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INTRODUCTION  





 

 

In recent years, policy analysts have studied policy as a process of argumentation0F

1. Gone are the analyses of politics 

based on rational choice and instrumental rationality, as well as the study of policy cycles (agenda-setting Ÿ policy 

formulation Ÿ adoption Ÿ implementation Ÿ evaluation), at least among critical authors. Policy-making is conceptual 

construction, from its very first step ï the problem to be addressed ï to the last ï action. 

Policy-makers construct their problem through conceptual frameworks that structure policy action. As E. Goffman 

suggested, frameworks (or frames) are principles of organization ñwhich govern the subjective meaning we assign to 

social eventsò, principles that transform fragmentary information into a structured and meaningful whole1F

2. More 

recently, D. Schon put it as follows: a frame is a ñway of selecting, organizing, interpreting, making sense of realityò, 

and  

ñprovides guideposts for knowing, analyzing, persuading and actingò2F

3. 

Generally, a frame ñ[1] constructs the situation, [2] defines what is problematic about it, and [3] suggests what courses 

of action are appropriate. It provides conceptual coherence, a direction for action, a basis for persuasion, and a 

framework for the collection and analysis of dataò3F

4. For the purposes of this book, I define a conceptual framework as 

an argument or discourse that acts as an organizing principle to give meaning to a socioeconomic situation and answers 

to a series of analytical and policy questions. Ideally, a conceptual framework: 

1. Identifies a problem, its origins and the issues involved; 

2. Suggests an explanation of the current situation; 

3. Offers evidence, often in terms of statistics and indicators; 

4. Recommends policies and courses of action. 

 

Policy frameworks are often constructed as narratives or stories that give meaning to situations4F

5. This is not peculiar to 

policy. Narratives are present everywhere. They are an integral part of the discipline of history, where there is a long-

running debate on the role of narratives in the discipline5F

6. Narratives are also present in ordinary life, as Goffman has 

studied, as well as in science: think of theories on the origins of the universe6F

7, or the origins of life and humans7F

8. 

Economic theory is also full of narratives8F

9, as is sociology. In the latter case, for example, you can think of the 

discipline as being composed of narratives on modernity9F

10. Finally, narratives are present in matters concerning 

technology. D. Nye, for example, has documented how people appropriated technology in nineteenth century America 

for community creation, identity and self-representation10F

11. M. Hard and A. Jamison have looked at the intellectualsô 

appropriation of technology in this century, as discourses on modernity11F

12. 

                                                 
1  G. Majone (1989), Evidence, Argument, and Persuasion in the Policy Process, New Haven: Yale University Press; D. Stone 

(1988) [2002], Policy Paradox: The Art of Political Decision Making, New York: Norton & Co; D. Stone (1989), Causal Stories 

and the Formation of Policy Agendas, Political Science Quarterly, 104 (2), p. 281-300; F. Fischer and J. Forester (eds.) (1993), 
The Argumentative Turn in Policy Analysis and Planning, Durham: Duke University Press; F. Fischer (2003), Reframing Public 

Policy: Discursive Politics and Deliberative Practices, Oxford: Oxford University Press. 
2  E. Goffman (1974), Frame Analysis: An Essay on the Organization of Experience, Cambridge (Mass.): MIT Press, p. 10. 
3  M. Rein and D. Schon (1993), Reframing Policy Discourse, in F. Fischer and J. Forester (eds.), The Argumentative Turn in Policy 

Analysis and Planning, op. cit., p. 145-166, p. 146. See also: M. Rein and D. Schon (1991), Frame-Reflective Policy Discourse, in 

P. Wagner et al. (eds.), Social Sciences and Modern States, Cambridge: Cambridge University Press, p. 262-332. 
4  M. Rein and D. Schon (1993), Reframing Policy Discourse, op. cit., p. 153. Fischer identifies the three steps as follows: defining 

the problem situation, identifying policy intervention, anticipating outcomes. See F. Fischer (2003), Reframing Public Policy, op. 

cit., p. 168. 
5  T. J. Kaplan (1986), The Narrative Structure of Policy Analysis, Journal of Policy Analysis and Management, 5 (4), p. 761-778. 
6  H. White (1973), Metahistory: the Historical Imagination in Nineteenth-Century Europe, Baltimore: Johns Hopkins University 
Press; P. Ricoeur (1983), Temps et r®cit I: Lôintrigue et le r®cit historique, Paris, Seuil. 

7  S. Hawking (1988), A Brief History of Time: From the Big Bang to Black Holes, Toronto: Bantam Dell Pub Group; H. Kragh 
(1996), Cosmology and Controversy: the Historical Development of Two Theories of the Universe, Princeton: Princeton 

University Press. 
8  P.J. Bowler (1984), Evolution: the History of an Idea, Berkeley: University of California Press; P. J. Bowler (1989), The 

Invention of Progress: the Victorians and the Past, Oxford: Basil Blackwell. 
9  D. N. McCloskey (1990), If Youôre So Smart: The Narrative of Economic Expertise, Chicago: University of Chicago Press. 
10  P. Wagner (1994), A Sociology of Modernity: Liberty and Discipline, London: Routledge. 
11  D. E. Nye (2003), America as Second Creation: Technology and Narratives of New Beginnings, Cambridge (Mass.): MIT Press; 

D. E. Nye (1997), Narratives and Space: Technology and the Construction of American Culture, New York: Columbia University 
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This book looks at conceptual frameworks in science studies and science policy, and at the narratives involved. It is 

based on work conducted over the last ten years on science policy and on statistics about science, technology and 

innovation (see 105Hwww.csiic.ca). This introductory chapter offers an overview of the book. It offers a brief tour dôhorizon 

of the frameworks developed over the twentieth century and discusses the logic, or rhetoric, of narratives. This chapter 

is a summary and a guide to the main arguments of the book. The rest of the book goes deeper into each of the 

conceptual frameworks. 

The book is organized in two parts. The first looks at the emergence of conceptual frameworks in science policy and 

documents how they contributed to the gradual emergence of an economic doctrine. The second part studies more 

recent frameworks and the new rhetoric, if any, involved. The book uses an intergovernmental organization as example 

ï the Organization for Economic and Co-Operation Development (OECD) ï and emphasizes the role of statistics in 

science policy. As a matter of fact, for decades the OECD has been an influential think-tank for its member countries in 

matters of policy, and one of its main tasks is collecting statistics as evidence for the views promoted. 

FRAMEWORKS AS NARRATIVES 

Science policy is about 60 years old. The first modern arguments for science policy came from V. Bush, followed by 

the US Presidentôs Scientific Research Board12F

13. The (OECD) came next: from the 1960s, the organization started 

publishing policy documents that have had a major influence in member countries13F

14. The policies suggested over the 

years, at both the national and international levels, relied on conceptual frameworks that furnished a rationale for 

action. 

Over the twentieth century, at least eight conceptual frameworks have been developed in the study of science, 

technology and innovation, and have been used for policy purposes. These frameworks can be organized around three 

generations (Table 1). The first conceptual framework was that on cultural lags, from American sociologist William F. 

Ogburn in the 1920-30s14F

15. According to Ogburnôs story, society is experiencing an exponential growth of inventions 

but is insufficiently adapted. There are lags between the material culture and the adaptive culture. Therefore, there is 

need for society to adjust in order to reduce the lags. Society has to innovate in what he called social inventions, or 

mechanisms to maximize the benefits of technology. There is also a need for society to forecast and plan for the social 

effects of technology. 

Table 1. Major Conceptual Frameworks Used 
in Science Policy 

First generation 

Cultural Lags 

Linear model of innovation 

Second generation 

Accounting 

Economic Growth 

Industrial competitiveness 

Third generation 

National Innovation System 

Knowledge-Based Economy 

Information Economy (or Society) 

 

                                                                                                                                                 
Press. See also: J. F. Kasson (1977), Civilizing the Machine: Technology and Republican Values in America, 1776-1900, New 

York: Penguin. 
12  M. Hard and A. Jamison (1998), Intellectual Appropriation of Technology: Discourses on Modernity, Cambridge (Mass.): MIT 

Press. 
13  V. Bush (1945), Science: The Endless Frontier, North Stratford: Ayer Co. Publishers, 1995; US Presidentôs Scientific Research 

Board (1947), Science and Public Policy, New York: Arno Press, 1980. 
14  One early and major document was: OECD (1963), Science and the Policies of Government, Paris: OECD. 
15  This framework is not discussed in this book. See: B. Godin (2009), The Invention of Innovation: William F. Ogburn and the Use 

of Invention, Project on the Intellectual History of Innovation, Montreal: INRS, Forthcoming. 

http://www.csiic.ca/
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The framework on lags has been very influential. It has served as basic narrative to Recent Social Trends (1933) and 

Technology and National Policy (1937), two major policy documents in the United States, the first on social indicators 

and the second on technological forecasting. It was also used during the debate on technological unemployment in the 

1930s. Lastly, the framework on lags was the first of a series of conceptual frameworks concerned with innovation as a 

sequential process. It is in fact to this framework that we owe the idea of ñtime lagsò (between invention and its 

commercialization) and the idea of technological gaps. 

The best-known of the sequential frameworks is what came to be called the ñlinear model of innovationò. The precise 

source of the linear model remains nebulous, as its origin has only recently been documented (chapter 1). Authors who 

used, improved or criticized the model in the last fifty years rarely acknowledged or cited any original source. The 

model was usually taken for granted. According to others, however, it comes directly from V. Bushôs Science: The 

Endless Frontier (1945). To still others, the model does not exist, but among its opponents. It is a straw man. In fact, 

however, the linear model does exist, and comes from economic historian W. Rupert Maclaurin at MIT in the 1940s. 

Few people, including bureaucrats, really believed in this framework. The story behind the framework is rather simple. 

It suggests that innovation follows a linear sequence: basic research Ÿ applied research Ÿ development. In one sense, 

the model is trivially true, in that it is hard to disseminate knowledge that has not been created. The problem is that the 

academic lobby has successfully claimed a monopoly on the creation of new knowledge, and that policy-makers have 

been persuaded to confuse the necessary with the sufficient condition that investment in basic research would by itself 

necessarily lead to successful applications. Be that as it may, the framework fed policy analyses by way of taxonomies 

and classifications of research and, above all, it was the framework most others compared to. 

The frameworks on cultural lags and on the linear model of innovation came from academics. The next generation of 

frameworks owes a great deal to governments and international organizations, above all the OECD. This latter 

organization is an influential think-tank for its member countries. It is not an advocacy think-tank looking for media 

exposure and defending partisan or ideological ideas15F

16, but rather a research-oriented think tank that feeds concepts to 

national policy-makers for better understanding of issues in science, technology and innovation policies. Other 

organizations that have acted as think tanks in the short history of science, technology and innovation policy are the US 

National Bureau of Economic Research (NBER), the US RAND Corporation and the British Science Policy Research 

Unit (SPRU). However, the OECD has a specific role as the source of ideas for national policy-makers. As with most 

think tanks, and like management gurus, the organization simplifies policy analysis through the use of metaphors and 

imagery16F

17, but as an international organization, it brings immediate (although sometimes relative) legitimacy to 

discourses and frameworks, partly because the member countries themselves define the agenda of the organization. In 

this sense, the OECD frameworks are witnesses to national priorities and policies. 

From its very beginning, science policy was defined according to the anticipated benefits of science. Because science 

brings benefits, so the story goes, there is a need to manage science, and management requires data. To contribute to 

this end, the OECD produced a methodological manual for national statisticians, the Frascati manual (1962), aimed at 

conducting and standardizing surveys of research and development (chapter 2). The manual offered a statistical answer 

and an accounting framework to three policy questions or issues of the time: the allocation of resources to science, the 

balance between choices or priorities, and the efficiency of research. 

One basic statistics among the statistics collected with the manual was a figure on the ñnational science budgetò, or 

Gross Domestic Expenditures on R&D (GERD). The statistics served two purposes. One was controlling the public 

expense on science, the growth of which was too high according to some budget bureaus. The other purpose, more 

positive, was setting targets for the support and development of science, technology and innovation, and this was used 

by policy departments. It gave rise to the GERD/GDP ratio as a measure of the intensity or efforts of a country or 

economic sector. 

Among the benefits believed to accrue from science, technology and innovation, two have been particularly studied at 

the OECD: economic growth (through productivity) and competitiveness. These gave rise to two frameworks. The 

framework on economic growth and productivity embodies a very simple (and again linear) story: research leads to 

economic growth and productivity. Consequently, the more investment, the more growth. This story is often framed 

                                                 
16  D. E. Abelson (2002), Do Think Tanks Matter? Assessing the Impact of Public Policy Institutes, Montreal: McGill-Queens. 
17  D. Stone (1996), Second-Hand Dealers in Ideas, in D. Stone (ed.), Capturing the Political Imagination: Think Tanks and the 

Policy Process, London: Frank Cross, p. 136-151. 
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within an input-output semantics: inputs Ÿ research activities Ÿ outputs (Ÿ outcomes) (chapter 3). The accounting 

framework discussed above is precisely framed into such a semantics. The origins of the framework on economic 

growth and productivity can be traced back to the economic literature on technological unemployment in the 1930s, in 

which ñtechnological changeò was equated with changes in factors of production (input) and measured via changes in 

productivity (output). This equation is now known as the ñproduction functionò. Used extensively by economists in the 

mid-1950s and subsequently to study science, technology and innovation and its relationship to the economy, the 

economistsô framework immediately offered official policy-makers a useful conceptual framework. This was due to the 

fact that the framework was perfectly aligned with the policy discussions at the time on the ñefficiencyò (productivity) 

of the science system. 

Certainly, the issue of productivity in science has a long history17F

18. It emerged among scientists themselves (Table 2). In 

the nineteenth century, the British statistician Francis Galton, followed in the twentieth century by James McKeen 

Cattell, the US psychologist and editor of Science for fifty years, started respectively computing the number of children 

scientists had and the number of scientists a nation (or state) produced. The numbers were called measures of 

productivity, or productiveness. Subsequently, productivity came to mean the scientific production of the scientists, 

above all the number of scientific papers they published. From the 1920-30s onward, historians and psychologists were 

early producers of numbers on productivity defined as such. However, it was governments and their statistical bureaus 

that really developed this meaning after World War II. Finally, productivity in science matters came to examine not 

only the scientists and the science system, but the effects of science on the economy, above all economic productivity. 

Table 2. Evolving Conceptions of Productivity in Science 

Productivity as Reproduction 

Key authors: F. Galton, J. M. Cattell 

Issue: civilization, then advancement of science 

Statistics: great men; men of science 

Productivity as Output 

Key authors: organizations (and their consultants: C. 

Freeman) 

Issue: efficiency 

Statistics: money spent on R&D 

Productivity as Outcome 

Key authors: economists (D. Weintraub, R. Solow) 

Issue: economic growth 

Statistics: productivity 

 

Economic growth and productivity have been studied at the OECD since the very early years of science policy. They 

got increased attention in the early 1990s, following the Technology and Economy Programme (TEP), and then in the 

2000s with the Growth project, where an explicit framework ï the New Economy ï was used to explain differences 

between member countries. The United States had the characteristics of a new economy, which means above all that it 

was innovative and it made more extensive and better use of new technologies, particularly information and 

communication technologies (chapter 4). 

