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INTRODUCTION






In recent years, policy analysts have studied policy as a process of arguménGaiium are the analyses of politics
based on rational choice and instrumental rationality, as well as iihe atyolicy cycles (agendsettingyY policy
formulationY adoptionY implementationlY evaluation), at least among critical auth@slicy-making is conceptual
construction, from its very first stépthe problem to be addressietb the last action.

Pdicy-makers construct their problem through conceptual frameworks that structure policy AstiBn.Goffman

suggested, frameworks (or frames) are principles of organi
soci al event stansform fragmeniarg Infermatidn ineota structured and meaningful Whivlere

recentl vy, D. Schon put it as foll ows: a frame is a fAway of
and

fiprovides guidepostersoadkngWwand, aanahgaing, p

Generally, a frame A[1] constructs the situation, [ 2] defi
of action are appropriatdt provides conceptual coherence, a direction for action, a basis for persumsibm,
framework for the col’lFe the prgoses di this bogk mefineya sanceptual framevaotk @

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

to a sers of analytical and policy questiomdeally, a conceptual framework:

Identifies a problem, its origins and the issues involved;
Suggests an explanation of the current situation;
Offers evidence, often in terms of statistics and indicators;

P wDd PR

Recommends pizies and courses of action

Policy frameworks are often constructed as narratives or stories that give meaning to sitddtisns not peculiar to

policy. Narratives are present everywhefaey are an integral part of the discipline of historiaeve there is a lonrg

running debate on the role of narratives in the discifliNarratives are also present in ordinary life, as Goffman has

studied, as well as in science: think of theories on the origins of the udiversbe origins of life anchumané.

Economic theory is also full of narrativesas is sociology. In the latter case, for example, you can think of the

discipline as being composed of narratives on modéfhiginally, narratives are present in matters concerning

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

for community creation, identity and se#presentatioft. M. Hard and A. Jami son have | ooke:
appropriation of technology in thientury, as discourses on modertfity

! G. Majone (1989)Evidence, Argument, and Persuasion in the Policy @&gdNew Haven: Yale UniversitPress; D. Stone

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

and the Formation of Policy Agendd®litical Science Quarterlyl04 (2), p. 284300; F.Fischer and J. Forester (edd.993),

The Argumentative Turn in Policy Analysis and Planpidgrham: Duke University Press; F. Fischer (208framing Public

Policy: Discursive Politics and Deliberative Practic&3xford: Oxford University Press.

E. Goffman (1974)Frame Analysis: An Essay on the Organization of Experigbambridge (Mass.): MIT Press, p. 10.

M. Rein and D. Schon (1993), Reframing Policy Discourse, in F. Fischer and J. Forester (eds.), The Argumentative Tayrn in Poli
Analysis and Planningyp. cit, p. 145166,p. 146.See also: M. Rein and D. Schon (1991), Fraeélective Policy Discourse, in

P. Wagner et aleds.),Social Sciences and Modern Stat&ambridge: Cambridge University Pregs262-332.

M. Rein and D. Swon (1993), Reframing Policy Discoursm. cit, p. 153. Fischer identifies the three steps as follows: defining

the problem situation, identifying policy intervention, anticipating outcoi®@es.F. Fischer (2003), Reframing Public Polay,

cit., p.168.

5 T.J. Kaplan (1986), The Narrative Structure of Policy Analykisynal of Policy Analysis and Managemehi{(4),p. 761-778.

H. White (1973), Metahistory: the Historical Imagination in Ninetee€b#ntury Europe, Baltimore: Johns Hopkins Univgrsi
Press; P. Ri coeur (1983), Temps et r®cit |: Léintrigue et | e r ®c
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: thistorical Development of Two Theories of the Universe, Princeton: Princeton
University Press.

P.J. Bowler (1984)Evolution: the History of an IdeaBerkeley: University of California Press; P. J. Bowler (198%e
Invention of Progress: the Victora and the PasOxford: Basil Blackwell.

® D.N.McCloskey (1990), f Youdére So Smart: Th e, Qhisaga: Wnivearsityeof ChitagofPeessn o mi ¢ Exper t i
10 p Wagner (1994), A Sociology of Modernity: Liberty and Discipline, London: Routledge.

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 aboutexdiendegy and

innovation (seevww.csiic.cg. This introductory chapter offers an overview of the book. It offersatorefu r ddéd hor i zon
of the frameworks developed over the twentieth century and discussesith@laetoric, 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 parfEhe first looks at the emergence of cortoap 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 organizediomplas

T the Organization for Economic and -@peration Development (OECD)and emphasizes the role of statistics in
science policyAs a matter of fact, for decades the OECD has been an influentiatémikior its member countries in

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

FRAMEWORKS AS NARRATIVES

Science policy is about 60 years olthe first modern arguments for science policy came from V. Bush, followed by
the US Pr e sfic Reseatctd Boards The éOEED) came next: from the 1960s, tirganizationstarted
publishing policy documents that have had a major influence in member cotinftes policies suggested over the
years, at both the national and international kvetlied 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 purpdseseframeworks can be organized around three

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

Ogburn in the 19280s>. According to Ogburnés story, grewhoofimeéngionsi s experi e
but is insufficiently adaptedlhere 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 sociakineention

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
KnowledgeBased Economy
Information Economy (or Society

Press.Seealso: J. F. Kasson (1977), Civilizing the Machine: Technology and Republican Values in Americal I00;New
York: Penguin.

2. M. Hard and A. Jamison (1998ptellectual Appropriation of Technology: Discourses on Moderrigmbridge (Mass.): MIT
Press.

13 V. Bush (1945)Science: The Endless Frontjédorth Stratford: Ayer CoPu bl i shers, 1995; US Presidentads
Board (1947)Science and Public PolicjNew York: Arno Press, 1980.

4 One early and major document was: OECD (1988jencend the Policies of Governmeiftaris: OECD.

5 This framework is not discussed in this boSke: B. Godin (2009} he Invention of Innovation: William F. Ogburn and the Use
of Invention Project on the Intellectual History of Innovation, Montreal: INR&thcoming.

2 TheMaking of Science, Technology and Innovattba | i cy é, 2009


http://www.csiic.ca/

The framework on lags has been very igfitial. It has served as basic narrativérexent Socialrends (1933) and

Technology and National Poligt937), two major policy documents in the United States, the first on social indicators

and the second on technological forecasting. It was alsodusgw 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
sequenti al process. It is in fact ltaogstohi(sb eft wermewoirnkv etnh a to
commercialization) and the idea of technological gaps.

Thebesk nown of the sequenti al framewor ks i s wHhhetpreasame t o be
source of the linear model remains nebulous, asiiggn has only recently been documenfebapter 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, howevermiec® di r ect | y Sdence:mheV . Bushods
Endless Frontie(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 MaclUFimahe 1940s.

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

It suggests that innovation follows a linear sequence: basic reséaapiplied researcii developmentin 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 thataielisyhave

been persuaded torfuse 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 aatipve all, it was the framework most others compared to.

The frameworks on cultural lags and the linear model of innovation came from academics. The next generation of
frameworks owes a great deal to governments and international organizations, hktbee GECD. This latter
organization is an influential thintank for its member countriel.is not an advocacy thirtank looking for media
exposure and defending partisan or ideological tfebst rather a researairiented think tank that feedsmcepts to
national policymakers for better understanding of issues in science, technology and innovation pOlibis.
organizations that have acted as think tanks in the short history of science, technology and innovation policy are the US
National Bueau 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 nationainaddsg.As with most

think tanks, and like management gurus, dhganization simplifies policy analysis through the use of metaphors and
imagery’, but as an international organization, it brings immediate (although sometimes relative) legitimacy to
discourses and frameworks, partly because the member countrieehesidefine the agenda of the organization.

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
bringsbenefits, 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 standardigjrsurveys of research and developni{ehtipter 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, dreléfficiency of research.

One basic statistics among the statistics collected with
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. Itaye 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 (througitoductivity) and competitiveness. These gave rise to two framewbhies.
framework on economic growth and productivity embodies a very simple (and again linear) story: research leads to
economic growth and productivity. Consequently, the more investiientnore growth. This story is often framed

6 D. E. Abelson (2002), Do Think Tanks Matték8sessing the Impact of Public Policy Institutes, Montreal: MeGileens.

7 D. Stone (1996), Secordand Dealers in Ideas, in D. Stone (e@jpturing the Political Imagination: Think Tank®ic the
Policy Processl.ondon: Frank Crosg. 136-151.
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within an inputoutput semantics: input§ research activitie¥ outputs ¥ outcomes)chapter 3)The accounting

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

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

which #Atechnol ogical changed was equated with changes in f
productiviy (out put). This equation is now known as the fAproduct
mid-1950s and subsequently to study science, technology and innovation and its relationship to the economy, the
economi st so6 fr ameradoffitial policymekdrs eauseful cgnceptiial framework. This was due to the

fact that the framework was perfectly aligned with the pol

of the science system.

Certainly, he issue of productity in science has a long histdfylt emerged among scientists themselves (Tabln2).

the nineteenth century, the British statistician Francis Galton, followed in the twentieth century by James McKeen
Cattell, the US psychologist and editorSxfiene 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 theascientific production of the scientists,

above all the number of scientific papers they published. From the3@26nward, historians and psychologists were

early producers of numbers on productivity defined as such. However, it was governmehtsrestdtistical bureaus

that really developed this meaning after World War 1l. 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 economityproductiv

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

Economicgrowth and productivity have been studied at the OECD since the very early years of sciencépmficy.

got increased attention in the early 1990s, following the Technology and Economy Programme (TEP), and then in the
2000s with the Growth project, wheam explicit frameworki the New Economy 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 rmdwotegies, particularly information and
communication technologies (chapter 4).

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

the framework is that science and technology have bearfactor of leadership among countrietke 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 betweeresppatticularly between European
countries and the United States. Technological gaps were considered signals that Europe was not performing well. The

8 B. Godin, (2009), The Value of Science: Changing Conceptions of Scientific Productivity,cit&64970, Social Science

Information 4, ForthcomingB. Godin (2007), From Eugenics to ScientomatriGalton, Cattell and Men of Scienc&cial
Studies of Scienc87 (5): 691728; B. Godin (2006), On the Origins of Bibliometri€gjentometrics68 (1): 109133.

B. Godin (2002), Technological Gaps: An Important Episode in the Construction of &dielc Technology Statistics,
Technology in Societ4,p. 387-413.
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study developed a methodology for ranking countries based on multiple statistical indicators. Therl9808) the

issue of industrial competitiveness gave rise to the concept of high technology and the role of new technologies in
international trad¢chapter 5)High technology came to be seen as a major factor contributing to international trade,

and a g mbol of an filadvanced economyo. Statistics measuring t
technological intensity of their industries were constructed and further developed to measure how countries maintain or

improve theirpositionin 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 sciegatealogy 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 organizatiombe OECD, with the collaboration of economists as condsltan

developed new frameworks for policyaking. The frameworks were generally constructed aermdttives to the linear

model.One of the first such frameworks was the National Innovation Sy&teapter 7)The framework suggests that

t he r es e asrultimate goalsid ienovation, 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 storygydehe framework emphasizes the relationships between the components or
sectors, as the fAicauseodo that explains the performance of i

Most authors agree that this framework was developed by researchers like C. Freeman, R. Nelsén lamadBall.

In fact, however, the Asystem approachod in science policy
works beginning in the 1960s, although the organization did not use the term National Innovation System as such.

From the very earlypeginning 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), betweaergonent 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 expenditimesectors 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 fundsrasdarciperformers).

Then in the 1990s the OECD launched aasde program on National Innovation Systems, witbABLundvall 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 relationsbipsexamined, and a different role was assigned

to government. However, the industrial sector and the firm still held central place in the innovationBygten, the

Oslo manual on measuring innovation had become the emblem of this framework aCth&OE

The other new framework is that on the knowletigeed economy or socigghapter 8)The origins of the concept of

a knowledge economy come from economist Fritz Machlup in the early 1960s, and the comeeptged at the

OECD in the 1990s as aiternative, or competitor, to that on the National Innovation System. The latter was believed
by many to be more or less relevant to paolicgkers. The work at the organization was entrusted to the French
economist Dominique Foray. The story on the kremlgkbased 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 prodiifficmn 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 umbreltamcept 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 gisipifted to new categories.

The last framework in the third generation is that on the information economfoonationsociety(chapter 9)The
information economy was one of the key concepts invented in the7lB6t explain structural changes in thedern
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 thmain driver of growth.
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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 ecofitimyugh time, the concept eveld

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

marual, 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 ibiity vis

within the OECD. Seaod,mi ni st ersdé i nterests as mani fested during summi
the emergence of a political issue often leads to its measurement. Measurement in turn helps crystallize concepts and

issues.

The framework on the informatiorcenomyrelies on other frameworkdn 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 thirdjeneration frameworks: information economy &mbwledgebased 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 kguiput semantics. Furthermore, this secondegation,
particularly the stories involved, feeds the third generation, giving the whole discourse a continuity and a coherent
rationale. Metaphors often help heréd metaphor has important organizational properties: it is prescriptive and
normative in tht 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 metagr serves a variety of worldviews. This is the role played by the information
economy. Information and communication technologies are everywhere: it explains the kndveleedeconomy, as

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

and frameworks thus feed each other.

THE LoGIC (RHETORIC?) OF NARRATIVES

| have suggested that conceptual frameworks in science, technology and innovation policies are usually constructed in
the form of astory or narrative. A narrative gives meaning to science, technology and innovation, and to policy
actions.t helps put science, technology and innovation on the political agenda. A typical narrative goes like this:

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

Something new is happening in society (CHANGE) and it is quite different from the past.
Letds call this change é (NEW NAME).

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

Let 6s CcAIIBTIGS@d evideiice.

It is essential that policies be developed.

Letds i magine a FRAMEWORK to this end.

