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INTRODUCTION TO THE SERIES

The aim of the Handbooks in Economics series is to produce Handbooks for various branches of
economics, each of which is a definitive source, reference, and teaching supplement for use by
professional researchers and advanced graduate students. Each Handbook provides self-contained
surveys of the current state of a branch of economics in the form of chapters prepared by leading
specialists on varions aspects of this branch of economics. These surveys summarize not only received
results but also newer developments, from recent journal articles and discussion papers. Some original
material is also included, but the main goal is to provide comprehensive and accessible surveys. The
Handbooks are intended to provide not only useful reference volumes for professional collections but
also possible supplementary readings for advanced courses for graduate students in economics.
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Chapter 1
INTRODUCTION TO THE HANDBOOK

BRONWYN H. HALL** AND NATHAN ROSENBERG'
*University of California, Berkeley

California, USA

fStanford University, Stanford

California, USA

*University of Maastricht

Maastricht, The Netherlands

Although innovation and the production of new goods and services have almost always been a part of
economic activity, economic research on innovation has been to some extent scattered among a number
of quite disparate economic fields, including macroeconomics (growth accounting), industrial organiza-
tion (the strategies and interactions of innovative firms), public finance (policies for encouraging private
sector innovation), and economic development (innovations systems and technology transfer). However,
as Verspagen and Werker (2003) have recently shown using survey data, a large and fairly tightly
clustered network of economists working on innovation and technical change has developed, a network
that includes both those working within the “evolutionary” paradigm and those using more traditional
methods of analysis. By now, this community of scholars has generated a large body of work on the topic,
some of which is multidisciplinary. Thus, it seemed to the editors to be an appropriate time to provide a
comprehensive overview of the field, bringing together chapters by scholars working in a number of
subfields of economics and closely related disciplines in order to provide a coherent picture of the entire
landscape of the economics of innovation. In undertaking the production of this handbook, we had
several goals beyond the desire to provide a good overview of an increasingly important research area.
We hoped to encourage the economics profession to view the economics of innovation as a distinct area
of applied economics, and also to encourage researchers working in one of the many subfields in this area
to become aware of work by researchers studying similar topics, but who operate in different research
domains and perhaps use different methodologies.

When our handbook project was initiated it bore the title The Economics of Technical Change.
However, as the volume approached publication, it became apparent that the research done in this area
had in fact broadened to include new economic dimensions of great significance that did not fit
comfortably under the rubric of “technical change.” Thus, although this term continues to appear
abundantly in these pages, the editors have decided to use the broader term “economics of innovation”
to describe the subject matter within. The term “innovation” includes technical change, and also
includes many dimensions of economic change that do not fall easily into the category of technical
change. The older term conjures up hardware and long assembly lines, but not the software of the digital
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4 B.H. Hall and N. Rosenberg

world of computers, the Internet, social networking, nor the reorganization of work that has followed
innovation in these areas. But software can also be used in much broader senses to refer to anything that
is not hardware. This usage can encompass research carried out in universities and industrial and
government labs, or the new ideas that may emerge from the human brain (which some would refer
to as “wetware”), but which Romer (1990), for example, has labeled simply as ideas. In so doing,
Romer’s usage has shaped much of the language of economists over the last couple of decades. To some
extent, the evolution of usage from technical change to innovation parallels the rise in the importance of
nonmanufacturing sectors in developed economies, and also the importance of productivity and
welfare-enhancing change that is not the product of organized Research and Development (R&D).

Innovation economists owe a great debt to Joseph Schumpeter, who can be said to be the father of the field,
and whose work contains much verbal theorizing on the topic that is still influential today. In the preface to
the Japanese edition of his 1937 book The Theory of Economic Development, Schumpeter sketches out what
is probably the most precise and succinct statement of his own intellectual agenda that he ever committed to
print. That agenda focuses not only upon the understanding of how the economic system generates economic
change but also upon how that change occurs as the working out of purely endogenous forces:

“If my Japanese readers asked me before opening the book what it is that I was aiming at when
I wrote it, more than a quarter of a century ago, I would answer that I was trying to construct a
theoretic model of the process of economic change in time, or perhaps more clearly, to answer
the question how the economic system generates the force which incessantly transforms it ...
I felt very strongly that . .. there was a source of energy within the economic system which would
of itself disrupt any equilibrium that might be attained. If this is so, then there must be a purely
economic theory of economic change which does not merely rely on external factors propelling
the economic system from one equilibrium to another. It is such a theory that I have tried to build.”’

