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Objects and Subjects in Technological

Interdependence. Towards a Framework to Monitor

Innovation

DANIELE ARCHIBUGI and ROBERTO SIMONETTI

ABSTRACT Technology, even more than other aspects of economic life, is characterized
by a strong interdependence across both sectors and organizations. However, we still know
little about the determinants and impact of technological interdependence. The standard
input± output analysis is unable to explain interdependence in technological life since a
large proportion of innovations are either untraded or are disembodied from products.
Innovations which are not appropriated by the innovators are not signalled by prices.
Moreover, input± output tables do not systematically consider exchanges within economic
organizations, such as ® rms. This paper proposes a more complex accounting framework
for innovation which would monitor the technological ® eld of the innovation and the
product where it is used, as well as the producer± user interrelationship.
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1. The Importance of Technological Interdependence

It is no exaggeration to say that economics as a science was born to study the issue
of interdependence among sectors. The ® rst and still astonishing analytical tool to
account for the effect of such interdependence in economic life was Quesnay’s
Tableau eÂ conomique. Since then, economists have undertaken a long and successful
journey to develop techniques and devices to analyse and measure interdepen-
dence. The majority of these methods have been devoted to studying
interdependence in products and services. Interdependence in technological
knowledge, however, has received systematic attention only over the past decade
(Ergas, 1983; Nelson, 1986; Kodama, 1986; van Raan, 1988; Leontief, 1989;
DeBresson, 1996).

This paper presents some philosophical speculations on the nature of techno-
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logical interdependence, a topic that is becoming increasingly investigated. Most
economists would agree with the premise that technology (a shorthand that
encompasses various types of human activities often referred to as `knowhow’ ,
`knowledge’, ìnvention’ or `innovation’) is a fundamental element in advanced
societies since it plays a crucial role in explaining measurable economic variables
such as productivity, growth, employment and competitiveness. Moreover, tech-
nology is also increasing considerably in importance as post-industrial societies
are becoming more knowledge-intensive. It is no surprise, therefore, that
economists are increasingly researching the sources and effects of new technol-
ogy.

Many studies in the economics of innovation have pointed out that technology
is best understood from a system perspective (De Liso and Metcalfe, 1996;
Landes, 1969; Rosenberg, 1976, 1982). Even apparently simple products embody
very different types of knowledge which are not always available to a single
organization and are not always embodied in goods that can be purchased on the
market. Many ® rms access valuable knowledge both through market exchange
(e.g. through the purchase of capital or intermediate goods or licensing agree-
ments), and through less formal contacts with suppliers, customers, universities,
government agencies and other organizations. It is a well-known fact that ® rms
with little innovative activity may enjoy a satisfactory economic performance
because of the capabilities they acquire from upstream suppliers. The same
applies at the sectoral level: some fast-growing industries, for example in the
service sector, do not themselves produce technological innovations to any
signi® cant degree (Scherer, 1982c; Griliches and Lichtenberg, 1984). The econ-
omic environment in which ® rms operate is therefore crucial for the development
of their technological capabilities. This fact is increasingly acknowledged, and the
terms ª national systems of innovationº (Lundvall, 1992; Nelson, 1992;
Archibugi, Howells and Michie, 1999) and ª technology systemsº (Carlsson and
Jacobsson, 1996; Simonetti, 1998) have been introduced in order to analyse the
complex webs of interactions between institutions and industries in the inno-
vation process.

Interdependence, thus, plays a key role in the generation and use of technology.
However, its conceptualization and measurement are still at a rudimentary stage,
due no doubt to the rather elusive nature of technology (Arrow, 1962; Hansen,
1986; OECD, 1987; Archibugi, 1988a). Indeed, the literature on the economics of
innovation has highlighted a number of issues that relate to the nature of
technology and are connected to the nature of interdependence. The purpose of
this article is to explore technological interdependence and to suggest a method to
address it. The next section will outline some characteristics of technology, while
Section 3 will introduce a framework that deals with the measurement of techno-
logical interdependence. Sections 4, 5 and 6 will discuss some empirical issues that
arise in the measurement of technological ¯ ows between sectors. Some prospects
for future research will conclude this paper.