N o o ks~ wDdPR

Letds |l ook at each step. A major premise or assumption | i e
and innovation are good for you afak 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 s@edcnew technologies are to be placed under control,

but never eliminatedAs US soci ol ogi st William F. Ogburn once put it
interpreted as meaning 22heir promotion not their deniald

A narrative on sciencegthnology 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 Ber{aasly, continuity is

2L | use the term narrative here as including any of the following, which a literary critic would probably distingpisherat, plot,

storyline, storytale.
2 W. F. Ogburn and N. M. Nimkoff (1940%0ciology Boston: Houghton Mifflinp. 916.
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usually mentioned, wi t b, idn kemdir thse r fdutd s difprernhbeiywfrosceatt ui aotni o n
perspective of scal e ohowefed it md;s fotnHiyn gas meartet ea Hadifg iinngt,ensi ty
narrative generally suggests that it is difficult to draw a bounfatween the current era and the p#&sit 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 polityakers and politicians. Be that as it may, didmies 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 knowledged economy. According to the OECD,

knowledge and its production, flifu si on and use i s w@eatainlydkeofvledgeshas alwaysltlegnd s s oci et
present and i mportant in past economies and societies, but
has always been a central component in economidajevent, the fact that the economy is strongly dependent on the
production, distribution and u? Howadn thk organidatenidgwelopisscham ow bei ng
vision? With a very broad concept of knowledge, one that embraces thing®ysly separated or put aside in

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

concept is to attract the attention of as many peatiekers (and experts) as possible in the field ohseigtechnology

and innovation policies.

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

As catchwords, |l abels are often fAmere | abumérisuggestedri t hout yi
decades add. 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 knowlegigerl economy or information society.

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

affiliates®®, and many others like the Tripléelix and the New Production of Knowledge (Mode1/Modé2)

The conceptual framework on the Na# Innovation System is a recent example of labellig.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 suppraachi National Innovation Systefihand 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 fieldhef 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.

B Thisrhebr i c al move is similar to the far gume MeéasufementrandlStatieici at i onso,
on Science and Technology: 1920 to the Presgimapter 9, London: Routledge.

2 OECD (1996), Science, Technology and Industry OutlookartPV, Special Theme: The KnowledBased Economy
DSTI/IND/STP (96) 5,p.5. For similar narratives from academics, see D. Foray (200d¢, Economics of Knowledge
Cambridge (Mass.); MIT Pres; Stehr (2005)Knowledge PoliticsBoulder (London): Parégim Publishers.

H. Blumer (1930), Science Without Concepts, reprinted in H. Blumer (18§®)bolic Interactionism: Perspective and Method
Berkeley: University of California Presp, 153170. On the fuzziness of concepts, see also: W. B. Gallie (1¥8entially
Contested ConceptBroceedings of the Aristotelian Socigty167-198

H. Blumer (1930), Science Without Concepts, reprinted in H. Blumer (18§®)bolic Interactionism: Perspective and Method
Berkeley: University of California Presp, 153-170. On the fuzziness of concepts, see also: W. B. Gallie (1956), Essentially
Contested ConceptBroceedings of the Aristotelian Socigty167-198.

Technological regime, technological guideposts, technological or teedormmic paradigms, tewb-economic networks.

For more labels, see J. R. Beniger (1988)e Control Revolution: Technological and Economic Origins of the Information
Society Cambridge (Mass.): Harvard University PreBer critical analyses of academic frameworks, see: BlirtG{L998),
Writing Performative Hi s3oda $tudiesToh Eciense8 (8), piid5e188; TA Shina (2002),sThe,
Triple Helix and New Production of Knowledge: Prepackaged Thinking in Science and TechSalogy,Studies of Scienc#®

(4), p.599614; R. Miettinen (2002)National Innovation System: Scientific Concept or Political Rhetor¢@sinki: Edita.
Some labels, like postmodern science, strategic science;modoced science, had much less fortune than the more popular
ones discussedSee respectively: S. Funtowicz and J. Ravetz (1999);NRostal Sciencé 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 X), 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 [R80&)oping Science, Technology
and Innovation Indicata: What We Can Learn from the PasNU-MERIT, Working Paper Series, Maastricht,1{i. (footnote

6).
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A similar rhetorical move (renaming something old for pol
t e c h n #.Inahg mid1980s, the term high technology began to be used concurrently with, or in plteeterms

research intensity and technology intenditgthing 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. Techrelogy trad

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

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

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

thereafter be the label for these industries, and would become-knealh and muctused 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 followrisis 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 dslittle investment in science, technology and innovation, which imperils
economic performance.

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

know more about the changeén 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 devel oped a ntheoframewdrkaoa economictgtowtie and modwetjvity js tha imest
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 iplacedmparative 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 déligasiavhere the
valueadded 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
convenionalizes, 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 frme is the task of the OECD.

As a third step, the organization identifies best practices/performers using indicators, rankings and benéhmarking
Coming first, or pride of first place, is what drives the exercises in measurement and its statisticekoompae
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 nononoat demonstrate the results concl us
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 anbf te@ phenomenoii the

production of knowledge, not its diffusion and use (except for information and communication technélbgiesm)se

ofalack ofdataEqual |l y, the OECD had difficulties fAprovingo the e
AiTen years or so from now, it should be easier to assess,
and communication technologies, ot her *rBetatthe enesucbdnogi es and
assessment wampossible.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 empfitioes 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 ecoli@snwjorth recalling here

% B. Godin (2008), The Moral Economy of High Technology Indicators, in H. Hikgeinsen and D. Jacobson (ed#n)jovation

in Low Tech Firms and Indusés Edward Elgar.

B. Godin, B. (2003), The Emergence of Science and Technology Indicators: Why Did Governments Supplement Statistics with
Indicators?Research Policy32 (4): 679691

OECD (2001), Drivers of Growth: Information Technology, Innovatmd Entrepreneurship, Paris: OEQD119.
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that as early as 1919 the US economist W. C. Mitchell suggested presenting narratives-togl@isywith statistics
precisely as sucft

Secure a quantitative statement of t he onciseifotm, c al el ements in
illuminate the tables with a chart or two, bind the memorandum in an attractive cover tied with a reat bow
knot (é). The data must be simple enough to be sent by teleg

Apart from visual devices, an important stratég) blackboxing the limitations of statistiés This is done by using

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

without effect on the core of the text and its conclusidne.e gdiment from | i mitationso (the f
ithe data duttehiisnncdops ene@t, affect the resultso) is also a r

Letds conclude this section by mentioni ngs (usephd officmne of t he
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 stagesntiey origi

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 statistial 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 endsith policy recommendationsn 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 notisi® 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 organizat®m éittle something new in every
periodic publication or review, generally specific to a new technology or to a public @see.history, the most

popular and regular policy formulas were magic ratios like the GERD/GDP ratio of 3% suggested asleal@68s,

and a basic/applied research ratio 0f2D3 basic research, first suggested by the French statistician Cofitlorcet

In general, the development of frameworks at the OECD proceeds as falltosls.proposals come either from the
Secretariat (i 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 confereniefurn, 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 conferencemnd 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 5 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 meetidgseasy way to do this is to turn readdyailable academic
fads into keywords (or buzzwars ) , t hen i nto fAsynthetic, at tfimaadeitoo e and rea

81 W. C. Mitchell (1919), Statistics and Governmeluyrnal of the American Statistical Associatid25, Marchp. 223-235.
%2 B. Godin (2005), Measurement and Statistics on Science and Technology, Chapteit9,

On basic research, see: B. Godin (2003), Measuring Science: Is There Basic Research Without SEaisatsScience
Information 42 (1): 5790.

% OECD (1998), Possible Meeting of the CSTP at Ministerial Level: Statistical CompendiumEBSTHTP/NESTI (98) &. 3.
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catch the attention of poliemmakers.Buzzwords and slogans help sell ideas: they are short, simple, and easy to
remember.

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

OECD publishes biannual, yearly and biennial reports, amo
frames are very tight. Publication drives policy: there is a need fmw issue at every conference, and in every new

publications of the organization, such &sience, Technology and Industry Scorebaaré&cience, Technology and

Industry Outlook both published every two years. Umbrella concepts like that on the kn@#adgd economy are

thus very fertile for producing documents. They synthesize what is already available, what comes ftomagiay

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

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

forums to fienlightend bureaucrats and s hk88st Eheyiam alsos , as res
employed as deputy directors by the orgamnizatlike D. Foray to work on the knowled@g@sed economy, or B. A.
Lundvall on the national i nnovation system. In the end, a

labels and narratives in their papers, and few of them develop fundaméitishts 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 conceptudtameworks developed founderstanding sciencéechnology andinnovation and its
relati on to the economy has b eThemotlehpostufates timeirnovatiomostireslwithof i nnov
basic research, then adds applied research and development, and ends with production and diffusion:

Basic research Y Applied research Y Development Y (

The model has been very influentidkademic organizationss a lobby for research furfdand economistsas expert

advisors to policynaker§, have disseminated the fnework or the understanding based thereon, widely, and have

justified government suppbto science usinghis framework As a consequence, science policies carried a linear

conception of innovation for many decaflessdid ademics studying sciencedatechnology. Very few people defend

such an understanding of innovation amymnore:i oMEVear yerme 0k n @
N. Rosenberfjand othersBut is this really the case?

In order to answer th question, one must §t trace e history of the frameworio the present. The precise source of

the linear modebf innovationremains nebulous, having never been documented. Several authors who have used,
improved or criticized the model in the last fifty years have rarekn@wledged or cited any original source. The
model was usually taken for grantektcording to others, however, it comes directly from, or is advocated clearly in
V. B (Ssidmae:sThe Endless Frontig945y. One would be hard pressed, howeverjid finything but a rudiment

of this model iBush tBlked dbdus caused Iimks betwedn gcience (namely basic research) and socio
economic progress, but nowhere did he develop ddnfith argument based on a sequential process broken dtmwn i

its elements, oonethat suggests a mechanism whereby science translates into socioeconomic benefits.

In this chapterl trace the history of the model, suggesting that it developed in {bvedapping)stage. The first,

from the beginning of thewentieth century t@irca 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 agppéisearch. 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 1934cicca 1960, added a third terro the discussion, namely development, and created

the standard threet age model of innovation: Basic research Y Applie
as statistical reasons were responsible foratdition. Analysis of this stageonstitute the core of this chagt The

last stage, starting in the 1950s, extended the model t&R&En(not research and developmeriated activities like

production and diffusion. Business schools as well as economists were responsible for this extdresinoadél.

The main thesis of this chaptis that thdinear model ows 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 afldcating money to scienctechnology,and innovationand standardized under

the auspices ofthe OECDnd it s met hodol ogi cal manuals, the linear model
because of their lack of statistical foundations, could not easily become substitutes.

This chaper is divided into four parts. The first discusses the coréeflinear 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

National Science Foundation (195Bpsic Research: A National Resour@éashington: National Science Foundation.

2 R.R. Nelson (1959), The Simple Economics of Basic Scientific Resdanaimal of Political Economy67: 29-306.

D. C. Mowery (1983), Economic Theory and Government Technology PBladicy Sciencesl6,p. 27-43.

N. Rosenberg (1994Exploring the Black Box: Technology, Economics, and Histhiew York: Cambridge University Press,
p.139.

5 J.Irvineand B. R. Martin (1984 oresight in Science: Picking the Winneksndon: Frances Pintep, 15; C. Freeman (1996),
The Greening of Technology and Models of Innovatidbachnological Forecasting and Social Chang8, p.27-39; D. A.
Hounshell (1996), Té Evolution of Research in the United States, in R. S. Rosenbloom and W. J. SpenceEr(gue}, of
Innovation: US Industrial Research at the End of an,Baston: Harvard Business Schopl43; D. C. Mowery (1997), The
Bush Report after Fifty Years Blueprint or Relic?, in C. E. Barfield (ed$cience for the 21Century: The Bush Report
Revisited Washington: AEI Presg, 34; D. E. Stokes (1997 ast eur 6 s Quadr ant : Basic Science and
Washington: Brookings Institutiop, 10; P. Mirowski and EM. Sent (2002)Science Bought and Sold: Essays in the Economics
of ScienceChicago: University of Chicago Preps21-22.
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discusses the first real stepvard the construction of the model yoking at the categorgnd the activity called

fdevel opment o and its place in industrial research. The tt

stage model via statistics. It argues that statistics has been one of the main factors explaining why th@nmaddel
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 chaper focuses on the United States, although it draws on matenaldther 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 modelovtion 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 collectalthough limited, this focus allows one to balance D. Edgeios r ecen't

thesis that the | inear model does not exi st fithe |l inear m

of what it i s s ugiajpme Edgettor(p. 82f.HTav eE dlgee@ 1t & n , the model does

writings, and here Edgerton and the present author agree, but neithét eiiss elsewhereAs this chapr implies,
only if one |l ooks at the term itself can one supports
mechanism used for explaigiinnovation 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 hierarchf/ the world in whichtheoria was valued over practic&his hierarchy rested on a
network of dichotomies that were deeply rooted in social practice and intellectual thought

A similar hierarchy existed in the discourse of scientists: the superidiiyre over applied researchhe concept of
pure research originated in 1648, according to I. B. Cbtiewas a term used by philosophers to distinguish between

no

Edg

science ofinatural philosophy which was motivated by the study of abstremtceptsand t he mi xed dAdi sci pl i

subjects, like mixed mathematics, that were concerned with comenetepts. 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 discussesliffie it

to say that pure science was opposed to applied science on the basis of motive (knowledge for its olMnesake).
dichotomy was a rherical resource used by scientists, engineers and industrialists for defining, demarking and
controlling their profession (excluding amateurs), for financial supgorsgientists), for raising the status of a
discipline @s engineerddid), and for attraeting scientists gs industrialistsdid). It was also a rhetoric, particularly
present in Great Britain, that referred to the ideal of the freedmsniefice from interference frothe State, with an

eye to the countereference and negative experienceNlazi Germany and to some extent in the Soviet Utlion

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 researchfgteve have t he appl i cat

science, H. A. Rowland argued, theesci c e i t s e [ fCertanlysthe retationship wissneway (from basic to

® D. Edgerton (2004), The Linear Model did not Exist, in K. Grandin, N. Worms, and S. Widmalm usSgiencendustry
Nexus: History, Policy, ImplicationSagamore Beach: Science History Publicatipn31-57.