It should be noted that these words were published in 1937, when Schumpeter was, as we know, already
at work on Capitalism, Socialism, and Democracy. In fact, Capitalism, Socialism, and Democracy is the
fulfillment of precisely the intellectual agenda that Schumpeter articulated in the passage to his Japanese
readers that was just quoted.

Of course, an account of how and why economic change took place was precisely something that
could not be provided within the “rigorously static” framework of neoclassical equilibrium analysis, as
Schumpeter referred to it. Schumpeter also observed that it was Walras’ view that economic theory was
only capable of examining a “stationary process,” that is, “a process which actually does not change of
its own initiative, but merely produces constant rates of real income as it flows along in time.”
As Schumpeter interprets Walras:

“He would have said (and, as a matter of fact, he did say it to me the only time I had the oppor-
tunity to converse with him) that of course economic life is essentially passive and merely adapts itself
to the natural and social influences which may be acting on it, so that the theory of a stationary process
constitutes really the whole of theoretical economics and that as economic theorists we cannot say
much about the factors that account for historical change, but must simply register them.”>

! Schumpeter (1937), p. 158.
% Schumpeter (1937), pp. 2-3.
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The critical point here is that Schumpeter directly rejects the view of Walras that economic theory must
be confined to the study of stationary processes, and that it cannot go farther than demonstrating how
departures from equilibrium, such as might be generated by a growth in population or in savings, merely
set into motion forces that restore the system to an equilibrium path. In proposing to develop a theory
showing how a stationary process can be disturbed by internal as well as external forces, Schumpeter is
suggesting that the essence of capitalism lies not in equilibrating forces but in the inevitable tendency of
that system to depart from equilibrium—in a word, to disequilibrate. Equilibrium analysis fails to
capture the essence of capitalist reality. Lest there be any doubt about Schumpeter’s position on this
critical matter, we cite his own forceful formulation: “Whereas a stationary feudal economy would still
be a feudal economy, and a stationary socialist economy would still be a socialist economy, stationary
capitalism is a contradiction in terms.”

As we look over the collection of chapters in this volume, it is clear that this basic understanding of
the importance of internally generated economic change for the progress of the economy and the
weaknesses of static economic analysis in the face of this phenomenon occupies much of the research
in innovation economics. A number of themes that are common to at least several of the chapters touch
on this and related ideas.

The first and perhaps the most important theme is the essential dynamism of the innovative process—
knowledge, inventions, and innovations created today build on those created in the past, and the benefits
of an innovation are often not felt until it undergoes a dynamic, cumulative learning and diffusion
process. An understanding of this phenomenon underlies almost all of the chapters, and is perhaps most
obvious in those by Thompson on learning by doing, Bresnahan on general purpose technologies, Teece
on the innovative firm, and Stoneman and Battista on diffusion. The fact that the central process in
which we are interested has dynamic and hysteresis-like properties means that static economic modeling
will be of limited value for analysis; this awareness is reflected in many of the papers and a few of them
put forth alternative modeling approaches.

Three of the chapters, those by Dosi and Nelson, Teece, and Soete et al., explicitly take as their
starting point the limitations of neoclassical theory in analyzing innovation at the industry, firm, or
country level. In addition, the chapters by Soete et al. and Steinmueller argue that Arrow and Nelson’s
market failure rationale for science and technology policy, although valid, is an incomplete guide to
policy because it overemphasizes the importance of assigning property rights to innovators and ignores
the systemic nature of the needed policies. For example, subsidies for R&D will fail to have the desired
result if it takes time to produce trained scientists and engineers, or if the education system is simply not
capable of producing them. It is probably safe to say that the topic of innovation systems and institutions
is in its infancy empirically; see Roller and Mohnen (2005) for a study of complementarities in
European innovation policies. Although numerous studies in the management of innovation literature
have been informed by the “new” institutional economics, empirical study at the economy-wide level
has lagged behind, probably because of the formidable modeling and data obstacles.

