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Abstract

Sweden is perceived to be top ranking, and a ‘role model’, in terms of its volume of academic R&D. This perception is based
on analyses using two standard indicators. We assess the validity of these and argue that institutional features skew the result in
favour of a high ranking. Swedish academic R&D is more appropriately characterised as average, or below average, in terms of
input and above average in terms of output. Science policy makers need to acknowledge this and devise policies that strengthen,
rather than threaten the functioning of an efficient system.
© 2004 Published by Elsevier B.V.
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1. Introduction Pavitt, 2001; Salter et al., 2000pfin and Tornqyvist,
2000.1

Two areas in which Keith Pavitt excelled were sci-
ence policy and indicators of scientific and technolog-
ical activities. He also showed a keen interestin, and a ! An earlier version of this paper was presented to the confer-
remarkable knowledge of, the small Nordic country of ence in honour of Keith Pavitt ‘What Do We Know About Innova-
Sweden. In this paper, we honour him and his excep- tion’, held at the Freeman Centre, Unlversny.of Sussex, England,
. I itical mind. b L h fsci November 13-15, 2003. We are grateful to Linus Dahlander, Rolf
tionally critica mm o Y questioning the ulse 0 sc_lence Nilsson, Olle Persson and Peter Skatt for the valuable help they gave
andtechnology indicators to constructanimage, indeed s in preparing the first draft of this paper. We have received use-
shared by himself, of Sweden as a top-ranking nation ful comments in various fora and we would especially like to thank

in terms of its volume of academic research (see e.g. the following colleagues for constructive comments: Mats Benner,
Boel Berner, Jan Bichner, Brent Goldfarb, Charles Edquist, Anders

Granberg, Staffan Laestadius and Luigi Orsenigo. We are also very

* Corresponding author. Tel.: +46 31 7721213; grateful to three anonymous referees who provided us with extremely
fax: +46 31 7721237. useful comments. Finally, the Swedish Agency for Innovation Sys-
E-mail addressstajac@mot.chalmers.se (S. Jacobsson). tems kindly financed part of the study.

0048-7333/$ — see front matter © 2004 Published by Elsevier B.V.
doi:10.1016/j.respol.2004.09.002
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This perception of Sweden has had two conse-  However, the validity of this ‘dominant belief’, and
guences. First, Sweden has sometimes been put for-the relevance of Sweden as a ‘role model’, rests on the
ward as a ‘role model’ in terms of its investment in accuracy of the two standard indicators used to measure
academic R&D European Commission, 20p3Sec- the volume of academic R&D: academic R&D expen-
ond, the perception has constituted the starting point for diture (an input measurement), and publications (an
a discussion on how well that R&D is transformed into output measurement). On the input side, the Swedish

industrial, economic and societal gains. In particular,

share of R.D in the higher educational sector as re-

the apparent strength in terms of the volume of Swedish lated to GDPis the highest in the worldRavitt, 2001;

academic R&D is contrasted with a poor performance
of Sweden in terms of a low share of R&D-intensive

Salter et al., 2000Table § and aboutloublethat of
the average of the OECD countrigdgnhrekson and

products, insufficient technology-based entrepreneur- Rosenberg, 20Q0Likewise, when it comes to output,
ship and poor economic growth. Thus, to an even higher Sweden ranks very high as regardsribenber of scien-

degree than in the European Union in genevélifur
and Soete, 1994a paradox is perceived to exist be-

tific articles publishedin science and engineeripget
in relation to GDP Kenrekson and Rosenberg, 2000;

tween the apparent strength of the academic sector andvinnova, 200).

the apparent poor use of this streng@o(dfarb and

The objective of this paper is to critically assess

Henrekson, 2002; Henrekson and Rosenberg, 2000;the validity of these indicators and, by implication,

Sbrlin and Torngvist, 200.2

The notion of a paradox is widely spread in Swe-
den and could be said to constitute a ‘dominant be
lief’, or conventional wisdom. For instance, one of the
main funders of academic research, VINNOVA, sug-
gests that: . .the knowledge and results from research
are not efficiently transformed into firm formation and
growth” (Vinnova, 2003 p. 1, our translationj.As a
dominant belief, it is probably essential in explaining

the image of Sweden as a top-ranking nation in terms
of the volume of its academic R&D. Our contribu-
tion to the policy debate is therefore primarily focused
on an analysis of the ‘yardsticks’ used to measure
the volume of scientific activities, and not on scru-
tinizing the whole basis for the ‘paradox’We will
point to a set of problems in the use of these standard
indicators, when these are applied without appropri-
ate attention paid to institutional differences between

recent trends in science policy towards emphasising countries.

‘useful’ science, with ‘useful’ denoting science that can
and will directly and visibly be implemented into, or

We will argue that the conventional way of mea-
suring input is inappropriate and skews the results in

in other ways be valuable to, industry and society at favour of a high Swedish ranking. Instead, using a
large. This belief and the present science policy are, measurement that takes into consideration institutional
thus, closely linked: with such a science policy, the choices in Sweden, we show that the volume of R&D
strength of the academic sector can be better exploitedis not very different from that of other developed coun-
and society will gain more from the (many) monies tries. In terms of the output indicator, we argue that
spent on academic researth. high ranking in terms of number of publications per
GDP is a reflection not only of a high scientific ac-
tivity but also of institutional features. Tentatively, we

2 This discussion is part of a larger one on the ‘Swedish Paradox’
where a high ranking in terms of overall R&D expenditures, scientific
publications and patenting is contrasted with a low ranking in terms
of economic growth or some other variable (see &dguist and
McKelvey, 1998; Andersson et al., 2002; Edquist, 2002

3 The citation refers not only to academic R&D but to all R&D.
Other illustrative examples of this dominant belief can be found in

suggest that there are three such features which may
lead us to overestimate the volume of academic R&D
in Sweden. However, by encouraging an international
exposure of the results of the R&D, the very same insti-

an analysis of discourses on science by Sweden’s strategic research > A complete scrutiny of the ‘paradox’ would entail analysing

bodies (Hellstbm and Jacob, 2004).
4 The Swedish debate naturally links into a broader one in the

not only (a) the strength of Swedish academic R&D, but also (b)
what type of societal, industrial and economic gain academic out-

OECD countries, where science is more and more expected to be of put may lead to, and (c) how well Sweden—as compared to other
direct societal, industrial and economic use and where the academic countries—transforms academic results into such gains. As far as we
sector is closely scrutinized in terms of its performance. know, there has been no such study.
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tutional features are very likely to raise the value of that less focused on science policy and more on the broader
R&D. Insum, therefore, in aninternational perspective, innovation policy which defines the context in which
Swedish academic R&D can be characterised as beingscience is exploited commercially.
average (or even below average) in terms of volume of A reflection is required not only by Swedish sci-
inputs and above average in terms of value of output; ence policy makers but also by those who suggest
it is, thus, not as large as conventionally believed, but that Sweden should be seen as a ‘role model’ for sci-
it appears to be efficient. ence policy makers in other countries. If at all, Swe-
To the extent that we are right, a great deal of re- den may act as a ‘role’ model in the manner in which
flection is required as regards the appropriateness ofthe resources are used, i.e. in the nature of the insti-
policies based on the belief that the volume of aca- tutional features that encourages an international ex-
demic R&D is outstanding in Sweden, in particular posure of the results of the R&D, but not in terms
on the input side. Science policy makers need to be of the volume of the resources allocated to academic
aware of the risks that recent policies may jeopardize R&D.
the functioning of a good system. An up-scaling of the The remaining parts of the paper are structured in
volume of funding may be warranted, but perhaps most the following way. In Sectior?, we present the con-
importantly, the attention of policy makers ought to be ventional wisdom of the size of the Swedish academic

