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On the nature of technologies: knowledge,
procedures, artifacts and production
inputs

Giovanni Dosi and Marco Grazzi*

In the most general terms, a technology can be seen as a human-constructed means
for achieving a particular end, such as the movement of goods and people, the
transmission of information or the cure of a disease. These means most often entail
procedures regarding how to achieve the ends concerned, particular bits of knowledge,
artifacts and of course specific physical inputs necessary to yield the desired
outcomes. In fact, the procedures and the underlying knowledge they draw upon,
the physical and intangible inputs implicated, and the performance characteristics of
outputs are different but complementary aspects of what technology is. These things
are the object of this short essay.
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1. Technologies as recipes

The conception, design and production of any artifact generally involves (often very long)

sequences of cognitive and physical acts. It is therefore useful to begin by thinking of a tech-

nology as something like a ‘recipe’ entailing a design for a final product which, much like

a cookbook recipe, concerns a physical artifact together with a set of procedures for achieving

it. The recipe specifies a set of actions that need to be taken to achieve the desired outcome and

identifies, if sometimes implicitly, the inputs that are to be acted on and any required equipment.

In some cases, like the literal example of cooking recipes, one single person may possess

the full set of skills required to move from the raw inputs to the final output, involving, say,

how to break the eggs, mix them with flour, put the butter in the pan, etc., all the way to the

final production of a cake. However, in the domain of industrial technologies this is

not generally the case: the requisite knowledge and skills are distributed across many

individuals and a crucial issue concerns when and how they are called for. No matter how
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mechanised a process (as in contemporary times), the construction of most artifacts is

a team operation. Different people, and groups, are assigned to different parts of the

process. How the artifact turns out will depend not only on the overall design and recipe

that nominally is being followed (if any), but on how the work is divided, the match up of

the skills and understandings of what is to be done under that division of labour with what

actually needs to be done, how effectively the work is coordinated and managed and—at

least as important—on the effectiveness of the procedures linking what different

individuals (and, often, different organisations) actually do.

Although the distributed nature of technological knowledge limits the accuracy of the

‘recipe’ representation of the nature of technologies, it does help to highlight their

procedural dimension. The latter involves problem-solving procedures, in which respect

building a car, writing a software package or proving a theorem are not that different

(this idea is of course grounded in many contributions of Herbert Simon; see, for instance,

Simon, 1987, and, for some elaborations, Dosi and Egidi, 1991). There have recently been

attempts to formalise the structure and dynamics of such procedures in the combinatorics of

elementary cognitive and physical components underlying the intra- and inter-organisational

division of labour and its dynamics (see Marengo and Dosi, 2005; Marengo et al., 2000;

Rivkin, 2001; Rivkin and Siggelkow, 2003).

2. Beyond explicit recipes: organisational routines

The recipe conception of technology, useful as it is, does not exhaust the description of

what technologies are. In fact, many technologies do not have a recipe description at all,

and even when such a codified account is in place this generally provides neither a complete

description of what is actually done nor, normatively, what ought to be done. This

observation applies both to individually implemented technologies (think of riding

a bicycle) and even more so when the procedures are distributed across a multiplicity of

individuals. Rather, the procedures through which organisations ‘do things’ or offer

services typically entail organisational routines (see Cohen et al., 1996; Dosi et al., 2000;

Foss and Mahnke, 2000; Montgomery, 1995; Nelson and Winter, 1982; Teece et al., 1997;

the special issues of Industrial and Corporate Change edited by Augier et al., 2000, and by

Becker et al., 2005). A routine is ‘an executable capability for repeated performance in some

context that has been learned by an organization’ (Cohen et al., 1996, p. 683). Routines, as

argued by Nelson and Winter (1982), (i) embody a good part of the memory of the

problem-solving repertoires of any one organisation; (ii) entail complementary mecha-

nisms of governance for potentially conflicting interests (for a more detailed discussion see

Coriat and Dosi, 1998)—in turn, ensembles of routines are the building blocks of distinct

organisational competences and capabilities1—and, finally, (iii) organisational capabilities

might well also involve some ‘meta-routines’, which govern and possibly challenge and

modify ‘lower level’ organisational practices (the more incremental part of R&D activities,

and recurrent exercises of ‘strategic adjustment’, are cases in point). Such ‘higher level’

capabilities go under the name of dynamic capabilities (Teece et al., 1997).

