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1. Introduction

Most of European S&T policy in the last decade has been based on the notion of the “European paradox”. This notion is based on a few empirical propositions: first, European science is quantitatively and qualitatively comparable to US science; second, the technological position of Europe in high technology is, on the contrary, much weaker than US. Hence, the European paradox: European science is good, but the translation of knowledge into commercially applicable solutions is poor. A number of policy measures are therefore needed, from user-based or application-oriented European research to the funding of technology transfer or intermediaries bodies at regional or local level.

More recently, this view has been challenged, either explicitly (Pavitt, 2002) or implicitly (Sapir Report, 2003). In particular, European S&T policy has developed the notion of the European Research Area as the main driver for the next decade. At the appropriate theoretical level, it is impossible to reconcile the emphasis on European Research Area with the belief that the paradox is the source of most European problems and weaknesses in S&T. For a variety of reasons, however, the theoretical elaboration of the policy shift has not been much developed. 

This paper wants to develop a theoretical framework for discussing these issues. The framework is based on the notion of search regime, proposed in a companion paper (Bonaccorsi, 2004).

It starts by establishing the following propositions and empirical facts in Section 2:

(a) European science is only quantitatively comparable to US science but is weaker in the overall quality and is severely under-represented in the upper tail of scientific quality;

(b) European science is strong in fields characterized by slow growth and weak in fields characterized by turbulent growth;

(c) European science is strong in fields characterized by convergent search regimes and weak in fields characterized by divergent search regimes;

(d) European science is strong in fields characterized by high levels of infrastructural complementarities inasmuch as it has developed, mainly after Second World War, appropriate institutions for dealing with these fields, while it is much less prepared in fields characterized by human capital and institutional complementarities.

Section 2 ends by claiming that these shortcomings have much more to do with institutions than with policies. It elaborates on the difference between institutions and policies and offers some preliminary explanation for the poor performance of Europe.

In Section 3 the paper then develops a conceptual analysis of abstract functions of institutional systems in science, providing the basis for comparative cross-country studies and for the evaluation of performance of national systems.

Section 4 then offers a clear-cut explanation in terms of search regimes: European science, despite the often exceptional quality of scientific communities, has found it difficult to adapt to deep changes in search regimes, mainly in the last 20-30 years. 

2. Another look at European science 

2.1 Quality of scientific research: looking at the upper tail, not the mean value

Available evidence shows that Europe is quantitatively comparable to NAFTA in terms of total number of publications, i.e. scientific quantity. With respect to scientific quality, some difficulties emerge.

The problem of evaluating the quality of research is, as it is well known, very difficult. No single measure is satisfactory (particularly the impact factor), no aggregation of indicators is value-free, no evaluation is able to avoid problems of manipulation and strategic behaviour.

However, most expert agree that indicators based on citations received by scientific articles, perhaps taking into account the appropriate coverage of journals, the window of citation and some correction for language and country size biases, offer a reasonable approximation of research quality. In practice, indicators are based on field normalisation of citation frequency data, resulting in relative citation impact scores. Official documents of the European Commission, of national governments, of scientific academies and associations, as well as the highly influential European Report on Science & Technology Indicators use citations as indicators of quality.

The overall picture from this indicator is reasonably positive for European science. As it is stated in the Third European Report on the basis of data on the period 1995-1999  “the two largest producers of scientific output, NAFTA and EU-15 display a very similar publication pattern (..) Despite decreasing publication shares, NAFTA publications tend to have high citation rates, and high relative citation impact records. While the EU-15 performs around world average in all 11 broad fields of science, NAFTA performs above world average in five of these broad fields: physics, clinical medicine, biomedicine, and does especially well in chemistry and the basic life sciences” (European Commission, 2003, p. 287). In general these conclusions are based on the aggregate measure of field normalised citations, or on the average score. 

Let us put forward a different question. What about the distribution of citations? Can we base science policy on average values, or should we rather focus on other moments of the distribution of relevant variables? We propose that not only the mean value but also the variance and the upper percentile portions of the distribution receive much greater attention in policy making.

European science policy should not be happy for average values (if any), but should on the contrary examine what happens in the upper tail of the distribution of quality. Here, unfortunately, things are not so good.

We present preliminary evidence on several “upper tails”, drawn from recent published research and from our own exploratory work, in order to support the argument. Clearly we will have to use exploratory data, since there is no official statistics on these issues. After establishing some stylized facts we will discuss why the upper tail is so important for policy making.

First of all, data on the most cited scientists worldwide have been recently made available by ISI Thompson Scientific on the basis of the analysis of 19 million papers in the period 1981-1999, authored by 5 million scientists. They refer to around 5,000 scientists worldwide in all fields, selected as those 250 that receive the largest number of total citations in any subject area. Admittedly, it is a very small portion of the scientific community (0.1% of the total), but it is an extremely important one. Focusing on scientists and not on papers avoids the classical objection to the analysis of highly cited papers, that is, that they might include not only real scientific breakthroughs, but also literature reviews, methodological contributions, or antagonistic positions. While it is possible that a paper is highly cited for these spurious reasons, it is unlikely that a scientist is highly cited for the same reason over many years.

A recent paper by Basu (2004) examines the data and provides an impressive picture. In all 21 fields US scientists largely dominate, with a proportion of highly cited scientists ranging from 40% in pharmacology and agricultural sciences to over 90% in economics/business and social sciences and an average around 60-70% of the total. Among the 21 areas, only in other three areas non-US countries represent more than 40% of the total: physics, chemistry and plant and animal science. US science produces one third of papers but two thirds of highly cited scientists.

Basu (2004) suggests a positive relation between the intensity of highly cited scientists per paper at the level of country and the intensity per affiliating institution.  In other words, countries with a high performance of top scientists also have institutions that attract those scientists together. There is not only geographic but also institutional concentration of top quality people.

Second, we examined the publications of top 1,000 scientists by citations received in two different fields (Computer science and High energy physics) along all their scientific career, and all publications in nanotechnology for the period 1990-2001 (see Appendix 1 for description of data and methodology). Looking at relatively small scientific areas (in the range between 10,000 and 100,000 publications for the overall period) allows us to carry out a fine grained analysis. In addition, we are not focusing here on the small top 0,1% of world scientists, but on the relatively large (but still exclusive) club of highly original and highly productive scientists.

Table 1

Top 100 affiliations in publications of highly cited scientists in Computer science and High energy physics and top 50 affiliations of all scientists in Nanotechnology

	
	Computer science
	High energy physics
	Nanotechnology

	United States
	66
	43
	22 (44%)

	United Kingdom
	6
	7
	2 (4%)

	Canada
	5
	3
	1 (2%)

	France
	5
	4
	3 (6%)

	Israel
	4
	1
	1 (2%)

	Netherlands
	3
	1
	

	South Korea
	2
	2
	

	Australia
	2
	
	

	India
	1
	1
	

	Singapore
	1
	
	

	Hungary
	1
	
	

	Italy
	1
	10
	1 (2%)

	Germany
	1
	6
	2 (4%)

	China
	1
	6
	5 (10%)

	Austria
	1
	
	

	Japan
	
	10
	9 (18%)

	Switzerland
	
	3
	1 (2%)

	Poland
	
	1
	

	Denmark
	
	1
	

	Sweden
	
	1
	

	Spain
	
	
	1 (2%)

	Russia
	
	
	2 (4%)

	
	
	
	

	Total NAFTA
	71 %
	46 %
	46 %

	Total Europe *
	18 %
	34 %
	20 %

	Total Asia **
	11 %
	20 %
	34 %


*   Included Switzerland

** Included Russia and Israel

Source: see Appendix 1 for Computer science and High energy physics; Bonaccorsi and Thoma (2005) for Nanotechnology

While a more elaborated analysis of publication and citation patterns will be the object of future research, it is enough here to give a look at the list of top affiliations of these scientists. For Computer science and High energy physics the list of top affiliations reflect outstanding scientific institutions, since the list is built from publications and co-authorships of highly cited scientists. For Nanotechnology the list of top affiliations reflect the most productive institutions in terms of total volume of publications in the period 1990-2001, with no reference to citations. Given the young age of Nanotechnology, a list of top cited scientists is probably premature. In both cases we are considering the upper tail of scientific quality and/or productivity in three important fields. We are interested in understanding how many European universities or research centres rank top in this list of institutions. The results are summarised in Table 1
. The results are striking. In Computer science, only 18% of top institutions come from Europe, of which 6 from United Kingdom. In Nanotechnology the  percentage is 20%. In High energy physics the relative position of Europe is slightly better, with the top position for the Istituto Nazionale di Fisica Nucleare (INFN) and 34% of top affiliations. Still, in a field in which Europe has strong comparative advantages, US institutions outnumber in the top list, with 46 institutions. What is striking is that these figures do not reflect the aggregate production of each area. For example in Computer science US produces by far the largest share, but together with Canada they reach 36.7% of world publications, while they account for 71% of top affiliations. In Nanotechnology the overall share of world publications is around one third for Europe, much larger than the share of top affiliations.

Third, we carried out an extensive analysis of an area which is crucial for science and technology as a whole- Computer science. Although it is, relatively speaking, a small area in terms of publications, it has one of the highest rates of growth. We carried out an extensive (and painful) analysis of curriculum vitae of the top 1,000 scientists worldwide, as ranked on the basis of the total number of citations received by the CiteSeer website, a commonly used service in the scientific community (see Appendix 1 for details). Although the list is clearly biased towards senior scientists, there are also many young emerging scientists. A large number of interesting information can be examined in this way, but we want to call the attention here to a very simple result (Table 2).
All most frequent universities from which top scientists in Computer Science received a doctoral degree are based in the US. Among them we not only find the large generalist universities (University of California, Stanford, MIT, Harvard) but also universities that consistently developed a reputation in the field, among which University of Illinois at Champaign, Carnegie Mellon in Pittsburgh or Cornell University at Ithaca. It is clear which is the starting point at postgraduate level for a top scientific career in Computer Science.

