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Abstract

The linear model of innovation, which assumes adivectional and non simultaneous
relationship between the two realms of sciencetanknology, is still a debated framework.
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Résumé

Le modele linéaire de I'innovation, qui stipuleXistence d’une relation unidirectionnelle et
non simultanée entre les deux sphéres distinctés sidence et de la technologie, est encore
aujourd’hui débattu. Les objectifs de cet artictmtsde montrer que les économistes des
sciences des années cinquante et soixante ne gdpeastat pas le modele linéaire, d’examiner
les fondements épistémologiques de leur représemtaes liens entre science et technologie,
et d’en analyser les conséquences pour I'éconopsawbits de propriété intellectuelle. Nous
étudions tout d’abord les contributions fondatriees économie des sciences de Richard
Nelson et montrons que celui développe une repigs@m interactionniste des liens entre
science et technologie. Nous expliquons ensui@eleloppement par Nelson d’un modéle
interactionniste par son adoption d’'une épistémel@&yolutionniste (se traduisant par une
représentation circulaire des relations causalepaet un accent mis sur la continuité
historique) provenant de l'influence de la théanmlutionniste sur ses travaux réalisés a la
RAND Corporation et au Carnegie Institute of Tedbgyg. Nous étudions ensuite la
géneéalogie du concept de « paradigme technologigiéveloppé par Giovanni Dosi dans les
années guatre-vingt et montrons qu’elle conduiledgant aux contributions fondatrices en
economie des sciences, a une critigue du modeéaita ainsi qu'a une épistémologie
évolutionniste. Nous analysons enfin la relatiotreele modéle interactionniste des liens
entre science et technologie, I'épistémologie évmhmiste, et la critique des droits de
propriété intellectuelle sur la science et la tetbgie.
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1. Introduction

Physical science and industrialism may be conceaged pair of dancers, both
of whom know their steps and have an ear for tlyghrh of the music. If the
partner who has been leading chooses to change quadtto follow instead,
there is perhaps no reason to expect that he \ailcel less correctly than

before. (Arnold J. Toynbee cited in Price 1965,)553

Recent evolutions in the relationships betweerestahdustries and universities, especially
those resulting from recent legal reforms on ietlial property rights such as the Patent and
Trademark Law Amendments Act (Bayh-Dole Act) passed980, have led to numerous
debates in economics, sociology and philosophy henvices and virtues of a supposed
commercialization of science (Popp Berman 2318)economics, these debates have revived
the interest in the economics of science and ineenthich emerged in the post-war era with
the seminal articles of Kenneth Arrow (1959, 1962a) Richard Nelson (1959bAs David
Hounshell (1997, 2000) shows, Nelson’s and Arroarticles on the economics of invention

in the late fifties and in the early sixties wer@raduct of RAND’s research project on the

! The Bayh-Dole Act enables non-profit organizatisnsh as universities to retain ownership of patéssued
on federally funded research.

2 For a study of recent developments on the ecormafiscience, see Ballandonne (2012), DasguptdDaitl
(1994), Mirowski (2004, 2011), Mirowski and Sent(2), Sent (1999), Stephan (1996, 2012), Tyfiell®,
Wible (1998). Charles S. Peirce is considered asraestor on the economics of science with hislartitled

“Note on the Theory of the Economy of Research”lighled in 1879 (see Rescher 1976; Wible 1994, 2008)



economics of research and development headed kprBiiein, and of the broader Cold
War context of scientific and technological competti with the East.

In almost every contribution on (the history of)etleconomics of science is the
expression “linear model of innovation.” The lineaodel is a conceptual framework used to
examine the relationship between science and témimpo In order to understand its
characteristics, we should distinguish betweensitgic and dynamic components (Stokes
1997). The static part of the linear model impkgsontological difference between science
and technology: while science would develop knog#edbout Nature, technology would
develop knowledge aiming at practical objectivebe Tdynamic part of the linear model
implies that technology needs prior science in otdedevelop. Hence, the linear model
considers that there is a non simultaneous andrliumidirectional) relationship between the
two realms of science and technology. The relevaridbe linear model for contemporary
science and technology policies is thus a crucialten that led to numerous studies on its
origins, developments and consistency.

Historians of science and historians of economagehexamined the emergence and
diffusion of the linear modél. David Edgerton (2004, 31) argues that the limeadel is an

“invention of academic commentators” and conterd® that economists did not elaborate or

% Klein earned his PhD in economics from Harvard 948. He joined RAND in 1952 and became head of the
Corporation’s economics department in 1961.

* It should be noted that the expression “linear eh@d innovation” is of a recent vintage and thantibutions

on the links between science and technology irfifties and in the sixties did not use that expi@ssA search

of the expression “linear model of innovation” imetJSTOR database (February, 2015) shows thatldlesto
contribution using it is Richard Hydell's 1979 rewi of Abernathy’s 1978 bookhe Productivity Dilemma:
Roadblock to Innovation in the Automobile Industhy his review, Hydell (who earned his PhD on the
economics of technological diffusion from MIT in 4B where he was supervised by Peter Temin) notds th

Abernathy criticizes the linear model.



diffuse the linear model. Nevertheless, Edgertoesdwt examine the seminal articles on the
economics of science to support his argument. Beaodin (2006) argues that the linear
model (which he defines as the sequence Basic radseApplied research; Development;
(Production and) Diffusion) is not found in Vanne®sh's 1945 repot$cience, the Endless
Frontier and that economists did participate as early asfitties in the stabilization and
diffusion of the model. Indeed, for Godin, while $us report would be responsible for the
static and dynamic links between basic researchagpdied research (a part of the linear
model according to Godin), researchers in businedsools added development, and
economists studied the last stage of the modet,isharoduction and diffusion. In addition,
Godin (640) argues that Nelson did participatehm diffusion of the linear model at the end
of the fifties. Nevertheless, Godin (659) conclutlest “despite its widespread use, the linear
model of innovation was not without its opponends early as the 1960s, numerous
criticisms were leveled concerning, among othenghj the linearity of the model. [...]
However, the model continued to feed public dissesrand academic analyses despite the
widespread mention, in the same documents thattheeshodel, that linearity was a fiction.”
It is thus difficult to understand how academicstipgoated in the diffusion of an analytical
framework while considering it at the same timeaafsction. For Godin, the reasons of the
wide diffusion and use of the linear model lie t, simplicity (Godin unfortunately does not
provide a comparison criterion) and in its usedeisce policies statistics. The latter argument
is nevertheless not directly related to Godin’suangnt on the role played by economists in

the stabilization of the linear modfl.