2. Technological Knowledge and Interdependence

The key characteristics of the technological knowledge which are relevant for the
analysis of technological interdependence can be synthesised in the following
points.



Technological Interdependence 297

(i) Public vs. Private

The term technology is used to refer to both a tangible artefact and to the
knowledge necessary to produce it (Metcalfe, 1995). While the former can be sold
only once, the latter is a very valuable resource as the holders can use it inde® nitely
and even give it to others without reducing it (it is a `non-rivalrous’ good). A
distinction is generally made between knowledge that is codi® able (that is, fairly
easy to articulate and therefore to transfer, like blueprints or information) and
knowledge that is tacit, non-codi® able (PolaÁ nyi, 1967). Codi® able knowledge is a
`public good’ because it is `non-excludable’, that is, the holder cannot prevent
others from using it. Tacit knowledge, which is usually acquired through experi-
ence, cannot be articulated and it is therefore more dif® cult to transfer: it is
embodied in individuals and organizations. Usually technology is neither purely
public (codi® able) nor purely private (tacit), but a mixture of the two, which varies
across sectors and with time.

(ii) Embodiment

Since technology exists in both an embodied form, as physical products, and in a
disembodied form, as ideas or skills, the transfer of technology can occur in the
form of new artefacts or of new ideas. Between these two extreme cases, however,
there are various intermediate cases.

(iii) Heterogeneity

Of all the economic entities, technology is the most multifarious and least
homogeneous. Innovations display very wide differences in terms of their econ-
omic and social signi® cance and it is very dif® cult to reduce them to a common
yardstick. The discontinuous nature of innovative activity is also re¯ ected in the
measures used to account for it: although students in the ® eld have been ingenious
in developing devices to provide operational measures, these are not yet as
accurate as those available for the majority of economic variables.

(iv) Uncertainty and Appropriability

The bene® ts derived from investment in technology are not easily predictable for
two reasons. First, investment in research and related activities involves a large
degree of uncertainty; you can search but you do not know whether you will ® nd
anything or what will be its economic value. Second, because of the public nature
of technology there are no general rules to predict what share of the bene® ts of any
innovation will be earned by the innovator since several users may bene® t from it
without charge (von Hippel, 1988). Despite the existence of institutions designed
to protect intellectual property rights, remarkable differences in these shares can be
found across single innovations, technological ® elds, industrial sectors, and coun-
tries (Levin et al., 1987).

(v) Intentionality

Compared to the exchange of physical products and services, the transfer of
technology can take a larger variety of forms. Because of the partly public nature
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of technology, there may be cases where a certain know-how spills over from the
producers against their will. Technology may leak out from the producers to the
users since it can be acquired through a variety of channels, such as imitation and
reverse engineering. A crucial difference can therefore be drawn between the
transfer of technology on the one hand and the transfer of goods and services on
the other, namely the lack of intentionality in the former: a large portion of
technology transfer does not take place in market transactions (see von Hippel,
1982, 1987; Carter, 1989; TorreÂ , 1992). Because of the partly tacit nature of
technological knowledge, the mismatch between intentionality and transfer also
works in the opposite direction: there are cases where producers do not manage to
transfer their expertise to others in spite of their intentions (multinational ® rms are
familiar with this problem when they try to transfer know-how to their subsidiaries,
especially when these are located in developing countries).

(vi) Variability

The production of knowledge is not uniform across the economic space. First, just
a few institutions (® rms, research centres, universities, and so on), often concen-
trated in selected industries, tend to provide the majority of innovations for the
whole economic system. Second, as Schumpeter and his followers have extensively
pointed out, a cluster of innovations can play a prominent role in certain periods
driving the economic growth of the entire economy (Schumpeter, 1934, 1939,
1942; Freeman, Clark and Soete, 1982; Freeman and Soete, 1990; De Bresson,
1996).