1 The two terms are often used quite liberally and interchangeably in the literature. In the introduction to
Dosi et al. (2000) and more explicitly in Dosi et al. (2008A) it is proposed that the notion of capability ought
to be confined to relatively purposeful ‘high level’ tasks such as, for example, ‘building an automobile’ with
certain characteristics, whereas ‘competences’ ought to be confined to the ability to master specific
knowledge bases (e.g., ‘mechanical’ or ‘organic chemistry’ competences). Clearly, such notion of
competences/capabilities largely overlaps with what has come to be known as the ‘competence view of the
firm’.

174 G. Dosi and M. Grazzi



3. Technologies as artifacts

The recipe-centred (and procedure-centred) representation of technology is in many (but

not all) circumstances complementary to what we could call an artifact-centred account of

what technologies are and their dynamics over time (Arthur, 2007; Basalla, 1988). On this

latter perspective, the technology, seen as a complex artifact, is made in turn of

components, held together quite often by rather binding technical consistency conditions.1

Dynamically, innovation can be fruitfully studied in terms of modifications and improve-

ments of the performance characteristics of each component and of the system as a whole.

In fact, bottlenecks and ‘imbalances’ in the functionalities within products and systems

have been identified as important ‘focusing devices’, as Nathan Rosenberg put it, driving

technological advances (see Rosenberg, 1976, and Hughes, 1989 on the ‘reverse salient’

pushing technological advances).2 The dynamics of both ‘incremental’ change and more

radical ruptures in the structure and functionalities of artifacts are precisely, as we shall see,

two central concerns of evolutionary theories of innovation.

The artifact perspective on technology is useful also for another purpose, namely the

identification of the techno-economic characteristics of specific products, machines,

components and intermediate inputs. In fact, the history of technologies can be usefully

tracked through the output dynamics in their appropriate characteristics space, that is,

through the identification of trajectories of advance in the techno-economic features of

successive generations of functionally similar artifacts.

It is important to notice, however, that the view of technologies as routines—irrespective

of whether or not these are codified recipes—applies even when there is not a tangible final

artifact to speak of. Think of the service ‘booking an airline ticket and make sure that the

passenger has a place on board’. Moreover, it sometimes happens that, even if the output is

a physical one, say a pharmaceutical entity, it does not make much sense to describe the

technological dynamics in the ‘artifact space’: changes, in this example, in the number or

combinations of carbon, hydrogen, oxygen, etc. atoms, bear very little direct relationship

with what the molecule does to the body.

4. The underlying knowledge bases

The procedures aimed at, say, discovering the properties of a chemical compound,

switching electrical signals or welding two pieces of metal together, draw upon specific

elements of knowledge, partly of the know-how variety and partly of a more theoretical

variety. In fact, important advances have been made over the last quarter of a century in the

identification across different technologies of (i) the characteristics of such knowledge—e.g.

to what extent is it codified in the ‘recipes’ themselves or openly available in the relevant

professional communities or, conversely, to what extent is it embodied in the tacit skills of

the actors themselves—and (ii) its sources.

In fact, as Winter (1987) suggests, taxonomies based on different degrees of tacitness

together with other dimensions provide a useful interpretation grid by which to classify

different types of knowledge.

1 Visitors to Stockholm can still admire a beautiful seventeenth century warship, the Vasa, immaculately
conserved because it sank almost immediately due to the King’s interventions on the design, which made it
violate precisely those conditions.

2 To illustrate, think of increasing the speed of a machine tool, which in turn demands changes in cutting
materials, which leads to changes in other parts of the machine . . .
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Tacitness refers to the inability by the actor(s) implicated, or even by sophisticated

observers, to explicitly articulate the sequences of procedures by which ‘things are done’,

problems are solved, behavioural patterns are formed, etc. (see Dosi et al., 2005 and

references therein; Nelson and Winter, 1982, especially chapter 4; Polanyi, 1967). In

a nutshell, tacitness is a measure of the degree to which ‘we know more than we can tell’.1

In terms of the recipe story, tacit knowledge is precisely what is not (or sometimes cannot

even in principle be) codified within the recipe itself, but—as in the earlier example of the

cake—remains in the mind (or better in the practice) of grandmother and is transmitted

more by example than by instruction.

