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Over the past century the locus of inventive activity has shifted from the
workshops of individuals to the organized laboratories of business firms.
There are several factors behind the shift. First, in many if not all industries
inventing has become an activity requiring special skills and training at an
advanced level in science and engineering, the use of expensive instru-
ments and other equipment, and often a group of people working collab-
oratively. Second, knowledge about prevailing technology and its strengths
and weaknesses, and about user-needs, has tended to become proprietary,
not readily accessible to someone not connected with a firm and lacking
special access. Third, invention has become a prominent component of the
competitive weaponry of firms.

In recognition of the central importance of industrial R & D, if not
always with understanding of the factors behind it, for many years
economists have concerned themselves with the character of firms and of
industry structures that are conducive to industrial innovation. The
questions explored have included prominently the following. Does modern
industrial invention and innovation require the presence of large and well-
established firms? What are the circumstances in which small firms, or new
firms, are the principal sources of industrial innovation, rather than large
established firms? Is an industry structure in which only a few firms control
a large share of the market, and are relatively immune from short-run
liquidity crises, conducive to innovation? How to explain the instances in
which rapid technical change was created through an industry structure
where entry is easy and external financial sources inclined to bet heavily on
promising ideas? These kinds of questions have been on the research
agenda of economists at least since the publication of Joseph Schumpeter’s
Capitalism, Socialism and Democracy in 1942,

As the kinds of questions indicate, until recently the focus of economic
research has been on how market structure influences industrial invention.
There also has been considerable attention to the role of demand, what
users will buy and how much they will pay for it, in influencing the kinds of
technical advances firms bring forth. However, in recent years certain new
or strengthened understandings have significantly changed the research
agenda, adding new questions, and changing the way older ones are posed.
Scholars have come to recognize better that in many industries the process
of technological advance has a strong internal logic, which influences what
demands can and cannot be met. Also, it may be much easier for firms to
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appropriate the returns to certain kinds of inventions than to others. Thesg
understandings have enriched, but also made more complex, analysis of
the forces influencing the rate and direction of industrial invention.

In many cases it is apparent that scientists and technologists clearly sea
certain directions, avenues, down which they believe technology can be
advanced relatively reliably, while attempts to advance the technology in
other directions may be much more problematic. Where these easily
pursued directions correspond to user-needs, and where innovators have
some mechanism for assuring that they receive a non-trivial fraction of the
use-value of their innovations, technological change tends to proceed down
those tracks. .

This new understanding that technology tends to unfold in particular
directions in turn led to awareness that firm behavior, and industry strue-
ture, may be molded by the way technology is unfolding, at least as much
as the character of innovation depends on firm behavior and market
structure. The causal links go both ways, not just in one. Thus in recent
years the natural ways to advance recombinant DNA technology have, in
general, not required massive resources and giant laboratories, but have
been pursuable by small companies, or even by individuals with access to
modern laboratory equipment. And judicial decisions regarding patent-
ability have made it possible for small-scale. innovators to hold off large-
scale potential imitators, and to be in a strong position regarding bargain-
ing about patent rights. In contrast, the advance of modern passenger-jet
aircraft technology has required large-scale research and development
efforts on the part of teams of experienced scientists and engineers.
Further, jet engine and air-frame design, while not protectable by patents,
is very difficult to reverse-engineer. This is a context in which large estab-
lished firms have a major advantage over newcomers. i

The chapters in this section develop various of these themes. Dosi’s

chapter elaborates the discussion above, and presents a broad picture of
recent findings on the nature of the innovative process. The chapter by
Willinger and Zuscovitch is concerned with the new information-intensive

production systems. They discuss what is required if firms are to be

effective in their R & D, and effective in their use of these new techno-
logies. The chapter by Teece focuses on the firm more narrowly, and
explores the question of how conditions of appropriability, and of techno-
logical opportunity, affect what it is profitable for firms to do, and the most
profitable way for them to pursue various technological options. Kay
focuses on the nature of research and development and identifies several
key characteristics that influence how it is organized and managed. Coombs
is concerned with the new understanding about the reciprocal relationship
between technological advance and market structure.