How do you get this point? It is interesting to examine the list of most frequent schools for the Master degree. Again, a dominance of US universities is apparent, with some modifications in the composition.

But if we look at the same list for the Bachelor degree, some surprises emerge. In the top ten list, four universities are not located in the US. It means that entry in the top league of scientists can take place at any place in the world, provided that post-graduate education is carried out in the US.

Interestingly, only one of these universities is European (Cambridge), while three are Asian, in India (Indian Institute of Technology, ranked third), Taiwan (National Taiwan University, ranked fourth) and Korea (Seoul National University, ninth).

Table 2.

First 10 universities awarding a degree to the top 1,000 scientists in Computer science

	Bachelor
	Master
	PhD

	MIT
	University of California
	University of California

	University of California
	MIT
	Stanford University 

	Indian Institute of Technology
	Stanford University
	MIT

	National Taiwan University
	Harvard University
	Harvard University

	Harvard University
	University of Massachusetts
	University of Illinois

	University of Cambridge
	Cornell University
	Carnegie-Mellon University

	Yale University
	Carnegie-Mellon University
	Cornell University

	University of Michigan
	University of Illinois
	University of Michigan

	Seoul National University
	Purdue University
	University of Wisconsin

	California Institute of Technology
	University of Michigan
	University of Texas


Source: Bonaccorsi (2005) based on elaboration from CVs of scientists ranked in www.citeseer.com
These findings lead to some considerations. First, the US system is better able to attract the best talents worldwide, benefiting from a larger pool of people. In abstract terms, a system like this has superior sampling properties. Talents are identified on a worldwide basis after their degree and are encouraged to undertake postgraduate education starting from the Master level. Furthermore, the US system has superior selection properties. Once sampled postgraduate students on a worldwide basis, the system is able to channel the best talents where their rate of return is higher, i.e. where they meet the best professors, the best instructors, the best school mates, and where they can apply their talent to the most difficult intellectual challenges. Second, European countries do not play a great role in this international competition. While their undergraduate students may have high quality, they prefer to pursue postgraduate education in Europe, being relatively more isolated from the frontier of competition. Apparently postgraduate education in Computer Science does not have the same standards. Third, Asian countries seem to have understood much better the rules of the game. By sending their brightest students to US, they position themselves to the frontier of scientific research. Part of them will be recruited by US universities, where they may establish collaborations with mother country institutions, part of them will go back home, but with a rich web of personal contacts of the highest quality. This hidden dynamics sheds light on some of the most recent and interesting phenomena of emergence of new countries in high technology.
From the combined evidence discussed so far, we come to the conclusion that European science is under-represented in the upper tail of high quality science. Average values severely misrepresent this reality.

2.2 Growth of scientific fields: looking at the composition effect

When analysing the performance of European science with respect to the US or Asian systems, we suggest to give explicit attention to the composition effect. This effect comes from differences in the relative rate of growth of scientific areas and is visible only in the long run. If a country is specialised in disciplines that systematically grow less than the average for many years, its relative share will decrease, although structural reorientation may change the sectoral composition over time. In the economics of external trade, shift-and-share analyses are routinely carried out to disentangle the composition effect from structural change and observe the impact on country competitiveness. In scientific production the composition effect may be studied on the total number of publications, or the total number of citations.

It is not easy to give a complete picture of the specialisation pattern of Europe in the long run and the resulting composition effect. We use two sources for different periods. First of all, we computed a simple revealed comparative advantage (RCA) index by country, by dividing the share of world citations in any given area and the share of total citations for the year 1981-1994. The data come from the analysis of ISI data provided by Lattimore and Revesz (1996) for the Australian Government. These data allow to identify long term specialisation patterns (as usual, when the index is above unity). Data for 1981-1994 tell us the following (see Table 3 in Appendix ):

· no European country is specialised in Computer science, with the exception of Italy, that however has less than 1% of world citations;

· no European country is specialised in Engineering;

· in biology and biochemistry small European countries (Netherlands, Sweden, Denmark, Norway, Finland) exhibit strong specialisation while large countries have an index lower than unity;

· in molecular biology several large countries (United Kingdom, Germany and France) and small countries (Netherlands, Finland, in addition to Switzerland)  are specialised;

· Europe as a whole is specialised in a few biomedical areas (pharmacology, immunology, microbiology) and in the large traditional disciplines of chemistry, physics and astronomy.

Regarding the second half of the‘90s, the Third Report on Science & Technology Indicators examines specialisation patterns at country level but uses a different indicator, i.e. the top ten areas for each country in terms of market share over the total number of European publications. In this way it is clear that, by definition, each country has some specialisation in something. Also, if a specialisation index must tell the relative strength of a country, the overall comparison should be the world total, not the European. The resulting picture is nevertheless informative: “Denmark, Sweden and Finland are very active in the life sciences. Ireland, Belgium, and Austria are also relatively specialised in the life sciences but they display a more diversified pattern. Spain shows probably the most balanced pattern, being specialised in very different fields from the life sciences to physics and mathematics. So are France and Italy, but they show some preference for, or ‘overrepresentation’ in, physics. The UK is very much specialised in the life sciences and engineering sciences. Greece displays strengths in engineering sciences, mathematics, statistics and computer sciences. The Netherlands exhibits a diverse specialisation profile which lacks relative strengths in the life sciences. With a very clear focus on engineering sciences and the natural sciences, a very similar pattern is shared by Germany and Portugal” (European Commission, 2003, p. 295).

What about differences in the rate of growth of scientific areas? Again, systematic evidence is not available over the long run. However, the Third Report mentions the following facts:

· over the period 1995-1999 the fastest growing area has been computer science with a growth rate of almost 10% (p. 285);

· earth sciences, engineering and mathematics also show high growth rates, varying between 4.2 and 4.6% (ib.);

· biology and agriculture have the lowest growth rates with 1.4 and 1.6% respectively (ib.);

· the broad field of life sciences as a whole experienced a growth rate of 2.33% (p. 290);

· the growth rate for the broad field of engineering was 4.5%, of which 35% was materials science (p. 292), that grew at 1.9% per year.

Combining these pieces of evidence, we put forward a preliminary proposition, that should be carefully validated on more complete time series, going back at least to the early ‘80s and disaggregating large areas more carefully.

The idea is the following: European science is relatively more specialised in areas characterized by slow growth, and less specialised in areas of rapid growth. Among the former we include physics, astronomy and chemistry, for which Europe as a whole is specialised. Among the latter we include engineering (particularly materials science), computer science, life sciences.

For these large areas the evidence is sufficiently robust to support the conclusion that the composition effect is negative for Europe. 

2.3 Search dynamics of scientific fields: diversity and divergence

The Third European Report notes that in some areas the indicators of quality for the period 1995-1999 do not follow indicators of quantity:

· in materials science EU-15 produce 40,108 papers and receive 83,748 citations, while NAFTA produce 31,620 papers but receive 106,841 citations (p. 293);

· in the life sciences EU-15 produce 616,212 papers and US 529,608 in the period 1995-1999, but the citation impact (1993-1999) is 1.35 in USA and only 0.90 in EU-15 (p. 381);

· in computer science the citation impact (1993-1999) is 1.33 for Israel, 1.17 for US, but only in the range between 0.81 (Germany) and 0.95 (Italy) for the four largest European countries (p. 291).

In all these areas the quantitative development of science is clearly not followed by a parallel increase in quality and the ability to shape persistently the agenda of world scientific community. What do these areas have in common? In a companion paper (Bonaccorsi, 2004) we propose that these areas share the same search regime. By search regime we consider three broad dimensions, that capture the abstract dynamics of search by the scientific community in the space of discovery: rate of growth, degree of diversity, level of complementarity. These areas share a search regime of high growth, divergent dynamics of search, high levels of human capital and institutional complementarities. In these areas there is not only a massive quantitative increase of scientific production, but more substantially there is an ongoing process of entry of new fields, characterized by new keywords or combination of keywords, that immediately attract the attention of scientists and grow exponentially for several years in line. This growth is also characterized by high diversity, in the sense that research programme are scattered in the space of discovery, if not in terms of theories, very often in terms of specific hypotheses, object of observation, experimental techniques. After the entry of new fields, scientists must rapidly assemble specialised resources and take high risks in exploring into new directions. Divergent dynamics implies increasing diversity over time. Finally, these areas are not based, like big science, on large physical infrastructures, but on more subtle but substantive complementarities in the disciplinary background of scientists and in the institutional settings involved.

On the contrary, disciplines for which Europe has a strong tradition and persistent comparative advantages, exhibit different search regimes. In particular:

· the broad discipline of physics can be characterized as a regime of low to medium growth,  convergent dynamics and high levels of complementarities from physical infrastructure;

· chemistry, on the contrary, is a low to medium growth, convergent dynamics, low level of complementarity regime;

· mathematics, in which not all Europe but some large countries (Germany, France, Italy) are specialised, is a high growth and high divergent regime, but the extremely low level of complementarities make it easier to manage its growth.