In turn, the different degrees of tacitness of particular bodies of knowledge and the

dynamics of knowledge codification have manifold implications for patterns of innovation,

the division of labour and the presence/absence of ‘markets for technology’ (cf. Arora et al.,

2001; Dosi et al., 2008B).

Regarding the sources of technological knowledge, nowadays a good deal of ‘econom-

ically useful’ technological knowledge is mastered by business firms, which even un-

dertake, in some developed countries, a small but not negligible portion of the efforts

aimed at a more speculative understandings of the physical, chemical, biological properties

of our world (i.e., they also undertake ‘basic science’). Most often knowledge internally

generated by the firms is complemented by knowledge emanating from external

institutions such as universities and public laboratories and from other industrial actors

such as suppliers and customers (see the discussion in Dosi, 1988; Freeman, 1994;

Klevorick et al., 1995).

The reconstruction of the diverse institutional origins of novel learning opportunities

helps in going beyond a first, very rough, representation of ‘endogenous’ versus

‘exogenous’ technical progress and, second, but equally importantly, it also helps in

identifying inter-sectoral and inter-technological differences in the drivers of innovation.

5. Technology and information

As the foregoing discussion indicates, there is a lot more to technology, and to ability to

employ it effectively, than simply ‘information’ about how to do things. However,

information certainly is an important part of the picture, and technology has certain

properties similar to those that have been highlighted in the theoretical work on

information by economists like Arrow (1962), Akerlof (1984), Greenwald and Stiglitz

(1986), Nelson (1959) and Radner (1992), among others.

First, technology (even when taken to be equivalent to information) is non-rivalrous in

use. Use by one economic agent in no way by itself reduces the ability of other economic

agents to use that technology (this does of course not apply to technology on the artifact

centred account).

Second, there is an intrinsic indivisibility in the use of information (half of a statement

about any property of the world or of a technology is not worth half of the full one; most

likely it is worth zero).

Third, both technology and sheer information involve high up-front generation cost as

compared with lower cost in their repeated utilisation, when the technology is ‘in place’

1 On the possibilities, obstacles and determinants of knowledge codification, in general and with reference
to contemporary technologies, see Cowan (2001), Cowan et al. (2000), Nelson (2003), Brusoni et al. (2001),
Pavitt (1991) and Balconi et al. (2007). For an illustration in the case of the software industry see Grimaldi
and Torrisi (2001), and for some specifics on the contemporary patterns of codification of manufacturing
technologies based on ICT instrumentation and computing, see Balconi (2002).
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(with ‘being in place’ roughly meaning that practitioners and organisations are

actually using it). Moreover, information stricto sensu typically displays negligible cost of

reproduction, which closely relates (but is not identical) to the proposition that in-

formation can be used on any scale (greater than or equal to one). In fact, in the case of

technology, it may well be that, even if a body of knowledge might be notionally utilised on

any scale (say, a production algorithm that can be applied ten or a million times), this does

not imply that replication or imitation is necessarily easy and cheap (see Winter and

Szulanski, 2001, 2002).

Fourth, there is a fundamental non-decreasing (most likely increasing) returns property to

the use of information and technological knowledge. The use of standard economic goods,

ranging from shoes to machine tools, implies that use wears them out. This does not apply

either to information or to knowledge broadly defined. On the contrary, the persistent use

of information and technological knowledge implies at the very least its non-depreciation, at

least in technical terms. Knowledge does not display wear and tear.

Notice that the non-rivalry in use, up-front cost and indivisibility characteristics of

information (and knowledge, when different from it) bear far reaching implications for any

theory of economic coordination and change. As Kenneth Arrow (1996) emphasises:

‘[c]ompetitive equilibrium is viable only if production possibilities are convex sets, that is

do not display increasing returns’, but ‘[. . .] with information constant returns are

impossible’ (p.647). ‘The same information [can be] used regardless of the scale of

production. Hence there is an extreme form of increasing returns’ (p.648). This statement

highlights the urgent need for accounts of economic coordination that do not call upon the

properties of competitive equilibria. Indeed, accounts of this sort are precisely what

evolutionary theories of economic coordination and change aim to provide—see Nelson

and Winter (1982), Dosi (1988) and the surveys and discussions in Dosi and Winter

(2002) and Silverberg and Verspagen (2001).