7 H. Arendt (1958)The Human ConditianChicago: Chicago University Press; G. E. R. Lloyd (19B6)arity and Analogy: Two
Types of Argumentian in Early Greek ThoughtCambridge: Cambridge University Press; N. Lobkowicz (198Hgory and
Practice: History of a Concept From Aristotle to Mabondon: University of Notre Dame.

8 I. B. Cohen (1948)Science Servant of MgBoston: Little, Brow and Co.p. 56.

R. Kline (1995), Construing Technology as Applied Science: Public Rhetoric of Scientists and Engineers in the United States,

18801945, Isis, 86: 194221.

1 G. H. Daniels (1967), The PuBrience Ideal and Democratic Cultugience 156, p.16991705; E. T. Layton (1976),

American Ideologies of Science and Engineerifgghnology and Culturel7 (4),p.688700; D. A. Hounshell (1980), Edison

and the Pure Science Ideal if"®entury AmericaScience207: 612617.

Congress for Gltural Freedom (1955%cience and Freedgrhondon: Martin Secker & Warburg.

H. A. Rowland (1902), A Plea for Pure ScienceThe Physical Papers of Henry Augustus Row]d@altimore: Johns Hopkins

University Pressp.593-613, p.594; N. Reingold and\.. P. Molella (1991), Theorists and Ingenious Mechanics: Joseph Henry

Defines Science, in N. Reingold (edsgience: American StylBlew Brunswick: Rutgers University Preps127-155.
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applied research), but it gave rise to a whole rhetoric in the early twentieth century, one sugypitréeicidustrialists,
among others.

Industrial research underwent expansion after World War |. Several big firms became convinced of the nécessity
investng in research,

and began building laboratories for the purpose of conducting ceSaBovenments accompanied them in these

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

in their efforts to create industrial research organizatfors the United States, it was thewlg created National

Research Councif the National Academy of Scientieat gave itself the task of promoting industrial reseaftie.

close links between the National Research Council and industry go back to the preparations for war (1916).
Industrialigs were called upon for the World War | research efforts coordinated by the National Research Council.

After t he war, the National Research Council, Aii mpressed
science to industsyi ¢p)oftoble wpgahiezagtuieon of industrial
Industrial Research Division to consider the best methodsoh i evi ng such® dtganheatlio®s( é) h
division had been a hotbed of activity, preaching to corporatohse benefits of fufiTheng their
division conducted special studies on industrial research, arranged visits to industrial research laboratories for
executives, organized conferences on industrial research, helped set up the InResemmich Instituté an

organization that still exists todHyi and compiled a biennial repertory of laboratories from 1920 to the mid £950s

In Europe as well as in North America, industrialists reproduced the ninetaanitiry discourses of scigsts on the
utility of science: pure resear cH TheRepriniand CircutacSerieafu | abl e val
the National Research Council in ttage 1910s and 1920s was witness to this rhetoric by industrialists. Carty,

13 On the emergence of industrial research, see: National Reseaunhilq1941),Research: A National Resource (ll): Industrial

ResearchNational Resources Planning Board, Washington: USGPO; G. Wise (Y888, Whitney, General Electric, and the
Origins of US Industrial ResearctNew York: Columbia University Press;. IS. Reich (1985)The Making of American
Industrial Research: Science and Business at GE and Bell; 184 New York: Cambridge University Press; D. A. Houndshell
and J. K. Smith (1988%cience and Corporate Strategy: Du Pont R&D, 19080 New York: Cambridge University Press; A.
Heerding (1986)The Hi story of N. V. , Réwi York: gCandbridgel Umieersity dPragseJn $chopman k e n
(1989), Industrious Science: Semiconductor Research attie N. Phi | i ps & GI o e-19b7zHistoreal $twdiesrin k en, 1930
Physical and Biological Sciengel9 (1),p. 137-172; M. B. W. Graham and B. H. Pruitt (199Rg&D for Industry: A Century of
Technical Innovation at AlcodNew York: Cambridge University Press; J. K. Smith (1990), The Scientifictimadih American
Industrial Researciechnology and Culture31 (1),p. 121-131; M. A. Dennis (1987), Accounting for Research: New Histories
of Corporate Laboratories and the Social History of American SciGumsal Studies of Scienck?7, p.479518; D. Mowery
(1984), Firm Structure, Government Policy, and the Organization of Industrial Research: Great Britain and the United States,
19001950, Business History Review.504-531; G. MeyeiThurow (1982), The Industrialization of Invention: A Case Study
from the German Chemical IndustilS 73, p.363381; T. Shinn (1980), The Genesis of French Industrial Research; 1880
1940, Social Science Informatipri9 (3),p. 607-640. For statistical analyses, see: D. C. Mowery and N. Rosenberg (1989), The
US Reseah System Before 1945, in D. C. Mowery and N. RosenbieFghnology and the Pursuit of Economic Grovitlew
York: Cambridge University Press; B. Mowery (1983), Industrial Research and Firm Size: Survival, and Growth in American
Manufacturing, 19211946 An Assessmentjournal of Economic History63 (4),p.953-980; D. E. H. Edgerton and S. M.
Horrocks (1994), British Industrial Research and Development Before E8dBpmic History Reviev67 (2),p.213-238; S. M.
Horrocks (1999), The Nature and Exteri British Industrial Research and Development, 12@80,ReFresh 29, Autumnp. 5-
9; D. C. Mowery (1986), Industrial Research, 19@%0, in B. Elbaum and W. Lazonick (edsThe Decline of the British
Economy Oxford: Clarendon Press; D. E. H. Edgert(1993), British Research and Development After 1945: A Re
Interpretation,Science and Technology Polickpril, p.10-16; D. E. H. Edgerton (1987), Science and Technology in British
Business HistoryBusiness History29 (4),p.84-103; M. Sanderson (¥2), Research and the Firm in British Industry, 2919
1939,Science Studieg,p. 107-151.
Committee on Industry and Trade (192Factors in Industrial and Commercial Efficiency Par t I, chapter 4, Londol
Stationery Office; D. E. H. Edgeniaand S. M. Horrocks (1994), British Industrial R&D Before 195, cit, p. 215216.
A. L. Barrows, The Relationship of the NRC to Industrial Research, in National Research Council (1941), Research: A National
Resource II: Industrial Researap. cit p. 367.
6 G. P. Zachary (1997Endless Frontier: Vannevar Bush, Engineer of the American Cen@iagnbridge (Mass.): MIT Press,
1999,p. 81.
The Institute was launched in 1938 as the National Industrial Research Laboratories Institute, renaredydssr as the
Industrial Research Institutk.became an independent organization in 1945.
8 See A. L. Barrows (1941), The Relationship of the NRC to Industrial Reseqrchit R. C. Cochrane (1978)he National
Academy of Sciences: The First HuedrYears 1863963 Washington: National Academy of Sciencps227-228, 288291,
288-316; National Research Council (1938)History of the National Research Council, 191983 Reprint and Circular Series
of the National Research Council, No. 106, Wiagton, p. 44-48.
1 J.J. Carty (1916), The Relation of Pure Science to Industrial Res@atint and Circular SerigNo. 14, National Research
Council,p. 8.
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vice-president, ATT, was a typical purveyor of the rhetainc1924, speaking before the US Chamber of Commerce,

he proclaimedii The futur e of Ameri can business and commer ce and
s c i €hToeCarty, science veacomposed of two kinds: pure and appli€do hi m, the pure scientis
advance guard of civilizatiorBy their discoveries, they furnish to the engineer and the industrial chemist and other

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

for the advancement of our business, the improvement of our industries, andthe éxte n o f odlr commercebd

Carty explicitly refused to debaté:tflie heontwestredetaercme si@u
inexact |y t he? Fodary, thnhstinatienrwas one of motive He wanted to direct fatte
important relations between purely scientific research and industrial research which are rsoffigiently

under % tinmo attizle published iGciencé®, Carty developed the first fulength rationale for public support to

pure research. To the industrialist, fipureo science was i
comfort and convenience and alleviattee s uf feri nf.sBuof bmamkisedd he HfApractical e
certain, are usually indicet , i nt an gjQaltyghoughthatt dhreo thiencat ur al home of pure sci
scientific research iotbef ound i n tzﬁwheuméveasht;néster scienti st fishoul d

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 anythinghich money can provide. Every reasonable and even generous provision should be
madeforalwor ker s i n?Bute iwvhiee®mce@ad e the universities to obtain
out of a grand scheme of scientific research? It lshaome from those generous and pulipi ri t ed menao

[ philanthropists andfr am cthh d AiThisdratisntlelisemsBerydar feoin that ofiéredh

by W. von Humboldt, founder of the modern university, in his memorandum 6f480

V. Bush followed this rhetoric with his blueprint for science policy, tit®dence: The Endless Frontfr He

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

The rhetoric b hi nd t he Bush report was entirely focused on the s
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 live the deadening drudgery which has been the burden of the common man

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

diseass, will promote conservation afur limited resources, dnwill assure means of deihs e agai n3t aggressi
AWithout scientific progress no amount of achievement i n
securityasanaton in the ®2modern worl do

But what is the mechanism by which saie translates into soegconomic progressBush distinguished between

basic research, or research fdAperformed without thought of
understanding of nature and its Bw |, and ap’ TdBash, howewere ther twohtypes afsearch were or
should beunderstoodin relation to each othefit he furt her progress of industrial C

2 3. J. Carty (1924), Science and Busin&aprint and Circular SeriedNo. 24, National Bsearch Councif. 1.

2 pid., p. 1-2.

2 |bid., p.7.

% bid., p. 1.

24 J.J. Carty (1916), The Relation of Pure Science to Industrial Reseprdiit,
% |bid., p. 8.

% Ipbid., p.8 and 9.

2 Ibid., p. 12.

% |bid., p. 14-15.

29 W. von Humboldt (189), On the Spirit and the Organizational Framework of Intellectual Institutions in Bditierva, 8, 1970,
p. 242-250.

%0 V. Bush (1945)Science: The Endless Frontiélorth Stratford: Ayer Co., 1995.

% Ibid., p. 10.
%2 bid., p. 11.
% Ibid., p. 18.

18 TheMaking of Science, Technology and Innovattba | i cy é, 2009



stagnate if basic resec h wer e | ¢ nRasniecgl reed ealrdoch i s galeme Mumberaois o f ans:
impot ant pract® BuaHow®r obl e ms o

Basic research (é) creates the fund from which the practica
New products and new processes do not appeagrimlin. They are founded on new piiples 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 pacembtemhmological progress

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

withtheBasi ¢ resear ch artéfhe linéaenodeRaof isnmatioGentainly, 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, apdia&d t hat ithe devel opment of i mport e
primarily on a continuing vigorouspo g r e s s o f ¥. punthegaxaamy was newed used as a sequential model

to explain socioceconomic progresdt served only to estimate the disgemcy between the funds spent on pure

research and those spent on applied research.

Bush succeeded in putting the ideal of pure sciBnce on off
he suggested no more thancausal link betwen basic research and its applications, and the rhetoric had been

developed and discussed at length before MNimwheredid Bush suggesa model, unless one calls a emay

relationship between two variables a model. Rather, we owe the development ¢ sumthel to industrialists,

consultants and business schools.

AN INDUSTRIAL PERSPECTIVE

The early public discourses of industrialists on science, amongthuam ofUS National Research Council members,
were aimed at persuading firms to get involvedeisearch. 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 dewetbplt was not long before the organization of
research reflected this fact.

Devel opment ( or is & teren that@ame fram in@W&tEy I the early 1920s, many large firms had
fidepartments of applied scdendepantmemtss tdhfeydsiwed cpment maems
not |l ong before every manager was using the expression fr
development of new products and processes was as important as research, if notahe tpsknof industrial

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

To industrialists, in fact, development was more often than not an integral part of (applied) research or effgineering
i Many driasbaver emdgaged in both industrial research and industrial develophise two classes of
investigation commonly merge so that no sharp boundary can be traced betweemdeenh. the term research is
frequently applied to work which is nothing elfen development of industrial processes, methods, equipments,
production or byp r o d . Andgh@ organization of research in firms reflected this interpretation. Until World War

% \bid.
® pid.
% |bid., p. 19.
% Ibid., p.81.

% B. Godin (2003), Measuring Science: Is There Basic Research without Stattics?,Science Informatioa2 (1),p. 57-90.

% B. Godin (2006), Research and BaencedndRublieRolicB3 (Bp.5976.he ADO got into
40 J.J. Carty (1924), Science and Businegscit p. 4.

For examples, see M. Holland and W. Spraragen (1983earch in Hard Time®Division of Engineering and Industrial

Research, National Research Coyntashingtorp. 9-11.

For an excellent di scussion of the ficonfusiono MWndustieben resear c|
ResearchNew York: Chemical Publishing, chapters 3 and 7.