This characterization is, of course, very broad. It is clear that there are sub-disciplines and field in both physics and chemistry that grow very rapidly, but the whole picture seems acceptable. Therefore we put forward the proposition that European science is strong in convergent search regimes while it is relatively weaker in divergent search regimes.

2.4 Level of complementarities: from physical infrastructure to human capital and institutional complementarities

The organisation of science has traditionally taken into account the need for large infrastructure and research facilities. The obvious examples are accelerators and synchrotrons in physics, observatories in astronomy, white chambers in microelectronics, nuclear reactors in nuclear engineering, wind tunnel and vacuum chambers in aerospace engineering.

Interestingly, after Second World War Europe created a number of new institutions, from CERN to ESA, for managing scientific areas characterized by strong complementarities, either in the framework of community research or following the inter-governmental avenue. Also at the national level a number of dedicated institutions were created, such as INFN in Italy for high energy physics or CEA in France for nuclear research. The history of science in Europe in the last fifty years is clearly also the history of these national and European institutions.

One of the key features of these institutions was that their budget was separated from all other areas of science and allocated directly by the government and/or by the Ministry of Research before entering into competition with other areas within national research councils or boards. This is a crucial point. Strong infrastructural complementarities could therefore be managed in the long run, benefiting from stability in funding and allowing technological, financial and human resources planning at top level.

We propose that Europe has not developed the same effective institutional tools for managing new forms of complementarities that are more typical of newly emergent search regimes. They involve strong complementarities in human resources, not in terms of overall size of research teams, but in terms of great heterogeneity in educational and scientific background. They also involve new forms of institutional complementarities, between academy and industry, between academy, research centres and hospitals, and between academy and public administration.

In dealing with these complementarities, European science has less experience and success. One of the reason is the institutional difficulty to mobilise resources and create complementarities according to the new opportunities continuously created at the frontier of research. We propose the conjecture that organisational units, such as institutes, departments or laboratories, do not grow very rapidly in Europe, even when they are faced with high growth opportunities. In other words, European institutions find it difficult to mobilise resources at differential rates across scientific fields, due to the inherently political process of sharing resources equally, with the exception of the areas in which separate institutions are historically in place. Although this conjecture should be validated thoroughly, we offer limited but highly suggestive evidence for a long run path of growth of organisational units that systematically eliminates differential rates of growth. The evidence refer to the Italian National Research Council, a large multi-disciplinary public research organisation. In Figure 1 we plot the relation between the current size of institutes and the average growth, i.e. the average number of units of researchers they have received since their foundation (see a slightly different representation in Bonaccorsi and Daraio, 2003). From the origin one can identify three lines, representing different paths of growth. Seven small institutes at the bottom grew at the highest rate (3.74% of the total), a second group of 28 (14.97%) grew somewhat less and stayed small but the great majority of institutes (81.29% of the total) are aligned on the same line, meaning an average growth of 0.5- 1.0 researchers per year. 

This is an impressive low rate of growth, faced with emerging and turbulent fields. Large institutes become large only after many years. Moreover, there are not recognizable differential rates across scientific fields characterized by differential opportunities and search regimes.

Figure 1

Plot of rate of growth (average number of researchers per each year of life, T_RES/INSTAG) against size (number of researchers, T_RES). CNR 1957-1997
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Source: our elaboration (see Bonaccorsi and Daraio, 2003)

This situation is typical in most European institutional systems, due to the difficulty to arrange rapid mobilisation of resources and to open public research institutions to complementary sources of funding preserve their public nature. 

Also, in European institutions research institutes, once created, are rarely dismantled. An interesting exception is, however, the Max Planck Institute in Germany, where in certain cases research groups are disassembled when they have reached their goals. But this is an exception, not the rule.

2.5 In search of an explanation: Institutions vs policies in science

According to the stylised evidence presented above, European science is severely under-represented in the upper tail of scientific quality almost everywhere, has a poor citation performance in new scientific areas (such as materials science, life sciences, computer science), is specialised in fields that grow slowly or grow convergent and less specialised in fields that grow more rapidly and more diverse.

Does this mean that Europe or European countries have bad policies? Does this imply a call for revision of science policies?

We call the attention on the role of institutions of science, as opposed to science policy. It is sometimes useful to question whether the outcomes of policies actually depend on policies themselves, or rather on deeper factors that are linked to institutional long term settings. This is not to say that policies do not  matter, but rather that we should consider to what extent they can change institutional features, or to what extent, on the contrary, their impact is neutralized by deeper institutional features.

Institutions are relatively stable, long term set of procedures and rules by which resources are allocated. They cannot be significantly changed in the short term but exhibit significant inertia and positive feedback. They partly depend on higher level institutional settings, such as the legal system, regulatory framework, labour and capital markets, and the like. 

So far, the economic analysis has provided a robust rationale for some of the fundamental features of institutions of science, such as openness, the priority rule, non-monetary rewards, peer review and the like (Dasgupta and David, 1987; 1988). In doing this economic analysis has greatly leveraged on sociology of science, mainly from the Mertonian tradition. More recently, political science has entered the field. At this level we have a fairly developed general theory of institutions of science. 

Apart from the broad explanation of institutions, however, we are left with a large number of studies that describe and classify science policies at supranational, national or regional level. Here the problem of performance is crucial and many efforts have been done to build a framework for policy effectiveness and impact. Many comparative studies at the EU and OECD level, for example, do a nice job in providing detailed reconstruction of policy goals, indicators, outcomes at various levels, using advanced methodologies, helping policy makers to learn from other experiences and to adapt. 

But what about the conjecture that most European problems lie not at the level of policies, but rather at the level of institutions? In order to address the issue from this perspective, one would need a framework to disentangle deep institutional aspects of scientific systems from more contingent policy effects. In turn, this would require a framework for studying comparatively national scientific institutions and for explaining the performance of these institutional settings. While this task largely exceeds the goal of this paper, some preliminary effort can be done. 

The basic idea is that different national or supranational institutions of science can be examined by looking at their abstract functions. By functions we mean the consistent set of behaviours that an entity or system exhibits and for which it is put into existence in the (either natural or artificial) domain. By abstract we mean those functions that are closely related to the rationale of the entity or system, and which can be found, in one form or another, in any specific instantiation
.

All scientific institutions must perform a number of abstract functions, but the specific way or the solution for performing functions may largely differ across institutional settings. Our intuition is that the performance of institutional settings depend on the way in which the specific solutions match (in dynamic terms) the requirements of scientific activity, as described in the notion of search regime.

3. The functions of the institutions of science

There are several ways to conceptualize functions, which we cannot explore here in great detail. Let us easily summarize these functions around the type of resources institutions have to manage in science: (a) human resources (e.g. research training, recruitment, compensation, mobility, evaluation, reward); (b) financial resources (e.g. priority setting, project selection, fund allocation, project monitoring, experimental infrastructure). 

We define institutions of science on the basis of the functions, or dynamic properties of the processes of selection, allocation and coordination of resources they carry out. While there is an immense variety of institutional details that must be recognized and accounted for in economic analysis, it is still possible to identify some abstract functions, or properties of the dynamics of resources that any institution puts in place. Since institutional rules are, to some extent, rigid, it is possible to observe the dynamics of resources with a relatively stable framework over time and to infer the underlying properties.

3.1 Institutional functions in the allocation of human resources 

There is a community of scientists and there is a pool of potential scientists. There are flows from the higher education systems to the pool, from the pool to the community, from the community to the outside world. All these flows are deeply influenced, or, indeed, are finely regulated, by institutional rules.

Clearly, all scientific communities self-regulate themselves. The Mertonian norms of open science postulate an intrinsic ability of the community to establish and enforce behavioral rules. We do not deal with this level of organization, but rather with the way in which public institutions have defined and regulated scientific activity.  Historically, modern science has a strong national identity and has developed with a powerful government support. Institutional rules of science are therefore embedded into a deep legislative and administrative framework.

Postgraduate education and research training

In some institutional systems the driving force behind resource allocation to universities is undergraduate education, while postgraduate education is less important.

In addition, in some countries research activity is separated from teaching to undergraduate students. For example in France, until the large reform in the ‘90s, research has been historically carried out only in a small portion of the university system, while most of research has been done in national institutions such as CNRS, CEA, INRA or INSERM
. This means that many researchers did not have direct contact to students. In other systems, such as USA, UK or Italy (apart from CNR), most of research is carried out by scientists that have an institutional duty to teach to students. However, in the USA and UK it is postgraduate education that attracts more funds and institutional visibility and prestige.

This institutional rule influences the flow between higher education system and the pool of potential scientists. More subtly, it influences the exposure of incumbent scientists to new ideas and views from students.

The maturity of the postgraduate system has an important implication on the degree to which it is based on competitive grounds. In continental European systems, for example, doctoral studies are often conceived as the way in which incumbent professors attract young scientists to pursue the lines of research they consider promising. Formal postgraduate education is relatively poorly formalised, so that the mobility of young students is somewhat limited. Job markets are not thick markets. In Anglosaxon systems, on the contrary, students compete for attracting the attention of supervisors on a competitive basis. Doctoral education is highly structured, so that training is also “portable” over students career. Mobility is the rule of the game and job markets for graduate students are well functioning.

Rules for selection and recruitment of scientists

The admission of potential scientists into the community is the result of a highly institutionalized process, centered around the doctoral programme. In abstract terms, this goal of this process is to sample observations of the performance of potential scientists and to decide whether they are drawn from an acceptable distribution (i.e. a distribution that would converge over time to that of incumbent scientists).