6. Knowledge, procedures and input/output relations

Note that on a procedural view of technology, the orienting focus is not immediately the list

of inputs and equipment used to produce, say, a semiconductor of a certain kind or

a Ferrari, but rather the design of the devices and services, and the procedures used in, for

example, the transformation of the raw silicon into a microprocessor or of the pieces of

iron, plastic and copper that go into an automobile of specified characteristics. For scholars

studying technological advance, modifications and refinements of procedures and designs

is ‘where the action is’, whereas changes in input/output relations are essentially the

by-product of successful attempts to change procedures and designs in desired directions.

Thus, economists familiar with a theory of production that privileges ‘production fun-

ctions’ of whatever kind, should notice that these are no more than ex-post descriptions of

what appears in the ‘quantity part’ of the recipe—in the foregoing cooking example, the

amount of eggs, butter, flour, pans, electricity, human labour, etc. that goes into the

production of a cake. These quantities derive quite strictly from the nature of the recipe, if

any, and the characteristics of the desired final product—and all that within quite strict

technology-specific limits. So, for example, procedures involving 90% eggs and 10% flour

are not ‘legal’, because they will yield, at most, an omelette and not a cake, irrespective of

relative prices.

The mappings between procedure-centred, on the one hand, and input/output-centred

representations of technologies, on the other, are crucial for any theory of production.
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Suppose one has some metrics in the input/output space, and one is also able to develop

some (albeit inevitable fuzzy) metrics in the high dimensional ‘problem-solving space’.1

How then do the latter map into the former? In particular, were one able to put together all

the notional recipes for cakes (or for that matter microprocessors or cars) known at

a certain time, what would the distribution look like in terms of input/output coefficients?

In particular, would the list of the input/output relations that are ‘legal’ for the production

of a unit of output be contained within a convex ‘production possibility set’? Would one

find very many recipes that could be ordered in such a way as to be approximately

described by a homogeneous function (possibly of degree one)? Indeed, there is nothing in

the nature of technological knowledge and in the nature of a recipe that suggests this to be

the case.

In fact, both theory and empirical evidence suggest the widespread possibility of both

recipes and practices, say, for producing steel, that are quite ‘near’ in terms of sequences of

procedures that they entail, but quite far apart in input/output space. Vice versa, recipes

which might appear, at first sight, ‘near’ in terms of input intensities may in fact be quite far

apart from the point of view of underlying knowledge and procedures.

Similar considerations apply to the mapping between artifact-centred representations of

technologies and the input intensities required to produce them.

Do ‘small’ changes in procedures correspond to ‘small’ changes in input/output

relations? And, vice versa, do major technological revolutions affecting ‘the way of doing

things’ also imply major changes in the proportions in which different artifacts and types of

labour enter into the recipes for whatever output? These issues are discussed in Nelson and

Winter (1982), Nelson (1981), Auerswald et al. (2000), Winter (2006) and Dosi and

Grazzi (2006). However, it is fair to say that we are still far from a general answer to these

questions, which ultimately boil down to the development of a knowledge-centred,

evolutionary, theory of production.2

On a more positive note, the foregoing view of technologies focused on the problem-

solving procedures involved in, say, designing and manufacturing cars, software, chemical

compounds, etc., as distinct from the (derived) input/output relations, allows a straightfor-

ward account of the variance in performances across firms observed within most industrial

sectors. Especially if recipes are long, complex and possibly only partly understood by the

organisations implementing them, it is likely that (i) each organisation knows only one or

very few of them, and (ii) even for similar recipes, any two organisations might master

them with quite different degrees of effectiveness. If one adds that (iii) different recipes

and effectiveness in their use map into different revealed input/output relations, it is

straightforward to predict quite different input intensities and different economic

performances across firms even for identical relative prices.

7. Some general features of technological knowledge

Granted the foregoing properties of technology/information, technological knowledge has

important characteristics of its own, highlighted by a body of thought pioneered in the

1960s and 1970s by Christopher Freeman in the UK and by Nathan Rosenberg in the

1 Formal representations of technologies as recipes are quite rare in the literature; one such is by
Auerswald et al. (2000). There the ‘distance’ between any two recipes is the minimum number of operation
that must be changed in order to convert one into the other (p. 397). This definition is consistent with the
already mentioned formalisations in Marengo et al. (2000) and Marengo and Dosi (2005).

2 A somewhat similar problem in biology is the mapping between genotypic and phenotypic structures
(Stadler et al., 2001).
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USA, which could be called the ‘Stanford–Yale–Sussex (SYS) synthesis’ (Dosi et al., 2006)

based on the locations where, at the time, most of the major contributors were based.