The other benefit of an economic type that was studied at the OECD was industrial competitiveness18F

19. The story behind 

the framework is that science and technology have become a factor of leadership among countries. Like economic 

growth and productivity, industrial competitiveness has been discussed at the OECD from very early on. This led to a 

major study published at the end of the 1960s on technological gaps between countries, particularly between European 

countries and the United States. Technological gaps were considered signals that Europe was not performing well. The 

                                                 
18  B. Godin, (2009), The Value of Science: Changing Conceptions of Scientific Productivity, 1869-circa 1970, Social Science 

Information, 4, Forthcoming; B. Godin (2007), From Eugenics to Scientometrics: Galton, Cattell and Men of Science, Social 
Studies of Science, 37 (5): 691-728; B. Godin (2006), On the Origins of Bibliometrics, Scientometrics, 68 (1): 109-133. 

19  B. Godin (2002), Technological Gaps: An Important Episode in the Construction of Science and Technology Statistics, 
Technology in Society, 24, p. 387-413. 
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study developed a methodology for ranking countries based on multiple statistical indicators. Then, in the 1980s, the 

issue of industrial competitiveness gave rise to the concept of high technology and the role of new technologies in 

international trade (chapter 5). High technology came to be seen as a major factor contributing to international trade, 

and a symbol of an ñadvanced economyò. Statistics measuring the performances of countries with regard to the 

technological intensity of their industries were constructed and further developed to measure how countries maintain or 

improve their position in world trade. Then a framework on globalization was suggestted in the 1990s, as was a 

methodological manual for measuring globalization. Globalization was said to be a source of competitiveness for firms 

and countries, and gained widespread popularity in science, technology and innovation policy (chapter 6). 

We now come to a third generation of conceptual frameworks. These arose through a synergy among academics, 

governments and international organizations. The OECD, with the collaboration of economists as consultants, 

developed new frameworks for policy-making. The frameworks were generally constructed as alternatives to the linear 

model. One of the first such frameworks was the National Innovation System (chapter 7). The framework suggests that 

the research systemôs ultimate goal is innovation, and that it is part of a larger system composed of sectors like 

government, university and industry and their environment. Briefly stated, research and innovation do not come from 

the university sector alone, so the story goes. The framework emphasizes the relationships between the components or 

sectors, as the ñcauseò that explains the performance of innovation systems. 

Most authors agree that this framework was developed by researchers like C. Freeman, R. Nelson and B.-A. Lundvall. 

In fact, however, the ñsystem approachò in science policy owes its existence rather to the OECD and its very early 

works beginning in the 1960s, although the organization did not use the term National Innovation System as such. 

From the very early beginning of the OECD, policies were encouraged promoting to greater relationships among the 

component of the research system at five levels: between economic sectors (like university and industry), between 

types of research (basic and applied), between government departments, between countries, and between the research 

system and the economic environment. The Frascati manual itself was specifically framed in a system approach. As we 

mentioned above, the manual computed and aggregated the R&D expenditures of the sectors composing a research 

system into the GERD indicator, but also suggested constructing a matrix for measuring the flows of research funds 

between the sectors (sources of funds and research performers). 

Then in the 1990s the OECD launched a research program on National Innovation Systems, with B.-A. Lundvall as 

Deputy Director. Many studies were published in the same spirit as that of the early system approach. Certainly there 

were more sources of innovation studied, more types of relationships were examined, and a different role was assigned 

to government. However, the industrial sector and the firm still held central place in the innovation system. By then, the 

Oslo manual on measuring innovation had become the emblem of this framework at the OECD19F

20. 

The other new framework is that on the knowledge-based economy or society (chapter 8). The origins of the concept of 

a knowledge economy come from economist Fritz Machlup in the early 1960s, and the concept re-emerged at the 

OECD in the 1990s as an alternative, or competitor, to that on the National Innovation System. The latter was believed 

by many to be more or less relevant to policy-makers. The work at the organization was entrusted to the French 

economist Dominique Foray. The story on the knowledge-based economy suggests that societies and economies rely 

more and more on knowledge, hence the need to support knowledge in all its forms: tangible and intangible, formal and 

tacit. The framework suggests that we examine (and measure) the production, diffusion and use of knowledge as the 

three main dimensions of the knowledge economy. 

In reality, the concept of knowledge is a fuzzy concept, and these three dimensions are very difficult to measure. More 

often than not, the concept is an umbrella-concept, that is, it synthesizes policy issues and collects existing statistics 

concerned with science, technology and innovation under a new label. A look at the statistics collected in measuring the 

concept is witness to this fact: existing statistics are simply shifted to new categories. 

The last framework in the third generation is that on the information economy or information society (chapter 9). The 

information economy was one of the key concepts invented in the 1960-70s to explain structural changes in the modern 

economy. It has given rise to many theories on society, conceptual frameworks for policy, and statistics for 

measurement. The story behind the framework suggests that information, particularly information and communication 

technologies (ICT), is the main driver of growth. 

                                                 
20  B. Godin (2002), The Rise of Innovation Surveys: Measuring a Fuzzy Concept, Project on the History and Sociology of Statistics 

on Science, Technology and Innovation, Montreal: INRS. 
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This preoccupation with information has a long history. The growth and management of scientific publications was the 

very first step toward the construction of the concept of the information economy. Through time, the concept evolved 

from an understanding of information as knowledge, to information as commodity or industrial activity, then 

information as technology. 

Like knowledge, information is a difficult concept. For example, it took three decades to develop a methodological 

manual, or guide to measuring the information economy, at the OECD. What helped finally was politics. First, internal 

politics, like the efforts of the Working Party (on measuring the information society) done to raise its own visibility 

within the OECD. Second, ministersô interests as manifested during summits and conferences. Ultimately it seems that 

the emergence of a political issue often leads to its measurement. Measurement in turn helps crystallize concepts and 

issues. 

The framework on the information economy relies on other frameworks. In fact, most frameworks build on other 

frameworks. The OECD policy discourse relies on a cluster of frameworks that feed on each other. One such cluster is 

composed of third-generation frameworks: information economy and knowledge-based economy, coupled with new 

economy. Another cluster consists of those of the second generation: accounting, growth and productivity and 

industrial competitiveness, all three framed into an input-output semantics. Furthermore, this second generation, 

particularly the stories involved, feeds the third generation, giving the whole discourse a continuity and a coherent 

rationale. Metaphors often help here. A metaphor has important organizational properties: it is prescriptive and 

normative in that it generates a vision, and it unifies elements of reality because of its fluidity and flexibility 

(polysemy). A metaphor is both constructive (of meaning) and productive (of action). Briefly stated, it is both 

intellectually and socially useful. A metaphor serves a variety of worldviews. This is the role played by the information 

economy. Information and communication technologies are everywhere: it explains the knowledge-based economy, as 

well as globalization, the new economy and, of course, the information economy. A network of interrelated concepts 

and frameworks thus feed each other.  

THE LOGIC (RHETORIC?) OF NARRATIVES 

I have suggested that conceptual frameworks in science, technology and innovation policies are usually constructed in 

the form of a story or narrative20F

21. A narrative gives meaning to science, technology and innovation, and to policy 

actions. It helps put science, technology and innovation on the political agenda. A typical narrative goes like this: 

1. Premise: science, technology and innovation are good for you and for society. 

2. Something new is happening in society (CHANGE) and it is quite different from the past. 

3. Letôs call this change é (NEW NAME). 

4. The new phenomenon or event will generate big effects, rewards/returns. 

5. Letôs collect STATISTICS as evidence. 

6. It is essential that policies be developed. 

7. Letôs imagine a FRAMEWORK to this end. 

 

Letôs look at each step. A major premise or assumption lies behind each framework, namely that science, technology 

and innovation are good for you and for society. This is a premise no official narrative has ever questioned. For 

example, no one would imagine, and in fact there was never a framework developed that opposed or suggested getting 

rid of new technologies and their bad consequences. New science and new technologies are to be placed under control, 

but never eliminated. As US sociologist William F. Ogburn once put it: ñthe control of invention (é) is generally 

interpreted as meaning their promotion not their denialò21F

22. 

A narrative on science, technology and innovation starts with suggesting that something new is happening in the 

economy, that an important change is underway. This change is then contrasted to the past. Certainly, continuity is 

                                                 
21  I use the term narrative here as including any of the following, which a literary critic would probably distinguish: argument, plot, 

storyline, story, tale. 
22  W. F. Ogburn and N. M. Nimkoff (1940), Sociology, Boston: Houghton Mifflin, p. 916. 
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usually mentioned, with ñarguments from qualificationò, like ñthere is a new situation, but it is different only from a 

perspective of scale or formò; ñthings are changing, however it is only a matter of intensity or accelerationò22F

23. The 

narrative generally suggests that it is difficult to draw a boundary between the current era and the past. But this 

specification, or qualification, is rapidly forgotten. Indeed, the newness is less that of a change in society or economy 

than a change in the interest of policy-makers and politicians. Be that as it may, dichotomies reign: the future will be 

different from the past. Change is what counts here: its nature, its size, its rate. 

This is exactly what characterizes the framework on the knowledge-based economy. According to the OECD, 

knowledge and its production, diffusion and use is what defines todayôs society. Certainly, knowledge has always been 

present and important in past economies and societies, but today it is more influential than ever: ñalthough knowledge 

has always been a central component in economic development, the fact that the economy is strongly dependent on the 

production, distribution and use of knowledge is now being emphasizedò23F

24. How can the organization develop such a 

vision? With a very broad concept of knowledge, one that embraces things previously separated or put aside in 

previous analyses ï R&D, intangibles, learning ï measuring them and adding the numbers together. The effect of the 

concept is to attract the attention of as many policy-makers (and experts) as possible in the field of science, technology 

and innovation policies. 

Naming and classification are central features of conceptual frameworks. They offer labels that are easily memorized. 

As catchwords, labels are often ñmere labeling without yielding anything but the labelò, as H. Blumer suggested 

decades ago24F

25. Be that as it may, these labels gain the attention of many people, which helps them to reproduce or 

diffuse. Such is the role of names or terms given to frameworks, like knowledge-based economy or information society. 

Such is also the role of concepts like networks, clusters, social capital, as well as technological systems and its 

affiliates25F

26, and many others like the Triple-Helix and the New Production of Knowledge (Mode1/Mode2)26F

27. 

The conceptual framework on the National Innovation System is a recent example of labelling. As we mentioned 

above, a system approach has always characterized the OECD work on science, technology and innovation since the 

1960s. Then, in the early 1990s, a label came to be applied to such an approach ï National Innovation System ï and a 

research program developed. Certainly, as we have suggested, differences exist between the early system approach and 

the latter. Nevertheless, the National Innovation System brought an explicit framework to the field of science, 

technology and innovation policy, putting the firm at the center of the system, whereas the early system approach was 

instead concerned with the central role of governments and policies in the system. Only historical myopia leads some to 

think that the framework is new. 

                                                 
23  This rhetorical move is similar to the ñargument from limitationsò, as discussed in B. Godin (2005), Measurement and Statistics 

on Science and Technology: 1920 to the Present, Chapter 9, London: Routledge. 
24  OECD (1996), Science, Technology and Industry Outlook: Part V, Special Theme: The Knowledge-Based Economy, 

DSTI/IND/STP (96) 5, p. 5. For similar narratives from academics, see D. Foray (2004), The Economics of Knowledge, 

Cambridge (Mass.); MIT Press; N. Stehr (2005), Knowledge Politics, Boulder (London): Paradigm Publishers. 
24  H. Blumer (1930), Science Without Concepts, reprinted in H. Blumer (1969), Symbolic Interactionism: Perspective and Method, 

Berkeley: University of California Press, p. 153-170. On the fuzziness of concepts, see also: W. B. Gallie (1956), Essentially 

Contested Concepts, Proceedings of the Aristotelian Society, p. 167-198 
25  H. Blumer (1930), Science Without Concepts, reprinted in H. Blumer (1969), Symbolic Interactionism: Perspective and Method, 

Berkeley: University of California Press, p. 153-170. On the fuzziness of concepts, see also: W. B. Gallie (1956), Essentially 
Contested Concepts, Proceedings of the Aristotelian Society, p. 167-198. 

26  Technological regime, technological guideposts, technological or techno-economic paradigms, techno-economic networks. 
27  For more labels, see J. R. Beniger (1986), The Control Revolution: Technological and Economic Origins of the Information 

Society, Cambridge (Mass.): Harvard University Press. For critical analyses of academic frameworks, see: B. Godin (1998), 
Writing Performative History: The New ñNew Atlantisò, Social Studies of Science, 28 (3), p. 465-483; T. Shinn (2002), The 

Triple Helix and New Production of Knowledge: Prepackaged Thinking in Science and Technology, Social Studies of Science, 32 

(4), p. 599-614; R. Miettinen (2002), National Innovation System: Scientific Concept or Political Rhetoric?, Helsinki: Edita. 
Some labels, like postmodern science, strategic science, or co-produced science, had much less fortune than the more popular 

ones discussed. See respectively: S. Funtowicz and J. Ravetz (1999), Post-Normal Science ï an Insight Now Maturing, Futures, 

31(7), p. 641-646; A. Rip (2002), Regional Innovation System and the Advent of Strategic Science, Journal of Technology 
Transfer, 27 (1), p. 123-131; M. Callon (1999), The Role of Lay People in the Production and Dissemination of Scientific 

Knowledge, 4 (1), p. 81-94. These three examples are cited in C. Freeman and L. Soete (2007), Developing Science, Technology 

and Innovation Indicators: What We Can Learn from the Past, UNU-MERIT, Working Paper Series, Maastricht, p. 11 (footnote 
6). 



 

8 The Making of Science, Technology and Innovation Policyé, 2009 

A similar rhetorical move (renaming something old for political purposes) also occurred with the concept of ñhigh 

technologyò27F

28. In the mid-1980s, the term high technology began to be used concurrently with, or in place of, the terms 

research intensity and technology intensity. Nothing had really changed with regard to the definition of the concept (by 

way of statistics), or at least not yet. But a valued and prestigious label (high) was now assigned to it. Technology trade 

had now gained strategic importance in the economic and political context of the time: research or technology-intensive 

industries were expanding more rapidly than other industries in international trade, so went the story and its numbers, 

and these industries were believed be an important policy option for economic progress. High technology would 

thereafter be the label for these industries, and would become a well-known and much-used label in the field of science, 

technology, and innovation policy. 

As narrative, a conceptual framework generally suggests that the new phenomenon or event will generate big 

rewards/returns, as well as leadership potential for those at the forefront. It also suggests that if no action is taken, bad 

consequences could follow. Crisis stands on the horizon! Usually, the narrative is either in the form of hype, hyperbole 

or utopia, suggesting that enormous outcomes are looming, or in the form of dramatization, with metaphors on disease, 

defeat and decline, such as that there is too little investment in science, technology and innovation, which imperils 

economic performance. 

One then arrives at the next element of a narrative: statistics. Briefly stated, a narrative suggests that it is necessary to 

know more about the change ï in order to get more from it. More research is needed, particularly statistical work. In the 

case of frameworks, statistics helped to strengthen the narrative. How does narrative work here? Over the years, the 

OECD has developed a ñformulaò in three steps, and the framework on economic growth and productivity is the best 

evidence to document the strategy. First, the organization looks at academic work and synthesizes the results. These 

results generally concern specific national economies, and have to be placed in a comparative perspective with other 

countries. Second, the OECD internationalizes the numbers, more often than not based on the American experience (in 

fact, the frameworks used at the OECD are regularly those suggested by the United States delegation. This is where the 

value-added of the OECD lies: internationalizing statistics. The organization is rarely an innovator in the matter of 

theories and concepts. Generally, the organization has needed exemplars or models that it then standardizes and 

conventionalizes, generalizes and diffuses. This is the case for its methodological manuals, produced as standards to be 

used by member countries for the collection of national data. However, collecting national statistics and placing them 

in an international frame is the task of the OECD. 

