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Executive Summary 
This doc ument reports the results of an effort to identify interna tiona l best 

p rac tic e rela ted  to the management of Na tiona l Systems of Innovation and  

develop  relevant rec ommendations for South Afric a . 

The report is d ivided  into three ma in c hapters. Chap ter one “ Best Prac tic e in 

Governanc e”  identifies issues rela ted  to struc tures and  organisa tiona l 

struc tures; p riority setting ; pub lic  fund ing of researc h and  development (R&D) 

and  management of sc ienc e and  tec hnology (S&T) c apac ity development. 

Chapter two “ Best Prac tic e: Monitoring  Sc ienc e and  Tec hnology Systems”  

p rovides an overview of the app roac hes used  internationa lly to monitor and  

assess the performanc e of the na tiona l system of innovations (NSI). In the 

c hap ter a re d isc ussed  the approac hes used  by the Nationa l Sc ienc e 

Foundation (NSF) in the USA; the Sc ienc e and  Tec hnology Agenc y in Japan; 

the Organisa tion for Ec onomic  Coopera tion and  Development (OECD) 

ind ic a tors and  the approac h of the Trend  Chart on Innovation by the 

European Commission. The third  c hap ter “ Best Prac tic e: Pub lic -Priva te 

Linkages/  Tec hnology Transfer in Sc ienc e and  Tec hnology”  identifies issues 

rela ted  to pub lic -p riva te linkages in sc ienc e and  tec hnology in genera l and  

of tec hnology transfer from universities in partic ula r. Eac h c hap ter c onta ins a  

relevant to South Afric a  d isc ussion and  a  set of rec ommendations. The report 

ends with a  “ Summary of Rec ommendations”  where a ll rec ommendations 

a re presented  together. 

The c hap ter on governanc e identifies tha t in c ountries with systems c lose to 

dua l and  dec entra lized  a rc hetypes governments take ac tions to strengthen 

struc tures whic h enab le grea ter c oord ina tion ac ross the researc h doma ins. It 

is identified  tha t about ha lf the OECD c ountries have a  sing le department 

responsib le for more than 50% of the overa ll researc h budget. Japan and  

Austra lia  were moved  in this c a tegory in 2001 and  in Franc e 80% of the 

researc h budget is a lloc a ted  through the Ministry for Researc h and  New 

Tec hnolog ies. 
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Tec hnology foresight is identified  as the preferred  mec hanism for setting 

researc h priorities. It is identified  tha t p rioritiza tion p roc esses a re fuelled  by the 

efforts of polic y makers, who are under pub lic  p ressure, to respond  to soc ieta l 

needs, maximize returns on pub lic  investment and  enhanc e ac c ountab ility. In 

c erta in c ountries identific a tion of researc h p riorities is d irec tly linked  to 

selec ting  eng ines of future ec onomic  g rowth (Korea ), to  red irec ting  their 

researc h systems towards emerg ing  a reas (USA, Denmark) and  add ressing  

budgeta ry c onstra ints (Czec h Repub lic ). 

In the field  of pub lic  support for R&D it is identified  tha t governments inc rease 

the volume of the a lloc a ted  resourc es based  on the rec ognition tha t R&D 

fund ing is a  ma jor determinant of the performanc e of the systems of 

innova tion. Preferenc e is g iven in a lloc a ting researc h fund ing ac c ord ing  to 

c ompetitive grant modes. The estab lishment of researc h c ha irs and  the 

introduc tion of tax inc entives for R&D appear to be two dominant forms of 

strengthening the na tiona l systems of innova tion interna tiona lly. Emphasis is 

p lac ed  in institutiona lising the support of c ritic a l a reas of the sc ienc e base 

(i.e. physic a l assets and  c yber based  infrastruc ture nec essary for researc h by 

the c ountry’ s sc ientists) whic h a re not supported  na tura lly by other fund ing  

mec hanisms (e.g . researc h ships, equipment etc ) and  in setting  up  

mec hanisms monitoring  “ rust out”  of fac ilities and  p la tforms in order to inform 

the polic y makers appropria tely. 

The fina l issue examined  in the c hapter is the management of S&T c apac ity 

development. Feed ing  the S&T p ipeline to ensure an adequate supp ly of S&T 

personnel is rec ognised  interna tiona lly as the most important c ha llenge in the 

effort to support sc ienc e, tec hnology and  innova tion. In modern times 

investment in sc ientific  human c ap ita l has been a  c ornerstone of the 

ec onomic  development polic ies of OECD c ountries as well as for emerg ing 

ec onomies asp iring to c limb the development ladder. Suc c essful polic ies are 

based  on making  pub lic  sec tor researc h more a ttrac tive by inc reasing  

sa la ries and  improving  employment c ond itions and  improving  stipends for 

PhD students. Complementary polic ies are a lso enac ted  in order to reta in 

and  a ttrac t sc ientific  sta ff from abroad . 
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In the c hap ter on monitoring  it is identified  tha t governments interna tiona lly 

improve the stra teg ic  intelligenc e upon whic h polic y c hoic es and  dec isions 

a re based  by develop ing  Sc ienc e Ind ic a tors Systems. Sc ienc e Ind ic a tors 

Systems (SIS) a re c omprehensive c ollec tions of ind ic a tors desc rib ing  the sta tus 

quo of a  c ountry’ s sc ientific , tec hnolog ic a l and  innova tion ac tivities within the 

loc a l soc io-ec onomic  environment and  within the interna tiona l a rena � �The 

Nationa l Sc ienc e Foundation’s approac h in p roduc ing the “ Sc ienc e and  

Eng ineering Ind ic a tors”  is identified  as best p rac tic e interna tiona lly. The NSF 

Ind ic a tors a re p roduc ed  in fulfilment of the Nationa l Sc ienc e Board ’s 

mandate to report to Congress on the sta tus and  hea lth of sc ienc e and  

tec hnology�in the USA. Fac tors whic h have been identified  to have 

c ontributed  in the suc c ess of the “ Sc ienc e and  Eng ineering  Ind ic a tors”  

inc lude: firstly, it c ollec ts d ispersed  sta tistic s a ll in only one book. Sec ond ly, it 

d isc usses sc ienc e ma inly by way of c harts ra ther than numbers. Tab les 

appear p rimarily in the Append ix. Third ly, it inc ludes b rief highlights for polic y 

makers. Fourthly, there is sma ll ana lysis. Fina lly, eac h ed ition a lways c onta ins 

something  new in terms of information and  ind ic a tors.  

A c omplementa ry approac h to Ind ic a tors is the “ Trend  Chart on Innova tion in 

Europe” . The Trend  Chart serves the “ open polic y c o-ord ina tion approac h”  

la id  down by the Lisbon Counc il in Marc h 2000. It supports organisa tion and  

sc heme managers in Europe with summarized  and  c onc ise information and  

sta tistic s on innovation polic ies, performanc es and  trends in the European 

Union (EU). It is a lso a  European forum for benc hmarking and  the exc hange of 

good  p rac tic es in the a rea  of innova tion polic y. 

The trend  c hart trac ks innovation polic y developments in a ll 25 European 

Union (EU) Member Sta tes, p lus Bulgaria , Ic eland , Israel, Liec htenstein, 

Norway, Romania , Switzerland  and  Turkey. It a lso p rovides a  polic y monitoring 

servic e for three other non- European zones: NAFTA/ Brazil, Asia  and  the 

MEDAa c ountries. 

                                                 

a   The MEDA programme is the p rinc ipa l financ ia l instrument of the European 
Union for the imp lementa tion of the Euro-Med iterranean Partnership . The 
Programme offers tec hnic a l and  financ ia l support measures to ac c ompany 
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The c hap ter on pub lic - p riva te pa rtnerships/ tec hnology transfer identifies tha t 

the type of pa rtnership  best suited  for a  g iven polic y ob jec tive will depend  

not only on the shareholders and  their ob jec tives, but a lso on the type of 

market or systemic  fa ilure being  add ressed  and  foc uses more extensively on 

efforts by governments to b ring  c loser universities and  industry. 

Following the European Commission (EC) it is a rgued  tha t innova tion should  

be fused  and  bec ome part of a ll regula tory and  institutiona l reform in a  

c ountry. The EC argues tha t c urrent innova tion polic y – “ sec ond  genera tion 

innova tion polic y”  - emphasizes the importanc e of the systems and  

infrastruc tures tha t support innova tion. These, however, a re influenc ed  by 

many polic y a reas, in partic ula r researc h, educ a tion, p roc urement, taxa tion, 

intellec tua l p roperty (IP) rights and  c ompetition polic y. But these polic y a reas 

a re not developed  having in mind  innovation issues and  the need  to work 

together is not a lways rec ognised . The a im of the “ third  genera tion innova tion 

polic y”  is to maximize the c hanc es tha t regula tory reform will support 

innova tion ob jec tives, ra ther than impede or undermine them. While the 

a rgument is more p rofound  in the a rea of tec hnology transfer the approac h is 

va lid  ac ross the tota l spec trum in the management of NSI. 

It is a rgued  tha t mec hanisms fac ilita ting  industry sc ienc e interac tions 

(tec hnology transfer offic es; inc uba tors; sc ienc e parks etc ) a re nec essary but 

not suffic ient c ond itions to b ring  the desirab le result of tec hnology transfer 

from universities to industry. There a re fea tures in the spec ific  tec hnolog ic a l 

domains whic h should  be expec ted  to be influentia l. Some obvious fac tors 

would  be government regula tions (p romoting or inhib iting  c ollabora tion); the 

R&D strength of the relevant industry (g rea ter strength leads to more demand  

led  interac tions); the size struc ture of firms (la rger firms may lead  to more 

forma l interac tion); sc ienc e and  educ a tiona l polic ies (e.g . the size of fund ing 

and  the orienta tion of fund ing) whic h a ffec t the strength of the ac ademic  

researc h base and  the qua lity and  volume of ‘ output’  of g radua tes in 

partic ula r fie lds; the existenc e of a  developed  venture c ap ita l market; the 

                                                                                                                                         

the reform of ec onomic  and  soc ia l struc tures in the Med iterranean partner 
c ountries. 



11 

func tioning  of various b ridg ing institutions and  the p reva lent va lues as regards 

industry-ac ademia  c ollabora tion.  

Based  on the above and  on the loc a l sc ene the report advanc es the 

fo llowing rec ommendations. In the heart of the rec ommendations lie the 

estab lishment of performanc e and  monitoring  metric s on an horizonta l basis 

(ac ross government and  the innova tion system. 

Rec ommendations related to governanc e: 

�  The Department of Sc ienc e and  Tec hnology (DST) should  c onsider 

rec ommend ing the estab lishment of Chief Sc ientists Offic es in 

Government Departments both na tiona lly and  provinc ia lly. The Chief 

Sc ientists Offic ers – p referab ly a t the level of Deputy Direc tor Genera l - 

w ill be responsib le for p romoting  effec tive use of sc ienc e in polic y 

making ; for manag ing  the Departments’  researc h and  development 

resourc es; for enhanc ing  sc ienc e c apac ity and  qua lity in the fields of 

interest of the partic ula r Departments and  ra ising  awa reness and  

understand ing  of the effec ts of sc ienc e and  researc h on the 

Departments’  ac tivities. Chief Sc ientists will be ambassadors for S&T 

integra tion.  

�  DST within its mandate to c oord ina te na tiona l resea rc h and  innova tion 

should  c onsider adop ting  an app roac h of “ c oord ina tion through 

monitoring ” . DST should  monitor the researc h fund ing  ac tivities of 

Government and  pub lish the results annua lly. The “ Annua l Review of 

Government Funded  R&D”  will desc ribe the extend  to whic h the 

c urrent Departmenta l sc ienc e and  tec hnology p rogrammes (of the 

ind ividua l government departments) a re supporting  the S&T  

infrastruc ture and  a re matc hed  to the sc ientific  and  tec hnolog ic a l 

needs of the c ountry. Furthermore the Review will highlight the 

p rospec ts of b ring ing about a  c loser a lignment between the various 

departmenta l p rogrammes and  the c ountry’ s needs. The OECD 

rec ommendations for the c ollec tion of da ta  and  the development of 

a  report on Government Budget Appropria tions or Outlays for R&D 
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(GABOARD) and  the “ Forward  Look”  by the Offic e of Sc ienc e and  

Tec hnology (OST) in the UK c an be used  as p rototypes. 

�  DST should  monitor c losely the imp lementa tion and  fine development 

of the tax inc entives for R&D sc heme and  its imp lic a tions on other 

d irec t support sc hemes. The tax inc entives sc heme may have adverse 

c onsequenc es in the business sec tor innova tion ac tivities if app lied  

inappropria tely and / or if the government withd rew its support from 

existing  d irec t inc entives sc hemes. Simila rly DST should  monitor the 

p rogress for the estab lishment of researc h c ha irs a t the universities with 

the ultimate ob jec tive of keep ing  the momentum and  a llevia ting  

possib le obstac les in the proc ess. 

�  DST, within its mandate to c o-ord ina te the sc ientific  and  tec hnolog ic a l 

system, should  estab lish an inter-departmenta l c ommittee on “ Critic a l 

Sc ientific  and  Tec hnolog ic a l Infrastruc tures” . The mandate of the 

c ommittee should  be to investiga te and  make rec ommendations 

c onc erning  polic y and  p rogrammes a ffec ting  “ c ritic a l sc ientific  and  

tec hnolog ic a l infrastruc tures”  suc h as resea rc h and  tra ining  fac ilities, 

researc h equipment, sc ientific  and  tec hnolog ic a l telec ommunic a tions, 

and  R&D management. 

 

The Committee should  c onsider among others the viab ility of 

introduc ing   

ü  the fund ing  of “ c ritic a l S&T  infrastruc tures”  as a  separa te line 

item in the  governmenta l budget [Expend iture defrayed  from the 

Nationa l Revenue Ac c ount] 

ü  approac hes promoting  c loser c ollabora tion on aspec ts of 

c ritic a l S&T infrastruc ture among organisa tions reporting  to d ifferent 

government departments (e.g . ac ademic  institutions, researc h 

c ounc ils and  pa rasta ta ls.) 

�  The Nationa l Researc h Foundation (NRF) should  institutiona lise the 

support of researc h and  tra ining equipment by estab lishing  an 

appropria te d irec tora te/ d ivision. The d ivision should  be funded  by 

ded ic a ted  (ea rmarked ) funds, by top-slic ing  the budget of the other 
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d irec tora tes and  by ra ising  funds from loc a l and  interna tiona l donors. 

Simila rly the NRF should  estab lish appropria te ‘ c ompetitive 

grants’ / fund ing  mec hanisms p romoting : the interac tion between 

ac ademia  and  industry for the development and  c onstruc tion of new 

or improved  equipment; the ma intenanc e and  augmenta tion of the 

R&T equipment infrastruc ture; the development of the nec essary 

infrastruc tures in institutions tha t a re either lac king  or a re with defic ient 

infrastruc tures. A p rogramme promoting  the development of remote 

utilisa tion of equipment should  be c onsidered  as an urgent p riority in 

view of its possib le impac t ac ross a ll other p rogrammes. Different 

p rogrammes should  be estab lished  for d ifferent ob jec tives. 

�  The fund ing formula  of the Department of Educ ation (DoE) for 

ac ademic  institutions should  make R&T equipment an exp lic it 

c omponent of the formula .  Furthermore, adequa te funds should  be 

earmarked  for a t least the next five years in order to fac ilita te the 

required  rep lac ement and  upgrad ing  of R&T equipment. 

�  DST, in c ollabora tion with the DoE, should  c onsider undertaking  a  d rive 

to doub le the number of sc ientists and  eng ineers graduating  from the 

higher educ ation sec tor within the next 10 yea rs. Suc h a  ta rget will 

require an expec ted  growth of 7% per year. Innova tive approac hes 

should  be c onsidered  for fund ing  this ob jec tive. A possib le approac h is 

to request the universities to develop  p roposa ls of the resourc es they 

require and  they a re prepared  to c ommit in order to ac hieve the 

ob jec tive and  c hoose to support those whic h c ontribute most in the 

ac hievement of the ob jec tive. 

�  Expansion of the higher educ a tion sec tor will be c onstra int in the short 

term by lac k of app ropria te number of ac ademic s. DST and  Higher 

Educ a tion South Afric a  (HESA) should  motiva te to the Department of 

Home Affa irs the introduc tion of “ speedy immigra tion visas”  for 

ac ademic s who may wish to c ome to South Afric a  in fie lds of high 

p riority. A c omplementary approac h is to p rovide inc entives for the 

repa tria tion of South Afric an ac ademic s abroad . A five year tax 

holiday with repa tria tion financ ia l assistanc e and  possib le NRF researc h 
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support may a ttrac t a  number of ac ademic s who a re a lready familia r 

with the South Afric a  system.   

Rec ommendations related to monitoring:  

�  The Nationa l Advisory Counc il for Innova tion (NACI) should  develop  in 

regular interva ls (e.g . b iennia lly) the “ South Afric an Sc ienc e and  

Innova tion Ind ic a tors” . The report should  p resent quantita tive 

desc rip tions of key aspec ts of the sc ope, qua lity and  vita lity of the 

c ountry’ s sc ienc e and  innovation enterp rise. The report should  be 

submitted  to Cab inet and  Parliament and  should  be pub lic ly ava ilab le 

for pub lic  and  p riva te polic y makers. The NSF “ Sc ienc e and  

Eng ineering  Ind ic a tors”  c ould  be used  as b lueprint.  

�  NACI should  c onsider approac hing  the European Commission 

(Innova tion Polic y Direc tora te of DG Enterp rise and  Industry) w ith the 

ob jec tive of pa rtic ipa ting  in the Trend  Chart p rogramme ac tivities. 

Suc h partic ipa tion not only w ill market the c ountry’ s innova tion system 

internationa lly but it will a lso p rovide the nec essary d isc ip line and  

benc hmarking  expertise required  in the monitoring of the na tiona l 

innova tion system.  

�  NACI should  c onsider c rea ting  a  fund  supporting  long term researc h 

on issues of sc ienc e and  innova tion polic y. Currently the only support 

for sc ienc e and  innova tion polic y researc h is c oming from NACI’ s 

p roc urement ac tivities. While NACI’ s approac h is supporting  to a  

c erta in extend  the existing  expertise in the field  in the c ountry, the lac k 

of institutiona lised  long term support c onstra ints  the development of 

new  expertise in the field  of sc ienc e and  innova tion monitoring  and  

assessment.  

Rec ommendations related to public -private linkages/ tec hnology transfer: 

�  DST should  estab lish an IP Agenc y. The Agenc y will have the 

responsib ility to p romote IP within the pub lic  researc h institutes doma in. 

The Agenc y should  provide financ ia l support for the estab lishment of 

IP, tec hnology transfer and  tec hnology lic ensing offic es within the 
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pub lic  researc h institutes in the c ountry and  it w ill subsid ize pa tent filling  

and  ma intenanc e c osts. The Agenc y should  further undertake to 

p rovide regula tions from time to time rela ted  to the d istribution of 

roya lties of the suc c essful inventions. A substantia l perc entage of 

roya lties should  ac c rue to ind ividua l researc hers until tha t time tha t 

there is a  c ulture supporting pa tents in the c ountry. 

�  DST, (as the R&D c oord ina ting  Department) in c ollabora tion with a ll 

relevant Departments should  c onsider develop ing  and  expand ing  a  

Tec hnology in Human Resourc es for Industry (THRIP) type p rogramme. 

THRIP c urrently is supported  by the Department of Trade and  Industry 

(DTI) and  it supports the mission and  a reas of p riority of DTI. In a  simila r 

vein the programme should  rec eive funds from the Department of 

Minera ls and  Energy, Department of Environment Affa irs etc  in order to 

support their respec tive missions and  a reas of p riority.   

�  HESA, as the voic e of the higher educ a tion institutions (HEIs), w ith the 

support of DST should  estab lish the nec essary struc tures for the 

monitoring  and  assessment of the regula tory environment in whic h the 

universities of the c ountry opera te. It should  utilize the produc ed  

intelligenc e in order to inform polic y and  dec ision makers about 

appropria te ac tions. Simila rly HESA with support from the DST should  

undertake the regular monitoring  of the way higher educ ation 

institutions fulfil their mission rela ted  to tec hnology transfer and  

d issemina te the information to its members.  The ob jec tives of the effort 

will be: to p rovide information regard ing the c ontinuing  development 

of interac tions; to p rovide information supporting  the development of 

pub lic  fund ing  of the third  mission of the HEIs ac tivity; to p rovide to HEIs  

benc hmarking  and  management information.  

�  DST should  a im to enhanc e the demand side for university based  

industria l R&D in the c ountry. The introduc tion of tax inc entives for R&D 

may be a  partic ula r useful approac h as it has the potentia l to a ttrac t 

interna tiona l R&D resourc es in the c ountry.   
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�  DoE and  DST should  p lac e p riority in enhanc ing  basic  and  mission 

oriented  researc h in the higher educ a tion institutions in the c ountry. 

University administra tions should  empower their ac ademic  sta ff to undertake 

researc h, development and  innovation ac tivities. Promoting dec entra lized  

approac hes and  supporting sta ff has the potentia l to b ring  the desirab le 

effec t.  

The Thsumisano Trust with the support of the DST should  c onsider enhanc ing its 

mission to support the third  mission of the universities ac ross the tota l spec trum 

of the mission (not only for the estab lishment of tec hnology sta tion) and  

ac ross a ll universities in the c ountry.  
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Preamble 
The ob jec tive of this effort is to p roduc e a  p rofile of best p rac tic es in key 

spheres tha t ac c ount for a  signific ant portion of the produc tivity, 

effec tiveness and  effic ienc y of the NSI. 

More spec ific a lly the terms of referenc e spec ify tha t the expec ted  output will 

be:  

�  Summary of na tiona l and  internationa l best p rac tic es tha t ac c ount for 

a  signific ant portion of the p roduc tivity, effic ienc y and  effec tiveness of 

the NSI, and  

�  Informed rec ommendations on best p rac tic es tha t should  be adop ted  

in South Afric a . The polic y rec ommendations will then be c onverted  

into a  Ministeria l advic e doc ument. 

Possib le a reas for the identific a tion of best p rac tic e, mentioned  in the terms of 

referenc e, inc lude the fo llowing: �monitoring  infrastruc ture needs ava ilab ility 

and  utilisa tion; �tec hnology transfer; �governanc e of the NSI; �ro le of innova tion 

in pub lic -p riva te linkages; �inc entives for innovation; �smart ways of ac c essing  

foreign fund ing ; �inc entives for reg iona l c o-opera tion; �capac ity build ing ; �ro le 

of full time equiva lents (FTE) in innova tion c apac ity p rovision. 

Identifying  best p rac tic es for benc hmarking purposes (informed  

rec ommendations) is a  w idely used  approac h developed  for the c orpora te 

level. At the na tiona l level benc hmarking and  identific a tion of best p rac tic es 

a re usua lly manifested  in the form of na tiona l c omparisons ac c ord ing  to sets 

of relevant ind ic a tors.  

It should  be emphasised  tha t identific a tion of best p rac tise fac es a  number of 

c ha llenges. How do you dec ide tha t partic ula r performanc e is the result of 

best p rac tic e? If pa rtic ula r polic ies a re fo llowed  by a  number of suc c essful 

c ountries does it mean tha t those polic ies a re best p rac tic es? To what depth 

a  partic ula r p rac tic e and  its a ttributions should  be investiga ted? and  others. 

At the na tiona l level issues of best p rac tic e should  a lso be seen in the c ontext 
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of other polic ies tha t may a ffec t or be a ffec ted  by best p rac tic e and  the 

historic a l evolution and  politic a l dynamic s of the pa rtic ula r rec ommendation. 

This report is struc tured  in three c hap ters whic h examine issues of governanc e; 

monitoring and  pub lic  – p riva te linkages /  tec hnology transfer in sc ienc e and  

tec hnology. Under governanc e a re investiga ted  issues of struc tures and  

organisa tiona l settings; issues of p riority setting ; pub lic  fund ing  of sc ienc e and  

tec hnology (inc entives) and  management of S&T c apac ity development. 

In eac h of the c hap ters we c ontrast interna tiona l best p rac tic e with 

approac hes in South Afric a  and  we develop  relevant rec ommendations. 
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Best Practices in Governance 

Introduction 

Governanc e of the sc ienc e system as a  whole is defined 1 as the dec ision 

making p roc ess tha t governs struc tura l ad justments, p riority setting, the 

a lloc a tion of funds and  the management of human resourc es in a  way tha t 

effic iently responds to the c onc erns of the various stakeholders involved  in the 

system. 

OECD has investiga ted  rec ently the issue S&T governanc e under the aeg is of 

the OECD Committee for Sc ientific  and  Tec hnolog ic a l Polic y (CSTP). The 

p rojec t identified  c ha llenges c onc erning  the governanc e of pub lic  researc h 

systems and  then it add ressed  issues of struc ture, p riority setting , fund ing and  

the management of human resourc es. As ma in c ha llenges were identified  

the response of the innovation system to soc ieta l needs, the inc reasing  

multid isc ip lina rity of sc ientific  researc h and  the evolving  interac tions between 

institutions involved  in the fund ing  and  performanc e of researc h ac tivities 

funded  by pub lic  funds. Information on reforms and  good  p rac tic e with 

regard  to polic y responses to identified  c ha llenges were c ollec ted  through 

c ountry surveys, c ase stud ies2 and  litera ture surveys. 

Governance structures and organisational settings 

The OECD report identifies three a rc hetypes of struc tures: b the c entra lized  

a rc hetype with a  strong top-down management approac h, high share of 

institutiona l fund ing  and  an important ro le for pub lic  resea rc h institutions; the 

dec entra lized  a rc hetype with rela tively low top-down c ontrol, ha rd ly any 

institutiona l fund ing  and  strong researc h base a t universities and  the dua l 

system with mixed  top-down and  bottom up approac hes to p riority setting , a  

mix of institutiona l and  c ompetitive fund ing  and   a  “ ba lanc e”  between 

                                                 

b   The same approac h is outlined  for the South Afric an environment in A Pouris 
(1995) “ Towards a  metric  of organisa tiona l struc tures for S&T polic y: the 
c onc ep t of Sc ienc e Polic y Spac e”   SAJ of Sc ienc e 91: 1-4 
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researc h performing institutions. Countries c an be positioned  in the triang le of 

the three a rc hetypes ac c ord ing  to their c harac teristic s.  

Eac h arc hetype has its own advantages and  c ha llenges. For example the 

report suggests tha t “ Although on the whole more c entra lized  systems seem 

to be more rig id , onc e c hanges have been dec ided  they might be easier to 

make bec ause top  down p roc edures a re shorter than those in the mixed  

approac h of the dua l system or the bottom up approac h of the 

dec entra lized  system, both of whic h take more time for c oord ina tion and  

c onsensus build ing  before dec isions c an be made” 3  

In c ountries with systems c lose to dua l and  dec entra lized  a rc hetypes 

governments take ac tions to strengthen struc tures whic h enab le g rea ter 

c oord ina tion ac ross the researc h domains. The grea ter interest in researc h 

shown by d ifferent polic y doma ins and  the sc a le and  c omplexity of researc h 

a re some of the reasons behind  the move towards more c entra lized  models 

of governanc e. 