Table 1

Expenditure on R&D as a percentage of GDP by different sectors around 2001, for all fields of science for a number of rich countries (ranking
within parentheses)

Country 1 2 3
Gross domestic Business enterprise Higher education
expenditure on expenditure on expenditure on
R&D-GERD—as a R&D-BERD—as a R&D-HERD—as a
percentage of GDP percentage of GDP percentage of GDP

Israel 4.81 (1) 3.52 (1) 0.82(2)

Sweden 427 (2) 3.31(2) 0.83 (1)

Finland 3.40 (3) 2.42 (3) 0.62 (3)

Japan 3.09 (4) 2.28 (4) 0.45

Iceland 3.06 (5) 1.80 0.58

Korea 2.96 2.25(5) 0.31

United States 2.82 2.10 0.40

Switzerland (2000) 2.63 1.95 0.60 (4)

Germany 2.49 1.76 0.40

France 2.20 1.37 0.41

Denmark (1999) 2.19 1.42 0.43

Singapore 2.13 1.34 0.50

Belgium (1999) 1.96 1.40 0.47

Canada 1.94 1.11 0.59 (5)

Netherlands (2000) 1.94 1.11 0.57

Austria 1.90 - -

United Kingdom 1.90 1.28 0.41

Norway 1.62 0.97 0.42

Australia (2000) 1.53 0.72 0.41

Ireland (2000) 1.15 0.83 0.23

Italy (2000) 1.07 0.53 0.33

New Zealand (1999) 1.03 0.31 0.35

Spain 0.96 0.50 0.30

European Union (2000) 1.89 1.22 0.40

Total OECD 2.33 1.62 0.40

Source OECD (2003) Main Science and Technology Indicatp?§03:1, OECD. Missing data for Luxembourg, Japan (adj.).
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sector. Sectior® contains a critical assessment of the
validity of the two main indicators used in the litera-

ture. Sectiord contains our main conclusions and some
suggestions for further research.

2. The ‘conventional wisdom’

This section presents the ‘conventional wisdom’ of
the size of Swedish academic R&D. At the end of the

Table 2

Number of published scientific articles for all types of organisations
inanumber of rich countries, setin relation to GiP1999 (ranking
within parentheses)

Country 1 2
Number of articles  Number of articles in
in all fields of natural science,
science per GDP, engineering and
1999 (x10°) medicin®, 1999 per

GDP (x10°%)

Israel 429 (1) 393 (1)

Sweden 3® (2) 367 (2)

Switzerland 340 (3) 331 (3)

Finland 334 (4) 315(4)

New Zealand 33 (5) 281 (5)

United Kingdom 286 254

Denmark 28 270

Australia 258 230

Netherlands 28 228

Canada 28 216

Singapore 2B 194

France 19 191

Norway 195 178

Belgium 194 185

Germany 18 178

United States 17 155

Austria 172 166

Spain 163 159

Iceland 153 137

Japan 15 150

Ireland 127 118

Italy 124 122

South Korea 10 103

Luxembourg 15 12

Source NSF (2002) Science and Engineering Indicatoisational
Science Foundation, USA, adECD (2003) Main Science and
Technology Indicator2003:1 for data on GDP.

a Given in Million current PPP$.

b Natural Sciences, Engineering and Medicineludes the fol-
lowing categories: clinical medicine, biomedical research, biology,
chemistry, physics, earth & space, engineering & technology, math-
ematics.
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section, we will point to three main weaknesses in the
indicators conventionally used, and these will then be
further explored in section three.

Looking more broadly at Sweden, it ranks second in
terms of the input measure ‘gross domestic expenditure
on R&D as related to GDP’, with a figure of 4.27%
in 2001 (se€Table ). Sweden has the same ranking
when it comes to ‘business enterprise expenditure on
R&D’, butis number one as regards R&D expenditure
in the ‘higher educational sectaas related to GDP'.
For all of the three figures given, the Swedish figures
are aboutwice as highas the averages of both OECD
and EU.

On the output sidefable 2contains data on the total
number of scientific articles published for all types of
organisations, set in relation to GDP in 1999. Count-
ing all fields of science, Sweden ranks as number two
(column 1) and the position is kept if restricted to pub-
lications in natural sciences, engineering and medicine
(column 2).

As both the input and the output side tell the same
story, the case for arguing that Sweden is outstanding in
terms of the volume of academic R&D seems to rest on
solid ground. However, by the very nature of indicators,
they are partial and only imperfectly mirror what we are
really after, in this case the volume of scientific activity
in the academic sector. As with other indicators, there
are weaknesses in these two, which justify further work
to ascertain the validity of the ‘conventional wisdom’
of the size of Swedish academic R&D.

First, although it is clear that academic R&D (and
publishing) is done not only in the higher educational
sector but also in government laboratories and private
non-profit organisations, most studies—and thus the
conventional picture—use the figures above (see
column 3 inTable 1) which only include the higher
educational sector. As the relative distribution of work
between these three types of organisations varies
substantially between countries, analysing data for the
higher educational sector only, may be misleading.
Second, there are a number of potential problems
associated with a monetary measure of the volume
of R&D. We will point to some of these and use
‘time-expenditure’ as an alternative indicator. Third,
using bibliometrics as an indicator of the volume
of academic R&D in cross-country comparisons is
fraught with problems (such as an English language
bias) and we will discuss some of these.
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3. A critical assessment of the validity of the that undertook the basic research and the applied (up
indicators used scaling) work, as well as the initial commercialisation
efforts Hence, similar research and development were
In this section the potential weaknesses outlined performed in Germany and Sweden butlifferent or-
above will be explored in some detail. We will first ganisational settingClearly, to measure only the part
broaden the range of actors measured, and then sug-of the work done in the German higher educational
gest an additional input indicator. We will then pro- sector, and then to contrast this with the Swedish case,
ceed to discuss weaknesses in the standard outputvould greatly underestimate the size of the German

indicator. R&D effort.

Of course, this case of R&D in solar cells is not
3.1. Broadening the range of actors performing unique. Substantial R&D activities are undertaken
‘academic’ work in government laboratories and in private non-profit

organisations in a range of countridgble 3displays

As already pointed out, academic R&D and pub- the distribution of R&D over higher educational
lishing are undertaken in three types of organisations; organisations, government research bodies, and
higher educational organisations, government researchprivate non-profit organisations (henceforth jointly
bodies, and private non-profit organisatiéngor in- labelled ‘non-business’ R&D) around 2001. Several
stance, in Germany, both basic and applied academicgopservations can be made.
work is done, and papers are published, by researchers  First, while 56-60% of the ‘non-business’ R&D is
Working in the Max Planck and Fraunhofer societies, on average performed by the h|gher educational or-
but these activities are classified under ‘government ganisations in the OECD and EU respectively, the
research bodies’ (Personal communication with Elena corresponding figure was 87% for Sweden (column
Bernaldo de Quirss, OECD, April 17, 2003). In the 1), Thus, Sweden shows an extreme concentration
uUs, pUb'IC laboratories, such as the defence related re-of such R&D to the h|gher educational sector. In
search lab DARPA, pursue research and are in many other words, Sweden has a very different organisa-
ways similar to university department8dzeman,  tional set-up as compared to nearly®atither rich
2000. OECD countries, both larger, such as United States and