3. A Framework for the Measurement of Technological Interdependence

Given the elusive nature of technology and the variety of forms in which technol-
ogy ¯ ows between institutions and sectors, how is it possible to ® nd a method able
to measure and perhaps predict the nature of technological interdependence?

First, the heterogeneous nature of technology is a major statistical problem.
This is essentially a problem of measurement. But, as is often the case with
measurement, it involves substantial analytical and methodological issues. Enor-
mous effort has been devoted to developing new measures of innovative activities
and sources as diverse as the resources devoted to R&D (OECD, 1981; Freeman,
1992), patenting (Basberg, 1987; Pavitt, 1988; Griliches, 1990; Archibugi, 1992),
and collections of data on the introduction of signi® cant innovations (Townsend
et al., 1981; DeBresson, 1986; Acs and Audretsch, 1989; Smith, 1990) have been
employed.

But before we discuss the nature of the currently available measures, it is
crucial to identify the information which should be extracted from each observa-
tion relevant to the analysis of interdependence. Developing and extending the
framework of the pioneering research of Jacob Schmookler (1966, 1971), the
Science Policy Research Unit (SPRU) innovation database (Townsend et al.,
1981) and Mike Scherer (1982a), each innovation monitored should be classi® ed
according to, at least, ® ve different criteria:

(1) The technological nature of the innovation. This implies a technical description of
the innovation. At a subsequent stage, homogeneous innovations based on
technical and engineering characteristics are grouped in technological cate-
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Figure 1. Criteria to monitor and classify innovations.

gories. In other words, innovations in such technologies as chemicals, elec-
tronics, pharmaceuticals and so on are grouped together. This classi® cation is
concerned with the objects of technological change.

(2) The prevalent economic activity of the organization producing the innovation,
which we shall call the sector of activity of the producing organization (or sector
of production). In the case of ® rms, the activity of the producing organization
is equivalent to the branch of its main economic activity. This second criterion
demands the presence of a subject to promote the innovation, be it a ® rm, a
government body, or a commercial organization. While criterion (1) monitors
the innovation’s technological group, and hence its object, criterion (2)
monitors that of its economic subject.

(3) The product group where the innovation is used, understood as the product
of the ® rst application of the innovation. Here too, as in point (1) the
economic object of innovation is considered. However, while point (1) classi® es
its technological content, this criterion classi® es the product of its destination.

(4) The using organization, understood, as in point (3), as the organization which
® rst applies the innovation. Here too, as in point (2), the economic subjects of
innovation are considered. However, while point (2) is concerned with the
producers of innovations, this criterion focuses on the users.

(5) The human needs which the innovation is designed to address. Although this
often shapes the forms of interdependence, it is outside the scope of this paper.

When we monitor an innovation, we therefore have to answer ® ve questions: (1)
What kind of innovation? (2) Made by whom? (3) Used in which product? (4)
Used by whom? (5) For which human bene® ts? Figure 1 highlights the ® ve criteria.

4. The Problem of Sectoral Aggregation

The ® rst four criteria listed above can be recorded for individual innovations.
However, to make sense of this information and to process it with quantitative
methods, the innovations also need to be grouped into sectors.

Criterion (3) is explicitly related to a sectoral classi® cation; a commodity is
such only if there is a variety of similar goods which can be grouped into a
category.1 Criterion (1) refers to innovations which have not necessarily to be
grouped in sectors; historians of technology, for example, are happy to deal with
them chronologically (Gille, 1978). However, in order to make sense of this
information for economic analysis, they need to be grouped into sectors of a
certain homogeneity.
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Criterion (2) is collected for individual organizations and it may be grouped
into sectors according to the principal economic activity of the individual ® rms.
Criterion (4) is the most dif® cult to collect since the producer of an innovation
does not necessarily know the names of the organizations which are using it. It is
more likely to predict the product in which the innovations will be used than the
name or even the principal economic activity of the organizations which will use
it.