®> Godin (2008) examines the work of the MIT econdroisinnovation Rupert MacLaurin (1950, 1953, 1954)
and argues that the latter was an early contribiotéihe development of the linear model (Godin 20883). If
Godin uses textual evidence to support his clatimeroones can be used to oppose his argument.dndeecan
find in MacLaurin’s 1953 article evidence that hiticized both the static and dynamic componenttheflinear

model. Concerning the static component, MacLaurniites (98) that “it cannot be assumed that purersa is



Philip Mirowski is another supporter of the argumeémat economists of science
elaborated and diffused the linear model in thedOdar era. For instance, in his book
Science-Mart, Privatizing American Scienddirowski (2011, 53) argues that the linear
model “was forged as a necessary accessory to deevar development of neoclassical
economic theory, and it was concocted almost witlaoy empirical inquiry into the relevant
histories of science and technology.” He also aadutsut Nelson (1959b) and Arrow (1962a)
that they “sought to combine the linear model wita theory of public goods to account for
science as an input to economic growth” (see alsowski 2011, 49; Mirowski and Sent
2002, 39; Sent 1999, 101). Moreover, citing annnésv of Paul A. Samuelson by Barnett
(2004, 531), Mirowski (2004, 52) argues that Sasmewrote the passages of Bush’s report
supposedly containing the linear model. Howevehoaigh Samuelson acknowledges that he
did participate in the writing of Bush’s report, hever examines the issue of the linear model
in the interview. It should eventually be notedttiNelson’s contributions are used in a
somewhat instrumental way in the recent literatomethe history of the linear model. In
Balconi, Brusoni and Orsenigo (2010) as in MiroiM&011), Nelson’s recent articles are
used as examples of criticisms of the linear m¢siet Cohen, Nelson and Walsh (2002); and
Colyvas et al. (2002)) while his early contribusoare cited but not directly linked with that

issue.

undertaken without any thought of material endsic&imodern science began to emerge in the sevémteen
century in Western Europe, it seems highly unlikibigt the principal contributors have not beenuigficed by
practical objectives.” Concerning the dynamic comgrt of the linear model, MacLaurin cites the faling
passage from Schumpeter's 19Ba@siness CyclegSchumpeter in MaclLaurin 1953, 105): “It is entrel
immaterial whether an innovation implies scientifisvelty or not. Although most innovations can kaeéd to
some conquest in the realm of either theoreticgractical knowledge that has occurred in the imatedr the
remote past, there are many which cannot. Innovaopossible without anything we should identify a

invention” (see also MacLaurin 1953, 106).



Hence, studies arguing that the linear model didten the sixties emphasize the role
played by economists in its emergence and diffyswnile those claiming that it never
existed do not specifically deal with the influerafeeconomists. In other words, contributions
on the economics of science in the fifties anchim gixties are used to support the argument
that economists played a leading role in the dgreknt and diffusion of the linear model
during that period.

In contrast with that received view, the aims fbfstarticle are to show that
economists of science in the fifties and in thdissxdid not develop the linear model and
adopted instead an interactionist representatiahefinks between science and technology,
to examine the epistemological foundations of thepresentation, and its consequences for
the economics of patents.

To do so, we first focus on Nelson’s seminal aggcbn the economics of invention.
Nelson earned his PhD in economics from Yale Umsityerin 1956. He became assistant
professor at Oberlin College in 1957, economishatRAND Corporation from 1957 to 1960
and from 1964 to 1968, an associate professoreaCtrnegie Institute of Technology from
1960 to 1961, and a staff senior member of Kenree@guncil of Economic Advisors from
1961 to 1963. Moreover, as we recalled, Nelson is one of thenfting fathers of the old
economics of science in the fifties and in theissxand was thus a key contributor in the field
at that time. We shall see that Nelson has actualer developed the linear model and that
his interactionist representation of the relatiopdbetween science and technology is based
on an evolutionary epistemology which emphasizesrtte of historical continuity and of
circular causality.

An important point is that Nelson’s interactionispresentation of the links between

science and technology is not developgdinstthe linear model, simply because for Nelson

® Kennedy’s Council of Economic Advisors was chaibgdwalter W. Heller from 1961 to 1964.



the latter did not exist at that time, and becaasewe recalled in the introduction, that
expression spread only in the eighties. As Nelsotes (personal communication, 2015)
about his seminal articles in the economics of mte®: “I never was much oriented to
arguing for or against the ‘linear model'...l did rtake a point of view that | was arguing
against another well articulated point of view.” Bvhwe shall talk about Nelson’s (or another
author’s) criticism of, or opposition to, the limeaodel or its components, it should thus be
considered as a convenient way to examine Nels@psesentation of the links between
science and technology and to contrast it with wirahow call the “linear model.” That is
also a convenient way because, as we recalledreiteived view in the history of the
economics of science is that Nelson did adopt awldp the linear model in the fifties and
in the sixties.

We then examine the genealogy of the notion oftitte@togical paradigm” developed
by Giovanni Dosi in the eighties, and show its $inkith the old economics of science, a
criticism of the linear model, and an evolutionapistemology. We finally examine the links
between an evolutionary epistemology, an interactomodel of the relationships between

science and technology, and the criticism of prigpeghts on science and technology.