As a third step, the organization identifies best practices/performers using indicators, rankings and benchmarking28F

29. 

Coming first, or pride of first place, is what drives the exercises in measurement and its statistical comparisons. The 

results are published in what the OECD calls scoreboards, among others. 

Other tools or devices used as evidence in narratives are visual aids like boxes, tables, figures and graphs. Visual 

devices are essential, since numbers often do not or cannot demonstrate the results conclusively, like the OECDôs early 

work on technological gaps, and the more recent work on the new economy, on globalization and on the knowledge-

based economy. In this latter case, for example, the OECD could measure only part of the phenomenon ï the 

production of knowledge, not its diffusion and use (except for information and communication technologies) ï because 

of a lack of data. Equally, the OECD had difficulties ñprovingò the emergence of a new economy in other countries: 

ñTen years or so from now, it should be easier to assess, for instance, the impacts on growth deriving from information 

and communication technologies, other new technologies and changes in firm organizationò29F

30. But at the time, such an 

assessment was impossible. Nevertheless, the organization concluded that more science, technology and innovation 

policies should be developed to bring economies closer to a new economy. 

Pictorial devices generally help persuade the reader of the seriousness and empiricism of the organization, despite the 

limitations of the data. The physical space these devices occupy is sometimes even greater than that given to the text 

itself, as was the case for the project on economic growth and productivity (new economy). It is worth recalling here 

                                                 
28  B. Godin (2008), The Moral Economy of High Technology Indicators, in H. Hirsch-Kreinsen and D. Jacobson (eds.), Innovation 

in Low Tech Firms and Industries, Edward Elgar. 
29  B. Godin, B. (2003), The Emergence of Science and Technology Indicators: Why Did Governments Supplement Statistics with 

Indicators?, Research Policy, 32 (4): 679-691 
30  OECD (2001), Drivers of Growth: Information Technology, Innovation and Entrepreneurship, Paris: OECD, p. 119. 



 

The Making of Science, Technology and Innovation Policyé, 2009 9 

that as early as 1919 the US economist W. C. Mitchell suggested presenting narratives to policy-makers with statistics 

precisely as such30F

31: 

Secure a quantitative statement of the critical elements in an officialôs problem, draw it up in concise form, 

illuminate the tables with a chart or two, bind the memorandum in an attractive cover tied with a neat bow-

knot (é). The data must be simple enough to be sent by telegraph and compiled overnight. 

Apart from visual devices, an important strategy is black-boxing the limitations of statistics31F

32. This is done by using 

footnotes, appendices or separate manuals (like the so-called metadata), where the limitations are discussed, but 

without effect on the core of the text and its conclusions. The ñargument from limitationsò (the form of which is like 

ñthe data are incomplete, but this does not affect the resultsò) is also a recurrent tool of the strategy. 

Letôs conclude this section by mentioning that one of the major factors responsible for the success (use) of official 

statistics is their regularity. Individual researchers rarely have the resources to produce surveys year after year that 

would enable the measurement of trends. They certainly contribute in the very early development stages: they originate 

new statistics and methodologies. But they do not have the resources to conduct the surveys themselves, and many shift 

rapidly to another object of study, or become simple users of statistics produced by officials. Only governments and 

their statistical bureaus have sufficient resources to conduct annual surveys and produce regular statistics. This gives 

them a relative monopoly and allows them to impose their vision (statistical) of science. 

THE POLICY (POLITICAL?) PROCESS 

A narrative generally ends with policy recommendations. In order to benefit from a new context, a series of policy 

objectives is defined, obstacles and conditions are identified, and targets suggested. The policy recommendations 

conclude the narrative. They, more often than not, are lists of fads, recurring from year to year, like increasing the 

industrial share of R&D in the national budget, improving the relevance of public research, need for structural 

adjustment (through adoption of new technologies). To these, the organization adds a little something new in every 

periodic publication or review, generally specific to a new technology or to a public issue. Over history, the most 

popular and regular policy formulas were magic ratios like the GERD/GDP ratio of 3% suggested as early as the 1960s, 

and a basic/applied research ratio of 10-20% basic research, first suggested by the French statistician Condorcet32F

33. 

In general, the development of frameworks at the OECD proceeds as follows. Work proposals come either from the 

Secretariat (in collaboration with committees composed of national delegates) or from the ministers (often under the 

influence of a specific country). Studies are then conducted by the Secretariat, with a view to presentation to a 

ministerial conference. The conference, in turn, generally under the advice of the OECD officials themselves, asks for 

more work. This is how projects extend and build on previous ones. To contribute to its work as a think tank, the 

OECD develops the following activities: 

- Organizing conferences and workshops to discuss policy issues. 

- Setting up specific committees and working groups composed of national delegates. 

- Sharing workload with member countries. 

- Inviting or hiring national bureaucrats and researchers to join the organization. 

 

The work is motivated by several factors, two of which deserve mention. Linked as it is to the political process, the 

OECD has to feed ministers regularly for their meetings. An easy way to do this is to turn readily-available academic 

fads into keywords (or buzzwords), then into ñsynthetic, attractive and readily understandableò narratives33F

34 in order to 

                                                 
31  W. C. Mitchell (1919), Statistics and Government, Journal of the American Statistical Association, 125, March, p. 223-235. 
32  B. Godin (2005), Measurement and Statistics on Science and Technology, Chapter 9, op. cit. 
33  On basic research, see: B. Godin (2003), Measuring Science: Is There Basic Research Without Statistics?, Social Science 

Information, 42 (1): 57-90. 
34  OECD (1998), Possible Meeting of the CSTP at Ministerial Level: Statistical Compendium, DSTI/EAS/STP/NESTI (98) 8, p. 3. 
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catch the attention of policy-makers. Buzzwords and slogans help sell ideas: they are short, simple, and easy to 

remember. 

A second factor explaining the OECD strategy is the publication process, or the rush to publish. As think tank, the 

OECD publishes biannual, yearly and biennial reports, among them those for ministersô conferences, where time 

frames are very tight. Publication drives policy: there is a need for a new issue at every conference, and in every new 

publications of the organization, such as Science, Technology and Industry Scoreboard or Science, Technology and 

Industry Outlook, both published every two years. Umbrella concepts like that on the knowledge-based economy are 

thus very fertile for producing documents. They synthesize what is already available, what comes from day-to-day 

work conducted in other contexts and, above all, what is fashionable, often at the price of original work. 

Academics are regularly enrolled in these activities. They are consulted or invited to participate in various OECD 

forums to ñenlightenò bureaucrats and share ideas, as researchers from SPRU did in the 1970s-80s. They are also 

employed as deputy directors by the organization, like D. Foray to work on the knowledge-based economy, or B. A. 

Lundvall on the national innovation system. In the end, academics are ñaccomplicesò. Many of them use the same 

labels and narratives in their papers, and few of them develop fundamental criticisms of the frameworks. 
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CHAPTER ONE 

THE LINEAR MODEL OF INNOVATION:   

THE HISTORICAL CONST RUCTION OF AN ANALYT ICAL FRAMEWORK  
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One of the first conceptual frameworks developed for understanding science, technology, and innovation, and its 

relation to the economy has been the ñlinear model of innovationò. The model postulates that innovation starts with 

basic research, then adds applied research and development, and ends with production and diffusion: 

 

Basic research Ÿ Applied research Ÿ Development Ÿ (Production and) Diffusion 

 

The model has been very influential. Academic organizations, as a lobby for research funds34F

1, and economists, as expert 

advisors to policy-makers35F

2, have disseminated the framework, or the understanding based thereon, widely, and have 

justified government support to science using this framework. As a consequence, science policies carried a linear 

conception of innovation for many decades36F

3, as did ademics studying science and technology. Very few people defend 

such an understanding of innovation anymore: ñEveryone knows that the linear model of innovation is deadò, claimed 

N. Rosenberg37F

4 and others. But is this really the case? 

In order to answer this question, one must first trace the history of the framework to the present. The precise source of 

the linear model of innovation remains nebulous, having never been documented. Several authors who have used, 

improved or criticized the model in the last fifty years have rarely acknowledged or cited any original source. The 

model was usually taken for granted. According to others, however, it comes directly from, or is advocated clearly in 

V. Bushôs Science: The Endless Frontier (1945)38F

5. One would be hard pressed, however, to find anything but a rudiment 

of this model in Bushôs manifesto. Bush talked about causal links between science (namely basic research) and socio-

economic progress, but nowhere did he develop a full-length argument based on a sequential process broken down into 

its elements, or one that suggests a mechanism whereby science translates into socioeconomic benefits.  

In this chapter, I trace the history of the model, suggesting that it developed in three (overlapping) stages. The first, 

from the beginning of the twentieth century to circa 1945, was concerned with the first two terms, basic research and 

applied research. This period was characterized by the ideal of pure science, and people began developing a case for a 

causal link between basic research and applied research. This is the rhetoric in which Bush participated. Bush borrowed 

his arguments directly from his predecessors, among them industrialists and the US National Research Council. The 

second stage, lasting from 1934 to circa 1960, added a third term to the discussion, namely development, and created 

the standard three-stage model of innovation: Basic research Ÿ Applied research Ÿ Development. Analytical as well 

as statistical reasons were responsible for this addition. Analysis of this stage constitutes the core of this chapter. The 

last stage, starting in the 1950s, extended the model to non-R&D (not research and development-related) activities like 

production and diffusion. Business schools as well as economists were responsible for this extension of the model.  

The main thesis of this chapter is that the linear model owes little to Bush. It is rather a theoretical construction of 

industrialists, consultants and business schools, seconded by economists. The paper also argues that the long survival of 

the model, despite regular criticisms, is due to statistics. Having become entrenched with the help of statistical 

categories for counting resources and allocating money to science, technology, and innovation, and standardized under 

the auspices of the OECD and its methodological manuals, the linear model functioned as a ñsocial factò. Rival models, 

because of their lack of statistical foundations, could not easily become substitutes. 

This chapter is divided into four parts. The first discusses the core of the linear model and its source, that is, the 

political rhetoric, or ideal of pure science, that made applied research dependent on basic research. The second part 

                                                 
1  National Science Foundation (1957), Basic Research: A National Resource, Washington: National Science Foundation. 
2  R. R. Nelson (1959), The Simple Economics of Basic Scientific Research, Journal of Political Economy, 67: 297-306. 
3  D. C. Mowery (1983), Economic Theory and Government Technology Policy, Policy Sciences, 16, p. 27-43. 
4  N. Rosenberg (1994), Exploring the Black Box: Technology, Economics, and History, New York: Cambridge University Press, 

p. 139. 
5  J. Irvine and B. R. Martin (1984), Foresight in Science: Picking the Winners, London: Frances Pinter, p. 15; C. Freeman (1996), 

The Greening of Technology and Models of Innovation, Technological Forecasting and Social Change, 53, p. 27-39; D. A. 

Hounshell (1996), The Evolution of Research in the United States, in R. S. Rosenbloom and W. J. Spencer (eds.), Engines of 

Innovation: US Industrial Research at the End of an Era, Boston: Harvard Business School, p. 43; D. C. Mowery (1997), The 
Bush Report after Fifty Years ï Blueprint or Relic?, in C. E. Barfield (ed.), Science for the 21st Century: The Bush Report 

Revisited, Washington: AEI Press, p. 34; D. E. Stokes (1997), Pasteurôs Quadrant: Basic Science and Technological Innovation, 

Washington: Brookings Institution, p. 10; P. Mirowski and E.-M. Sent (2002), Science Bought and Sold: Essays in the Economics 
of Science, Chicago: University of Chicago Press, p. 21-22.  
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discusses the first real step toward the construction of the model by looking at the category and the activity called 

ñdevelopmentò and its place in industrial research. The third part documents the crystallization of the standard three-

stage model via statistics. It argues that statistics has been one of the main factors explaining why the model gained 

strength and is still alive, despite criticisms, alternatives and a proclaimed death. The last part documents how 

economists extended the standard model to include innovation. 

The chapter focuses on the United States, although it draws on material from other countries in cases where individuals 

from those countries contributed to the construction of the model or to the understanding of the issue. Two factors 

explain this focus. First, American authors were the first to formalize the linear model of innovation and to discuss it 

explicitly in terms of a sequential model. Second, the United States was the first country where the statistics behind the 

model began to be systematically collected. Although limited, this focus allows one to balance D. Edgertonôs recent 

thesis that the linear model does not exist: ñthe linear model is very hard to find anywhere, except in some descriptions 

of what it is supposed to have beenò, claims Edgerton (p. 32)39F

6. To Edgerton, the model does not exist in Bushôs 

writings, and here Edgerton and the present author agree, but neither does it exist elsewhere. As this chapter implies, 

only if one looks at the term itself can one supports Edgertonôs thesis. The model, whatever its name, has been THE 

mechanism used for explaining innovation in the literature on technological change and innovation since the late 1940s. 

A POLITICAL RHETORIC 

From the ancient Greeks to the present, intellectual and practical work have always been seen as opposites. The 

ancients developed a hierarchy of the world in which theoria was valued over practice. This hierarchy rested on a 

network of dichotomies that were deeply rooted in social practice and intellectual thought40F

7. 

A similar hierarchy existed in the discourse of scientists: the superiority of pure over applied research. The concept of 

pure research originated in 1648, according to I. B. Cohen41F

8. It was a term used by philosophers to distinguish between 

science or ñnatural philosophyò, which was motivated by the study of abstract concepts, and the mixed ñdisciplinesò or 

subjects, like mixed mathematics, that were concerned with concrete concepts42F

9. The term came into regular use at the 

end of the nineteenth century, and was usually accompanied by the contrasting concept of applied research.  

The ideology of pure science has been widely documented in the literature, and will not be discussed here43F

10. Suffice it 

to say that pure science was opposed to applied science on the basis of motive (knowledge for its own sake). The 

dichotomy was a rhetorical resource used by scientists, engineers and industrialists for defining, demarking and 

controlling their profession (excluding amateurs), for financial support (to scientists), for raising the status of a 

discipline (as engineers did), and for attracting scientists (as industrialists did). It was also a rhetoric, particularly 

present in Great Britain, that referred to the ideal of the freedom of science from interference from the State, with an 

eye to the counter-reference and negative experiences in Nazi Germany and to some extent in the Soviet Union44F

11. 

Although generally presented as opposing terms, however, basic and applied research were at the same time being 

discussed as cooperating: basic research was the seed from which applied research grew: ñto have the applications of a 

science, H. A. Rowland argued, the science itself must existò45F

12. Certainly, the relationship was one-way (from basic to 

                                                 
6  D. Edgerton (2004), The Linear Model did not Exist, in K. Grandin, N. Worms, and S. Widmalm (eds.), The Science-Industry 

Nexus: History, Policy, Implications, Sagamore Beach: Science History Publications, p. 31-57. 
7  H. Arendt (1958), The Human Condition, Chicago: Chicago University Press; G. E. R. Lloyd (1966), Polarity and Analogy: Two 

Types of Argumentation in Early Greek Thought, Cambridge: Cambridge University Press; N. Lobkowicz (1967), Theory and 
Practice: History of a Concept From Aristotle to Marx, London: University of Notre Dame. 

8  I. B. Cohen (1948), Science Servant of Men, Boston: Little, Brown and Co., p. 56. 
9  R. Kline (1995), Construing Technology as Applied Science: Public Rhetoric of Scientists and Engineers in the United States, 

1880-1945, Isis, 86: 194-221. 
10  G. H. Daniels (1967), The Pure-Science Ideal and Democratic Culture, Science, 156, p. 1699-1705; E. T. Layton (1976), 

American Ideologies of Science and Engineering, Technology and Culture, 17 (4), p. 688-700; D. A. Hounshell (1980), Edison 
and the Pure Science Ideal in 19th Century America, Science, 207: 612-617. 