In brief, the SYS synthesis combines the basic intuitions on the economics of information

already present in Arrow (1962) and Nelson (1959), further refinements (see David, 1993,

2004), and work focusing on the specific features of technological knowledge (including

Dosi, 1982, 1988; Freeman, 1982, 1994; Freeman and Soete, 1997; Nelson, 1981; Nelson

and Winter, 1977, 1982; Pavitt, 1987, 1999; Rosenberg, 1976, 1982; Winter, 1982,

1987, 2006). This synthesis involves (i) fully acknowledging some common features of in-

formation and knowledge in general, and with reference to scientific and technological

knowledge in particular; and (ii) distinguishing the specific features of technological

knowledge and the ways it is generated and exploited in contemporary economies.

Indeed, scientific and, even more so, technological knowledge, share, to a different extent,

the property of being tacit as defined earlier. This applies to the pre-existing knowledge

leading to any discovery and also to the knowledge required to interpret and apply

whatever codified information is generated. As Pavitt puts it with regards to technological

knowledge:

most technology is specific, complex . . . [and] cumulative in its development. . . It is specific
to firms where most technological activity is carried out, and it is specific to products and
processes, since most of the expenditures is not on research, but on development and production
engineering, after which knowledge is also accumulated through experience in production and use
on what has come to be known as ‘learning by doing’ and ‘learning by using’. (Pavitt, 1987, p. 9)

Moreover:

the combination of activities reflects the essentially pragmatic nature of most technological
knowledge. Although a useful input, theory is rarely sufficiently robust to predict the per-
formance of a technological artefact under operating conditions and with a high enough degree
of certainty, to eliminate costly and time-consuming construction and testing of prototype and
pilot plant. (Pavitt, 1987, p. 9)

Notice that given these features of technological knowledge, equating it to a pure ‘public

good’ might be deeply misleading. Even if, in principle, technologies are non rivalrous in

use, there usually are non-trivial costs to acquiring the relevant capabilities even when there

are no explicit barriers to use. Moreover, the tacit elements involved in know-how imply

that learning cost and time can be substantial. As we have noted, the effective use of

a technology generally requires appropriate organisation and management, which may be

difficult to learn, put in place and reproduce. And of course, many technologies are

protected to some degree by intellectual property rights. However, even leaving aside any

issue of legally-granted monopoly of knowledge use, technological knowledge, as already

mentioned, fundamentally differs from sheer information in its modes and costs of replication

(see Winter and Szulanski, 2001, 2002 for insightful discussions). While the metaphor of

‘reproduction of ideas’ is just pushing a button on the computer with the instruction to

‘copy’ and possibly to ‘send’, replicating technological knowledge concerning processes,

organisational arrangements and products is a painstaking and often quite expensive

business (Mansfield et al., 1981). The bottom line is that even when there is an ‘Arrow

core’ as Winter and Szulanski (2002) put it, in the sense of an informationally codifiable

template, the actual process of reproduction involves significant effort, costs and

uncertainty about its ultimate success.

From a dynamic point of view, a central interpretative question concerns the ways

distinct bodies of knowledge evolve over time. Let us consider them.
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8. Technological paradigms and trajectories

A variety of concepts have been put forward in the literature to define the nature of

technology and technological innovation: technological regimes, paradigms, trajectories,

salients, guideposts, dominant designs and so on. The names are not so important. More

important is that these concepts are highly overlapping in that they try to capture a few

common features of technological activities and of the procedures and directions of

technical change.

The notion of technological paradigm, which is our preferred conceptualisation, is based

on a view of technology grounded on the following three fundamental ideas (see Dosi,

1982, 1984).

First, it suggests that any satisfactory answer to the question of ‘what is technology?’ and

how it changes must also embody the representation of the specific forms of knowledge on

which a particular activity is based. Such representation, as argued above, cannot be

reduced to a set of well defined blueprints, but primarily concerns problem-solving

activities involving also tacit forms of knowledge embodied in individuals and organisa-

tions. On this view, technology is a set of pieces of knowledge ultimately comprising

selected physical and chemical principles, know-how, methods, experiences of successes

and failures, and also, of course, physical devices and equipment.