2. Nelson’s Interactionist Model in the Fifties andn the Sixties

We examine below Nelson’s approach to the linksvbeh science and technology in his
seminal contributions on the economics of scienu# iavention. Before we proceed, two
caveats are in order. First, in the late fiftiesl am the early sixties, Nelson did not use the
term technology but invention. We shall consider tilvo terms as being equivalent since, as
we shall see, Nelson’s definition of invention iffetent from his definition of science and

emphasizes the concrete application of scienefsearch.



We focus on three of Nelson’s articles. The fisstThe Economics of Invention: A
Survey of the Literature” published in 1959 in tleurnal of Busines@Nelson 1959a). As its
title suggests, the aim of that article was to dbsche theoretical and methodological states
of the art in the economics of invention at the ehthe fifties. The second article we study is
“The Simple Economics of Basic Scientific Researplablished in 1959 in thdournal of
Political Economy (Neson 1959b) and considered as Nelson’s semirtalleaon the
economics of science. The last article we examséThe Link Between Science and
Invention: The Case of the Transistor” published1®62 (Nelson 1962b). That article is
important for two reasons. First, it was publishedhe NBER volume edited by Nelson
himself titledThe Rate and Direction of Inventive Activity: Ecomo and Social FactorsThe
latter contains the contributions and commentsgmtesl at the conference on the “Economic
and Social factors Determining the Rate and Dioecf Inventive Activity” held at the
University of Minnesota on the 12th May 1960 andc@nsidered as the contribution
institutionalizing the economics of science as aede field (Godin 2010; Lerner and Stern
2012). Nelson’s 1962b article, as well as the o#rgcles included in that volume, thus had
an important influence on the subsequent theotetimdh methodological developments on the
economics of science. Second, Nelson’s researctithenhistory of the transistor is a

cornerstone article towards his complete rejeabiotine linear model.

2.1. The Interaction Between Science and Technology

In his literature review on the economics inventibielson (1959a, 105) argues that science
and invention should be conceptually distinguisbeen though they increasingly tend to be
linked in practice. This suggests that Nelson asltipe¢ static component of the linear model

in that article. Nevertheless, in contrast with thaamic component of the linear model,



Nelson remarks in the section “invention and sdieniknowledge” of his article that in the
research laboratory of the twentieth century (1P5<gience stimulated invention and
invention stimulated science.” Moreover, for Nelsmence and technology increasingly tend
to interact in the twentieth century (106). If N®isargues that the dynamics between science
and technology is interactionist, he also sugg@<€s) that technological applications do not
necessarily need prior science to develop but oarge through trial and error procedures.
Moreover, in that article Nelson examines Seabuiffill&n’s book Sociology of
Invention(1935a)’ In contrast with the theories of technologicalgress which attach each
invention to the breakthrough efforts of a heraigentor, Gilfillan adopted an evolutionary
approach to inventions and emphasized the contswnature of their developments (5): “An
important invention is a perpetuatcretionof little details. [...] An invention is aavolution
rather than a series of creations, and much ressnabbiologigrocess because it has a basic
kinship with this, thru innate human mentality.” Ang the thirty eight principles of
invention Gilfillan examined, principle four staté) that “Invention need not be based on
prior science It often precedes and evokes the apposite scie@iHillan’s approach to
invention is thus a criticism of the dynamic remmsition of the links between science and

invention embedded in the linear model. Gilfilldscaemphasized the role played by social

" Gilfillan graduated from the University of Penngyhia in 1910 and earned his MA (1920) and PhD %193
supervised by the sociologist A. A. Tenney) fromu®abia University. Gilfillan was acting assistanbfessor
at the University of the South from 1922 to 192%q anstructor in sociology and economics at Grih@elllege
from 1925 to 1927. From 1928 to 1929 he was cumttmansportation, communication and the socipkats of
invention at the Chicago Museum of Science and dtigiuHe taught sociology at Purdue University frb@87
to 1938. Gilfillan’'s bookdnventing the Shimnd The Sociology of Inventipioth published in 1935, are the
outcomes of his PhD dissertation (see Gilfillan7@Pfor his autobiography). Gilfillan’s recent inéince in
economics can be seen through Arthur’'s mentior@ilfiflan in his book on the evolution of technolp@Arthur

2009).
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needs in the development of invention (6-7) andednted, as another instance of his
evolutionary approach, the learning by using aspé&tte improvement of inventions (8). As
Nelson (1959a) also noted, the learning by usiqeeetsof Gilfillan’s evolutionary approach

echoed the research on learning processes inrfrenae industry and their modeling through
learning curves carried out at that time at RANBIgr 1956F.

Despite some criticisms, Nelson (1959a, 103) camsil Gilfillan’s contribution as
“one of the most interesting studies of inventiowfiich shows that he was aware of, and
influenced by, the evolutionary approach to theeflgyment of inventions as early as the late
fifties.” It should eventually be noted that Gilfillan peipiated at the 1960 Minnesota
Conference where he commented on Barkev Sandet€lke @n the issue of the measurement
of inventions (Sanders 196%).

Nelson’s argument on the close relationships batvesgence and technology is also
found in his most famous article on the economicsaence, “The Simple Economics of
Basic Scientific Research” (Nelson 1959b). In thdicle, Nelson defines (299) scientific
research as “the human activity directed toward #dwancement of knowledge” and
invention as “the human activity directed toward tireation of new and improved practical
products and processes.” These quotations suduggtisiNelson here again adopts the static
component of the linear model. As in his 1959acktiNelson (1959b, 299) also emphasizes

that invention can develop with no prior scientikoowledge, calling into question the

8 RAND studies on learning processes carried othénairframe industry influenced Arrow in his 1962ficle
“The Economic Implications of Learning-by-Doing” éBandonne 2015). Even though they both emphabize t
role played by learning processes, the notions eafrnling-by-using and of learning-by-doing should be
distinguished.