11  Congress for Cultural Freedom (1955), Science and Freedom, London: Martin Secker & Warburg. 
12  H. A. Rowland (1902), A Plea for Pure Science, in The Physical Papers of Henry Augustus Rowland, Baltimore: Johns Hopkins 

University Press, p. 593-613, p. 594; N. Reingold and A. P. Molella (1991), Theorists and Ingenious Mechanics: Joseph Henry 
Defines Science, in N. Reingold (ed.), Science: American Style, New Brunswick: Rutgers University Press, p. 127-155. 
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applied research), but it gave rise to a whole rhetoric in the early twentieth century, one supported by the industrialists, 

among others. 

Industrial research underwent expansion after World War I. Several big firms became convinced of the necessity of 

investing in research,  

and began building laboratories for the purpose of conducting research46F

13. Governments accompanied them in these 

efforts. In Great Britain, for example, the Department of Scientific and Industrial Research aided and funded industries 

in their efforts to create industrial research organizations47F

14. In the United States, it was the newly created National 

Research Council of the National Academy of Science that gave itself the task of promoting industrial research. The 

close links between the National Research Council and industry go back to the preparations for war (1916). 

Industrialists were called upon for the World War I research efforts coordinated by the National Research Council. 

After the war, the National Research Council, ñimpressed by the great importance of promoting the application of 

science to industry (é), took up the question of the organization of industrial research, (é) and inaugurated an 

Industrial Research Division to consider the best methods of achieving such organization (é)ò48F

15. ñIn the 1920s, the 

division had been a hotbed of activity, preaching to corporations the benefits of funding their own researchò49F

16. The 

division conducted special studies on industrial research, arranged visits to industrial research laboratories for 

executives, organized conferences on industrial research, helped set up the Industrial Research Institute ï an 

organization that still exists today50F

17 ï and compiled a biennial repertory of laboratories from 1920 to the mid 1950s51F

18. 

In Europe as well as in North America, industrialists reproduced the nineteenth-century discourses of scientists on the 

utility of science: pure research was ñof incalculable value to all the industriesò52F

19. The Reprint and Circular Series of 

the National Research Council in the late 1910s and 1920s was witness to this rhetoric by industrialists. J. J. Carty, 

                                                 
13  On the emergence of industrial research, see: National Research Council (1941), Research: A National Resource (II): Industrial 

Research, National Resources Planning Board, Washington: USGPO; G. Wise (1985), W. R. Whitney, General Electric, and the 

Origins of US Industrial Research, New York: Columbia University Press; L. S. Reich (1985), The Making of American 
Industrial Research: Science and Business at GE and Bell, 1876-1926, New York: Cambridge University Press; D. A. Houndshell 

and J. K. Smith (1988), Science and Corporate Strategy: Du Pont R&D, 1902-1980, New York: Cambridge University Press; A. 
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vice-president, ATT, was a typical purveyor of the rhetoric. In 1924, speaking before the US Chamber of Commerce, 

he proclaimed, ñThe future of American business and commerce and industry is dependent upon the progress of 

scienceò53F

20. To Carty, science was composed of two kinds: pure and applied. To him, the pure scientists were ñthe 

advance guard of civilization. By their discoveries, they furnish to the engineer and the industrial chemist and other 

workers in applied science the raw material to be elaborated into manifold agencies for the amelioration of mankind, 

for the advancement of our business, the improvement of our industries, and the extension of our commerceò54F

21. 

Carty explicitly refused to debate the contested terms ñpureò and ñappliedò research: ñthe two researches are conducted 

in exactly the same mannerò55F

22. To Carty, the distinction was one of motive. He wanted to direct ñattention to certain 

important relations between purely scientific research and industrial research which are not yet sufficiently 

understoodò56F

23. In an article published in Science57F

24, Carty developed the first full-length rationale for public support to 

pure research. To the industrialist, ñpureò science was ñthe seed of future great inventions which will increase the 

comfort and convenience and alleviate the sufferings of mankindò58F

25. But because the ñpractical benefits, though 

certain, are usually indirect, intangible or remoteò, Carty thought that the ñnatural home of pure science and of pure 

scientific research is to be found in the universityò59F

26, where each master scientist ñshould be provided with all of the 

resources and facilities and assistants that he can effectively employ, so that the range of his genius will in no way be 

restricted for the want of anything which money can provide. Every reasonable and even generous provision should be 

made for all workers in pure scienceò60F

27. But ñwhere are the universities to obtain the money necessary for the carrying 

out of a grand scheme of scientific research? It should come from those generous and public-spirited menò 

[philanthropists and, much later, the State] and ñfrom the industriesò61F

28. This rationale is not very far from that offered 

by W. von Humboldt, founder of the modern university, in his memorandum of 180962F

29. 

V. Bush followed this rhetoric with his blueprint for science policy, titled Science: The Endless Frontier63F

30. He 

suggested the creation of a National Research Foundation that would publicly support basic research on a regular basis. 

The rhetoric behind the Bush report was entirely focused on the socioeconomic benefits of science: ñAdvances in 

science when put to practical use mean more jobs, higher wages, shorter hours, more abundant crops, more leisure for 

recreation, for study, for learning how to live the deadening drudgery which has been the burden of the common man 

for past ages. Advances in science will also bring higher standards of living, will lead to the prevention or cure of 

diseases, will promote conservation of our limited resources, and will assure means of defense against aggressionò64F

31. 

ñWithout scientific progress no amount of achievement in other directions can insure our health, prosperity, and 

security as a nation in the modern worldò65F

32.  

But what is the mechanism by which science translates into socio-economic progress? Bush distinguished between 

basic research, or research ñperformed without thought of practical endsò and resulting ñin general knowledge and an 

understanding of nature and its lawsò, and applied research66F

33. To Bush, however, the two types of research were or 

should be understood in relation to each other: ñthe further progress of industrial development would eventually 
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stagnate if basic research were long neglectedò67F

34. Basic research is the ñmeans of answering a large number of 

important practical problemsò68F

35. But how:69F

36 

Basic research (é) creates the fund from which the practical applications of knowledge must be drawn. 

New products and new processes do not appear full-grown. They are founded on new principles and new 

conceptions, which in turn are painstakingly develop by research in the purest realms of science. Today, it 

is truer than ever that basic research is the pacemaker of technological progress. 

This was the furthest Bush went in explaining the links between science and society. It is clear that Bush was dealing 

with the Basic research Ÿ Applied Research part of the linear model of innovation. Certainly, in the appendix to the 

Bush report, the Bowman committee used a taxonomy of research composed of pure research/background 

research/applied research and development, and argued that ñthe development of important new industries depends 

primarily on a continuing vigorous progress of pure scienceò70F

37. But the taxonomy was never used as a sequential model 

to explain socio-economic progress. It served only to estimate the discrepancy between the funds spent on pure 

research and those spent on applied research.  

Bush succeeded in putting the ideal of pure science on officialsô lips and influencing the emerging science policy71F

38. But 

he suggested no more than a causal link between basic research and its applications, and the rhetoric had been 

developed and discussed at length before him. Nowhere did Bush suggest a model, unless one calls a one-way 

relationship between two variables a model. Rather, we owe the development of such a model to industrialists, 

consultants and business schools.  

AN INDUSTRIAL PERSPECTIVE 

The early public discourses of industrialists on science, among them those of US National Research Council members, 

were aimed at persuading firms to get involved in research. For this reason, they talked mainly of science or research, 

without always discussing the particulars of science in industry. But within firms, the reality was different: there was 

little basic research, some applied research, and a lot of development. It was not long before the organization of 

research reflected this fact.  

Development (or the ñDò in R&D) is a term that came from industry72F

39. In the early 1920s, many large firms had 

ñdepartments of applied science, or, as they are sometimes called, departments of development and researchò73F

40. It was 

not long before every manager was using the expression ñresearch and developmentò, recognizing the fact that the 

development of new products and processes was as important as research, if not the primary task of industrial 

laboratories. In the 1930s, several annual reports of companies brought both terms together74F

41. 

To industrialists, in fact, development was more often than not an integral part of (applied) research or engineering75F

42. 

ñMany laboratories are engaged in both industrial research and industrial development. These two classes of 

investigation commonly merge so that no sharp boundary can be traced between them. Indeed, the term research is 

frequently applied to work which is nothing else than development of industrial processes, methods, equipments, 

production or by-productsò76F

43. And the organization of research in firms reflected this interpretation. Until World War 
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II, very few firms had separate departments for research on the one hand, and (product) development on the other77F

44. 

Both activities were carried out in the same department, and it was the same kind of people (engineers) that carried out 

both types of tasks78F

45. As noted by J. D. Bernal, the British scientist well known for his early social analysis of science 

and his advocacy for science planning rather than the freedom of science: there is a ñdifficulty of distinguishing 

between scientists and technicians in industrial service. Many mechanical engineers, and still more electrical and 

chemical engineers, are necessarily in part scientists, but their work on the whole cannot be classified as scientific 

research as it mostly consists of translating into practical and economic terms already established scientific resultsò79F

46. 

Development as an activity got more recognition and visibility when industrialists, consultants and academics in 

business schools started studying industrial research. In the 1940s and 1950s, these individuals began developing 

ñmodels of innovationò. The models, usually illustrated with diagrams, portrayed research as a linear sequence or 

process starting with basic research, then moving on to applied research, and then development. 

Already in 1920, in a book that would remain a classic for decades, C. E. K. Mees, director of the research laboratory at 

Eastman Kodak, described the development laboratory as a small-scale manufacturing department devoted to 

developing ña new process or product to the stage where it is ready for manufacture on a large scaleò80F

47. The work of 

this department was portrayed as a sequential process: development work is ñfounded upon pure research done in the 

scientific department, which undertakes the necessary practical research on new products or processes as long as they 

are on the laboratory scale, and then transfers the work to special development departments which form an intermediate 

stage between the laboratory and the manufacturing departmentò81F

48. To the best of my knowledge, however, the first 

and most complete description of such a sequence came from To the best of my knowledge, however, the first 

discussion of such a model in the literature came in 1928 from Maurice Holland, Director of the Engineering and 

Industrial Research Division at the National Research Council82F

49. To Holland, research is "the prime mover of industry", 

because it accelerates the development of industries by reducing what he called the ñtime lagò between discovery and 

production. As n argument to convince industries to invest in research, Holland portrayed the development of industries 

as a series of successive stages. He called his sequence the "research cycle". It consists of the following seven steps:  

- pure science research 

- applied research 

- invention 

- industrial research [development] 

- industrial application 

- standardization 

- mass production 

 

More than ten years later, R. Stevens, vice-president at Arthur D. Little, in a paper appearing in the US National 

Research Council report to the Resources Planning Board titled Research: A National Resource, made his own attempt 
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ñto classify the stages through which research travels on its way towards adoption of results by industryò83F

50. By then, 

such sequences were the common understanding of the relations between research and industry, and would proliferate 

among industrialistsô writings in the 1940s. For example, F. R. Bichowsky, in a lucid analysis of industrial research, 

distinguished several industrial activities and organized them into a ñflow sheet chartò: research, engineering (or 

development), and factory (or production)84F

51. C. C. Furnas, in a classic analysis conducted for the Industrial Research 

Institute, proposed five activities and presented them as a flow diagram: exploratory research and fundamental research 

activities at a first level, followed by applied research, then development, then production85F

52. 

These efforts would soon culminate in the well-known three-stage model: Basic research Ÿ Applied research Ÿ 

Development. It is to official (i.e.: government) statistics that we owe this simpler (and now standardized) model. 

A STATISTICAL CLASSIFICATION 

Over the period 1920-1950, official statisticians developed a definition and a classification of research made up of three 

components ï basic research/applied research/development. The story of these statistical categories is the key to 

understanding the crystallization of the linear model of innovation and its coming into widespread use: statistics 

solidified a model in progress into one taken for granted, a ñsocial factò. 

Although research had been measured since the early 1920s, the question ñwhat is research?ò was often left to the 

questionnaire respondent to decide. The first edition of the US National Research Council directory of industrial 

research laboratories, for example, reported using a ñliberal interpretationò that let each firm decide which activities 

counted as research: ñall laboratories have been included which have supplied information and which by a liberal 

interpretation do any research workò86F

53. Consequently, any studies that used National Research Council numbers, like 

those by Holland and Spraragen87F

54 and by the US Work Project Administration88F

55 were of questionable quality: ñthe use 

of this information [National Research Council data] for statistical analysis has therefore presented several difficult 

problems and has necessarily placed some limitations on the accuracy of the tabulated materialò.89F

56 Again in 1941, in its 

study on industrial research conducted for the US National Resources Planning Board, the National Research Council 

used a similar practice: the task of defining the scope of activities to be included under research was left to the 

respondent90F

57. In Canada as well, the first study by the Dominion Bureau of Statistics contained no definition of 

research91F

58. 

The situation improved in the 1950s and 1960s thanks wholly to the US National Science Foundation and the OECD, 

and to their methodological conventions. In 1951, the National Science Foundation was mandated by law to measure 

scientific and technological activities in the country92F

59. To that end, the organization developed a series of surveys on 

R&D based on precise definitions and categories. Research then came to be defined as ñsystematic, intensive study 

directed toward fuller knowledge of the subject studied and the systematic use of that knowledge for the production of 

useful materials, systems, methods, or processesò93F

60. Industrialized countries followed the National Science Foundation 

definition when they adopted the OECD Frascati manual in 1963. The manual was designed to help countries in their 

measurement efforts, offering methodological conventions that theoretically allowed international comparisons. In line 

with the National Science Foundationôs definition, the manual defined research as ñcreative work undertaken on a 
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systematic basis to increase the stock of scientific and technical knowledge and to use this stock of knowledge to devise 

new applicationsò94F

61. 

Before such definitions were arrived at, however, two practices prevailed. First, research was ñdefinedò either by 

simply excluding routine activities or by supplying a list of activities designed solely to help respondents decide what 

to include in their responses to the questionnaires. Among these activities were basic and applied research, but also 

engineering, testing, prototypes, and design, which would later collectively come to be called development. No 

disaggregated data were available for calculating statistical breakdowns, however. In fact, ñin these early efforts, the 

primary interest was not so much in the magnitude of the dollars going into scientific research and development, either 

in total or for particular agencies and programs, but in identifying the many places where research and development of 

some sort or other was going on (é)ò95F

62. 

Although no definition of research per se existed, people soon started ñdefiningò research by way of categories. This 

was the second practice. The most basic taxonomy relied on the age-old dichotomy: pure vs. applied research. Three 

typical cases prevailed with regard to the measurement of these two categories. The first was an absence of statistics 

because of the difficulty of producing any numbers that met the terms of the taxonomy. Bernal, for example, was one 

of the first academics to conduct a national measurement of research in a western country, although he used available 

statistics and did not conduct his own survey. In The Social Function of Science (1939), Bernal did not break the 

research budget down by type of research or ñcharacter of workò ð such statistics were not available. ñThe real 

difficulty (é) in economic assessment of science is to draw the line between expenditures on pure and on applied 

scienceò, Bernal said96F

63. He could only present total numbers, sometimes broken down by economic sector according to 

the System of National Accounts, but he could not figure out how much was allocated to basic research and how much 

to applied research. 