Two approac hes stand  out:  

�  Consolida ting  ma jor researc h fund ing  responsib ilities w ithin a  sing le 

department 

�  Develop ing  forma l struc tures for interdepartmenta l c o-ord ina tion 

Conc erning  the first approac h about ha lf the OECD c ountries have a  sing le 

department responsib le for more than 50% of the overa ll researc h budget. 

Japan and  Austra lia  were moved  in this c a tegory in 2001. In Franc e 80% of 

the researc h budget is a lloc a ted  through the Ministry for Researc h and  New 

Tec hnolog ies. 

 As fa r as formal struc tures for interdepartmenta l c oord ina tion is c onc erned  

c ountries utilize a  variety of approac hes rang ing from c hief sc ientists and  

ministries with c oord ina ting responsib ilities to c oord ina ting  bod ies d rawing in 

externa l members (e.g . Sc ienc e and  Tec hnology Polic y Counc il in Finland ; the 

Counc il for Sc ienc e and  Tec hnology Polic y in Japan; the Sc ienc e and  

Tec hnology Polic y Counc il in Ireland  etc ). 
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The above efforts a re reflec ted  lower down in the hiera rc hy of researc h 

systems. Governments a ttempt to improve the c ontributions and  outputs of 

pub lic  researc h organisa tions and  universities using  a  number of approac hes. 

One approac h is to c entra lize the administra tion of a  number of 

government/ pub lic  researc h institutions. In Spa in the ma in researc h 

organisa tions were transferred  to the Ministry of Sc ienc e and  Tec hnology in 

2000 as a  first step  in develop ing  organisa tiona l reforms and  c hanges. 

Another approac h is the priva tiza tion of resea rc h institutions. In the UK the 

Department of Trade and  Industry turned  its researc h institutions into 

exec utive agenc ies and  then it p riva tized  a  number of them suc h as the 

Nationa l Eng ineering  Labora tory and  the Labora tory of Government 

Chemists. Japan is using  simila r approac hes.  

 

BOX 1: Reforms in Japan 

In Japan, a  ma jor administra tive reform of the sc ienc e system took p lac e in the 
beg inning  of 2001, inc lud ing  the estab lishment of a  c entra l c o-ord ina ting  body for 
sc ienc e and  tec hnology polic y in the Cab inet Offic e of the Prime Minister (Counc il for 
Sc ienc e and  Tec hnology Polic y-CSTP), and  the merger of the ministry responsib le for 
educ a tion and  sc ienc e and  the agenc y imp lementing  researc h and  development into 
the newly c rea ted  Ministry of Ed uc a tion, Culture, Sports, Sc ienc e and  Tec hnology-
MEXT). More autonomy was g iven to na tiona l researc h institutions and  na tiona l 
universities. The sec ond  phase of the Sc ienc e and  Tec hnology Basic  Plan outlining  
sc ienc e polic y ob jec tives was approved  by the government in 2001, fo llowing  the first 
phase, imp lemented  in 1996. 

The ob jec tives of the Counc il for Sc ienc e and  Tec hnology Polic y a re 
basic / c omprehensive sc ienc e and  tec hnology polic y p lanning  and  genera l c o-
ord ina tion among the ministries c omprehensive role with regard  to sc ienc e and  
tec hnology polic y by c ombining  va rious types of resea rc h, ac ademic  inc luded . 

Na tiona l universities a re being  re-organized  into independent administra tive institutions, 
with the a im of making  them more autonomous and  more ac c ountab le for their results. 
This re-organiza tion was fina lized  in 2004. 

With these reforms, the Japanese sc ienc e system a ims to p riorities the a lloc a tion of 
resourc es to make R&D infrastruc ture, to view R&D investments in terms of a  return to 
soc iety and  ind ustry, and  to position Japan’s sc ienc e and  tec hnology as a  c ontribution 
to world  knowled ge. Grea t expec ta tions a re a ttac hed  to the results of these reforms.  
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BOX 2: Restruc turing in the researc h Counc ils in the UK,  Sweden and Norway 

In the United  Kingdom, researc h c ounc ils (RCs) have been gradua lly estab lished  sinc e 1920 
to manage and  fund  genera lly app lic ab le or basic  researc h, the p riorities of which a re in 
p rinc ip le to be determined  autonomously by the sc ientific  c ommunity. They were 
estab lished  as independent non-departmenta l pub lic  bod ies to  support basic , stra teg ic  
and  app lied  researc h, postgradua te tra ining  and  the pub lic  understand ing  of sc ienc e. 

In 1994 the UK RCs underwent re-organiza tion as a  result of the 1993 White Paper “ Rea lizing  
our Potentia l” . The ra tiona le was to get them c loser to potentia l users and  struc ture them so 
tha t RCs c ould  “ identify a reas for c ross-fertiliza tion and  integra tion a long the c ontinuum of 
basic , stra teg ic  and  app lied  researc h” . The restruc turing  resulted  in the c rea tion of seven 
researc h c ounc ils. Eac h was p rovided  a  mission sta tement rec ognizing  the importanc e of 
researc h undertaken to respond  to user needs and  support wea lth c rea tion. Eac h c ounc il 
c ame to have a  part-time c ha irman from industry. They rec eive most of their fund ing  (67%) 
via  the sc ienc e budget of the Offic e of Sc ienc e and  Tec hnology (OST), but a lso from 
government departments, industry, c harities and  overseas sourc e. 

With effec t from 1 January 2001, the Swed ish parliament dec ided  to re-organize its pub lic  
researc h-fund ing  agenc y system. This new struc ture was c rea ted  to serve severa l purposes: 
c onc entra te efforts in key sc ientific  fields, p romote c o-opera tion between d ifferent fields of 
researc h, stimula te interd isc ip lina ry work, support outstand ing  researc h ta lents, improve the 
d issemina tion of informa tion about researc h and  researc h results and  support work rela ted  
to important soc ieta l questions (gender equa lity, ethic a l issues). 

The new struc ture rep lac ed  a  system of responsib ilities whic h were d ispersed  in a  va riety of 
institutions (11 d ifferent researc h c ounc ils). It now c omprises the Swed ish Researc h Counc il, 
c onsisting  of three separa te c ounc ils (humanities and  soc ia l sc ienc e, na tura l sc ienc e and  
tec hnology, med ic ine) and  a  spec ia l committee for educ a tiona l sc ienc e. While the 
Counc il’ s ma in task is still defined  as “ supporting  fund amenta l researc h in a ll sc ientific  
fie lds” , tasks a lso inc lude more genera l items rela ting  to manag ing the sc ienc e systems suc h 
as p romoting  renewal, p rofile estab lishment and  mob ility in the researc h c ommunity, 
c rea ting  a  good  researc h environment and  advising  the government on researc h polic y 
issues. 

Fund ing from the Counc il is mostly g ranted  on the basis of c ompetitive p roc edures. In its 
fund ing  dec isions, the Counc il has to take spec ia l ac c ount of support to young  researc hers, 
heavy equipment and  support for “ minor”  sub jec ts in the humanities. 

In add ition to the ma jor Researc h Counc il, two spec ia l researc h c ounc ils have been 
estab lished : the Swed ish Researc h Counc il for Working  Life and  Soc ia l Sc ienc es and  the 
Swed ish Researc h Counc il for Environment, Spa tia l Planning  and  Agric ultura l Sc ienc es. The 
Swed ish government saw a  grea t need  for new knowledge in these a reas. This new fund ing  
struc ture for researc h was c omp lemented  by a  new pub lic  authority for supporting  app lied  
researc h, tec hnic a l development and  innova tion: the Swed ish Agenc y for Innovation. 

The transition to the new struc ture was fac ilita ted  not only bec ause extensive resourc es 
were c a rried  over from the old  system, but a lso as a  substantia l p roportion of the new funds 
made ava ilab le for researc h were a lloc a ted  to  the new institutions (Swed ish Ministry of 
Educ a tion and  Sc ienc e, 2000). 

The Researc h Counc il of Norway (RCN) was estab lished  in 1993 by merg ing  five p rimarily 
d isc ip line-oriented  researc h c ounc ils. The researc h c ounc il reform and  the RCN were 
sub jec t to a  thorough interna tiona l eva lua tion in 2000-2001. As a  result of the eva lua tion the 
RCN will be reorganized . The six former d ivisions of the c ounc il organized  by d isc ip line will be 
rep lac ed  by three b road  d ivisions, organized  by func tion (i.e. advanc ement of sub jec ts and  
d isc ip lines, innova tion and  user-initia ted  researc h, stra teg ic  p rogrammes). One of the a ims 
of the reorganiza tion is tha t the RCN will put stronger emphasis on long-term basic  researc h 
as well as on R&D-based  innova tion. Other a ims a re improved  user orienta tion and  a  
stronger foc us on interd isc ip lina ry c o-opera tion. 
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Researc h Counc ils, as intermed ia te level fund ing  agenc ies, a re strengthened  

interna tiona lly as means of running  c ompetitive p rogrammes.  

Priority Setting 

Priority setting  is viewed  as a  stra teg ic  ac tivity w ith the potentia l o f inc reasing  

the return on pub lic  investments on researc h. A 1991 OECD4 study c onc luded  

tha t: 

“ Priority setting is nec essary for inc reasing  the relevanc e of researc h to 

ec onomic  growth 

Priority setting  is essentia lly a  c omp lex politic a l p roc ess involving  may peop le 

who interac t with one another 

The c onc ep t of p riorities should  inc lude not only “ thematic ”  p riorities but a lso 

“ struc tura l”  p riorities as well (e.g . tra ining  of researc h personnel; ba lanc ing  

d ifferent types of fund ing  instruments etc ). 

New approac hes to p riorities inc lude the development of stra teg ic  med ium 

term p lans and  sc ienc e and  tec hnology “ wa tc h” ” . 

The 2003 OECD study suggests tha t p rioritiza tion p roc esses a re fuelled  by the 

efforts of polic y makers, who are under pub lic  p ressure, to respond  to soc ieta l 

needs, maximize returns on pub lic  investment and  enhanc e ac c ountab ility. In 

c erta in c ountries identific a tion of researc h p riorities is d irec tly linked  to 

selec ting  eng ines of future ec onomic  g rowth (Korea ), to  red irec ting  their 

researc h systems towards emerg ing  a reas (USA, Denmark) and  add ressing  

budgeta ry c onstra ints (Czec h Repub lic ). 

The report identifies tha t a lthough p rioritiza tion is a  widesp read  ac tivity; 

c ountries a re d ivided  in using  bottom up  approac hes and  top-down ones. In 

c ountries with top -down approac hes the c entra l government (sometimes on 

the advic e of a  c entra l advisory body) adopts exp lic it stra teg ies, polic ies or 

p lans tha t spec ify p riority a reas for researc h (Austria , Hungary, Japan, and  

Norway). In the bottom up , dec entra lized  approac h d ifferent government 

agenc ies use their own approac hes for p riority identific a tion (Sweden, USA). 
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In c erta in c ountries there is an integra tion or mix of top -down and  bottom-up  

approac hes. For example Austra lia  is using  a  sec tora l and  p lura listic  

approac h to p riority setting. In 2001 the government’ s Innova tion Ac tion Plan, 

Bac king Austra lia ’ s Ab ility5, flagged  the need  for an emphasis on researc h in 

whic h Austra lia  enjoys or wants to build  c ompetitive advantage. The Minister 

of Educ a tion, Sc ienc e and  Tra ining  in 2002 announc ed  four researc h priority 

a reas (supported  through the Austra lian Researc h Counc il (ARC) ); nano and  

b iomateria ls; genome/ phenome researc h; c omp lex/ intelligent systems and   

photon sc ienc e and  tec hnology. A tota l of 33% of ARC fund ing  is ta rgeting  

these priority a reas. 

An example of a  p riority setting  exerc ise with a  d irec t fo llow up in terms of 

investment fund ing  is the ICES-KIS p rogramme in Netherlands. (Box 3) 

 

 

Box 3: From Natura l Resourc es to Knowledge Soc iety- Netherlands 

ICES-KIS p rojec ts a re financ ed  from a  fund  c onstituted  by na tura l gas revenues. 
Rea lizing  tha t the na tura l gas reserves would  eventua lly be dep leted , the 
government c hose to set aside a  portion of the revenue for long-term investments 
in struc tura l aspec ts of the ec onomy. This portion was put into a  spec ia l fund , 
c a lled  the Fund  for Ec onomic  Struc ture Improvement (FES). The FES law d ea ls with 
issues suc h as input, output and  management of the fund .  

In the early 1990s the knowledge infrastruc ture (KIS) was inc orpora ted  into the 
investment stra tegy. It was a rgued  tha t an investment impulse was needed  to 
c rea ted  multid isc ip lina ry networks of knowledge in order to add ress some of the 
c omp lex future bottlenec ks and  c ha llenges in Dutc h soc iety. To imp lement this 
stra tegy, a  separa te, inter-ministeria l task forc e (ICES/ KIS) was formed  with the 
mission to p repare the stra tegy for investment in c rea tion, d evelopment, d iffusion 
and  imp lementa tion of knowledge in the Dutc h ec onomy. Responsib ility is shared  
by a ll pa rtic ipa tion ministries, pa rtic ula rly the Ministry of Ec onomic  Affa irs and  the 
Ministry of Educ a tion, Culture and  Sc ienc e. 

A third  ICES/ KIS-round  was initia ted  in 2000. ICES/ KIS-3 is d ifferent form the p revious 
two rounds in tha t the p roc ess was c hanged  form a  top -down to a  bottom-up  
app roac h. More transparenc y and  partic ipa tion form a ll pa rties on the knowledge 
market (universities, researc h institutes, ind ustry, and  government) was c a lled  upon 
to sec ure wide support for the p roc ess and  the fina l outc ome. Another important 
suggestion for improvement was to c rea te a  three-step  approac h. In the first step , 
a  long list of  
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An app roac h used  from the ma jority of the OECD c ountries in order to identify 

needs and  c apac ities is tec hnology foresight. Sinc e the pub lic a tion of the 

book6 “ Researc h Foresight”  by Ben Martin and  John Irvine in 1989 foresight 

exerc ises have bec ome c ommon p lac e internationa lly. Foresight has been 

defined  as: a  p roc ess by whic h one c omes to fuller understand ing of the 

forc es shap ing  the long term future whic h should  be taken into ac c ount in 

polic y formula tion, p lanning  and  dec ision making…Foresight inc ludes 

qua lita tive and  quantita tive means for monitoring  c lues and  ind ic a tors of 

evolving  trends and  developments and  is best and  most useful when d irec tly 

linked  to the ana lysis of polic y imp lic a tions. Foresight p repa res us to meet the 

needs and  opportunities of the future. Foresight in government c annot define 

polic y, but it c an help  c ond ition polic ies to be more appropria te, more 

flexib le, and  more robust in their imp lementa tion, as times and  c irc umstanc es 

c hange. Foresight is therefore c losely tied  to p lanning . It is not p lanning- 

merely a  step  in p lanning”  (Coa tes 1985).7 Foresight exerc ises have been 

undertaken in Canada , UK, Austria , Czec h Repub lic , Germany, Korea , 

Netherlands and  others. In c ountries tha t do not c onduc t foresight 

governments monitor the results of foresight exerc ises in other c ountries 

(Denmark, Ic eland ). 

Public Funding of R&D    

R&D fund ing is rec ognised  as a  major determinant of the performanc e of the 

sc ienc e system.  OECD (2003) identifies tha t a ll c ountries have enhanc ed  

stra teg ic  thinking  in the development of their fund ing  polic ies and  

thematic  perspec tives  was c rea ted . With the input form rep resenta tives of about 40 
organiza tions involved  in sc ienc e and  R&D, 200 ideas were genera ted , whic h were 
c lustered  into eight thematic  c a tegories. In the sec ond  step  the Dutc h c ab inet 
selec ted  six out of the eight thematic  c a tegories. In the third  step , a  c a ll for tender 
was put out. On 20 November 2003, the Dutc h c ab inet will dec id e whic h tend ers will 
be award ed  with funds. The dec ision-making  p roc ess will be supported  by the reviews 
of sc ientific  experts and  other experts who will have c onsidered  the soc ieta l and  
ec onomic  merits of the p roposa ls. 

The budget ava ilab le for ICES/ KIS-3 is EUR 805million. With IVES/ KIS, the Netherlands 
c rea ted  a  tool for initia tion and  management of la rge multid isc ip lina ry R&D projec ts, 
ec onomy through pub lic -p riva te partic ipa tion. A sec ond ary ob jec tive of ICES/ KIS is to 
red uc e the rig id ity of the Dutc h researc h system by stimula tion the sc ientific  researc h 
struc ture to form an integra l pa rt of the na tiona l innova tion system. 
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mec hanisms. Even though its c ountry has its own trad itions in the fund ing of 

researc h there a re some trends and  approac hes c ommon to a ll c ountries. 

The first suc h trend  c onc erns the volume of R&D fund ing . This is genera lly 

inc reasing  in OECD c ountries. New fund ing  from pub lic  sourc es is usua lly 

a ttac hed  to spec ific  p riorities, new interd isc ip linary researc h p rogrammes and  

new fund ing  sc hemes suc h as c entres of exc ellenc e, pub lic  funds and  

founda tions. 

A sec ond  trend  is rela ted  to c hanges in the a lloc a tion of funds. The 

p roportion of funds d istributed  through c ompetitive grant sc hemes is 

inc reasing  rela tive to institutiona l fund ing  in the pub lic  sec tor. This trend , 

however, may have a  number of undesirab le c onsequenc es (e.g . limit 

support for researc h infrastruc ture) and  remed ia l fund ing  modes may be 

required  (e.g . fund ing  full c ost of researc h, fund ing  instruments supporting  

researc h infrastruc ture and  other). Simila rly the use of institutiona l funds by 

government researc h institutions and  universities is inc reasing ly eva lua ted  with 

measurab le performanc e ind ic a tors. 

A third  trend  is experimenta tion with new (to the c ountries) fund ing  sc hemes. 

Examples inc lude support for resea rc h in interd isc ip lina ry p riority a reas suc h as 

the Fonds Nationa l de la  Sc ienc e in Franc e and  the estab lishment of the 

Lead ing Tec hnolog ic a l Institutes in Netherlands; estab lishment of pub lic  

founda tions with the mission to d istribute researc h funds suc h as the 

Knowledge Foundation in Sweden, the Bay Zoltan Founda tion for App lied  

Researc h in Hungary, the Fund  for Researc h and  Innovation in Norway and  

others. 

 

 

 

 

 



27 

 

Probab ly the most popula r approac h of fund ing researc h is the estab lishment 

of c entres of exc ellenc e. Japan launc hed  a  university resourc e a lloc a tion 

p rioritiza tion sc heme c a lled  the 21 Century Centres of Exc ellenc e (COE) 

Programme in 2002. The ob jec tive is to c rea te researc h units of world  c lass 

exc ellenc e in selec ted  fields.  One hundred  and  thirteen units will rec eive JPY 

Box 4: The UK example 

In the United  Kingd om c ompetitive fund ing  of university researc h rela tive to 
institutiona l fund ing  has inc reased  rap id ly in rec ent years. This trend  is g iving  rise to 
ma jor c onc erns. Funds from the Higher Educ a tion Fund ing  Counc ils (HEFC) enab le 
(HEI) to c ond uc t researc h tha t is not supported  by other sourc es. As the p roportion 
of “ Projec t”  fund ing  inc reases, researc h work funded  with suc h funds c onsumes 
the sta ff time and  infrastruc ture funded  by HEFCs. The situa tion is aggreva ted  in 
resea rc h a reas where the p roportion of HEFC funds ac c ounts for a  muc h sma ller 
portion of tota l researc h, notab ly in b iomed ic ine in the United  Kingdom. There a re 
ind ic a tions tha t in this a rea  the widening  d istortion between “ p rojec t”  and  
“ institutiona l”  fund ing  is resulting  in “ squeezing  out”  of some forms of long-term 
basic  researc h. Although resea rc h c ounc ils do fund  basic  resea rc h through the 
“ responsive”  mode fund ing , this c annot nec essarily rep lac e HEFC fund ing  sinc e 
the RC fund ing  through this may fa il to support researc h a t the c utting  edge, as 
there may be time lag  for RC peer review c ommittees to be responsive to 
resea rc h needs a t the rea l frontier. Also, d ifferent types of fund ing  may induc e 
d ifferent behaviours on the pa rt of the resea rc hes, i.e. the basic  resea rch tha t 
resea rc hers und ertake with RC fund ing  and  with HEFC fund ing  c ould  well be 
d ifferent. 

Another c onc ern is tha t the rela tively d iminishing  fund ing  through the HEFC stream 
of the dua l fund ing  system and  the inc reasing  grant fund ing  is resulted  in 
inadequa te fund ing  of university researc h infrastruc ture. Researc h Counc il (RC) 
fund ing , as well as c harities and  industry fund ing  of university researc h only c overs 
the d irec t c ost of resea rc h. It is assessed  tha t remed ia l investments a re needed  in 
generic  institutiona l infrastruc ture (b uild ings, p lant and  servic es, IT networks and  
lib ra ries), the minimum level of researc h equipment and  fac ilities to a ttrac t 
externa l fund ing  (the “ well found  labora tory” ), and  improvements in advanc ed  
sc ientific  equipment to ma inta in infrastruc ture for world -c lass sc ienc e. In response, 
the UK government has d ec ided  to a lloc a te a  ma jor pa rt of the annua l sc ienc e 
budget inc rease to boost university infrastruc ture. It rec ently announc ed  tha t it will 
institute a  ded ic a ted  earmarked  c ap ita l stream for university sc ienc e researc h 
infrastruc ture (HM Treasury 2002*). Also, the UK researc h-fund ing  bod ies 
(government, RC’s and  HEFCs) agree tha t g rant fund ing  of university researc h 
should  move towards c overing  the full c osts of researc h. The HEFCs, with the 
enc ouragement of their sponsoring  bod ies, a re working  to help  HEIs d evelop  a  
standard ized  method ology for assessing  the full c osts of resea rc h, whic h is needed  
to move toward s c overing  full resea rc h c osts by the grant funders (see a lso 
c ountry report on the United  Kingdom). 

* HM Treasury (2002) Investing  in Innova tion: A stra tegy for Sc ienc e, Eng ineering  and   
 Tec hnology, ac c essib le a t www.hm-treasury.gov.uk    
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100 TO 500 million eac h for five yea rs. Finland  adop ted  a  stra tegy to estab lish 

c entres of exc ellenc e in 1995. During  the period  2000-2007 26 c entres were 

supported . Austria  estab lished  the K-p lus c entres; the Czec h Repub lic  

introduc ed  “ resea rc h c entres”  in 2000 and  others. 

Fina lly a  popula r approac h in supporting  R&D is through R&D tax c onc essions. 

R&D tax c onc essions a re used  extensively as an ind irec t way to enc ourage 

business R&D expend itures. During 20058,18 OECD c ountries had  R&D tax 

inc entives in p lac e c ompared  to only 12 in 1996.  

Tax inc entives and  d irec t subsid ies possess d ifferent c harac teristic s and  may 

be used  to ac hieve a lterna tive, but c omp lementa ry ob jec tives. The ma in 

d ifferenc es between these two polic y measures are:  

Direc t subsid ies involve d isc retionary government c ontrol over dec ision 

making ; funds a re selec tively c hannelled  to sec tors, firms or investments 

identified  as having  the greatest potentia l for g rowth or the most p ressing 

need  for assistanc e. With tax inc entives, markets determine whic h investments 

will be undertaken; dec ision making rema ins with investors.  

Tax inc entives are typ ic a lly struc tured  to deliver assistanc e to a  b road  range 

of sec tors, firms or investments. Direc t subsid ies are usua lly ta rgeted  to 

rela tively sma ll numbers of sec tors, firms or investments.  

It is genera lly the c ase tha t d irec t subsid ies c an be ac c essed  by both 

taxpaying and  non-taxpaying  firms. However, tax inc entives c an a lso be 

designed  to ac hieve this ob jec tive through the use of refundab ility or loss-

transfer p rovisions.  

The revenue c ost for d irec t subsid ies is c apped  a t the fund ing  level made 

ava ilab le to the granting  authority in a  year while the revenue c ost of tax 

inc entives is dependent on market-determined  levels of investment. Aga in 

however there a re approac hes9 whic h c an limit the fisc a l c osts.  

The tax system c an be more effec tive in enc ourag ing  longer-term investments 

-- firms c an reasonab ly expec t to rec eive ongoing benefits when multi-year 

p rojec ts a re undertaken. Fund ing  levels for d irec t subsid ies a re often 
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estab lished  on an annua l basis and  may vary (sometimes signific antly) from 

year to year.  

By making use of the existing  tax administra tion struc ture, tax inc entives c an 

be less c ostly (in terms of both administra tion and  c omp lianc e), easier to 

ac c ess, more timely, more c erta in and  less burdensome than d irec t subsid ies.  

Tax inc entives make the importanc e of R&D an issue of d isc ussion and  

understand ing  among c ommunities foreign to sc ienc e and  tec hnology suc h 

as ac c ountants, financ ia l offic ers and  lawyers with long term benefits for 

sc ienc e and  tec hnology. 

Management of S&T Capacity Development 

Feed ing  the S&T p ipeline to ensure an adequa te supp ly of S&T personnel is 

rec ognised  internationa lly10 as the most important c ha llenge in the 

management of S&T c apac ity development. In modern times investment in 

sc ientific  human c ap ita l has been a  c ornerstone of the ec onomic  

development polic ies of OECD c ountries as well as for emerg ing  ec onomies 

asp iring  to c limb the development ladder11. OECD argues tha t a lthough 

demographic  numbers and  investment in early educ ation may be part of the 

set of polic y instruments required  to ensure an adequa te sc ientific  workforc e, 

the struc ture of sc ienc e and  educ ation system of a  c ountry, the fund ing  of 

researc h and  the setting  of resea rc h p riorities a re dec isive as well. 

A number of c ountries through appropria te polic ies have been suc c essful in 

ensuring  an adequate sc ientific  workforc e during  the rec ent years. In the year 

2000, Korea , Germany, Finland , Switzerland  and  Franc e led  the OECD 

c ountries in the produc tion of university level graduates in na tura l sc ienc es 

and  eng ineering  as a  share of tota l graduates. During the 1998-2000 period  

the number of S&E university degrees awarded  in Ic eland , Sweden, 

Switzerland  and  Ireland  inc reased  signific antly with Sweden reg istering  a  32% 

inc rease.  Simila rly Germany has been ab le to more than trip le enrolments in 

c omputer sc ienc e during  the period  1995 to 2001. Simila r suc c esses have 

been ac hieved  by a  number of c ountries in inc reasing  their PhD gradua tes. In 

the 1999-2000 ac ademic  years there were 4302 full time PhD students in the 

Hungarian doc tora l sc hools c ompared  to 1527 in 1993. In Austra lia  a  
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c ontinuing  growing trend  in doc tora l c omp letions c an be observed  from 2905 

in 1996 to 3664 in 1999. 

Suc c essful polic ies foc us in a  number of approac hes. The most important of 

them are: 

Efforts to make S&T educ ation more a ttrac tive: In order to address this 

issue a  number of c ountries suc h as Portuga l, Finland  and  Belg ium 

redesigned  c urric ula , inc reased  the resourc es ded ic a ted  to sc hools, 

estab lished  new sc ienc e c entres and  launc hed  sc ienc e exhib itions. The UK 

government has c ommitted  la rge amounts of funds to improve 

deteriora ting fac ilities and  ra ise stipends for doc tora l students12, (Stone 

2000). Updating  teac her skills in va rious sc ientific  fie lds has a lso be part of 

the set of polic y instruments emp loyed . The Finish LUMA programme is 

c onsidered  as an example of good  p rac tic e. 