The choice of the classi® cation to be used can be solved in two different ways:

(i) use the same classi® cation to de® ne all the criteria listed. This allows one to
work on symmetric axes, which in turn allows one to use a wider number of
statistical techniques;

(ii) adopt different classi® cations for each criteria, which provides a more accurate
picture of each aspect considered but also puts severe constraints on the
statistical techniques applicable.

Since criterion (1) is typically technological, it does not necessarily correspond to
economic classi® cations; the most detailed available classi® cations for innovations
according to this criterion are those used by patent of® ces.2 There are a variety of
classi® cations designed for products which can be employed for criterion (3), most
notably those used for international trade ¯ ows. Criteria (2) and (4), in turn,
require the use of the same classi® cation since both of them deal with economic
organizations, i.e. ® rms. In the majority of cases, ® rms are grouped according to
their principal economic (i.e. product) group. In order to assess the relative
importance of small and large ® rms in the production of innovations, others have
classi® ed ® rms according to their size. Other attempts have however been made to
classify ® rms according to their sources of innovation (see, for example, Pavitt,
1984; Cesaratto and Mangano, 1992).

Let us assume that, thanks to the employment of accurate concordance tables,
the same classi® cation is used for all the four criteria (the SPRU innovation
database, for example, has used the Standard Industrial Codes to classify innova-
tions according to the criteria (1), (2) and (3)). The four types of classi® cation may
coincide for some innovations, e.g. a chemical process produced by a chemical
® rm and used for the production of a chemical product by the same ® rm or others
in the chemical industry. In other cases, they may differ, e.g. a coffee machine
(according to the ® rst criterion, the technological group is that of `machinery’)
produced by an automobile ® rm (according to the second, the production sector
is that of `means of transport’), used to make the product `coffee’ (according to the
third, the product of use is `beverages’) and used in the restaurants (according to
the fourth, the utilization sector is that of `catering’).

It is not always easy to classify each individual innovation on the basis of all
four criteria, and conceptual and monitoring problems arise. Criterion (1) is
dif® cult to apply at high levels of disaggregation. It is, for example, hard to
distinguish on purely technological grounds certain chemical products and pro-
cesses from pharmaceutical products and processes. If we restricted ourselves to
the analysis of chemical formulae, we would often ® nd great similarities between
the technological characteristics of chemical and pharmaceutical products and
processes. A satisfactory classi® cation from the technological viewpoint must
therefore also bear in mind criterion (2), i.e. the type of organizations promoting
the innovation, such as clinical laboratories or chemical companies, criterion (3),
i.e. in which products the innovation is to be used, such as drugs or fertilizers, and
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criterion (4), i.e. the sectors the innovation is utilized in, such as hospitals or
agricultural companies, etc. It is more likely that chemicals and pharmaceuticals
may be differentiated only taking into account criterion (5), i.e. the human need
they satisfy.

Problems of a different nature arise in grouping producing and using sectors of
innovation. First, technological change in industrialized countries is produced both
by ® rms and by government bodies and universities. All too often, the economics
of innovation considers only the business sector, and more speci® cally manufactur-
ing. It is, in fact, dif® cult to ® nd classi® cations at the same level for manufacturing
® rms, the service sector and government bodies. Consequently the role played in
the inventive and innovative process by government research bodies, universities
and service companies is often overlooked.

As regards ® rms, it is necessary to decide whether to monitor innovations at the
level of individual productive units (establishments) or at the level of industrial
groups (corporations) or both. This problem becomes particularly relevant when
considering branches of multinational companies with divisions in several coun-
tries. According to the decision taken, the results can differ considerably.