National Research Council (1920), Resedrahoratories in Industrial Establishments of the United States of America, Bulletin

of the NRC, vol. 1, part 2, March, 1-2.
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I, very few firms hadseparate departments for research on the one hadd(product) development on the offier

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

both types of tasks. As noted by J. D. Bernal, the British scientist well known fisrearly social analysis of science

and his advocacy for science plannirgher thant he fr eedom of science: there is a
between scientists and technicians in industrial service. Many mechanical engineers, and still miral eledt

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 ®nhto practic

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, thiekmlindiggan developing

fi mo d @ insovatiord. The moels, 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, CMeds, director of the research laboratory at

Eastman Kodak, described the development laboratory as a-ssl@l manufacturing department devoted to

devel oping fia new process or product to t HKeThesworhogfe where it
this department was portrayed as a sequenti al process: dev
scientific department, which undertakes the necessary practical research on new products or processes as long as they

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

stage between the laboratory and temu f act ur i n%gTo the lpesat oftmy &nowleiige, however, the first

and most conlpte description bsuch a sequenceame from To the best of my knowledge, however, the first

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

Industrial Research Division at the National Research Cdtritdl Holland, research is "the prime mover of industry",

because it accelerates the development of industries by re
production. As n argument to convince industries to invest in research, Hollarayedrtine 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 applcation

- standardization

- mass production

More than ten years later, R. Stese vicepresident at Arthur Clittle, in a paper appearing in the US National
Research Council report to the Resources Planning BoardRiéeelarch: A National Resouraaade s own attempt

4 After 1945, several large laboratories began having separate divisions for the two furBtiens. R. Bichowsky (1942),

Industrial Researchop. cit; W. E. Zieber (1948), Organization Charts in Theory and Practice, in C. C. FurnaRésé3grch in
Industry: Its Organization and Managemedrtinceton: D. Van Nostrang, 71-89; C. E. K. Mees and J. A. Leermakers (1950),
TheOrganization of Industrial Scientific Researop. cit p. 175202.

4 G. Wise (1980), A New Role for Professional Scientists in Industry: Industrial Research at General Electrk916900
Technology and Culture?1, p. 408-429; L. S. Reich (1983), lmg Langmuir and the Pursuit of Science and Technology in the
Corporate Environmentechnology and Cultur@4,p. 199-221.

4 J. D. Bernal (1939), The Social Function of Science, Cambridge (Mass.): MIT Pressy. B5.3,

4 C.E. K. Mees (1920), The Qagization of Industrial Scientific Research, New York: McGraw Igillf9.

% Ibid,p.79. In the 1950 edition, the process of fAtechnological advan

the latter composed of three steps (establsiirof smalscale use, pilot plant and models, adoption in manufactuihd}. K.

Mees and J. A. Leermakers (1950), The Organization of Industrial Scientific Research, New York: MiilGaw-5.

M. Holland (1928), Research, Science and Inveniiof,.W. Wile, A Century of Industrial Progres#\merican Institute of the

City of New York, New York: Doubleday, Doran and Gu.312-334.
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fito classify the stages through which resea¥ &hthen,ravels on
such sequences were the common understanding of the relations between research and industrig @nodiferate

amongi ndustrialists®éd writings in the 1940s. For exampl e, F.

di stinguished several industrial activities and organized
development), and factorpi( productionj~. C. C. Furnas, in a classimalysis 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 bypalied research, then development, then produttion

These efforts would s@oculminate in the welknown threest age model : Basic research Y A
Development. It is to official (i.e.: government) statistics that we owe this simpler (and now standardized) model.

A STATISTICAL CLASSIFICATION

Over the period 1920950, official statisticians developed a definition and a classification of research made up of three
components’ basic research/applied research/development. The story of these statistical categories is the key to
understanding the crystallization of the Bmemodel of innovation and its coming into widespread use: statistics
solidified a model in progress into one taken for granted,

Al t hough research had been measured since the thearly 1920s
questionnaire respondent to decidde first edition of the US National Research Council directory of industrial
research | aboratories, for exampl e, reported using a flibe
counted as researh : iall | aboratories have been included which hav
interpretati on @ consequently, ang studiesahiat used Makiobal Research Council numbers, like

those by Holland and Spraragéand bythe US WorkProject Administratior?® were of questionable u al i t y: fAt he use
of this information [National Research Council data] for statistical analysis has therefore presented several difficult

problems and has necessarily placed some limitationssonthc cur acy of t .FPAgainia 94l imitsed mat er i :
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 facheled under research was left to the

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

researchf.

The situation improved in the 1950s and 1960s thanks wholly to the US National Saeemciationand the OECD
andto their methodologial conventionsin 1951, the National Science Foundativas mandated by law to measure
scientific and technological activities in the courtryfo that end, the organization developed a series of ssiwey

R&D based on precise definitions and categories. Research
directed toward fuller knowledge of the subject studied and the systematic use of that knowledge for the production of
useful materialss y st e ms , me t h &.dnslustridized countriescf@l®vedettse National Science Foundation

definition when they adopted the OECD Frascati manual in TB&8 manual was designed to help countries in their
measurement efforts, offering methodgittal conventions thaheoreticallyallowedinternational comarisons.In line
with the NationaldeSdinenceonFk o unrhdea tniaonudasl defined research &

%0 R. Stevens (1941), A Report on Industrial Research as a National Resource: Introduction, in National Resaailchh Co

National Resource (l1): Industrial Researoh. cit p. 6-7.
1 F. R. Bichowsky (1942), Industrial Researop, cit p. 81.
52 C. C. Furnas (1948), Research in Industry: Its Organization and Managemagit,p. 4.

% National Research Couhgil920),Research Laboratories in Industrial Establishments of the United States of Anfarikesin
of the National Research Council, vol. 1, part 2, Mapc5.

M. Holland and W. Spraragen (1933), Research in Hard Tiopesit

% G. Perazich ah P. M. Field (1940))ndustrial Research and Changing Technolo@york Projects Administration, National
Research Project, report no-4 Philadelphia: Pennsylvania.

% |bid., p.52.
5 National Research Council (1941), Research: A National Resourcidllistrial Researchop. cit p. 173.
Dominion Bureau of Statistics (194B8urvey of Scientific and Industrial Laboratories in Cana@&awa.

% B. Godin (2003), The Emergence of S&T Indicators: Why Did Governments Supplement Statistics witlorsliRasearch
Policy, 32 (4),p. 679-691.

National Science Foundation (195Bgderal Funds for Scienc&/ashingtonp. 3.
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systematic basis to increase the stock of scientific and tadhmiowledge and to use this stock of knowledge to devise
new appl®i cationsod

Bef ore such definitions wer e arrived at , however, t wo pr a
simply excluding routine activities or by supplying a b$tactivities 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 collectoshe to be called development. No

disaggregated data were available for calculating statistical breakdowns, hawever.f ac t , fiin these early
primary interest was not so much in the magnitude of the dollars going into scientific reseadefredogment, either

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

some sort or otHh%er was going on (é)9d

Although no definition of researgher see x i st ed, peoplieisngon reserntreth Mdgefway of ¢
was the second practice. The most basic taxonomy relied on tteddadiehotomy: pure vs. applied research. Three

typical cases prevailed with regard to the measurement of these two categories. The firsthganen af 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 conduethational measuremeot research in a western country, although he used available

statistics and did not conduct his own survey.Time Social Function of Scien¢&939), Bernal did not break the

research budget down by typed sudh statistissenare oot avalabfe.Tilcen ar ealt er of
di fficulty ( épsménnofsienceniotmndraw the dire detween expenditures on pure and on applied

sci enceod,® Heeould anly presant tdtal numbers, sometimes broken down by economic sector according to

the System of National Accounts, but he could not figuriehow 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 proieswelltknown report,

Science: The Endless Fronti€t945), Bush elected to use thenter ibasi ¢ resear cho, and define
performed without t °h Blaigptmated dhit the nagian tinvested| neadyrsiat §indes as much in

applied research as in basic reseftchhe numbers were derived by equating college wamidersity research with

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

in appendices, such as ratios of pure research in different sedéssin industry, 15% in government, and 7086 i

colleges and universitié&i 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 N#onal Resourcg¢1938), one of the first measurem®of science in government in America,
explicitly refused to use any categories but research: AT
between pure, or fundamental, research and prac a | r e ls dddanot selem Wis& )n making this survey to draw

t hi s di%sThe reasons offeréd were that fundamental and applied research interact, and that both lead to

practical and fundamental results. This was just the beginnirgylofg series of debates on the classification of

research according to whether it is categorized as pure or &fplied

We owe to the British scientist J. S. Huxl ey, a colleague
scientists, a&. Werskey called theffj 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 devéefbgerfirst two categories

51 OECD (1970),The Measurement of Scientific and Technical Activities: Proposed Standard Practice for Surveys of Research and

Experimental DevelopmenParis p. 8. The first edition (1962) contained no definition of research.

W. H. Shapley (1959), Problems of Definition, Concept, and Interpretation of Research and Development Statistics, in National
Science Foundatiomhe Metlodology of Statistics on R&INSF 5936, Washington.

8 J. D. Bernal (1939 The Social Function of Scienaep. cit.p. 62.

5 V. Bush (1945), Science: The Endless Frontigr,cit p. 18.

% Ibid., p. 20.

% |bid., p. 85.

5 National Resources Committ¢k938),Research: A National Resourd&ashington: USGPQ. 6.
% B. Godin (2003), Measuring Science: Is There Basic Research Without Statisgicsi?,

% G. Werskey (1978), The Visible College: The Collective Biography of British Scientific Sssiafithe 1930s, New York: Holt,
Rinehart and Winston.

0 J.S. Huxley (1934)Scientific Research and Social Negidsndon: Watts and Co.
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defined pure research: backgrdun r esear ch i s research #Awith no practical ob

research is fAquite fundamental, but has some distant prac:
usual ly cal |"eT Huley, al hor caneapptiesl éesearch, and development meant more or less what

we still mean by the term today: fAweschleeededherci af apshate
Despite having these definitions in mind, however, Huxley did not conduch@ag s ur e ment s . Neverthel ess
taxonomy had several influences. Bush borrowedThehe term i
concept of fAoriented basic researcho, l ater aahroffhted by the

Above all, the taxonomy soon came to be widely used for measureWient. owe t o t he US President ¢
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 President 6s Sci| fundamental, background,

(1947) applied, developmén

Canadian Department of Reconstructio pure, background, applied,

and Supply (1947) development, analysis &
testing

R. N. Anthony uncommitted, applied,

development

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

British Department foScientific and basic, applied and
Industrial Research (1958) development, prototype
OECD (1962) fundamental, applied,

development

TheUSPr esi dentés Scientific Research Board conducted the fir
marking the first time thatheterm appeared in a statistical reparidusing precise categories, although these did not

make it ipossible to arrive at precisely accurate resear
accounting practices gioyed by institution&’. 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 Huxl egnmemstal background; appliedgmud déveloprifebiding thase definitions, the

Board estimated that basic research accounted for about 4% of total research expenditure in the Uniitedr8tates

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

than applied research expenditures, which amounted to 90% of total réSéarets pi t € t he Boar dds preci s
however, development was not measured separately, but was ratherdniclagplied research.

We owe to the Canadian Department of Reconstruction and Supply the first measurement of devplpseénin
the survey it conducted in 1947 on government research, it distinguished research, defined as being composed of pure,

™ Ibid., p. 253.

"2 OECD (1970),The Measurement of Scientific and Technical Activities: Proposed Standard Pfactteveys of Research and
Experimental Developmenbp. cit p. 10.

® Presidentds Scienti fi cScRmresandRultitPolgyashimgton! SSSRBJ3. (1947) ,
™ Ibid., p.299-314.

> \bid., p. 12.

% bid., p. 21.

" Department of Ramstruction and Supply (1947Research and Scientific Activity: Canadian Federal Expenditures-193§
Ottawa; Department of Reconstruction and Supply (19Régearch and Scientific Activity: Canadian Federal Expenditures,
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backgroun®and applied research (but without serplatonshipsaig the thr
the various types of researcho) Defvedmpdene!l ovpwmerdtef am@dama
required, after thénitial research on laboratory (or comparable) level has been completed, in order to develop new

met hods and products to the point of practical application

The inclusion of development was (probably) motivated by the importahceildary procurement in the
government 6s budget for science (contracts to industry for
report were broken down into military and nonilitary expenditures. Overall, the Department estimatet 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 rEse@aclada would not
repeatsuch measurements for years, and never did measure development in industry before the advent of the OECD
statistical recommendations in the Frascati manual (1868)ather toaccountanR. N. Anthonyof Harvard Business

School that we owe the firsindaninfluential, 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 measureemt issue before the 1950s concerned the demarcation of research aedeaoch activities.
Anthony et al identified two problems: there were too many variations on what constituted research, and too many
differences among firms concerning which expsriseinclude in researfh Although routine work was almost always
excluded, there were wide discrepancies at the frontier between development and production, and between scientific
and nonscientific activities: testing, pilot plants, design, and ratdtudies were sometimes included in research and

at other times notTo 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 Depart medasked Anthdetb eondsitd s Resear
survey of industrial research to enable the government to locate available resources in the event of war, that is, to
ffassist the military departments in |locat i®hanthgpmdi bl e cont
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 %candlwas about to begin another survey to

estimate the amounts spent on reseaifidie 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 condedtthree surveys. The results were published in 953

The Bureau of Labor Statistics report does not have det ai
does. The survey included precise definitions that woalteta major influece on the National Science Foundation

which wasthe official producer of statistics on scienaed technologyin the United States, and on the OECD.
Anthonyds taxonomy* contained three items

- Uncommitted research: pursue a planned search for new édgevivhether or not the search has reference to
a specific application.

1946 and 1947 Ottawa; Deparhent of Reconstruction and Supply (194Research and Scientific Activity: Provincial

Government Expenditures: 194847, Ottawa.

Here, the term background has changed meaning, as in Bush, and means collection and analysis of data.

" The report of thdJS National Resources Committee on government research published in 1938 made no use of the category
developmentSee National Ressources Committee (1938), Research: A National Resputit,

8 D. C. Dearborn, R. W. Kneznek and R. N. Anthony (195pgnding for Industrial Research, 195952 Division of Research,
Graduate School of Business Administration, Harvard Universi§].

8 Bureau of Labor Statistics (1958¢ientific R&D in American Industry: A Study of Manpower and Cdtfletin no.1148,
Washingtonp. 1, 51-52.