In some institutional systems incumbent scientists observe only the performance of a small subset of potential candidates, while in others there is just a large sample on a national basis, with several intermediate positions.

Institutional systems of the former type are based on patronage: incumbent professors select for the academic career the best ones among the small sample of doctoral students. The German system is largely based on this institutional rule; the Italian system more or less follows this rule, with some notable exceptions. 

On the contrary, in the anglosaxon systems the initial academic positions (assistant professor) are offered on a competitive basis nationwide. The institutionalization of job markets in the US, whereby all Ph.D. converge physically in the same place after a major academic conference to give interviews, is the extreme case of competition.

In France, Italy and Spain, that come from a continental tradition of patronage, there have been interesting recent attempts to introduce elements of competition in selection (e.g. the job market for economists in Spain), with interesting results but also institutional resistances . By and large, however, European systems are still largely based on cooptation with a small sampling procedure.

Patronage has some benefits. First, it permits the early recognition of talent. More importantly, it incentives idiosincratic investment of professors into knowledge transmission to junior researchers. This may be important in situations in which the knowledge needed to become scientists has a relevant tacit dimension and requires first hand observation of senior researchers’ activity.

At the same time, the early commitment may lead to hiring poor quality people and to incur costly renegotiation afterwards. In this perspective, patronage is an equilibrium efficient outcome only of the penalty in selecting bad junior scientists is very high personally for incumbent scientists.

In addition, incumbent scientists may not recognize the value of radically new perspectives proposed by young scientists. There may be a trade-off between the accumulation of knowledge and the propensity to innovation. 

In any case, patronage is based on small samples. Competition always enlarges the size of the sample, or the size of the market. On the contrary, patronage systems are invariably national or even local processes, whereby the degree of competition is limited.

The degree to which sampling from a small population still gives good outcomes depends on the underlying search regime. The higher the rate of growth and the higher the degree of diversity of the regime, the larger the optimal size of the sample.

This problem has the same structure of the so called “forum shopping” for benevolent judges in the US court system, recently formally analysed by Lerner and Tirole (2003). If you go to a benevolent judge, you will get a positive sentence with higher probability, but this sentence has limited value and may be turned against you at a upper court. Or if you have your business plan evaluated by a though independent party the probability to get a positive response is lower, but the value of a positive response for external investors is much higher. There is an incentive to look for severe judges, but only under certain circumstances.

Some systems have rules that systematically favour selection over incumbency, quality competition over status quo. These rules must be enforced and embedded at all levels of the system. Quality differences must be recognized and institutionalized. Resources are then allocated following the merit structure of the system. On the contrary, non merit-based systems do not enforce quality laddering and do not institutionalize quality differences. Given a distribution of talents, these systems are more concerned with the average, while merit-based system are mainly concerned with the upper tail. 

Stability of career in the community of scientists

After the admission in the community, there may be different istitutional rules to define whether this is an irreversible choice, at least from the point of view of the employer.

In Anglosaxons systems, the tenureship marks the transition between the period in which appointment is reversible and the period of institutional lifespan affiliation. In continental systems,  on the contrary, scientists receive the tenureship very early,  sometimes with the initial appointment as researcher or assistant professor.

Institutional rules regulate the complex trade-off between high-powered incentives (calling for market-like mechanisms and instability of employment) and idiosincratic investment into skills (calling for stability) along the life cycle of scientists. The outcome is dependent on the size of the scientific community and the rules for selection: in large markets with competitive rules instability is more accepted. At the same time, the large number of post-doc positions in US laboratories is creating difficult problems in the management of their career.

A related problem is whether the performance of scientists is periodically evaluated and what are the implications of evaluation. In terms of the sampling activity discussed earlier, systems with periodic evaluation make a re-sampling within the community of incumbents.

Mobility in the community of scientists

After the admission in the community, there may be largely different institutional rules to regulate the flows from and to the outside world.

Institutional systems with high mobility of scientists allow them to come from non-research environments (such as industry, hospitals, public administration) and permit short term mobility from and to these environments. This creates the conditions for mutual recognition and professional esteem.

In other cases, on the contrary, the scientific career in the academic or public system is a no-exit option: the mobility towards industry is almost nil and the two careers stay completely separated along all the individual life cycle of scientists. This favors the formation of social identity, but inhibits systematic collaboration across institutional boundaries.

Mobility may also be important for the transfer of techniques from an environment to another. Techniques circulate together with pieces of equipment and people. Institutional mobility may greatly favors the diffusion and the constitution of skills.

The more institutional systems are based on rules of restricted sampling (patronage), stability of employment, limited institutional and geographic mobility and uniform compensation, the lower is mobility of human resources

Compensation and negotiation of outside options

Scientists are professionals, not employees. Their performance is defined with respect to results, not  to means. This invariably opens the question of how to regulate outside options, i.e. paid activities that scientists might do while still member of the academy (e.g. editorial work, research for industry, consulting, conferences and the like). 

A related question regards whether compensation for scientists is determined in a centralized (i.e. government) or decentralized way (i.e. by universities or research bodies).

Systems with a decentralized negotiation of salary tend to include outside options in the package and to call for (almost) complete transparency. This tends to lead to a situation in which salary reflects the marginal productivity of scientists, in terms of attraction of research funds, industry contracts, and students. 

Systems with a centralized negotiation cannot reflect differences in productivity directly in salaries. They normally accept, formally or informally, that scientists have outside options that are not considered in evaluating their performance.

An important part of this regulation regards the possibility for scientists to become entrepreneurs, i.e. to found and manage a company (spin-off company). A related probelem regards the beneficiaries of the intellectual property rights coming from research. Centralized systems tend to discourage entrepreneurship, while in decentralized systems it is highly recommended and formally negotiated within the salary package. However, in most European systems of the centralized type possibility for spin-offs has been introduced in the last decade, sometimes with brilliant results. 

3.2 Institutional functions in the allocation of financial resources 

Financial resources regulate the dynamics of scientists, techniques and infrastructure. With regards to scientists, they interplay with institutional rules for the constitution of the community. With regards to infrastructure, they regulate the rate at which they are procured and made available to projects. Techniques move with scientists and pieces of equipment.

Levels of decision for priority setting and project selection

Let us assume a 5-level architecture: government, Ministry, Council (or Agency or Public Research Institution), institutes, projects.

The government decides the budget, making political decisions over the share of the public expenditure allocated to research. The Ministry allocates the research budget in scientific areas. The Council (or a specialized Agency or Institution) allocates the area budget to institutes. These, in turn, allocate the budget to individual projects.

We distinguish institutional systems in terms of the number of levels of decision they are based on.

Systems based on Councils or Agencies have only three or four levels: the government, the Council or Agency, and the project. Councils or Agencies are specialized by field, receive a budget directly from the government (without having to bargain within a scientific institition) and allocate them directly to projects. In some cases funds are allocated to institutes above projects. Individual projects, however, have direct access to budget independently on institutes.

Systems based on Ministry have four or five levels: the government allocate the overall budget to the Ministry, which in turn allocates to universities and Research institutions. These, in turn, allocate to projects, or, more frequently, to institutes.

3-level systems have normally specialized institutions at the second level, while 4- or 5-level systems have de-specialized institutions at the second and third level.

As an example, take the US and UK systems. In USA the government allocates directly the research budget to specialized agencies or Departments such as NIH, NASA, DoD and DoE. In UK the government utilizes specialized Councils
 that allocate the budget to universities. Under this level of decision, resources are allocated directly to institutes, very often in proportion to the merits of individual projects, so that the real levels of decision are just three. There is no Ministry of Research. Most budgetary discussion takes place directly at the Congress level and receives therefore high political attention.

In France, Italy, Germany and Spain a more or less powerful Ministry of Research mediates the budget allocation. It receives the budget from the government and make allocation decisions. These may be directly to universities or to Public Research Institutions. The latter are most often de-specialized institutions, such as CNRS, CNR or Max Planck. They must therefore carry out another round of decisions on the allocation of their budget to scientific areas. Finally, funds arrive to institutes and to projects. Very often, internal allocation decisions are made firstly to institutes and then to projects, that do not have direct access to the budget.

An important exception is for those supranational institutions (e.g. CERN, EMBL) or national institutions (e.g. INFN in Italy, CEA in France) that have direct access to the government budget before the negotiation within the Ministry of Research or the Research Councils take place.

The number of levels of decision is an important variable since it influences a dynamic property of the institutional system: the flexibility of adaptation, as resulting from the rapidity of decision making, the level of decision costs and of influence costs.

Decision making process in priority setting and project selection

We distinguish systems on the basis of the type of decision making process leading to the allocation of resources. A fundamental distinction is between political and evidence-based decision making processes. Political processes are based on the balance of equivalently valued competing claims. Evidence-based policy making has the goal of establishing a consensual view based on data on a ranking of performance or priority among competing claims. In science, it is well known that any evidence results from some combination of scientometric hard data and peer review.

Some institutional systems have a tradition of making decisions on the basis of systematic and independently collected evidence. Other systems are mostly based on political decision processes.

All systems need political decisions at some point. The relevant distinction is between systems in which political decisions are made only at top level and systems in which they are repeated down to lower levels. 

The two processes induce an equivalent level of cost for decision making, although for different reasons (political compromise vs. analysis). In fact, political processes are normally slower than evidence-based processes. The key point is that political processes elicit instrumental activites whose aim is to influence decision makers, without adding anything to the quality of research. These activities are the institutional counterpart of what Milgrom and Roberts label influence costs in organizations. People devote a significant portion of their time to influence top decision makers, thus reducing productive output. Systems with a larger number of decision levels almost invariably elicit more influence costs.