Inc reasing fund ing  for PhDs: In Hungary government inc reased  fund ing for 

doc tora l sc hools and  granted  universities the right to tra in and  award  PhDs. 

Professors c an app ly for ind ividua l g rants, whic h ensure high monthly sa la ries 

(e.g . Szec henyi and  Szila rd  Sc hola rships and  Szentgrorgyi Sc hola rships). As we 

BOX 5:  Finnish LUMA program to improve teacher tra ining** 

In 1996, the Finnish Na tiona l Board  of Educ a tion launc hed  a  na tiona l 
development p rogramme c a lled  LUMA, whic h a ims a t improving  mathematic a l 
and  sc ienc e knowledge among teac hers and  ra ising  it to an interna tiona l level. 
Within the framework of LUMA (an ac ronym of the Finnish words meaning  na tura l 
sc ienc es and  mathematic s), ma thematic a l and  sc ienc e teac hers of a ll 
educ a tiona l levels may partic ipa te in add itiona l tra ining  free of fees. The LUMA 
projec t g roup  has a lso developed  spec ia l ma teria l teac hers may use in the 
c lassroom, for instanc e a  book to assist physic  teac hing  in p rimary sc hool or a  
pub lic a tion dea ling  with sc ientific  experiments in c lass. 

A definite eva lua tion of the p rogramme is not ava ilab le yet, but the Finnish Ministry 
of ed uc a tion has a lready d rawn a  positive c onc lusion. The feedback from 
teac hers was highly positive, c o-opera tion between teac hers has inc reased  and  
the c onnec tions between sc hools and  with pa rtners outside the sc hools have 
bec ome stronger than before. Many of the 270 educ a tiona l institutions tha t 
pa rtic ipa ted  in the na tion-wide p rojec t have introduc ed  c lasses tha t spec ia lize in 
mathematic s and  sc ienc e. Pub lic  apprec ia tion of mathematic s and  sc ienc e has 
risen as well with teachers p lac ing  a  higher va lue on their p rofession.  

** Further information on the LUMA programme is ava ilab le a t 
 http :/ / www.minedu.fi/ mined u/ educ a tion/ luma/ finn_knowhow.html 
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mentioned , between 1993 and  2000 the number of doc tora tes trip led  in 

Hungary. Portuga l has one of the highest inc reases in new PhDs due in part to 

ac tive fund ing . In Canada NSERC inc reased  the number and  dolla r va lue of 

post-g radua te sc hola rships. OECD suggests tha t “ In add ition to high qua lity 

researc h environment, sa la ries tha t c an c ompete with those on offer in the 

p riva te sec tor and  abroad  are important inc entives. Better stipends a t the 

tra ining level and  c areer opportunities therea fter a re important a t enla rg ing  

the sc ienc e base a t home” .13  An example is the Introduc tion of Integra tive 

Gradua te Educ a tion and  Researc h Tra ineeship  (IGERT) p rogrammes in the 

USA whic h offer stipends in support to g radua te students engag ing  in 

researc h in p riority a reas. 

Attrac ting  women and  minorities to S&T is of p rimary importanc e to c ountries 

with under representa tion of the partic ula r g roups. The following Box p rovides 

an overview of relevant polic y measures. 
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BOX 6:   Improving the a ttrac tiveness of the public  research sec tor 

Raising salaries and funding. The UK government p lans to inc rease the sa la ries of post-
d oc tora tes by 25% and  inc rease fund ing  for the hiring  of university p rofessors. The Czec h 
Repub lic  has imp lemented  sc hemes to p rovide add itiona l financ ia l support to young 
R&D workers up  to 35 years of age. The European Commission has d oub led  the amount 
of fund ing  devoted  to human resourc es in the Sixth Researc h Framework Programme to 
EUR 1.8 b illion in order to improve the a ttrac tiveness of the European researc h a rea . The 
Bac king  Austra lia ’ s Ab ility initia tives inc lude estab lishing  p restig ious Federa tion Fellowships 
worth AUD 225 000 a  yea r eac h. These a re a imed  a t a ttrac ting  and  reta ining  lead ing 
researc hers in key positions and  up  to 125 Federa tion Fellowships will be awarded  with 
tota l fund ing  of AUD 112.3 million over the next five years from 2002 to 2006. The Prime 
Minister announc ed  the first fifteen Federa tion Fellowships on 25 Sep tember 2001. In 
add ition, the number of Austra lian Postdoc tora l Fellowships will be doub led  from 55 to 
110 and  remunera tion of these positions will be improved , with tota l fund ing  of AUD 50.1 
million from 2002 through 2006. 

Employment reforms and post c reations. Germany is launc hing  the development of junior 
p rofessorships, whic h a re tempora ry posts to a ttrac t young researc hers to university 
emp loyment in some 30 universities. These junior p rofessors will be tied  to researc h 
d epa rtments ra ther than to p rofessors, whic h is c urrently the c ase for new ac ad emic s. In 
2001, the BMBF p rovided  EUR 6.1 million. Junior p rofessors a re g ranted  three-year 
emp loyment c ontrac ts, renewab le one. In Austria , a  ma jor reform has taken p lac e in the 
emp loyment of the university system. As of January 2004, new university sta ff will not have 
c ivil servant sta tus and  emp loyment c ontrac ts will be limited  (four to six years) a fter whic h 
sc ientists/ resea rc hers will have to app ly for new c ontrac ts, depend ing  on the number of 
ava ilab le posts. Tenure will only be g ranted  to full p rofessors. Currently 21-23% of tota l 
university sta ff is tenured  p rofessors. Norway a ims to inc rease the number of d oc tora tes 
by 60% by 2007 in order to sec ure rec ruitment to researc h in ac ad emia  and  ind ustry, 
interna tiona l rec ruitment and  the rec ruitment of women. In Franc e, the some 700 
teac hing-researc her posts were c rea ted  between 1997 and  2001 to strengthen the 
pub lic  researc h sec tor and  a ttrac t post-doc tora tes from overseas. The Dutc h Ministry of 
Educ a tion, Culture and  Sc ienc e and  the Ministry of Agric ulture, Na ture Management 
and  Fisheries, together with the universities, have launc hed  the Renewa l Impulse sc heme 
to reta in b right young  researc hers in the pub lic  sc ienc e system. The p rogramme foc uses 
on three stages of the sc ientific  c a reer up  to p rofessorship : young post-doc s, 
experienc ed  post-docs and  top  ta lent. In the first round  (2000) NOW p lac ed  43 
c and id a tes. The a im is to selec t over 1000 researc hers between 2000 and  2010. 

Sourc e: Op  c ited  OECD (2003)  
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Attrac ting  ta lent from abroad  is a  stra tegy fo llowed by a  number of c ountries 

in order to c omp lement their S&T p ipelines a t d ifferent points. Canada , the UK 

and  the USA have trad itiona lly met part of their demand  through the 

immigra tion of foreign na tiona ls. In 1999 the number of ind ividua ls with 

masters or doc tora l degrees immigra ting  to Canada was equa l to the 

na tiona l p roduc tion. During  the same year 33% in the UK, of a ll PhD 

doc tora tes in sc ienc e and  eng ineering  were awarded  to students from 

outside the UK. Apart of the a ttrac tion of the researc h system and  sa la ries the 

interp lay of administra tive and  fisc a l inc entives influenc es the dec ision of 

foreign resea rc hers to work in c erta in 

BOX 7:   What is being done to improve the role of women in academia and 
research? 

Canada. The goa l of the “ Cha irs for Women in Sc ienc e and  Eng ineering”  
p rogramme c rea ted  by the NSERC is to inc rease the partic ipa tion of women in 
S&E and  to p rovide role models for women c onsidering  c a reers in these fields. 
NSERC fund ing  is ma tc hed  by c ash c ontributions from c orpora te sponsors. In 
add ition, the University Fac ulty Awards (UFA) p rogramme assists universities in hiring  
25 women fac ulty members in the NSE eac h yea r by p rovid ing  a  sa la ry 
supp lement of CAD 40 000 per year per c ha ir holder for up  to five years. 

Finland. Spec ific  long-term measures (sinc e the 1980s) have stead ily inc reased  the 
number of women in researc h making  Finland  one of the c ountries with the highest 
share of women in researc h a t a ll levels: in 2000, about 32% of resea rc h personnel 
in genera l and  43% of university researc h personnel were women. Sinc e 1998 a ll 
Ac ademy of Finland  c a lls for fund ing app lic a tions have enc ouraged  women in 
pa rtic ula r to app ly. In 2000, the Ac ademy adop ted  an equa lity p lan to p romote 
gend er equa lity in the sc ienc e c ommunity: where app lic ants a re equa lly qua lified  
for the post, p referenc e is g iven to women. 

Germany. The BMBF has set up  a  “ women in educ a tion and  researc h”  d ivision. The 
d ivision’s responsib ilities inc lude estab lishing  gend er ma instreaming in the BMBF 
itself with the a id  of a  sepa ra te budget item entitled  “ stra teg ies for ac hieving  
equa l opportunities for women in educ a tion and  resea rc h” . Non-university 
researc h organiza tions have c rea ted  c a reer trac k posts to a ttrac t more fema le 
researc hers to sc ienc e and  tec hnic a l a reas. 

Iceland. In rec ent yea rs there has been a  move towards improving  the c ond itions 
for women to pa rtic ipa te in the labour market. The Ic eland ic  Parliament (Althing) 
has passed  laws enab ling  longer pa renta l leaves for both parents; c ompanies 
have introduc ed  flexib le working  times and  methods suc h as remote work sta tions 
for women a t home. Day c a re c enters have been a  limiting  fac tor in some 
c ommunities. 
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c ountries

 

Netherlands. The Aspasia  p rogramme run by the Researc h Counc il NWO with 
financ ia l pa rtic ipa tion of NWO, the Ministry of Educ a tion, Culture and  Sc ienc e and  
the universities a ims to p romote women assistant p rofessors (UD) to assoc ia te 
p rofessors (UHD). 

Sweden. Positive d isc rimina tion is expec ted  in the rec ruitment p roc ess for posts in 
the higher educ a tion sec tor. 

United Kingdom. The ATHENA projec t, funded  by OST and  the UK higher educ a tion 
fund ing  c ounc ils, is working  to tackle the issue of women’s und er-p resenta tion in 
higher ed uca tion emp loyment. It has been in existenc e for two years and  a  further 
two years a re p lanned  before a  full review. The government has a lso set up  a  Web 
site on women in S&T to p rovide sta tistic a l da ta  on women in S&T with a  view to 
informing  polic y: www.set4women.gov.uk. United States. The NSF’s Advanc e 
Program foc uses on advanc ing  the early ac ademic  c a reers of women in 
postdoc tora l or equiva lent positions. 

Sourc e: Op  c ited  OECD (2003) 

 

BOX 8:   Sc ienc e and Technology polic ies to reta in and attrac t sc ientific  ta lent  

Attrac ting foreign and expatria te ta lent: The UK government, jointly with the 
Wolfson Foundation, is fund ing  a  Researc h Merit Award  sc heme run by the Roya l 
Soc iety and  worth GBP 20 million over five yea rs. This offers institutions add itiona l 
funds to inc rease the sa la ries of researc hers whom they wish to reta in or rec ruit 
from ind ustry or overseas. In Germany, the Humbold t Found ation and  the German 
Federa l Ministry for Educ a tion sponsor a  EUR 22 million Researc h Award  the “ Sofja  
Kova levska ja -Preis”  to help  young sc ientists from overseas as well as expa tria te 
German sc ientists ca rry out resea rc h in Germany for a  period  of three yea rs. A 
sing le award  c an be as muc h as EUR 1.2 million. Franc e has long supported  the 
tempora ry stay of foreign researc hers eac h year, in pa rtic ula r from emerg ing  
ec onomies suc h as Brazil, China , Mexic o and  South Afric a . 

Provid ing tax incentives to encourage rec ruitment of foreign personnel: Denmark, 
the Netherlands and  Belg ium have passed  laws to a llevia te the tax burden on 
foreign experts and  highly skilled  workers. In Quebec , the government is offering  
five-year income tax holid ays (c red its) to a ttrac t foreign ac ademic s in IT, 
eng ineering , hea lth sc ienc e and  financ e to take emp loyment in the p rovinc es 
universities. In 2001, Sweden adop ted  simila r polic ies for highly skilled  workers who 
live in Sweden for less than five years. 

Repatria tion sc hemes for post-doc s and sc ientists: The Ac ademy of Finland  has a  
p rogramme to ease the return to Finland  of Finnish researc hers who have been 
abroad  for a  length of time. In Austria , the Sc hroed inger schola rships help  returning  
Austrians integra te into sc ientific  institutions. Germany’s Ministry for Resea rc h and  
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It should  be emphasised  tha t the above efforts a re undertaken a fter 

emp loyment of R&D sta ff in the higher educ a tion sec tor inc reased  sharp ly 

between the mid  1980s and  mid  1990s in a  number of c ountries i.e. Austra lia , 

Austria , Denmark, Germany, Ireland , Norway and  Portuga l. For example 

Finland  and  Ireland  have doub led  the numbers of their resea rc h sta ff in the 

higher educ a tion sec tor. 

In genera l OECD c ountries and  partic ula rly the USA spend  substantia l 

perc entages of their GDP for the development of their higher educ ation 

sec tors. Figure 1 shows the expend iture on tertia ry educ a tion as a  

perc entage of GDP in 1999. The data  c over a ll expend iture (d irec t and  

ind irec t, pub lic  and  priva te) on universities and  other pub lic  and  p riva te 

institutions involved  in delivering  or supporting  tertia ry educ a tiona l servic es. 

This figure shows c learly how the US puts more emphasis than the EU on 

investing  in tertia ry educ a tion. In fac t, the EU figure stands a t only 1.3% of GDP 

spent on tertia ry educ a tion, while the US perc entage is 2.3%. Muc h c an be 

sa id  about reg iona l d isparities in these da ta , but it rema ins true tha t no sing le 

c ountry in the EU spends as la rge a  share of its GDP on tertia ry educ a tion as 

Educ a tion (BMBF) has a lso launc hed  a  new p rogramme in 2001 to a ttrac t the return 
migra tion of German resea rc hers overseas. In support of the repa tria tion of Canad ian 
postdoc tora l resea rc hers, the Institutes of Hea lth Researc h offers a  supp lementa ry 
yea r of fund ing  to Canad ians and  permanent resid ents who a re rec ip ients of either 
the Japan Soc iety for the Promotion of Sc ienc e (JSPS) Postdoc tora l Fellowships for 
Foreign Resea rc hers or Welc ome Trust/ CIHR Postd oc tora l Fellowships. In order to be 
elig ib le for the “ Canada  Year”  fund ing , tra ining  must take p lac e in a  Canad ian 
labora tory. Ita ly has rec ently introduc ed  the “ Reverse Bra in Dra in Projec t” , which is 
a imed  both a t a ttrac ting  foreign p rofessors and  sc ientists and  a t fac ilita ting  the 
repa tria tion of Ita lian sc hola rs ab road . In 2002, the Ita lian government p rovided  EUR 
20 million in add itiona l fund ing  for new positions. Over 100 foreign sc hola rs have been 
emp loyed  in Ita lian universities, most of them in the fields of mathematic s and  physic s 
(51%) and  engineering . Also, 63 Ita lian sc hola rs benefited  from the p rojec t.  

Leveraging immigrant and Diaspora networks: Suc h networks do not only exist among 
emig rants from develop ing  c ountries; Swiss sc ientists in the US have c rea ted  an 
Internet network and  d irec tory (Swiss-list.c om) to link Swiss sc ientists and  post-
doc tora tes working  in the US to c olleagues in Switzerland . The Frenc h foreign ministry 
sponsors meetings between Frenc h post-d oc tora tes working  in US researc h institutions 
and  Frenc h c ompanies. 

Sourc e: OECD, AD Hoc  Group  on Steering  and  Fund ing  of Researc h Institution 
questionna ire results; Interna tiona l Mob ility of the Highly Skilled , 2002 
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the US. The EU c ountries with the highest pub lic  expend iture per GDP on 

tertia ry educ a tion a re the Nord ic  c ountries Finland , Sweden and  Denmark, a ll 

above 1.5% of GDP, fo llowed by Austria  with 1.5%. 

In the EU and  throughout the developed  world , p rimary and  lower sec ondary 

educ a tion is c harac terised  by la rgely universa l enrolment. Together with 

upper sec ondary educ ation, whic h is a lso c harac terised  by very high 

enrolment ra tes, these levels represent the bulk of educ a tiona l expend iture. 

At the same time, higher spend ing  per student a t the tertia ry level of 

educ a tion c ompensa tes for lower enrolment ra tes and  c auses the overa ll 

investment a t tha t level to be higher than a t the sec ondary level. 

In the EU, educ a tiona l expend iture a t p re-primary, p rimary, sec ondary and  

post-sec ondary non-tertia ry levels in 1999 ac c ounted  for 76% of the tota l 

educ a tiona l expend iture. Expend iture a t tertia ry level, on average in the EU, 

represented  nearly one-quarter of the tota l expend iture on educ ation. When 

examining  these data  one should  take into ac c ount tha t students a t tertia ry 

educ a tion level in Europe represent about 15% of the tota l student popula tion 

enrolled  in the entire educ a tion system (EC, 2000, p . 103). 

The perc entage of educ ationa l expend iture going  to tertia ry educ a tion 

varies signific antly from one Member Sta te to another. Countries suc h as 

Finland  or Ireland  invest 30% or more of their educ a tiona l expend iture in 

tertia ry educ a tion. Ita ly, Franc e and  Portuga l, on the other hand , a lloc a te a  

sma ller sha re (less than 20%) of their educ a tiona l expend iture to the tertia ry 

level. Compared  to the US, where tertia ry educ a tion represented  35% of tota l 

expend iture on educ a tion, Europe a lloc a tes a  muc h sma ller p roportion. 

It should  be emphasised  tha t these figures depend  on enrolment ra tes and  on 

demographic  c onstella tions. However, they a lso express d ifferenc es in the 

approac h to educ a tion and  in educ ationa l struc tures and  systems in d ifferent 

c ountries. Higher investment in tertia ry educ a tion leads to the genera tion of 

highly qua lified  experts tha t c an develop  new tec hnolog ies. 

Expend iture on tertia ry educ a tion during  the 1990s grew slightly faster than 

overa ll GDP. In 1995 1.1% of European GDP was devoted  to the financ ing of 
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tertia ry educ a tion; in 1999 it was inc reased  up  to 1.3% of GDP. In Finland  and  

the UK, there was a  slight dec rease of the share of na tiona l wea lth a lloc a ted  

to tertia ry educ a tion (from 1.9% of GDP in 1995 to 1.8% in 1999 in Finland , from 

1.2% of GDP in 1995 to 1.1% in 1998 in the UK). Conversely, a t the end  of the 

1990s, Greec e, Ireland , Portuga l and  Spa in devoted  a  higher share of their 

GDP to tertia ry educ a tion fund ing : from 0.70% in 1995 to 1.0% in 1999 in 

Greec e, 1.3% to 1.4% in Ireland , 0.9% to 1.1% in Portuga l, and  1.0% to 1.1% in 

Spa in). 

Figure 1: Expenditure on tertia ry educ ation as perc entage of GDP (1999) 

 

Governance of S&T in South Africa 

The South Afric a  system of innova tion c an be c harac terized  as a  

dec entra lized  (p lura listic ) one. Government departments (a t Na tiona l level) 

oversee their own researc h c ounc ils/  c ontrac t researc h organisa tions with 

minima l if any c oord ina tion. For example the Department of Water Affa irs 

oversees the Water Researc h Commission; the Department of Hea lth the 

Med ic a l Researc h Counc il; the Department of Minera ls and  Energy oversee 

MINTEK etc . The Department of Educ a tion is responsib le for the Higher 
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Educ ation Institutions and  the Department of Sc ienc e and  Tec hnology is 

responsib le for NRF, CSIR and  HSRC. An effort by the Department of Sc ienc e 

and  Tec hnology to c oord ina te the efforts of the researc h c ounc ils/  c ontrac t 

researc h organisa tions was abandoned during  2005. 

The p lura listic  c harac ter of the system is extended  to Higher Educ ation 

Institutions as well. The Department of Educ a tion is offic ia lly responsib le for the 

management and  financ ia l support of the c ountry’ s universities. However NRF 

the agenc y p romoting  researc h in the university sec tor reports to the 

Department of Sc ienc e and  Tec hnology and  the THRIP p rogramme – the 

ma jor mec hanism promoting  University-Industry c ollabora tion in the c ountry- is 

an initia tive of the Department of Trade and  Industry.  

The weaknesses of the p lura listic  system are manifested  in a  number of ways: 

a  number of departments abd ic a te their responsib ility to support sc ienc e and  

tec hnology for their sec tors; polic y dec isions a re taken without sc ientific /  

researc h support and  c onflic ting  initia tives a ffec t adversely the NSI. 

Following interna tiona l best p rac tic e we rec ommend the following: 

�  DST should  c onsider rec ommend ing the estab lishment of Chief 

Sc ientists Offic es in Government Departments both na tiona lly and  

p rovinc ia lly. The Chief Sc ientists Offic es will be responsib le for 

p romoting  effec tive use of sc ienc e in polic y making ; for enhanc ing  

sc ienc e c apac ity and  qua lity in the fields of interest of the partic ula r 

Departments and  ra ising  awareness and  understand ing  of the effec ts 

of sc ienc e and  researc h on the Department’  ac tivities. Chief Sc ientists 

will be ambassadors for S&T integra tion  

�  DST within its mandate to c oord ina te na tiona l resea rc h and  innova tion 

should  c onsider adop ting  an approac h of “ c oord ina tion through 

monitoring ” . DST should  monitor the researc h fund ing  ac tivities of 

Government and  pub lish the results annua lly. The OECD 

rec ommendations for the c ollec tion of da ta  and  the development of 

a  report on Government Budget Appropria tions or Outlays for R&D 

(GABOARD)14 and  the “ Annua l Review of Government funded  
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Researc h and  Development”  by the Cab inet Offic e15 in the UK c an be 

used  as p rototypes 

Government in South Afric a  p lays a  modest role in the fund ing  of R&D, 

spend ing  below R3 b illion per yea r ma inly for the support of researc h in 

Government organisa tions (fig  2). The perc entage of Business Enterp rise 

Expend iture in R&D (BERD) financ ed  by Government is just below 6.5% (11.9% 

in UK and  10.9% in USA, Korea  8.1%, Franc e 9.9%). Government’ s support for 

BERD in South Afric a  is exc lusively through d irec t inc entive sc hemes (e.g . 

Innovation Fund , Support Programme for Industria l Innova tion etc ). In the 2006 

Budget Speec h it was announc ed  tha t a  tax inc entive sc heme for R&D will be 

introduc ed . This approac h c an be a rgued  to be one of the most important 

ones for the a ttrac tion of R&D fund ing  from abroad . 

Simila rly Government’ s financ ia l support for higher educ a tion is sma ll in 

c omparison to interna tiona l standards. Government spend ing  on higher 

educ a tion is 0.72% of GDP in South Afric a  (2003). The relevant figures for other 

c ountries a re substantia lly higher – USA 2.3% of GDP; Finland  1.8% of GDP; etc . 

Rec ently the DST in c ollabora tion with the Nationa l Researc h Foundation 

announc ed  the intent to estab lish more than 200 researc h c ha irs in the 

universities of the c ountry infusing  app roximately R500 million per yea r in the 

sec tor. 

The issue of equipment is of importanc e in the c ontext of university support by 

Government. A rec ent a rtic le16 c omments tha t Government appears to 

ignore infrastruc tura l needs and  requirements in the sec tor. It sta tes “ The 

White Paper on Higher Educ ation mentions equipment only c irc umstantia lly 

and  in aggrega tion with other needs and  the Nationa l Researc h Foundation 

Bill does not g ive the “ responsib ility”  to the Founda tion to p rotec t and  

develop  this infrastruc tura l need .  It should  be mentioned  tha t the NRF is 

enab led  by the Bill to support equipment needs, but this does not bec ome an 

entrenc hed  responsib ility in the same way as the d isc ip lina ry interests have 

bec ome” . The a rtic le identifies tha t there is a  substantia l bac klog  in 

equipment whic h hamper resea rc h and  tra ining in the c ountry. 
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Figure 2: Flows of Funding for R&D17 (2003/ 4 R millions) 
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d ings we propose the fo llowing: 

�  DST should  monitor c losely the imp lementa tion and  fine development 

of the tax inc entives for R&D sc heme and  its imp lic a tions on other 

d irec t support sc hemes. The tax inc entives sc heme may have adverse 

c onsequenc es in the business sec tor innova tion ac tivities if app lied  

inappropria tely and / or if the government withd rew its support from 

existing  d irec t inc entives sc hemes. 

�  DST should  monitor the p rogress for the estab lishment of researc h c ha irs 

a t the universities w ith the ultimate ob jec tive of keep ing  the 

momentum and  a llevia ting  possib le obstac les in the proc ess. 

�  DST, within its mandate to c o-ord ina te the sc ientific  and  tec hnolog ic a l 

system, should  estab lish an inter-departmenta l c ommittee on “ Critic a l 

Sc ientific  and  Tec hnolog ic a l Infrastruc tures” . The mandate of the 

c ommittee should  be to investiga te and  make rec ommendations 

c onc erning  polic y and  p rogrammes a ffec ting  “ c ritic a l sc ientific  and  

tec hnolog ic a l infrastruc tures”  suc h as resea rc h and  tra ining  

equipment, sc ientific  and  tec hnolog ic a l telec ommunic a tions, and  

R&D management. 

 

The Committee should  c onsider among others the viab ility of 
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introduc ing   

 

ü  the fund ing  of “ c ritic a l S&T  infrastruc tures”  as a  separa te line 

item in the  governmenta l budget [Expend iture defrayed  from the 

Nationa l Revenue Ac c ount] 

ü  approac hes promoting  c loser c ollabora tion on aspec ts of 

c ritic a l S&T  infrastruc ture among organisa tions reporting  to d ifferent 

government  departments (e.g . ac ademic  institutions, researc h 

c ounc ils and  pa rasta ta ls). 

�  The NRF should  institutiona lise the support of researc h and  tra ining  

equipment by estab lishing  an appropria te d irec tora te/ d ivision. The 

d ivision should  be funded  by ded ic a ted  (earmarked ) funds, by top -

slic ing the budget of the other d irec tora tes and  by ra ising  funds from 

loc a l and  interna tiona l donors. 

�  The NRF should  estab lish appropria te ‘ c ompetitive grants’ / fund ing  

mec hanisms p romoting : 

o the interac tion between ac ademia  and  industry for the 

development and   

o c onstruc tion of new or improved  equipment;  

o the ma intenanc e and  augmenta tion of the R&T equipment 

infrastruc ture; 

o the development of the nec essa ry infrastruc tures in institutions 

tha t a re either lac king  or a re w ith defic ient infrastruc tures. 

�  A p rogramme promoting  the development of remote utilisa tion of 

equipment should  be c onsidered  as an urgent p riority in view of its 

possib le impac t ac ross a ll other p rogrammes. Different p rogrammes 

should  be estab lished  for d ifferent ob jec tives. 