10 The nature of the innovative process*

Giovanni Dosi

il ry g d
culty of Swaristics, University c:_vf Rome, Rome an
;;RUJ,J University of Sussex, Brighton

Introduction

The attempt in this book to place techni_cal ghange at ‘thc centre of theory
of economic change can draw from a widening empmc:?l evidence on the
sources, procedures and microeconomic effects of t_t:chmcal change. Here,
1 shall try to organise and interpret some of that evidence. '

The growing attention to innovation-related phenomena is plrohz.ibl_y d'ue
to various factors, partly internal to the dynamics of thﬁ:. economics discipline
and partly related to the increasing empirical perception of the importance
of technological factors in competitiveness and 'g,rmf.rth. For c:"cample, an
increasing number of industrial case studies has h‘lg.hhghtcd the importance
of technological innovation for industrial competitiveness (for reviews, see
Freeman, 1982; Dosi, 1984; Momigliano and Dosi, 1983; OE(;D, 1984).
Moreover, the experience of Japanese competition in international trade
and the very rapid productivity gains in Japanese ﬁmF have focused
attention on a number of features of the Japanese ‘mational system of
innovation' (Aoki, 1986; Altschuler et al.. ]985;‘ ‘Freeman, ?987; and
Freeman’s chapter in this book). Finally, the imultwe_pcfcep'tlon of l.hc
importance of the so-called ‘microelectronics revolution g with varying
degrees of pessimism on its employment outcomes, has induced a re-
appraisal of the possible ‘compensation mechanisms’, on macroeconomic
grounds, between the labour-saving and employment-creating effects of
innovation (for critical surveys, see Momigliano, 1985; Freeman and
Soete, 1985, 1987; Stoneman, Blatiner and Pastré, 1982). Whatever thle
motivations for the analyses of innovation and tcchnglogical change, this
ficld of inquiry increasingly highlights the charactcristllcs of a fundamental
ingredient of the process of growth and transformation of the economy,
which is discussed from different angles in several chapters of this !:'oul:;.

Here, [ shall limit my discussion to what I consider some of the stylised
facts’ and fundamental properties associated with the innovative process

*A more detailed and extensive analysis of the origins, nature and effects of inncw':ma‘n—u?1
which this chapier is partly based—can be t‘uur}d in G. chs1. ‘Suurlccs. proccdurt_sl an
Microgconomic effects of innovation’, SPRU, University of Sussex, Bnghmn, IJl_{C .Dlﬁcl]l::
sion Paper, Comments from the participants at the Lewes and Maastricht mccu"?? of t e
Project which led to this book, and in particular those of C. Freeman and R. Nelson, are
gratefully acknowledged.
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(next section): in doing that, T shall draw from several empirj

contributions, over the past decade. on the economics of Innovatiop
including those of Abernathy and Utterback (1975, 1978), Freems
(1982), Klein (1977), Nelson and Winter (1977, 1982), Rosenberg (197
1982), Sahal (1979, 1981, 1985), Pavitt (1979, 1984a), von Hippel (19
1982), and also some contributions of the author (Dosi, 1982, 1984
Second, I will try to provide an interpretation of technological innovatig
and its relationship with scientific advances, on the one hand, and mar

processes, on the other. Finally, I shall argue that such an interpretation o
the innovative process is useful to the understanding of inter-indug

differences in the modes and degrees of innovativeness, which are furthe;
analysed in other chapters of this book.

Some stylised facts on innovation

In an essential sense, innovation concerns the search for, and the dis-
covery, experimentation, development, imitation, and adoption of ne W
products, new production processes and new organisational set-ups.
Almost by definition, what is searched for cannot be known with any
precision before the activity itself of search and experimentation, so that
the technical (and, even more 0, commercial) outcomes of innovative
efforts can hardly be known ex anre. Certainly, whenever innovative
activities are undertaken by profit-motivated agents, they must involve also
some sort of perception of yet unexploited, technical and €conomic, oppor-
tunities. However, such perceptions and beliefs rarely entail any detailed
knowledge of what the possible events, states-of-the-world, input com- \
binations, product characteristics will be. Putting it another way, innova-
tion involves a fundamental element of uncertainty, which is not simply
lack of all the relevant information about the occurrence of known events
but, more fundamentally, entails also (a) the existence of techno-economic :
problems whose solution procedures are unknown (more on it in Nelson
and Winter, 1982, and Dosi and Egidi, 1987). and (b) the impossibility of
precisely tracing consequences to actions (*. . . if I do this, that will occur

., etc.). These uncertainty features of innovative activities are the first
‘stylised fact’.