8 R.N. Anthony and J. S. Day (195&)anagement Controls in Industrial Research Organizati@uston: Harvard University.

8 D. C. Dearborn, R. W. Kneznek and R. N. Anthony (195gnding for Industrial Research, 198152, op. cit US Department
of Labor, Bureau of Labor Statistics, Department of Defense (1%@gntific R&D in American Industry: A Study of
Manpower and Costsp. cit

8 D. C. Dearborn, R. W. Kneznek and R. N. Anthony (1958gnding for IndustridResearch, 1951952,0p. 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 exigtg 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 thatudth 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 produmteément (developmerff) This was the
first of a regular series of measurements o$ditieree categories in the history of science statidtiemon became the
norm.

In the 1950s, the National Science Foundasitamted measuring research in the BaiStates as part of its mandate

regulaty evaluatenational scientific activities. ThEoundatione xt ended Ant honyés definitions
economyi industry, government, and universityand produced the first national numbers on resesochroken

down. It took about a decade, however, $standards to appear at the National Science Foundatitii 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.

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

the following definitions:

- Basicor 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 ttegporting comparfyf.

- 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: technicakévity concerned with nomoutine problems which are encountered in translating
research findings or other general scientific knowledge into products or processes.

As Anthony had done, the National Science Foundatigigested three categoriesvith different labels. The main,

andthei mport ant , di fference has to caentervon output, twhile thef Natomal t h at Ant
Science Foundatitns emphasi zed aims or objectives. Neverthel ess, t!
same statistical resulthe NSF surveys showed once more the importance of development in the research budget:

over 60% in the case of government rese¥rand 76.9% for industrial reseaféhFor the nation as a whole, the

numbers were 9.1% ofétresearch budget for basic research, 22.6% for applied research and 68.3% for dev&lopment

Ant honyods and the Natdategores wer® devaoped dor sfatstical purpgosen mrdwsver, the

three categories also servieddescribe compwents or stepm the process of innovation, a description that culminated
inthethreest age | i near model : Basic reseAmiciho Wy Atppll kedl afes@ar sp
with basic research at one end, with development activities clodabgd to production or sale of existing products at

the other end, and with other types of reS%dkeNaitnaland devel c

Science Foundation f or its part, suggest ed tthd basic résedich, afgpleed hnol ogi ¢
research, and devel opment o, where feach? of the successive
% Ibid., p.47.

% The situation was similar in other countries. See, for example: Department of Scientific and Industrial Researd&s(i9a&)s

of Resources Devoted to Scientific andiBegring R&D in British Maufacturing Industry, 1953 ondon.
The last part of the definition was, and still is, used for the industrial survey only.

National Science Foundation (1957), Federal Funds for Science: The Federal Research and Development Budget, Fiscal Years
1956,1957, and 1958, NSF 52, Washingtonp. 10.

National Science Foundation (1959), Science and Engineering in American Industry: Report on a 1956 Survey5O\SF 59
Washingtonp. 49.

National Science Foundation (1962), Trends in Funds and Perdonfdsearch and Development, 1988 Reviews of Data
on R&D, 33, April, NSF 62, p. 5.

R. N. Anthony and J. S. Day (1952), Management Controls in Industrial Research Organiaptioing. 58-59.
92 National Science Foundation (1953pcond Anral Report of the NSF: Fiscal Year 195®ashington: USGPQn. 11-12.
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By the early 1960s, most countries had more or less similar definitions of research and its coffipBeserch had

now mme to be defined as R&D, composed of three types of actiViti#he OECD gave itself the task of

conventionalizing and standardizing the definition. 1963, OECD member countrieglopted a methodological

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

ratio (Gross Expenditures on R&D divided by Gross Domestic Prodddty Frascati manual included precise

instructions for separating research from related scientific activities anceggarch activitiesand development from

productonThe manual, in |'ine wit h deéefihitonsNasd recormended®dlectngané Foundat
tabulating data according to the three components of research defined as’follows

- Fundamental earch: 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 intilne field quite lateln the early 1960s, when the three components of R&D were already in place
in official circles, economists were still debatitegms like development and iisclusion in R&D1 because it was
seen as not inventive in charaéfér and looking for their own definitions and taxonomy of reseHrcthey finally
settled on the conventional taxonomy, using the standard three categories to analyze industrial’resehrcsing
numbers on R&D for measuring the contribution oeace to economic progress. In fact, as R. R. Nelson reported in

1962, ithe establishment of the NSF has been very i mport
(organized inventive activity), @nthe statistical series the National Science Fatiodhas collected and published
have given social scié&ntists something to work withbo

Where some economists innovated was in extending the model to one more dimension: the steps necessary to bring the
technology to commercial production, namely imation (Table 4. Some authors often refer back to J. Schumpeter to

model the process of innovatio@ertainly, we owe to Schumpeter the distinction between invention, (initial)
innovation, and (innovation by) imitation (or diffusidff) While inventionis an act of intellectual creativityand fii s

% J. C. Gerritsen (1961%0vernment Expenditures on R&D in France and the United King&@M/AR/4209, Paris: OEEC; J. C.
Gerritsen (1963)3overnment Expenditures on R&D in the Unigtdtes of America and CanadaAS/PD/63.23, Paris: OECD.

“ B. Godin (2005), Research and Dpedtel opment: How the ADO got into

% OECD (1962)The Measurement of Scientific and Technical Activities: Proposed Standard Practice for SurveyarohResk
DevelopmentDAS/PD/62.47p. 12.

S. Kuznets (1962), Inventive Activity: Problems of Definition and Measurement, in National Bureau of Economic R€kearch,

Rate and Direction of Inventive Activity: Economic and Social Factmps cit p.35; J. Schmookler (1962), Comment on S.

Kuznetsd paper, in National Bureau of Economic Research, The Ra
Factorsop. cit p.45.

E. Ames (1961), Research, Invention, Development and Innovétioaican Economic Reviewbl (3),p.370-381; S. Kuznets

(1962), Inventive Activity: Problems of Definition, in National Bureau of Economic Research, The Rate and Direction of

Inventive Activity, op. cit p.194 3 ; J. Schmookl er (19 6paper, in Qationah Bureau ob Bcon@mic Kuz net s 6
Research, The Rate and Direction of Inventive Activity: Economic and Social Fagtorst p. 43-51; J. Schmookler (1966),

Invention and Economic Growt&ambridge: Harvard University Pregs5-9.

% For early use 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 Stienden: Oxford University
Press; F. M. Scherg¢1959), The Investment Decision Phases in Modern Invention and Innovation, in F. M. Scher@det)al.
Patents and the CorporatipBoston: J. J. Galvin; E. Ames (1961), Research, Invention, Development and Innawatioit,

p.373; F. Machlup (1682), The Production and Distribution of Knowledge in the United St®Resaceton: Princeton University
Pressp. 178s.

R. R. Nelson (1962), Introduction, in National Bureau of Economic ReseltrehRate and Direction of Inventive Activjtgp.

cit. p. 4.

J. Schumpeter (1912yhe Theory of Economic Development: An Inquiry into Profits, Capital, Credit, Interest, and the Business
Cycle Cambridge: Harvard University Press, 1934; J. Schumpeter (1B88jpess Cycles: A Theoretical, Historical, and
Sttistical Analysis of the Capitalist Proceséew York: McGrawHill.

96

97

99

100

26 TheMaking of Science, Technology and Innovattba | i cy é, 2009



Wi

t hout

their ficl oseness to

economic useo:

Table 4. Taxonomies of Innovation

Mees (1920)

Pure science, development, manufacturing

Holland (1928)

Pure science research, applied research,
invention, industrial research [development]
industrial application, stalardization, mass
production

Stevens (1941)

Fundamental research, applied research, te
tube or bench research, pilot plant, producti
(improvement, trouble shooting, technical
control of process and quality)

Bichowsky (1942)

Research, engineering (@evelopment),
factory (or production)

Furnas (1948)

Exploratory and fundamental research, appl
research, development, production

Maclaurin (1949)

Fundamental research, applied research,
engineering development, production
engineering, service engirragy

Mees and Leermakers
(1950)

Research, development (establishment of
smallscale use, pilot plant and models,
adoption in manufacturing)

Brozen (1951a)

Invention, innovation, imitation

Brozen (1951b)

Research, engineering development,
production, sesice

Maclaurin (1953)

Pure science, invention, innovation, finance
acceptance

Ruttan (1959)

Invention, innovation, technological change

Ames (1961)

Research, invention, development, innovatig

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, problesolving or
developnent, implementation and diffusion

i mpor t anc &incovason and diffasion ara definédyas écanamic decisions, because of
mttirhe® m applying

an

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

dependence of innovation on invention, as several authors have comferiied nnovat i on hous

nve

possi bl e

anything we should identify as invent i o Therfamalizatonent i on doe
of Schumpetero6s ideas into a sequenti al due to
technologypush/demangull debaté®.
101 3. Schumpeter (1939), Business Cyotgs,cit p. 85.
23, Schmookler (1962), Omdactmé&ht on S. Kuznetsd paper,
103 C. S. Solo (1951), Innovation in the Capitalist ProcAsGritique of the Schumpeterian Theofuarterly Journal of Economics
LXV, August, p.417-428; V. W. Ruttan (1959), Usher and Schumpeter on Invention, Innovation, and Technological Change,
Quarterly Journal of Economi¢§3,p. 596-606.
104 3. Schumpetg(1939), Business Cyclesp. cit p., 84.
195 For schematic representations of the views in this debate, see: C. Freeman Th882jonomics of Industrial Innovation
Cambridge: MIT Press, 1986, 211-214; R. Rothwell and W. Zegveld (198HReindustridization and TechnologyNew York:
Sharpep. 60-66.
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The first sequenti al interpretations came from two Americ
categories in the early 1950%. Brozen, from Northwestern University, suggested two models, one that used

Schumpetr 6s t hr é®ancctamygorhers that explained the factors neces
scienced: research, engi ne é%tWw.PgVadaerineah ecgnomésnfiom Mifhogoducti on, s
interestedn technologtal changesarly on, was another academic who developed a sequential analysis of innovation.

Maclaurin served as secretaryafe ofthe committesthatassisted V. Bush in the preparationSaience: the Endless

Frontier. In 1947, he published a paperThe Harvard Business Reviewn whi ch he defended Bushoés
National Research Foundati§f He discussed the importance of fundamental research and its funding with the aid of

a model broken down i nto ff ech, appledr researcm enginesringgdgvelsposrd, f und a men't
production engineeringThen in 1953, Maclaurin devoted an entire pajoethe process of technological change.
Suggesting that #ASchumpeter regarded thbeoprecess®smdt Dnowvh
but that he Adid not devote much attention to the role of
advance into elements that e identibed éve steps: Ipureyscidnee, invemtio®, measur a
innovation, financeandacceptance (or diffusiofy.

We hadto wait several year® see these propositions coalesce into a series of linear models of innoBatitamly,

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

i nvest ment i n t echn o tircufwhich lmks thapur@ scientigt io hisslabdratory o thie boasumer
seeking a better Y%Buttefashors hether discissell hos suggiesefadnsalized model of
innovation until 196%**. Similarly, the influential conference on the rate and direction of inventive activity, organized

in 1960 by the National Beau of Economic Researeind the Social Science Research Council, was concevitied
another model than that of innovatiper se the production function, or inpwutput model*? If there is one study

that deserves mention before the 1960s, it is that of V. W. Rirdam the university of MinnesoteRuttan gave

himself the taslof clarifying the terms used up to the present to discuss innovation, and suggested a synthesis of A. P.
Usherds steps i fatnhde 9 cnhvuenmpteitoenr dpsr occoenscse pt of i nnovation. Fi
the following sequence: Invénon Y | nnovation Y™Technological Change

Then a series of models of innovation appeared in the 1#608mes, although critical of the term innovation

(Ainnovation has come to mean all thi ngstwhareveapossiblenen, and t
using instead some other ter mo), suggested a model compose
of marketso: research, i n v eandinhowation'®. hispmodelecamelireetly fom F.c h ) devel

Machl upds early measur efidifew years later, eanokist 9. Bthmabldeso waswelli e t y

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

being composed of the componentsesearch, development, and inventive actitityl n | i ght of other ecor
definitions, Schmookler was definitively dealing with invention rather than innovation, although he was concerned with

the role of market forces (wants) 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,

1% v, Brozen (1951), Invention, Innovation, and Imitatiémerican Economic JournaWay, p. 239-257.

Y. Brozen (1951), Research, Technology and Productivity, in L. R. Tripp (edystrial Producivity, Industrial Relations
Research Assaociation, Champaign: lllinqis25-49.

18 \. R. Maclaurin (1947), Federal Support for Scientific Rese&tahyard Business RevigBpring,p. 385-396.

109 . R. Maclaurin (1953), The Sequence from Invention tovation and its Relation to Economic Grow@warterly Journal of
Economics 67 (1),p.97-111. A few years before, Maclaurin suggested another model composed of five stages: fundamental
research, applied research, engineering development, productionesimgin@nd service engineerin§ee: W. R. Maclaurin
(1949),Invention and Innovation in the Radio Industew York: Macmillan, pxvii-xx.

10 C. F. Carter and B. R. Williams (1957), Industry and Technical Progogss;it; C. F. Carter and B. R. Widims (1958),
Investment in Innovatigrondon: Oxford University Press.

11 B. R. Williams (1967)Technology, Investment and Growtlondon: Chapman and Hill.

112 gee chapter 3 below.

A. P. Usher (1954)A History of Mechanical Invention€ambridge: Harard University Press.

V. W. Ruttan (1959), Usher and Schumpeter on Invention, Innovation, and Technological Change, op. cit.
E. Ames (1961), Research, Invention, Development and Innovaporit

F. Machlup (1962)The Production and Distributn of Knowledge in the United Statésinceton: Princeton University Press,
p.178s.