�  The fund ing formula  of the Department of Educ ation for ac ademic  

institutions should  make R&T equipment an exp lic it c omponent of the 

formula .  Furthermore, adequate funds should  be earmarked  for a t 
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least the next five years in order to fac ilita te the required  rep lac ement 

and  upgrad ing  of R&T equipment. 

We have a rgued  tha t educ a tion is undoubted ly the most important fac tor 

c ontributing  to employment of ind ividua ls, interna tiona l c ompetitiveness, 

development and  ec onomic  growth.  

In South Afric a  only a  sma ll perc entage of the approp ria te age popula tion 

a ttends tertia ry educ a tion.  In c omparison with c ountries in Asia , Europe and  

Americ a , South Afric a  has a  very sma ll number of students a t tertia ry 

educ a tion level.  

South Afric a  should  inc rease this number by a  fac tor of 4 to 5 in order to 

bec ome c ompetitive with the rest of the world . The ra tio of first degrees in 

Na tura l Sc ienc es and  Eng ineering  to 24-year old  popula tion is a lso highly 

d istorted  in c omparison with the rest of the world .  The relevant popula tion 

should  inc rease by a  fac tor of 10 if South Afric a  wants to be c omparab le with 

the rest of the world . 

Table 1:   Ratio of Natura l Sc ienc e & Engineering Degrees and first university 
degrees per 100 24 year olds 

  
Natura l Sc ienc e & 

Engineering degrees 
First university 

degrees 

Ratio of Nat Sc ience & 
Engineering 

Graduates over a ll first 
university deg. 

graduates 

  to 24 year old  popula tion  
UK 10.0 36.0 0.28 
S Korea 9.0 24.7 0.36 
Austra lia  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 
Sourc e: Unesc o Da tabases and  Sc ienc e and  Eng ineering  Ind ic a tors-2002 
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The CHE18 reports tha t the number of university and  tec hnikon graduates 

inc reased  from 81764 in 1995 to 101680 in 2002. This is an inc rease of 24% over 

the 7 year period  or an annua l g rowth ra te of approximately 3% per year. 

Even if we assume a  zero popula tion growth, it w ill take 50 years for South 

Afric a  to reac h the levels of S Korea  and  Israel.  

Based  on the above we p ropose the fo llowing : 

�  DST in c ollabora tion with the Department of Educ ation should  c onsider 

undertaking a  d rive to doub le the number of sc ientists and  eng ineers 

gradua ting  from the higher educ a tion sec tor within the next 10 years. 

Suc h a  ta rget will require an expec ted  growth of 7% per year. 

Innova tive approac hes should  be c onsidered  for fund ing  this 

ob jec tive. A possib le approac h is to request the universities to develop  

p roposa ls of the resourc es they require and  they a re prepared  to 

c ommit in order to ac hieve the ob jec tive and  c hoose to support those 

whic h c ontribute most in the ac hievement of the ob jec tive. 

�  Expansion of the higher educ a tion sec tor will be c onstra int in the short 

term by lac k of app ropria te number of ac ademic s. DST and  HESA 

should  motiva te to the Department of Home Affa irs the introduc tion of 

“ speedy immigra tion visas”  for ac ademic s who may wish to c ome to 

South Afric a  in fie lds of high priority. A c omplementa ry approac h is to 

p rovide inc entives for the repa tria tion of South Afric an ac ademic s 

abroad . A five year tax holiday with repa tria tion financ ia l assistanc e 

and  possib le NRF researc h support may a ttrac t a  number of 

ac ademic s who a re a lready familia r w ith the South Afric a  system.   

Summary of Recommendations 

Governanc e is a  multifac eted  ac tivity inc lud ing governanc e struc tures and  

organisa tiona l settings; p riority setting ; pub lic  support and  fund ing of researc h 

and  innova tion and  management of S&T c apac ity development. In this 

c hap ter we have d isc ussed  interna tiona l trends and  the c ompara tive 

situa tion in South Afric a . Next we p rovide the list of the relevant 

rec ommendation made in the c hap ter. 
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Rec ommendations rela ted  to governanc e: 

�  DST should  c onsider rec ommend ing the estab lishment of Chief 

Sc ientists Offic es in Government Departments both na tiona lly and  

p rovinc ia lly. The Chief Sc ientists Offic es will be responsib le for 

p romoting  effec tive use of sc ienc e in polic y making ; for enhanc ing  

sc ienc e c apac ity and  qua lity in the fields of interest of the partic ula r 

Departments and  ra ising  awareness and  understand ing  of the effec ts 

of sc ienc e and  researc h on the Department’  ac tivities. Chief Sc ientists 

will be ambassadors for S&T integra tion  

�  DST within its mandate to c oord ina te na tiona l resea rc h and  innova tion 

should  c onsider adop ting  an app roac h of “ c oord ina tion through 

monitoring ” . DST should  monitor the researc h fund ing  ac tivities of 

Government and  pub lish the results annua lly. The OECD 

rec ommendations for the c ollec tion of da ta  and  the development of 

a  report on Government Budget Appropria tions or Outlays for R&D 

(GABOARD)19 and  the “ Annua l Review of Government funded  

Researc h and  Development”  by the Cab inet Offic e20 in the UK c an be 

used  as p rototypes 

�  DST should  monitor c losely the imp lementa tion and  fine development 

of the tax inc entives for R&D sc heme and  its imp lic a tions on other 

d irec t support sc hemes. The tax inc entives sc heme may have adverse 

c onsequenc es in the business sec tor innova tion ac tivities if app lied  

inappropria tely and / or if the government withd rew its support from 

existing  d irec t inc entives sc hemes. 

�  DST should  monitor the p rogress for the estab lishment of researc h c ha irs 

a t the universities w ith the ultimate ob jec tive of keep ing  the 

momentum and  a llevia ting  possib le obstac les in the proc ess. 

�  DST, within its mandate to c o-ord ina te the sc ientific  and  tec hnolog ic a l 

system, should  estab lish an inter-departmenta l c ommittee on “ Critic a l 

Sc ientific  and  Tec hnolog ic a l Infrastruc tures” . The mandate of the 

c ommittee should  be to investiga te and  make rec ommendations 
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c onc erning  polic y and  p rogrammes a ffec ting  “ c ritic a l sc ientific  and  

tec hnolog ic a l infrastruc tures”  suc h as resea rc h and  tra ining  

equipment, sc ientific  and  tec hnolog ic a l telec ommunic a tions, and  

R&D management. 

 

The Committee should  c onsider among others the viab ility of 

introduc ing   

 

ü  the fund ing  of “ c ritic a l S&T  infrastruc tures”  as a  separa te line 

item in the  governmenta l budget [Expend iture defrayed  from the 

Nationa l Revenue Ac c ount] 

ü  approac hes promoting  c loser c ollabora tion on aspec ts of 

c ritic a l S&T  infrastruc ture among organisa tions reporting  to d ifferent 

government  departments (e.g . ac ademic  institutions, researc h 

c ounc ils and  pa rasta ta ls). 

�  The NRF should  institutiona lise the support of researc h and  tra ining  

equipment by estab lishing  an appropria te d irec tora te/ d ivision. The 

d ivision should  be funded  by ded ic a ted  (earmarked ) funds, by top -

slic ing the budget of the other d irec tora tes and  by ra ising  funds from 

loc a l and  interna tiona l donors. 

�  The NRF should  estab lish appropria te ‘ c ompetitive grants’ / fund ing  

mec hanisms p romoting : the interac tion between ac ademia  and  

industry for the development and  c onstruc tion of new or improved  

equipment; the ma intenanc e and  augmenta tion of the R&T 

equipment infrastruc ture; the development of the nec essary 

infrastruc tures in institutions tha t a re either lac king  or a re with defic ient 

infrastruc tures. A p rogramme promoting  the development of remote 

utilisa tion of equipment should  be c onsidered  as an urgent p riority in 

view of its possib le impac t ac ross a ll other p rogrammes. Different 

p rogrammes should  be estab lished  for d ifferent ob jec tives. 

�  The fund ing formula  of the Department of Educ ation for ac ademic  

institutions should  make R&T equipment an exp lic it c omponent of the 

formula .  Furthermore, adequate funds should  be earmarked  for a t 
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least the next five years in order to fac ilita te the required  rep lac ement 

and  upgrad ing  of R&T equipment. 

�  DST in c ollabora tion with the Department of Educ ation should  c onsider 

undertaking a  d rive to doub le the number of sc ientists and  eng ineers 

gradua ting  from the higher educ a tion sec tor within the next 10 years. 

Suc h a  ta rget will require an expec ted  growth of 7% per year. 

Innova tive approac hes should  be c onsidered  for fund ing  this 

ob jec tive. A possib le approac h is to request the universities to develop  

p roposa ls of the resourc es they require and  they a re prepared  to 

c ommit in order to ac hieve the ob jec tive and  c hoose to support those 

whic h c ontribute most in the ac hievement of the ob jec tive. 

�  Expansion of the higher educ a tion sec tor will be c onstra int in the short 

term by lac k of app ropria te number of ac ademic s. DST and  HESA 

should  motiva te to the Department of Home Affa irs the introduc tion of 

“ speedy immigra tion visas”  for ac ademic s who may wish to c ome to 

South Afric a  in fie lds of high priority. A c omplementa ry approac h is to 

p rovide inc entives for the repa tria tion of South Afric an ac ademic s 

abroad . A five year tax holiday with repa tria tion financ ia l assistanc e 

and  possib le NRF researc h support may a ttrac t a  number of 

ac ademic s who a re a lready familia r w ith the South Afric a  system.   
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Best Practices in monitoring S&T 
Systems – Science Indicator Systems 

Introduction 

An important way of enhanc ing  polic ymaking is to improve the stra teg ic  

intelligenc e upon whic h polic y c hoic es and  dec isions a re based .  During  the 

past 50 years governments and  their agenc ies have developed  a  number of 

approac hes monitoring their systems of innova tion. 

While this type of intelligenc e is genera ted  via  a  va riety of tools suc h as 

eva lua tions, tec hnology foresight, tec hnology assessment and  others the 

p rime feedbac k to Governments© mec hanism of polic y-making  is an extensive 

set (system) of S&T Ind ic a tors. S&T Ind ic a tors help  the polic y making bod ies in 

government or non-governmenta l institutions in their advisory c apac ity, to 

eva lua te past and  p resent polic ies, and  design and  imp lement new ones. 

Sc ienc e Ind ic a tors Systems (SIS) a re c omprehensive c ollec tions of ind ic a tors 

desc rib ing  the sta tus quo of a  c ountry’ s sc ientific , tec hnolog ic a l and  

innova tion ac tivities w ithin the loc a l soc io-ec onomic  environment and  within 

the interna tiona l a rena . 

In the last 40-50 years the S&T ind ic a tors have developed  c onsiderab ly, thanks 

to the efforts of the ac ademic  c ommunity, na tiona l agenc ies suc h as NSF in 

the USA and  internationa l organisa tions like OECD and  EUROSTAT for the 

European Community. Interna tiona l ha rmonisa tion of c onc ep ts and  c ommon 

methodolog ies for da ta  c ollec tion have been developed  on the interna tiona l 

level, espec ia lly for the OECD c ountries, by the p repara tion of the "Frasc a ti", 
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"Oslo" and  "Canberra " manua ls tha t c ontributed  to a  c onsiderab le 

improvement in the qua lity and  quantity of ind ic a tors, as well as their 

c ompatib ility. So, c rea tion of a  useful sourc e of information for polic y 

p lanning , dec ision-making  and  eva lua tion p roc esses is methodolog ic a lly 

sound . 

Ind ic a tors a re used  by a  va riety of c lients. Five types of potentia l users of S&T 

ind ic a tors c an be identified : the polic y makers, the business, the sc ientific  

c ommunity, the genera l pub lic  and  the interna tiona l organisa tions. Two of 

these groups a re usua lly investors in p roduc tion proc esses: polic y makers 

(government, its departments and  Parliament) and  business.  

Eac h group  have d ifferent demands: polic y makers want to have a  c omplete 

overview of development in the S&T for use in polic y delibera tions. They need  

up-to-da te, key ind ic a tors by polic y relevant c a tegories.  The Business sec tors 

a lso need  genera l overview and  deta iled  information on their own and  

rela ting  sec tors. The Sc ientific  c ommunity is looking  for long time series, 

deta iled  sta tistic s and  c omparab le institutiona l ind ic a tors. Interest g roups of 

researc hers a lso would  like to get deta iled  information on their own field .  The 

Internationa l organisa tions (e.g . G7, UN, OECD, EU, European Parliament, 

APEC, AU etc .) a re interested  in the ranking  of na tions ac c ord ing  to sc ientific  

c apab ilities, c ompetitiveness and  so on.  Deta iled  S&T information c an help  

searc hing  c o-opera tion partners and  obta in knowledge of g loba l trends. 

National Science Foundation Indicators 

Probab ly the most well known SIS is the one p roduc ed  regula rly by NSF. The 

law c rea ting the NSF a lso gave it a  ro le in polic y advic e and  in the eva lua tion 

of researc h. The NSF was asked  to “ p rovide a  c entra l c lea ringhouse for the 

c ollec tion, interp reta tion and  ana lysis of da ta  on sc ientific  and  tec hnic a l 

resourc es in the United  Sta tes”  In 1968, Congress exp lic itly mandated  the NSF 

to report on the sta tus and  hea lth of sc ienc e and  tec hnology.� �   

The Nationa l Sc ienc e Board  (NSB) fo llowed  a  c onserva tive approac h initia lly 

and  pub lished  a  set of sta tistic s without any polic y ana lyses and  assessments. 

The a rgument a t the time was tha t it would  be “ unrea listic  to expec t one 
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federa l agenc y to render judgement on the overa ll performanc e of another 

agenc y or department.” � �   

President Nixon in 1970 and  Congress in 1976 asked  for an annua l report on 

the sta tus and  hea lth of sc ienc e and  tec hnology (remind ing  the NSB tha t 

they were not fully meeting their ob liga tion). These requests shaped  NSB’s 

dec ision to p roduc e an annua l report tha t would  provide baseline da ta  for 

eac h year with a  series of c hap ters provid ing  an assessment of the hea lth of 

sc ienc e.  

The “ Sc ienc e and  Eng ineering  Ind ic a tors”  has been a  grea t suc c ess for a  

number of reasons: “ firstly, it c ollec ted  d ispersed  sta tistic s a ll in only one book. 

Sec ond ly, it d isc ussed  sc ienc e ma inly by way of c harts ra ther than numbers. 

Tab les appeared  p rimarily in the append ix. Third ly, it inc luded  b rief highlights 

for polic y makers. Fourthly, there was sma ll ana lysis. Fina lly, eac h ed ition 

a lways c onta ined  something new in terms of information and  ind ic a tors.” � �  

Science and Technology Agency Indicators      

The Sc ienc e and  Tec hnology Agenc y (STA)� �  in Japan have investiga ted  the 

issue of SIS in the p roc ess of the development of their system.  The ma in 

find ings of tha t ana lysis underp in the c urrent theoretic a l and  emp iric a l 

understand ing  of SIS and  we report them below. 

First, a  SIS should  be used  to g rasp  the sta tus quo of the c ountry’ s sc ientific  

and  tec hnolog ic a l ac tivities.  Sec ond , it should  be used  to set goa ls whic h will 

be a tta ined  within a  c erta in time period .  Third , it should  be used  to formula te 

and  eva lua te a lterna tive polic ies whic h have been or will be imp lemented . 

Based  on the purpose of the ind ic a tors STA derived  the fo llowing typology: 

1. Reporting indicators 

The purpose of this type of ind ic a tors is to measure the various aspec ts 

of the p resent sc ientific  and  tec hnolog ic a l (S&T) ac tivities as 

ac c ura tely as possib le.  Emphasis should  be p lac ed  on investiga ting  

the right ind ic a tors whic h truly reflec t the S&T ac tivities to be measured .  
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From the polic y maker’ s viewpoint, this type of SIS c an be utilised  as an 

early warning  system for S&T ac tivities. 

2. Judgement indicators 

The purpose of this type is to formula te na tiona l goa ls of S&T.  Some 

goa ls must be dec ided  c onc erning a  c ountry’ s timetab le of S&T 

ac tivities during  a  spec ified  time period . 

In order to transform the reporting  type into the judgement type, the 

selec tively c hosen ind ividua l ind ic a tors must be organised .  Ind ic a tors 

whic h a re more or less randomly c hose without assuming c ausa lity 

should  be integra ted  into severa l c omprehensive ind ic a tors.  These 

ind ic a tors, whic h a re selec ted  to measure the c urrent sta tus of a  

spec ific  c ountry’ s S&T ac tivities, should  be c onsistently c ompared  with 

the time series da ta  of the c ountry and  with the c orrespond ing  da ta  of 

other c ountries.  

Through suc h transformation, polic y makers c an utilise SIS as the basis 

for formula ting na tiona l goa ls of S&T ac tivities. 

3. Evaluation indicators 

The purpose of this type of ind ic a tors is to examine the c ausa l 

rela tionships among ind ic a tors.  The system must be further organised  

so tha t some sta tistic a l ana lysis c ould  be made on the rela tionships 

among the ind ic a tors. 

STA c onc luded  tha t a lmost a ll existing  “ sc ienc e ind ic a tors”  a re the 

reporting  type, a lthough oc c asiona lly some a ttempts to c onstruc t a  

judgement type of “ sc ienc e ind ic a tors”  a re being made in va rious 

c ountries.  However, suc h a ttempts have not yet been on a  systemic  

and  regula r basis. 

Nevertheless, this typology shows tha t reporting  type ind ic a tors a re the 

basis for the two other types.  In other words, the various types and  

purposes of SIS c an be c onstruc ted  based  on the reporting type.  Thus, 
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efforts should  be c entred  initia lly on the development of a  reporting  

type SIS. 

STA has further a rgued  tha t R&D ac tivities a re performed  within a  more 

genera l sc ientific  and  tec hnolog ic a l infrastruc ture and  tha t the S&T 

infrastruc ture is formed  on the basis of a  more genera l “ soc ieta l 

infrastruc ture”  whic h supports a  c ountry’ s ac tivities.  Consequently SIS 

should  c onta in ind ic a tors reflec ting the various infrastruc tures. 

On the princ ip les mentioned  above, STA developed  the Japanese SIS 

whic h c onta ins the fo llowing type of ind ic a tors shown in tab le 2.  

In a  simila r to STA fashion the Offic e of Tec hnology Assessment (OTA)� �  

in the USA has investiga ted  the adequac y of the US SIS. 

Table 2:  Distribution of selec ted indic ators 

Major Category Sub-category Sub-sub-category 

SOCIETAL INFRASTRUCTURE 3    

  Educ a tion 6  

S&T INFRASTRUCTURE 14 Ec onomy 4  

  Culture 4  

  R&D elements 14 Input elements 8 

    Support elements 6 

  Institution 12 R&D eva lua tion 8 

R&D INFRASTRUCTURE 35   R&D support 4 

  Eva lua tion 9 R. eva lua tion 5 

    T. assessment 4 

  Knowledge 9 Ac c umula tion 6 

    Crea tivity 3 

R&D RESULTS 35 Priva te good s 15 Direc t effec ts 7 

    Ind irec t effec ts 8 

  Pub lic  goods 6 Standard  3 

    Servic e 3 

  Industria l 6  

S&T CONTRIBUTION  Interna tiona l 6  

  Soc ieta l 6  

SOCIETAL ACCEPTANCE 3    

TOTAL 103  
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The c onc lusion of the report was tha t better da ta  on the federa l researc h 

system are instrumenta l for the c rea tion and  refinement of researc h polic ies; 

tha t Congress needs agenc y and  budget spec ific  da ta , while the agenc ies 

need  data  rela ted  to the performanc e of their p rogrammes and  their 

c onstituent researc h p rojec ts and  tha t depend ing on da ta  c ollec ted  by NSF 

and  NIH risks genera lising results and  trends tha t might not app ly to the system 

as a  whole. 

Tab le 3 shows the da ta  and  ind ic a tors identified  as desirab le and  their 

p rimary users. 

Table 3: Desired data and indic ators on the federa l researc h system 

   Primary Users 

Category Desc ription Method Congre
ss 

Agenc ie
s 

OMB OSTP 

Agency funding 
allocation  
method 

Fund ing within and  ac ross fields 
and  agenc ies 

Agenc y da ta  
c ollec tion 
(and  FCCSET) 

 
4  

  
4  

 
4  

 Cross-agenc y information on 
p roposa l submissions and  
awards, researc h c osts, and  
the size and  d istribution of the 
researc h work forc e 
supported  

     

Researc h 
expenditures 

Researc h expend itures in 
ac ademia , federa l and  
industria l labora tories, c entres, 
and  university/  industry 
c ollabora tions 

Agenc y da ta  
c ollec tion 

 
4  

 
4  

 
4  

 

 Agenc y a lloca tions of c osts 
within researc h p rojec ts, by 
field  

     

 Mega-p rojec t expend itures: 
their c omponents, evolution 
over time, and  c onstruc tion 
and  opera ting  c osts 

  
 

   

Researc h work 
force 

Size and  how muc h is federa lly 
funded  

Lead  agenc y 
survey 

 
4  

 
4  

 
 

 
4  

 Size and  c omposition of 
researc h groups 

     

Researc h 
process 

Time c ommitments of 
researc hers 

Lead  agenc y 
survey;  

  
4  

  

 Pa tterns of c ommunic a tion 
among researc hers 

onsite stud ies     

 Equipment needs ac ross fields 
(inc lud ing  the fa te of old  
equipment) 

     

 Requirements for new hires in 
researc h positions 

     

Outcome 
measures 

Cita tion impac ts for institutions 
and  sets of  institutions 

Bib liometric s; 
surveys of 
industry and  

 
4  

 
4  

  
4  

 Interna tiona l c ollabora tions in 
researc h a reas 

ac ademia      

 Researc h-tec hnology interfac e, 
e.g . university/  industry 
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c ollabora tion 
 New produc tion func tions and  

quantita tive p rojec t selec tion 
measures 

     

 Comparison between ear-
marked  and  peer-reviewed  
p rojec t outc omes 

     

 Eva lua tion of researc h 
p rojec ts/ p rogrammes 

     

Indicators Proposed  suc c ess ra te, PI 
suc c ess ra te, p roposa l 
p ressure ra tes, flexib ility and  
c ontinuity of support ra tes, 
p rojec t award  and  dura tion 
ra te, ac tive researc h 
c ommunity and  p roduc tion 
unit ind ic es 

Agenc y 
ana lysis 

 
4  

 
4  

  
4  

Source:  Offic e of Technology Assessment, 1991 

 

Box 9:  The establishment of National S&T sta tistic s ind icator system in China 

The S&T c ensus in 1985 for the first time c ollec ted  da ta  reflec ting  na tiona l S&T 
ac tivities (exc ep t for Ta iwan p rovinc e), whic h la id  a  founda tion for further setting  up  
China ’s S&T sta tistic a l ind ic a tor system and  imp lementing  S&T sta tistic s. 

Sinc e 1986, annua l reporting  system has been c onstruc ted  in R&D institutions a ffilia ted  
to government departments, la rge and  med ium sized  enterp rises, and  higher lea rning  
institutions, whic h has formed  a  network from the c entra l to the loc a l opera ted  and  
c o-ord ina ted  by the Sta te Sc ienc e and  Tec hnology Commission, the Sta te Educ a tion 
Commission and  the Sta te Sta tistic s Bureau.  R&D performing  units a re surveyed  
ac c ord ing  to their geographic  loc a tion through the network.  Sinc e tha t time, 
sta tistic a l sc opes and  contents have been exp anded  g radua lly.  Currently, the 
imp lemented  sta tistic s surveys a re as fo llows: 

�  survey for basic  information on S&T ac tivities of R&D institutions in soc ia l and  
humanity and  na tura l sc ienc es fields; 

�  survey on performanc e of na tiona l S&T p rogrammes 

�  pa tent sta tistic s 

�  survey on S&T ac hievements and  awards 

�  survey on tec hnolog ic a l market 

�  survey on non-governmenta l S&T institutes 

�  na tiona l sc ientific  pub lic a tion and  c ita tion sta tistic s: 
retrieved  China ’s pub lic a tions c a ta logued  by four interna tiona l index systems, SCI, 
ISR, ISTP, EI, and  make sta tistic a l ana lysis of 1200 domestic  sc ientific  journa ls, 
researc h papers pub lished , and  c ita tion 

�  sta tistic s of import and  export of high-tec h p roduc ts: 
based  on the Standard  Interna tiona l Trade Classifica tion and  OECD’s High-Tec h 
Produc t Classific a tion, to make sta tistic a l ana lysis for exports and  imports of 
China ’s high-tec h p roduc ts by using  China ’s Customs Annua l Report. 

The foc us of the efforts is on: 

�  interna tiona l c ompatib ility, and  

�  support loc a l polic y demands 
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OECD Indicators 

OECD has made a  c ruc ia l c ontribution in the interna tiona l ac c ep tab ility of 

S&T ind ic a tors by c rea ting “ standards”  for the development of interna tiona lly 

c ompatib le relevant ind ic a tors. 

OECD has been one of the first multila tera l organisa tions to investiga te 

ind ic a tors relevant issues (other important organisa tions in the field  a re a lso 

UNESCO, EUROSTAT and  NORDFORSK).  In 1963 it p roduc ed  guidelines for the 

c ollec tion of input da ta  to R&D (Frasc ati Manua l). 

R&D input da ta  has been the p redominant polic y va riab les for a lmost 20 

years when the move away from the linear model of innova tion b rought to 

the surfac e the limita tionsc  of the R&D input sta tistic s and  made p rofound  the 

need  for add itiona l ind ic a tors.  

The fo llowing a re ind ic a tors whose development is rec ommended  by OECD 

and  ind ic a tors on whic h OECD is working c urrently. 

R&D statistics 

The c ollec tion of R&D sta tistic s sta rted  in the 1960s supported  by the rap id  

growth of the amount of na tiona l resourc es devoted  to researc h and  

experimenta l development.  The amount of money spent on R&D has been 

the p rimary input ind ic a tor for dec ades and  has been used  as a  measure of 

                                                 

c   The use of spend ing  da ta  is limited  in its relevanc e to the impac ts of R&D.  
There is some c orrela tion between the level of R&D spend ing  and  innova tive 
suc c ess.  For examp le, if fewer resea rc h p rojec ts a re performed , then 
c ompanies and  c ountries forgo the potentia l benefits of the researc h.  
However, spend ing  a lone d oes not guarantee innova tive suc c ess bec ause 
many add itiona l fac tors figure into the innova tion p roc ess and  have 
important effec ts on the resulting  outputs.  The rea lity of the proc ess of 
innovation is muc h more c omp lex than expend iture da ta  a lone c an revea l. 
 
Furthermore, the usefulness of R&D spend ing  ind ic a tors is limited  bec ause the 
way in whic h innova tive ac tivities a re struc tured  and  managed  c an be as 
signific ant as the amounts of resourc es devoted  to them in determining  their 
outc omes and  effec ts on performanc e.  Those na tions or firms with extremely 
effic ient innova tion systems c an outperform those tha t use grea ter R&D 
resourc es ineffic iently. 
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how muc h researc h is being performed . The human resourc es involved  in R&D 

is the sec ond  ind ic a tor in the inputs of R&D.  The major advantages of using  

expend iture da ta  as an ind ic a tor a re tha t they a re easily understandab le, 

read ily ava ilab le, have been c onsistently ga thered  over time and  they c an 

measure efforts in d ifferent p rojec t, d isc ip lines, sec tor, etc . ac c ord ing  to same 

unit. 