Multi-layer vs centralized systems

A somewhat related distinction is between systems in which all decisions for research are made at the government level and systems in which significant research budgets are allocated also at lower levels
. From a slightly different perspective, it is useful to distinguish between systems in which there are many levels of funding (multilayer systems) from systems in which, for a variety of reasons, the important sources of funding are located in a few levels. This refers to the number of points in the system in which research is evaluated and funded. 

For example in Germany regional governments have a strong role in higher education, research and innovation policies; in Italy (an otherwise highly centralized system for research) a significant portion of government resources have been recently allocated to regions for applied research and innovation policies. Nevertheless, these systems are in general rather centralized. The Japanese system is traditionally highly centralized.

Decentralization may also come from the private sector. In some fields scientific research benefits indirectly from private funding of start-up companies via venture capital. In practice, start-ups give back money to departments via contracts, royalties and enlarged employment opportunities, which enlarge the pool of candidate scientists. A large fraction of the total amount of venture capital allocated to high tech should be considered a decentralized source of funds for research.

Another important source of decentralization is private foundations. A system with a strong central government but many foundations and venture capital funds is largely more decentralized than a system of many government-level political processes.

Combining these elements we would say that multi-layer systems receive sources of funding from several political levels (e.g. Federal, State, local level), several types of agencies in terms of governance (public, private, third sector and foundations), several types of agencies in terms of time horizons (short term industry funding, long term grants from foundations).

On the contrary, centralized systems fund research mainly at the government level, with limited involvement of regional and local government, private sector, foundations, capital market.

Concentration vs. spreading of resources 

In allocating resources decision makers may follow several a priori rules, dictated by more general policy prescriptions. Another fundamental distinction is between rules that allow concentration of funds across institutes and projects and rules that favor the equal distribution of funds. 

A policy of spreading of resources is in general the steady state equilibrium of a purely political process, i.e. minimising the political resistance due to concentration in absence of a legitimizing procedure based on evaluation. In fact, sharing resources almost equally elicits the minimum opposition, which is clearly important in the objective function of policy makers. Since concentration is politically unpleasant, in fact, it normally follows only from evidence-based policy decision making. 

There are two different rationale for concentration. On one hand, concentration may simply be the result of a policy of funding research in proportion to the observed quality, and then just follow its distribution, irrespective of the institutional affiliation. Since scientific research is subject to Lotka’s law, it is not surprising that most productive scientists receive a disproportionate share of funds. If mobility of scientists is high, institutions will try to hire most productive scientists, so that concentration will also affect universities or labs. 

However, policies based on concentration of resources very often do not simply give resources in proportion to individual productivity, but assume the goal to favor large institutions. A policy for concentration is normally based on the explicit or implicit idea that scientific research is subject to some form of economies of scale, inasmuch large institutes would be more efficient than small ones. As an example, CNR in Italy and CNRS in France have actively pursued the creation of large institutes in the last few years. In this sense, concentration may also be pursued within systems that are, under other respects, based on political decision making processes.

Ranking vs.equal treatment

Another useful distinction is between systems in which all universities or resarch labs have the same treatment, and systems in which the government actively pursue a quality ranking of institutions. In continental Europe, for example, universities give degrees that have legally the same value and are organized in similar ways (apart from Grand Ecoles in France and Scuole Superiori in Italy). In these systems, although universities have clearly different reputations, the very notion of writing down a ranking is considered an offence. There is not only vested interest here: because of the limited mobility of scientists the same institution may in fact have professors of extremely different value, so that ranking may be a very difficult exercise. In addition, the legal value of the degree is based on the assumption of the similarity in teaching content, which would be put at stake in case of ranking procedures.

In USA and UK, on the contrary, the ranking of universities is institutionalized through a mix of self-organized measures (such as largely publicized surveys) and government measures (such as periodic assessment exercises).

Ranking creates a number of conceptual and practical problems, however, that are examined in a specialised literature. So there are pros and cons in both situations.

Long term vs. short term funding/large vs. small size of funds

Institutional systems may also differ in the degree to which they have financial instruments tailored to support long term and/or large scale research projects.

Systems with equal treatment of universities/labs and with spreading policies are often based on short term and limited size funding. To avoid asymmetric distribution of resources or cumulative effects, these systems ask scientists to apply frequently for funds and to keep their requests low. Large size or long term projects must have a separate institutional framework, or are ignored and penalized. As an alternative, scientists must embark significant influence costs to escalate the institutional echelons and build up the appropriate framework. In some cases, influence costs are so high that scientists that have succeeded in building up new institutional frameworks stop doing research and become research politicians or research managers.

Systems that accept ranking and concentration are more often based on long term and/or large size funding. Since they are based on systematic evaluation, the risk of awarding large funds to bad scientists is kept low. The longer the time frame of funds, the higher the risk for a scientist to be blamed if results do not arrive. 

3.3 Towards a comparative functional analysis

The dimensions outlined above are certainly not exhaustive. Some dimensions of scientific systems are completely absent from our analysis (e.g. relations with stakeholders, consensus building at public opinion level) or implicit (e.g. scientific publishing). The task of building a complete theory of functions of the institutions of science has still to be taken up. 

At the same time, we have introduced a number of dimensions of abstract functions that constitute a rich research agenda for comparative analysis. In Appendix 1 we offer a first, sketchy treatment of what a comparative analysis might offer in this perspective. The elements in Table 4 are, again, clearly incomplete and crude. The need for developing new, theoretically powerful, micro-based indicators is strong. Also, this analysis may be the starting point for a comparative evaluation exercise that examines the way in which different institutional systems address the challenges posed by the new leading sciences.

Further research is needed, but we hope to have shown the interest in shifting the research attention to institutions rather than simply policies.

According to Table 4, it is difficult to generalize on the institutional setting of European science. There are several institutional settings, with considerable differences between UK, the Scandinavian countries, and continental countries. However, it is clear that at least three of the four European largest countries (i.e. Germany, France, Italy) share a common core of institutional dimensions. They have an institutional architecture in which a powerful Ministry of Research and powerful national research councils have an intermediation role in priority setting and policy making, mainly based on political decision making rules. In general, non-competitive rules or somewhat mixed rules are followed in recruitment, career promotion, project selection, project funding. Doctoral programmes have a limited degree of internationalisation. Mobility of personnel is scarce, either internally or on an international basis. Universities all enjoy the same status, there is no official ranking of universities or research institutions and resources tend to be shared on equal treatment. No research team or laboratory is allowed to grow very rapidly while others in the same category stay behind.

These features are, by and large, followed by some German and French speaking countries (Austria, Belgium) and by Southern European countries (Spain, Portugal, Greece), although with some exceptions. Remind that these three countries account for around 17% of world publications in 1995-1999 and are the second largest group after US. The question to what extent UK and Scandinavian countries follow these features should be left to future discussion.

Is there a relation between the poor performance of European science, as made evident from the data discussed above, and these institutional features? 

We propose that, yes, a relation does exist and is more important than usually admitted. And the reason is that some of the deepest institutional features of European systems were perfectly fit to search regimes characterized by slow growth and convergent dynamics, while they are a severe disadvantage when the emergent science is characterized by turbulent growth, divergent dynamics and new forms of complementarity.

This general proposition must be articulated with more precision. In Section 4 we explore the requirements that new leading sciences create for institutions of science and summarize them into a table (see Appendix, Table 5).

4. New search regimes and the institutions of science

4.1  Rate of growth

Search regimes characterized by high rates of growth have peculiar problems in the management of human resources.

First, the rate of entry of new scientists must increase rapidly. This creates strong pressures in the higher education system (because of the need to train large number of potential scientists maintaining high levels of quality) and in research institutions (because of political fight with other areas in the allocation of positions).

Second, there may be a pressure on the level of salaries, particularly if the field is also exploited by private industry. As a general rule, however, institutions do not adapt salaries to sectoral circumstances, taking into consideration cyclical donturns and equity factors. In period of rapid growth, therefore, institutions are faced with the problem of either permitting extra-institutional activities, or to compensate for higher opportunity costs with non monetary rewards. If industrial research is of comparable quality, there would be a demand for more mobility across institutions, either short term (visiting schemes, fellowships etc.) and long term. The ability to do this effectively is dependent on some structural properties of institutions.

Third, the rate of exit may also increase rapidly, because of the competition of the private sector in terms of economic conditions and, in some cases, the opening of opportunities for entrepreneurship. Again this puts pressures on institutional systems and the ability to respond flexibly is highly dependent on specific features.

Finally, the evaluation of scientists may require new criteria if the growth of knowledge also implies modifications in what account for a scientific result. More deeply, fields with a sustained dynamics make progressively more difficult for senior scientists to monitor the evolution of knowledge and to make informed judgments on junior scientists. If the rate of obsolescence of knowledge is very high, then senior scientists have a very short time frame for keeping updated wth the latest developments. In some cases they may become radically unfit to evaluate the developments, particularly when new techniques are introduced and have to be mastered in considerable detail. Scientists can no longer evaluate juniors on the basis of the background that was formed in their youth, with the help of subsequent updating: the time frame has become much shorter than one generation.

In short, institutions in charge of regulating the access, remuneration and evaluation of activities of scientists face a difficult task in addressing high growth regimes.

A high rate of growth creates problems also in the management of financial resources. Unbalance in rates of growth create political unbalance in the compromise over allocation of scarce financial resources. New fields put pressure for receiving larger resources both exceptionally and on a current basis. They use their successes as an argument in calling for a redistribution of resources.