J. Schmookler (1966), Invention and Economic Growth cit, p. 7.
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investment and developmé?’ﬁ E. Mansfield, for his part, digtguished invention from innovation and diffusion, and
defined innovation as the (first) application of an invention and diffusion as its (fir$tj.use

All of these individuals were developing models that defined innovation as a sequence from m@seas@htion to
commercialization and diffusiorAcademics from management schools followed, and have been very influential in
popularizing such modef®. S. Myers and D. G. Marquis, in a studynducted for the National Science Foundation
defined theprocess of innovation as composed of five stages: recognition (of both technical feasibility and demand),
idea formulation, problem solving, solution, utilization and diffuéfény. M. Utterback is another author often cited in

the literature for hiamodel of innovation, composed of the following three steps: generation of an idea, problem
solving or development, and implementation and diffusfon

It was these efforts from both economists and researchers in management schools that led tothefatiffitsion in
themuchquot ed | inear model of innovation: Basiductisnasde ar ch Y Ap
Diffusion. Yet it is important to mention two areas of research that contributed to the focus on diffusion and its
integrationinto theoretical models of innovation. The first was the sociological literature, particularly on the diffusion

of invention. This tradition goes back to \W. Ogburn and SC. Gilfillan and their contributions to the US National

Resources Commi bphe¢eé&shnepogy and its soci al i mpacts (1937)
first descriptiosof i nnovation as a social process, and was motivate
technology and diffusion lag#t includeddiffusion as a phase in the process, but alstudedthe social impacts of

invention, & theultimate phas¥~. 1 t was E. M. Rogersd classic book, however,

literature. InDiffusion of Innovation§1962), Rogers grected innovation as composed of four elements: innovation,
communication (or diffusion), consequences on the social system, and consequences HieByirte third edition

(1983) of his book, however, Rogers hawbjated tle economic understandingiohovation. The process of innovation

was now portrayed as composed of six main phases or sequential steps: needs/problems, research, development,
commercialization, diffusion aradoption,andconsequencé®’,

The second influence with regard to diffus was the theory of the product life cychuthors portrayed the life cycle
of new products or technologies as having ash&ed curve, and the processtethnological development as
consisting of three phases: innovation (product), maturation (moeesl standardizatidf.

By the early 1960s, then, the distinctions between and the sequence of iféritiaovation and diffusion were
alreadyinplacéand even qualif?ed dis ofitdneemtiorewss definedas thewklopment

18 E M. Scherer (1965), Invention and Innovation in the VBaitlton Steam Engine Ventur@echndogy and Culture6, p. 165
187.

19 E Mansfield (1968)The Economics of Technological Chanyew York: W. E. Norton, chapters 3 and 4.

120 For reviews, see: R. E. Roberts and C. A. Romine (19@4¢stment in InnovatigiWashington: National Science Fualation,

p.20-29; M. A. Saren (1984), A Classification and Review of Models of the-Fitra Innovation Procesf&D Management

14 (1), p. 11-24; J. E. Forrest (1991), Models of the Process of Technological Innovagohnology Analysis and Strategic
Management3 (4),p. 439-452.

S. Myers and D. G. Marquis (196Buccessful Industrial Innovations: A Study of Factors Underlying Innovation in Selected
Firms, NSF 6917, Washington: National Science Foundatimrg-6.

122 3. M. Utterback (1974), Innation in Industry and the Diffusion of Technolo@gience183,p. 621.

123 Other contributions from Ogburn are: The Subcommittee on Technology of the National Resources Committee, presided by W. F.

121

Ogburn, defined invention as a process composed of tolapes foccurring in sequenceo: beginnir
social influencesSee Technological Trends and National Poli€¥937), Subcommittee on Technology, National Resources
Committee, Washington, pii. See als@.6 and 10A few years pred u s | vy , in the Presidentdés report o

and Gilfillan defined invention as a series of stages as follows: idea, trial device (model or plan), demonstrationyseggular
adoption.See W. F. Ogburn and S. C. Gilfillan (1933), The Influenicknvention and Discovery, iRecent Social Trends in the
United States Report of the Presidentds Resear chHillCwlomeiliptl®eln on Soci al
the 1950 edition oBocial Changefirst published in 1922, Ogburn devesmbanother classification: invention, accumulation,
diffusion, adjustment (877).
124 E_M. Rogers (1962piffusion of InnovationsNew York: Free Presg, 12-20.
125 E. M. Rogers (1983piffusion of InnovationThird Edition, New York: Free Pregs, 136.
126 R. Vernon (1966), International Investment and International Trade in the Product Qyalterly Journal of Economic$0,
p.190-207; J. M. Utterback and W. J. Abernathy (1975), A Dynamic Model of Process and Product Inn@vaténg 3 (6),
p.639-656.
Inventionasashetut for Basic research Y Applied research Y Development
128 A, D. Little (1963), Patterns and Problems of Technical Innovation in American Industfgshington: National Science
Foundationp. 6.

127
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of a new idea for a product or process and its reduction to practice; innowasotefinedas the process of bringing

invention into commercial use or an invention brought into commercial use; and diffussotefinedas the spread of

innovaton in industry. The sequence became a tdkey r ant ed fAfact o i andhaeclas§ECD | it er :
proposi ti onresearchiiahagesss.ono f or

CONCLUSION

The linear model of innovatioasa conceptuaframeworkwas not a spontaneous invemtiarising fromthe 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. Theps three s
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
rhetorc 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 developmentexdhnologies; 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 primitivie gareor

basic researchand its sequence. The three stefso correspond to thrpbases opolicy 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 sdiffesidn).

Despite its widespread use, the linear model of innovation was not without its opptmé®7, the Charpie report,

an influential study by the US Department of Commerce on measuring the costs of innovation, estimated that research
amounts @ only 10% of the costs of innovatidit. Briefly stated, innovation does not depend on either research or

basic research speci fical }*¥The UStDepartment af Defepse also ahaleengedahee | mp o r t
linear sequence. As we haveese wi t h Ant honyo6s DBepantrdeyt sc oRnedsuecatrecdh faonrd tCheev el o
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 man@gerogram&™. In the mid1960s, however, the

Department began to defect from its previous optimism regarding investments in basic research asim factor
innovation.The Department was, in a sense, beginning to question aspects of the lineaitniogiefore conducted

an eightyear analysis of twenty major weapgdechnologiesconcludng that only 0.3% of innovatioi e vent s 0 ¢ a me
fomfundi r e ct é% The Natiomal Sokedce Foundatioaplied with its own study, and came to opposite

conclusons. The organization found that 70% of the key events in the development of five recent technological

innovations stemmed from basic resedf&frhese two studies, each carrying the message of its respective community

(industrialists in the case of Defse, scientists for the NSF) were among the first of a long series of debates on aspects

of the linear model of innovation.

129 s Department of Commerce (196TEchmlogical Innovation: Its Environment and Managemetiashington: USGP@. 9.

130 OECD (1966)Government and Technical Innovatjdraris: OECDp. 9.

1313, R. Bright (1969), Some Management Lessons from Innovation RedeamghRange Planning (1),p. 36-41. For an example

of the use of the model in project evaluation, see: A. Albala (1975), Stage Approach for the Evaluation and Selection of R&D

Projects)EEE Transactions on Engineering Managem&-22 (4),p. 153-164.

US Department of Commerce, éfeological Innovation: Its Environment and Management, Washington: USGPO.

¥ The numbers were based on a #fr ulSee: B Mansfieldienhl.o(1971Resedrchwamdr e wi del y

Innovation in the Modern CorporatipiNew York: Norton; H.Stead (1976), The Costs of Technological Innovatiesearch

Policy, 5: 2-9.

See: A. C. Lazure (1957), Why Research and Development Contracts are Distinctive, in A. C. Lazure and A. P. Murphy (eds.),

Research and Development Procurement, \MfashingtonFederal Bar Journg, 255-264.

US Department of Defense (1969roject Hindsight Final ReporiOffice of the Director of Defense Research and Engineering,

Washington.

1% |IT Research Institute (1968J,echnology in Retrospect and Critical EventsSitience (TRACESWashington: NSF; Battelle
Columbus Labs(1973),Interactions of Science and Technology in the Innovative Process: Some Case Btashigsgton: NSF
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In the 1960s, academics also leveled criticisms concerning the linearity of the fhottmivever, t was historians and
histories of technology that proved the most productive and convincing: the literature documented the complex
interrelationships between sciene@d technolog¥® and developed the idea of technolaggknowledge as a
isubstituteo for hirg'é°i Despite ¢hese affortshtheilimear madel icontineed to feed public
discourses and academic analysekespite the widespread mention, in the same documents that used the model, that
linearity was a fiction.

In a sense, we owe thjgersistent imagehe 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, @il statisics are asmportant in explaining the continued use of the

linear model. By collecting numbers on research as defined by three components, and presenting and disseissing the
component®ne after the other within a linear framework, official statistiegp&dto 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
avail able statistics allowing one t o ditouladyevithintfieme.do the i n:
Furthermore, as innovation came to define the scipotiey 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 fisocial facto.

Recent efforts to modify or replace the model have been limited with regard to their iFipstcialternative models,

with their multiple feedback loop¥,1 ook more | i ke modern artwor kthanaa fpl at e
useful analytical framework. Second, efforts to measure the new interactive models have not yet been fruitful, at least

in the officid literature: statistics and indicators on flows of knowledge between economic sectors, performers and

users of research, and types of activities are still in the mHKiriequally, very few accurate numbers on the costs of

innovation have come from thafficial 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 absenaa bealimitation in changing analytical models and frameworks.

137 3. Schmookler (1966), Invention and Economic Growth,cit; W. J. Price and L. WBass (1969), Scientific Research and the

Innovative ProcessSciencel64, 16 Mayp.802806; S. Myers and D. G. Marquis (1969)ccessful Industrial Innovation: A

Study of Factors Underlying Innovation in Selected Fjrops cit

The journalTechnobgy and Culturgublished several issues and articles on the topic from 195%oearly representatives of

the discussions on the neoausality between science and technology, see: D. J. D. Price (1965), Is Technology Historically

Independent of SciengeA Study in Historiography,Technology and Culture6 (4), p.553568; M. Kranzberg (1968), The

Disunity of Sciencel'echnologyAmerican Scientisb6 (1),p. 21-34.

E. T. Layton (1974), Technology as Knowleddechnology and Culturel5 (1), p.31-41. See also the collected papers of

Vincenti in W. G. Vincenti (1990What Engineers Know and How They KnoyvBHltimore: Johns Hopkins University Press.

1405 J. Kline (1985), Innovation is not a Linear Procé®ssearch Managemeniuly-August, p. 36-45; R. Rothwell (1992),
Successful Industrial Innovation: Critical Factors for the 19884) Management22,p. 221-239.

M This is how Kelly et al. contr as SedP. KelyeV. Krantberg, B.IAdRgssiti,&NIR model t o

Baker, F. A. Tarpley and M. Mitzner (1975)echnological Innovation: A Critical Review of Current Knowledgelume 1,

Advanced Technology and Science Studies Group, Georgia Tech, Atlanta, Georgia, Report submitted to the National Science

Foundation, p33.

See chapters 8 and 9 below.
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CHAPTER TWO

THE MAKING OF STATIS TICAL STANDARDS:
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In the 1950sand 1960sa new type of analysis appeared in thenemerging field of sciencetechnobgy and
innovation studies: accounting exercises. The analyses were oftypes A first one was growth accounting.
Economists developed different techniques, among them econometric equations, most of them based on thie concept o
labour poductivity, to etimate the contribution of science and technology to economic gréwibing the forerunners

were J. Schmookler and MbramovitZ. In 1957, R. Solow formalized teeanalyses, using an equation called the
production functioA Thisis discussed Hew (chaptes 3 and 4).

A secondtype of accounting analyses was national accounting. Here, academicsendasut he ficostso of sci e
technology and its share in the national imeoor budgetOnei nf | uent i al S u ¢ hThesProdudtipn was Mac hl
and Distribution of Knowledge in the United Statgsiblished in 1962 and discussed in Chap®@tbelow.But there

were public organizations involved in sugipesof analysess well,among them the US National Science Foundation

and the OECDFrom thenon, accounting becamelmsic framework for policies for decades to come. It allowed

identification ofwhere research is conducted, what amount is invested, and for what purposes.

Accounting, asmeasuremenbf science was quite different from the previaustatistics 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 editoSofencedrom 1895 to 1944was the firsproducer of

systematicstatistics on men of science, based on data from a directory he started publishing regularly.ifHe906

systematic counting of scientific publications we also owe to psychologists. At the same time as Cattell, psychologists
sarted collecting data on the disciplineds outpuwt, in order

Then costs, or money devoted to research activitiezame the privileged statistics. This cleagboks at national

accounting ofscience, and at the OECD Frascati manual as a major contributor to theAflefasted by member

countries in 1963, the manual is a methodological document for conducting surveys on research and development

(R&D)S. It suggests definitions, classificatis and indicators for national statisticians in order to compile comparable
statistics among countries. According to the OECD, the m
document s i ssued by It aloved theDdolledrc of stanadrdized (statistios 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 statidfiimal of

This paper showsvhat accounting for science owes to the manbmallooking att h e  mafirsuferty gears of
existence (19622002). From its very beginning, science policy was defined according to the anticipated economic
benefits of science. To contriteuto 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 (whergvest), and efficiency (what are the results).

The first part of this chapt traces the origins of national accounting for scientific activities. It discusses the fiain 20

century developments leading to the Frascati manual. The second part loeks t he manual 6s centr al
allocating resources to scienée Gross Expenditures on R&D (GERD) and discusses what g® into the

measurementThe third part looks at the use of statistce fi boa |talmmec esci ence budgetat, whil e tF
efficiency. This last part suggests thathough the Frascati manual was entirely devoted to measuring inputs, this was

only the first stge toward input/output analyses, or measuring the efficiency of science, technology and innovation.

1 J. Schmookler (1952), The Changing Efficiency of the American Economy; 11888 Review of Economics and Statisfigd,

p.214-231; M. Abramovitz (1956), Resource and Output Trends in the United States SincAif®#6an Economic Revigw
46,p.5-23; J. Kendrick (1956), Productivity Trends, Capital and LaRexjew of Economics and Statisti88,p. 248-257.