The organisation of scientific work carried out out- Germany, and smaller countries, such as Finland and
side of industry varies greatly between countries. The penmark.
example of R&D in solar cells may illustrate this in The Swedish pattern is the result of a policy choice,
the cases of Germany and Sweden. In Germany, onewhich for decades has meant that the Universities,
of many universities that carry out R&D in this field in particular, the Universities of Technology, have
is the University of Stuttgart (IPE), where basic R&D peen responsible for sectoral R&Edqvist, 2003;
was undertaken for a particular thin-film design. When sgrlin and Tornquist, 2000, This sectoral R&D in-
research had progressed to a point where the efficiencycludes a great deal of applied work and some of it has
had reached a certain level, the design was transferredbeen mission-oriented, for instance the very substan-
to a research institute (ZSW) funded by the Federal tja| funding of work in renewable energy technology
and Land Baden Wurtenberg governments as well as (Johnson and Jacobsson, 201
by firms. At this institute, the efforts were focussed on Second, R&D in Government bodies is small in

up-scaling the technology (i.e. making the solar cell Sweden, about 12%. This is probably mainly military
larger, developing the required production technology R&D, which is the exception to the rule of placing
and on commercialising the technologylacobsson  ‘non-business’ R&D in the higher educational sector
etal., 200%. (Edqvist, 2003. In other countries, the activities are

A nearly identical design approach was explored at more substantial, with an average of 34 and 38% for
the University of Uppsala in Sweden. In this instance

it was, however, the same group within the University ———
9 P y 7 A spin-off firm pursuing further commercialisation work has

_ recently been established.
6 Publishing is also done by some researchers in private industry. 8 Only Switzerland has a slightly higher share than Sweden.
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Table 3
Distribution of ‘non-business’ gross domestic expenditure on R&D (GERD) over different types of organisations (for all fields of science and

technology) for a number of rich countries, around 2001 (ranking within parentheses)

Country (around 2001)

1

Percentage of R&D
expenditure by higher
educational sector

2

Percentage of R&D
expenditure by
government sector

3

Percentage of R&D
expenditure by private
non-profit organisatio<

Switzerland (2000) 87.74 (1) 4.98 7.28 (4)
Sweden 87.00 (2) 12.56 0.45
Belgium (1999) 84.15 (3) 11.62 4.23
Canada 71.29 (4) 28.00 0.71
Ireland (2000) 71.28 (5) 28.72 n.a.
Netherlands (2000) 67.91 30.23 1.86
United Kingdom 65.85 29.85 4.31
Spain 64.92 33.40 1.68
Singapore 64.13 35.87 n.a.
Norway 63.77 36.23 n.a.
Israel 63.43 23.13 13.43(2)
Finland 62.63 35.29 2.08
Italy (2000) 62.12 37.88 n.a.
Denmark (1999) 55.43 41.43 3.14
United States 55.25 27.24 17.51 (1)
Japan 55.13 36.12 8.75(3)
Germany 54.42 45.58 (5) n.a.
Australia (2000) 51.13 43.58 5.28
France 49.20 47.07 (4) 3.72
New Zealand (1999) 48.79 51.21 (2) n.a.
Iceland 45.63 48.79 (3) 5.58 (5)
Korea 43.70 52.10 (1) 4.20
Total OECD 56.91 34.21 8.88
EU (2000) 59.55 37.92 2.53

Source OECD (2003) Main Science and Technology Indicat@803-1, OECD.

@ Data not available for the private non-profit organisations for Ireland, Singapore, Italy, New Zealand but assumed as negligible.

b For Germany and Norway data on the private non-profit organisations is not given by OECD. However, according to Bernaldo (Personal
communication with Elena Bernaldo de Qasyf OECD-STI/EAS, April 17, 2003) afdECD (2000})he figures are included in the figures for
the government sector.

OECD and EU, respectively (column 2). In some in- it nevertheless varies in importance relative to gov-
stances, about half of the ‘non-business’ R&D is under- ernment laboratories and private non-profit organisa-
taken in this organisational form (Korea, New Zealand, tions. In a range of developed countries (e.g. Korea,
Iceland), while for the majority of the OECD countries Germany, New Zealand, France, Australia), about half
the figure is 20—40%. of this R&D is carried out by government organisa-
Third, private non-profit organisations are of some tions and private non-profit organisations. In Sweden,
importance in a few countries and therefore need to be on the other hand, this share is only about 13%. Thus,
included in the analysis. This is particularly the case Sweden—along with Switzerland and Belgium—has
in US, Israel and Japan with a share of 8-17.5%. The an unusual way obrganising ‘non-business’ R&D.
average for EU is 2.5%, while itis 8.9% for the OECD. In the Swedish case, the higher educational sector is
The Swedish share is low, less than 1%, along with charged not only with work of a fundamental nature but
countries such as New Zealand, Canada and Ireland. also with highly applied work, where much of it is di-
Hence, while the higher educational sector plays a rected by actors outside of acadenga(dstom et al.,
central role in most countries’ ‘non-business’ R&D, 2004). The Swedish higher educational sector is, there-
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fore, conducting enquiries, which, in other countries, Widening the scope of analysis reveals a substan-
are undertaken within different organisational forfns. tially different picture from that which comes out of an

Another problem with focussing on the higher edu- analysis of the higher educational sector alone (i.e. that
cational sector alone is that the procedure for classify- conventionally used in the literaturé)able 4shows
ing ‘non-business’ R&D varies between countries. This the expenditure on R&D as a percentage of GDP in
implies that the individual category does not always in- the different parts of an ‘extended academic sector’
clude comparable entities. As OECD notes, there are around 2001, for all fields of science. From the table
‘differences in the coverage of the Higher Education (column 1), we can observe that as regards R&D in
and Government sectors due to institutions at the “bor- the higher educational sector—HERD—Sweden ranks
derline” of the two’ QECD, 2003bGeneral methodol-  first before Israéf and Finland (as expected—see
ogy, p. 5). While in Germany, the Fraunhofer and Max Table J).

Planck societies are classified as ‘government research However, this advantage is substantially reduced
bodies’, in France, the National Centre for Scientific (column 4) if we also include the other two types
Research is included in the higher educational sector, of organisations in the analysis. Indeed, for the
whereas in ltaly, the corresponding organisation is in- total ‘extended academic sector’ expenditure on
cluded in the government sector. In Denmark, all re- R&D—AERD—as a percentage of GDP, Sweden not
search performed by university hospitals is included in only drops to fourth place but, most importantly, the
the government sector and therefore the Danish R&D ratio between Sweden and the average for the OECD
data for the higher educational sector is underestimatedand EU is reduced from about 2 (in column 1) to about
(OECD, 2003bGeneral methodology} 1.3-1.4 (in column 4). Thus, allowing falifferent or-