° For Nelson, Gilfillan’s approach is too mechanigtake evolutionary approach would not permit tolaipthe
emergence of radical novelties (see North 20133¥h.goes too far in denying the role played bgividual
scientists, and over-emphasizes the demand sithe @finovation process.

19 sanders earned his PhD in sociology and statisties Columbia University in 1929.
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dynamic component of the model: “Though many inkeT# are made possible by closely
preceding advances in scientific knowledge, mamerst require little knowledge of science
or occur long after the relevant scientific knovgeds available.” In addition, in that article

Nelson adds a distinction between “basic scientégearch” and “applied scientific research”
and argues (300) that it would be difficult to diguish them and that “applied science and

invention are closely linked.”

2.2. Science With Practical Problems: Nelson’s Histy of the Origins of the Transistor

Nelson pursued his study of inventive activitiesablgistory of the invention of the transistor
developed in 1951 at Bell Telephone Laboratoriesrifi@r 2012) especially by the physicist
William Shockley (1950). In that article, Nelsordgn was to examine through an historical
case study the role played by scientific knowledigestimulating changes in inventive
activity. Nelson first remarks (554) that sciemtiknowledge determines itself through an
evolutionary process, current scientific developtadouilding on past ones: “The current
state of knowledge is the result of an evolutionamycess operating on ideas. Therefore, in
order to understand the post-World War |l reseattBell, it is important to sketch the
history of prior semiconductor research.” Nelsosoalelies on an evolutionary analogy when
he examines the issue of the allocation of scien(§72): “Given the nature of scientific
research, and an organization where individualngisies have a wide degree of freedom, the
allocation of the scientific staff among competadternatives is likely to be accomplished by
an evolutionary or a natural selection processIsdlgs history of the origins of the transistor
is a cornerstone contribution in the evolution & hepresentation of the links between
science and technology. Indeed, that article cpomds to his rejection of the static

component of the linear model:

12



When | wrote my paper on ‘The Simple Economics @B Scientific Research,’
[1959Db] | still was partly captive to the propositj which unfortunately remains the
conventional wisdom now as well as then, that ‘bassearch’ in a ‘scientific
discipline’ proceeds with little or no awareness wiuch less interest in, potential
practical applications. My research on the origiighe transistor shook those blinders
from my eyes, and | came to recognize that in manientific disciplines a
considerable portion of the work that is calledibassearch proceeds, as Rosenberg
suggested, with puzzles about how technology wodismore general practical

problems that have defied solution, very much indn{Nelson 2006, 9)

Indeed, in contrast with the static component eflthear model, Nelson shows (1962b, 560
and 581) that several scientists at Bell Laboratongluding Shockley, had practical
objectives in mind when they carried out their egsk on the transistor.

Finally, Nelson argues (581) that technology infices the developments of science,
in contrast with the dynamic component of the Imemdel: “Advances in technology itself
certainly affect the direction of scientific resear

Nelson’s contributions on the economics of sciesnag invention in the late fifties and
in the early sixties testify that he developed ateractionist representation of the links
between science and technology, opposing both tdtee @and dynamic components of the
linear model. It is true that we can find in Nelsoearly contributions textual evidence that
could be used to support the claim that he adohtedinear model, since he did remark that
science influences technology. As Nelson (1997)rbaently noted, “there are many striking
examples where the simple linear model looks rightowever, we have shown that,
according to Nelson, the linear model is particular case of a more complex and

interactionist representation of the links betwserence and technology. We now examine

13



the epistemological foundations of Nelson’s intéwatst representation of the relationship

between science and technology.

3. Epistemological Foundations: Evolutionary Theoy and Circular Causality

Nelson’s research on the economics of sciencerarghtion in the late fifties and in the early
sixties are most often characterized as neocldsgicgtudy of causality theory in economics
can explain that characterization. Indeed, thealimaodel implies a linear representation of
causality, akin to the mechanistic approach to @éysof neoclassical theory which finds its
origins in the physical analogies used by econamistthe nineteenth century (Mirowski
1989). The widespread (but, we argue, erroneouwf eat Nelson adopted the linear model
in his early contributions on the economics of sceeis thus used as an instance of his
supposed neoclassical approach. Such a charattarize useful for economists of science
and for historians of economics since it permitgroup Nelson’s and Arrow’s contributions
on the economics of science in the early sixtiedeurthe same neoclassical label, before
differentiating it with the new economics of scienghich emerged in the nineties (Dasgupta
and David 1994) and which would be more heterodecabse of the attention it devotes to
institutions. Contributions on the history of theoeomics of science thus imply that there
would be two Nelson: one neoclassical in the ssxtand one evolutionist since the eighties
(Nelson and Winter 1982).

We argue instead that Nelson’s development of tarantionist representation of the
links between science and technology in the lafigedi is based on his adoption of an
evolutionary epistemology which entails a circulgpresentation of causal relationships.

We should nevertheless emphasize that the mearningeoclassical economics

evolved between the sixties and the eighties. Alsdveremarks (personal communication,

14



2014): “In the years when | was a young scholag, Aimerican economics community was
much more flexible and pragmatic about appropmateles of theorizing than it became in
later years. [...] The hardening and narrowing carmund 1980.” Put in their historical

context, Nelson’s research on the economics ofiseié the fifties and in the sixties can thus
still be considered as neoclassical, even though today’s point of view his adoption of an

evolutionary epistemology would entail a criticimfnsuch a characterization.

3.1. The Influence of Evolutionary Theory: The RAND Corporation and the Carnegie

Institute of Technology

A study of Nelson’s institutional context in theftisgs and in the sixties is crucial for
understanding the influence of evolutionary theiariiis contributions at that time. Indeed, as
Clément Levallois (2008) showed, the influence wdletionary theory on Nelson at RAND
came about through three key characters: Armenidi¢isidney Winter, and Burton Klein.