2 R. Solow (1957), Technical Change and the Aggregate Production Fufigieyw of Economics and Statisti89, p. 312-320.
F. Machlup (1962)The Production and Distribution of Knowledge in the United St&gaceton: Princeton University Press.
4 B. Godin (2007), From Eugenics to Scientometrics: Galton, Cattell and Men of SSeoi,Studies of &mnce forthcoming.

®  B. Godin (2006), On the Origins of Bibliometri&Ggientometrigss8 (1),p. 109-133.

OECD (1962),The Measurement of Scientific and Technical Activities: Proposed Standard Practice for Surveys of Research and
DevelopmentDAS/PDE2.47 Hereafter cited as FM.

7 OECD (1979)Notes by the Secretariat on the Revision of the Frascati Mab&ll/SPR/79.37. iii.
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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 "l Zentury. Using data from various sources, among them population figures and tax

records, William Petty anGér egory King produced the first esti mates of n
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. T 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 I, such exercises were mainly conducted by individual investiyaftwesn in 1932, withhe

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 ti¢at i on al Bureau of Economic Researchés early
1920s, set the basic framework for what became the System of National AccQimitar works in Great Britain,

conducted by Richard Sie' led to a standardized sgsn conventionalized by international organizations like the

United Nations and the OEEC (Organization for European Econom@pe@oation)the predecessor to the OECand

used in most countries of the watld

While early national accounting exercisiEgused on measurinpcomes the System of National Accounts also

collects information on theroduction (value) of goods rad services in a country, arldeir consumptionAs C. S.

Carson suggested, the central question for government with regarddievtéiepment of the accounts during the 1940s

was: fAGiven government expenditures, how much®®bBhe the total
focus on products had consequences on estimates of the national wealth: production wted rastriaterial

production and to marketed (prices) productibims produced the indicator known as Gross National Product (GNP).

The System of National Accounts isrgpresentatiorof the eonomic activityas production and circulatio®uch a
representdon was first suggested by the French physioéraQuesnay in 1758and cameo be framed into an
accounting model (the exemplar of which is the firmjhe 20" century The measirement of science, technology and
innovation has adopted this frameworto a significant degreeSince 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 afferehstatisticians definitions, classifications

and methodologies for measuring the expenditures and human resources devoted to R&D.

How did an accounting framework get into scierteehnology and innovati@rOfficial statistics on R&D started to be

clected in the early 1920s in the United States, then in Canada and Great'BrBaiiore the 1950s, official

measurement of R&D was usually conducted piecerglnizations surveyed either industrial or government R&D,

for example, but veryrarelg ggr egat ed the numbers to compute a finational
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 & ettonomic activities, and at helping to build a case for

increased R&D resources.

See: P. Deane (1955), The Implications of Early National Income Estimates for the Measurement-BérborEconomic

Growth in the United KingdomEconomic Development and Cultural Chandge(1), Part Ip. 3-38; P. Studenski (1958The

Income of Nations: Theory, Measurement, and Analysis, Past and Rridsentyork: New York University Press; N. Ruggles

and R. Ruggles @70), The Design of Economic Accountdational Bureau of Economic Research, New York: Columbia
University Press; J. W. Kendrick (1970), The Historical Development of Natlooaine AccountsHistory of Political
Economy 2 (1),p. 284315; A. Sauvy (1970 Histoire de la comptabilité nationalEconomie et Statistiqué4,p.19-32; C. S.

Carson (1975), The History of the United States National Income and Product Accounts: the Development of an Analytical Tool,
Review of Income and Wealtbl (2),p.153181; F. Fourquet (1980),es comptes de la puissand®aris: Encres; A. Vanoli
(2002),Une histoire de la comptabilité nationalearis: La Découverte.

S. S. Kuznets (1941National Income and its Composition, 191938 New York: National Bureau of Boomic Research.

On the contribution of Stone, see: T. Suzuki (2003), The Epistemology of Macroeconomic Reality: the Keynesian Revolution
from an Accounting Point of ViewAccounting, Organizations and Socie28,p. 471-517.

The system of nationaccounts, now in its fourth edition, was developed in the early 1950s and conventionalized at the world
level by the United Nations: United Nations (1958),System of National Accounts and Supporting Talepartment of
Economic Affairs, Statistical Offe, New York; OEEC (1958 Standardized System of National AccouRggis.

C. S. Carson (1975), The History of the United States National Income and Product Acqouwitsp. 169.
¥ B. Godin (2005)Measurement and Statistics on Science andridoby: 1920 to the Preseritondon: Routledge.
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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 igout how much was spent nationally on R&Ehe budget of

science as he called ith The Social Function of ScienE39), Bernal estimated the money devoted to science in the

United Kingdom using existing sources of data: government budgets, inddatagfrom the Association of Scientific

Workers) and University Grants Committee replfrise had a hard time compiling the bud
sources of money used for science do not correspond closely to the separate categoriesstaidmiof scientific

resedmMdme difficulties in assessing the precise sum annua
insurmountable. It could only be done by changing the method of accounting of universities, Government Dispartmen

and i ndu s%The ratlonalfscience bulget was nevertheless estimated at about four million pounds for 1934,

and Bernal added: iThe expenditure on science becomes | udi
whichsuchatrif ng expendi tire can produced

Bernal also suggested a type of measurenmattiecame the main indicator on scieteehnologyand innovationthe

research budget as a percentage of the national inddme. compar ed the UKO&s hplnitdkdor mance wi
States and the USSR, and suggested that Britain should devote betwxadf peecent and one percent of its national

income to resear¢h The number was arrived at by comparing expenditures in other countries, among them the United

Stateswhich invested 0.6%, and the Soviet Unienhi ch i nvested O0.8%, while Great Bri:t
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 notablynterfere 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®folrhedrink, ar
scale of expenditure on science is probaklgsithan onéenth of what would be reasonable and desirable in any
civilizéd countrybd

Thesair ce of Bie probably & sery ieatlyecalculation made by British economist L. Levi in4868ing

data from a circular sent to British scidiatisocieties, Levi computed a ratio of incomes of scientifidet@s to

national income of 04%. Another such calculation before Bernal was that of E. B. Rosa, chief scientists at the US

Bureau of Standarddn 1920, Rosa compiled, for the first tima American history, a government budget for

fir es-educatiold evel oARMesfadesti mated that governmentds expenditur
the federal budget. In the following year, J. M. Cattell, editda@é&ncewould use the rati¢l%) in his crusade for the

advancement of sciente In the next decades, variants of the ratio took on names like research intensity, then

technology intensit§.

The next experiment toward estimating a national budget was conducted in the UWaiiésdb$ V. Bush in his well

known report to the President titleBcience: The Endless Frontfer Primarily using existing data sources, the

Bowman committeé one of the four committees involved in the refokstimated the national research buddet a

$345 mi |l ion (1940) . These were very rough number s, how

14 J. D. Bernal (1939) [1973T;he Social Function of Sciend@ambridge (Mass.): MIT Pregs,57-65.

* bid., p.57.
% bid., p. 62.
7 lbid., p. 64.
% bid., p. 65.

¥ bid., p. 64. Already in 1914, M. Cattell, editor ofScience of f er ed a si mi |l ar r at iamepenitie: fOver a
the United States on the drinking of alcohol and its consequences, a comparable amount on prostitution and its enssing diseas
We devote twice as muchoney to each of these destructive agencies as to our entire educational work. Pleasure automobiles or
movingpicture shows cost each year more than the support of the teachers in all our J¢tealstional wealth is ample to
double the salary of evety e a ¢ h e(p.16(-¥62).c5ee J. M. Cattell (1914), Science, Education and DemoSeaieynce 39
(996), January 3@. 154-164.

20 J. D. Bernal (1939), The Social Function of Scienge.cit, p. 65.

2L L. Levi (1869), On the Progress of Learned Sadesetlllustrative of the Advancement of Science in the United Kingdom during

the Last Thirty Years, ifReport of the 38 Meeting of the British Association for the Advancement of Sci@868), London:

John Murrayp. 169-173.

E. B. Rosa (1921), Expditures and Revenues of the Federal Governmfemials of the American Academy of Political and

Social Science®5, May,p. 26-33. See also: E. B. Rosa (1920), Scientific Research: The Economic Importance of the Scientific

Work of the Governmentlournalof the Washington Academy of Scierid®(12),p. 341-382.

% J. M. Cattell (1922), The Organization of Scientific M&hg Scientific MonthlyJunep. 568-578.

2 See Chapter 5 below.

% V. Bush (1945) [1995]Science: The Endless Frontidorth Stratfod: Ayer Co.,p. 85-89.
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fragmentary and dependent upon arbitrary definition, most of the estimates are subject to a very considerable margin of

e r r®%The@committesshowed that industry contributed by far the largest portion of the natesedrctexpenditue,

but calculated that the governmentds expenditure expanded
documented how applied, rather than basisearch benefited most from the investments (by a ratio of 6 to 1), and

developed a rhetoric arguing that basic research deserved more resources from go¥fernment

The committee added data on national income in its table on total expenditures tudR8d 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

nati onal i ncome, as Bernal had. |t was | eft trespetthe US Pr es
In 1947, at the request of the US President, the Board published itsSefgorte and Public Policyhich estimated,

for the second time in as many yearspational R&D budget®®. With the help of a questionnaire it sent to 70

industrial laloratories and 50 universities and foundations, the Board in fact conducted the first survey of resources
devoted to R&D wusing precise categories, although these d
research expendi difierene defnitidme and accoenting practicds employed by institufiolae

Board estimated the US budget at $600 million (annually) on average for the peried5184t 1947, the budget was

estimated at $1.16 billion. The federal government veapansible for 54% of total R&D expenditures, doled 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 tD B& 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 pageenf national income. Unlike Bernal however,

the Board did not explain how it arrived at a 1% goal for 199&@vertheless, President Truman subsequently
incorporated this objective into his address to the American Association for the Advancemenhcé S&RAS) in

1948°.

The last exercise in constructing a total R&D figure before the Bt®hal Science Foundation, as official producer of

statistics on science, technology and innovatemtgered the scene, came from the US Department of Defense in

1953, 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 spentsearch fundsin the United States in 1952he report presented

data regardinglioh sources of expenditures and performers of work:
all statistical picture of present and past trends in research, and to indicate the relationships between those who spend

the money[funders] and those whalo the work[performersp The Of fi ceds <concepts of sour ¢
performers (of research activities) would soon bexdhe main categories of the National Science Foundation

accounting system for R&D. The statistics showet,tas sources &inds, the federal governmenas responsible for

60% of the totaf, industry 38% and noprofit institutions (including universities) 29%Vith regard to the performers,

industry conducted the majority of R&D (68%ynd half of this work was done ftire federal governmeiitfollowed

by the federal government itself (21%) and #poafit institutions and universities (11%).

Then came thélational Science FoundatioAccording to its mandate, the organization started measuring R&D across
all sectors of e economy with specific and separate surveys in 1953: government, industry, university and non
profit>  Then, in 1956, it published its Afthebotarsy Ptimenatried ef f ol

% |bid., p. 85.
27 B. Godin (2003), Measuring Science: Is There Basic Research Without StatBtics® Science Informatipd2 (1),p. 57-90.

® US President6s Sci en tSiiehde and Ruble PaiogPesie rBtodas dS o ilemt7i)f,i ¢ Research Boar
USGPOp.9.

2 |bid., p. 73.

%0 H. S Truman (1948)Address to the Centennial Anniversa®AAS Annual Meeting, Washington.

% Department of Defense (1953fhe Growth of Scientific R&DOffice of the Secretarpf Defense (R&D), RDB 114/34,

Washington.

The Department of Defense and the Atomic Energy Commission were themselves responsible for 90% of the federal share.

% B. Godin (2002), The Number Makers: Fifty Years of Science and Technology Officiali€satisherva 40 (4),p. 375297; B.
Godin (2003), The Emergence of S&T Indicators: Why did Governments Supplement Statistics with IndiBasesch
Policy, 32 (4),p.679-691.

3 National Science Foundation (1956), Expenditures for R&D in the Unttatess 1953Reviews of Data on R&DL, NSF 5628,
Washington.
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year before Great Britain ditl It consisted of the sum of the results of the sectoral surveys for estimating national
funds®®. TheNational Science Foundatiamalculated that the national budget amounted to $5.4 billion in®*1953

The organizati on6s saofgrosyrauesd prosectd @P )@ othe Blatienal Boeence Foundatipn

this was its way to relate R&D to economic output: Afdespi
growth, it is difficult to measure this effeqgtu ant i t at ihe Natiopa Sciercea Fowndatih Therefore, this
fanal ysis describes the manner in which R&D expenditures

establishing a basis for valid measures of the relationships of such expenditures ta aggrege c o n o°mThe out put o
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 interpretati enofof the in
events to ascribe a specified increase i gross national p

In the same publication, th¢ational Science Foundatidnnovated in another way over previous attempts to estimate

the national budget. Usj 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 alsaltimate 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, aitlarger volume as performe8uch tables were thereafte
published regularly in thBlational Science Foundatidoulletin serieReviews of Data on R&D, until a specific and

more extensive publication appeared in 266

The matrix was the resulif deliberations on the US research system coedutt the midfifties at the National

Science Foundatidfiandofdmands to rel ate science and technology to the
throughout the economy is of great interest at ptesef €) because of the increasing degr e
relationship between R&D, technological innovation, econo
H. E. Stirner from the Operations Research Office at Johns Hopkins UniférBityt ft oday , data on R&D f
personnel are perhaps at the stage of gr owt®hlinismithwhi ch nati
the §stem of National Accountser e t heref ore i magi ned: fi T hceouritsdseadullyo f nat i on:
accepted oneNational income and product, money flows, and kmelustry accounts are wekhown examples of

accounting systems which enable us to perform analysis on many different types of prititbntke development

and acceptase of the accounting system, dgtaat her i ng has progressed at a rapid pac:¢

% Advisory Council on Scientific Policy (1957Annual Report 19567, Cmnd 278, HMSO: London.