The second case with regard to the pure vs. applied taxonomy was the use of proxies. In his well-known report, 

Science: The Endless Frontier (1945), Bush elected to use the term ñbasic researchò, and defined it as ñresearch 

performed without thought of practical endsò97F

64. He estimated that the nation invested nearly six times as much in 

applied research as in basic research98F

65. The numbers were derived by equating college and university research with 

basic research, and equating industrial and government research with applied research. More precise numbers appeared 

in appendices, such as ratios of pure research in different sectors ï 5% in industry, 15% in government, and 70% in 

colleges and universities99F

66 ï but the sources and methodology behind these figures were absent from the report. 

The third case was skepticism about the utility of the taxonomy, to the point that authors rejected it outright. For 

example, Research: A National Resource (1938), one of the first measurements of science in government in America, 

explicitly refused to use any categories but research: ñThere is a disposition in many quarters to draw a distinction 

between pure, or fundamental, research and practical research (é). It did not seem wise in making this survey to draw 

this distinctionò100F

67. The reasons offered were that fundamental and applied research interact, and that both lead to 

practical and fundamental results. This was just the beginning of a long series of debates on the classification of 

research according to whether it is categorized as pure or applied101F

68. 

We owe to the British scientist J. S. Huxley, a colleague of Bernal and a member of the ñvisible collegeò of socialist 

scientists, as G. Werskey called them102F

69, the introduction of new terms and the first formal taxonomy of research (see 

Table 1). The taxonomy had four categories: background, basic, ad hoc and development103F

70. The first two categories 
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defined pure research: background research is research ñwith no practical objective consciously in viewò, while basic 

research is ñquite fundamental, but has some distant practical objective (é). Those two categories make up what is 

usually called pure scienceò104F

71. To Huxley, ad hoc meant applied research, and development meant more or less what 

we still mean by the term today: ñwork needed to translate laboratory findings into full-scale commercial practiceò. 

Despite having these definitions in mind, however, Huxley did not conduct any measurements. Nevertheless, Huxleyôs 

taxonomy had several influences. Bush borrowed the term ñbasicò from Huxley when talking of pure research. The 

concept of ñoriented basic researchò, later adopted by the OECD, comes from Huxleyôs definition of basic research105F

72. 

Above all, the taxonomy soon came to be widely used for measurement. We owe to the US Presidentôs Scientific 

Research Board the first such use. 

Table 3. Taxonomies of Research 

J. Huxley (1934) background, basic, ad hoc, 

development 

J. D. Bernal (1939) pure (and fundamental), 

applied 

V. Bush (1945) basic, applied 

Bowman (in Bush, 1945) pure, background, applied and 

development 

US Presidentôs Scientific Research Board 
(1947) 

fundamental, background, 
applied, development 

Canadian Department of Reconstruction 

and Supply (1947) 

pure, background, applied, 

development, analysis & 

testing 

R. N. Anthony uncommitted, applied, 

development 

US National Science Foundation (1953) basic, applied, development 

British Department for Scientific and 
Industrial Research (1958) 

basic, applied and 
development, prototype 

OECD (1962) fundamental, applied, 

development 

 

The US Presidentôs Scientific Research Board conducted the first real survey of resources devoted to ñR&Dò in 1947, 

marking the first time that the term appeared in a statistical report, and using precise categories, although these did not 

make it ñpossible to arrive at precisely accurate research expendituresò because of the different definitions and 

accounting practices employed by institutions106F

73. In the questionnaire it sent to government departments (other sectors 

like industry were estimated using existing sources of data), it included a taxonomy of research that was inspired 

directly by Huxleyôs four categories: fundamental, background, applied and development107F

74. Using these definitions, the 

Board estimated that basic research accounted for about 4% of total research expenditure in the United States108F

75, and 

showed that university research expenditures were far lower than government or industry expenditures, that is, lower 

than applied research expenditures, which amounted to 90% of total research109F

76. Despite the Boardôs precise definitions, 

however, development was not measured separately, but was rather included in applied research. 

We owe to the Canadian Department of Reconstruction and Supply the first measurement of development per se110F

77. In 

the survey it conducted in 1947 on government research, it distinguished research, defined as being composed of pure, 
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background111F

78 and applied research (but without separating the three items ñbecause of the close inter-relationships of 

the various types of researchò), from development and analysis and testing. Development was defined as ñall work 

required, after the initial research on laboratory (or comparable) level has been completed, in order to develop new 

methods and products to the point of practical application or commercial productionò. 

The inclusion of development was (probably) motivated by the importance of military procurement in the 

governmentôs budget for science (contracts to industry for developing war technologies). Indeed, most of the data in the 

report were broken down into military and non-military expenditures. Overall, the Department estimated that 40% of 

the $34 million spent on federal scientific activities went to research, 48% to development, and 12% into analysis and 

testing. 

Although innovative with regard to the measurement of development in government research112F

79, Canada would not 

repeat such measurements for years, and never did measure development in industry before the advent of the OECD 

statistical recommendations in the Frascati manual (1962). It is rather to accountant R. N. Anthony of Harvard Business 

School that we owe the first, and an influential, series of systematic measurements of all of the terms in the taxonomy. 

By that time, however, the taxonomy was reduced to three terms, as it continues to this day: basic research, applied 

research, and development. 

An important measurement issue before the 1950s concerned the demarcation of research and non-research activities. 

Anthony et al. identified two problems: there were too many variations on what constituted research, and too many 

differences among firms concerning which expenses to include in research113F

80. Although routine work was almost always 

excluded, there were wide discrepancies at the frontier between development and production, and between scientific 

and non-scientific activities: testing, pilot plants, design, and market studies were sometimes included in research and 

at other times not. To Anthony, the main purpose of a survey was to propose a definition of research and then to 

measure it. 

In the early 1950s, the US Department of Defenseôs Research and Development Board asked Anthony to conduct a 

survey of industrial research to enable the government to locate available resources in the event of war, that is, to 

ñassist the military departments in locating possible contractors for research and development projectsò114F

81. Anthony had 

just conducted a survey of management controls in industrial research laboratories for the Office of Naval Research in 

collaboration with the corporate associates of the Harvard Business School115F

82, and was about to begin another survey to 

estimate the amounts spent on research. The Research and Development Board asked both the Harvard Business 

School and the Bureau of Labor Statistics to conduct a joint survey of industrial research. The two institutions 

coordinated their efforts and conducted three surveys. The results were published in 1953116F

83. 

The Bureau of Labor Statistics report does not have detailed statistics on categories of research, but Anthonyôs report 

does. The survey included precise definitions that would have a major influence on the National Science Foundation, 

which was the official producer of statistics on science and technology in the United States, and on the OECD. 

Anthonyôs taxonomy contained three items117F

84: 

- Uncommitted research: pursue a planned search for new knowledge whether or not the search has reference to 

a specific application. 

                                                                                                                                                 
1946 and 1947, Ottawa; Department of Reconstruction and Supply (1947), Research and Scientific Activity: Provincial 

Government Expenditures: 1946-1947, Ottawa. 
78  Here, the term background has changed meaning, as in Bush, and means collection and analysis of data. 
79  The report of the US National Resources Committee on government research published in 1938 made no use of the category 

development. See National Ressources Committee (1938), Research: A National Resource, op. cit. 
80  D. C. Dearborn, R. W. Kneznek and R. N. Anthony (1953), Spending for Industrial Research, 1951-1952, Division of Research, 

Graduate School of Business Administration, Harvard University, p. 91. 
81  Bureau of Labor Statistics (1953), Scientific R&D in American Industry: A Study of Manpower and Costs, Bulletin no. 1148, 

Washington, p. 1, 51-52. 
82  R. N. Anthony and J. S. Day (1952), Management Controls in Industrial Research Organizations, Boston: Harvard University. 
83  D. C. Dearborn, R. W. Kneznek and R. N. Anthony (1953), Spending for Industrial Research, 1951-1952, op. cit; US Department 

of Labor, Bureau of Labor Statistics, Department of Defense (1953), Scientific R&D in American Industry: A Study of 

Manpower and Costs, op. cit. 
84  D. C. Dearborn, R. W. Kneznek and R. N. Anthony (1953), Spending for Industrial Research, 1951-1952, op. cit. p. 92. 
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- Applied research: apply existing knowledge to problems involved in the creation of a new product or process, 

including work required to evaluate possible uses. 

- Development: apply existing knowledge to problems involved in the improvement of a present product or 

process. 

Along with the definitions, Anthony specified precisely the activities that should be included in development (scale 

activity, pilot plants and design) and those that should be excluded (market research, legal work, technical services and 

production). The survey revealed that industry spent 8% of its research budget on basic research (or uncommitted 

research), 42% on new products (applied research) and 50% on product improvement (development)118F

85. This was the 

first of a regular series of measurements of these three categories in the history of science statistics. It soon became the 

norm. 

In the 1950s, the National Science Foundation started measuring research in the United States as part of its mandate to 

regularly evaluate national scientific activities. The Foundation extended Anthonyôs definitions to all sectors of the 

economy ï industry, government, and university ï and produced the first national numbers on research so broken 

down. It took about a decade, however, for standards to appear at the National Science Foundation. Until 1957, for 

example, development was merged with applied research in the case of government research, with no breakdown. 

Similarly, until 1959, statistics on development were neither presented nor discussed in reports on industrial research. 

119F

86 But thereafter, the three components of research were separated, and a national total was calculated for each based on 

the following definitions: 

- Basic or fundamental research: research projects which represent original investigation for the advancement of 

scientific knowledge and which do not have specific commercial objectives, although they may be in the fields 

of present or potential interest to the reporting company120F

87. 

- Applied research: research projects which represent investigation directed to discovery of new scientific 

knowledge and which have specific commercial objectives with respect to either products or processes. 

- Development: technical activity concerned with non-routine problems which are encountered in translating 

research findings or other general scientific knowledge into products or processes. 

 

As Anthony had done, the National Science Foundation suggested three categories ï with different labels. The main, 

and the important, difference has to do with the fact that Anthonyôs definitions center on output, while the National 

Science Foundationôs emphasized aims or objectives. Nevertheless, the two taxonomies produced approximately the 

same statistical results. The NSF surveys showed once more the importance of development in the research budget: 

over 60% in the case of government research121F

88, and 76.9% for industrial research122F

89. For the nation as a whole, the 

numbers were 9.1% of the research budget for basic research, 22.6% for applied research and 68.3% for development123F

90. 

Anthonyôs and the National Science Foundationôs categories were developed for statistical purposes. However, the 

three categories also served to describe components or steps in the process of innovation, a description that culminated 

in the three-stage linear model: Basic research Ÿ Applied research Ÿ Development. Anthony talked of ña spectrum, 

with basic research at one end, with development activities closely related to production or sale of existing products at 

the other end, and with other types of research and development spread between these two extremesò124F

91. The National 

Science Foundation, for its part, suggested that: ñthe technological sequence consists of basic research, applied 

research, and developmentò, where ñeach of the successive stages depends upon the precedingò125F

92. 

                                                 
85  Ibid., p. 47. 
86  The situation was similar in other countries. See, for example: Department of Scientific and Industrial Research (1958), Estimates 
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87  The last part of the definition was, and still is, used for the industrial survey only. 
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1956, 1957, and 1958, NSF 57-24, Washington, p. 10. 
89  National Science Foundation (1959), Science and Engineering in American Industry: Report on a 1956 Survey, NSF 59-50, 

Washington, p. 49. 
90  National Science Foundation (1962), Trends in Funds and Personnel for Research and Development, 1953-61, Reviews of Data 
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By the early 1960s, most countries had more or less similar definitions of research and its components126F

93. Research had 

now come to be defined as R&D, composed of three types of activities127F

94. The OECD gave itself the task of 

conventionalizing and standardizing the definition. In 1963, OECD member countries adopted a methodological 

manual for conducting R&D surveys and producing statistics for indicators and policy targets, like the GERD/GDP 

ratio (Gross Expenditures on R&D divided by Gross Domestic Product). The Frascati manual included precise 

instructions for separating research from related scientific activities and non-research activities, and development from 

production. The manual, in line with the National Science Foundationôs definitions, also recommended collecting and 

tabulating data according to the three components of research defined as follows128F

95: 

- Fundamental research: work undertaken primarily for the advancement of scientific knowledge, without a 

specific practical application in view. 

- Applied research: work undertaken primarily for the advancement of scientific knowledge, with a specific 

practical aim in view. 

- Development: the use of the results of fundamental and applied research directed to the introduction of useful 

materials, devices, products, systems, and processes, or the improvement of existing ones. 

ECONOMISTS APPROPRIATE THE MODEL 

Economists came into the field quite late. In the early 1960s, when the three components of R&D were already in place 

in official circles, economists were still debating terms like development and its inclusion in R&D ï because it was 

seen as not inventive in character129F

96 ï and looking for their own definitions and taxonomy of research130F

97. They finally 

settled on the conventional taxonomy, using the standard three categories to analyze industrial research131F

98, and using 

numbers on R&D for measuring the contribution of science to economic progress. In fact, as R. R. Nelson reported in 

1962, ñthe establishment of the NSF has been very important in focusing the attention of economists on R&D 

(organized inventive activity), and the statistical series the National Science Foundation has collected and published 

have given social scientists something to work withò132F

99. 

Where some economists innovated was in extending the model to one more dimension: the steps necessary to bring the 

technology to commercial production, namely innovation (Table 4). Some authors often refer back to J. Schumpeter to 

model the process of innovation. Certainly, we owe to Schumpeter the distinction between invention, (initial) 

innovation, and (innovation by) imitation (or diffusion)133F

100. While invention is an act of intellectual creativity ï and ñis 

                                                 
93  J. C. Gerritsen (1961), Government Expenditures on R&D in France and the United Kingdom, EPA/AR/4209, Paris: OEEC; J. C. 
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Rate and Direction of Inventive Activity: Economic and Social Factors, op. cit, p. 35; J. Schmookler (1962), Comment on S. 
Kuznetsô paper, in National Bureau of Economic Research, The Rate and Direction of Inventive Activity: Economic and Social 

Factors, op. cit. p. 45. 
97  E. Ames (1961), Research, Invention, Development and Innovation, American Economic Review, 51 (3), p. 370-381; S. Kuznets 

(1962), Inventive Activity: Problems of Definition, in National Bureau of Economic Research, The Rate and Direction of 
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Research, The Rate and Direction of Inventive Activity: Economic and Social Factors, op. cit. p. 43-51; J. Schmookler (1966), 

Invention and Economic Growth, Cambridge: Harvard University Press, p. 5-9. 
98 For early uses of these categories and construction of tables of categories by economists, see: C. F. Carter and B. R. Williams 

(1957), Industry and Technical Progress: Factors Governing the Speed of Application of Science, London: Oxford University 

Press; F. M. Scherer (1959), The Investment Decision Phases in Modern Invention and Innovation, in F. M. Scherer et al. (eds.), 
Patents and the Corporation, Boston: J. J. Galvin; E. Ames (1961), Research, Invention, Development and Innovation, op. cit. 
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Press, p. 178s. 
99  R. R. Nelson (1962), Introduction, in National Bureau of Economic Research, The Rate and Direction of Inventive Activity, op. 

cit. p. 4. 
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without importance to economic analysisò134F

101 ï innovation and diffusion are defined as economic decisions, because of 

their ñcloseness to economic useò: a firm applying an invention or adopting it for the first time135F

102. 