First, Alchian, who became associated with RANEhatend of his military service in
1946 published in 1950 his classic article “Undetia Evolution and Economic Theory” in
the Journal of Political Economyin the latter, Alchian criticized the priori assumption of
profit-maximizing behavior and used the biologiaaklogy of “natural selection” in order to
explain the “survival” of the more profitable firm&eoffrey Hodgson (1999, 115-6) showed
that Alchian’s use of a biological analogy shouunderstood in the broader context of the
emergence of neo-Darwinism (a synthesis of Darwtime®ry with population genetics) in the
forties. Nelson was thus directly influenced by tia¢her of the renewal of the use of
evolutionary analogies in economics in the fifties.

Second, Winter, who received his PhD from Yale @msity in 1964, also worked at

RAND as a research economist from 1959 to 1962rbeffi® became a staff member of
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Kennedy's Council of Economic Advisors. Winter'soption of an evolutionary approach
finds its origins in his reading of Alchian’s 199rticle during the first year of his
commitment with the Corporation (Winter 2000). litoslld also be noted that Winter was a
participant at the 1960 Minnesota Conference amdneented on Jacob Schmookler's 1962
article titled “Changes in Industry and in the Staif Knowledge as Determinants of
Industrial Invention.** Schmookler, who received is PhD from the Univgrsif
Pennsylvania in 1951, was a key contributor onett@omics of invention in the sixties. In
his 1966 bookinvention and Economic Growthhe showed through the use of patents
statistics that inventions are mainly driven by dedt? Schmookler's demand-pull theory is
thus a criticism of the linear model since it ist rezience which mainly leads to new
inventions but the size of the mark&Schmookler, who notes (9) that “inventive activiy
often so intertwined with research and developneday that a scientist or engineer might
have trouble deciding which function he was periognat a given moment,” further
criticizes the representation of the linear modeChapter three of his book, titled “The Role

of Intellectual Stimuli.” In the latter, he examsthe links between science and invention in

™ Schmookler’s dissertation was titled “Inventiorddfconomic Development.”

12 Godin and Lane (2013, 12) argue that “Schmookkes an isolated author whose views, incidentallyewet
considered in the debates of the 1960s [...]. He alane and preaching in the desert.” For themimBokler’s
contributions essentially spread in the eightieg disagree with this interpretation. Indeed, Schkteovas a
well-known economist in the sixties: he was a stiudef Simon Kuznet at the University of Pennsyheani
(Schmookler’'s 1966 book is dedicated to Kuznets), @s we recalled, published an article in Nelsdi®62a
edited volume on the economics of invention. Momrpthe acknowledgements section of Schmookler&619
book testify that he was far from being an isolateHolar but was instead in relationship with thesnfamous
economists of technological progress at that timg (Earlier versions of the manuscript were readl an
criticized by Professor Kuznets, Zvi Griliches, EdwWlansfield, Richard R. Nelson, M. J. Peck, anederic M.
Scherer.”

13 Schmookler defines invention (208) as the “proiurcof technology generally.”
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the industries of petroleum refining, paper makirgroading, and farming. Schmookler
concludes (67) thatii no single instance is a scientific discoverycsfoed as the factor
initiating an important invention in any if thesauf industrie$ and points out (70) that “if by
conventional view is meant the proposition thatieig scientific discovery is not only a
necessary but also ordinarily a sufficient conditfor the occurrence of the latter invention
based on it, | cannot agree.”

Third, Klein, a former student of Schumpeter atudad who recruited Nelson at
RAND (Levallois 2008, 182), introduced both Nelsamd Winter to Schumpeterian
evolutionary economic¥’ Regarding Schumpeter’s influence on the contrimstipublished
in The Rate and Direction of Inventive Actiyityelson remarks (2012, 36-7) that “explicit
reference to Schumpeter is quite limited. Whereetlveas such reference, it mostly was in
discussion concerned with whether significant iratmn in an industry required that the
firms in it be large ones. However, [...] a Schutepan view that innovation is the principal
means of competition in many industries is implinitseveral of the papers.” As Winter also
recently recollected (2005, 28): “At RAND, Dick Neh and | became increasingly aware
that we were following Schumpeter’s path, and iasmegly appreciative of how valuable the
master's guidance actually was."Moreover, Schumpeter's influence is crucial foe th
understanding of the subsequent development ofugenbry economics by Nelson and
Winter: “When later we began explicitly to try texcelop an evolutionary theory of economic
change, we recognized that we were trying to develaigorous version of Schumpeter”

(Nelson 2003).

14 Schumpeter taught at Harvard from 1932 to 1950.
151t should be noted that Schumpeter was influeredilfillan’s contributions in his classic 193usiness
Cycleswhen he defined and contrasted the notions ofnitime and innovation, though Schumpeter did not

completely agree with Gilfillan’s approach (Schurtgprel 939, 227-8 n. 1).

17



Finally, the influence of evolutionary theory on Idn’s contributions at that time
also came from the Carnegie School in economicsesepted by Herbert Simon, James
March, and Richard Cyert (Cyert and March 1963,dand Simon 1958, Simon 1947) who
conducted their research at the Carnegie Institiieechnology, which became the Carnegie
Mellon University in 1967° The Carnegie School studied the decisions makiogesses of
organizations with an emphasis on behavioral nea(Gavetti, Levinthal, and Ocasio 2007).
Carnegie’s studies of organizations had a crunifdénce on RAND scholars, and especially
on Nelson and Winter. At the institutional levek ae recalled, Nelson was assistant
professor at Carnegie from 1960 to 1961 and “thvesie considerable interest at RAND in
understanding how large organizations behaved.Jdra@egie school theories [...] provided
the intellectual basis for an informal organizattbrory seminar at RAND that met regularly
during the middle 1960s” (Nelson 2003). At the agptoal level, the Carnegie School
emphasized the role played by routines in the dmtimaking processes of organizations.
Under Winter’s influence, the role played by roe8nn organizations became interpreted as
being equivalent to the role played by genes idogyy partly grounding the evolutionary
approach of Nelson and Winter's 1982 book. It st@lso be noted that the Carnegie School
emphasis on routines influenced Nelson’s developmanan evolutionary theory of

technology. As Nelson (2003) puts it: “The orgatia@aal routines idea meshed well with a