Of course, the perception or belief that ‘some unexploited opportunity
is there’ is not always disappointed: the record of technological advances
of modern economies, at least since the Industrial Revolution, presents
impressive testimony in this respect. In fact, technological innovation has
been able to draw, and increasingly so in this century, from novel
opportunities stemming from scientific advances (from thermodynamics
to biology, electricity. quantum physics, mechanics, etc.). The increas-
ing reliance of major new technological opportunities on advances in

scientific knowledge is, in my view, the second property of contemporary
innovation,
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The nature of the search activities leading t; ;ﬁ:cﬁzgiigscﬁ lﬁzc:]:f;sz;
as also chal?ged over the_ I_afst century: U S ke
?gsearch an‘d lllmgvlgngzsfzﬂzl:il::, n;:jﬁ::f:é% laboratories. _univcrs?tics.
iy (ﬁr;ns osed to individual innovators as the most conducive env:fon];
}1a:o Rﬁ: production of innovations. Mprcover. Ihe. fgrmal rc;ialzc“
lz::i]:'itin:s in the business sector tends to beggc%rat:ed‘stlgglg :Ilg:‘q e
. i = | ; Tee s E
integmtr?ﬁ ?ac?l:}fa;thui:?sgtgg?;iﬁgl ;\;eryfeaturé of innovative activities.
kb 0in a;]dition to the previous point, and in many ways comple-
However‘_t a significant amount of innovations and imprl?vcfnems are
W it :10tlh}0u IE ‘learning-by-doing” and ‘]carning-by-us!ng (Rosen-
. 1112;.19676 1'5?'82)g That is, people and organisations, primarily firms, can
berg, hOW,tO use/improve/produce things by the very process ofbcljomg
o through their ‘informal’ activities of solving production pro sms.f
::11:;[:i,ng specific customcrlf,‘ requi:'{::n:elljtsa ;:;fcommg various sorts o
. 2 is is the fourth *stylise ;
bc;[;l;ne?:( ss-e:rt:s '{:i ]ihtc 1;2tterns of technologicgl Charll{g(i ?;.;EL r]l:se
described as simple and flexible reactions to chgntgess 1];;‘;';;1:1' : ;n ;vaﬂons‘ :
(i) in spite of significant variations with regar (; p e
directions of technical change are o ten defined by
Soef-ct[:::—;hr?olfht‘;e technologies already in use; (ii) quite Oftcr"t‘hl'::s ‘:l;]?caa;)l:z
of technologies themselves that determines the range -.;11 (:115' i
B oncal i case that the probabinity ot mabiag dcamaologioal sdvases
is generally the case that the probabili gl i P
i isations and often countries, is among other things,
]t?o?tl;}st‘h(:%:;::ological levels already achieved by them. In other words,
i is a curmulative activity. ) ) i
tecl-ilgtzacllgzsa 2%1?: interpret these phenomena and link thfzm W"h, tﬁ:& ;ir:‘;u;
tive fact that in market economies particular patterns of mnov;mo clmomi.;
necessary condition in some sort of (actual and/or cxp;cte )‘:s;im S
reward to the innovators? How does one acco_unt fo.r the }?0551 ; c};l o
someone (individuals or firms) being sgstematlcallg t;ettc:i s 23 zttems
logical grounds, than others? What explains thc. re{at:ve y or e‘r sc};mmgly
which technical change appears to show aqd its ‘momentum s kit
propelled by a strong internal logic, deque quite diverse a
market conditions? I shall now turn to these issues.

etc.

Knowledge, opportunities and search: technological paradigms and
trajectories

Let me start by observing that the solution of most technoluglllcal plr;ti)j:eizs
igni i i tain performance characteristics,
e.g. designing a machine with cert: ‘ ol :
(defelop?ngb a ngw chemical compound with certain features, improving th::,c
efficiency of a production input, etc.) implies the use of pieces ©
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knowledge of various sorts. Some elements represent widely applicabla
understanding: it might be direct scientific knowledge or knowled
related to well-known and pervasive applicative principles (e.g. on e

tricity, mechanics, more recently, informatics, etc.). Some other pieces of
knowledge are specific to particular ‘ways of doing things’, to the exper-
ience of the producer, the user, or both. '

Moreover, some aspects of this knowledge are well articulated, evep:
written down in considerable detail in manuals and articles and taught j
schools. Others are largely tacit, mainly learned through practice
practical examples (of course, ‘training’ and ‘apprenticeship’ relate alsg
this aspect of technology): there are elements of being a ‘good engineer’,
‘good designer’, or even a ‘good mathematician’ that cannot be entire
transmitted in an explicit algorithmic form. 4

Finally, some of the knowledge involved in the use and improvement
technologies is open and public: the most obvious examples are scientif
and technical publications. However, other aspects are private, eit
‘implicitly” because they are tacit anyway, or explicitly in the sense t
they are protected by secrecy or legal devices such as patents,

All three aspects (universal versus specific, articulated versus taci
public versus private) are essential in the conceptualisation of ‘what js
technology’. More precisely, technological advances normally draw
some sub-set of the publicly available knowledge, which is sha
and improved upon by the community of engineers/applied scienti
designers, etc. However, in the activities aimed at technological innova
tions, such a shared use of highly selected scientific and technologica
knowledge (related, for example, to selected physical or chemical p
ciples, materials, properties, etc.) is coupled with the use and development
of specific and often partly private heuristics and capabilities. 5.