For both these reasons, it is clear that if we are to ganisational choicesvith respect to undertaking re-
compare the volume of academic R&D in different search in an ‘extended academic sector’ greatly alters
countries, a measurement that is limited to the higher the picture.
educational sector is insufficient and inappropriate. In Table 4 the data covers all fields of science, in-
This is particularly important if the comparison in-  cluding social sciences. For the fields of greatest im-
volves Sweden since it has made a conscious decisiorportance to the generation of economic growth—the
to organisenon-busines®& D differently from most natural sciences, engineering and medical fields—data
other countries A valid indicator of the strength of s, unfortunately, only available for a smaller number
‘academic’ R&D (and of the competence base outside of countries (sedable 5. In particular, it is impor-
of industry) therefore has to include R&D undertaken tant to note that two of the countries, which are ranked
in government and private non-profit organisations, in above Sweden ifiable 4—Israel and Finland—are not
addition to the higher educational sector. We suggest, included due to missing data. Even so, two main ob-
therefore, that the higher educational organisations, servations can be made frorable 5
government research bodies, and private non-profit  First, the Swedish ranking remains first for the
organisations are seen as three sub-sectors in arhigher educational sector (column 1), and fourth for
‘extended academic sectdf which then corresponds  the widened definition of the academic sector (col-
to ‘non-business R&D’. umn 2). However, given the substantial advantage of

both Israel and Finland over SwedenTable 4 it is

9 We do not in this paper assess or discuss whether or not the probable that the Swedish ranking would have been
Swedish choice of organisation set-up is beneficial, or if it had been

preferable to select a different mix between the three organisational

forms. such work, with the exception of military applications, is done in the
10 Also, in Switzerland publicly owned firms are included in  higher educational sector in Sweden, we are not familiar with how its

the government sector, rather than in the industry se@&QD, magnitude differs between countries. Nor do we know to what extent

20033. Bozeman’s (2000pbservation that there is a small difference only

11 We are aware that there are some risks involved in this extension between universities and government laboratories holds for other
and we would suggest that further work is done on this issue. In countries.
particular, we would suggest that work is done to see the effects 12 Interestingly, one of the referees suggests that the R&D expen-
of including highly mission and applied government laboratories ditures for Israel is ‘vastly inflated, with up to 1/5 of them practically
in the ‘extended academic sector’. Whereas, we have argued thatinvented’.
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Table 4
Expenditure on R&D as a percentage of GDP in the different parts of an ‘extended academic sector’ around 2001, for all fields of science
(ranking within parentheses)

Country 1 2 3 4
Higher education Government Private non-profit sector Total ‘extended academic
expenditure on sector expenditure on expenditure on sector’ expenditure on
R&D-HERD—as a R&D-GOVERD—as R&D-NERD—as a R&D-AERD—as a
percentage of GDP a percentage of GDP percentage of GDP** percentage of GDP

Israel 0.82 (2) 0.30 0.17 (1) 1.29(1)

Iceland 0.58 0.62 (1) 0.07 (3) 1.26 (2)

Finland 0.62 (3) 0.35 (5) 0.02 0.98 (3)

Sweden 0.83(1) 0.12 0.00 0.95 (4)

Netherlands (2000) 0.57 0.25 0.02 0.83(5)

France 0.41 0.39 (2) 0.03 0.83

Canada 0.59 (5) 0.23 0.01 0.82

Japan 0.45 0.29 0.07 (4) 0.81

Australia (2000) 0.42 0.35 0.04 0.81

Singapore 0.50 0.28 0.00 0.78

Denmark (1999) 0.42 0.32 0.02 0.77

Germany 0.40 0.33 0.00 0.73

United States 0.40 0.20 0.13(2) 0.72

New Zealand (1999) 0.35 0.37 (3) 0.00 0.72

Korea 0.31 0.37 (4) 0.03 0.70

Switzerland (2000) 0.60 (4) 0.03 0.05 (5) 0.69

Norway 0.42 0.24 0.00 0.66

Austria (1998) 0.53 0.11 0.01 0.65

United Kingdom 0.41 0.18 0.03 0.62

Belgium (1999) 0.47 0.06 0.02 0.56

Italy (2000) 0.33 0.20 0.00 0.53

Spain 0.30 0.15 0.01 0.45

Ireland (2000) 0.23 0.09 0.00 0.32

Total OECD 0.40 0.24 0.06 0.71

EU (2000) 0.40 0.26 0.02 0.67

Source OECD (2003) Main Science and Technology Indicat@®803:1, OECD. (*) Data not available for NERD for Ireland, Singapore, Italy,
New Zealand but assumed as negligible. (**) For Germany and Norway data on the private non-profit organisations is not given by OECD but
are included in the figures for the government sector (Bernaldo, ZDBGD, 2000.

sixth had data not been missing for these two coun- 3.2. Using time as an alternative indicator of

tries. Second, and most importantly, the ratio between input to R D

the Swedish figure for the ‘extended academic sector’,

and the average for all countries is only 1.2 whereas it  In order to assess the volume of input to the aca-

is 1.8 if we only include R&D in the higher educational demic sector, the common gauge is R&D expenditure

sector. as related to GDP, but the volume of input could be
In sum, it is clear that all three sub-sectors within measured in alternative ways. Indeed, even though the

an ‘extended academic sector’ need to be included in indicator ‘R&D expenditure’ is commonly used, there

order to compare the volume of Swedish ‘academic’ are a number of potential problems associated with a

R&D with that of other countries. This reveals a quite monetary measure. This section will point to a few such

different picture from that portrayed by ‘conventional weaknesses and compare the monetary indicator to that

wisdom’'—the monetary resources allocated to ‘aca- of ‘time-expenditure’.

demic’ R&D in Sweden are broadly in parity with other Some problems with a monetary measure are due

OECD countries. to differences in reporting procedures between coun-
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Table 5
R&D in Natural Scienceésand Engineering divided by GDP (1) in the ‘extended academic sector’ in a set of countries, about 1995 (R&D
expenditure given in monetary terms) (ranking within parentheses)

Country 1 2 3

Higher educational Total ‘extended academic sector’ (HES, Share of HES

sector (HES) government and private non-profit) in total
Iceland (1995) 3.70 (4) 9.38 (1) 0.39
Japaf (1995) 3.88 (3) 7.85 (2) 0.49
Australia (1996) 3.25 7.43 (3) 0.44
Swedef4-€ (1995) 6.11 (1) 7.24 (4) 0.84 (1)
Denmark (1995) 3.40 (5) 6.43 (5) 0.53
Germany (1995} 3.26 6.39 0.51
Canada (1999) 2.62 5.21 0.50
Norway (19954 3.04 5.17 0.59 (4)
Austria (1993) 3.94 (2) 4.85 0.81(2)
Spain (1995) 211 3.67 0.57 (5)
Ireland (1994) 2.06 3.12 0.66 (3)
Finland n.a. n.a. n.a.
Korea n.a. n.a. n.a.
Average of countries included in the table 3.40 6.07 0.58

Sourceselaboration orDECD (2000) Basic Science and Technology Statistiable 7 1999 edition, Paris, France a@dECD (2000a)Main
Science and Technology Indicatd@99, number 1, Paris, France. If not otherwise indicated, the footnotes are based on the general methodology
in OECD (2000)and a list provided by Elena Bernaldo of the OECD.

a Natural, medical and agricultural sciences.

b Overestimated or based on overestimated data. Until and including 1995, data is overestimated by international standards but the OECD
has adjusted the figures downwards.

¢ Higher educational sector excludes most or all capital expenditure.

d The sum of the breakdown does not add to the total.