Because of rapid growth, opportunity costs for scientists grow immensely. Talented scientists in periods of high growth are typically hard working, single-minded people. If the institutional system provide resources smoothly, their productivity may be immense, but sometimes their time is fully absorbed by political tasks and influence activities.

At the same time, the evaluation of scientific merits becomes more difficult not only for scientists, but a fortiori for the public decision maker. 

High growth regimes simply create much more opportunities that the decision maker is able to process. Systems with a limited number of evaluation points tend to be less informed about the merits of high growth new fields.

4.2 Degree of diversity

Diversity and divergent dynamics create other significant problems. At a very fundamental level, diversity increases uncertainty much beyond the levels that institutions are able to manage. This is true for decision making of both scientists and policy makers.

In divergent search, there is no way to solve initial uncertainty via experiments. The scientific problem cannot be decomposed in such a way that at initial steps scientists can get sufficient evidence to decide on the merits of the global hypothesis. At each step some uncertainty is solved, but since the overall structure of the problem is not parametric, there is no way to decide early whether the general hypothesis is globally validated or not. What scientists can get is whether the confidence in the hypothesis has increased or decreased, but this is clearly not enough to decide on it. They have to go deep and deep in experimentation, before concluding about the hypothesis. Note that this situation does not require that different theories or paradigms are competing. Even within the same theory divergent search creates non-decomposability of scientific problems.

For the same reason, it is impossible to convince other scientists to join a specific direction only on the basis of initial experimental evidence. Scientists are faced with several competing but equally plausible a priori hypotheses. They decide on the basis of the best of their knowledge, not on the basis of any decisive evidence at some stage of the process.

If this is true for scientists, it is even more difficult for government decision makers, external investors and users of research. Diversity greatly increases the uncertainty in evaluating projects. There is not only the political process of agreeing on priorities, but also the painful problem of deciding, within an agreed priority, among several alternative projects, all of which claim they have the right answer to highly sensitive problems, but in opposite directions. Even worse, it is impossible to decompose the decision process in stages. A sensible decision strategy (similar to most gateway models for the management of R&D in manufacturing firms) would be to cut the entire research process in clearly separate stages, at the end of which there would be collection of evidence, evaluation, and a further decision of the type go/kill. This is made impossible in regimes of high diversity (particularly if coupled with high rates of growth and strong complementarities). High growth, divergent regimes put institutions and policy making under pressure because they call for attention in different directions in a context where conventional rational planning tools are not effective.

Diversity and divergence require a sharp increase in the exploration and evaluation capabilities for both scientists and policy makers.

For scientists, this means increasing dramatically the ability to explore in different directions and evaluate the merits of proliferating hypotheses. Institutional systems in which doctoral education and postdoctoral research training are based on competitive principles and better organized perform better in this respect. Doctoral and postdoctoral research are the best institution for exploring in different directions, at a reasonable cost, in a relatively short time frame, under conditions of high growth and divergence. In competitive systems, doctoral students become risk takers and collectively pursue several divergent research directions in parallel. Also, if a grant system allows post-doctoral researchers to create the required complementarities (e.g. creating a laboratory, hiring research assistants), then it is possible to capitalize on exploration, validating the hypotheses and sometimes creating entirely new fields. Clearly postgraduate systems in which students are encouraged to pursue the research directions already envisaged by supervisors and post-docs do not have autonomy in organizing research have far less exploration and evaluation capabilities.

For policy makers, it is important to note that institutions with a consistent tradition of calling for independent bodies for evaluating research (both ex ante and ex post) have some advantages. However, even trained evaluators find it difficult to come up with decisive arguments in selecting research projects. Faced with the practical impossibility to decide on intrinsic merits of projects, decision makers refer to the intrinsic quality of proponents. They look for signals of quality of proponents, which are better approximated by their past curriculum and the reputational rent of their institutions. Affiliations are a powerful signal of quality. The reasons is that affiliation is the final outcome of a long selection process, in which the quality of a scientist has been repeatedly evaluated under conditions of impartiality and competition over his life cycle. Top quality institutions are not important because they are large (as several policy makers believe), but are important because of the underlying competitive selection process. This is an important reason why being in the upper tail of scientific quality is important. When new fields are created, there is no way to know in advance about the relative merits of proliferating and sometimes competing hypotheses, as proposed by new entering scientists. The only way is to be sure that they have survived the best possible selection process. The larger is diversity and the stronger is divergence in the search regime, the higher the importance of selection processes. Therefore in the comparison between Europe and US, it is not the same thing to have the same total amount of publications and to have the same share of highly cited scientists.

The level at which selection takes place will depend on specific features of the institutional system. Systems in which institutions (e.g. universities) are ranked according to explicit criteria will have an advantage in sending quality messages. 

Diversity also poses problems to the extent to which the same organization can manage internally a large number of projects. While in convergent regimes, particularly if coupled with strong complementarities from human resources and physical infrastructure, large organizations can manage a number of projects, this does not happen in divergent regimes. The reason is not just practical, but cognitive and organizational. Diversity creates an upper bound to the level of integration of competing projects that a single organization can manage. The identity of members would be jeopardized by the simultaneous support to competing projects; organizational mission would be periodically placed under discussion; individual perception of other members would be disturbed and create a negative climate. Even top management decisions would be made difficult in the long run, because competing projects will require progressively more resources and will make political compromises less sustainable.

The problem of combining identity and diversity within the same organization is a classical one in organizational theory. However, most organizational mechanisms for fostering creativity through internal competition (such as parallel engineering in new product development) are based on decomposable tasks and gateway processes, in which competition is solved early through internal managerial decisions. Loosing teams are immediately reallocated to other activities with no loss of organizational credibility and reputation. Large organizations are extremely careful in preserving the sense of corporate identity while allowing for competition and divergence in projects. By organizational design, the escalation of commitment is prevented. This cannot happen for scientists. If research projects cannot be decomposed in such a way that a decision can be made early in the process, their intrinsic value will be showed only at the end. Escalation of commitment is intrinsic to the process. Further, scientists are not managers that are allocated to a project or another through organizational processes. Their identity is defined by their projects. 

For all these reasons, therefore, under regimes of divergence it is preferable to compete with other scientists through separate organizations than within the same organization. The same applies, although to a less severe degree, for funding institutions. Under regimes of divergence it is preferable to have multiple funding sources than a single one. This goes sharply against the commonly held belief that large scientific institutions enjoy economies of scale and scope. This may be possible under certain circumstances, but is not the general rule.

It is important to underline that there may be divergence in research regime and strong concentration at the industry level, due to convergence over technological standards, network externalities and path dependency. Companies that are backed by an institutional system that foster diversity in science are better equipped to take advantage of conditions for standardization and industrial dominance, because they have explored, directly or indirectly, many more technological alternatives.

4.3  Level of complementarity

Finally, complementarity creates a large number of challenges to institutions of science. Search regimes characterized by high levels of complementarity from human resources have peculiar organizational problems.

Because of strong complementarities there may be bottlenecks in the formation of large teams and the utilisation of different competencies in the process of research. At the individual level, there must be consistency between the incentive to build up highly specialized disciplinary skill and the incentive to enlarge the training and professional background by investing into related areas. This normally requires adaptation in various parts of the institutional system. If the higher education systems does not recognize the need to integrate different disciplines in the curricula, there will be serious difficulties in training people in the post-graduate stage. There may be severe bottlenecks in the supply of graduate students with adequate background. If academic publications do not adapt to this feature of the search regime, young researchers will under-invest in non-core areas and there will be scarcity of talented people with a complete profile.

Even at the laboratory level, the presence of people with highly differentiated competencies poses difficult organizational problems. They may have different performance criteria, value scientific results differently, or even perceive the research activity in opposite ways. 

Furthermore, complementarities from physical infrastructure require separate sources of funding (because of the need to protect funds from current needs) and specialized management structures, with technical and managerial professional roles.

More generally, regimes with strong complementarities require a longer time horizon in institutional decisions. Because of the need to train and select people with heterogeneous skills, to keep interested different institutions, and to procure and manage complex equipment, there is a requirement for long term funding. Scientists must be placed in the position to plan their activity in the long run. Short term funding increases the probability that a bottleneck is formed.

Note that the long term orientation is not necessarily associated to the large scale of funding, normally attached to big science. There are many other scientific fields outside big science that would benefit from a long term orientation.

Finally, new forms of complementarities, such as the institutional one, are also the source of difficult challenges. Here the institutional answer cannot lie in the creation of new entities- by definition, diversity of actors is required here, each with its own perspective. Institutional rigidity here is a great difficulty
. 

Complementarity creates a trade-off between variety and commitment. If the research regime is divergent, it is not possible to invest simultaneously in several competing directions, particularly if all of them require high levels of investment. Traditional policy responses such as centralised priority setting at government level may be insufficient. Mobilisation of resources does not only depend on policy setting, but more deeply on institutional flexibility and adaptability. Therefore institutional systems can be comparatively evaluated on their ability to mobilise complementary resources smoothly and rapidly.

5. Better institutions or better policies in European science?

New search regimes require institutional systems in which decisions at political level are taken rapidly; quality signals are credible due to consistent, large scale, purely competitive selection and evaluation of talented people; human, technical and infrastructural resources are mobilised smoothly according to the emergence of new scientific opportunities and are highly mobile. Rapidity, quality signalling, competition, mobility, are all fundamental properties of the required institutional system.