16 Simon earned his PhD in Political Science from ttheversity of Chicago in 1943 and joined Carnegjie’
Graduate School of Industrial Administration at ¢greation in 1949 and stayed there until his déatB001.
March earned his PhD in Political Science from Yafaversity in 1953 when he became assistant psofesnd
professor of industrial administration and psyclglat Carnegie until 1964 when he moved to the &hsity of
California. Cyert earned his PhD in economics fr@olumbia University in 1948 and joined Carnegieaas
instructor in economics that same year. He themuecprofessor of economics and industrial admatisin,
and the dean of the Graduate School of Industréhhidistration. Cyert was Carnegie Mellon's sixtlegident

from 1972 to 1990.
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conception of the nature of technologies | had b@eveloping in my work. Technologies
could be characterized as recipes. What Cyert aadivgave to me was the notion that those
technology recipes were organizational routines.”

Nelson was thus, through his commitment with theNRACorporation and the
Carnegie Institute of Technology, hugely influendgdevolutionary theory at the end of the

fifties and in the early sixties.

3.2. Evolutionary Theory and Circular Causality

As Kurt Dopfer (1986) shows, one of the main déferes between what he calls orthodox
(neoclassical) and heterodox (evolutionary) ecoosmelates to the theory of causality the

two approaches adopt. Regarding causality in exmlaty economics:

The agents and the environment are not isolatecatmutrather conceived in the
mutual interactions. Both are henee hypothesnot invariant, but are themselves
subject to change. This change brought about bgromal causation which implies
that A causes B and B causes A. The causality pomiself is not mechanistic, but
morphogenetic. This means that A induces a chamd@®and B induces a change

in A. (517)

The theory of causality adopted by evolutionary necoists thus entails an
interactionist or circular representation of causdationships. Dopfer (1986) adds that, by
contrast with the neoclassical approach, the thedrgausality adopted in evolutionary
economics would be empirically better grounded.shels history of the origins of the
transistor thus epitomizes the links between anigrap methodology and the adoption of a

circular theory of causality in conformity with dutionary principles. Nelson’s adoption of
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an interactionist representation of the links betwescience and technology in his seminal
articles on the economics of science can thus heidered as an instance of one of his first

applications of an evolutionary perspective in exuics.

4. Technological Paradigms, the Old Economics otcience, and the Nonlinear Model

Building on the evolutionary approach of Nelson &kohter (1977, 1982), Dosi (e.g., 1982,
1984, 1988) developed the notion of “technologatadigm” which can be defined (Dosi
1982, 148) as “an ‘outlook’, a set of proceduredgfnition of the relevant problems and of
the specific knowledge related to their solutioim™a recent article, Dosi and Nelson (2013)
explain their criticism of the linear model by threnain points: scientific developments do
not necessarily lead to technological developmeetfinology also influences science; and
technological developments can occur without psicentific knowledge. We thus disagree
with Godin and Lane (2013) who argue that the motid technological paradigm would
entail (15) “a return to a focus on scientific aigeries, as the ultimate causal factor in
generating innovation,” implicitly making Dosi apporter of the linear model.

According to Dosi (1982, 148) the notion of teclogatal paradigm is close to the
notion of scientific paradigms, and is accordinglyeference to Thomas Kuhn’s use of the
notion of paradigm in his classic bodke Structure of Scientific Revolutioffauhn 1962a).

It should be noted that Kuhn participated at théL®innesota Conference and wrote a

comment on Irving H. Siegel’s 1962 article titleDi&covery and the Rate of InventioH.”

" Siegel earned his PhD from Columbia University 1i851. His dissertation was titled “Concepts and
Measurement of Production and Productivity.” Fro@88 to 1939 he worked as a statistician in the &ebke
Project on Reemployment Opportunities and Recern@és in Industrial Techniques held at the New Deal
agency Works Progress Administration. Siegel thecaime associated with the National Bureau of Ecamom

Research and the Bureau of Labor Statistics froB01® 1943. He was recruited as a senior econotaft s
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The recent notion of technological paradigm is thbeough Kuhn, historically linked to the
seminal contributions on the economics of sciendbe early sixties.

Before his contribution to the 1960 Minnesota Coeriee, Siegel published two
articles in which he elaborates on his represamtatof causality and of the links between
science and technology. We examine below Siegeldributions before we study Kuhn’s

comment.

4.1. Siegel's Circular Representation of Causalityand Its Application to the Links

Between Science and Technology

In his 1954 article titled “Conditions of Americarechnological Progress” and published in
the American Economic Revieiegel distinguishes between economic growthirjddfas
the “incremental or cumulative measure pertainm@ tsignificant desideratum of a society”
(162) such as national income), economic progrésined (162) as the “ratio of a measure
of growth to the size of the population”) and tealogical progress (defined (163) as “the
ratio of a comprehensive measure of incrementaitirolike real national product, to the
corresponding total resource input”). Siegel’s gtotitechnological progress is embedded in
a circular and cumulative representation of cateationships (165): “In the consideration of
cumulative change and progress, the distinctiowden cause and effect, between condition
and consequence, is not clear cut.” In additiomg8li suggests that there would be five
determinants to technological progress (man, pgiegbnomic institutions, other institutions,

the rest of the world and nature) which (164) “fat¢ and are reciprocally related.” Siegel’s

member of Eisenhower’s Council of Economic Advisieosn 1953 to 1960 (the latter was chaired by ArtRu
Burns from 1953 to 1956 and by Raymond J. Saufrien 1956 to 1961), a position which led him to apbze

on the issue of the links between inflation and leyment (Siegel 1969).
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criticism of unidirectional causal relationshipssaaso represented by a graph depicting his
argument in favor of reciprocal causal links betweabe determinants of technological

progress, leading to a circular representatioraatality (168):