€ Data are not available for private non profit sector. According to personal communication with Peter Skatt. Swedish Central Bureau of
Statistics, April 14, 2003, many of the activities in this sector were reclassified in 1995 and moved to private industry and to government. R&D
expenditure was therefore reduced from 330 million SEK in 1993 to 93 million SEK in 1995 in total. Three hundred and thirty million SEK
represented 2.3% of total R&D in Government, Higher education and Private non-profit in 1993.

f According to Bernaldo (2003) the institutional coverage of the Government sector includes research institutes otfiedenahland local
governments e.g. the national research centres, the Max-Planck and Fraunhofer societies, Blue list institutions, scientific museums.and libraries

9 Unrevised breakdown not adding to the revised total.

" Private non-profit is included in government.

tries. For instance, in the Swedish ca®&CD (2000) First, PhD students perform a substantial part of aca-
notes that capital costs for the academic sector weredemic R&D. A measurement in monetary terms may
partially excluded in the 1995 data. On the other then distort the comparison between countries where
hand, the sum spent on R&D is exaggerated as it students are employed, and are paid salaries, and those
includes some expenditure for education. To these countries where students are funded with grafts
problems, which are well known, we would like to
add two additional ones; institutional differences in —— o ]
ferms of how PhD students are funded and the use of (0% FOaTBle o Chamers Uersy of eehaoos. e fare
fixed funding (block funding) for activities other than e funds allocated to academic R&D may be marred by differences
research3 between countries in how rents for facilities are set and accounted
for.
- 14 The problem is broader than this. There is a great deal of uncer-
13 There are more problems which justify a scrutiny. One ofthoseis  tainty as to how much of the work done by PhD students is included

how rents of facilities are handled in the accounting. In Sweden, rents in the data. In the UK, for example, we suspect that the work done
are paid for by the Universities and account for a substantial part ofthe by foreign students with their own income is not reported.
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Sweden, PhD students accounted for as much as 44% ofesearchH8 This means that out of the total sum avail-

the person-years spent on R&D in engineering in 2001
(in the higher educational sub-secto®dB, 2003.1°

able for R&D of about 4.1 billion SEK (current costs,
including external funding of about 2.6 billion SEK, see

These students (at technical universities) are normally SCB, 2003 Table 19), as much as about 800 million

paid salaries®

were estimated to be used for other purposes than R&D.

In 2003, an average PhD student would cost about \while it remains to be seen if this use of block funding

333,000 SEK annually in salary costs alone (on top of

is unique to Sweden, these figures nevertheless suggest

this, a great deal of overhead costs are added). Thisthe possibility that the monetary indicator may well

can be compared to, for instance, the case of the UK overestimate the Swedish volume of academic R&D.
where PhD students may receive agrant of 6,000-9,000  An alternative indicator of the volume of R&D in-

pounds (Salter, 2003, personal communication at Im-
perial College, September 4), which is about SEK

put is the number of person-years spent in R&D set in
relation to population, i.e. a measure of R&D in terms

84,000-126,000. This is, at most, one third of the salary of time expenditureThis indicator has, of course, also

cost of a Swedish PhD student in engineering.

If we for the Swedish case take the number of (em-
ployed) PhD students in engineering (2001)—2,511
(SCB, 2003Table 11)—and assume an annual salary
cost of SEK 333,000, we end up with an annual cost
of SEK 836 million. If these students were paid a grant

of about 7,500 pounds (the average figure) instead, the

total cost would drop to about SEK 264 million. The
discrepancy is as much as SEK 572 million. Total (cur-
rent) R&D expenditures in engineering in the higher
educational sector amounted to 4,067 million in the
same year for SwedersCB, 2003 Table 19). Five
hundred and seventy two million is in that context a
large sum, 14%. Institutional differences of this kind
can, thus, have a significant influence on inter-country
comparisons.

Second, it is normally assumEdthat the fixed
(block) funding to Universities in Sweden can be used
for research and it is fully included in the OECD R&D
statistics. Much of that funding is, however, used for

weaknesses. In particular, the problem of separating re-
search from teaching would be the same as for the in-
dicator using monetary values, but we would get away
from the problem of different ways of funding PhD
student work and the use of block funding for other
purposes than R&D.

Data are given inTable 6 for a number of rich
countriest® Four observations can be made. First, Swe-
den (with Austria) is again confirmed to be an unusual
country when it comes to the share of the higher edu-
cational sector in total ‘extended academic R&D’ (col-
umn 3). Second, including only the higher educational
sector (column 1) Sweden ranks high, but drops from
number 1 to number 3, after Finland and Iceland, and is
closely followed by Australia. Third, when we include

18 This is a rough estimate, but it provides us with the right order
of magnitude. We have limited ourselves to four personnel categories
where data is available in terms of full time equivale!8€B, 2003
Table 11): full professors (626), lecturers (940), PhD students with a

other purposes. These include the cost of teaching PhDsalary (2511) and those without a salary (575). We made the follow-
students and the cost of PhD students attending coursednd assumptions: (1) 20% of professors’ time and 15% of lecturers’

(in the technical faculty this amounts to 20% of the stu-
dents’ time, for which they are paid a salary) as well
as time for teachers to upgrade their knowledge. In
2001, and limiting ourselves to the faculty of engineer-
ing, of the 1,312 million SEK received in the form of

fixed funding, about 500 was estimated to remain for

15 This figure is a result of an elaboration 888 (2003) Table 13.
Moreover, asis seen BICB (2003) Table 2, the number of employed

go to work to support teaching, e.g. keep up with the literature, (2)
20% of the PhD students’ time goes to take PhD courses (we have
assumed no costs for the 575 students without a post), (3) half of the
supervision time (0.5 7.5% of professor’s time per student) is paid
for by external funding, (4) there are 10 PhD students per course and
each take two courses per year which leaves us with about 600 courses
given per year. Each course is assumed to cost 10% of a professor’s
time, (5) 50 million SEK goes to examination of PhD students. The
total sum amounts to 807 million SEK. We have assumed the fol-
lowing average salaries in SEK: PhDs, 18,000; lecturers, 36,000;
professors, 44,000. We have left out costs for administration and for
upgrading the knowledge of teachers without a PhD, which means

PhD students (as opposed to those living on grants) increased greatlythat our calculation is conservative.

in the period 1989/90 to 2001.
16 This is also true for some students at other types of universities.
17 See, for instanceSivilingj drsirbundet (2004)

19 Unfortunately, data for Israel are not available but as the data
include a number of OECD countries, a cross-country comparison is
still useful.
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Table 6
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Number of person years spent on R&D in Natural Sciehaes Engineering per million inhabitants, in selected countries around 1999 (R&D

expenditure given in terms of time) (ranking within parentheses)

Country 1 2 3

Higher educational Total ‘extended academic sector’ (HES, HES/total

sector (HES) government and private non-profit)
Iceland 1989 (2) 4271 (1) 0.47
Finland 2107 (1) 3475 (2) 0.61 (6)
Australia (1998) 1468 (4) 2489 (3) 0.59 (8)
Denmark 1035 (7) 2126 (4) 0.49
Japaf 1231 (5) 1870 (5) 0.66 (4)
Norway? 1075 (6) 1806 (6) 0.60 (7)
Swedefi 1485 (3) 1769 (7) 0.84 (2)
Germany 955 1716 0.56
Spain 778 1317 0.59
Canadh 727 1287 0.56
Korea 757 1114 0.68 (3)
Austria (1998 813 950 0.86 (1)
Ireland n.a. n.a. n.a.
Average of countries included in the table 1202 2016 0.63

SourcesOECD (2003a)R&D Database, kindly made available to us by Mr. Rolf Nilsson, Vinnova @i (2003) for population data. The
population data is for 2003. If not otherwise indicated, the footnotes are based on the general method@ig if2000)and a list provided

by Elena Bernaldo of the OECD.
@ Natural, medical and agricultural sciences.
b Private non-profit is included in the government sector.
¢ SeeTable 5 footnote a.
d Private non-profit is included in the government sector.