The stra ightforward  ra tiona le — the more R&D spend ing , the more innova tive 

ac tivity — is the primary advantage to using expend iture da ta  in polic y 

d isc ussions.  Its simp lic ity and  c lose ties to the linear model of innova tion a llow 

it to be read ily understood  by those with little spec ia lised  knowledge, making  

it appea ling  in polic y d isc ussions.  These same simp lifying  c harac teristic s may 

have led  to its use in other a reas.  In some c ontexts, c ountries and  c ompanies 

a re c a tegorised  ac c ord ing  to their tec hnolog ic a l sophistic a tion on the basis 

of their R&D spend ing  levels; little a ttention is g iven to other fac tors. 

Guidelines for the c ollec tion of R&D sta tistic s a re provided  in the Proposed  

Standard  Prac tic e for Surveys of Researc h and  Experimenta l Development 

(Frasc a ti Manua l 1993) and  R&D Sta tistic s and  Output Measurement in the 

Higher Educ ation Sec tor (Frasc a ti Manua l Supp lement 1989). OECD, Paris, 

Franc e 

Technology balance of payments statistics 

The TBP reg isters the interna tiona l flow of industria l p roperty and  know-how.  

This type of sta tistic s measure the interna tiona l d iffusion of d isembod ied  

tec hnology by reporting  a ll intang ib le transac tions rela ting  to trade in 

tec hnic a l knowledge and  in servic es with a  tec hnology c ontent between 

partners in d ifferent c ountries. 

Transac tions whic h are c overed  by these sta tistic s a re purc hase and  sa les of 

pa tents, lic enses for pa tents, know-how, trademarks, franc hising , tec hnic a l 

servic es, models and  designs and  financ e of industria l R&D outside the 

na tiona l territory. 

OECD reports c urrently TBP da ta  ac c ord ing to industry, type of opera tion and  

geographic a l a rea . 
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Guidelines for the c ollec tion of R&D sta tistic s a re provided  in the Proposed  

Standard  Method  of Compiling  and  Interp reting Tec hnology Ba lanc e of 

Payments Da ta  (1990), OECD, Paris, Franc e 

Bibliometrics 

Bib liometric s is the generic  term c overing  information extrac ted  from 

pub lic a tions.  Bib liometric  ana lysis uses da ta  on numbers and  authors of 

sc ientific  pub lic a tions and  on artic les (and  in pa tents) and  the c ita tions 

therein to measure the “ output”  of ind ividua ls/ researc h teams, institutions, 

and  c ountries, to identify na tiona l and  interna tiona l networks, and  to map the 

development of new fields of sc ienc e and  tec hnology. 

Most b ib liometric  da ta  c ome from c ommerc ia l c ompanies or p rofessiona l 

soc ieties w ith ma in genera l sourc e the Sc ienc e Cita tion Index (SCI) set of 

da tabases c rea ted  by the Institute for Sc ientific  Informa tion (ISI) in the US 

Patent data 

Sta tistic s on pa tent c onstitute an important output ind ic a tor of the innovation 

systems.  The g loba l da ta  c onc ern the number of pa tents app lied  for (as 

opposed  to the number fina lly granted ) via  na tiona l, European and  other 

interna tiona l p roc edures b roken down by c ountry of app lic a tion and  c ountry 

of residenc e of the app lic ant. 

The ma in information tha t c an be d rawn from pa tent doc uments rela tes to 

the type of tec hnology c overed  by the c la im, the name and  na tiona lity of 

the inventor (ind ividua l, government agenc y, p riva te c orpora tion), links 

between a  new pa tent and  knowledge in ea rlier ones and  sc ientific  

pub lic a tions, the ec onomic  sec tor where the invention orig ina ted , and  the 

fields and  markets c overed  by the pa tents. 

Pa tent ind ic a tors a re used  in order to identify tec hnolog ic a l strengths and  

weaknesses of c orpora tions, c ountries etc . and  to ana lyse the ra te and  

d irec tion of tec hnic a l c hange. 

Guidelines for the c ollec tion sta tistic s a re p rovided  in Using  Patent Da ta  as 

Sc ienc e and  Tec hnology Ind ic a tors (1994), OECD, Paris, Franc e 
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Trade based indicators 

There is an interna tiona l rec ognition of the symb iotic  rela tionship  between 

investment in sc ienc e and  tec hnology and  suc c ess in the market p lac e. 

Sc ienc e and  tec hnology support c ompetitiveness in interna tiona l trade and  

c ommerc ia l suc c ess in the interna tiona l marketp lac e p rovides the resourc es 

required  to support new S&T.  Consequently trade in p roduc ts embodying 

new knowledge is a  performanc e measure for the na tiona l investment in R&D 

and  in sc ienc e and  eng ineering .  

Trade in high-tec h p roduc ts reflec ts a  c ountry’ s ab ility to c a rry out researc h 

and  development, and  to exp loit the results in g loba l markets (i.e. a  well 

func tioning  NSI). Moreover the industries produc ing  these goods a re genera lly 

a  sourc e of high va lue added  and  well-pa id  emp loyment. Exports of suc h 

p roduc ts therefore rep resent an important ind ic a tor of c ompetitiveness and  

g loba lisa tion in the knowledge-based  ec onomy. 

Guidelines a re provided  in the OECD Handbook on Ec onomic  Globa lisa tion 

Ind ic a tors, (2005), OECD, Paris, Franc e 

Human resources 

The term human resourc es in S&T extends to c over everyone who has 

suc c essfully c ompleted  post-sec ondary educ ation or is working in an 

assoc ia ted  S&T oc c upa tion.  It refers to the human resourc es ac tua lly or 

potentia lly devoted  to the systematic  genera tion, advanc ement, d iffusion 

and  app lic a tion of sc ientific  and  tec hnolog ic a l knowledge. 

Users of HRST data  inc lude polic y-makers and  ana lysts in government rela ted  

agenc ies, the p riva te sec tor and  ac ademic s.  Issues of b ra in-d ra in or ga in, 

skills, ava ilab ility and  p lanning for the higher educ a tion sec tor a re add ressed  

with the use of HRST data . 

HRST da ta  is wider and  more deta iled  then the R&D personnel sta tistic s 

defined  in the Frasc a ti Manua l. 

Figure 3 illustra tes the rela tionship  among the various c a tegories of human 

resourc es.
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Figure 3: Relationships of various c ategories of human resourc es 
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Guidelines for the c ollec tion of R&D sta tistic s a re provided  in the 

Measurement of Human Resourc es Devoted  to S&T (Canberra  Manua l, 1995).  

OECD, Paris, Franc e 

Innovation data 

Innovation da ta  a im to enla rge the p ic ture of the p roc ess of innovation 

p rovided  by the R&D and  pa tent sta tistic s.  The innovation da ta  foc us on the 

innova tion p roc ess other than R&D and  in partic ula r on these aspec ts 

a ffec ting d iffusion ra tes. 

The data  c ollec ted  in d ifferent c ountries d iffer widely in terms of ob jec tives, 

methods, definitions and  so on.  However, they c onc lusively slow tha t a  w ide 

range of da ta  c an be produc ed  in the innova tion p roc ess and  assist polic y 

making . 

The OECD Oslo Manua l p rovides the basis for interna tiona l c ompa tib le: 

1. definitions of innova tion and  innova tive ac tivities; 

2. measuring  aspec ts of the innovation proc ess; 

3. measuring  the c ost of innovation; 

4. c lassific a tions and  a reas of d iffic ulty for innova tion surveys. 
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Guidelines for the c ollec tion of R&D sta tistic s a re provided  in the OECD 

Proposed  Guidelines for Collec ting  and  Interp reting  Tec hnolog ic a l Innova tion 

Data  (Oslo Manua l 1997).  OECD, Paris, Franc e 

New indicators for knowledge based economies 

OECD has developed  and  is c urrently working  in the development of a  

number of ind ic a tors whic h will c omplement and  extend  those advoc a ted  in 

the Frasc a ti family of manua ls.  The most important of these a re: 

Mobility of resourc es: between firms, between industries, between the pub lic  

and  p riva te sec tor.  Human resourc es a re the ma in vehic le for the c irc ula tion 

of knowledge.  Led  by Sweden (NUTEK and  Sta tistic s Sweden) this p rojec t has 

two ma in c omponents. (i) an inquiry into the mob ility of skilled  workers as 

revea led  by the exhaustive tax rec ords in Sweden foc using  initia lly, on the 

“ knowledge intensive business sec tors”  (e.g . financ ia l servic es) in order to 

exp lore the methodolog ic a l issues (e.g . the effec t of the b irth and  death of 

firms). (ii) a  review of the sourc es ava ilab le in OECD c ountries and  how the 

Swed ish methodolog ic a l find ings c ould  be app lied  to c ountries with less 

deta iled  da ta .  A c omparison of the results from tax rec ords and  from more 

b road ly ava ilab le sourc es will be undertaken for Sweden, in order to assess 

the loss of information resulting  from use of the la tter.  The United  Sta tes is a lso 

jo ining this p rojec t. 

Patents based indic ators: The a im is to go beyond  simp le pa tent c ounts.  This 

p rojec t d iffers from the others in tha t it makes use of interna tiona l da ta , whic h 

c an be d irec tly p roc essed  in a  harmonised  way.  Disc ussions with the 

European Patents Offic e (EPO) have been undertaken with the a im of setting  

up  a  quite la rge data  base of European patents (w ith their world -wide 

extensions) to inc lude information on patent renewa l and  on pa tents 

c ita tions, whic h a re c urrently la rgely omitted  from pa tent stud ies.  Da ta  on 

pa tents g ranted  by the USPTO a re a lso being  used .  Experts a re being  

reta ined  to design and  c a lc ula te ind ic a tors using these da ta , to measure the 

ec onomic  va lue of inventions, their soc ia l or tec hnolog ic a l va lue, and  the 

d iffusion of knowledge within and  ac ross na tiona l boundaries.  Tests will be 

made to c ompare va rious ind ic a tors of tec hnolog ic a l performanc e a t the 
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firm level and  a t aggregate level: p roduc tivity, innova tion and  patents.  A 

revision of the OECD “ Pa tents Manua l”  is envisaged .  Sinc e patents da ta  a re 

essentia lly interna tiona l, there was no need  of lead  c ountries and  the OECD 

Sec reta ria t is d irec tly in c harge of this p rojec t. 

Innovative and absorptive c apac ity of firms: This p rojec t makes use of da ta  

c ollec ted  through the first round  of innova tion surveys in European c ountries 

Community Innova tion systems (CIS).  The a im is to design and  c a lc ula te 

aggregate ind ic a tors of innova tive intensity a t na tiona l and  sec tora l levels, 

ind ic a tors of the c irc ula tion of knowledge and  the sourc es of tec hnolog ic a l 

information used  by firms, and  of the fac tors whic h favour or hamper 

innova tion.  EUROSTAT, whic h c o-ord ina ted  the first CIS and  whic h holds the 

mic ro-aggrega ted  da ta , is a  partner in this p rojec t and  Ita ly is a  lead  c ountry.  

Ita lian stud ies have a lready shown the high potentia l o f suc h da ta , in terms of 

desc rip tion of na tiona l innova tion systems and  innovation polic y design.  One 

ava ilab le, the new methods c ould  be app lied  in the forthc oming CIS2 surveys 

and  in innovation surveys outside Europe. 

Internationalisation of industria l R&D: The a im is to measure the extent, the 

fac tors and  c onsequenc es of business R&D internationa lisa tion, espec ia lly via  

multina tiona l firms and  via  interna tiona l a llianc es of firms.  Da ta  of foreign 

a ffilia tes, c ollec ted  by the Sec retaria t, and  pa tents da ta  will be used .  New 

ind ic a tors of the tec hnolog ic a l c ontent of interna tiona l flows of goods a re 

being  tested .  The lead  c ountries are Germany and  Franc e. 

Government support to industria l R&D and innovation:  The a im is to develop  

ac c ura te ind ic a tors of “ ind irec t”  government support for industria l R&D 

notab ly via  fisc a l inc entives whic h fo llowing the c urrent rec ommendations of 

the Frasc a ti Manua l, is not c red ited  to government as a  sourc e of funds in the 

regula r OECD R&D survey.  This builds on an initia tive launc hed  a t the 1995 

meeting of NESTI and  is being  pursued  as part of Module 2 of Phase II o f the 

Jobs Study.  It d raws on da ta  and  methods estab lished  by the Working  Party 

on Support to Industry of the Industry Committee and  a lso on the experienc e 

of the Working Group  on Innova tion and  Tec hnology Polic y.  Austra lia  and  

Canada a re the lead  c ountries. 
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Information and c ommunic ation tec hnology: this p rojec t was added  to meet 

a  request from the Committee for Sc ientific  and  Tec hnolog ic a l Polic y (CSTP).  

It w ill be c a rried  out in c o-opera tion with the new sta tistic a l panel of the 

Committee for Information, Computers and  Communic a tions Polic y (ICCP), 

whic h first met in June 1997.  It w ill address the following top ic s: measuring  

tec hnic a l c hange in Information and  Computer Tec hnolog ies (ICT) p roduc ts, 

the ac tua l, tota l c ost of using ICT (inc lud ing c omplementa ry investment, 

foregone p roduc tion, etc .) and  tra ining  in firms in c onnec tion with the use of 

ICT and  ICT and  innova tion in the financ ia l servic es. 

Currently SIS a re p roduc ed  and  pub lished  by a lmost a ll c ountries with 

developed  sc ienc e and  tec hnology systems. Examples inc lude “ The 

European Report on S&T Ind ic a tors”  by the European Commission; the 

“ Sc ienc e and  Tec hnology Ind ic a tors in the Commonwea lth of Independent 

Sta tes”  by the Ministry of Sc ienc e and  Tec hnology Polic y of the Russian 

Federa tion; The “ Netherlands Sc ienc e and  Tec hnology Ind ic a tors Report”  by 

the Netherlands Observa tory of Sc ienc e and  Tec hnology; the “ Ind ic adores 

de Ac tividades Cientific as y  Tec hnolog ic as- Mexic o”  by Consejo Nac iona l 

de Cienc ia  y Tec hnolog ia  and  others. 

Trend Chart on Innovation in Europe 

The “ trend  c hart of innovation in Europe”  is a  c omp lementa ry to ind ic a tors 

approac h to monitoring  sc ienc e, tec hnology and  innova tion used  by the 

European Commission. 

The ‘First Ac tion Plan for Innova tion in Europe’ , launc hed  by the European 

Commission in 1996, p rovided  for the first time a  c ommon ana lytic a l and  

politic a l framework for innovation polic y in Europe. Build ing upon the Ac tion 

Plan, the Trend  Chart on Innova tion in Europe is a  p rac tic a l tool for innova tion 

organisa tion and  sc heme managers in Europe. Run by the Innova tion Polic y 

Direc tora te of DG Enterp rise and  Industry, it pursues the c ollec tion, regula r 

upda ting  and  ana lysis of information on innovation polic ies a t na tiona l and  

European level. 

The Trend  Chart serves the “ open polic y c o-ord ina tion approac h”  la id  down 

by the Lisbon Counc il in Marc h 2000. It supports organisa tion and  sc heme 
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managers in Europe with summarized  and  c onc ise information and  sta tistic s 

on innova tion polic ies, performanc es and  trends in the European Union (EU). It 

is a lso a  European forum for benc hmarking  and  the exc hange of good  

p rac tic es in the a rea  of innova tion polic y. 

The trend  c hart now trac ks innovation polic y developments in a ll 25 EU 

Member Sta tes, p lus Bulgaria , Ic eland , Israel, Liec htenstein, Norway, Romania , 

Switzerland  and  Turkey. It a lso p rovides a  polic y monitoring servic e for three 

other non- European zones: NAFTA/ Brazil, Asia  and  the MEDA c ountries.  

The Trend  Chart website (www.c ord is.lu/ trendc hart) p rovides ac c ess to the 

fo llowing servic es and  pub lic a tions, as they bec ome ava ilab le: 

�  a  da tabase of innova tion polic y measures ac ross 33 European 

c ountries; 

�  a  news servic e and  rela ted  innova tion polic y information da tabase;  

�  a  “ who is who”  of agenc ies and  government departments involved  in 

innova tion; 

�  annua l polic y monitoring reports for a ll c ountries and  zones c overed ; 

�  a ll bac kground  materia l for four annua l polic y benc hmarking  

workshops; 

�  the European Innova tion Sc oreboard  and  other sta tistic a l reports; 

�  an annua l synthesis report b ring ing  together key of the Trend  Chart. 

Discussion and Recommendations 

This c hapter identifies monitoring as an integra l part of polic y making  

interna tiona lly.  The c hap ter foc uses on the ind ic a tors c onstituting  the 

Nationa l Systems of Ind ic a tors and  desc ribes the Trend  Chart app roac h 

utilised  in Europe to monitor innovation. 

We suggest tha t the majority of c ountries with sc ientific  systems c ollec t a  

number of ind ic a tors (as suggested  by the OECD) and  d issemina te them in 
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c omprehensive doc uments regula rly. The Nationa l Sc ienc e Foundation in the 

USA and  the OECD provide leadership  in the field  with their pub lic a tions 

“ Sc ienc e and  Eng ineering Ind ic a tors”  and  “ Main Sc ienc e and  Tec hnology 

Ind ic a tors”  respec tively. 

In South Afric a , NACI has rec ognised  the importanc e of ind ic a tors and  has 

estab lished  the “ Ind ic a tors Programme” . The Programme c onsists c urrently of 

the fo llowing three c omponents:  

�  The Nationa l R&D Survey 

�  The Nationa l Innova tion Survey 

�  Representa tion and  partic ipa tion in interna tiona l ind ic a tors bod ies 

suc h as the OECD’s Na tiona l Experts on S&T Ind ic a tors (NESTI).  

However, South Afric a  does not p roduc e a  c omprehensive doc ument with 

ind ic a tors (like the NSF one) in order to d issemina te existing information and  

neither supports relevant researc h in the field . 

Based  on the above we advanc e the fo llowing rec ommendations: �

�  NACI should  develop  in regula r interva ls (e.g . b iennia lly) the “ South 

Afric an Sc ienc e and  Innova tion Ind ic a tors” . The report should  present 

quantita tive desc rip tions of key aspec ts of the sc ope, qua lity and  

vita lity of the c ountry’ s sc ienc e and  innovation enterp rise. The report 

should  be submitted  to Cab inet and  Parliament and  should  be pub lic ly 

ava ilab le for pub lic  and  priva te polic y makers. The NSF “ Sc ienc e and  

Eng ineering  Ind ic a tors”  (see Append ix) c ould  be used  as b lueprint.  

�  NACI should  c onsider approac hing  the European Commission 

(Innova tion Polic y Direc tora te of DG Enterp rise and  Industry) w ith the 

ob jec tive of pa rtic ipa ting  in the Trend  Chart p rogramme ac tivities. 

Suc h partic ipa tion not only w ill market the c ountry’ s innova tion system 

internationa lly but it will a lso p rovide the nec essary d isc ip line and  

benc hmarking  expertise required  in the monitoring  of the na tiona l 

innova tion system.  
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�  NACI should  c onsider c rea ting  a  fund  supporting  long term researc h 

on issues of sc ienc e and  innova tion polic y. Currently the only support 

for sc ienc e and  innova tion polic y researc h is c oming from NACI’ s 

p roc urement ac tivities. While NACI’ s approac h is supporting  to a  

c erta in extend  the existing  expertise in the field  in the c ountry, the lac k 

of institutiona lised  long term support c onstra ints  the development of 

new  expertise in the field  of sc ienc e and  innova tion monitoring  and  

assessment.  

 

�

�
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Best practices in public-private 
linkages/ technology transfer in 
science and technology 
Introduction 

The term "pub lic / p riva te partnership ", in the a rea of tec hnology polic y, is 

defined  as any innova tion-based  rela tionship  whereby pub lic  and  p riva te 

ac tors jo intly c ontribute financ ia l, researc h, human and  infrastruc ture 

resourc es, either d irec tly or in kind .26 Partnerships c an be forma l or informa l 

a rrangements governing  genera l or spec ific  ob jec tives in resea rc h or 

c ommerc ia lisa tion and  involve two or multip le ac tors (e.g . c onsortia ). As suc h, 

partnerships a re more than simp ly a  c ontrac t researc h mec hanism for 

subsid ising  industria l R&D. 

Priva te firms may enter into R&D partnerships by themselves. They may do so 

to overc ome market fa ilures tha t result from unc erta inty and  resourc e 

c onstra ints and  the inab ility to interna lise signific ant sp illovers. OECD (1998) 

suggests tha t “ p riva te R&D partnerships c an be seen as a  market response to 

market fa ilures tha t p revent firms from c onduc ting  the soc ia lly op timum level 

of R&D. In the same vein, pub lic  sponsorship  of R&D pa rtnerships is a  polic y 

response to simila r types of market fa ilures tha t a re not resolved  by market 

mec hanisms a lone. This oc c urs, for example, when the transac tion c osts 

assoc ia ted  with R&D partnering  are too high to induc e c ollabora tion or when 

the inc entives for pa rtnering  (e.g . c ost-sharing of inputs, appropria tion of 

outputs) a re insuffic ient and  thereby result in the rejec tion by firms of soc ia lly 

benefic ia l jo int R&D projec ts. Systemic  fa ilures tha t a rise from mismatc hes in 

the inc entives for c o-opera tion among the various ac tors in the innova tion 

system (e.g . universities, firms, labora tories) c an a lso impede c ollabora tion in 

R&D and  tec hnology, thus lead ing to lower soc ia l returns from pub lic  

researc h” . 

Probab ly the ma in appea l of pub lic / p riva te partnerships is tha t they reduc e 

the risk of fa ilure tha t results when governments try to "p ic k winners" through 

trad itiona l R&D subsid isa tion sc hemes. Pub lic / p riva te partnerships enta il the 
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c ompetitive selec tion of pa rtic ipants and  grea ter influenc e from the p riva te 

sec tor in p rojec t selec tion and  management, help ing ensure tha t the best 

partic ipants and  projec ts a re ta rgeted . 

OECD27 suggests tha t there a re no silver-bullet approac hes (one fit a ll) in the 

field . It is suggested  tha t the type of pa rtnership  best suited  for a  g iven polic y 

ob jec tive will depend  not only on the shareholders and  their ob jec tives, but 

more importantly on the type of market or systemic  fa ilure being  add ressed . 

Partnership  p rogrammes must thus be ta rgeted  and  adap ted  to the market 

and  institutiona l environments in whic h firms and  pub lic  researc h partners 

opera te. The size of firms, their sec tors and  their position on the innovation 

ladder (e.g . interna l R&D c apab ility) a lso have a  bearing on their ab ility to 

c ollabora te with pub lic  researc h.  

In this c hap ter we d isc uss ma inly efforts by governments to b ring  c loser 

universities and  industry, as this type of pa rtnership  c onstitutes one of the most 

important polic y issues interna tiona lly and  we b riefly d isc uss interna tiona l 

c ollabora tions.d 

Universities are an important pub lic  sec tor pa rtner in the domain of pub lic -

p riva te partnerships. Universities have an important c ontribution to make in 

this p roc ess and  the trad itiona l perc eption of universities as merely institutions 

of higher learning is g radua lly g iving  way to the view tha t they c ould  be 

important eng ines of ec onomic  growth and  development – the emergenc e 

of universities’  third  mission. 

For some the emergenc e of third  mission runs c ounter to “ soc ia l c ontrac t”  for 

sc ienc e and  universities estab lished  by Vannevar Bush28 in 1945 and  to the 

von Humbold t model of the university. However it is genera lly ac c ep ted  tha t 

ma jor politic a l and  ec onomic  c hanges have a ffec ted  sc ienc e and  

universities during  the last dec ade. Those c hanges gave rise to a  number of 

interpreta tions and  ana lyses. Gibbons et a l29 have a rgued  tha t there is a  shift 

                                                 

d   This c hapter d raws on Pouris, A. (2006) “ Tec hnology Transfer and  Diffusion: 
Capac ity and  Potentia l in South Afric a ’ s Pub lic  Higher Educ a tion Sec tor”  
HESA, Pretoria    
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in p roduc tion of knowledge from Mode 1 (c onduc ted  within d isc ip lines, 

la rgely by universities and  government researc h institutes and  with little 

c onsidera tion of eventua l use) to Mode 2 (c onduc ted  on a  multid isc ip lina ry 

basis by a  va riety of institutions and  in the c ontext of app lic a tion). Etzkowitz et 

a l.30 view c hanges in terms of the emergenc e of a  “ Trip le Helix”  i.e. c loser 

interac tion between universities, government and  industry and  their “ c o-

evolution”  in a  c hang ing environment. In another approac h Guston and  

others31 have c ouc hed  c hanges in terms of a  shift in the “ soc ia l c ontrac t”  

between sc ienc e and  the universities on the one hand  and  government and  

soc iety on the other. Under the trad itiona l soc ia l c ontrac t, based  on a  linear 

approac h to innova tion, universities had  to foc us on basic  researc h and  

teac hing  and  governments had  to support them benefiting  from the flow of 

benefits in terms of wea lth, hea lth and  sec urity c oming from the end  pa rt of 

the innova tion c ha in.   

Desp ite the p rolifera tion of exp lana tions and  theories the “ third  mission”  is not 

new (the land  grant universities in the USA were set up  with a  soc ia l mission in 

1860s) neither has been app lied  suc c essfully ac ross the board .32 In the UK 

innova tion surveys show tha t, while a lmost ha lf o f manufac turing firms 

c onsider universities to be an important sourc e of innova tion only 10% have 

developed  formal rela tionships with them.  

Governments and  universities interna tiona lly a ttempt to introduc e the new 

mission hopp ing  for the add itiona l benefits to the institutions and  the reg ions. 

These initia tives inc lude the estab lishment of tec hnology transfer offic es, 

sc ienc e and  tec hnology pa rks, inc ubators and  other p roperty based  

institutions tha t c ould  potentia lly genera te revenue for the university, 

knowledge sp ill-overs to the loc a l firms and  the c rea tion of new jobs and  

industries. In many c ountries, governments have p rovided  support for these 

initia tives through leg isla tion to fac ilita te tec hnolog ic a l d iffusion from 

universities to firms (e.g . Bayh-Dole Ac t of 1980); ind irec t inc entives to engage 

in c ollabora tive resea rc h (e.g . Na tiona l Coopera tive Researc h Ac t of 1984); 

d irec t subsid ies for resea rc h jo int ventures (e.g . US Department of 

Commerc e’s Advanc ed  Tec hnology Programme) and  shared  use of 

expertise and  labora tory fac ilities (e.g . NSF’s Eng ineering  Researc h Centres). 
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However, mec hanisms fac ilita ting  industry sc ienc e interac tions a re nec essary 

but not suffic ient c ond itions to b ring the desirab le result. There a re fea tures in 

the spec ific  tec hnolog ic a l doma ins whic h should  be expec ted  to be 

influentia l.3334 Some obvious fac tors would  be government regula tions 

(p romoting  or inhib iting c ollabora tion); the R&D strength of the relevant 

industry (g rea ter strength leads to more demand led  interac tions); the size 

struc ture of firms (la rger firms may lead  to more forma l interac tion); sc ienc e 

and  educ a tiona l polic ies (e.g . the size of fund ing  and  the orienta tion of 

fund ing) whic h a ffec t the strength of the ac ademic  resea rc h base and  the 

qua lity and  volume of ‘ output’  of g radua tes in partic ula r fie lds; the existenc e 

of a  developed  venture c ap ita l market; the func tioning  of va rious b ridg ing  

institutions and  the preva lent va lues as rega rds industry-ac ademia  

c ollabora tion. Consequently, ana lysis of the ac ademia  -industry interac tions 

needs to inc lude a  range of ana lyses of fea tures in the surround ing innovation 

system as well. 