FIGURE 1

RecrprocAL RELATIONS AFFECTING TECHNOLOGICAL PROGRESS, ONE COUNTRY

M = Man; E = Private economic institutions; O = Other institutions; R = Rest of
world; N = Nature

Although the category of technological progresalisent from the graph, Siegel remarks that
the five determinants (167) “influence and areueficed by technological development.”
Siegel’s theory of technological progress is thaosbedded in a criticism of unidirectional
causal relationships.

Siegel's second article titled “The Role of SciéatiResearch in Stimulating
Economic Progress” was published in #h@erican Economic Reviethat same year as the
Minnesota Conference (Siegel 1960). In that artiSiegel examines the nature of the links
between science and technology and applies togha his circular and cumulative theory of
causality. Discussing the word “stimulating” usedthe title of his article, Siegel points out
that another word such as “affecting” would havefg@rably been used because it would be
more neutral (it would allow (341-2) “research tavh restraining as well as stimulating
influences”). Moreover, Siegel notes that the wistimulating” would not take into account
the reciprocal influences between research andoegizrprogress.

In his article titled “Scientific Discovery and theate of Invention” published in the

1962 volume edited by Nelson, Siegel questionditikebetween discovery (defined (441) as
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“the act of wresting a secret from nature”) andemion (defined (442) as “purposeful and
practical contriving based on existing knowledgé&'his suggests that Siegel adopts the static
component of the linear model. Nevertheless, anthensame vein as his earlier articles,
Siegel develops an interactionist representatiocaokality between the two notions (446). It
should also be noted that Siegel’s theory of caysalso concerns the links between science,
technology and society. Science and technologyenite society and society, in return, has

an influence on science and technology:

In considering the roles of discovery and inveniiothe real world, it is desirable
not to preclude the possibility of their interdegence and their influence on, as
well as their reaction to, economic, social (in@hgdpolitical, legal, and familial),
psychological, and international factors. [...] A& think further about such

interrelationships, the integrity of a modern stclgecomes obvious. (447-8)

Hence, as soon as the early sixties, and in themwlwhich institutionalized the
economics of science, we find an economic studythef interaction between science,

technology and society which echoes the recentldeweents in innovation studies.

4.2. Kuhn’s Comment to Siegel’s Article

While Siegel used the notions of discovery and miio®, Kuhn (1962b) first remarks in his
comment to Siegel’s article that the debate is lsframed using the notions of science and
technology. Although Kuhn acknowledges his adnorafor Siegel’s article (450), he aims to
inscribe the issue of the links between science @uthnology in a broader historical
perspective. Kuhn argues that interactionist retesti between science and technology can

essentially be observed since the end of the rengtecentury with year 1860 as cornerstone.
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Before this date, science and technology would Hasen kept separate, which would no
longer be the case after (453-4). Kuhn adds thahse and technology should be represented
by two different lines with “existing knowledge” as common origin (455-6): “Their
possession of a common origin indicates that bbéh dcientist and the inventor-engineer
depend for the source and structure of their ent&p upon what is already known.” Kuhn’s
emphasis on the role played by prior knowledgédendevelopment of new inventions echoes
the evolutionary nature of the invention procesdauined by Nelson. Kuhn thus argues for a
distinction between science and technology and &ldopts the static component of the linear
model (455): “Instances [...] reflecting the ratidéferent goals and drives of the scientist and
the technologist, can be multipliadl nauseani Nevertheless, Kuhn also argues that science
and technology interact. In Kuhn’'s representatitme interaction between science and
technology would take place (456) “through the poblexisting knowledge.” In addition,
Kuhn also argues that the two notions directly rante through (456) “a series of double
headed arrows connecting the “science” line with ‘technology” line at various distances
from their common origin.”

In sum, the genealogy of the notion of technoldggaradigm leads back to the
seminal contributions on the economics of sciemcéhe early sixties, to an interactionist
representation of the links between science andntdogy, and to a related evolutionary

epistemology.

5. The Interactionist Model, Patents, and Sciencand Technology as Public Goods

We now examine the theoretical consequences ddelielopment of an interactionist model

of the links between science and technology reggrthie criticism of patents and the related

definition of science and technology as public good
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5.1. Evolutionary Epistemology and the Criticism ofPatents

We have seen that the interactionist model of ihies|between science and technology is
based on an evolutionary epistemology. As the h&tmf technology George Basalla shows
(1988), the evolutionary approach to the develogmehscience and technology leads to a
criticism of intellectual property rights becaudetloe role they assign to inventors. Indeed,
according to the evolutionary approach, there mosat no role for the inventor in the
developments of science and technology becausedateeyhe results of past scientific and
technological advancements (“continuous” represemipand not of the ex nihilo product of
a heroic inventor (“discontinuous” representatidB@cause patents personify the scientific
and technological developments, they are the synabalhe cultural representation that
inventions are the results of geniuses making gtdareaking achievements. Patents are thus
a legal apparatus which is in conformity with thecdntinuous approach to the developments
of science and technology and in opposition with évolutionary or continuous approach
(Basalla 1988, 60). The evolutionary epistemoldgit@undation of the interactionist
representation of the links between science anthtdogy thus entails a criticism of patents
and intellectual property rights. That criticism pétents is in line with the definition of

science and technology of public goods to whichtwve now.