Elsewhere (Dosi, 1982, 1984) as recalled in Chapter 2, I suggest a broad
similarity, in terms of definition and procedures although not in objectives
or career structures, between ‘science’ and ‘technology’. More precisely, as
modern philosophy of science suggests the existence of scientific paradigms
(or scientific research programmes), so there are technological paradig
A “technological paradigm’ defines contextually the needs that are meant
to be fulfilled, the scientific principles utilised for the task, the material
technology to be used. In other words, a technological paradigm can be
defined as a “pattern’ for solution of selected techno-economic problems
based on highly selected principles derived from the natural sciences. A
technological paradigm is both a set of exemplars—basic artefacts which
are to be developed and improved (a car—of the type we know—an
integrated circuit, a lathe, etc., with their particular techno-economic
characteristics) and a set of heuristics— Where do we go from here?’,
"Where should we search?’, ‘On what sort of knowledge should we draw?’s ]
etc. (consider, for example, general search rules of the kind: *strive for an
increasing miniaturisation of the circuit’, ‘if an heterocyclic compound
worked as a pesticide, fiddle around with the various atomic rings trying to
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improve its effectiveness’, etc.). Putting it _agmtr;z: f\:?ghe:cfnh;l{?x!;g;::
aradigms define the technological opportunities i
and some basic procedures on how to exploit thcm.r us‘h Al
fforts in certain directions rather than other:s.. a technolog j
i Winter. 1977. and Dosi, 1982) is the activity of techno-
R nieene e i logical trade-offs defined by
ical progress along the economic and techpo ogic ;
log?C?dFi’gm {Gordon and Munson, 1981; Saviotti and Metcalfe, 198_4]‘ One
ia[:r?akc as fairly evident example.s of sgch paradlgms [g:;:r (:z:fsrnji
mbustion engine, oil-based syn(hctllc chemistry, or microe .h
e look at the patterns of technical change, however, suggests the
C?iifénce of ‘paradigms’ and ‘trajectories’ with different levels of general-
e i i ctors.
1ty£;‘1ﬂef:1n?;?1y;fégu;:;2]zsf 1986) use the expression ‘techno-economic para-
|:]igrf1|f to describe those pervasive technologies which ‘inﬁucncc [;};z
pehaviour of firms and industries throughout the econpml(,: sy{sj.‘tem‘ o
Chapter 3). Note, however, that a ‘techno-economic p;ara lg,rnt b
‘regime’) in Freeman-Perez’s sense, 1s a fnacro-:echnoiogrm ccrnlfcp i
refers to broad clusters of ‘paradigms’ in the s;ns? I svugg‘esl , eret. L
example, the electronics ‘lcchno-cconomlcIp'aradlgrfh or ‘regime -;a;: u
the common characteristics, complementarities and inter-linkages e_\n;:crj
several ‘micro’ paradigms—related to semiconductors, computers, indus
i jon, etc. : .
mﬂ’lﬁﬁiﬂ?tﬁame is chosen, the concept of ‘paraqigm‘ ppmt's to interpre-
tations broadly consistent with Roser}berg‘s ‘f?CUSIng devices (Rossnb?rrlf,
1976) or Sahal’s ‘technological gulde-_;)?s_tS' (Sahal, 1981, 19& ). E
crucial hypothesis is that innovative activities are strm_mgly seiecﬂ_ve: fina
ised in rather precise directions, often cumulative activities. Thls is veﬁy
different from the concept of technology as information that is ggne;a y
applicable and easy to reproduce and reuse (Arrow, 1?62}{, an]:l '.-vtern:
firms can produce and use innovations mainly by dipping freely mﬁu
general ‘stock’ or ‘pool’ of technological kn.owledge. Iqstead we havf: rms
producing things in ways that are differentiated techm:fally from things ]11n
other firms, and making innovations largely on the basis of in-house tecl_—
nology, but with some contribution from other firms, and fro_mdpu[bhlci
knowledge. Under such circumstances, the search process of industria
firms to improve their technology is not likely to be one \_:vhcrc t'hcy sur}vcg.;
the whole stock of technological knowledge before mak‘mgl their technica
choices, Given its highly differentiated nature, ﬁrms yﬂll instead seek Llo
improve and to diversify their technology by searching in zones that enable
them to use and to build upon their existing tecl'l_nologlcal base. In other
words, technological and organisational changes in each firm are cu_mul;l-
tive processes, too. What the firm can ‘r_lopc to do technologically in the
future is heavily constrained by what it has'been capable of cicungr in
the past. Once the cumulative and firm specific nature of tcchno!og) is
Tecognised, its development over time ceases to be _ralndom.‘ bui ?s con-
Strained to zones closely related technologically to existing activities.
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Thus, in general, technological progress proceeds through the develop-
ment and exploitation of both public elements of knowledge, shared by all

actors involved in a certain activity, and private, local, partly tacit, firm-

specific, cumulative forms of knowledge.
First, there are certainly ‘free-good’ elements in technological progress

essentially stemming from the free flow of information, readily available

publications, etc.