Finally, we should consider more than a single product of utilization according
to the third criterion and the single sector of utilization according to the fourth
criterion. Economic analysis is concerned not only with the ® rst product and sector
to use innovations, but also with the diffusion of the innovation into other products
and sectors over time. One of the characteristics of technological innovation is
precisely that of penetrating several products and sectors. Even when the ® rst
product and sector of utilization is identi® ed, there is no certainty that this is the
main utilization product and sector. This analytic framework, therefore, gives more
weight to the generation than to the diffusion of innovations.

However, it is possible to enlarge this accounting framework to include also the
diffusion of innovations across industries, ® rms and products. To deal with the
heterogeneous nature of innovations, a variety of studies have proposed classifying
innovations as ª improvementsº and ª basicº (Mensch, 1979), or as ª incrementalº
and ª discreteº (Priest and Hill, 1980), and Freeman has presented a detailed
taxonomy of innovations ranked according to their impact on economic and social
life (Freeman, 1992). Several scholars have assessed the value of individual
innovations, often referring to textbooks of technology history as primary sources.
Subjective choices are inevitably made in judging the relative importance of each
innovation.

Although these approaches have commonly highlighted the great differences in
the economic impact of individual innovations, they are less concerned with the
direct measurement of interdependence.

The framework presented above allows one to give a speci® c weight to
individual innovations in a less subjective way and therefore to transform heteroge-
neous observations into comparable variables. Individual innovations may be
weighted according to the number of ® rms or products which use it. Since the rate
of growth of a sector is often associated with its capability to absorb technology,
the number of innovations used by sectors can also be a crucial piece of infor-
mation for predicting its rate of growth.

An individual assessment of innovations may also allow one to rate them
according to their degree of `appropriability’ : if they are entirely appropriable by
the producer, the technology transfer will be re¯ ected in explicit economic
transactions (in the form of either a market for a product which embodies the
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Figure 2. Objects Matrix. Innovations by technological ® eld and product of use.

innovation or a license fee to use it). If at the other extreme the innovation is freely
available, there is no price signal which can be used to gather the technology
transfer, which in turn can be detected only by looking directly at the sectors of use
of the innovation.

5. Subjects and Objects in Technological Interdependence

The framework described above is designed to deal with the problem of interde-
pendence across sectors. Such interdependence, however, can be approached from
two different perspectives: the ® rst regards the objects, the second the subjects of
technological change. The ® rst is the equivalent of the input± output matrix, the
second takes into account interrelations between agents (® rms, research centres,
etc.) and it therefore provides information on the issues addressed by scholars in
the ® eld of industrial organization.

Matching criteria (1) and (3) it is possible to obtain a matrix which is
equivalent to the economic input± output table; we will call it the Objects Matrix
(see Figure 2). Empirical applications of it have been obtained using indicators as
diverse as R&D, patenting and innovation surveys by Scherer (1982a, 1982b,
1982c); SeÂ guin Dulude (1982); Robson, Townsend and Pavitt (1988); Soete
(1986); Marengo and Sterlacchini (1990); Simonetti (1989).

An alternative approach is to consider a square matrix matching criteria (2) and
(4), which we will call the Subjects Matrix (see Figure 3): in this latter case, we are
no longer dealing with technical relations but with economic relations between
® rms (DeBresson and Townsend, 1978; DeBresson et al., 1992; data collected by
the Financial Times reported in Soete, 1986).

The Objects Matrix indicates the extent to which certain technological ® elds
penetrate economic life. The empirical analyses carried out show, for example, that
machinery technology is relevant for the majority of products. In a dynamic
perspective, they also show that electronics is substantially increasing its relevance
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Figure 3. Subjects Matrix. Innovations by sector of production and of use of the organization.

in downstream sectors. The information provided by the Objects Matrix is of
relevance for policy making since it indicates which technological ® elds should be
promoted to obtain gains in the economic performance of each product group. It
may also help to predict the sort of economic transformations which will be
generated by technical advances in each ® eld.