Following this line of thinking  the European Commission35 a rgues tha t 

innova tion should  be fused  and  bec ome part of a ll regula tory and  

institutiona l reform in a  c ountry. The report a rgues tha t c urrent innova tion 

polic y – “ sec ond  genera tion innovation polic y”  - emphasizes the importanc e 

of the systems and  infrastruc tures tha t support innovation. These, however, 

a re influenc ed  by many polic y a reas, in partic ula r researc h, educ a tion, 

p roc urement, taxa tion, IPR and  c ompetition polic y. But these polic y a reas a re 

not developed  having  in mind  innova tion issues and  the need  to work 

together is not a lways rec ognised . The a im of the “ third  genera tion innova tion 

polic y”  is to maximize the c hanc es tha t regula tory reform will support 

innova tion ob jec tives, ra ther than impede or undermine them. While we refer 

to the third  genera tion polic y in the c ontext of tec hnology transfer, the 

approac h is va lid  ac ross the tota l spec trum of manag ing  the NSIe.  

                                                 

e  An examp le where c omprehensive support ac hieved  the desirab le polic y 
ob jec tive is the estab lishment of “ Software Tec hnology Parks”  in Ind ia . The 
c ompanies in STP not only rec eive financ ia l support by the government but 
a lso they d on’ t have to obey in labour law regula tions and  in foreign 
exc hange c ontrols; they rec eive p referentia l trea tment in energy outages; 
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International Experience 

A rec ent study (Dylan Jones-Evans 1998)36 investiga ted  university – industry 

interac tions in d ifferent reg ions (namely Ireland , Sweden, Portuga l, Northern 

Ireland , Wa les, Spa in and  Finland ) in Europe. The study shows tha t in a ll of the 

universities stud ied , the genera l mission of the Industria l Lia ison Offic e (ILO) 

func tion within the university is b road ly simila r, namely to devise and  inc rease 

the links between the university and  externa l organisa tions. However, the 

study ind ic a tes tha t there a re a  number of d ifferent models of organising the 

industria l lia ison func tion within d ifferent reg ions of Europe. Within c ountries 

suc h as Spa in, Portuga l and  Finland , only the most basic  tasks a re undertaken 

by the ILO func tion, whilst in c ountries suc h as Wa les and  Ireland , where the 

ILO func tion is an integra l pa rt of the university administra tive system, there 

may be higher level tasks undertaken. However, it is c lear tha t these partic ula r 

models have not been delibera tely c hosen as pa rt of a  definitive stra tegy, by 

the institution, to develop  linkages with industria l firms. Ra ther, the proc ess has 

been la rgely reac tive, reflec ting  c urrent administra tive models or, in some 

c ases, being  d riven by European fund ing  initia tives to work w ith industry 

One of the ma in barriers to develop  inc reased  c ollabora tive links with industry 

was a  lac k of interna l resourc es a t both an ind ividua l and  institutiona l level. 

On an ind ividua l level, ac ademic  sta ff does not have time to estab lish and  

undertake c ollabora tive p rojec ts with industry in add ition to their teac hing  

and  administra tive duties for the university. In add ition, the emphasis on 

trad itiona l outputs for ac ademic  work, suc h as pub lic a tions, has meant tha t 

c ollabora tive industria l R&D is not va lued , exc ep t as a  sourc e of inc ome. 

Therefore, there is a  d istinc t lac k of motiva tion to undertake app lied  researc h 

or tec hnology development ac tivities rela ted  to industria l needs. The study 

identifies tha t the genera l lac k of ac ademic  rec ognition for 

c ommerc ia lisa tion and  rewards for pub lic a tions, as opposed  to pa tents, had  

been a  ma jor ba rrier in many c ountries.  

                                                                                                                                         

preferentia l ac c ess in sta te of the a rt d ig ita l infrastruc ture; they rec eive 10 
yea rs tax holidays etc . The Ind ian ICT industry g rows by 15% per year for more 
than a  dec ad e.  
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On an institutiona l level, it was c onsidered  tha t there was not enough 

emphasis, espec ia lly in terms of interna l fund ing  within the university, to 

suffic iently develop  linkages with industry. It bec ame apparent tha t there was 

a  lac k of a  p roper infrastruc ture for develop ing  ac ademic -industry 

c ollabora tive ac tivities, espec ia lly in the marketing of researc h expertise. It 

was felt tha t universities were not p roac tive enough, w ith not enough 

p romotiona l ac tivities to ensure businesses© awareness of the expertise 

ava ilab le. 

Another find ing was the gap of knowledge, by researc hers and  industria lists, 

about eac h other©s organisa tiona l c ultures. These c ultura l d ifferenc es are 

ma inly down to a  lac k of c ommunic a tion by both researc hers and  

industria lists about the advantages (and  d isadvantages) of c ollabora tive 

ac tivities. It was therefore evident tha t there was a  need  to set up  guidelines 

as pa rt of a  polic y for industry working  with a  university, with a  partic ula r need  

to inc rease awareness, and  to market the university in a  more professiona l 

light. The reasons why this potentia l has not been fully rea lised  inc lude a  lac k 

of information about these ac tivities, c oup led  with the fac t tha t suc h 

a rrangements have never been p reviously c onsidered  by university 

authorities. This was identified  as one area  where polic y makers c an influenc e 

further developments by p rovid ing  more information on the potentia l benefits 

of suc h rela tionships. 

An interesting  find ing was tha t inc reasing  p ressures to institutiona lise 

entrepreneurship  (espec ia lly informa l ac tivities suc h as c onsultanc y) within the 

university environment may ac tua lly result in a  dec rease in these ac tivities. This 

was the c ase in Ireland , where universities have tended  to exert little c ontrol 

over university-industry links and , as a  result, entrepreneuria l ac tivities have 

developed  na tura lly as a  result of the needs of both the ind ividua l ac ademic  

and  the industria l firms. Therefore, whilst ac ademic  entrepreneurship  in 

Sweden has been enc ouraged  as a  result of ‘ top-down’  stra teg ies through 

institutiona l reforms and  initia tives, the Irish approac h has been one of ‘ la issez-

fa ire’ . As a  result, ac ademic s have been a llowed to develop  their own 

initia tives rela tive to their own interests whic h were a ffec ted  adversely when 

universities tried  to forma lise rela tions. 
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The study demonstra ted  tha t ac ademic  entrepreneurship  is not merely rela tes 

to the development of ©c ampus c ompanies© or ©sp in-off firms©. The study 

suggests tha t the most effec tive forms of tec hnology transfer a re c onsulting  

and  c ontrac t researc h and  henc e it suggests tha t the whole issue of the 

development of ©c ampus c ompanies©, a t least in rela tion of effec tive 

tec hnology transfer, needs to be c onsidered  in more deta il. This ec hoes the 

find ings of the OECD reports3738 whic h find  tha t revenues from pa tents and  

lic enses a re a lmost a lways minima l. In the USA gross revenues from lic enses 

represent less than 3% of R&D fund ing  of the USA universities and  less than 2% 

of R&D expend itures in pub lic  labora tories. Furthermore net revenues a re 

muc h smaller and  often nega tive. For example in 1997-98 the CSIRO in 

Austra lia  spent AUD 4.7 millions for lega l and  pa tent portfolio management 

c osts c ompared  to the AUD 5.26 million inc ome from pa tents.  

The study suggested  tha t inc reasing the effic ienc y of c ollabora tion between 

universities and  existing high tec hnology firms is a  p riority and  it made a  

number of rec ommendations for fund ing  rela ted  to fac ilita ting  the interfac e 

ac tivities. 

An investiga tion in the UK (HMSO 2003, Lambert Report)39 a imed  a t identifying 

trends in the rela tionship  between universities and  Industry and  assist in the 

development of relevant polic y.  

The investiga tion identified  tha t two broad  trends are reshap ing  the way tha t 

c ompanies a re undertaking  researc h a round  the world . The first is tha t they 

a re moving  away from a  system in whic h most of their resea rc h and  

development (R&D) was done in their own labora tories, p referab ly in sec ret, 

BOX 10:  US polic ies – MIT 

Consultanc y is muc h more of a  c ore ac tivity a t MIT than it is in UK universities. The 
opportunity to perform c onsulting  work is built into its fac ulty emp loyment c ontrac t, 
whic h only c overs nine months of the yea r. The rest of the time c an be filled  by 
c onsultanc y work. MIT p rovides strong  financ ia l inc entives to ac ad emic s to b ring  in 
industria l researc h inc ome. It a lso removes teac hing  responsib ilities for those who 
b ring  in more than $2m, and  ad ministra tive responsib ilities for more than $4m. MIT 
rec ognises the need  for c lea r polic ies to avoid  conflic ts of interest within this 
framework. 
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to one in whic h they a re ac tively seeking  to c ollabora te with others in a  new 

form of open innova tion. 

The sec ond  trend  is tha t business R&D is going  g loba l. Multina tiona ls a re 

loc a ting  their researc h c entres in their most important markets, espec ia lly if 

those markets happen to c onta in c entres of outstand ing  researc h. Their home 

c ountry is no longer the automatic  first c hoic e for their R&D investment. 

The report a rgues tha t “ These trends have b ig  imp lic a tions for universities, 

whic h a re potentia lly very a ttrac tive partners for business. Good ac ademic  

researc hers opera te in interna tiona l networks: they know what c utting-edge 

work is going  on in their fie ld  a round  the world . Unlike c orpora te or 

government owned researc h fac ilities, university labora tories a re c onstantly 

being  refreshed  by the a rriva l of c lever new bra ins.”  

The ma jor find ing of the investiga tion is tha t the ma jor c ha llenge in the UK lies 

on the demand side. “ Compared  with other c ountries, British business is not 

researc h intensive, and  its rec ord  of investment in R&D in rec ent years has 

been unimpressive. UK business researc h is c onc entra ted  in a  narrow range of 

industria l sec tors, and  in a  sma ll number of la rge c ompanies. Henc e 

tec hnology transfer from universities is hampered  by lac k of demand for their 

know-how.”  

The Review rec ommends tha t the Government should  c ontinue to invest in a  

permanent and  substantia l third  stream of fund ing  (three yea r fund ing based  

on business p lans), while simultaneously monitoring and  eva lua ting the 

outputs from its investment. Suc h fund ing  should  enab le universities to build  up  

their c apac ity to: 

�  Engage in networking  and  other outreac h events with businesses, 

inc lud ing  SMEs. 

�  Market their researc h and  teac hing  to business. 

�  Estab lish business lia ison and  tec hnology transfer offic es to p rovide 

advic e and  to negotia te c onsultanc y, c ontrac t and  c ollabora tive 

researc h and  lic ense agreements. 
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�  Estab lish sp inout c ompanies. 

�  Provide entrepreneurship  tra ining  for sc ienc e and  eng ineering 

gradua tes. 

�  Provide work p lac ements for students in industry. 

The Review identifies tha t management, governanc e and  leadership  w ithin 

the university system needs to func tion p roperly if tec hnology transfer is to 

func tion suc c essfully. The review emphasizes efforts to strengthen exec utive 

management. It identifies tha t many universities have developed  strong 

exec utive struc tures to rep lac e management by c ommittee, and  have ra ised  

the qua lity of their dec ision-making  and  of their governanc e. Stra teg ic  

p lanning  and  the p roc ess of resourc e a lloc a tion have been improved . The 

Review suggests tha t the sec tor has reac hed  a  point where a  volunta ry c ode 

of governanc e should  be developed , to rep resent best p rac tic e ac ross the 

sec tor. It rec ognises tha t it w ill not be appropria te for a ll universities to c omp ly 

with suc h a  c ode: in suc h c ases, they c an exp la in in their annua l report why 

their pa rtic ula r a rrangements a re more effec tive. 
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OECD40 has a lso investiga ted  the issue. The report ana lyses the c hang ing  role 

of industry-sc ienc e rela tionship  in na tiona l innova tion systems, identifies forms 

of tec hnology transfer (Figure 4) and  identifies benc hmarking ind ic a tors for 

monitoring and  assessment. The report emphasizes tha t the most important 

mec hanisms of tec hnology transfer a re flow of g radua tes to industry and  

informal c ontac ts and  tha t lic ensing , sp in-offs and  jo int labs a re the tip  of the 

ic eberg . The ind ic a tors identified  inc lude: size and  orienta tion of pub lic  

researc h; absorp tive c apac ity of the business sec tor; size and  func tions of 

intermed ia ries; government inc entives and  p rogrammes; regula tory 

framework; financ ia l flows between pub lic  and  p riva te researc h 

organisa tions; labour mob ility and  other knowledge flows. The report identifies 

tha t in a  g loba lised  world  foreign firms usua lly make more use of pub lic  

BOX 11:  US investment in university research 

Twenty years ago, tota l researc h spend ing  in the both the UK and  the US represented  
a round  2.4 per c ent of eac h c ountry’s GDP. But in the following  two d ec ades, their 
pa ths have d iverged  sharp ly. By 2001, US spend ing  was up  to 2.8 per c ent of GDP, while 
the UK share had  dec lined  to 1.9 per c ent. 

University-based  researc h p lays a  c ritic a l role in the US system of tec hnolog ic a l 
innovation, and  fund ing has grown a t a  rap id  pac e in rea l terms. Muc h the b iggest 
share – roughly three-fifths – c omes from the fed era l Government, whic h put a  tota l of 
$19.2bn into university resea rc h in 2001. The la rgest inc rease in federa l fund ing  sinc e 
1970 has c ome from the Na tiona l Institutes of Hea lth, and  more rec ently the 
Department of Defense has a lso been inc reasing  its c ontribution. Industry funds a round  
7 per c ent of tota l researc h spend ing in US universities, and  has been the fastest 
g rowing  sourc e of fund ing  for ac ademic  R&D over the last 35 years. Over a  fifth of tota l 
university spend ing  on R&D last yea r was c lassified  by the Na tiona l Sc ience Founda tion 
as app lied  researc h – an enormous investment in app lied  knowledge. 

One of the grea t strengths of the US university system lies in the sc a le of its endowment 
fund s – endowment inc ome and  unrestric ted  g ifts have been another rap id ly g rowing  
sourc e of researc h fund ing  in rec ent years. Resea rc h by the Sutton Trust emphasizes the 
growth of overa ll endowment funds.11 Twenty years ago, Ha rva rd  was the only 
university with an end owment of more than $1bn, whereas now there a re 39 institutions. 
Oxford  and  Cambridge would  eac h c ome in a t a round  15 on the US list, but no other 
UK university would  make it into the top  150. 

Cutbacks in sta te fund ing  and  the setback in the stoc k market mean tha t many US 
universities a re less p rosperous than they were. However, their financ ia l resourc es still 
look daunting  when seen through UK eyes. The University of Southern Ca lifornia , for 
examp le, has set up  a  war c hest to rec ruit 100 sta r ac ademic s in the next three years. It 
has put aside $100m for the purpose. 
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researc h institutions than loc a l ones and  it suggests tha t governments should  

c onsider how to exp loit this phenomenon.  

Figure 4: Mec hanisms for University-Industry Tec hnology transfer 

 

 

Furthermore the report desc ribes a  number of efforts interna tiona lly to exp loit 

the p roduc tion of pa tentab le inventions in universities. An approac h used  in a  

number of c ountries is the subsid iza tion of pa tent filling  and  ma intenanc e 

c osts. For example, the Nationa l Sc ienc e Counc il in Ta iwan reimburses 

universities 70% of the tota l pa tenting  expend iture. Furthermore NSC supports 

BOX 12: Dynamic  dec ision-making 
The University of Stra thc lyd e was one of the first universities to shake up  the way it 
made dec isions. In its 1986 assessment of effec tive d ec ision-making  following  the 
Ja rra tt Report, it c onc luded  tha t the trad itiona l approac h “ p resented  formidab le 
obstac les to c hange”  and  tha t “ ‘hard  times’  demand  ‘ha rd  c hoic es’  whic h would  
require a  more foc used  administra tion” . Over the next dec ade, the university 
c onsolid a ted  sc hools and  departments into four ma jor fac ulties, devolved  budgeta ry 
authority and  responsib ility to deans, reduc ed  the number of c ommittees, and  
c rea ted  a  University Management Group  (UMG) of ac ademic s and  administra tors. 

Stra thc lyde’s UMG demonstra tes a  number of important best p rac tic es with rega rd  to 
management teams. First, they meet either weekly or b i-monthly to ensure important 
dec isions tha t need  c onsulta tion a re not delayed  unnec essarily. Sec ond , they a re 
made up  of senior managers from both the ac ademic  and  administra tive sides of the 
university. Third , they p rac tic e c ab inet-style, c ollec tive d ec ision-making . Ind ividua ls 
ac t in the interest of the institution and  not tha t of the group  they rep resent. In 
Stra thc lyde, the five deans of the university a ll sit on the UMG, and , unusua lly, two lay 
members of the governing  body (the c ha ir and  the treasurer) and  the head  of the 
stud ent union a re invited  to a ttend . The c ollec tive and  transparent na ture of 
exec utive management a t Stra thc lyde has c rea ted  a  b road  level of trust in the senior 
team. 
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financ ia lly the estab lishment of IP offic es, tec hnology transfer offic es and  

tec hnology lic ensing  offic es.   

The d istribution of roya lties is a lso used  as a  polic y tool (inc entives). In a  

number of c ountries grea ter share is g ranted  to ind ividua ls. In the University of 

Ca lifornia  inventors enjoyed  40% of net roya lty revenues (1997). At Warwic k 

University in the UK, ac ademic s c an rec eive up  to 75% up  to a  c erta in 

threshold , a fter whic h the share d rops to 50% for the researc her and  50% for 

the institution. In Franc e inventors rec eive 50% of the roya lties. In Korea  60% is 

a lloc a ted  to researc her. In Japan, the Japan Sc ienc e and  Tec hnology 

Corpora tion to whic h university inventions a re transferred , bears the c osts of 

pa tent app lic a tions and  renewa l. If the c ommerc ia lisa tion is suc c essful, JST 

returns 80% of roya lties to researc hers.  

 The report makes the fo llowing polic y rec ommendations. 

�  “ Giving  grea ter p riority to basic  and  long-term mission-oriented  

researc h in government S&T p rogrammesf. Basic  and  long-term 

researc h- whether motiva ted  by sc ientific  c uriosity or by the c ha llenges 

fac ing  industry and  soc iety- p roduc e new sc ientific  and  tec hnic a l 

knowledge tha t is inc reasing ly important in d riving  innova tion. 

Changes in business R&D stra teg ies are genera lly ac c entuating  

longstand ing d isinc entives for p riva te industry to invest in fundamenta l 

researc h, thus heightening  the need  for government support. 

�  Ensuring appropria te frameworks for intellec tua l p roperty rights. 

Governments must estab lish c lear rules and  guidelines with regard  to 

the intellec tua l p roperty resulting  form pub lic ly funded  researc h, while 

g ranting  suffic ient autonomy to researc h institutions. A good  p rac tic e is 

                                                 

� �� This rec ommendation is a lso supported  by emp iric a l stud ies whic h show tha t a  
minimum threshold  of basic  researc h is required  before tec hnolog ic a l 
innovation takes off a t na tiona l level. (Améric o Tristão Bernardes and   
Eduardo da  Motta  e Albuquerque (2003) “ Cross-over, threshold s, and  
interac tions between sc ienc e and  tec hnology: lessons for less-developed  
c ountries”  Researc h Polic y 32, 865-885).Ac c ord ing to the find ings of Berna rdes 
et a l (2003) South Afric a  should  doub le its outputs from basic  researc h before 
the c ountry’ s innova tion system will take off.�
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to g rant intellec tua l p roperty rights to the performing resea rc h 

organisa tion while ensuring  tha t ind ividua l researc hers or researc h 

teams c an share in the rewards. An interim c onc lusion is tha t a  good  

p rac tic e might be to grant IPR ownership  to the performing researc h 

organisa tion but to ensure tha t researc hers enjoy a  fa ir share of the 

resulting  roya lties. Globa lisa tion of researc h ac c entua tes the need  for 

add itiona l efforts to harmonies IPR reg imes and  p rac tic es a t 

interna tiona l level. Currently, fa r too muc h time is wasted  in a ttempting  

to work out the deta ils and  d ifferenc es in the pa tenting and  lic ensing  

polic ies of d ifferent c ountries. 

�  Matc hing  supp ly and  demand  of sc ientific  knowledge. Regula tory 

reforms rela ted  to IPR’s and  the lic ensing  of pub lic ly funded  researc h 

should  be c omplemented  by measures (suc h as the estab lishment of 

tec hnology lic ensing  offic es, pub lic / p riva te partnerships in fund ing  

R&D, stimuli for c o-opera tion with business, and  support for sp in-off 

formation) tha t stimula te business demand  for sc ientific  inputs and  

improve the ab ility of pub lic  researc h organisa tions to transfer 

knowledge and  tec hnology to the priva te sec tor. 

�  Improving the governanc e of universities and  pub lic  labora tories. 

Pub lic  labora tories c an be made more responsive to emerg ing  needs 

by estab lishing  new mec hanisms for p riority- setting and  fund ing  tha t 

reflec t industry input and  tie fund ing  to performanc e, as well as by 

strengthening  their links with the tra ining and  educ ation system. 

Add itiona l efforts to b reak down d isc ip linary boundaries will enab le 

them to better engage in emerg ing  sc ientific  and  tec hnic a l a reas. In 

many c ountries, universities would  benefit from greater autonomy in 

dec ision making  c oup led  with more p rogrammatic  R&D fund ing . 

Institutiona l support rema ins important but more c ompetitive fund ing 

instruments are needed  to improve the qua lity of researc h results while 

ensuring  tha t fie lds of sc ienc e of high ec onomic  importanc e rec eive 

a ttention. 

�  Sa fe-guard ing  pub lic  knowledge. Setting  c lear rules on IPRs is key but 

not suffic ient to ac hieve a  ba lanc e between c ommerc ia l a ims and  
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the researc h and  teac hing mission of the pub lic  researc h institutions. 

Governments must ensure suffic ient pub lic  ac c ess to knowledge form 

pub lic ly funded  researc h. It must a lso ac knowledge the risks to the 

researc h and  innova tion system tha t may result if the IP p rotec tion 

granted  is too strong and  non-exc lusive lic ensing  too ra re. Fina lly, 

ethic a l guidelines for and  by pub lic  resea rc h institutions a re nec essary 

to p revent or resolve c onflic ts of interest among the institutions and  

researc hers involved  in c ollabora tion with industry. 

�  Promoting  the partic ipa tion of sma ller firms. Young tec hnology-based  

firms p lay a  key role in linking sc ienc e to markets. Governments rightly 

a ttac h p riority to enc ourag ing  sp in-offs from pub lic  researc h to 

stimula te innova tion. Sp in-offs fill a  gap  between researc h results and  

innova tive p roduc ts and  servic es. They are a lso a  means for universities 

to b road ly lic ense tec hnology. However, there is a lso a  c ase for pub lic  

support and  inc entives to existing  SMEs and  espec ia lly those in ma ture 

industries in order to help  them link up  with the sc ienc e base and  

enhanc e innova tion c apac ity. 

�  Attrac ting , reta ining  and  mob ilizing human resourc es. Strong demand  

for highly skilled  personnel inc reasing ly extends ac ross borders, ra ising  

c onc erns about a  “ b ra in d ra in”  in some c ountries in whic h the loss of 

one or two key ind ividua ls c an undermine researc h c apab ilities. For 

c ompanies and  researc h institutions, keep ing  ta lent requires 

investments in in-house tra ining , c a reer g rowth potentia l as well as 

exc ellent researc h working  c ond itions. To a ttrac t students a t university, 

g radua te p rogrammes must better integra te interd isc ip lina ry and  

c ontac ts w ith industry in tra ining  and  researc h. For governments 

removing barriers and  d isinc entives to mob ility and  flexib ility in researc h 

employment is a lso essentia l. Worker mob ility is a  c ritic a l element of 

industry-sc ienc e rela tions and  c an be enhanc ed  by regula tory reforms 

tha t a llow pub lic  researc hers to work more c losely with p riva te industry. 

�  Improving the eva lua tion of researc h. Eva lua tion of pub lic ly funded  

researc h must evolve in response to the c onsiderab le expansion of the 

c ommerc ia lisa tion ac tivities of universities and  pub lic  researc h 
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institutes, and  eva lua tion c riteria  must take into ac c ount tha t 

exc ellenc e in researc h and  tra ining  of graduates has bec ome, a t least 

in some d isc ip lines, more tied  to app lic a tions in industry. Eva lua tion 

c riteria  need  to rec ognise the qua lity of the researc h, its potentia l 

soc ia l and  ec onomic  impac t, and  the va lue of university researc h in 

educ ating  students. In this a rea , na tiona l initia tives should  be 

c omplemented  by further efforts a t interna tiona l level to develop  

benc hmarking  ind ic a tors and  methodolog ies, and  promote the use of 

foreign expertise in na tiona l eva lua tion.”  

While university-based  a llianc es a ttrac t partic ula r a ttention in the field , 

governments a re a lso keen on p romoting  interna tiona l partnerships. 

Trad itiona lly, there have been three ma in ob jec tives of pub lic ly supported  

interna tiona l pa rtnerships: i)tac kling  g loba l-sc a le issues suc h as c limatic  

c hange, oc eanography, renewab le energy and  spac e exp lora tion (i.e. 

mega-sc ienc e p rojec ts); ii) p romoting  soc io-ec onomic / reg iona l c o-opera tion 

in R&D through b ila tera l agreements; and  iii) tec hnology transfer and  c o-

opera tion, ma inly between advanc ed  and  develop ing  c ountries and  as pa rt 

of c ommerc ia l/ trade agreements.  

The Intelligent Manufac turing  Systems Initia tive (IMS)"  a ims to set the 

appropria te manufac turing  qua lity standards and  intellec tua l p roperty rights 

for interna tiona l c o-opera tive R&D. This p rojec t illustra tes the important ro le of 

government c ollabora tion in what initia lly began as a  p riva te/ priva te 

partnership . A key fea ture of the IMS initia tive is its use of an extensive 

feasib ility study and  the development of terms of referenc e for intellec tua l 

p roperty rights. Obta ining support from na tiona l governments and  tapp ing  

into na tiona l umbrella  organisa tions made the sc reening  and  selec tion of 

p rojec ts more effec tive. 