The second aspect of the *public’ characteristics of technology relates tg

the uniraded interdependences between sectors, technologies and firms and
takes the form of technological complementarities, ‘synergies’, and flow of

stimuli and constraints which do not entirely correspond to commodity
flows. All of them represent a structured set of technological externalities
which can be a collective asset of groups of firms/industries within countries/
regions (see, for example, Lundvall, 1984, and Chapter 17 of this book)
andfor tend to be internalised within individual companies (see, for 3
example, Teece, 1982, and Chapter 12 of this book; Pavitt, 1984c). In
other words, technological bottlenecks and opportunities (Rosenberg,
1976), experiences and skills embodied in people and organisations, capa-

bilities and ‘memories’ overflowing from one economic activity to another,
tend to organise context conditions which (i) are country-specific, region-
specific or even company-specific; (i) are a fundamental ingredient in the

- . I - . i - . - i
mnovative process; and (iii) as such, determine different incentives/stimuli/ '

constraints to innovation, for any given set of strictly economic signals.
These untraded interdependences and context conditions are, to
different degrees, the unintentional outcome of decentralised (but irre-

versible) processes of environmental organisation (one obvious example is
‘Silicon Valley’) and/or the result of explicit strategies of public and private
institutions. (In this sense one can interpret, for example, the strategies of

vertical and horizontal integration of electrical oligopolies into micro-

electronics technologies or the efforts of various governments to create

‘science parks’, etc.).

To the extent that innovative learning is ‘local’ and specific in the sense
that it is paradigm-bound and occurs along particular trajectories, but is

shared —with different competences and degrees of success—by all the
economic agents operating on that particular technology, one is likely to
observe at the level of whole industries those phenomena of ‘dynamic
increasing returns’ and ‘lock-in" into particular technologies discussed in
Arthur’s chapter (see also Arthur, 1985; David, 1975, 1985),

Conversely, to the extent to which learning is also local and cumulative
at the level of individual firms, one is likely to observe also firm-specific
trajectories, involving the cumulative development and exploitation of
internalised (and thus ‘private’) technological competences, through those
strategies discussed in Teece's chapter.

It is important to remark that what has just been said does nor imply
irrelevance of the inducement mechanisms to changes of techniques stem-
ming from the levels and changes in relative prices (in particular, the price

THE NATURE OF THE INNOVATIVE PROCESS 227

of labour to the price of machines (for some recent ev1dcn_ccl. cf. Sgﬂl‘c;;
Labini, 1984) and also to the price of energy anq mal;rla T_,k?lr tr =
changing demand conditions. On the contrary, these factors are fl tl._, Yh:j.;al
fundamental ones, influencing both the rate and dlrecnofn n‘h ic[.;. -
progress, but within the boundﬂriesldehned by l.helnaturc I:) lt]e'c, nl.keglg s
paradigms. Moreover, innovation YICIF]S new tcchlmque‘s w‘ ich ;rc i 5; i
be superior to the old ones irrespective of relatw'e prices, either |‘mm
iately, as often is the case of many mn:_roelect‘romcs-based processes (SEB
Soete and Dosi, 1983), or after a learning period {;_15, for example, in the
case of agricultural machinery discussed by David, 1975). If the ne[:v
techniques had existed before they would .also have been adopted at the
‘old’ relative prices. In other words, technical progress generally exhibits
irreversibility fearures. i