The Subjects Matrix, on the other hand, allows one to map interrelations
between ® rms belonging to different sectors, and it shows to what extent tra-
ditional industries, such as textiles and clothing, depend upon machinery
industries for the innovations they use. The policy relevance of the Subjects Matrix
relies on its ability to show how industrial sectors are linked in the generation and
transfer of innovations. It may also be used to predict how structural changes in
the user industries will affect the rate of innovations of their suppliers.

The problem of technology transfer between organizations addressed by the
Subjects Matrix can also be tackled by using other analytical tools. A large body
of literature has dealt with this in non-matrix form; see the literature on networks
of innovators (see Lundvall, 1985, 1992; De Bresson and Amesse, 1991; Nelson,
1992; Carlsson and Jacobsson, 1996), or on inter-® rm technical agreements (see
Chesnais, 1988; Hagedoorn and Schakenraad, 1990).

Although the two matrixes are different in principle, it may be asked to what
extent they differ in practice. After all, the Objects Matrix implies the existence of
economic subjects which develop innovations and which use them to manufacture
products. Since ® rms are classi® ed in sectors according to their output, there is no
reason to believe that we gather much additional information by separating the
two. The two matrices will overlap entirely with two additional assumptions:

(i) ® rms produce innovations in one technological ® eld only, and this corre-
sponds to their principal product activity (this is the condition to obtain the
symmetry of criteria (1) and (2));

(ii) ® rms are mono-product (this is the condition which ensures overlap of criteria
(2) and (4)).
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Both these assumptions are highly unrealistic. Firms are multi-product, as is well
known to industrial economists (Scherer et al., 1975; Utton, 1979) and there is
evidence that they produce innovations in an even wider number of technological
® elds (see the empirical evidence reported in Jaffe, 1986; Archibugi, 1988b; Pavitt,
Robson and Townsend, 1989; Granstrand and SjsÏ lander, 1990; Niwa, 1992). The
fact that ® rms are both multi-product and multi-technology hugely complicates the
analysis of technological interdependence. An approach which ignored the role of
® rms would be not only incomplete but also misleading. The available empirical
research has for example shown that a large part of the technologies belonging to
the category `machine tools and robotics’ are used in `motor vehicles’ . This result
comes as no surprise, but if we introduce the dimension of ® rms, we will ® nd that
a large proportion of these innovations are generated by automobile ® rms.

6. Direct and Indirect Approaches

The empirical literature on inter-industry technology transfer is large and is still
growing (see the review articles by Archibugi, 1988a; DeBresson, 1990, 1996;
TorreÂ , 1990). Two different approaches can be identi® ed, the indirect and the
direct (Simonetti, 1989; Marengo and Sterlacchini, 1990).

The Indirect Methodology

Already in the 1960s, scholars tried to identify inter-industry technology transfer
(see Brown and Conrad, 1967; Terleckyj, 1980). Empirical evidence on the sectors
of use was not available, and therefore it had to be estimated on the basis of
economic input± output tables. The sector of production was approximated by the
resources devoted to R&D broken down by industry, while it was assumed that the
R&D produced was distributed by user sectors in the same proportion as its
transfer of goods and services. The latter is however a heroic assumption since
inter-industry technology transfer does not necessarily coincide with inter-industry
product transfer. This approach implicitly assumes that technology ¯ ows between
sectors embodied in physical products (for further re® nements of this approach,
see Momigliano and Siniscalco, 1984).

This matrix is neither a pure Objects nor a pure Subjects, but rather a
combination of the two. While the user sector corresponds to criterion (3) (the
product group where the innovation is used), the sector of production does not
correspond entirely to criterion (1). These analyses use in fact the breakdown of
R&D expenditure by sector of economic activity of the producing organization, i.e.
criterion (2) (although data are collected for division level rather than for corpora-
tions). In other words, the indirect approach develops a matrix combining the
criteria (2) and (3).

