Origin
Say Rates

International S& EHigher Education

International Degree Trends
International Sudent Mobility

Conclusion
References
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Chapter 3. Science and Engineering Labor Force

Highlights
Introduction

U.S SR Elabor Force Profile

Section Overview

How lLarge Isthe U.S S& E Workforce?

SR EWorkforce Growth

How Are People With an S&E Education Employed?
Employment Sectors

Salaries

Women and Minoritiesin S&E

Labor Market Conditionsfor Recent SRE Graduates

Bachelor®@and Master®Deqree Recipients
Doctoral Degree Recipients

Age and Retirement

Implicationsfor S& E Workforce
SR EWorkforce Retirement Patterns

Global S&Elabor Force and the United Sates

Section Overview
Countsofthe Global S&Elabor Force
Migration to the United Sates

Conclusion
References

Chapter 4. U.S. and International Research and Development:

Funds and Technology Linkages
Highlights

Introduction

National R&D Trends

Trendsin R&D Performance

Trendsin Federal R&D Funding

Trendsin Non-Federal R&D Funding

U.S R&D/GDP Ratio

Sctoral Compostion of R&D Performance

Trendsin R&D by Character of Work

Industrial R&D by Industry, Frm Sze, and R&D Intensity
R&D Performance by Sate

Federal R&D Performance and Funding

Federal R&D Performance
Federal R&D Funding by National Objective
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R&D by Federal Agency
Federal R&D Funding by Performer and Held of Science or Engineering
Federal R&D Tax Credit

Technology Linkages: Contract R&D, Federal Technology Transfer, and R&D
Collaboration

Contract R&D
Federal S&TProgramsand Technology Transfer
Domestic and International Technology Alliances

International R&D Trendsand Comparisons

Absolute Levelsof Total R&D Expenditures

Trendsin Total R&D/GDP Ratios

Nondefense R&D Expendituresand R&D/GDP Ratios
International R&D by Performer, Source, and Character of Work

R&D Investmentsby Multinational Corporations

Foreign-Owned R&D Sending in the United Sates
U.S MNCsand OverseasR&D Sending
R&D Expenditure Balance

Conclusion
References

Chapter 5. Academic Research and Development

Highlights
Introduction

Fnancial Resourcesfor Academic R&D

Academic R&D Within the National R&D Enterprise
Major Funding Sources

Funding by Institution Type

Distribution of R&D FundsAcross Academic Institutions
Expendituresby Held and Funding Source

Federal Support of Academic R&D

Academic R&D Facilitiesand Equipment

Doctoral Scientistsand Engineersin Academia

Trendsin Academic Employment of Doctoral Sientistsand Engineers
Retirement of SSEDoctoral Workforce

Increasing Role of Women and Minority Groups

Foreign-Born SR EDoctorate Holders

Sze of Academic Research Workforce

Deployment of Academic Research Workforce

Govermment Support of Academic Doctoral Researchers
HasAcademic R&D Shifted Toward More Applied Work?

Outputsof Scientific and Engineering Research: Articlesand Patents
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Worldwide Trendsin Article OQutput
Hattening of U.S Article Output

Feld Distribution of Articles

Sientific Collaboration

International Citation of S& E Articles
Citationsin U.S Patentsto S&E Literature
PatentsAwarded to U.S universties

Conclusion
References

Chapter 6. Industry, Technology, and the Global Marketplace

Highlights
Introduction

U.S Technology in the Marketplace

Importance of High-Technology Industries

Share of World Markets

Global Competitiveness of Individual Industries

Exportsby High-Technology Industries

Global Businessin Knowledge-Intensive Service Industries
U.S Royaltiesand FeesGenerated Fom Intellectual Property

New High-Technology Exporters

National Orientation
Socioeconomic Infrastructure
Technological Infrastructure
Productive Capacity

Fndings From the Four Indicators

International Trendsin Industrial R&D

R&D Performance by Industry

Patented Inventions

U.S Patenting
Trendsin Applicationsfor U.S Patents

Technical Felds Favored by Foreign Inventors
Patent Activity Outside the United Sates

Venture Capitaland High-Technology Enterprise

U.S Venture Capital Resources
Boom and Bust in New Venture Capital Commitments
Venture Capital Investmentsby Sage of Fnancing

Characterigtics of Innovative U.S FArms

Why Sudy IT-Based Innovation?
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Survey Results

Conclusion
References

Chapter 7. Science and Technology: Public Attitudes and
Understanding

Highlights
Introduction

Information Sources, Interest, and Perceived Knowledge

Sourcesof Newsand Information About S&T
Public Interest in S&T
The Public®@Sense of Being Well Informed About S&Tlssues

Public Knowledge About S&T

Importance of Sientific Literacy
Understanding Sientific Termsand Concepts
Understanding the Scientific Process
Technological Literacy

Belief in Pseudoscience

Public Attitudes About Science-Related Issues

K Tin General

Federal Funding of Sientific Research

XL TRole in National Security

Biotechnology and Medical Research

Environmental Issues

Technological Advances

Higher Education

Confidence in Leadership of the Science Community
Sience Occupations

Conclusion
References

Chapter 8. State Indicators

Chapter Overview
Typesofindicators
Data Sourcesand Considerations

IndicatorPages

Secondary Education

Higher Education

Workforce

Fnancial Research and Development Inputs

R&D Outputs
Sience and Technology in the Economy
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