SH”T‘EE:‘::S cxampf;fof microelectronics. As discussed at greater length in
Freeman and Soete (1985, 1987), Momigliano (]98?). Soete anq Dosi
(1983), Coriat (1983, 1984), c]ectronif:s—bzfsed productlol} technologies a}:e
(i) labour-saving; (ii) fixed-capital saving {1.{:._ they c:-fth mdum_: a fall in the
capital/output ratio (for sectoral cwdencv:: in thf: Ur_med Kingdom, see
Soete and Dosi, 1983); (iii) circulating-capital saving (i.e. tl{c ()p‘llmlSEft]On
of production flows allows a fall in the stocks of intermediate inputs per
unit of output); (iv) quality-improving (i.e. they increase the accuracy of
production processes, allow quality testing, etc.); (v) energy-saving (in so
far as the energy use generally is also a function of mechamFal movements
of the various machineries, the substitution of information processing
equipment for electromechanical parts reduces the use of erfergy). Taking
all these characteristics together, it is clear that electro_mcs—based pro-
duction techniques are generally unequivocally superior to electro-
mechanical ones irrespective of relative prices. That is, the new wage/profit
frontiers associated with the new techniques do not intersect for any
positive value of the ‘old’ one (see Dosi, Pavitt and Solete,. 1988). :

It is important to distinguish between the factors which induce, stimulate
or constrain technical change from the outcomes of the changes them-
selves. As we analyse in Dosi, Pavitt and Soete (1988)_? and follqwmg the
suggestions of Rosenberg (1976), inducement mechanisms may involve a
broad set of factors, including:

{a) technological bottlenecks in interrelated activities:

(b) scarcities of critical inputs; or, conversely; .

(c) abundance of particular inputs (e.g. energy, raw materials, etc.);

(d) composition, changes and rates of growth of demands; .

(e) levels and changes in relative prices (first of all, as mentioned, the
relative price of machines to labour);

(f) patterns of industrial conflict.

Where the critical stimuli come from depends on the nature of the techno-

logies and on the economic and institutional context of each country: one
can find plenty of evidence on the role of each of these factors. However,
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irrespective of the immediate triggering factor(s), the patterns of innoya.
tion present some remarkable common properties. First, the ‘normgp
patterns of technological change, to repeat, tend to follow ‘trajectories’
defined by specific sets of knowledge and expertise. Second, major dig.
continuities in the patterns of change are associated with changes ip
technological paradigms (as defined above). Third. irreversibility in the
technological advances means also that, using a neo-classical language, the
changes of the production possibility sets dominare over changes wirthin an .
given set. More precisely, at any given time, instead of a well-behaved set
we are likely to observe only one (or very few) points corresponding to the
best-practice techniques, while, over time, the dominant process of change;_'
will imply improvements in these (very few) best-practice techniques
(along the ‘trajectories’), rather than processes of ‘static’ inter-factoral
substitution.
The conceptualisation of technology and technical change based on
‘paradigms’, ‘guide-posts’ or whatever name is chosen, helps also in resoly-
ing the long debate in the innovation literature about the relative
importance of ‘demand pull’ (cf. Schmookler, 1966: and, for critical
discussions, Mowery and Rosenberg, 1979; Freeman, Clark and Soete,
1982) versus technology push: environment-related factors (such as
demand, relative prices, etc.) are instrumental in shaping (a) the rates
of technical progress; (b) the precise trajectory of advance, within the
(limited) set allowed by any given *paradigm’; and (c) the selection criteria
amongst new potential technological paradigms. However, each body of
knowledge, expertise, selected physical and chemical principles, etc. (that
is, each paradigm) determines both the opportunities of technical progress
and the boundaries within which ‘inducement effects’ can be exerted by the
environment. Moreover, the source of entirely new paradigms is increas-
ingly coming from fundamental advances in science and in the (related)
"general’ technologies (e.g. electricity, information-processing, etc.).
So far, I have discussed an interpretation of what I consider fundamental
characteristics of the innovative process in general. However, at a finer
level of analysis, one empirically observes a significant inter-sectoral
variety in the rates of technical progress, modes of search, forms of know-
ledge on which innovation draws. In some areas paradigms are powerful in
that they generate rapid sustained technical change. Others are weak, in
that they provide relatively little guidance as to where fruitfully to search.
Moreover, the fact that a certain kind of technical advance can be achieved

cheaply and easily, does not in itself make it profitable for a firm to pursue
that advance. I will now discuss these issues.

Opportunities, market conditions and the inter-sectoral differences
in innovativeness

On the grounds of the foregoing analysis, the interpretation that I suggest
(developing, in particular, on Nelson and Winter, 1982; Freeman, 1982;
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Rosenberg, 1976) of the observed diffEIEI:lCCS, over sectors an;{_ fc:c\rer ;;nr:eé
in the rates and modes by which innovations are gcneratec;l,d. flf usices a
used, traces them back to inter-sectoral and mter—teg}pora l‘lere(b) i
(a) the opportunities of innovation that ea}ch paradigm e.rl:(al :,kinds %
degrees to which firms can obtain economic returns to variou —
innovation, that is the degree fof appropriability of innovation; an
at firms face. ;