5.2. The Interactionist Model and Science and Tecluohogy as Public Goods

As is well known, Arrow (1962a) and Nelson (195%e¥ined science as a public good in

their seminal articles on the economics of inventiéor Mirowski (2011, 57), the origin of

that definition is to be found in the influence Arrow and Nelson of Samuelson’s articles on

public goods in the mid-fifties (Samuelson 1954539 Arrow contradicts that story,
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claiming that “the idea of knowledge as a publiodeeemed self-evident to me, and, indeed,
| always thought that it was very well known. Whileead Samuelson’s paper, | did not think
the case of knowledge as a public good was a ne@’ i(R012, correspondence with the
author). Mirowski (2011, 59) adds that neither Avrmor Nelson “paid any attention to
property rights” in their seminal contributions. Villso disagree. Indeed, Arrow and Nelson
paid a careful attention to the issue of propedits, especially of their defects, in order to
support their definition of science as a public djoBor instance, Nelson (1959a, 302) notes
that “it is quite likely that a firm will be unable capture through patent rights the full
economic value created in a basic-research propatt Arrow (1962a, 615) remarks that “no
amount of legal protection can make a thoroughlyrapriable commodity of something so
intangible as Information” and notes (617) thate“tmventor will in any case have
considerable difficulty in appropriating the infaatron produced. Patent laws would have to
be unimaginably complex and subtle to permit suppr@priation on a large scale.” In
addition, problems of definition and measuremespéeially through patents statistics) of
inventive activities were discussed at the 1960ndsota Conference, with contributions by

Kuznets (1962) and Sanders (1962) published in@82 volume edited by Nelsdh.

8 A PhD in sociology and statistics from Columbiaikémsity in 1929 and originally a specialist on hiea
issues, Sanders was a research associate in thentPdtilization Study” (1954-1970) which principal
investigator was Joseph Rossman, editor of thendbwf the Patent Office Society (Rossman and Sande
1957). At the end of the fifties, Sanders and Siegge principal consultants for the research miojattitudes

of American Inventors Toward Defense Invention” §691957) which principal investigator was James &llos
These two studies were carried out at the Pateatjemark and Copyright Foundation of George Wasbing
University. From1957 to 1970, Sanders was a membtre editorial committee for the “Patent, Tradekrand
Copyright Journal of Research and Education” atsGeorge Washington University. It should also loéed
that Sanders (1962, 60) was a “good friend” ofif&H and that the later considered Rossman’s 188kThe
Psychology of the Inventor, A Study of the Pateatehebest bookthat has yet appeared on the sociology of

invention” (Gilfillan 1970 [1935], 166).
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In contrast with another received view in the higtof the economics of science, we
argue that the origins of Nelson’s definitions ciesiceand technologys public goods are to
be found in his development of an interactionistdeloof the links between science and
technology.

Criticizing patents on science is consistent whgh linear model of innovation. Indeed,
science needs to be open to some degree in ordéswoto technological developments
(Nelson 2004, 460). In addition, as Nelson argwasce science is also developed with
practical objectives in mind (in opposition withetlstatic component of the linear model),
privatizing science would hamper the developmerieodiinology in the first place. Moreover,
if science and technology interact, then both s@eand technology need to be open to some
degree, grounding the argument that science arthaémgy are public goods and making
stronger the case against patents on science ahdotegy. As Nelson (2004, 456) has
recently pointed out, “There is no ‘tragedy of tt@mmons’ for a pure public good like
knowledge. And to deny access, or to ration it, iult in those denied doing far less well
than they could if they had access [...] if accessetdain bodies o$cientific knowledge or
techniguecan be withheld from certain researchers, they imayeffectively barred from
doing productive R&D in a field.” The case agaipstents is also stronger because of the
evolutionary, cumulative, nature of the developreenit science and technology. Not only
science and technology interact, but both sciemeceé ®chnology build on their past
developments (Mazzoleni and Nelson 1998, 281). ddenomic trade-off is thus to provide
the incentives (not limited to patents) permittthg development of science and technology
in the first place without, however, compromisirige tinteraction between science and
technology and the evolutionary nature of theiredepments (Nelson 1989). In this regard,
Nelson'’s recent concerns about the rise of patgraimd licensing activities by universities are

in line with his criticism of the linear model ihé sixties (e.g., Nelson 2001).

27



To sum up, Nelson’s development of an interactiveleh of the links between science
and technology as early as the fifties and theesixtand his criticism of patents on both
science and technology are a consistent whole wbah ultimately be explained by his

evolutionary epistemology.

6. Conclusion

In contrast with the received view in the histofytlee economics of science, we have shown
that seminal contributions on the economics ofremen the fifties and in the sixties did not
develop or support the linear model of innovatimileed, we have seen that key authors in
the field, such as Nelson, developed an interastiompresentation of the links between
science and technology and considered that scisodd aim at practical objectives, as early
as the fifties and the sixties. We then have shihahNelson’s interactionist representation is
the result of his adoption of evolutionary theorpem he carried out his research at the
RAND Corporation and the Carnegie Institute of Treslbgy. Hence, evolutionary
foundations in the economics of science alreadstediin the fifties and in the sixties and are
not a special characteristic of the contributioristlee eighties or of the nineties. The
genealogy of the notion of technological paradigonthfer testifies the historical and
epistemological continuities between the fiftiesl dhe eighties in the economics of science
and technology on the issue of the links betwe@&nse and technology. We then examined
the consequences of the interactionist representatf the links between science and
technology, arguing that it can explain the orignishe definition of science and technology
as public goods and the related criticism of patentscience and technology.

Historians of economics have only examined the Acaer developments of an

economics of invention in the Cold War era. Nevelghs, an economics of science was also
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developed in Russia at that time, especially bysL Gliazer in the seventies (Gliazer 1971,
1972, 1973, 1980; Gliazer and Kokoshkina 1975)stu#dy of the representation of the links
between science and technology and of the roleatdngs on science and technology in the

Russian economics of science remains to be caotied
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