% The term fAnational 6 appe aSee: datibnal Sciehck Eoundatido63), Nationad @rendsnif R&Di n 196 3.
Funds, 19532, Reviews of Data on R&DI1, NSF 6340.

The data were preliminary and were revised in 1®%®:National Science Foundation (1959), Funds for R&D in the United
States, 19589, Reviews of Data on R&ML.6,NSF 5965.

% National Science Foundation (1961), R&D and the GR#iews of Data on R&26, NSF 619, p. 2.

% Ibid., p. 1.

40" bid., p. 7.

4 Reviews of R&D DataNos. 1 (1956), 16 (1959), 33 (1962), 41 (1963)views of Data on Science Resouroes4 (1965).
42 National Science Foundation (196Kigtional Patterns of R&D Resourcd$SF 677, Washington.

AOur countryods dynamic r eseafi finénciad dnd rodintancialieasmosn g no rtghaen ii znateirorres da t st
K. Arnow. SeeK. Arnow (1959), National Accounts on R&D: The National Science Foundation Experience, in National Science
FoundationMethodological Aspects of Statistics on Research and Development: Costs and MaiNgw8836, Washington,

p.57.

H. E. Stirner (199), 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 Margpow,p. 37.

K. Arnow (1959), National Accoua on R&D: The National Science Foundation Experience, in National Science Foundation,
Methodological Aspects of Statistics on R&D: Costs and Manpawewrit, p. 61.

46 H. E. Stirner (1959), A National Accounting System for Measuring the Intersectova Bf R&D Funds in the United States, in
National Science Foundation, Methodological Aspects of Statistics on R&D: Costs and Margow,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 Gvernment Industry Colleges Other institutions Total
universities

SOURCES oR&D FUNDS

Federal Government $970 $1,520 $280 $50 $2,810
agencies

Industry 2,350 20 2,370
Colleges/ 130 130
universities

Other institutions 30 20 50
Total $970 $3,870 $460 $70 $5,370

The National Science Foundatianethodological guidelinet as well as the matrik 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 calettiregning thelata on

R&D. It proposesstandardized definitions, classifications and a methodology for conducting R&D surveys. The first
edition was prepad 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 wascommende@s expert to the GED by E. Rudd, from the British Department

of Scientific and Industrial Research (DSIR). He visited the main countries where measurements were cdheucted.
marual owes a great deal to the National Science Foundatidits series afurveys in the early 1958s

The Frascati manual essentially developed three sets of guidelines. Firstly, norms were proposed for defining science as
Afsystematico research and demarcating reseceregchideddrom ot her
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, hdustry or norprofit 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 disciplinén the case of universities (and Rprofit 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 aan indicator for plicy targets

Accounting for Science

The Frascati manual suggests collecting two typesatistics:the financial resources invested in R&D, andhbenan

resources devoted to reseaeddtivities. The main indicator to come out of the manual is Grosni@&xic Expenditures

on R&D (GERD)i the sum of R&D expenditures in the four main economic sectors: business, university, government

and norprofit®. The manual 6s specifications also allow one to follo
matix), specifically betweerfunders ad performers of R&D, as the National Science Foundaliath already

suggested.

GERD is the term invented by the OECD for measuring what was, before the d8l&gis national funds or buddat
In line with the System of National Accounts, and following the National Science Foundatitre manual
recommended suming R&D according to thenain economic sectorsf the system of national accountausiness,

47 This is admitted in the first edition, FM (196),7.
% The measure includes R&D funded fromedm, but excludes payments made abroad.
49 FM (1962),p. 34-36.
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government and private nguofit®®, to which the OECD, folloing the NSF again, added a fourth one: higher
educationThe following rationale was offered for the deciston

The definitions of the first three sectors are basically the same as in national accounts, but higher education
is included as a separate imaector 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 theystem of national account3he first edition of the OECD Frascati manual stated
that the classification of R&D data by economic sector I
classifications employed in other statistics of national income expenditure, thus facilitating comparison with
existing statistical series, such as gross nfational produc

When te system of national accounts, now in its fourth edition, was developed inlih&feéées and conventionalized
at the world level byhe United NationsR&D was not recognized as a category of expenditures that deserved a
specific mention in the national accoutitdn 1993 again, during the last revision of the system of ndtawunts,

the United Nations rejected the idea of recognizing R&D db
of intangi B liedecidedinstsad tmdevelop a functional classification of expenditures that would make

items such as R&D visible in the system of nat Hawvevarl account s
R&D is not part of the accounting system of nations, despi
the National Account§ wo u | d ] raise the importance and ®\Despilefts | i ty of F

alignment with the systn of national accountthe Frascati manual still uses a different system of classification in a
number of cases, including, for exal®, the coverage of each economic se€tor

The GERD, as statistics on ratal research, remains fragilEhe first edition of the Frascati manual suggested that

national fAvariations [in R&D statisti? 8(tthencolectidnef gr adual | \
statistics on R&D expendituresill remains a very difficult exercise: not all units surveyed have an accounting system

to track the specific expenses defined as comgdR&D. The OECD regularly hae adjust or estimate natiahdata

to correct discrepancie#t. also started a series call&burces and Methoddocumenting national differences with

regard to OECD standard#. finally developed a whole system of footnotes, allowing for the construction of

comparable data amongember countrieswhile blackb o x i ng t he d tCenéesuently] whattoag i o n s

observes is increasing reliance with -otpitmenabnsurgat nohfi ci
techniques of measurement in member countries,tpthé nt t hat the Frascati manual has =
techniques.

This is the case for R&D in the higher education sedtothe 1970s, the OECD launched a series of studies on its
international surveysfaR&D . After having analyzed thdata, the OECD refused to publish the report devoted to

%0 Households, that is, the sector of that name in the system of national accounts, was not considered by the manual.

1 FM (1962),p. 22.

52 FM (1962),p.21.

% Only institutions primarily Bgaged in research are singled out as a separate category.

% J. F. Minder (1991)R&D in National AccountsOECD, DSTI/STII (91) 11p. 3.

%5 OECD (2003),Summary Record of the Working Party of NESIECD/EAS/STP/NESTI/M (2003) B, 4. The current revisn
of the system promises some changes, however.

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 witBy#iem of National
Accounts, DSTI/EAS/STP/NESTI (2001)14/PARTS.

5 FM (1962),p. 6.

%8 B. Godin (2005)Metadata: How Footnotes Make for Doubtful Numbeys cit.

% The OECD does not conduct surveys among performers of R&D, but rather collects thimatemtional 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, 1963971; OECD (1975), Changing Priorities for Government R&D: An Experimental Study of Trernlds in
Objectives of Government R&D Funding in 12 OECD Member Countries,-1982; OECD (1979), Trends in Industrial R&D

in Selected OECD Countries, 196975; OECD (1979), Trends in R&D in the Higher Education Sector in OECD Member
Countries Since 1965 aridheir Impact on National Basic Research Efforts, SPT (79) 20.
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university R&C°, t he data being qualified as fArather unsatisfactor
problemso that prevent ed %rHew, forekanmecduld a coummyagenddwica ds mach mp ar i s on
as another on university research and yet report similar numbers of university personnel involved iivRg&Did

expenditures on basic research differ by a ratio of 1 to 2 beta#enwise similar countriesPhe souces of the

discrepancies wefé 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
becauseahey were cheaper, and coefficients derived from the estimates were little more than informed guesswork and

were frequently oubf-date; general university funds were attributed either to the funder or to the performer; the level

of aggregation (fields ddcience classification) was generally not detailed enough to warrant analysis; finally, there was

a great deal of subjectivity involved in classifying resea
longer used in certain countrieglthough policy makers still persist iequesting such data in spite of its many
shortcB%mingso

These difficuties led to a small studygf national methods for measuring resources devoted to university research in

1981% updated in 198%, a workshop on the measurement of R&D in higher education in%e8fl, as a follovup,

a supplement to the Frascati manual in £88@hich was later incorporated into the manual as Appendikhg.

supplement recommended norms for coverage of the ngitiwsector, the activities and types of costs to be included in

research, and themeasurement of R&D personnélowever,subsequen¢ di t i ons of the Frascat.i man
nationalestimats of R&D expenditures based on techniques that the unpebligiporthad disqualifief®. Estimates

were used in place of surveys because there cheaperbut coefficients derived from the estimatesre little more

than informed guesswork amkre frequently oubf-date.

This was only the first example of wating from the norm concerning the survey as the preferred instréfinent

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 staimdgnel third edition of the Frascati

manual (1975f. 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 Rigicioin or

study central government funding of R&D. The purpose was t
commi tting flulnhdes itnpp I R&Dd& goal was to contribute to the #fc
and budget. To th end,in 1969 the Commissioradopted theNomenclature for the Analysis and Comparison of

% 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. cit

& Ibid., p. 1.

52 Some of these we already well identified as early as 1969. See: OECD (196@)Financing and Performance of Fundamental
Research in the OECD Member Countri€AS/SPR/69.19p.4. SeeB. Godin (2005), Is There Basic Research Without
Statistics, in Measurement and &ttits on Science and Technology. cit

OECD (1986), Summary Record of the OECD Workshop on Science and Technology Indicators in the Higher Education Sector,
DSTI/SPR/85.60p. 24.

5 OECD (1981), Comparison of National Methods of Measuring ResoDeested to University Research, DSTI/SPR/81.44.
% OECD (1984), Comparison of National Methods of Measuring Resources Devoted to University Research, DSTI/SPR/83.14.

% OECD (1985), Summary Record of the OECD Workshop on Science and Technology Indiicétersligher Education Sector,
DSTI/SPR/85.60.

OECD (1989), The Measurement of Scientific and Technical Activities: R&D Statistics and Output Measurement in the Higher
Education Sector, Paris.

% FM (1993),p. 146ss.

%  While a certain amount of R&D taa can be derived from published sources, there
stated the manual. See FM (1981)22.

The first two editions of the Frascati manual included preliminary and experimental research classifications.

Eurosta (1991),Background Information on the Revision of the NABS&M 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 Budg@tABS)™?

based on the classificatibh

produced by the workinggroup and published a statistical analysis

In line with the pirit of the OECD Brooks report, which had argued for changes in the objectives of government

funded R&D* the OECD Directorate for Science, Technology and Industry (DSTI) adopted the European

Commi ssionds approach t d° Hobeves few gomegnmenis pctually coridactedsurseysat i st i ¢ s
government R&D®. Most preferred to work with budget documents because, although less detailed and accurate than a

survey, the information was easier and cheaper to dhtéimongthe methd 0| o gy 6 s advantages was spe
data were extracted directly from budget documents without having to wait for a survey. But it also had several
limitations'®, among them the fact that national data relied on different methodologies and coacdpms different

administrative systemVith regard to the classificatioof expensesit reflected the intention to sperahd notactual
expendituresFurthermore data were difficult to extract from budgets because they lacked the required legtdibf d

ithe more detailed the questions are, the | ess accurate th
specific NABS suHevel in the budgesincebudget items can be quite brdadrinally, OECD statisticians were also

confrorted with a widediversity of budgetary and national classification systems in member coursystemsover

which they had relatively little contrt

The wunit classified varied considerably betdween countries (
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 obtaineoh faosurvey 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 @mpht to the Frascati manual specifically devoted to measurement

of the socioeconomic objectives of government R&D was completed irf]®igit was never issued as a separate
publication. These data dApl ay sienceyanddechmaodyeirgditatorsarlddonotn t he ge
mer it a separate nfainstead dfbeisgt pattina deparateemanDdt, G specificas were

abridged and includedithin a chapter in the fourth edition of the Frascati mafiual

Allinal I, the GERD is not really a national budget, but ila t
with its own questionnaire and slightly [one could rathensay]d i f f er e nt % Poee dafaicana froman s o

72

The first NABS was issued in 1969 and revised in 1975 (and included in theed®i®d 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 IndustdakcBon categories.
s CEC (1970),Research and Development: Public Financing of R&D in the European Community Countried,9796BUR
4532, Brussels.
™ OECD (1972)Science, Growth and SocigBaris.
> The first OECD (experimental) analysis of déta 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, 1962972,0p. cit
Exceptions were Canada carthe United Kingdom.Other countries either produced text analysis of budgets or estimate
appropriations from budget documerf®r methodologies used in European countries, see: Eurostat (B288ynment R&D
Appropriations: General University Fund®STI/STP/NESTI/SUR (95) 3p. 2-3.
Eurostat (2000)Recommendations for Concepts and Methods of the Collection of Data on Government R&D Apprapriations
DSTIEAS/STP/NESTI (97) 1(p. 3.
7 Eurostat (2000), The Frascati Manual and Identification of Somebléms in the Measurement of GBAORD,
DSTI/EAS/STP/NESTI (2000) 31.
" OECD (2000), The Adequacy of GBAORD Data, DSTI/EAS/STP/NESTI (2000).18,
80 OECD (1990), Improving OECD Data on Environm&elated R&D, DSTI/IP (90) 25, #.
8 OECD (1978), DrafGuidelines for Reporting Government R&D Funding by Sdeimnomic Objectives: Proposed Supplement
to the Frascati Manual, DSTI/SPR/78.40.
8 OECD (1991), Classification by Soefeconomic Objectives, DSTISTII (91) 18, 9.
8 In 1991, Australia again ppomsed that there should be a supplement to the manual dealing with detailed classification by
socioeconomic objective and by field of scien&@ee: OECD (1992), Summary Record of the Meeting of NESTI,
DSTI/STI/STP/NESTI/M (92) 1.
D. L. Bosworth, R. AWilson and A. Young (1993), Research and Development, Reviews of United Kingdom Statistical Sources
Series, volXXVI, London: Chapman and Hilp. 29.
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