Table 4. Taxonomies of Innovation 

Mees (1920) Pure science, development, manufacturing 

Holland (1928) Pure science research, applied research, 

invention, industrial research [development], 

industrial application, standardization, mass 
production 

Stevens (1941) Fundamental research, applied research, test-

tube or bench research, pilot plant, production 
(improvement, trouble shooting, technical 

control of process and quality) 

Bichowsky (1942) Research, engineering (or development), 

factory (or production) 

Furnas (1948) Exploratory and fundamental research, applied 

research, development, production 

Maclaurin (1949) Fundamental research, applied research, 
engineering development, production 

engineering, service engineering 

Mees and Leermakers 

(1950) 

Research, development (establishment of 

small-scale use, pilot plant and models, 
adoption in manufacturing) 

Brozen (1951a) Invention, innovation, imitation 

Brozen (1951b) Research, engineering development, 

production, service 

Maclaurin (1953) Pure science, invention, innovation, finance, 

acceptance 

Ruttan (1959) Invention, innovation, technological change 

Ames (1961) Research, invention, development, innovation 

Scherer (1965) Invention, entrepreneurship, investment, 
development 

Schmookler (1966) Research, development, invention 

Mansfield (1968) Invention, innovation, diffusion 

Myers and Marquis (1969) Problem solving, solution, utilization, 
diffusion 

Utterback (1974) Generation of an idea, problem-solving or 

development, implementation and diffusion 

 

 

Despite having brought forth the concept of innovation in economic theory, however, Schumpeter professed little 

dependence of innovation on invention, as several authors have commented136F

103: ñInnovation is possible without 

anything we should identify as invention and invention does not necessarily induce innovationò137F

104. The formalization 

of Schumpeterôs ideas into a sequential model arose due to interpreters of Schumpeter, particularly in the context of the 

technology-push/demand-pull debate138F

105. 
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LXV, August, p. 417-428; V. W. Ruttan (1959), Usher and Schumpeter on Invention, Innovation, and Technological Change, 
Quarterly Journal of Economics, 73, p. 596-606. 

104  J. Schumpeter (1939), Business Cycles, op. cit. p., 84. 
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28 The Making of Science, Technology and Innovation Policyé, 2009 

The first sequential interpretations came from two American economists who used and improved on Schumpeterôs 

categories in the early 1950s. Y. Brozen, from Northwestern University, suggested two models, one that used 

Schumpeterôs three categories139F

106, and another that explained the factors necessary ñto capitalize on the discoveries of 

scienceò: research, engineering development, production, service140F

107. W. P. Maclaurin, an economist from MIT who got 

interested in technological change early on, was another academic who developed a sequential analysis of innovation. 

Maclaurin served as secretary of one of the committees that assisted V. Bush in the preparation of Science: the Endless 

Frontier. In 1947, he published a paper in The Harvard Business Review in which he defended Bushôs proposal for a 

National Research Foundation141F

108. He discussed the importance of fundamental research and its funding with the aid of 

a model broken down into ñfour distinct stagesò: fundamental research, applied research, engineering development, and 

production engineering. Then in 1953, Maclaurin devoted an entire paper to the process of technological change. 

Suggesting that ñSchumpeter regarded the process of innovation as central to an understanding of economic growthò, 

but that he ñdid not devote much attention to the role of scienceò, Maclaurin ñbroke down the process of technological 

advance into elements that may eventually be more measurableò. He identified five steps: pure science, invention, 

innovation, finance, and acceptance (or diffusion)142F

109. 

We had to wait several years to see these propositions coalesce into a series of linear models of innovation. Certainly, 

in their pioneering work on innovation in the late 1950s, C. F. Carter and B. R. Williams from Britain would examine 

investment in technology, as a ñcomponent in the circuit which links the pure scientist in his laboratory to the consumer 

seeking a better satisfaction of his needsò143F

110. But the authors neither discussed nor suggested a formalized model of 

innovation until 1967144F

111. Similarly, the influential conference on the rate and direction of inventive activity, organized 

in 1960 by the National Bureau of Economic Research and the Social Science Research Council, was concerned with 

another model than that of innovation per se: the production function, or input-output model145F

112. If there is one study 

that deserves mention before the 1960s, it is that of V. W. Ruttan from the university of Minnesota. Ruttan gave 

himself the task of clarifying the terms used up to the present to discuss innovation, and suggested a synthesis of A. P. 

Usherôs steps in the invention process146F

113 and Schumpeterôs concept of innovation. From his analysis, Ruttan suggested 

the following sequence: Invention Ÿ Innovation Ÿ Technological Change147F

114. 

Then a series of models of innovation appeared in the 1960s. E. Ames, although critical of the term innovation 

(ñinnovation has come to mean all things to all men, and the careful student should perhaps avoid it wherever possible, 

using instead some other termò), suggested a model composed of four stages that he discussed in terms of a ñsequence 

of marketsò: research, invention (applied research), development and innovation148F

115. This model came directly from F. 

Machlupôs early measurement of the knowledge society149F

116. A few years later, economist J. Schmookler, who was well 

known for his analyses on the role of demand in invention, looked at what he called technology-producing activities as 

being composed of three components: research, development, and inventive activity150F

117. In light of other economistsô 

definitions, Schmookler was definitively dealing with invention rather than innovation, although he was concerned with 

the role of market forces (wants) in invention. At about the same time, F. M. Scherer, in a historical analysis of the 

Watt-Boulton engine, identified four ingredients or steps that define innovation: invention, entrepreneurship, 
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investment and development151F

118. E. Mansfield, for his part, distinguished invention from innovation and diffusion, and 

defined innovation as the (first) application of an invention and diffusion as its (first) use152F

119.  

All of these individuals were developing models that defined innovation as a sequence from research or invention to 

commercialization and diffusion. Academics from management schools followed, and have been very influential in 

popularizing such models153F

120. S. Myers and D. G. Marquis, in a study conducted for the National Science Foundation, 

defined the process of innovation as composed of five stages: recognition (of both technical feasibility and demand), 

idea formulation, problem solving, solution, utilization and diffusion154F

121. J. M. Utterback is another author often cited in 

the literature for his model of innovation, composed of the following three steps: generation of an idea, problem-

solving or development, and implementation and diffusion155F

122. 

It was these efforts from both economists and researchers in management schools that led to the addition of diffusion in 

the much-quoted linear model of innovation: Basic research Ÿ Applied research Ÿ Development Ÿ (Production and) 

Diffusion. Yet it is important to mention two areas of research that contributed to the focus on diffusion and its 

integration into theoretical models of innovation. The first was the sociological literature, particularly on the diffusion 

of invention. This tradition goes back to W. F. Ogburn and S. C. Gilfillan and their contributions to the US National 

Resources Committeeôs report on technology and its social impacts (1937). The ñmodelò they suggested was one of the 

first descriptions of innovation as a social process, and was motivated by the authorsô interest in social consequences of 

technology and diffusion lags. It included diffusion as a phase in the process, but also included the social impacts of 

invention, as the ultimate phase156F

123. It was E. M. Rogersô classic book, however, that would be most influential on the 

literature. In Diffusion of Innovations (1962), Rogers depicted innovation as composed of four elements: innovation, 

communication (or diffusion), consequences on the social system, and consequences over time157F

124. By the third edition 

(1983) of his book, however, Rogers had adopted the economic understanding of innovation. The process of innovation 

was now portrayed as composed of six main phases or sequential steps: needs/problems, research, development, 

commercialization, diffusion and adoption, and consequences158F

125. 

The second influence with regard to diffusion was the theory of the product life cycle. Authors portrayed the life cycle 

of new products or technologies as having an S-shaped curve, and the process of technological development as 

consisting of three phases: innovation (product), maturation (process), and standardization159F

126. 

By the early 1960s, then, the distinctions between and the sequence of invention160F

127, innovation and diffusion were 

already in place ï and even qualified as ñconventionalò161F

128 or ñcommonò162F

129. Invention was defined as the development 

                                                 
118  F. M. Scherer (1965), Invention and Innovation in the Watt-Boulton Steam Engine Venture, Technology and Culture, 6, p. 165-

187. 
119  E. Mansfield (1968), The Economics of Technological Change, New York: W. E. Norton, chapters 3 and 4. 
120  For reviews, see: R. E. Roberts and C. A. Romine (1974), Investment in Innovation, Washington: National Science Foundation, 

p. 20-29; M. A. Saren (1984), A Classification and Review of Models of the Intra-Firm Innovation Process, R&D Management, 

14 (1), p. 11-24; J. E. Forrest (1991), Models of the Process of Technological Innovation, Technology Analysis and Strategic 

Management, 3 (4), p. 439-452. 
121  S. Myers and D. G. Marquis (1969), Successful Industrial Innovations: A Study of Factors Underlying Innovation in Selected 

Firms, NSF 69-17, Washington: National Science Foundation, p. 3-6. 
122  J. M. Utterback (1974), Innovation in Industry and the Diffusion of Technology, Science, 183, p. 621. 
123  Other contributions from Ogburn are: The Subcommittee on Technology of the National Resources Committee, presided by W. F. 

Ogburn, defined invention as a process composed of four phases ñoccurring in sequenceò: beginnings, development, diffusion, 

social influences. See Technological Trends and National Policy (1937), Subcommittee on Technology, National Resources 
Committee, Washington, p. vii. See also p. 6 and 10. A few years previously, in the Presidentôs report on social trends, Ogburn 

and Gilfillan defined invention as a series of stages as follows: idea, trial device (model or plan), demonstration, regular use, 

adoption. See W. F. Ogburn and S. C. Gilfillan (1933), The Influence of Invention and Discovery, in Recent Social Trends in the 
United States, Report of the Presidentôs Research Committee on Social Trends, New York: McGraw-Hill, Volume 1, p. 132. In 

the 1950 edition of Social Change, first published in 1922, Ogburn developed another classification: invention, accumulation, 

diffusion, adjustment (p. 377). 
124  E. M. Rogers (1962), Diffusion of Innovations, New York: Free Press, p. 12-20. 
125  E. M. Rogers (1983), Diffusion of Innovation, Third Edition, New York: Free Press, p. 136. 
126  R. Vernon (1966), International Investment and International Trade in the Product Cycle, Quarterly Journal of Economics, 80, 

p. 190-207; J. M. Utterback and W. J. Abernathy (1975), A Dynamic Model of Process and Product Innovation, Omega, 3 (6), 

p. 639-656. 
127  Invention as a short-cut for Basic research Ÿ Applied research Ÿ Development. 
128  A. D. Little (1963), Patterns and Problems of Technical Innovation in American Industry, Washington: National Science 

Foundation, p. 6. 



 

30 The Making of Science, Technology and Innovation Policyé, 2009 

of a new idea for a product or process and its reduction to practice; innovation was defined as the process of bringing 

invention into commercial use or an invention brought into commercial use; and diffusion was defined as the spread of 

innovation in industry. The sequence became a taken-for-granted ñfactò in the OECD literature163F

130, and a classic 

proposition or ñlessonò for research managers164F

131. 

CONCLUSION 

The linear model of innovation as a conceptual framework was not a spontaneous invention arising from the mind of 

one individual (V. Bush). Rather, it developed over time in three steps. The first linked applied research to basic 

research, the second added experimental development, and the third added production and diffusion. These three steps 

correspond in fact to three scientific communities and their successive entries into the field of science studies and/or 

science policy, each with their own concepts. First were natural scientists (academic as well as industrial), developing a 

rhetoric on basic research as the source for applied research or technology; second were researchers from business 

schools, having been interested in science studies long before economists and studying the industrial management of 

research and the development of technologies; third were economists, bringing forth the concept of innovation into the 

discipline. All three communities got into the field by adding a term (their stamp) to the most primitive term ï pure or 

basic research ïand its sequence. The three steps also correspond to three phases of policy preoccupations or priorities: 

the public support to university research (basic research), the strategic importance of technology for industry 

(development), and the impact of research on the economy and society (diffusion). 

Despite its widespread use, the linear model of innovation was not without its opponents. In 1967, the Charpie report, 

an influential study by the US Department of Commerce on measuring the costs of innovation, estimated that research 

amounts to only 10% of the costs of innovation165F

132. Briefly stated, innovation does not depend on either research or 

basic research specifically. Other ñstepsò are more important166F

133. The US Department of Defense also challenged the 

linear sequence. As we have seen with Anthonyôs study conducted for the Departmentôs Research and Development 

Board, the Department of Defense was a pioneer in the use of the R&D categories, even developing its own 

classification of R&D activities and using the linear model to manage its programs167F

134. In the mid-1960s, however, the 

Department began to defect from its previous optimism regarding investments in basic research as a factor in 

innovation. The Department was, in a sense, beginning to question aspects of the linear model. It therefore conducted 

an eight-year analysis of twenty major weapons technologies, concluding that only 0.3% of innovation ñeventsò came 

from ñundirected scienceò168F

135. The National Science Foundation replied with its own study, and came to opposite 

conclusions. The organization found that 70% of the key events in the development of five recent technological 

innovations stemmed from basic research169F

136. These two studies, each carrying the message of its respective community 

(industrialists in the case of Defense, scientists for the NSF) were among the first of a long series of debates on aspects 

of the linear model of innovation. 
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In the 1960s, academics also leveled criticisms concerning the linearity of the model170F

137. However, it was historians and 

histories of technology that proved the most productive and convincing: the literature documented the complex 

interrelationships between science and technology171F

138, and developed the idea of technology-as-knowledge as a 

ñsubstituteò for basic research in engineering172F

139. Despite these efforts, the linear model continued to feed public 

discourses and academic analyses ï despite the widespread mention, in the same documents that used the model, that 

linearity was a fiction. 

In a sense, we owe this persistent image the very simplicity of the model. The model is a rhetorical entity. It is a 

thought figure that simplifies and affords administrators and agencies a sense of orientation when it comes to thinking 

about allocation of funding to R&D. However, official statistics are as important in explaining the continued use of the 

linear model. By collecting numbers on research as defined by three components, and presenting and discussing these 

components one after the other within a linear framework, official statistics helped to crystallize the model as early as 

the 1950s. In fact, statistics on the three components of research were for a long time (and still are for many), the only 

available statistics allowing one to ñunderstandò the internal organization of research, particularly within firms. 

Furthermore, as innovation came to define the science-policy agenda, statistics on R&D were seen as a legitimate 

proxy for measuring technological innovation because they included development (of new products and processes). 

Having become entrenched in discourses and policies with the help of statistics and methodological rules, the model 

became a ñsocial factò. 

Recent efforts to modify or replace the model have been limited with regard to their impact. First, alternative models, 

with their multiple feedback loops173F

140, look more like modern artwork or a ñplate of spaghetti and meatballsò174F

141 than a 

useful analytical framework. Second, efforts to measure the new interactive models have not yet been fruitful, at least 

in the official literature: statistics and indicators on flows of knowledge between economic sectors, performers and 

users of research, and types of activities are still in the making175F

142. Equally, very few accurate numbers on the costs of 

innovation have come from the official innovation surveys, at least not robust enough numbers to supplement R&D 

figures. All in all, the success of the linear model suggests how statistics are often required to give (long) life to 

concepts, but also how their absence can be a limitation in changing analytical models and frameworks. 

                                                 
137  J. Schmookler (1966), Invention and Economic Growth, op. cit.; W. J. Price and L. W. Bass (1969), Scientific Research and the 
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In the 1950s and 1960s, a new type of analysis appeared in the then-emerging field of science, technology and 

innovation studies: accounting exercises. The analyses were of two types. A first one was growth accounting. 

Economists developed different techniques, among them econometric equations, most of them based on the concept of 

labour productivity, to estimate the contribution of science and technology to economic growth. Among the forerunners 

were J. Schmookler and M. Abramovitz176F

1. In 1957, R. Solow formalized these analyses, using an equation called the 

production function177F

2. This is discussed below (chapters 3 and 4). 

A second type of accounting analyses was national accounting. Here, academics measured the ñcostsò of science and 

technology and its share in the national income or budget. One influential such study was Machlupôs The Production 

and Distribution of Knowledge in the United States, published in 1962178F

3, and discussed in Chapter 8 below. But there 

were public organizations involved in such types of analyses as well, among them the US National Science Foundation 

and the OECD. From then on, accounting became a basic framework for policies for decades to come. It allowed 

identification of where research is conducted, what amount is invested, and for what purposes. 