€ OECD does not give Swedish data on R&D in government so we supplemented OECD with da@&fB (2001 Table 2 andFig. 1).
Data for the private non-profit sector is not given either but as was noted in footnotablen5 the sum is negligible. Data for government is
underestimated since it includes only central government units. This seems to be a general problem B&@DeP000 p. 494).

f National estimate or projection for the higher educational sector is adjusted, if necessary, by the Secretariat to meet OECD norms. Provisional

data for the government sector.

9 Only those post graduate students on the payroll of the university are included in R&D personnel in the higher educational sector.

all three sub-sectors (column 2), Sweden drops to 7th number of person-years spent on R&D per million in-

place (and if Israel were included, the ranking might

habitants, within natural sciences and engineering in

even be as low as 8). Fourth, and most importantly, the ‘extended academic sector’. We can note that there
Sweden spent 1,769 person-years per million inhabi- isacleartrend line butthat Sweden s placed well below
tants whereas the average for the countries included inthat line. Although we would be very hesitant to draw

the table was higher, 2,016 person-years per million strong conclusions from that observation, the weaker

inhabitants°
Hence, with the alternative indicator, ‘time expen-
diture’, the Swedish ranking is considerably lower than

position of Sweden using time instead of money as the
basis for measuring the volume of R&D in the ‘ex-
tended academic sector’ is at least consistent with the

if we use money as the basis of the indicator, and, most idea that there may be factors at work (such as the valua-

importantly, the Swedish figure is lower than for the
average of a group of rich OECD countries.

In Fig. 1, we compare, for a set of countries, the
two indicators (a) R&D divided by GDP and (b) the

20 Even if we exclude Iceland, the average figure for the remain-
ing countries—1,811 person-years per million inhabitants—is larger
than the figure for Sweden.

tion of efforts by PhD students) that distort the results in
favour of a stronger Swedish position. Further research
is, however, required to check the validity and reliabil-
ity of these data, and we would welcome such work.
To summarize, so far, and assuming that the data are
reasonably accurate, the overall conclusion from both
these indicators is cleamather than seeing Sweden as
a top-ranking country, we should regard it as one out
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Fig. 1. Relationship between R&D divided by GDP and number of
person years per capita spent on R&D within natural sciences and
engineering in total ‘extended academic sector’ for 14 countries,
about 1995. Note: (*) the diagram contains data from 14 countries
(Australia, Austria, Canada, Czech Rep, Denmark, Germany, Hun-
gary, Iceland, Japan, Norway, Poland, Portugal, Spain and Sweden).
Sources: Elaboration d@ECD (2000) Basic Science and Technol-
ogy Statisticg§Table 7, 1999 Edition, Paris, Franc&&ECD (2000a)

Main Science and Technology Indicatdt999 (number 1, Paris,
France);OECD (2003a)R&D Database; an€lA (2003)for popu-
lation data.

of many rich OECD countries in terms of allocation
of resources to academic8®D. Sweden differs only in
the manner in which that work is organised

3.3. The measurement of output from the
academic sector

The most common indicator of the volume of output
from academic R&D is the number of publications as
related to GDB! Sweden ranks very high here (see
Table 2, a standing which is intriguing considering
that we have found that the allocation of funds and time
to the ‘extended academic sector’ is similar to that of

S. Jacobsson, A. Rickne / Research Policy 33 (2004) 1355-1372

A combination of average (or below average) vol-
ume of input and above average volume of output in
terms of publications is suggestive of an efficient aca-
demic sector. In addition, for two reasoR$gextensive
international publishing is likely to positively influence
thevalueof that R&D, improving further the efficiency
of the system. First, publishing in an international (in
particular an English language) journal increases the
scope of the audience, which means that the chances
are greater for a particular finding to be used. Sec-
ond, being exposed to the standards used in the in-
ternational scientific community probably raises the
level of research. Competition is greater—especially
for a paper to be accepted in an English language jour-
nal, it has to compete with papers from all over the
world—and the reviewer pool is larger and, on av-
erage, we would expect their comments to be more
useful?3

Yet, whereas the extent of international publishing
is an indicator of value of academic R&D, there are
a number of potential problems in using publications
as an indicator of the@olume(not value) of scientific
activity in cross-country comparisons. We will argue
that Swedish institutional features make it likely that
the high Swedish publication figures exaggerate, to an
extent, the volume of ‘academic’ scientific activity.

First, whereas we would expect researchers in the
entire ‘extended academic sector’ to publish, it is plau-
sible that those in higher educational organisations do
S0 to a greater extent simply because it matters more
to them. For instanceSorlin and Tornkvist (2000 p.

88) suggest that, in the case of Sweden:sectoral
research was in practice taken over by the universi-
ties and came to an increasing extent to be conducted
according to the norms of academigahis contributes

many other rich OECD countries. For instance, as seent0 explain..Sweden’s good performance in terms of

in earlier tables, Sweden and Germany have, in relative
terms, broadly the same input volume of R&D in the
‘extended academic sector’ (this is true both if we use
monetary value or time (sébles 4-§ However, in
terms of output indicated by the number of published
articles (setin relation to GDP, s&able 2 the Swedish
figure is twice as high as that of Germany.

21 We are aware that this output indicator is limited and that there
are other ways by which the results of academic R&D can be made
socially useful, e.g. by spinning off firms. S&alter and Martin
(2001)andJacobsson (2002 this point.

scientific publishing” (our translation).

Bozeman (2000p. 634) discusses in a similar way
but also points to a rather small difference between uni-
versities and government laboratories in this respect:

22 \We are grateful to two of the anonymous referees for pointing
this out to us.

23 The quality of Swedish academic R&D, as indicated by how
often articles are cited, is ranked second in the wollatt{more
and Revesz, 199&/innova, 2001; Pavitt, 2001). Clearly, this is an-
other indicator of an academic sector, which generates above average
value.
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Table 7
The regression models tested to explain number of publications pet GDP
Model Unstandardized coefficients Standardized coefficients T AdjustedR? Sign.
B Standard error B
AERD 34 4.2 0.763 5.9 0.565 0.000
RDABS 46 7.4 0.784 6.3 0.599 0.000
RDABS +dummy 41 7.3 0.691 5.7 0.656 0.600
5.0 2.2 0.277 2.3

2 The models include analysis of 26 countries.
b RDABS is significant at 0.000 level and dummy is significant at 0.033 level.