To what extent do European institutions match these properties, at national and Union level? Although this is a complex question, that requires further research, on the basis of the above discussion we propose a strongly, although preliminary, negative answer.

European S&T policy has recently addressed these issues, rightly pointing at mobility of students and researchers, at scientific excellence, and at the construction of the European Research Area. Unfortunately, all these issues are not matter of policy but of institutional change. 

Mobility of researchers requires the mutual recognition of careers and pension schemes, which in turn go heavily into the labour market and welfare institutions at national level. Excellence is not a matter of policy (excellence by decree) but of consistent application of competitive rules over time. Integration of the ERA requires a truly European competition for funds based on quality at European level, without national quotas and with no cohesion compensation. It is clear that all these issues cannot be changed in isolation.

From an economic point of view, the great advantages of having competitive institutions in science is that selection rules cannot be renegotiated by agents. In principle it is still possible that a group of enlightened scientists at some European universities make the convention of recruiting only people with outstanding curriculum. Is this convention stable over time? Is it an organisational equilibrium? The answer is no. Depending on the ex post revelation of the true distribution of talents, agents will try to change the rules in their favour. They will try to renegotiate. The only way for them to avoid renegotiation is to have binding rules- i.e. to have institutionally embedded rules, that are not contractible by agents themselves. Here lies the great distinction between policies and institutions. 

There is still the possibility that a few well targeted policies act as trigger for institutional change. For example, the European Research Council might have a deep impact at the margin, by enlarging the size of the market for selection of projects and sending quality signals. In this perspective, the ERC might be a policy with a strong potential for institutional change.

We do not know whether we need better policies. We certainly need better institutions in science.

References (TO BE ADDED)

Appendix 1

Computer science 

In the community of Computer scientists, the website managed by NEC Corporation (http://citeseer.nj.nec.com/mostcited.html) is considered a reliable source. It is based on the automatic updating of information from a large list of journals in computer science, which add to the total count of citations that each author receives.

We built up a database with personal information of top 1,000 scientists in the CiteSeer ranking. Curriculum vitae of all top scientists were manually downloaded and classified, given the lack of automatic software tools for the structuration of informal information such as CVs.

An extensive cross-validation of information was carried out. Preliminary analysis have been carried out in Bonaccorsi (2005).

Together with CVs we built up from CVs the list of publications of computer scientists. We manually inspected keywords and affiliations from these papers.

High energy physics

The community of High energy physics manages its own website, where scientists upload all their publications. 

The website at http://www.santafe.edu/~mark/collaboration/ provides the list of top most productive scientists. Again, we downloaded the full list of publications of these authors. We manually inspected keywords and affiliations from these papers. 

Nanotechnology

We used the full keyword structure developed by Fraunhofer ISI Karlsruhe for nanotech (courtesy of Ulrich Schmoch). With this query we built up the full list of publications in nanotechnology, comprising more than 100,000 papers in the period 1990-2001, under a PRIME project on Nanodistricts. Details can be found in Bonaccorsi and Thoma (2005).

Table 3

Revealed comparative advantages of selected European countries and USA in science. Year 1981-1994

	Country
	Scientific area

	
	Agric
	Astron
	Biology
	Chemi

stry
	Clinical

medicine
	Computer

science
	Ecology
	Engine

ering
	Geolog

sciences
	Immu

nology
	Mater

science
	Math
	Micro

biology
	Molec

biology
	Multi

disc
	Neuro

sciences
	Pharma

cology
	Physics
	Plant
	Psycho

logy
	Total

	United 

Kingdom
	1.05
	1.06
	0.96
	0.87
	1.22
	0.65
	0.79
	0.92
	1.05
	0.96
	0.80
	0.87
	1.09
	1.03
	1.07
	1.12
	1.27
	0.67
	1.18
	0.99
	1.00

	Germany
	0.83
	1.25
	0.88
	1.55
	0.59
	0.70
	0.59
	0.95
	0.70
	0.69
	1.21
	1.13
	1.18
	1.26
	0.73
	0.75
	1.11
	1.61
	0.99
	0.29
	1.00

	France
	0.86
	1.07
	0.94
	1.26
	0.68
	0.72
	0.42
	0.79
	1.36
	1.06
	1.05
	1.56
	0.96
	1.09
	1.84
	0.92
	1.04
	1.57
	0.77
	0.15
	1.00

	Netherlands
	0.92
	1.55
	1.00
	1.01
	0.98
	0.93
	1.15
	0.77
	0.59
	1.33
	0.62
	0.92
	1.25
	1.13
	0.54
	0.70
	1.14
	0.94
	1.23
	0.57
	1.00

	Sweden
	0.90
	0.45
	1.21
	0.69
	1.32
	0.41
	1.56
	0.60
	0.39
	1.23
	0.71
	0.41
	0.94
	0.77
	0.45
	1.57
	1.43
	0.57
	0.81
	0.60
	1.00

	Italy
	0.60
	1.60
	0.93
	1.43
	1.06
	1.01
	0.47
	0.95
	0.51
	0.89
	0.66
	1.18
	0.51
	0.76
	0.57
	0.97
	1.62
	1.38
	0.45
	0.30
	1.00

	Switzerland
	0.41
	0.60
	0.98
	1.03
	0.72
	0.64
	0.48
	0.70
	0.62
	1.70
	0.54
	0.48
	0.89
	1.48
	1.17
	0.93
	1.22
	1.70
	0.53
	0.16
	1.00

	Denmark
	0.74
	0.55
	1.09
	0.59
	1.55
	0.47
	0.85
	0.63
	0.53
	0.82
	0.34
	0.97
	0.95
	0.74
	0.50
	1.06
	1.10
	1.09
	0.98
	0.45
	1.00

	Finland
	0.93
	0.48
	1.05
	0.43
	1.74
	0.95
	1.46
	0.59
	0.34
	1.05
	0.69
	0.77
	1.05
	1.03
	0.39
	0.92
	1.13
	0.78
	0.80
	0.44
	1.00

	Norway
	1.00
	0.40
	1.02
	0.68
	1.36
	0.64
	2.43
	0.74
	1.87
	1.49
	0.45
	1.13
	0.98
	0.55
	0.60
	1.00
	0.87
	0.43
	1.83
	0.68
	1.00

	

	Europe
	0.87
	1.06
	0.97
	1.09
	0.98
	0.70
	0.77
	0.84
	0.86
	1.01
	0.85
	0.99
	1.03
	1.07
	0.97
	0.99
	1.21
	1.13
	0.96
	0.53
	1.00

	

	USA
	0.79
	1.00
	1.05
	0.76
	1.12
	1.22
	1.09
	1.03
	1.05
	1.09
	0.93
	0.93
	1.02
	1.09
	0.90
	1.09
	0.82
	0.82
	0.86
	1.43
	


Source: our elaboration on ISI data presented in Lattimore and Revesz (1996)

Table 4. Comparative analysis of main science institutional systems in advanced countries

	
	United  States
	Japan
	United Kingdom
	France
	Germany
	Italy
	Scandinavian

countries
	Accession countries
	Far East (China, Singapore, Hong Kong, Taiwan)

	A. Institutional rules for the allocation of human resources in the science system



	Postgraduate education 


	Graduate School

model
	Doctoral education linked to chairs and large companies
	Graduate School model
	Doctoral education linked mostly to Grand

Ecoles and 

CNRS 
	Doctoral education linked to chairs
	Doctoral education linked to

undergraduate schools 
	Doctoral education managed by

universities but

highly internationalized
	Doctoral education managed by

universities and

National Academies
	Graduate School model in small countries.

Mixed model in China.

	Selection of

researchers

	Purely competitive model.

Mobility between

undergrad university,

postgraduate and

research assistant.

Job market for PhD
	Patronage model
	Competitive model
	Patronage model with

some correction
	Patronage model.

PhD students

often selected

as research

assistants in the

same site
	Patronage model
	Competitive model
	Competitive model
	Purely competitive model in small countries.



	Stability of careers after PhD
	Assistant professorship untenured
	n.a.
	Lecturer untenured
	Researcher position tenured.

Some career

even without

PhD

Public fonctionnaire
	Researcher position tenured
	Researcher position tenured.

Some career even without PhD
	Lecturer tenured
	Lecturer tenured
	Assistant professorship untenured

	Mobility of researchers
	Extremely high

Competitive recruitment based on letters of

recommendation and analysis of CV

Portability of

grants
	Low
	Moderate to high
	Low

Limited mobility between CNRS and university
	Low

Chairs select their own assistants

and plan their

careers
	Low

Decentralized recruitment based on

financial incentives reduce mobility
	High
	Low to high
	Extremely high

	Level of negotiation and comprehensiveness of

compensation package
	Decentralized at

university level and

fully

comprehensive
	n.a.
	Decentra-

lized but

partially comprehensive
	Centralized negotiation
	Centralized negotiation but

MaxPlanck negotiates special packages
	Centralized negotiation
	Centralized negotiation
	Centralized negotiation
	Decentralized at

university level

and comprehensive


	
	United  States
	Japan
	United Kingdom
	France
	Germany
	Italy
	Scandinavian

countries
	Accession countries
	Far East (China, Singapore, Hong Kong, Taiwan)

	B. Institutional rules for the allocation of financial resources in the science system



	Number of levels of

decision
	Federal government

Specialised agencies (NIH, NSF) and mission oriented agencies

Principal investigator
	n.a.
	Government

Research Councils

Principal investigator
	Government

Ministry of Research

CNRS and

other large

PROs

University

Principal investigator
	Government

Ministry of

Research

Advisory boards or Max Planck

University

Principal investigator
	Government

Ministry of

Research

Advisory boards

University

Principal investigator
	n.a.
	Government

Research Councils or

National Academy of

Science

Principal investigator
	Government

Specialised agencies

Principal investigator

	Typical decision

making process
	Purely competitive and evidence-based

Peer review plus board decision at specialised agencies

Ex post evaluation


	n.a.
	Competitive at research

councils

Pressure on

demonstra

tion of

financial results 
	Political at

government and CNRS

level
	Political at

government and university level
	Political at government, CNR and university level.