                                                 

g  Terms of Referenc e for IMS were adop ted  in Sep tember 1991 and  a  
sec reta ria t was estab lished  by the six Pa rtic ipants: Austra lia , Canada , the 
European Community (EC), the five pa rtic ipa ting  EFTA c ountries (Austria , 
Finland , Norway, Switzerland  and  Sweden), Japan, and  the USA. 
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At the EU level, va rious mec hanisms exist to p romote interna tiona l 

pa rtnerships in R&D and  tec hnology development. The EUREKA initia tive a ims 

to ra ise the c ompetitiveness of European industry by fund ing  projec ts whic h 

inc rease c o-opera tion between firms and  universities/ researc h institutes in 

a reas of advanc ed  tec hnology. Simila rly the INNOVATION programme brings 

universities and  sma ll firms together a round  spec ific  p rojec ts. The EU©s 

Framework Programmes for interna tiona l pa rtnerships a re now moving away 

from sec tora l based  researc h to p rojec ts tha t require a  high degree of inter-

d isc ip lina rity and  involve severa l Member Sta tes. Rec ently, another a im of 

c ross-border partnerships is the p romotion of networking  among and  

between ac tors of na tiona l innovation systems (e.g . between internationa l 

c onsortia  of firms and  universities, business-to-business rela tions). 

A rec ent OECD41 report a rgued  tha t the inc reasing  pac e, sc a le and  

c omplexity of enterp rise a llianc es a t the g loba l level ra ise a  number of issues 

for polic y makers. Effic ienc y ga ins derive from synergy effec ts among firms 

whic h a re ab le to c ontinue to opera te a t a rm’s length. OECD points to the 

positive effec ts of stra teg ic  a llianc es in terms of firm performanc e and  p rofits 

as well as soc ia l (ec onomy-wide and  c onsumer) benefits. For example, 

lea rning  effec ts of a llianc es c an ra ise soc ia l welfa re by equa lizing  worldwide 

knowledge. On the other hand , there is the possib ility of anti-c ompetitive 

effec ts in c ases where a llianc es b ring  together the lead ing  c ompetitors in a  

market. Firm-level benefits may a lso vary among a llied  firms sinc e la rger 

partners may derive more of the profits than smaller partners. Moreover, a  

range of ba rriers, suc h as information and  resourc e gaps, may prevent sma ller 

firms from partic ipa ting  in interna tiona l a llianc es to the same extent as la rger 

enterprises. 

Thus it needs to be examined  whether the benefits of a llianc es a re higher 

than their c osts from the soc ia l as well as the priva te perspec tive, and  what 

polic ies a re needed  to help  rea lize the possib le ga ins and  to minimize the 

soc ia l c osts. 
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Technology Transfer in South Africa 

Sinc e 2004 a  new pub lic  higher educ a tion landsc ape has been estab lished  in 

South Afric a . It c onsists of 22 pub lic  institutions: 11 universities, five ‘ universities 

of tec hnology’  and  six ‘ c omprehensive institutions’ . In add ition, two Nationa l 

Institutes for Higher Educ ation are in the proc ess of being estab lished  in 

Mpumalanga  and  the Northern Cape.  

The new landsc ape inc orpora tes a  new institutiona l nomenc la ture, notab ly 

the terms ‘university of tec hnology’  and  ‘ c omprehensive institution’ . 

Universities of tec hnology are institutions formerly known as tec hnikons, and  so 

re-designated  in Oc tober 2003. Comprehensive institutions c ombine both 

university-type and  tec hnikon-type p rogrammes, and  in some instanc es result 

from a  university-tec hnikon merger. 

Universities opera te w ithin the c ountry’ s na tiona l system of innovation whic h is 

rela tively of low R&D intensity. In South Afric a 42 g ross expend iture on R&D as 

perc entage of GDP is a round  0.8% while the relevant average OECD43 figure 

is 2.33% and  in a  number of c ountries the relevant figures exc eed  3% (e.g . 

Sweden 4.27%, Finland  3.4%, Ic eland  3.04% etc ). During  2003 the higher 

educ a tion sec torh performed  20.5% of the tota l researc h in the c ountry and  

industry 55.5% of the tota l. Desp ite the high share of business enterp rises R&D 

(BERD) in the c ountry’ s R&D expend itures, BERD as perc entage of GDP in 

South Afric a  (0.44 %) is substantia lly lower for tha t of the OECD c ountries (1.62 

%), ind ic a ting a  low propensity of the business sec tor to undertake researc h 

and  development ac tivities.  

Twenty three perc ent of the higher educ a tion R&D expend iture is supported  

with funds from the business sec tor44. This is an exc eed ing ly high dependenc e 

on business. Tab le 4 show tha t the average perc entage of HERD financ ed  by 

industry in the OECD c ountries is 6.3%. The highest dependenc e is tha t of 

Korea where HERD financ ed  by industry is 14.3 %. 

                                                 

h  The 1997/ 98 figures (DST, 2005) showed  tha t the higher educ ation sec tor was 
performing  12% of the c ountry’ s R&D. Different approac hes in the c ollec tion of 
da ta  may be responsib le for tha t d isc repanc y.  
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Countries Most rec ent data Countries Most rec ent data 
Austra lia  4.9 Mexic o 7.8 
Austria  1.7 Netherlands 6.5 
Belg ium 10.9 New Zea land  5.8 
Canada  9.6 Norway 5.1 
Czec h Repub lic  0.7 Poland  6.3 
Denmark 1.9 Portuga l 0.8 
Finland  6.7 Slovak Repub lic  0.3 
Franc e 2.7 Spa in 8.7 
Germany 11.3 Sweden 5.5 
Greec e 5.0 Switzerland  5.1 
Hungary 4.4 Turkey 19.4 
Ic eland  10.9 United  Kingdom 6.2 
Ireland  5.3 United  Sta tes 5.7 
Ita ly 4.0 South Africa 23.1 
Japan 2.3 European Union 6.5 
Korea  14.3 Tota l OECD 6.3 

 

Looking  inside the higher educ ation sec tor we c an identify c onstra ints 

impend ing  tec hnology transfer as well as researc h and  development 

ac tivities. Tab les 5 and  6 show the way ac ademic s d istribute their times45. 

Table 5: Time distribution of ac ademic s in “ researc h intensive”  universities  

Ac tivities  % time spent by Prof & 
Ass Profs (127) 

% time spent by other 
academic s (157) 

Undergrad ua te time 18.92 35.68 

Postgradua te c ourses 11.49 10.43 

Supervision postgradua tes 14.76 7.34 

Self educ a tion 6.28 7.89 

Spec ia l stud ies 1.29 0.74 

Pa tent 0.16 0.10 

Da ta  c ollec tion 2.24 3.48 

Testing  1.21 1.55 

 Hea lth 2.61 2.69 

R&D 11.65 9.87 

Innova tion 1.35 1.11 

Continued  educ a tion 4.06 3.54 

Art work 0.69 0.12 

Administra tion 22.28 15.26 
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Table 6: Time distribution of ac ademic s in “ non researc h intensive”  universities 

Ac tivities  % time spent by Prof & 
Ass Prof (24) 

% time spent by other 
academic s (35) 

Undergrad ua te time 15.92 37.20 

Postgradua te c ourse 10.67 10.69 

Supervision postgradua tes 17.21 5.74 

Self educ a tion 7.04 4.94 

Spec ia l stud ies 1.54 0.97 

Pa tent 0.00 0.09 

Da ta  c ollec tion 3.17 2.97 

Testing  2.00 3.14 

 Hea lth 0.83 2.91 

R&D 14.54 5.80 

Innova tion 1.46 2.74 

Continued  educ a tion 3.25 3.69 

Art work 0.04 0.14 

Administra tion 23.17 18.94 

 

The tab les show tha t the most time c onsuming ac tivities a re administra tion 

and  ac tivities rela ted  to undergraduate teac hing . R&D ac tivities c onsume 

between 12% and  15% of the time of p rofessors and  assoc ia te p rofessors and  

between 6% and  10% for senior lec turers and  lec turers. Patent rela ted  

ac tivities and  innova tion rela ted  ac tivities were identified  to oc c upy less than 

3% of the time of ac ademic s. These figures a re substantia lly lower than for 

simila r ac tivities abroad . Furthermore ac ademic s dec la red  tha t they wish to 

reduc e the time they spend  on administra tion and  undergradua te teac hing 

and  spend  more time on resea rc h and  innova tion ac tivities. 

The report suggested  tha t “ the limited  time South Afric an ac ademic s spend  

on R&D and  other innova tion ac tivities c oup led  with their desire to spend  

more time in those ac tivities has polic y imp lic a tions. For example, university 

administra tions c an streamline their opera tions and  p rovide administra tive 

sta ff a t fac ulty and  departmenta l level so tha t c an free their ac ademic s from 

administra tive duties (c urrently oc c upying more than 20% of their time) to 

spend  more time on researc h and  innova tion ac tivities” .   
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The South Afric an government rec ognises the importanc e of tec hnology 

transfer and  the c ollabora tion of the va rious stakeholders within the na tiona l 

system of innova tion and  has estab lished  a  number of relevant p rogrammes. 

Probab ly the most important a re the “ Tec hnology Sta tions Programme”  and  

the Tec hnology and  Human Resourc es for Industry Programme (THRIP).  

Tec hnology Station Programme (TSP) was developed  by Department of 

Sc ienc e and  Tec hnology in order to strengthen and  ac c elera te interac tion 

between Universities of Tec hnolog ies and  SMME’s. The Universities of 

Tec hnology ac t as hosts to the Tec hnology Sta tions by p rovid ing  a  sound  

institutiona l, organiza tiona l and  lega l framework. The Tshumisano Trust is the 

imp lementa tion agenc y for the TSP. The Trust p rovides tec hnic a l and  financ ia l 

support to Tec hnology. The Tec hnology Sta tions in turn offer tec hnic a l support 

to existing  SMMEs in terms of tec hnology solutions, servic es and  tra ining . The 

German Tec hnic a l Coopera tion Agenc y (GTZ) is one of the Trust’ s 

Stakeholders and  it c ontributes towards skill development for the Tec hnology 

Sta tion sta ff members. To this end  GTZ funds exc hanges and  visits by experts 

from Germany and  visits to Germany by Tec hnology Sta tion Sta ff. The DST 

c ommitments a re R18 million per yea r. 

The Tec hnology Sta tions tha t fa ll under the c ontrol of the Trust a re: 

�  Tshwane University of Tec hnology: Elec tronic s and Elec tric a l Engineering, 

Complemented by IT 

�  Centra l University of Tec hnology, Free Sta te: Meta ls Value Adding and 

Produc t Development. 

�  Tshwane University of Tec hnology: Chemistry and Chemic al Engineering. 

�  Mangosuthu Tec hnikon: Chemistry and Chemic al Engineering  

�  Vaa l University of Tec hnology: Materia ls and Proc essing Tec hnologies. 

�  Nelson Mandela  Metropolitan University: Automotive Components. 

�  Cape Peninsula  University of Tec hnology: Clothing and Textile. 

�  University of Johannesburg : Meta l Casting Tec hnology. 

�  Durban Institute of Tec hnology: Reinforc ed and Moulded Plastic s 

�  Cape Peninsula  University of Tec hnology: Agri-food Proc essing 

Tec hnologies 
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The Tec hnology and Human Resourc es for Industry Programme is a  

c ollabora tive effort between government and  industry. Industry and  DTI share 

the c osts – and  therefore the risk – of develop ing  c ommerc ia l tec hnology on 

a  R2 to R1 basis (industry: DTI). The DTI’ s support may be doub led  if a  p rojec t 

supports c erta in THRIP p rioritiesi. The p rogramme is managed  by the Nationa l 

Researc h Foundation. 

The THRIP ob jec tives are: 

�  To inc rease the number and  qua lity of peop le with app ropria te skills in 

the development and  management of tec hnology for industry. 

�  To p romote inc reased  interac tion among resea rc hers and  tec hnology 

managers in industry, higher educ ation and  SETIs, w ith the a im of 

develop ing  skills for the c ommerc ia l exp loita tion of sc ienc e and  

tec hnology. This should  involve, in partic ula r, p romoting  the mob ility of 

tra ined  peop le among these sec tors. 

�  To stimula te industry and  government to inc rease their investment in 

researc h and  tec hnology development, tec hnology d iffusion and  the 

p romotion of innova tion. 

Fund ing takes p lac e in the fo llowing ways: 

                                                 

i  The DTI’s financ ia l support for a  p rojec t may be doub led , if it supports any of 
the fo llowing  THRIP p riorities:�

·  To support an inc rease in the number of b lac k and  fema le students who 
intend  to pursue tec hnolog ic a l and  engineering  c a reers; 

·  To p romote tec hnolog ica l know-how within the Sma ll, Med ium and  Mic ro 
Enterp rise (SMME) sec tor, through the dep loyment of skills vested  in HEIs 
and  SETIs; 

·  To fac ilita te and  support multi-firm p rojec ts in whic h firms (inc lud ing  a t 
least one BEE) c ollabora te and  share in the p rojec t outc omes; 

·  To fac ilita te and  support the enhanc ement of the c ompetitiveness of 
b lac k owned  enterp rises through technology and  human resourc e 
development. 
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�  Firms and  THRIP invest jo intly in resea rc h projec ts where p rojec t leaders 

a re on the ac ademic  sta ff of South Afric an Higher Educ ation 

Institutions. 

�  THRIP matc hes investment by industry in p rojec ts where 

researc hers/ experts from Sc ienc e, Eng ineering  and  Tec hnology 

Institutions (SETI) serve as p rojec t leaders and  students a re tra ined  

through the p rojec ts. 

�  Tec hnology Innovation Promotion through the Transfer of Peop le 

(TIPTOP) sc hemes promotes the mob ility of researc hers and  students 

between the industria l partic ipants, HEIs, and  SETIs involved  in jo int 

p rojec ts. Four TIPTOP sc hemes a re ava ilab le. These a re: 

o The exc hange of researc hers and  tec hnology managers 

between HEIs, SETIs and  industry. 

o The p lac ement of SET gradua tes in firms, while they are working  

towards a  higher degree on a  jo int researc h p rojec t. 

o The p lac ement of SET gradua tes in small, med ium and  mic ro 

enterprises (SMMEs). 

o The p lac ement of SET skilled  c ompany employees within HEIs or 

SETIs. 

 

The p rogramme is in ac c ordanc e with interna tiona l best p rac tise. Simila r 

p rogrammes a re run in the majority of the OECD c ountries w ith the best 

known being  the LINK Collabora tive Researc h Sc heme46 in the UK and  the 

Advanc ed  Tec hnology Programme in the USA. 

The above mentioned  inc entives should  be set in the c ontext of imp lic it 

inc entives in the fund ing  formula 47 of the higher educ ation sec tor. 
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The universities in South Afric a  a re funded  ac c ord ing  to a  formula  whic h 

d istributes resourc es ac c ord ing  to a  number of determinants (numbers of 

students enrolled , number of students gradua ting , number of pub lic a tions 

etc ). 

 

The tab le ind ic a tes tha t approximately R10 b illion were rec eived  by the higher 

educ a tion institutions during  2004/ 05. Teac hing inputs and  outputs a re 

supported  with grants va lued  a t R 6.87 b illion and  researc h outputs with g rants 

va lued  a t R1.2 b illion per year. 

 

Leg isla tion and  regula tions, in overlapp ing  the tec hnology transfer a rena , a lso 

determine the suc c ess of efforts to transfer tec hnology from pub lic  researc h 

institutions to industry and  government organisa tions48. 

 

The fisc a l environment is an important c omponent of the na tiona l system of 

innova tion influenc ing  the researc h intensity of the ec onomy and  

c onsequently tec hnology demand  and  transfer. The tax environment not only 

a ffec ts the p ropensity of loc a l firms to undertake researc h and  development 

but it is a lso a  powerful instrument in a ttrac ting  researc h funds from abroad . 

Israel and  Canada have developed  a  R&D industry by a ttrac ting  

interna tiona l fund ing through tax inc entives. 

 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

Increase on budget provision 
for previous financial year

Distribution of 
budget for 2004/05 

(R'million)
Provisional distribution of MTEF budgets
2005/06 (R'million) 2006/07 (R'million)
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Tab le 8 c ompares the tax environments in South Afric a  and  a  number of other 

c ountries. The yardstic k is the B-index. The B-index is the ra tio of the p resent 

va lue of p rojec t rela ted  before tax inc ome to the p resent va lue of p rojec t 

rela ted  c osts a t whic h an R&D projec t bec omes p rofitab le for the firm tha t 

undertakes it- tha t is the c ritic a l benefit-c ost ra tio . Under c eteris pa ribus 

c ond itions, the lower the va lue of B the grea ter will be the amount of R&D 

undertaken in tha t c ountry. South Afric a  has one of the highest B-ind ic es in 

the world . The c onsequenc e of the high index is tha t businesses do not have 

an inc entive to support innova tive ac tivities in the c ountry and  even when 

they rec ognise its importanc e they will undertake their R&D in c ountries with 

more c ompetitive fisc a l environments. The situa tion a ffec ts pa rtic ula rly 

adversely small and  med ium enterp rises whic h usua lly do not have the 

expertise and  c apac ity to ac quire know-how from abroad j.  

                                                 

j            The tax c red it of 150% for researc h and  development announc ed  by Minister 
Manuel (15 February 2006) follows c lose c onsulta tions with the p riva te sec tor. 
The pac kage has been developed  jointly by Na tiona l Treasury and  the 
Department of Sc ienc e and  Tec hnology. It forms pa rt of Government’ s 
ec onomic  programme of ac tion whic h was announc ed  last yea r.  

Country
Large 

company
Small 

company Country
Large 

company
Small 

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
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Proc urement is a  demand side determinant of innova tion.50 By being  a  more 

intelligent c ustomer and  by being more open to new approac hes from the 

outset, government c an stimula te the market for innova tive p roduc ts and  

enc ourage the growth of innovative and  dynamic  businesses. It c an a lso 

p rovide a  means of demonstra ting  new produc ts, p roc esses and  servic es, 

and  help  to justify investment in new skills, equipment and  R&D.51 A number 

of governments have adopted  the approac h and  innova tion is one of the 

ob jec tives of their p roc urement. For example, in the UK the DTI’ s Five Year 

Programme, pub lished  in November 2004, took forward  this agenda. In 

partic ula r it c ommitted  the Offic e of Government Commerc e (OGC) and  DTI 

to: 

Work together on a  jo int p rojec t to estab lish an ideas porta l, ‘ a  mec hanism 

for firms, inventors and  researc hers to submit unsolic ited , innova tive proposa ls 

to the pub lic  sec tor.  

Working  together to support the promotion of innova tion in pub lic  sec tor 

p roc urement, inc lud ing  identifying  signific ant and  high profile p rojec ts where 

government is seeking innova tive solutions. 

Simila rly the New Zea land  Government is reviewing their p roc urement 

regula tions with the ob jec tive of p romoting  innova tion. 

In South Afric a  proc urement polic y not only is not utilised  for the benefit of 

loc a l sc ientific  and  tec hnolog ic a l g rowth but in c ontrast is isola ting  

government from the benefic ia l effec ts of its interac tion with the higher 

educ a tion sec tor (and  vic e-versa ). 

"Preferentia l Proc urement Polic y Framework Ac t No 5, 2000" p resents an 

obstac le in the efforts of universities to offer their servic es to Government and  

other organs of the Sta te and  of Government to p romote innovation through 

                                                                                                                                         

 
The new tax inc entive means tha t, with a  c orpora te tax ra te of 36%, 
Government will forego 18 c ents of tax revenue for eac h rand  spent on R&D. 
Given tha t the p riva te sec tor expend iture on R&D c urrently amounts to about 
0,45% of GDP, this tax c red it rep resents a  wind fa ll of well over R 1 b illion 
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p roc urement . More spec ific a lly paragraph 13 (5) (a ) of the Ac t sta tes 

"Preferenc e points may not be awarded  to pub lic  c ompanies and  tertia ry 

institutions". As a  c onsequenc e universities tendering for government tenders 

a re in a  d isadvantage to other c ompeting institutions. In effec t this regula tion 

advoc a tes tha t government departments and  sta te organs under c eteris 

paribus c ond itions should  prefer to award  tenders and  ac c ept advic e by 

p riva te sec tor c onsultants ra ther than from ac ademic s. 

The regula tion, furthermore, p resents an obstac le to ac ademic  institutions to 

c oord ina te their efforts in their interac tions with their potentia l c lients. 

Ind ividua l ac ademic s c an a rgue tha t by b idd ing on their own they have 

better c hanc es to be awarded  government c ontrac ts (if for example b id  

through a  c ompany owned by a  women or by p reviously d isadvantaged  

ind ividua ls) than b idd ing  under the banner of their university.  

Discussion and Recommendations 

Tec hnology transfer is a  multifac eted  ac tivity taking  p lac e through a  number 

of approac hes rang ing from tra ining  students and  c onsulting  industry to 

estab lishing sp in off c ompanies and  pa tenting  inventions. Suc c esses of 

pa rtic ula r institutions have c aptured  the imag ina tion of polic y makers and  

university administra tors and  the “ third  mission of universities”  has been 

popularized  interna tiona lly.  

Often tec hnology transfer is c onsidered  as an add itiona l way to inc rease 

university resourc es. However, the interna tiona l experienc e demonstra tes tha t 

tec hnology transfer is not usua lly a  la rge revenue genera tor. A number of US 

universities sta rted  with tha t a im, but found  it impossib le to make signific ant 

amounts of money and  so c hanged  their ob jec tives. MIT, Stanford  and  Ya le 

a ll now sta te tha t their ma in reason for engaging  in tec hnology transfer is to 

improve the pub lic  good  – tha t is, to c rea te the greatest possib le ec onomic  

and  soc ia l benefits from their researc h, whether they ac c rue to the university 

or not. 

The c ha rac teriza tion of tec hnology transfer as pub lic  good  has polic y 

imp lic a tions. While ind ividua l institutions may or may not be interested  to 

maximize pub lic  good , polic y authorities have the responsib ility and  duty to 
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do so.  Governments have rec ognised  the importanc e of tec hnology transfer 

and  have estab lished  a  number of inc entives and  institutions to maximize 

benefits.  Globa lisa tion of researc h and  outsourc ing of industria l researc h 

further emphasize the importanc e of the issue for na tiona l and  reg iona l 

p rosperity.  

In the interfac e of Universities–Businesses governments estab lish fac ilita ting  

institutions. For example, the Nationa l Researc h Development Corpora tion 

(NRDC) was set up  in 1948 by the British Government to c ommerc ia lize British 

pub lic ly funded  researc h. In 1981, it was suc c eeded  by the British Tec hnology 

Group  whic h was set up  as a  pub lic ly owned  c ompany with the same goa l. 

As of 1992, BTG is a  p riva te c ompany with interna tiona l p resenc e a iming a t 

c ommerc ia lizing  novel tec hnolog ies. In Belg ium, the Interuniversity Institute for 

Biotec hnology (VIB) serves nine universities and  manages their IP and  

tec hnology transfer in Biotec hnology. In Denmark, the government funds the 

estab lishment of jo int tec hnology transfer networks on a  reg iona l and  sec tora l 

level in order to c rea te ec onomies of sc a le and  op timise the utilisa tion of 

resourc es. Simila rly in Germany the Fraunhofer Pa tentstelle (Fraunhofer Pa tent 

Centre) serves not only the Fraunhofer researc h institutes, but a lso universities 

and  ind ividua l inventors. Servic es inc lude the eva lua tion of inventions and  

IPRs, the filing  of intellec tua l p roperty app lic a tions, tec hnolog ic a l c onsulting , 

negotia tion and  issuanc e of lic enses and  c ollec ting  of roya lties. 

However, we have a rgued  tha t while the existenc e of interfac e institutions is a  

nec essary c ond ition it is not suffic ient to c rea te the desirab le effec t. 

Universities should  have the nec essary c apac ity and  orienta tion (d esired  by 

c lients), businesses should  rec ognise the importanc e of innovation for their 

suc c ess and  the impac t of environmenta l c onstra ints (i.e. regula tions and  

leg isla tion of relevant polic y a renas suc h as p roc urement, c ompetition, 

educ a tion etc ) should  be minima l. We have outlined  how the European 

Commission argues tha t the a im of the “ third  genera tion innova tion polic y”  is 

to maximize the c hanc es tha t regula tory reform will support innova tion 

ob jec tives, ra ther than impede or undermine them. 

In the above c ontext the suc c ess of the c omprehensive ICT rela ted  inc entives 

in Ind ia , the support for SMMEs in Brazil and  the identific a tion tha t tec hnology 
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transfer from universities in the UK suffers from low industria l demand  a re 

ind ic a tive of best p rac tic es and  approac hes. Probab ly the most important 

c onc lusion is tha t nurturing  tec hnology transfer requires a  c omprehensive 

approac h inc orpora ting  issues of demand , supp ly and  interfac e. 

Our overview of the South Afric an sc ene identifies a  number of issues of 

importanc e for suc c essful tec hnology transfer. The ma in points a re as fo llows:  

�  The South Afric an industry is of low R&D intensity in c omparison with 

interna tiona l standards. Furthermore the tax environment in the c ountry 

is not researc h friend ly. As a  c onsequenc e one may expec t tha t 

universities fac e limited  demand  for relevant expertise from loc a l and  

internationa l sourc es. Desp ite tha t rela tive sma ll R&D intensity of 

business in the c ountry the majority of heads of tec hnology sta tions 

and  d irec tors/ deans of researc h agree tha t industry in their reg ion is 

interested  in R&D and  tec hnic a l know how and  they believe tha t  

there is a  c ritic a l mass of demands for tec hnolog ies and  tec hnic a l 

c ompetenc ies by industry in the c ountry. Furthermore both groups 

agree tha t tec hnology transfer ac tivities a re financ ia lly reward ing for 

their institutions. These perc ep tions are p robab ly shaped  by the rela tive 

to demand  c apac ity of the universities to sa tisfy industria l demand  and  

not by the absolute or c ompara tive to other c ountries figures. If this line 

of a rgument is c orrec t universities may fac e c apac ity c onstra ints as 

industria l demand for their servic es is inc reasing . 

�  The c ountry’ s higher educ a tion sec tor R&D is over-dependent on 

business enterprises fund ing (4-fo ld  of the average OECD c ountry). This 

dependenc e re-d irec ts ac ademic  R&D away from basic  and  long 

term mission oriented  researc h towards short term industry relevant 

c onsultanc y and  researc h. Innova tion, however, is dependent on long 

term mission oriented  and  fundamenta l R&D. Universities without long 

term mission orienta ted  and / or basic  researc h will eventua lly be 

unab le to sa tisfy the demands of their c lients.  

�  There is asymmetry in inc entives for ac ademic  outputs (pub lic a tions) 

and  tec hnology transfer outputs. Ac ademic s rec eive a  c erta in and  
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defined  in advanc e reward  (financ ia l and  in terms of p romotion) for 

pub lic a tions. Rewards for tec hnology transfer ac tivities (e.g . pa tents) 

require time and  effort in advanc e and  the rewards a re unc erta in and  

not defined . Rationa l ac ademic s will p refer to spend  their time on 

reward ing ac tivities. While government inc entives may p lay in 

important ro le in d irec ting university ac tivities, university authorities 

have a lso a  number of instruments ava ilab le (e.g . determinants of sta ff 

p romotion) tha t c an be utilised  for the promotion of tec hnology 

transfer in their institutions.  

�  South Afric a  still opera tes its na tiona l system of innova tion on the basis 

of a  sec ond  genera tion innovation polic y parad igm. The parad igm 

emphasizes the importanc e of systems and  infrastruc tures tha t support 

innova tion. The third  genera tion innova tion polic y pa rad igm makes 

innova tion a  government wide polic y and  a ims to maximize the 

c hanc es tha t regula tory reform in other domains (e.g . government 

p roc urement, c ompetition etc ) w ill support innova tion ob jec tives, 

ra ther than impede or undermine them. The example of p roc urement 

in South Afric a  is ind ic a tive of the neg lec t of monitoring  the effec t of 

regula tory reform on innovation. 