Paimﬁgi:fnﬁm?;:egl earlier, among the ‘stylised facts’, Ll}c increasing
reliance of major new technological ad\»:anccs upon scie_;mlﬁc pmg:’less.
However, as discussed in detail in Nelson’s chapter, cm_l:,r u:lﬁso]_rne ti:c anz-
logies and sectors is the link direct and powerful: sc:epulc én{pu zs rh;
there, an essential part of the morr_lentum of technologi_ca a \.ancd ;
other sectors and technologies the links are mu::‘h more mdere{:t an dl'.nég
simply relate to the use of science-based equipment and mlermehlis
inputs, or to the generic scier;ce—balsed }(qowledge acquired by researchers,

i etc., during their formal training.
enlg’::m;?:féral, I sugggest. the linkages between sciemiﬁc advan;es anld
technological opportunities are likely Fo be muc‘h more direct at the early
stage of emergence of new techno]oglcgl paradlgms._ In these cases, pr_o}
gress in general scientific knowledge yields a w1c!cn1ng pool of _Toreml]f
technological paradigms. In another work (Dosi, 1984), I analyse the
specific mechanisms through which a Ir}uch smaller set of paradlgn'.ls ar::
actually developed, economically applied anfi often bccome dominant.
Here, suffice to say that this process of selt?ctrpn d'epe'nds:, :n,genera], on
(a) the nature and the interests of the ‘pndgmg institutions (lfreen;'lan.
1982) between pure research and economic applications; (b) quite o tt‘:][‘]’
especially in this century, strictly institutional factors, such ‘as pub llc
agencies (the military, space agencies, the health system,_etc.), (c) trial-
and-error processes of exploration of the new technologies, ofte:n a_ssc-;
ciated with ‘Schumpeterian’ enterpreneurship; (d) tht‘: selection criteria of
the markets and especially the techno-economic rcc_lmrcmenls of the users
(see Chapter 17 by Lundvall). Certainly, new pargdngms b'ec:ome attractive
as the cost and difficulty of further progress within existing par:lldl_gms
increase. However, note that increasing obstacles to progress within z?
certain paradigm do not automatically induce t.h.e emergence of new ones;
scientific advances are often a necessary condm?n of their development.
Whatever the precise selection mechanisms which prodt_lccd them, new
paradigms reshape the patterns of opportunities of technical prpgrcss;l,‘ uﬁ
terms of both the scope of the innovations and }he ease with whic
they are achieved. As examples, the reader may think of the cluste'rs‘ of
new technological opportunities associated with electricity, those asso-
ciated with synthetic oil-based chemistry, or, more 'rcccntly‘, micro-
electronics and bioengineering. Whilst, after a period of mtenswe_
development, there might be diminishing returns to innovative efforts
within the limits of a specific paradigm (the sc-ca!lcd Wolf‘ s Law), new
technological paradigms, directly and indirectly —via their effects on ‘old
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ones—prevent the establishment in general of decreasing returns in the
search process for innovations. New paradigms spread their effects wel]
beyond their sector of origin and provide new sources of opportunity, vig
input/output flows and technological complementarities, to otherwise

stagnant activities. The emergence of new paradigms and the diffusion of
their effects throughout the economy is possibly the main reason why

decreasing returns do not set in throughout the economy: on the contrary,
static and dynamic economies of scale are the general rule. Contrary to the
most pessimistic expectations of classical economists and contrary also to

many contemporary formalisations of problems of allocation of resources
in decentralised markets, decreasing returns historically did not emerge

even in those activities involving a given and ‘natural’ factor such as
agriculture or mining: mechanisation, chemical fertilisers and pesticides,
improved techniques of mineral extraction and purification prevented
‘scarcity’ from becoming the dominant functional feature of these produe-
tive activities. A fortiori, this applies to manufacturing. 5
To summarise: sectors and technologies differ in the easiness and scope
of technological advances; these varying technological opportunities
depend on the nature of each technological paradigm, on the degrees to
which it is able directly to benefit from scientific progress and/or from other
new technological breakthroughs, and on its ‘maturity’. In turn, paradigm-
specific opportunities are a first determinant of the observed inter-sectoral {
differences in the rates of innovation. '

However, for any level of notional opportunities, private, economically

motivated agents will invest resources in their exploration only if there is
an actual or expected market ultimately willing to pay for it, and if these E

agents (typically firms) will be able to capture a significant fraction of what

the market is willing to pay. In other words, innovative efforts are alsoa
function of the structure of demand and of the appropriability conditions:

examples of very low innovative efforts by business firms due to lack of

appropriability, despite the existence of significant technological oppor- 1

tunities, are discussed in Nelson’s chapter. ]