“...in both university and the larger government lab- Second, there is an English language bias in the
oratories, the reward system is largely based on scien-journals represented in bibliometric databagesv(tt,
tific publications”, but “University laboratories devote 1998. Publications in other languages than English
44% of their activity to publishing scientific research, may not be fully accounted for in such databases, re-
compared to 36% in government labs”. As Sweden is sulting in an underestimation of the output for countries
unusual in terms of the organization of research (with where publishing is made in other languages. This bias
a very heavy emphasis on the higher educational sec-is reported to be strord.
tor), this organisational difference may contribute to Many smaller countries may not even have scien-
the high volume of output of scientific publications. tific journals in their native language so researchers are
For a range of countries, we have tested to what referred to publishingin foreign journad8 Swedish re-
extent output (the number of scientific publications, searchers largely choose to do so in English-language
in all fields, per GDP adjusted for Purchasing Power journals. English is, of course, not the first language
Parity) is explained by the monetary input into the aca- in Sweden, but Swedish researchers have adopted En-
demic sector set in relation to GDP. We distinguish be- glish as one of two working languages. This has been
tween the ‘extended academic sector’ (AERD) and the simplified by a generally strong Anglo-Saxon cultural
higher educational sector (RDAB3).In Table 7(see orientation. In Sweden—as in other small Anglo-Saxon
Appendix 1 for a correlation matrix), we can see that oriented countries such asthe other Scandinavian coun-
the share of GDP that is allocated to research in the tries, Netherlands and Israel—researchers are expected
higher educational sector (RDABS) explains slightly to be more likely to publish in English language jour-
more than the share, which is allocated to R&D in the nals than researchers from larger, non-English speak-
‘extended academic sector’ (AERD) (adjustel is ing countries such as Germany, Japan, Italy and France
0.599 and 0.565, respectivefp Hence, a marginally ~ where domestic scientific journals exist to a greater ex-
better fit' is achieved, but the data also suggests that tent. Indeed, in Sweden, it is not very common to find
Sorlin and Tornqvist (2000)may overrate the impor-  a PhD thesis at a technical university that is written
tance of the size of the higher educational sector in in any other language than English. This suggests that
explaining publishing patterrfs. ‘an English language bias’ in the databases is to be
expected to influence the measured number of publica-
tions not only for those countries where English is the
main mother tongue but also for some other smaller na-
tions where English is, practically speaking, the main
professional language for academics.

24 We are grateful to Linus Dahlander, Chalmers University of
Technology, for help with the statistical analysis.

25 Hence, these two indicators of the volume of academic R&D are
not fully consistent. In part, this is so by the very nature of indicators.
For a study of three indicators of technological activities in Swedish 27 A 50% increase in the propensity to publish have been reported
industry, seglacobsson et al. (1996) to have been seenin countries which have English as the firstlanguage

26 Crespi and Geuna, 20G4so find that the proportion of ‘non- (Pawvitt, 1998; citind_attimore and Revesz, 1996
business’ R&D that is undertaken outside of the higher educational 28 If a local journal exists, it is likely to be of lesser quality than
sector has a negative effect on the production of publications, but the English language journals simply because an English language
that the effect is rather weak. journal may attract researchers from all over the world.
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In Table 7 we have included a dummy together with To conclude, the number of publications per GDP is
RDABS, i.e. the share of GDP thatis allocated to R&D an indicator that is influenced by institutional features
in the higher educational sector. An ‘English language ofthe countries measured. Whereas, our analysis is still
bias’ effect is assumed to operate not only for coun- tentative, we suggestthatthree institutional features—a
tries such as Great Britain, but also for Denmark, Is- focus on the higher educational sector, publications in
rael, Netherlands, Norway and Sweden. Adjus®éd English, and publishing patterns of PhDs—may make
increases to 0.656 and both RDABS and dummy are us overestimate the volume of Swedish academic R&D
highly significant. Indeed, the standardized coefficient (while atthe same time increasing the value of the same
of the dummy is as high as 0.277, which means that R&D). Clearly, in cross-country comparisons, we need
over one quarter of the contribution of the two vari- to take such institutional disparities into account if we
ables comes from the dumm. are concerned with using bibliometrics as an indicator

The adjustedr? has, thus, increased from 0.565 to  of the volume of scientific activities.

0.656, i.e. the inclusion of two new dependent vari-
ables, reflecting Swedish institutional peculiarities,
has explained about a quarter of the initial unexplained
variance.

Third, whereas we have not, at this point, added | grder to contribute to the debate over a ‘Swedish
more independent variables to the regressions, Weparadox’, we have critically assessed the validity of
would suggest that the list does not end here. In a ten- 4 indicators used in analyses which have driven the
tative way, we would like to point to a further insti-  \igely spread perception of Sweden as a leading coun-
tutional feature of Sweden, which makes it plausible yy in terms of the volume of academic research. These
that thepropensity to publisin the higher educational jngicators reflected monetary input into, as well as out-

sector is higher than in many other countries. ~ put of R&D. We have also added a second input indi-
In Sweden, PhD students in engineering, natural sci- cator, ‘time expenditure’.

ence and medicine normally collect a set of papersinto |, terms of the input indicators, we have argued that

athesis instead of writing a monograph. Some, or most, gince Sweden has chosen to organise its ‘non-business’

of the papers need to have been published (or acceptedre b in an unusual way, the appropriate information

before the thesis is defended (and the papers are nory, se is that related to an ‘extended academic sec-

mally published in an English language journal). In 140 j & in addition to the higher educational sector the
some other countries, PhD students may not publish, 4na1ysis must include R&D undertaken in government
or do so only occasionalf research bodies and in private non-profit organisations.
- Assessing the strength of such research—both in terms
h29 dAdd_mg ‘t“;,“”t“:es like we ha‘;e done to tg-?sf with Eng"\%‘ s of monetary values (setin relation to GDP) and in terms
the dominant first language is, of course, a bit dangerous. We are ; : d .
well aware that it may ge a%bitrary which countries to ignclude but we Of person years (set in relation to population)—gives a
would nevertheless argue that it is more relevant with an enlarged Picture of Sweden as not an unusual country but as one
group of countries than a narrow one with only those included where Of many other developed nations.
English is the dominant first language. It is, however, noteworthy Indeed, we could point to a potential problem of an
that the top five performers in terms of publishing (3aeble J are under-dimensionetéxtended academic sectét.We
jv?ﬁ(lligc:zgg;fesd ‘(')V: ';H;?g;';d'cate that size is of relevance. More - refer to the assessment of time-expenditure on aca-
30 Different scientific fields have different ‘propensities topublish' ~ deémic R&D (seeTable §, where, in fact, as regards
and research in medicine is supposed to yield most publications. person years per million inhabitants, Sweden spends
Using NSF data on publications and OECD data on the number of |essand not more than other rich OECD countries on
person-years allocated to R&D, we analysed whether the structure of academic R&D in this extended sense. At the same

Swedish academic R&D had any explanatory power. To our surprise, . . . .
it did not. Although Sweden places great emphasis on medical R&D, time, the academic sector is charged with the role of

and to an extent on engineering, this is done at the expense of R&D

in natural sciences where there is also a high propensity to publish.

The analysis was, however, limited to the 11 countries forwhich data 3! SeeRickne (2002¥or a discussion of this problem of an under-
was available at this detailed level. dimensioned volume of research within the field of biomaterials.

4. Conclusions and some suggestions for
further research
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supporting a very large R&D effort in industry (see
Table 1. There is a significant correlation between ex-
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Jacob, 2001 Attention needs instead to be shifted from
science policy to the broader innovation policy that sets

penditure on academic R&D in the extended sense andthe context for the economic exploitation of sciedte.

business R&D(=0.705, significant at the 0.01 level,
n=22)3? i.e. the volume of academic work bears a
relationship with that in business. Yet, as is seen in
Appendix,Table 2 Sweden ranks last in the OECD in

For the more limited area of science policy, the rel-
evant issues for Swedish policy makers are probably
best sought in how recent policies may do harm to an
academic sector that has average, or below average re-

terms of the share of the extended academic sector insources, but which performs wéf.In particular, we

total R&D. On both these accounts, ap-scalingof
academic R&D may well be warranted.