�  The op inion survey52 of heads of tec hnology sta tions and  

d irec tors/ deans of resea rc h identifies a  number of possib le c onstra ints 

for tec hnology transfer ac tivities. The first, c onfirmed  by a  separa te 

time survey, is lac k of time of ac ademic s to get involved  in TT ac tivities. 

The sec ond  possib le c onstra int is rela ted  to the c la im by the heads of 

tec hnology sta tions tha t industry lac ks familia rity with work in their 

institutions. Although the assertion is refuted  by the d irec tors/ deans of 

researc h the issue is of pa rtic ula r importanc e and  should  be 

investiga ted  further.     

Based  on the above we advanc e the fo llowing rec ommendations: 

�  DST should  estab lish an IP Agenc y. The Agenc y will have the 

responsib ility to p romote IP within the pub lic  researc h institutes doma in. 

The Agenc y should  provide financ ia l support for the estab lishment of 
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IP, tec hnology transfer and  tec hnology lic ensing offic es within the 

pub lic  researc h institutes in the c ountry ant it w ill subsid ize pa tent filling  

and  ma intenanc e c osts. The Agenc y should  further undertake to 

p rovide regula tions from time to time rela ted  to the d istribution of 

roya lties of the suc c essful inventions. A substantia l perc entage (70%) of 

roya lties should  ac c rue to ind ividua l researc hers until tha t time tha t 

there is a  c ulture supporting pa tents in the c ountry. 

�  The Department of Sc ienc e and  Tec hnology (as the R&D c oord ina ting  

Department) in c ollabora tion with a ll relevant Departments should  

c onsider develop ing  and  expand ing  a  THRIP type p rogramme. THRIP 

c urrently is supported  by the Department of Trade and  Industry and  it 

supports the mission and  a reas of p riority of DTI. In a  simila r vein the 

p rogramme should  rec eive funds from the Department of Minera ls and  

Energy, Department of Environment Affa irs etc  in order to support their 

respec tive missions and  areas of p riority.   

�  HESA, as the voic e of the higher educ a tion institutions, should  estab lish 

the nec essary struc tures for the monitoring  and  assessment of the 

regula tory environment in whic h the universities of the c ountry opera te. 

It should  utilize the produc ed  intelligenc e in order to inform polic y and  

dec ision makers about appropria te ac tions.  

�  HESA with support from the DST should  undertake the regula r 

monitoring  of the way higher educ ation institutions fulfill their mission 

rela ted  to tec hnology transfer and  d issemina te the information to its 

members.  The ob jec tives of the effort will be: to p rovide information 

regard ing  the c ontinuing  development of interac tions; to p rovide 

information supporting  the development of pub lic  fund ing  of the third  

mission of the HEI’ s ac tivity; to p rovide to HEIs  benc hmarking  and  

management information.  

�  DST should  a im to enhanc e the demand side for university based  

industria l R&D in the c ountry. The introduc tion of tax inc entives for R&D 

may be a  partic ula r useful approac h as it has the potentia l to a ttrac t 

interna tiona l R&D resourc es in the c ountry.   
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�  The DoE and  the DST should  p lac e priority in enhanc ing  basic  and  

mission oriented  researc h in the higher educ ation institutions in the 

c ountry. 

�  University administra tions should  empower their ac ademic  sta ff to 

undertake researc h, development and  innovation ac tivities. Promoting 

dec entra lized  approac hes and  supporting  sta ff has the potentia l to 

b ring  the desirab le effec t.  

�  The Tsumisano Trust with the support of the DST should  c onsider 

enhanc ing  its mission to support the third  mission of the universities 

ac ross the tota l spec trum of the mission (not only for the estab lishment 

of tec hnology sta tion) and  ac ross a ll universities in the c ountry.  

Summary of Recommendations 
In this c hap ter we p resent a ll the rec ommendations as appeared  in the 

various c hapters, c lassified  ac c ord ing to institutions mentioned  in the 

rec ommendation.  

Rec ommendations c onc erning DST/ NACI: 

�  DST should  c onsider rec ommend ing the estab lishment of Chief 

Sc ientists Offic es in Government Departments both na tiona lly and  

p rovinc ia lly. The Chief Sc ientists Offic es will be responsib le for 

p romoting  effec tive use of sc ienc e in polic y making ; for enhanc ing  

sc ienc e c apac ity and  qua lity in the fields of interest of the partic ula r 

Departments and  ra ising  awareness and  understand ing  of the effec ts 

of sc ienc e and  researc h on the Department’  ac tivities. Chief Sc ientists 

will be ambassadors for S&T integra tion  

�  DST within its mandate to c oord ina te na tiona l resea rc h and  innova tion 

should  c onsider adop ting  an app roac h of “ c oord ina tion through 

monitoring ” . DST should  monitor the researc h fund ing  ac tivities of 

Government and  pub lish the results annua lly. The OECD 

rec ommendations for the c ollec tion of da ta  and  the development of 

a  report on Government Budget Appropria tions or Outlays for R&D 
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(GABOARD)53 and  the “ Annua l Review of Government funded  

Researc h and  Development”  by the Cab inet Offic e54 in the UK c an be 

used  as p rototypes 

�  DST should  monitor c losely the imp lementa tion and  fine development 

of the tax inc entives for R&D sc heme and  its imp lic a tions on other 

d irec t support sc hemes. The tax inc entives sc heme may have adverse 

c onsequenc es in the business sec tor innova tion ac tivities if app lied  

inappropria tely and / or if the government withd rew its support from 

existing  d irec t inc entives sc hemes. 

�  DST should  monitor the p rogress for the estab lishment of researc h c ha irs 

a t the universities w ith the ultimate ob jec tive of keep ing  the 

momentum and  a llevia ting  possib le obstac les in the proc ess. 

�  DST, within its mandate to c o-ord ina te the sc ientific  and  tec hnolog ic a l 

system, should  estab lish an inter-departmenta l c ommittee on “ Critic a l 

Sc ientific  and  Tec hnolog ic a l Infrastruc tures” . The mandate of the 

c ommittee should  be to investiga te and  make rec ommendations 

c onc erning  polic y and  p rogrammes a ffec ting  “ c ritic a l sc ientific  and  

tec hnolog ic a l infrastruc tures”  suc h as resea rc h and  tra ining  

equipment, sc ientific  and  tec hnolog ic a l telec ommunic a tions, and  

R&D management. 

 

The Committee should  c onsider among others the viab ility of 

introduc ing   

 

ü  the fund ing  of “ c ritic a l S&T  infrastruc tures”  as a  separa te line 

item in the  governmenta l budget [Expend iture defrayed  from the 

Nationa l Revenue Ac c ount] 

ü  approac hes promoting  c loser c ollabora tion on aspec ts of 

c ritic a l S&T  infrastruc ture among organisa tions reporting  to d ifferent 

government  departments (e.g . ac ademic  institutions, researc h 

c ounc ils and  pa rasta ta ls). 
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�  DST, in c ollabora tion with the Department of Educ a tion should  c onsider 

undertaking a  d rive to doub le the number of sc ientists and  eng ineers 

gradua ting  from the higher educ a tion sec tor within the next 10 years. 

Suc h a  ta rget will require an expec ted  growth of 7% per year. 

Innova tive approac hes should  be c onsidered  for fund ing  this 

ob jec tive. A possib le approac h is to request the universities to develop  

p roposa ls of the resourc es they require and  they a re prepared  to 

c ommit in order to ac hieve the ob jec tive and  c hoose to support those 

whic h c ontribute most in the ac hievement of the ob jec tive. 

�  Expansion of the higher educ a tion sec tor will be c onstra int in the short 

term by lac k of app ropria te number of ac ademic s. DST and  HESA 

should  motiva te to the Department of Home Affa irs the introduc tion of 

“ speedy immigra tion visas”  for ac ademic s who may wish to c ome to 

South Afric a  in fie lds of high priority. A c omplementa ry approac h is to 

p rovide inc entives for the repa tria tion of South Afric an ac ademic s 

abroad . A five year tax holiday with repa tria tion financ ia l assistanc e 

and  possib le NRF researc h support may a ttrac t a  number of 

ac ademic s who a re a lready familia r w ith the South Afric a  system.   

�  DST/ NACI should  develop  in regula r interva ls (e.g . b iennia lly) the “ South 

Afric an Sc ienc e and  Innova tion Ind ic a tors” . The report should  present 

quantita tive desc rip tions of key aspec ts of the sc ope, qua lity and  

vita lity of the c ountry’ s sc ienc e and  innovation enterp rise. The report 

should  be submitted  to Cab inet and  Parliament and  should  be pub lic ly 

ava ilab le for pub lic  and  priva te polic y makers. The NSF “ Sc ienc e and  

Eng ineering  Ind ic a tors”  c ould  be used  as b lueprint.  

�  DST/ NACI should  c onsider approac hing  the European Commission 

(Innova tion Polic y Direc tora te of DG Enterp rise and  Industry) w ith the 

ob jec tive of pa rtic ipa ting  in the Trend  Chart p rogramme ac tivities. 

Suc h partic ipa tion not only w ill market the c ountry’ s innova tion system 

internationa lly but it will a lso p rovide the nec essary d isc ip line and  

benc hmarking  expertise required  in the monitoring of the na tiona l 

innova tion system.  
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�  DST/ NACI should  c onsider c rea ting  a  fund  supporting  long term 

researc h on issues of sc ienc e and  innova tion polic y. Currently the only 

support for sc ienc e and  innova tion polic y resea rc h is c oming from 

NACI’s p roc urement ac tivities. While NACI’ s approac h is supporting to 

a  c erta in extend  the existing  expertise in the field  in the c ountry, the 

lac k of institutiona lised  long term support c onstra ints  the development 

of new  expertise in the field  of sc ienc e and  innovation monitoring  and  

assessment.  

�  DST should  estab lish an IP Agenc y. The Agenc y will have the 

responsib ility to p romote IP within the pub lic  researc h institutes doma in. 

The Agenc y should  provide financ ia l support for the estab lishment of 

IP, tec hnology transfer and  tec hnology lic ensing offic es within the 

pub lic  researc h institutes in the c ountry and  it w ill subsid ize pa tent filling  

and  ma intenanc e c osts. The Agenc y should  further undertake to 

p rovide regula tions from time to time rela ted  to the d istribution of 

roya lties of the suc c essful inventions. A substantia l perc entage of 

roya lties should  ac c rue to ind ividua l researc hers until tha t time tha t 

there is a  c ulture supporting pa tents in the c ountry. 

�  DST, (as the R&D c oord ina ting  Department) in c ollabora tion with a ll 

relevant departments and  NRF should  c onsider develop ing  and  

expand ing  a  THRIP type p rogramme. THRIP c urrently is supported  by 

the Department of Trade and  Industry and  it supports the mission and  

a reas of p riority of DTI. In a  simila r vein the p rogramme should  rec eive 

funds from other Departments i.e. the Department of Minera ls and  

Energy, Department of Environment Affa irs etc  in order to support their 

respec tive missions and  areas of p riority.   

�  DST should  a im to enhanc e the demand side for university based  

industria l R&D in the c ountry. The introduc tion of tax inc entives for R&D 

may be a  partic ula r useful approac h as it has the potentia l to a ttrac t 

interna tiona l R&D resourc es in the c ountry.   
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�  The DoE and  the DST should  p lac e priority in enhanc ing  basic  and  

mission oriented  researc h in the higher educ ation institutions in the 

c ountry. 

�  The Tshumisano Trust w ith the support of the DST should  c onsider 

enhanc ing  its mission to support the third  mission of the universities 

ac ross the tota l spec trum of the mission (not only for the estab lishment 

of tec hnology sta tion) and  ac ross a ll universities in the c ountry. 

Rec ommendations c onc erning NRF 

�  The NRF should  institutiona lise the support of researc h and  tra ining  

equipment by estab lishing  an appropria te d irec tora te/ d ivision. The 

d ivision should  be funded  by ded ic a ted  (earmarked ) funds, by top -

slic ing the budget of the other d irec tora tes and  by ra ising  funds from 

loc a l and  interna tiona l donors. 

�  The NRF should  estab lish appropria te ‘ c ompetitive grants’ / fund ing  

mec hanisms p romoting : the interac tion between ac ademia  and  

industry for the development and  c onstruc tion of new or improved  

equipment; the ma intenanc e and  augmenta tion of the R&T 

equipment infrastruc ture; the development of the nec essary 

infrastruc tures in institutions tha t a re either lac king  or a re with defic ient 

infrastruc tures. A p rogramme promoting  the development of remote 

utilisa tion of equipment should  be c onsidered  as an urgent p riority in 

view of its possib le impac t ac ross a ll other p rogrammes. Different 

p rogrammes should  be estab lished  for d ifferent ob jec tives. 

�  DST, (as the R&D c oord ina ting  Department) in c ollabora tion with a ll 

relevant departments and  NRF should  c onsider develop ing  and  

expand ing  a  THRIP type p rogramme. THRIP c urrently is supported  by 

the Department of Trade and  Industry and  it supports the mission and  

a reas of p riority of DTI. In a  simila r vein the p rogramme should  rec eive 

funds from other Departments i.e. the Department of Minera ls and  

Energy, Department of Environment Affa irs etc  in order to support their 

respec tive missions and  areas of p riority 
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Rec ommendations c onc erning the Department of Educ ation 

�  The fund ing formula  of the DoE for ac ademic  institutions should  make 

R&T equipment an exp lic it c omponent of the formula .  Furthermore, 

adequa te funds should  be earmarked  for a t least the next five years in 

order to fac ilita te the required  rep lac ement and  upgrad ing  of R&T 

equipment. 

�  DST, in c ollabora tion with the Department of Educ a tion should  c onsider 

undertaking a  d rive to doub le the number of sc ientists and  eng ineers 

gradua ting  from the higher educ a tion sec tor within the next 10 years. 

Suc h a  ta rget will require an expec ted  growth of 7% per year. 

Innova tive approac hes should  be c onsidered  for fund ing  this 

ob jec tive. A possib le approac h is to request the universities to develop  

p roposa ls of the resourc es they require and  they a re prepared  to 

c ommit in order to ac hieve the ob jec tive and  c hoose to support those 

whic h c ontribute most in the ac hievement of the ob jec tive. 

�  The DoE and  the DST should  p lac e priority in enhanc ing  basic  and  

mission oriented  researc h in the higher educ ation institutions in the 

c ountry. 

Rec ommendations c onc erning HESA 

�  HESA, as the voic e of the higher educ a tion institutions, should  estab lish 

the nec essary struc tures for the monitoring  and  assessment of the 

regula tory environment in whic h the universities of the c ountry opera te. 

It should  utilize the produc ed  intelligenc e in order to inform polic y and  

dec ision makers about approp ria te ac tions.  

�  HESA with support from the DST should  undertake the regula r 

monitoring  of the way higher educ a tion institutions fulfil their mission 

rela ted  to tec hnology transfer and  d issemina te the information to its 

members.  The ob jec tives of the effort will be: to p rovide information 

regard ing  the c ontinuing  development of interac tions; to p rovide 

information supporting  the development of pub lic  fund ing  of the third  
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mission of the HEI’ s ac tivity; to p rovide to HEIs  benc hmarking  and  

management information.  

�  Expansion of the higher educ a tion sec tor will be c onstra int in the short 

term by lac k of app ropria te number of ac ademic s. DST and  HESA 

should  motiva te to the Department of Home Affa irs the introduc tion of 

“ speedy immigra tion visas”  for ac ademic s who may wish to c ome to 

South Afric a  in fie lds of high priority. A c omplementa ry approac h is to 

p rovide inc entives for the repa tria tion of South Afric an ac ademic s 

abroad . A five year tax holiday with repa tria tion financ ia l assistanc e 

and  possib le NRF researc h support may a ttrac t a  number of 

ac ademic s who a re a lready familia r w ith the South Afric a  system 

�  University administra tions should  empower their ac ademic  sta ff to 

undertake researc h, development and  innovation ac tivities. Promoting 

dec entra lized  approac hes and  supporting  sta ff has the potentia l to 

b ring  the desirab le effec t.  

Rec ommendations c onc erning TSHUMISANO Trust 

�  The Tshumisano Trust w ith the support of the DST should  c onsider 

enhanc ing  its mission to support the third  mission of the universities 

ac ross the tota l spec trum of the mission (not only for the estab lishment 

of tec hnology sta tion) and  ac ross a ll universities in the c ountry.  
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APPENDIX: Content pages of 
“Science and Engineering Indicators 
2004” National Science Board, USA 
�

Chapter 1. Elementary and Secondary Education   
Highlights 
Introd uc tion 
Student Performanc e in Mathematic s and  Sc ienc e   

·  Trend s in Mathematic s and  Sc ienc e Performanc e: Early 1970s to La te 1990s  
·  Rec ent Performanc e in Mathematic s and  Sc ienc e  
·  Interna tiona l Comparisons of Mathematic s and  Sc ienc e Performanc e  

Mathematic s and  Sc ienc e Coursework and  Student Ac hievement  

·  Coursetaking   
·  Advanc ed  Mathematic s and  Sc ienc e Courses Offered  in High Sc hools  
·  Advanc ed  Mathematic s and  Sc ienc e Coursetaking  in High Sc hool  

Curric ulum Standa rds and  Sta tewide Assessments  

·  Sta te Curric ulum Standards and  Polic y on Instruc tiona l Materia ls  
·  Ac c ountab ility Systems and  Assessments  

Curric ulum and  Instruc tion  

·  Approac hes to Teac hing  Mathematic s and  Sc ienc e  
·  Textbooks  
·  Curric ulum  
·  Instruc tiona l Prac tic es  

Teac her Qua lity  

·  Ac ad emic  Ab ilities of Teac hers  
·  Teac her Educ a tion and  Certific a tion  
·  Matc h Between Teac her Prepara tion and  Assignment  
·  Teac her Experienc e  

Teac her Ind uc tion, Professiona l Development, and  Working  Cond itions  

·  New Teac her Induc tion  
·  Teac her Professiona l Development  
·  Teac her Sa la ries and  Working  Cond itions  

Informa tion Tec hnology in Sc hools  
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·  IT Ac c ess a t Sc hool  
·  IT in Math and  Sc ienc e Instruc tion  
·  Teac her Prepara tion and  Tra ining  in Using  IT  
·  IT Ac c ess a t Home  

Transition to Higher Educ a tion  

·  Immed ia te Transition From High Sc hool to Postsec ond ary Educ a tion  
·  Ac c ess to Postsec ondary Educ a tion: An Interna tiona l Comparison  
·  Remed ia l Ed uc a tion in College  

Conc lusion 
Referenc es 

Chapter 2. Higher Education in Science and Engineering   
Highlights 
Introd uc tion 
Struc ture of U.S. Higher Educ a tion  

·  Institutions Provid ing  S&E Ed uc a tion  
·  New Modes of Instruc tiona l Delivery  
·  New Types of Institutions  

Enrollment in Higher Educ a tion  

·  Overa ll Enrollment  
·  Und erg radua te Enrollment in S&E  
·  Gradua te Enrollment in S&E  

Higher Educ a tion Degrees  

·  S&E Assoc ia te©s Degrees  
·  S&E Bac helor©s Degrees  
·  S&E Master©s Degrees  
·  S&E Doc tora l Degrees  
·  Postd oc s  

Foreign Doc tora l Degree Rec ip ients  

·  Ma jor Countries/ Ec onomies of Orig in  
·  Stay Ra tes  

Interna tiona l S&E Higher Ed uc a tion  

·  Interna tiona l Degree Trend s  
·  Interna tiona l Student Mob ility  

Conc lusion 
Referenc es  
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Chapter 3. Science and Engineering Labor Force   
Highlights 
Introd uc tion 
U.S. S&E Labor Forc e Profile   

·  Sec tion Overview  
·  How Large Is the U.S. S&E Workforc e?  
·  S&E Workforc e Growth  
·  How Are Peop le With an S&E Educ a tion Emp loyed ?  
·  Emp loyment Sec tors  
·  Sa la ries  
·  Women and  Minorities in S&E  

Labor Market Cond itions for Rec ent S&E Gradua tes  

·  Bac helor©s and  Master©s Degree Rec ip ients  
·  Doc tora l Degree Rec ip ients  

Age and  Retirement  

·  Imp lic a tions for S&E Workforc e  
·  S&E Workforc e Retirement Patterns  

Globa l S&E Labor Forc e and  the United  Sta tes  

·  Sec tion Overview  
·  Counts of the Globa l S&E Labor Force  
·  Migra tion to the United  Sta tes  

Conc lusion 
Referenc es  

Chapter 4. U.S. and International Research and Development: 
Funds and Technology Linkages   
Highlights 
Introd uc tion 
Nationa l R&D Trends  

·  Trend s in R&D Performanc e  
·  Trend s in Federa l R&D Fund ing   
·  Trend s in Non-Federa l R&D Fund ing   
·  U.S. R&D/ GDP Ratio  
·  Sec tora l Composition of R&D Performanc e  
·  Trend s in R&D by Charac ter of Work  
·  Industria l R&D by Industry, Firm Size, and  R&D Intensity  
·  R&D Performanc e by Sta te  

Federa l R&D Performanc e and  Fund ing   

·  Federa l R&D Performanc e  
·  Federa l R&D Fund ing  by Na tiona l Ob jec tive  
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·  R&D by Federa l Agenc y  
·  Federa l R&D Fund ing  by Performer and  Field  of Sc ienc e or Engineering  
·  Federa l R&D Tax Cred it  

Tec hnology Linkages: Contrac t R&D, Federa l Tec hnology Transfer, and  R&D 
Collabora tion  

·  Contrac t R&D  
·  Federa l S&T Programs and  Tec hnology Transfer  
·  Domestic  and  Interna tiona l Tec hnology Allianc es  

Interna tiona l R&D Trend s and  Comparisons  

·  Absolute Levels of Tota l R&D Expend itures  
·  Trend s in Tota l R&D/ GDP Ra tios  
·  Nondefense R&D Expend itures and  R&D/ GDP Ratios  
·  Interna tiona l R&D by Performer, Sourc e, and  Charac ter of Work  

R&D Investments by Multina tiona l Corpora tions  

·  Foreign-Owned  R&D Spend ing  in the United  Sta tes  
·  U.S. MNCs and  Overseas R&D Spend ing  
·  R&D Expend iture Ba lanc e  

Conc lusion 
Referenc es  

Chapter 5. Academic Research and Development   
Highlights 
Introd uc tion 
Financ ia l Resourc es for Ac ad emic  R&D  

·  Ac ad emic  R&D Within the Na tiona l R&D Enterp rise  
·  Ma jor Fund ing  Sourc es  
·  Fund ing  by Institution Type  
·  Distribution of R&D Funds Ac ross Ac ad emic  Institutions  
·  Expend itures by Field  and  Fund ing  Sourc e  
·  Federa l Support of Ac ademic  R&D  
·  Ac ad emic  R&D Fac ilities and  Equipment  

Doc tora l Sc ientists and  Engineers in Ac ademia   

·  Trend s in Ac ademic  Emp loyment of Doc tora l Sc ientists and  Engineers  
·  Retirement of S&E Doc tora l Workforc e  
·  Inc reasing  Role of Women and  Minority Groups  
·  Foreign-Born S&E Doc tora te Holders  
·  Size of Ac ademic  Researc h Workforc e  
·  Dep loyment of Ac ademic  Researc h Workforc e  
·  Government Support of Ac ademic  Doc tora l Researc hers  
·  Has Ac ad emic  R&D Shifted  Toward  More App lied  Work?  

Outputs of Sc ientific  and  Engineering  Researc h: Artic les and  Pa tents  
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·  Worldwide Trends in Artic le Output  
·  Fla ttening  of U.S. Artic le Output  
·  Field  Distribution of Artic les  
·  Sc ientific  Collabora tion  
·  Interna tiona l Cita tion of S&E Artic les  
·  Cita tions in U.S. Pa tents to S&E Litera ture  
·  Pa tents Award ed  to U.S. universities  

Conc lusion 
Referenc es  

Chapter 6. Industry, Technology, and the Global Marketplace   
Highlights 
Introd uc tion 
U.S. Tec hnology in the Marketp lac e   

·  Importanc e of High-Tec hnology Industries  
·  Share of World  Markets  
·  Globa l Competitiveness of Ind ividua l Ind ustries  
·  Exports by High-Tec hnology Industries  
·  Globa l Business in Knowledge-Intensive Servic e Industries  
·  U.S. Roya lties and  Fees Genera ted  From Intellec tua l Property  

New High-Tec hnology Exporters  

·  Na tiona l Orienta tion  
·  Soc ioec onomic  Infrastruc ture  
·  Tec hnolog ic a l Infrastruc ture  
·  Produc tive Capac ity  
·  Find ings From the Four Ind ic a tors  

Interna tiona l Trends in Industria l R&D  

·  R&D Performanc e by Industry  

Pa tented  Inventions  

·  U.S. Pa tenting  
·  Trend s in App lic a tions for U.S. Pa tents  
·  Tec hnic a l Fields Favored  by Foreign Inventors  
·  Pa tent Ac tivity Outside the United  Sta tes  

Venture Cap ita l and  High-Tec hnology Enterp rise   

·  U.S. Venture Cap ita l Resourc es  
·  Boom and  Bust in New Venture Cap ita l Commitments  
·  Venture Cap ita l Investments by Stage of Financ ing   

Cha rac teristic s of Innova tive U.S. Firms  

·  Why Study IT-Based  Innova tion?  
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·  Survey Results  

Conc lusion 
Referenc es  

Chapter 7. Science and Technology: Public Attitudes and 
Understanding   
Highlights 
Introd uc tion 
Informa tion Sourc es, Interest, and  Perc eived  Knowled ge   

·  Sourc es of News and  Informa tion About S&T  
·  Pub lic  Interest in S&T  
·  The Pub lic ©s Sense of Being  Well Informed  About S&T Issues  

Pub lic  Knowledge About S&T  

·  Importanc e of Sc ientific  Literac y  
·  Und erstand ing  Sc ientific  Terms and  Conc ep ts  
·  Und erstand ing  the Sc ientific  Proc ess  
·  Tec hnolog ic a l Literac y  
·  Belief in Pseudosc ienc e  

Pub lic  Attitud es About Sc ienc e-Rela ted  Issues  

·  S&T in Genera l  
·  Federa l Fund ing  of Sc ientific  Researc h  
·  S&T Role in Na tiona l Sec urity  
·  Biotec hnology and  Med ic a l Researc h  
·  Environmenta l Issues  
·  Tec hnolog ic a l Ad vanc es  
·  Higher Educ a tion  
·  Confid enc e in Leadership  of the Sc ienc e Community  
·  Sc ienc e Oc c upa tions  

Conc lusion 
Referenc es  

Chapter 8. State Indicators   
Chapter Overview  

Types of Ind ic a tors 
Data  Sourc es and  Considera tions 
Ind ic a tor Pages 
 
Sec ondary Educ a tion 
Higher Educ a tion 
Workforc e  
Financ ia l Researc h and  Development Inputs 
R&D Outputs 
Sc ienc e and  Tec hnology in the Ec onomy 
 