Accounting, as measurement of science, was quite different from the previous statistics produced from the 1860s 

onward. Then, what was measured were men of science, or scientists, and their output: knowledge, or scientific 

publications. J. M Cattell, an American psychologist and editor of Science from 1895 to 1944, was the first producer of 

systematic statistics on men of science, based on data from a directory he started publishing regularly in 1906179F

4. The 

systematic counting of scientific publications we also owe to psychologists. At the same time as Cattell, psychologists 

started collecting data on the disciplineôs output, in order to contribute to the advancement of psychology as a science180F

5. 

Then costs, or money devoted to research activities, became the privileged statistics. This chapter looks at national 

accounting of science, and at the OECD Frascati manual as a major contributor to the field. Adopted by member 

countries in 1963, the manual is a methodological document for conducting surveys on research and development 

(R&D)181F

6. It suggests definitions, classifications and indicators for national statisticians in order to compile comparable 

statistics among countries. According to the OECD, the manual ñhas probably been one of the most influential 

documents issued by this Directorate (é)ò182F

7. It allowed the collection of standardized statistics among several 

countries, and made possible, for the first time in history, international comparisons on science. The manual is now in 

its sixth edition (2002), and is the standard used in every national statistical office. 

This paper shows what accounting for science owes to the manual, by looking at the manualôs first forty years of 

existence (1962-2002). From its very beginning, science policy was defined according to the anticipated economic 

benefits of science. To contribute to this end, the Frascati manual offered a statistical, or accounting, answer to three 

policy questions or issues of the time: the allocation of resources (how much should government invest in science), the 

balance between choices or, priorities (where to invest), and efficiency (what are the results). 

The first part of this chapter traces the origins of national accounting for scientific activities. It discusses the main 20th 

century developments leading up to the Frascati manual. The second part looks at the manualôs central statistic for 

allocating resources to science ï Gross Expenditures on R&D (GERD) ï and discusses what goes into the 

measurement. The third part looks at the use of statistics to ñbalanceò the science budget, while the last part looks at 

efficiency. This last part suggests that, although the Frascati manual was entirely devoted to measuring inputs, this was 

only the first stage toward input/output analyses, or measuring the efficiency of science, technology and innovation. 
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NATIONAL ACCOUNTING 

National accounting for science is part of a larger movement. National accounting for the economy appeared in 

England at the end of the 17th century. Using data from various sources, among them population figures and tax 

records, William Petty and Gregory King produced the first estimates of national ñincome of the peopleò. The aims 

were twofold: calculate the taxable capacity of the nation and effect policies, and compare the material strength or 

wealth of the country to that of rival nations. The two authors would soon be followed by others, first of all in England, 

but also in other countries like France (P. Boisguilbert, M. Vauban). 

Prior to World War II, such exercises were mainly conducted by individual investigators183F

8. Then in 1932, with the 

impetus of the Great Depression and the need to devise macroeconomic policy, the US Congress gave the Department 

of Commerce a mandate to prepare a comprehensive set of national accounts. Economist Simon Kuznets, who had 

done considerable work with the National Bureau of Economic Researchôs early national accounting exercises in the 

1920s, set the basic framework for what became the System of National Accounts184F

9. Similar works in Great Britain, 

conducted by Richard Stone185F

10 led to a standardized system conventionalized by international organizations like the 

United Nations and the OEEC (Organization for European Economic Co-Operation), the predecessor to the OECD, and 

used in most countries of the world186F

11. 

While early national accounting exercises focused on measuring incomes, the System of National Accounts also 

collects information on the production (value) of goods and services in a country, and their consumption. As C. S. 

Carson suggested, the central question for government with regard to the development of the accounts during the 1940s 

was: ñGiven government expenditures, how much of the total product will be left for civilian consumption?ò187F

12. The 

focus on products had consequences on estimates of the national wealth: production was restricted to material 

production and to marketed (prices) production. This produced the indicator known as Gross National Product (GNP). 

The System of National Accounts is a representation of the economic activity as production and circulation. Such a 

representation was first suggested by the French physiocrat F. Quesnay in 1758, and came to be framed into an 

accounting model (the exemplar of which is the firm) in the 20th century. The measurement of science, technology and 

innovation has adopted this framework to a significant degree. Since the 1950s, official statistics on science, 

technology and innovation have been collected and presented in an accounting framework. The emblematic model for 

such an understanding is the OECD Frascati manual. The manual offers national statisticians definitions, classifications 

and methodologies for measuring the expenditures and human resources devoted to R&D. 

How did an accounting framework get into science, technology and innovation? Official statistics on R&D started to be 

collected in the early 1920s in the United States, then in Canada and Great Britain188F

13. Before the 1950s, official 

measurement of R&D was usually conducted piecemeal. Organizations surveyed either industrial or government R&D, 

for example, but very rarely aggregated the numbers to compute a ñnational research budgetò. The first such efforts 

arose in Great Britain and the United States, and were aimed at assessing the share of expenditures that should be 

devoted to science (and basic science) compared to other economic activities, and at helping to build a case for 

increased R&D resources. 
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The British scientist J. D. Bernal was one of the first academics to perform measurement of science expenditures in a 

Western country. He was also one of the first to figure out how much was spent nationally on R&D ï the budget of 

science, as he called it. In The Social Function of Science (1939), Bernal estimated the money devoted to science in the 

United Kingdom using existing sources of data: government budgets, industrial data (from the Association of Scientific 

Workers) and University Grants Committee reports189F

14. He had a hard time compiling the budget, however, because ñthe 

sources of money used for science do not correspond closely to the separate categories of administration of scientific 

researchò190F

15. ñThe difficulties in assessing the precise sum annually expended on scientific research are practically 

insurmountable. It could only be done by changing the method of accounting of universities, Government Departments, 

and industrial firmsò191F

16. The national science budget was nevertheless estimated at about four million pounds for 1934, 

and Bernal added: ñThe expenditure on science becomes ludicrous when we consider the enormous return in welfare 

which such a trifling expenditure can produceò192F

17. 

Bernal also suggested a type of measurement that became the main indicator on science, technology and innovation: the 

research budget as a percentage of the national income. He compared the UKôs performance with that of the United 

States and the USSR, and suggested that Britain should devote between one-half percent and one percent of its national 

income to research193F

18. The number was arrived at by comparing expenditures in other countries, among them the United 

States, which invested 0.6%, and the Soviet Union, which invested 0.8%, while Great Britain spent only 0.1%. ñThis 

certainly seems a very low percentage and at least it could be said that any increase up to tenfold of the expenditure on 

science would not notably interfere with the immediate consumption of the community; as it is it represents only 3% of 

what is spent on tobacco, 2% of what is spent on drink, and 1% of what is spent on gambling in the countryò194F

19. ñThe 

scale of expenditure on science is probably less than one-tenth of what would be reasonable and desirable in any 

civilized countryò195F

20. 

The source of Bernalôs idea is probably a very early calculation made by British economist L. Levi in 1869196F

21. Using 

data from a circular sent to British scientific societies, Levi computed a ratio of incomes of scientific societies to 

national income of 0.04%. Another such calculation before Bernal was that of E. B. Rosa, chief scientists at the US 

Bureau of Standards. In 1920, Rosa compiled, for the first time in American history, a government budget for 

ñresearch-education-developmentò197F

22. Rosa estimated that governmentôs expenditures on research amounted to 1% of 

the federal budget. In the following year, J. M. Cattell, editor of Science, would use the ratio (1%) in his crusade for the 

advancement of science198F

23. In the next decades, variants of the ratio took on names like research intensity, then 

technology intensity199F

24. 

The next experiment toward estimating a national budget was conducted in the United States by V. Bush in his well-

known report to the President titled Science: The Endless Frontier200F

25. Primarily using existing data sources, the 

Bowman committee ï one of the four committees involved in the report ï estimated the national research budget at 

$345 million (1940). These were very rough numbers, however: ñsince statistical information is necessarily 
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fragmentary and dependent upon arbitrary definition, most of the estimates are subject to a very considerable margin of 

errorò201F

26. The committee showed that industry contributed by far the largest portion of the national research expenditure, 

but calculated that the governmentôs expenditure expanded from $69 million in 1940 to $720 million in 1944. It also 

documented how applied, rather than basic, research benefited most from the investments (by a ratio of 6 to 1), and 

developed a rhetoric arguing that basic research deserved more resources from government202F

27. 

The committee added data on national income in its table on total expenditures, and plotted R&D per capita of national 

income on a graph. But nowhere did the committee use the data to compute the research budget as a percentage of 

national income, as Bernal had. It was left to the US Presidentôs Scientific Research Board to innovate in this respect. 

In 1947, at the request of the US President, the Board published its report Science and Public Policy, which estimated, 

for the second time in as many years, a national R&D budget203F

28. With the help of a questionnaire it sent to 70 

industrial laboratories and 50 universities and foundations, the Board in fact conducted the first survey of resources 

devoted to R&D using precise categories, although these did not make it ñpossible to arrive at precisely accurate 

research expendituresò because of the different definitions and accounting practices employed by institutions204F

29. The 

Board estimated the US budget at $600 million (annually) on average for the period 1941-45. For 1947, the budget was 

estimated at $1.16 billion. The federal government was responsible for 54% of total R&D expenditures, followed by 

industry (39%) and universities (4%). 

Based on the numbers obtained in the survey, the Board proposed quantified objectives for science policy. For 

example, it suggested that resources devoted to R&D be doubled in the next ten years, and that resources devoted to 

basic research be quadrupled. The Board also introduced into science policy the indicator first suggested by Bernal, and 

that is still used by governments today: R&D expenditures as a percentage of national income. Unlike Bernal however, 

the Board did not explain how it arrived at a 1% goal for 1957. Nevertheless, President Truman subsequently 

incorporated this objective into his address to the American Association for the Advancement of Science (AAAS) in 

1948205F

30. 

The last exercise in constructing a total R&D figure before the US National Science Foundation, as official producer of 

statistics on science, technology and innovation, entered the scene, came from the US Department of Defense in 

1953206F

31. Using many different sources, the Office of the Secretary of Defense for R&D estimated that $3.75 billion, or 

over 1% of the Gross National Product, was spent on research funds in the United States in 1952. The report presented 

data regarding both sources of expenditures and performers of work: ñThe purpose of this report is to present an over-

all statistical picture of present and past trends in research, and to indicate the relationships between those who spend 

the money [funders] and those who do the work [performers]ò. The Officeôs concepts of sources (of funds) and 

performers (of research activities) would soon become the main categories of the National Science Foundationôs 

accounting system for R&D. The statistics showed that, as sources of funds, the federal government was responsible for 

60% of the total207F

32, industry 38% and non-profit institutions (including universities) 2%. With regard to the performers, 

industry conducted the majority of R&D (68%) ï and half of this work was done for the federal government ï followed 

by the federal government itself (21%) and non-profit institutions and universities (11%). 

Then came the National Science Foundation. According to its mandate, the organization started measuring R&D across 

all sectors of the economy with specific and separate surveys in 1953: government, industry, university and non-

profit208F

33. Then, in 1956, it published its ñfirst systematic effort to obtain a systematic across-the-board pictureò209F

34 ï one 
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year before Great Britain did210F

35. It consisted of the sum of the results of the sectoral surveys for estimating national 

funds211F

36. The National Science Foundation calculated that the national budget amounted to $5.4 billion in 1953212F

37. 

The organizationôs analyses made extensive use of gross national product (GNP). To the National Science Foundation, 

this was its way to relate R&D to economic output: ñdespite the recognition of the influence of R&D on economic 

growth, it is difficult to measure this effect quantitativelyò, stated the National Science Foundation213F

38. Therefore, this 

ñanalysis describes the manner in which R&D expenditures enter the gross national product in order to assist in 

establishing a basis for valid measures of the relationships of such expenditures to aggregate economic outputò214F

39. The 

ratio of research funds to GNP was estimated at 1.5% for 1953, 2.6% for 1959 and 2.8% for 1962. The NSF remained 

careful, however, with regard to interpretation of the indicator: ñToo little is presently known about the complex of 

events to ascribe a specified increase in gross national product directly to a given R&D expenditureò215F

40.  

In the same publication, the National Science Foundation innovated in another way over previous attempts to estimate 

the national budget. Using the Department of Defense categories, the organization constructed a matrix of financial 

flows between the sectors, as both sources and performers of R&D (Table 1). Of sixteen possible financial relationships 

(four sectors as original sources, and also as ultimate users), ten emerged as significant (major transactions). The matrix 

showed that the federal government sector was primarily a source of funds for research performed by all four sectors, 

while the industry sector combined the two functions, with a larger volume as performer. Such tables were thereafter 

published regularly in the National Science Foundation bulletin series Reviews of Data on R&D216F

41, until a specific and 

more extensive publication appeared in 1967217F

42. 

The matrix was the result of deliberations on the US research system conducted in the mid-fifties at the National 

Science Foundation218F

43 and of demands to relate science and technology to the economy: ñAn accounting of R&D flow 

throughout the economy is of great interest at present (é) because of the increasing degree to which we recognize the 

relationship between R&D, technological innovation, economic growth and the economic sectors (é)ò, suggested 

H. E. Stirner from the Operations Research Office at Johns Hopkins University219F

44. But ñtoday, data on R&D funds and 

personnel are perhaps at the stage of growth in which national income data could be found in the 1920sò220F

45. Links with 

the System of National Accounts were therefore imagined: ñThe idea of national as well as business accounts is a fully 

accepted one. National income and product, money flows, and inter-industry accounts are well-known examples of 

accounting systems which enable us to perform analysis on many different types of problems. With the development 

and acceptance of the accounting system, data-gathering has progressed at a rapid paceò221F

46. 
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42  National Science Foundation (1967), National Patterns of R&D Resources, NSF 67-7, Washington. 
43  ñOur countryôs dynamic research effort rests on the interrelationships ï financial and non-financial ï among organizationsò stated 

K. Arnow. See K. Arnow (1959), National Accounts on R&D: The National Science Foundation Experience, in National Science 

Foundation, Methodological Aspects of Statistics on Research and Development: Costs and Manpower, NSF 59-36, Washington, 
p. 57. 

44  H. E. Stirner (1959), A National Accounting System for Measuring the Intersectoral Flows of R&D Funds in the United States, in 
National Science Foundation, Methodological Aspects of Statistics on R&D: Costs and Manpower, op. cit., p. 37. 

45  K. Arnow (1959), National Accounts on R&D: The National Science Foundation Experience, in National Science Foundation, 
Methodological Aspects of Statistics on R&D: Costs and Manpower, op. cit., p. 61. 

46  H. E. Stirner (1959), A National Accounting System for Measuring the Intersectoral Flows of R&D Funds in the United States, in 
National Science Foundation, Methodological Aspects of Statistics on R&D: Costs and Manpower, op. cit., p. 32. 
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Table 5. Transfers of Funds Among the Four Sectors as Sources of R&D Funds and as R&D 
Performers, 1953 (in millions) 

R&D PERFORMERS 

Sector Federal Government Industry Colleges/ 

universities 

Other institutions Total 

SOURCES of R&D FUNDS    

Federal Government 
agencies 

$970 $1,520 $280 $50 $2,810 

Industry  2,350 20  2,370 

Colleges/ 
universities 

  130  130 

Other institutions   30 20 50 

Total $970 $3,870 $460 $70 $5,370 

 

The National Science Foundation methodological guidelines ï as well as the matrix ï became international standards 

with the adoption of the OECD methodological manual by member countries in Frascati (Italy) in 1963. 