A second major theme of this volume is the importance of the needs of innovation policy in driving the
research agenda of the economics of innovation. We can see this reflected in the chapters by Foray and
Lissoni on university research and public-private interaction, Rockett on intellectual property rights,

3 Schumpeter (1951), p. 174. On these matters, see Rosenberg (2010).
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Hall, Mairesse, and Mohnen on the measurement of returns to R&D, Hall and Lemner on the financing of
innovation, Popp, Newell, and Jaffe on the environment, and Pardey, Alston, and Ruttan on innovation in
agriculture. The extensive study of these particular topics has to a great extent been driven by the
questions raised in the implementation of various policies toward science and technology, questions
that have often been accompanied by more tangible resources to encourage the analysis. In addition to the
chapters mentioned, there are several chapters in the final section of the handbook that are directly
addressed to policy topics. Steinmueller and Soete, Verspagen and ter Weel address the broad topics of
technology policy in general and the systems of innovation approach to its analysis, whereas Mowery
discusses one of the most important sources of spillovers from government R&D: the defense sector.

The close relationship between the economics of innovation and policy questions has two related
causes. First, as reviewed by Hulten in the chapter on growth accounting, the economic growth literature
of the past 50 or so years has identified technical change as a major contributor to productivity growth
(Abramovitz, 1956; Solow, 1957). Second, the invention and innovation that are the source of technical
change also create knowledge that can spill over to entities that were not responsible for the original
creation, and this transfer occurs without a priced transaction taking place. As Arrow (1962) and Nelson
(1959) pointed out long ago, this fact immediately suggests a need for policy to encourage the
appropriate level of investment in these activities. Because such knowledge transfers can be diffuse
and do not necessarily take place in a well-defined market, policy attention also needs to be directed to
spillovers across sectors and across national boundaries; attempts to measures these spillovers are
prominent in the chapter by Hall, Mairesse, and Mohnen. The importance of cross-national spillovers
for technology transfer and development, where these spillovers are mediated via trade and foreign
direct investment, also appears in the chapters by Keller and Fagerberg, Srholec, and Verspagen.

A third theme with prominence in several chapters is the importance of the digital revolution that has
led to major innovations in information and computing technology (ICT) that have impacted all sectors
in the economy. Broadly speaking, the semiconductor and attendant innovations have all the character-
istics of a General Purpose Technology, as described by Bresnahan in his chapter. The specific evolution
of the computing and Internet sector during the past 50 years is dealt with in the chapter by Greenstein.
- In general, these technologies are highly cumulative and interactive, requiring a great deal of interoper-
ability between components made by different firms, which has increased the importance of standards,
collaboration among firms, and network effects in adoption. This in turn has led to a renewed interest in
markets for technology (Arora and Gambardella), user and firm collaboration and networks
(von Hippel; Powell and Gianella), and the functioning of the patent system (Rockett). In the case of
patents, the complexity of ICT products has meant that the patent system operates very differently for
firms in that sector than for those in the traditional patenting sectors such as chemicals and pharma-
ceuticals; this point is discussed in the chapter by Scherer and touched on elsewhere in the handbook.

One of the consequences of the digital revolution has been the successful entry of innovative new firms
that have grown rapidly and are now among the largest in the world. For example, in the United States
almost 40% of the top 200 R&D-performing firms in 2005/2006 were founded after 1980, while 32% of
the top 200 R&D-performing firms in 1980 had exited by 2005 (Hall and Mairesse, 2009). This is
certainly suggestive of the Schumpeterian view that “how capitalism administers existing structures” is
essentially irrelevant, since “the relevant problem is how it creates and destroys them.”* As Schumpeter
goes on to say in the same passage:

4 Schumpeter (1976), p- 84.
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“The first thing to go is the traditional conception of the modus operandi of competition. Economists
are at long last emerging from the state in which price competition was all they saw. As soon as qual-
ity competition and sales effort are admitted into the sacred precincts of theory, the price variable is
ousted from its dominant position. However, it is still competition within a rigid pattern of invariant
conditions, methods of production and forms of industrial organization in particular . . . that practi-
cally monopolizes attention. But in capitalist reality as distinguished from its textbook picture, it is
not that kind of competition which counts but the competition from the new commodity, the new
technology, the new source of supply, the new type of organization which commands a decisive cost
or quality advantage and which strikes not at the margins of the profits and the outputs of the existing
firms but at their foundations and their very lives.””

The transformation of the industrial landscape of innovating firms during the past quarter century
certainly confirms the view expressed in this passage. The picture thus painted of the nature of
competition is very much to the forefront in the chapters by Teece and Dosi and Nelson, while empirical
study of the competitive forces that he emphasized is to be seen in the chapters by Cohen, who considers
the firm size—innovation relationship, and Greenstein, who studies the computing industry. The chapter
by Hall and Lerner, which reviews the literature on internal finance for innovation, addresses yet
another Schumpeterian topic, the importance of past profits in financing future innovation.

A quite different area of development in the economics of innovation is that of the data sources
necessary for its study. The analysis of innovation and innovative activity requires data other than
conventional economic data: in addition to the usual economic quantities, data on types of innovation,
inventions, technologies, arrangements among firms and between firms, and research institutions such
as universities are needed. Several authors are concerned with the development of new data sources
containing such noneconomic data, possibly merged with the usual currency-denominated economic
data such as GDP and R&D spending. The pioneers in this area of development were Mansfield (1968)
and Pavitt and coworkers at SPRU (Pavitt, 1984; Townsend et al., 1981) for innovation survey data, and
Schmookler (1966) and Griliches (1990) for patent data. The chapters by Nagaoka et al. on patent data
and Mairesse and Mohnen on innovation survey data review these sources of data and their uses, but
their value is also apparent elsewhere in the handbook, for example in the chapter by Powell and
Gianella on collective invention, that by Cohen on empirical studies of innovation, and that by Arora
and Gambardella on markets for technology.

Finally, we would like to draw the reader’s attention to the fact that some of the papers in this volume are
not authored by economists but by those in related fields such as management and sociology. This is not an
accident, but reflects the nature of the field, for reasons that again go back to Schumpeter’s critique of the
static neoclassical framework, a framework that was dominant in economics during some of the time that
this field developed. And, of course, we took this into account when selecting chapters for the volume.

The structure of the handbook to some extent follows the “linear model” of innovation, which
remains a useful way of thinking about the subject, in spite of the fact that many have pointed out the
feedback loops that exist in the system (e.g., see Rosenberg, 1982).° The first section of the book

5 -

Op. cit.
6 Kline and Rosenberg (1986) critique the linear model, whereas Balconi et al. (2009) offer a nuanced defense of its value in
analysis.
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provides an overview, with papers on the economic history of innovation, the evolutionary approach to
its analysis, and an overview of empirical work on innovation in firms. The next long section centers on
the inventive process and its incentives, looking at the role of science and research organizations, the
reward systems, networks, collaboration, and user invention, and including a couple of industry case
studies on the information technology and pharmaceutical sectors. This is followed by sections on
commercialization and diffusion, with papers on financing, firm strategies, the particular case of general
purpose technologies and their diffusion, and the role of international trade in diffusing innovation
across borders.

The fifth section of the handbook looks at the innovation process and outcomes in agriculture, energy,
and environment, as well as the role of innovation in economic development. Then we turn to the
problem of measuring innovation input and output, beginning with macroeconomic growth accounting
and the microeconomic measurement of the returns to R&D investments. The next two chapters explore
two measurement approaches using noneconomic and qualitative data that are specifically tailored to
the innovation area: patent data and data from innovation surveys. The final section of the handbook
contains three papers on innovation policy, two that look at the system as a whole, and one centering on
the considerable impact of defense-related R&D spending on innovation in general.
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