In terms of the output indicator, we argue that a high
ranking interms of number of publications per GDP is a
reflection not only of a high volume of scientific activity
in the academic sector but also of institutional features.
In a tentative way, we pointed to three institutional fac-
tors which may lead us to overestimate the Swedish
volume of R&D; the dominance of the higher educa-
tional sub-sector in the ‘extended academic sector’, an
‘English language bias’ effect and a high propensity to
publish among PhD students.

Yet, the very same institutional features that prob-
ably make the use of bibliometrics overestimate the
volume of academic R&D is likely to raise thalueof
that R&D. Therefore, a reasonable characterisation of
Swedish academic R&D is one with average, or possi-

are concerned with a funding system that has gradually,
simply by an erosion of the fixed funding, reduced the
ability of senior researchers to establish the direction
of their enquiries’® Much of that funding (erroneously
regarded as ‘free funding’ by many observers) is spent
on graduate education and on maintaining the compe-
tence of teachers.

In addition, a growing share of the external funding
is directed and is expected to lead to useful results in
the shortterm$andstdom et al., 2003 Indeed, in some
circles, publishing in international journals is seen to
be in conflict with being ‘useful’ in that way. This un-
derstanding is in stark contrast to research arguing that
the US achievements in science-based technologies has
drawn on research that is ranked highly by academic
standards and where first class capabilities are gener-
ated Pavitt, 200).37 Science policy makers should

bly below average, resources, but with above averagetherefore be concerned with the risks of depletion of

value of output; it is efficient. If Sweden is to be seen as
a ‘role model’ for academic R&D in Europe, its justifi-
cation does not, therefore, lie in the volume of resources
allocated to that activity but rather in the nature of the
institutional features that encourages an international
exposure of the results of the R&.

With respect to the Swedish debate on policy, we
suggest that the ‘left-hand’ side of the ‘paradox’ re-
ferred to in the Introduction is not convincing as the
main starting point for a policy discussion, in particu-
lar not on the input side. Institutional factors, as distinct
from a genuinely high level of activity, appear to play
a key role in generating the high Swedish ranking. The
policy problem should, therefore, not be formulated
as one where well funded and ‘unruly scientists’ need
to be tamed into doing ‘useful thinggdHéllstrom and

32 R=0.711 if we correlate R&D in the higher educational sec-
tor/GDP with business R&D/GDP.
33 However, as we have concentrated on how volume is measured,

resources and of short-termism.

Finally, there are many methodological problems
associated with the kind of analyses undertaken in this
paper. These refer to both input and output indicators.
First, the inclusion of government organizations and
private non-profit organizations into an ‘extended aca-
demic sector’ has solved some inconsistencies, but may
involve new ones. These need to be explored further. In

34 See Goldfarb and Henrekson (2002nd Henrekson and
Rosenberg (200Gpr useful discussions of policy.

35 Some of these risks are discussed Greuna (2001)and
Jacobsson (2002)

36 There was a substantial expansion of teaching both at the un-
dergraduate and graduate level in Sweden in the 1990s. In the period
1991-2002, the number of PhD students grew by 64%, the num-
ber of lectures by 33% and the number of professors by 60%. Yet,
fixed funding grew only by 24% in real termSCB, 2003. See also
footnote 18.

37 Other authors underscore this view, gdicks et al. (2000and
McMillan et al. (2000)for the US and~aulkner and Senker (1994)
for the UK. ForinstanceHlicks et al. (20003how that a US scientific

further work is needed to draw implications as regards Sweden as a paper among the top 1% most highly cited papers is nine times more

‘role model’ in terms of value creation.

likely to be cited by a US patent than a randomly selected paper.
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particular, we are concerned that there may be a greatTable 8 '
variation in the nature of the work undertaken in gov- Correlation matrix

ernment R&D laboratories. AERD RDABS DUMMY  PUBLPPP
Second, there are substantial sources of uncertaintyAERD? 1.00 0.819 0.378 0.763
as regards the comparability of R&D expenditures (in RDABS 0819 1.00 0.337 0.784
monetary terms and in time) across nations. Indeed, PUMMY® 0378 = 0.337 1.00, 0.509
PUBLPPP  0.763 0.784 0.509 1.00

the European Commission has acknowledged such— _ — , ‘
difficulties and has developed composite indicators to . AERD is the monetary input into R&D in the ‘extended aca-

. .. demic sector’ divided by GDP/PPP.
meet this chalIenge_E(l_Jrope_an _Comm_'SSIOn* 20p3 . b RDABS is the monetary input into R&D in the higher educa-
One of the uncertainties highlighted in our study iS tional sector divided by GDP/PPP.
the varying purpose for which block grants are used ¢ Dummy stands for the following countries: Australia, Canada,
in different countries. As argued above, a substantial Denmark, Ireland, Israel, Netherlands, New Zealand, Norway, Sin-

: : Sweden, United Kingdom, United States.
art of the Swedish block grants is used for purposes 93P°r€: n fingdom, o .
P 9 purp d PUBLPPP is the ratio between the number of scientific publi-

other than R&D. _ ' cations divided by GDP/PPP.
Another uncertainty is to what extent the work = significant at the 1% level.

of PhD students is included in data on monetary Table 9

and time expel.’ldltures on R&D. In the UK, for in- . Percentage of gross domestic expenditure on R&D (GERD) per-
stance, according to the OECD (Personal communi- formed by different sectors in 1999 sorted by total GERD by aca-
cation with Sharon Standish, OECD, August 27, 2003) demic sector

only “...those post-graduate students who are on the country 1 2
payroll of the higher education institutes (HEI) are in- Total percentage of  Total percentage of
cluded”, whereas in the case of Sweden.ll post- GERD performed ~ GERD performed
graduate students are counted as researchers in FTE, gg‘;:zs‘g::;r gza:zz:?ézr;i?gr
regardless of whether or not they are on the university Portugal 99 7 773
payroll.” Considering that most UK students are noton g eece 285 715
the pay roll but rely on grants and own funding, it iS New zealand 29.7 70.3
possible that the UK figures underestimate the volume Turkey 38.0 62.0
of academic R&D compared to Sweden. These sourcesPoland 41.3 58.7
of uncertainty need to be explored further. :tC:I'a”d 426'; 5503'73
Third, the rationale for including certain countries Sp;/m 520 48.0

into a group that may ‘benefit’ from an English lan-  Norway 56.0 44.0
guage bias needs to be developed further. Fourth, weNetherlands 56.4 43.6
would like to suggest that work is undertaken with re- Canada 57.0 43.0
spect to the propensity to publish among PhD students Ef:;irk gg; gg'g
(engineering, natural sciences and medicine) and thatyiteq kingdom ~ 66.8 33.2
an assessment is made as to how differences betweerkiniand 68.2 31.8
countries impact on aggregate data on the number of Israel 69.0 31.0
publications. Germany 69.7 30.3

Japan 70.7 29.3

Korea 71.4 28.6

Belgium 71.6 28.4
Appendix A. Appendix 1 Ireland 72.9 27.1

United States 74.8 25.2

SeeTable 8 Sweden 75.1 24.9
Total OECD 69.3 30.7
EU 64.1 35.9

Appendix B. Appendix 2

Source OECD (2003) Main Science and Technology Indicators
2003, OECD. Missing data for Australia, Austria, Japan (adj].), Lux-
SeeTable 9 embourg, Switzerland.
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