Second, paradigms entail specific heuristics and visions on ‘how to do things’ and how to

improve them, often shared by the community of practitioners in each particular activity

(engineers, firms, technical societies, etc.), that is, they entail collectively shared cognitive

frames (Constant, 1980).

Third, paradigms (often but not always) also define basic templates of artifacts and

systems (i.e., ‘dominant designs’ cf. Abernathy and Utterback, 1975),1 which are

progressively modified and improved over time. These basic artifacts can also be described

in terms of some fundamental technological and economic characteristics. For example, in

the case of an aeroplane, their basic attributes are described not only and obviously in

terms of inputs and production costs, but also on the basis of some salient technological

features such as wing-load, take-off weight, speed, distance it can cover and so on. Similar

examples of technological invariances can be found, for example, in semiconductors,

agricultural equipment, automobiles and a few other technologies (Grupp, 1992; Sahal,

1981; Saviotti, 1996).

What is important here is that technical progress often seems to display patterns and

invariances in terms of some basic product characteristics. Hence, the notion of technological

trajectories associated with the progressive realisation of the innovative opportunities

underlying each paradigm, which, in principle, can be measured in terms of the changes in

the fundamental techno-economic characteristics of artifacts and production processes.

The core ideas involved in this notion of trajectories are the following.

Each particular body of knowledge (each paradigm) shapes and constrains the rate and

direction of technical change, in a first rough approximation, irrespective of market

inducements. In fact, technical change is partly driven, as already mentioned, by repeated

1 Note that the notion of dominant design resonates well with the general idea of technological paradigms,
but that the latter do not necessarily imply the former. For example, pharmaceutical technologies, which
involve specific knowledge bases, specific search heuristics and so on—that is, strong marks of a
paradigm—but without any hint of dominant design. Molecules, even when aimed at the same pathology,
might have quite different structures: in that space, one is unlikely to find similarities akin those linking even
a Volkswagen Beetle vintage 1937 and a Ferrari vintage 2000. Still, the notion of ‘paradigm’ holds even in the
former case in terms of underlying features of knowledge bases and search processes.
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attempts to cope with technological imbalances that it itself creates. As a consequence,

one should be able to observe regularities and invariances in the pattern of technical

change that hold under different market conditions (e.g., under different relative prices)

and whose disruption is mainly correlated with radical changes in knowledge bases (in

paradigms).1

Moreover, a rather general property, by now widely acknowledged in the innovation

literature, is that learning is often local and cumulative. ‘Local’ means that the exploration

and development of new techniques and product architectures is likely to occur in the

neighbourhood of the techniques and architectures already in use (Antonelli, 1995;

Atkinson and Stiglitz, 1969; David, 1975). ‘Cumulative’ stands for the property that

current technological developments often build upon past experiences of production and

innovation, proceed through sequences of specific problem solving junctures (Vincenti,

1990) and, in several circumstances, also lead to microeconomic serial correlations in

successes and failures.

The literature on technological knowledge and technological change offers plenty of

insights into the detailed mechanisms through which innovative search occurs, on the

sources of knowledge on which it draws and on their intersectoral differences (for critical

surveys see Dosi, 1988; Dosi et al., 2005; Freeman, 1994). For the purpose of this brief

outline, however, let us content ourselves with the basic idea that there is a structure to

technological knowledge and, dynamically, that there are relatively ordered patterns of

technological innovation linked to specific routes to the solution of particular problems

(e.g., going from iron oxide to steel and from steel to a steel-made combustion chamber

with certain technical characteristics). Together, to repeat, major changes in such

knowledge structures tend to come from major discontinuities in underlying paradigms.

9. Some interpretative ramifications by way of a conclusion

We have already flagged some important implications of the view of technology in terms

of the interpretation of how technologies evolve over time. Indeed, this is where the

‘epistemology of technical knowledge’ (see also Ziman, 2000) links with the economics of

innovation.

Other important ramifications concern the ways technologies shape: (i) the processes

through which corporate organisations develop their problem-solving capabilities, aiming

at their differential competitive success; (ii) the collective patterns of industrial learning

and industrial evolution; (iii) the determinants of the patterns of international trade; and,

ultimately, (iv) the processes of macroeconomic development fuelled by technological and

organisational change. Indeed, the foregoing view of technologies and, dynamically,

innovative activities is at the centre of evolutionary theory of the firm, of industrial change

and of economic growth.
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