THE FRASCATI MANUAL 

The Frascati manual is a methodological document aimed at national statisticians for collecting and framing the data on 

R&D. It proposes standardized definitions, classifications and a methodology for conducting R&D surveys. The first 

edition was prepared by British economist C. Freeman from the National Institute of Economic and Social Research 

(London), who was assigned at the time to improving the survey on industrial R&D conducted by the Federation of 

British Industries (FBI). Freeman was recommended as expert to the OECD by E. Rudd, from the British Department 

of Scientific and Industrial Research (DSIR). He visited the main countries where measurements were conducted. The 

manual owes a great deal to the National Science Foundation and its series of surveys in the early 1950s222F

47. 

The Frascati manual essentially developed three sets of guidelines. Firstly, norms were proposed for defining science as 

ñsystematicò research and demarcating research from other activities so these other activities could be excluded: 

research/related scientific activities, development/production, research/teaching. Secondly, the manual suggested 

classification of research activities according to 1) the sector that finances or executes the research: government, 

university, industry or non-profit organizations and, in relation to this latter dimension, 2) the type or character of the 

research, which is either basic, applied or concerned with the development of products and processes, 3) the activities 

classified by discipline in the case of universities (and non-profit organizations), by industrial sector or product in the 

case of firms, and by functions or socioeconomic objectives in the case of governments. Finally, the manual suggested 

a basic statistic as an indicator for policy targets. 

Accounting for Science 

The Frascati manual suggests collecting two types of statistics: the financial resources invested in R&D, and the human 

resources devoted to research activities. The main indicator to come out of the manual is Gross Domestic Expenditures 

on R&D (GERD) ï the sum of R&D expenditures in the four main economic sectors: business, university, government 

and non-profit223F

48. The manualôs specifications also allow one to follow the flow of funds between sectors (by way of a 

matrix), specifically between funders and performers of R&D, as the National Science Foundation had already 

suggested. 

GERD is the term invented by the OECD for measuring what was, before the 1960s, called national funds or budget224F

49. 

In line with the System of National Accounts, and following the National Science Foundation, the manual 

recommended summing R&D according to the main economic sectors of the system of national accounts: business, 

                                                 
47  This is admitted in the first edition, FM (1962), p. 7. 
48  The measure includes R&D funded from abroad, but excludes payments made abroad. 
49  FM (1962), p. 34-36. 
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government and private non-profit225F

50, to which the OECD, following the NSF again, added a fourth one: higher 

education. The following rationale was offered for the decision226F

51: 

The definitions of the first three sectors are basically the same as in national accounts, but higher education 

is included as a separate main sector here because of the concentration of a large part of fundamental 

research activity in the universities and the crucial importance of these institutions in the formulation of an 

adequate national policy for R&D. 

Why align R&D statistics with the system of national accounts? The first edition of the OECD Frascati manual stated 

that the classification of R&D data by economic sector ñcorresponds in most respects to the definitions and 

classifications employed in other statistics of national income and expenditure, thus facilitating comparison with 

existing statistical series, such as gross national product, net output, investment in fixed assets and so forthò227F

52. 

When the system of national accounts, now in its fourth edition, was developed in the early fifties and conventionalized 

at the world level by the United Nations, R&D was not recognized as a category of expenditures that deserved a 

specific mention in the national accounts228F

53. In 1993 again, during the last revision of the system of national accounts, 

the United Nations rejected the idea of recognizing R&D ñbecause it was felt that it opened the door to the whole area 

of intangible investmentò229F

54. It decided instead to develop a functional classification of expenditures that would make 

items such as R&D visible in the system of national accounts by way of what was called ñsatellite accountsò. However, 

R&D is not part of the accounting system of nations, despite the many efforts of statisticians for whom ñbeing part of 

the National Accounts [would] raise the importance and visibility of R&D statistics and statisticiansò230F

55. Despite its 

alignment with the system of national accounts, the Frascati manual still uses a different system of classification in a 

number of cases, including, for example, the coverage of each economic sector231F

56. 

The GERD, as statistics on national research, remains fragile. The first edition of the Frascati manual suggested that 

national ñvariations [in R&D statistics] may be gradually reducedò with standardization232F

57. But the collection of 

statistics on R&D expenditures still remains a very difficult exercise: not all units surveyed have an accounting system 

to track the specific expenses defined as composing R&D. The OECD regularly has to adjust or estimate national data 

to correct discrepancies. It also started a series called Sources and Methods, documenting national differences with 

regard to OECD standards. It finally developed a whole system of footnotes, allowing for the construction of 

comparable data among member countries, while black-boxing the dataôs limitations233F

58. Consequently, what one 

observes is increasing reliance with time on what official statisticians would call ñsub-optimalò (or non-survey) 

techniques of measurement in member countries, to the point that the Frascati manual has started ñstandardizingò these 

techniques.  

This is the case for R&D in the higher education sector. In the 1970s, the OECD launched a series of studies on its 

international surveys of R&D 234F

59. After having analyzed the data, the OECD refused to publish the report devoted to 

                                                 
50  Households, that is, the sector of that name in the system of national accounts, was not considered by the manual. 
51  FM (1962), p. 22. 
52  FM (1962), p. 21. 
53  Only institutions primarily engaged in research are singled out as a separate category. 
54  J. F. Minder (1991), R&D in National Accounts, OECD, DSTI/STII (91) 11, p. 3. 
55  OECD (2003), Summary Record of the Working Party of NESTI, OECD/EAS/STP/NESTI/M (2003) 2, p. 4. The current revision 

of the system promises some changes, however. 
56  S. Peleg (2000), Better Alignment of R&D Expenditures as in Frascati Manual with Existing Accounting Standards, 

OECD/EAS/STP/NESTI (2000) 20; OECD (2001), Better Alignment of the Frascati Manual with the System of National 

Accounts, DSTI/EAS/STP/NESTI (2001)14/PART8. 
57  FM (1962), p. 6. 
58  B. Godin (2005), Metadata: How Footnotes Make for Doubtful Numbers, op. cit. 
59  The OECD does not conduct surveys among performers of R&D, but rather collects the data from national sources. OECD 

(1971), R&D in OECD Member Countries: Trends and Objectives; OECD (1975), Patterns of Resources Devoted to R&D in the 
OECD Area, 1963-1971; OECD (1975), Changing Priorities for Government R&D: An Experimental Study of Trends in the 

Objectives of Government R&D Funding in 12 OECD Member Countries, 1961-1972; OECD (1979), Trends in Industrial R&D 

in Selected OECD Countries, 1967-1975; OECD (1979), Trends in R&D in the Higher Education Sector in OECD Member 
Countries Since 1965 and Their Impact on National Basic Research Efforts, SPT (79) 20. 
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university R&D235F

60, the data being qualified as ñrather unsatisfactoryò because of ñserious conceptual and practical 

problemsò that prevented reliable international comparisons236F

61. How, for example, could a country spend twice as much 

as another on university research and yet report similar numbers of university personnel involved in R&D? Why did 

expenditures on basic research differ by a ratio of 1 to 2 between otherwise similar countries? The sources of the 

discrepancies were237F

62: the coverage of the university sector differed according to country (some institutions, like 

university hospitals and national research councils, were treated differently); estimates were used in place of surveys 

because they were cheaper, and coefficients derived from the estimates were little more than informed guesswork and 

were frequently out-of-date; general university funds were attributed either to the funder or to the performer; the level 

of aggregation (fields of science classification) was generally not detailed enough to warrant analysis; finally, there was 

a great deal of subjectivity involved in classifying research activities, according to a basic/applied scheme that was ñno 

longer used in certain countries, although policy makers still persist in requesting such data in spite of its many 

shortcomingsò238F

63. 

These difficulties led to a small study of national methods for measuring resources devoted to university research in 

1981239F

64, updated in 1983240F

65, a workshop on the measurement of R&D in higher education in 1985241F

66 and, as a follow-up, 

a supplement to the Frascati manual in 1989242F

67, which was later incorporated into the manual as Appendix 3. The 

supplement recommended norms for coverage of the university sector, the activities and types of costs to be included in 

research, and the measurement of R&D personnel. However, subsequent editions of the Frascati manual ñauthorizedò 

national estimates of R&D expenditures based on techniques that the unpublished report had disqualified243F

68. Estimates 

were used in place of surveys because they were cheaper, but coefficients derived from the estimates were little more 

than informed guesswork and were frequently out-of-date.  

This was only the first example of deviating from the norm concerning the survey as the preferred instrument244F

69. 

Government R&D was a second example. The OECD began collecting data on socioeconomic objectives of 

government funded R&D in the early 1970s, and introduced corresponding standards in the third edition of the Frascati 

manual (1975)245F

70. The method was in fact supplied by the European Commission. A work group of European 

statisticians was set up as early as 1968 by the Working Group on Scientific and Technical Research Policy in order to 

study central government funding of R&D. The purpose was to ñindicate the main political goals of government when 

committing funds to R&Dò246F

71. The implicit goal was to contribute to the ñconstructionò of a European science policy 

and budget. To this end, in 1969 the Commission adopted the Nomenclature for the Analysis and Comparison of 

                                                 
60  OECD (1979), Trends in R&D in the Higher Education Sector in OECD Member Countries Since 1965 and Their Impact on 

National Basic Research Efforts, op. cit. 
61  Ibid., p. 1. 
62  Some of these were already well identified as early as 1969. See: OECD (1969), The Financing and Performance of Fundamental 

Research in the OECD Member Countries, DAS/SPR/69.19, p. 4. See B. Godin (2005), Is There Basic Research Without 

Statistics, in Measurement and Statistics on Science and Technology, op. cit. 
63  OECD (1986), Summary Record of the OECD Workshop on Science and Technology Indicators in the Higher Education Sector, 

DSTI/SPR/85.60, p. 24. 
64  OECD (1981), Comparison of National Methods of Measuring Resources Devoted to University Research, DSTI/SPR/81.44. 
65  OECD (1984), Comparison of National Methods of Measuring Resources Devoted to University Research, DSTI/SPR/83.14. 
66  OECD (1985), Summary Record of the OECD Workshop on Science and Technology Indicators in the Higher Education Sector, 

DSTI/SPR/85.60. 
67  OECD (1989), The Measurement of Scientific and Technical Activities: R&D Statistics and Output Measurement in the Higher 

Education Sector, Paris. 
68  FM (1993), p. 146ss. 
69  While a certain amount of R&D data can be derived from published sources, there is no substitute for a special R&D surveyò, 

stated the manual. See FM (1981), p. 22. 
70  The first two editions of the Frascati manual included preliminary and experimental research classifications. 
71  Eurostat (1991), Background Information on the Revision of the NABS, Room document to the Expert Conference to Prepare the 

Revision of the Frascati Manual for R&D Statistics, OECD. 
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Science Programmes and Budgets (NABS)247F

72 produced by the a working group, and published a statistical analysis 

based on the classification248F

73. 

In line with the spirit of the OECD Brooks report, which had argued for changes in the objectives of government-

funded R&D249F

74, the OECD Directorate for Science, Technology and Industry (DSTI) adopted the European 

Commissionôs approach to obtaining appropriate statistics250F

75. However, few governments actually conducted surveys of 

government R&D251F

76. Most preferred to work with budget documents because, although less detailed and accurate than a 

survey, the information was easier and cheaper to obtain252F

77. Among the methodologyôs advantages was speed, since the 

data were extracted directly from budget documents without having to wait for a survey. But it also had several 

limitations253F

78, among them the fact that national data relied on different methodologies and concepts, and on different 

administrative systems. With regard to the classification of expenses, it reflected the intention to spend, and not actual 

expenditures. Furthermore, data were difficult to extract from budgets because they lacked the required level of detail: 

ñthe more detailed the questions are, the less accurate the data becomeò because it was not always possible to define the 

specific NABS sub-level in the budget since budget items can be quite broad254F

79. Finally, OECD statisticians were also 

confronted with a wide diversity of budgetary and national classification systems in member countries, systems over 

which they had relatively little control255F

80: 

The unit classified varied considerably between countries (é) because national budget classification and 

procedures differ considerably. In some countries, such as Germany, the budget data are available in fine 

detail and can be attributed accurately between objectives. In others, such as the United Kingdom and 

Canada, the budgetary data are obtained from a survey of government funding agencies which is already 

based on an international classification. However, in others again such as France, the original series are 

mainly votes by ministry or agency.  

To better harmonize national practices, a draft supplement to the Frascati manual specifically devoted to measurement 

of the socioeconomic objectives of government R&D was completed in 1978256F

81, but it was never issued as a separate 

publication. These data ñplay only a modest role in the general battery of science and technology indicators and do not 

merit a separate manualò stated the OECD257F

82. Instead of being put in a separate manual, the specifications were 

abridged and included within a chapter in the fourth edition of the Frascati manual258F

83. 

All in all, the GERD is not really a national budget, but ña total constructed from the results of several surveys each 

with its own questionnaire and slightly [one could rather say very] different specificationsò259F

84. Some data come from a 

                                                 
72  The first NABS was issued in 1969 and revised in 1975 (and included in the 1980 edition of the Frascati Manual) and again in 

1983 (to include biotechnology and information technology, not as categories, but broken down across the whole range of 

objectives). In 1993, improvements were made in the Environment, Energy, and Industrial Production categories. 
73  CEC (1970), Research and Development: Public Financing of R&D in the European Community Countries, 1967-1970, BUR 

4532, Brussels. 
74  OECD (1972), Science, Growth and Society, Paris. 
75  The first OECD (experimental) analysis of data by socioeconomic objective was published in 1975: OECD (1975), Changing 

Priorities for Government R&D: An Experimental Study of Trends in the Objectives of Government R&D Funding in 12 OECD 

Member Countries, 1962-1972, op. cit. 
76  Exceptions were Canada and the United Kingdom. Other countries either produced text analysis of budgets or estimate 

appropriations from budget documents. For methodologies used in European countries, see: Eurostat (1995), Government R&D 

Appropriations: General University Funds, DSTI/STP/NESTI/SUR (95) 3, p. 2-3. 
77  Eurostat (2000), Recommendations for Concepts and Methods of the Collection of Data on Government R&D Appropriations, 

DSTI/EAS/STP/NESTI (97) 10, p. 3. 
78  Eurostat (2000), The Frascati Manual and Identification of Some Problems in the Measurement of GBAORD, 

DSTI/EAS/STP/NESTI (2000) 31. 
79  OECD (2000), The Adequacy of GBAORD Data, DSTI/EAS/STP/NESTI (2000) 18, p. 3. 
80 OECD (1990), Improving OECD Data on Environment-Related R&D, DSTI/IP (90) 25, p. 9. 
81  OECD (1978), Draft Guidelines for Reporting Government R&D Funding by Socio-Economic Objectives: Proposed Supplement 

to the Frascati Manual, DSTI/SPR/78.40. 
82  OECD (1991), Classification by Socio-Economic Objectives, DSTI/STII (91) 19, p. 9. 
83  In 1991, Australia again proposed that there should be a supplement to the manual dealing with detailed classification by 

socioeconomic objective and by field of science. See: OECD (1992), Summary Record of the Meeting of NESTI, 
DSTI/STII/STP/NESTI/M (92) 1. 

84  D. L. Bosworth, R. A. Wilson and A. Young (1993), Research and Development, Reviews of United Kingdom Statistical Sources 
Series, vol. XXVI, London: Chapman and Hill, p. 29. 






























































































































































































































































































