More competitive on national programmes
	Competitive and evidence-based
	Strongly competitive and evidence-based
	Strongly competitive and evidence-based

	Multi-layer vs

centralized system
	Multi-layer:

Federal, State, local level

Private foundations

Venture capital

Informal finance

Large industrial

funding of basic research

Private donations


	Mostly centra-

lized:

Govern-

ment and

large compa

nies
	Multi-layer:

Government

Private foundations

Charities

Venture capital

Large industrial

funding 
	Mostly centralized:

Government, Region

State-owned large companies

Trend towards more decentrali-

zation
	Mostly centralized:

Government, Lander

Large companies
	Mostly centralized:

Government,

Region

Very low

Industrial funding

 and VC

Increasing role of bank foundations and third sector foundations
	Multi-layer: Government, Region 

Large companies Private foundations

VC and

informal finance


	Mostly centralized due

to lack of

resources
	Multi-layer: 

Government

Large companies

Large financial institutions

Private donations

	Concentration vs

spreading of

resources
	Concentration of

funding in top

universities follow

policy of recruitment 

of top scientists

bringing with them

grants
	Concentra

tion in large technology programmes
	Concentration of 

funding in top

universities, partly

due to merit, partly

due to government

policy of “critical

mass”
	Spreading

But recent policy of consolidation and critical mass at CNRS
	Spreading, with the exception of Max Planck
	Spreading

But recent policy of consolidation and critical mass at CNR
	n.a.
	Concentration of resources follows pure merit rules
	Concentration of resources follows pure merit rules


	
	United  States
	Japan
	United Kingdom
	France
	Germany
	Italy
	Scandinavian

countries
	Accession countries
	Far East (China, Singapore, Hong Kong, Taiwan)

	(cont’d) Institutional rules for the allocation of financial resources in the science system



	Ranking vs equal

treatment
	Ranking of universities according to a common set of indicators and by discipline

Differentiation of student fees according to the position in rank
	No ranking
	Ranking of universities according to the REA (Research Assessment Exercise).

Student fees decided at governmental level but recent proposal for increase
	No ranking

No student fees

Grand Ecoles clearly a separate teaching and recruitment system
	No ranking
	No ranking

Student fees decided at university level but very low
	n.a.
	No ranking due to the tradition


	Ranking of

universities

	Long term vs short

term funding
	Multi-annual grants allocated even to individual investigators

Strategic programmes at agency level and Federal level
	Long term government technology programmes
	Multi-annual grants but pressure for short term delivery of results
	Research programmes at national level but funding to researchers mainly on a short term basis
	Research programmes at national level but funding to researchers mainly on a short term basis
	Prevailing short term funding (1-2 year) 

Few strategic programmes
	Research programmes at national level and long term grants to institutes
	Limited funding due to lack of resources
	Multi-annual grants allocated even to individual investigators

Strategic programmes 

Creation of new laboratories on a multi-annual basis


Source: our elaboration

Table 5. Impact of search regimes on functions of institutional systems in science

	Institutional rules for the allocation of human resources
	Rate of growth
	Degree of diversity
	Level of complementarity

	
	Low
	High
	Convergent dynamics
	Divergent dynamics
	Low
	High- Physical infrastructure
	High- Human capital &

institutional

	Postgraduate education 


	Formal postgraduate education less important
	Formal postgraduate education crucial
	Postgraduate education based on transmission of idiosyncratic knowledge
	PhD and post-doc as the only solution to parallel, low-cost, fast research based on competitive rules
	Traditional university postgraduate education sufficient for reproduction of research skills
	Need for separate institutions 

Rules of accessibility for PhD students
	New PhD curricula 

Need for sophisticated rules for student access

Strong mobility

	Selection of researchers

	Patronage rules appropriate
	Need for highly competitive selection rules at all levels
	Patronage rules appropriate

Supervisors able to identify promising research directions
	Need for highly competitive selection rules at all levels

Incumbent supervisors not able to anticipate research opportunities
	Patronage rules
	Patronage rules and idiosyncratic investment around physical facilities
	Competitive rules and extensive mobility 

Grant system with portability



	Stability of careers after PhD
	Stability appropriate
	High opportunity costs of mistakes in recruiting researchers
	Stability highly appropriate due to early involvement of researchers and the ability to identify directions
	Post doc research for validation of PhD exploratory research

Post doc must demonstrate ability to raise funds
	Stability appropriate with individual career path
	Stability appropriate due to investment into idiosyncratic technical knowledge
	Stability postponed

Post doc research as entrepreneurial stage for demonstrating organisational abilities

	Mobility of researchers
	Low mobility needed
	High opportunity costs of loss of mobility
	Low mobility needed- all research programmes converge
	Mobility crucial
	Low mobility needed
	Low mobility due to investment into specific learning
	Mobility crucial to combine resources



	Level of negotiation and comprehensiveness of

compensation package
	Centralised negotiation

Package not important due to low opportunity costs
	High opportunity costs for scientists in some fields
	Centralised negotiation

Package not important
	Need for motivating scientists to stay- both monetary and non-monetary rewards important
	Centralised negotiation appropriate

Package not important
	Centralised negotiation

Package not important due to lack of alternative opportunities
	Availability of complementary resources crucial

Need for integrating centralised negotiation with  non-monetary resources

	Institutional rules for the allocation of financial  resources
	Rate of growth
	Degree of diversity
	Level of complementarity

	
	Low
	High
	Convergent dynamics
	Divergent dynamics
	Low
	High- Physical infrastructure
	High- Human capital &

institutional

	Typical decision making process
	Political process appropriate
	Evidence based process more able to recognize high growth fields
	Political process appropriate- consensus building easy to reach
	Evidence-based process needed to justify large investment into new fields
	Political process appropriate- equal sharing acceptable
	Political process at top level needed to allocate large investment
	Political process unable to manage new forms of complementarities

	Multi-layer vs centralized system
	Centralized system appropriate
	Need for several sources of funds
	Centralized system needed 
	Multi-layer system crucial

Need for many sources with different goals and evaluation perspectives
	Centralized system acceptable
	Centralized system needed to allocate large investment
	Multi-layer system crucial for mobilising resources smoothly and for managing complex forms of complementarities

	Concentration vs spreading of resources
	Spreading appropriate
	Increasing opportunity costs of lack of resources in fast growing fields
	Spreading unless strong complementarities- all research programmes aim at the same goal
	Spreading due to the need to fund exploration activities- but concentration due to the need to fund high quality/ fast growing programmes
	Spreading preferred- higher probability to get funding at small scale
	Concentration on the basis of separate funding agencies
	Grant system to fund small scale exploration at post-doc level, then escalation of funds and resulting concentration

	Ranking vs equal treatment
	Equal treatment appropriate
	Top ranked institutions generally more keen to follow high growth areas- but also room for small specialised universities
	Equal treatment appropriate
	Top ranked institutions have more opportunities to signal quality- but if ranking system effective also room for small specialised universities to get recognition
	No implication
	Informal ranking is important only for universities collaborating with specialised funding agencies

Not important for universities in general
	Ranking useful for mobilising resources more smoothly 

Top universities more likely to attract people from various disciplinary background

	Long term vs short term funding
	Short term appropriate
	Long term crucial for investment into new fields 
	No implication
	Combination of short term and long term
	Short term acceptable
	Long term crucial
	Long term crucial but from many sources


Source: our elaboration
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� The full lists are available from the author upon request.


� Without entering into more detailed arguments, we are here advocating a formal approach that combine the notion of function from XX century sociology (Durkheim, Parsons, Merton, Thompson) with the notion of artificial in cognitive science and engineering (Simon, Alexander, Parnas), and in evolutionary biology (Gould, Danchin) and with the evolutionary analysis of policy making in economics and sociology (Metcalfe, Callon, Laredo). This will be the theme of a further paper.





� In reality, the French system has been deeply modified by the decision to place CNRS and INSERM researchers within the university system, encouraging and funding institutional collaboration. The process is not without resistances and obstacles, however.


� These are the Biotechnology and Biological Sciences Research Council (BBSRC), the Council for the Central Laboratory of Research Councils (CLRC), the Engineering and Physical Sciences Research Council (EPSRC), ), the Economic and Social Research Council (ESRC),  the Medical Research Council (MRC), the Natural Environment Research Council (NERC), the Particle Physics and Astronomy Research Council (PPARC).


� See the utilization of Aoki model for discussing policy options in technology policy (Foray and Llerena).


� In biomedical research, for example, only a few European countries have developed truly interconnected systems between university departments, public laboratories, and hospitals. Interestingly, while in Scandinavian countries and UK this has been easier, in other countries this still happens more by exception than by rule. In France, for example, oncological research is at an advantage because, for historical reasons that go back to General De Gaulle, hospitals specialised in cancer, differently from other hospitals, had scientific directors in charge of research alongside with more traditional directors. In Italy some advanced institutions are from the private sector (e.g. San Raffaele in Milan). In many countries these complementarities are made possible only by extra funding from charities and non profit foundations.
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