The Direct Methodology

From the late 1970s, analyses were developed using direct information on both the
sectors of production and use of innovations. Using indicators as diverse as
patenting (SeÂ guin Dulude, 1982; Ducharme, 1987; Englander, Evenson and
Hanazaki, 1988; Evenson, Kortum and Putnam 1988; Bergeron, Lallich and
LaBas, 1996; Massini, 1996), innovation surveys (DeBresson and Townsend,
1978; Pavitt, 1984; Soete, 1986; DeBresson, 1996), a combination of patenting
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and R&D (Scherer, 1982a, 1982b, 1982c) or of R&D and innovation (Sterlac-
chini, 1989; Marengo and Sterlacchini, 1990; Geroski, 1991) the sectors of use of
the innovations were assessed. The various empirical analyses of inter-industry
technology transfer resulted in substantially different results (see DeBresson, 1990;
Marengo and Sterlacchini, 1990). So far, these differences have been attributed to
problems related to the indicators used (R&D or patenting or innovation surveys)
or to differences in the national innovation systems. However, another, and
perhaps more important, explanation of these differences is that while they are
similar they are not identical exercises. In other words, they combine some of the
criteria listed above in different ways, sometimes using a pure Objects Matrix (as
in Scherer, 1982a), sometimes a pure Subjects Matrix (as in the Financial Times

data reported in Soete, 1986) and in the majority of cases using a combination of
the Objects and Subjects approaches.

7. Prospects for Future Research

The literature on technological interdependence has grown rapidly over the last
decade and has already produced consistent information on how invention and
innovation are transferred across products and ® rms. However, we are still far
from having an operational accounting system comparable to those obtained by
input± output economics. To achieve this, some areas of research need to be
further explored.

First, it must be clear that there are two different technological interdepen-
dences: the ® rst regards the objects, the second the subjects. Both of these need to
be understood properly in order to understand the transfer of knowledge between
them. Although this paper has stressed the differences between the two ap-
proaches, it is quite clear that a full understanding of interdependence in
technology will require the integration of the two dimensions. To understand how
technology penetrates economic life it is crucial to look at the behaviour of the
producers of knowledge as well as at the content of the innovations they develop.
Although this implies a more complex framework, it may prove to be a fruitful
exercise. Indeed, the difference between subjects and objects is crucial not only for
understanding technological interdependence, but also to address properly the
issue of economic interdependence. One of the main limits of input-output econom-
ics is to concentrate entirely on products and services without devoting suf® cient
attention to the organizations, often highly diversi® ed, which are at their origin.

Second, we should pay attention to the transfer of technology which is
embodied in capital and intermediate goods as well as to the disembodied transfer
of knowledge. To a certain degree, the direct and the indirect approaches take
account, respectively, of embodied and disembodied knowledge (Marengo and
Sterlacchini, 1990). But the analogy cannot be developed further with the cur-
rently available evidence, since none of the investigations surveyed above has
devoted systematic attention to it. To obtain a more rigorous framework to deal
with embodied and disembodied knowledge, input-output techniques should
distinguish between a ® rst stage in which knowledge penetrates economic life
creating new products and processes and a second stage where innovating prod-
ucts and processes in¯ uence other products and processes.

Third, attention should be paid to the international transfer of technology. The
majority of the literature reviewed here focuses on national economic systems and
often assumes that the structure of technological interdependence across sectors
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does not differ substantially among the OECD countries. This assumption is not,
however, entirely realistic: empirical research has shown that countries do differ
substantially in terms of the innovations they produce (Archibugi and Pianta,
1992), and it is likely that the sources of innovation for each sector are both
national and international.
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Notes

1. This was pointed out by Marx when he stated that, although a commodity has a use value and an
exchange value, it has economic meaning only when we deal with commodities in the plural.

2. Patent of® ces classify the applications they receive in order to trace them quickly and to avoid
granting a patent to inventions which lack the requirement of novelty. Therefore, they do not
consider the productive employment of the inventions. For more than three decades now,
economists have reclassi® ed patent statistics for their own purposes according to economic rather
than technological criteria.
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