In general, appropriability conditions differ between industries and
between technologies: Levin er al, (1984) study the varying empirical
relevance as appropriability devices of (i) patents; (ii) secrecy: (iii) lead
times; (iv) costs and time required for duplication: (v) learning-curve
effects; and (vi) superior sales and service efforts. To these one should add
the more obvious forms of appropriation of differential technical efficiency
related to scale economies. Of course, the easier it is for firm B to pick up
and duplicate the innovative achievements—in terms of product perform-
ances or production efficiency —of firm A, the lower the appropriability of
innovation. Clearly, with perfect, costless and immediate duplicability no
business firm would have any incentive to innovate. Conversely, with very
high appropriability only a very little share of the benefits from innovation
would spread throughout the economic system in the form of efficiency
improvements, learning through imitation and price changes. As it
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happens, in contemporary mixed economies one observes, at 16?;15_: Wllth;n)
manufacturing, degrees of appropriability which are generally sufficient tc

rovide an incentive to business firms to sustain relatively high rates of

technical progress without, however, preventing, sooner or l;tcr. 1mslet!:
tion, diffusion and distribution of economic benefits to f’thcr_ rms, u
and consumers (of course, this is a quite loose proposition since onc can

‘hat i i ient’ alone the ‘optimal’, degree of
dly define what is the ‘sufficient’, let a _
:;;)rc?priability, or how much different innovation would have been under
ifferent appropriability regimes, etc.). .
dlfIn fact, :I:;discussed in Nelson’s chapter, Levin et al. (1984) find that for

most industries ‘lead times and learning curve advanta_ges‘, combined fmth
complementary marketing efforts, appear to be the principal mechanisms

of appropriating returns for product ir.movati.ons' (p- 33) . Morcf)ver}:?;;i
appears to be a quite significant mler—mdl..lstrlal variance in the lr;npo a :
of the various ways of protecting innovations and in the ov_era].l egret(:ls ;)
appropriability, with around three-quarters of the m‘dustrles 5.ur;'eyc y
the study claiming the existence of at least one effective means o qrpte_ct—
ing process innovation and more than 90 P cent of the industries claiming
the same regarding product innovations.” . B

If, as suggested, inter-sectoral differences in te-::}_mploglcal Opportumtn;;s,
appropriability regimes and demand patterns ]plntly zrtccoum for the
observed inter-sectoral differences in the rates of innovations, these same
variables, together with the sector-specific nature of thg knowled_ge on
which innovations are based, explain also the sectoral differences in the
typical organisational forms of innovative searcljl, For e‘xample, some
sectors and technologies may mainly rely on ‘informal processes of
learning-by-doing and design improvements: othcrs‘ rely heavily on formal
search activities undertaken in R & D laboratories; in some sectors innova-
tions are primarily generated by big firms, in others by relatively smaller
firms. ) .

Scherer has recently developed an inter-sectoral matrix of the origin gnd
use of R & D in the US economy based on the inter-sectoral generation
and use of a large sample of patents (Scherer, 1982). On the grounds of a
data base on innovation in the United Kingdom from 1945 to 1979 col-
lected at the Science Policy Research Unit of the University of Sussf:x,
Pavitt (1984a) has developed a sectoral taxonomy of sectors of production
and use of innovation. This evidence, and that from Levin et al. {1?84}.
Seems broadly consistent with the imerprelation.put forward here of ‘why
sectors differ in their rates and modes of innovation’.

Pavitt (1984a) identifies from major groups of sectors, namely:

(i) “Supplier-dominated’ sectors (which include textile, c_lothing, 1eatl}er.
printing and publishing, wood product_s.). Innovations are mainly
process-innovation: innovative opportunitics are gn:m:ra]l;n,r clnpodled
in new varieties of capital equipment and inte.rmcdlaFe inputs,
originated by firms whose principal activity is outside these
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(i)

(iii) ‘Specialised suppliers’. Innovative activities relate primarily to produet

(iv)

sectors themselves. Thus the process of innovation is primarily a p
cess of diffusion of best-practice capital-goods and of innovatiy,
intermediate inputs (such as synthetic fibres, etc.). The knowled,
base of innovation in these sectors mainly relates to incremen
improvements in the equipment produced elsewhere, to its efficient
use and to organisational innovations. Appropriability of firm-spec;
technological capabilities is rather low and firms are typically not very
big (with some exceptions in those activities which present economies
of scale in production or marketing such as textiles and clothing).
‘Scale-intensive’ sectors. Innovation relates to both processes and
products; production activities generally involve mastering comp
systems (and, often, manufacturing complex products): economies
scale of various sorts (in production and/or design, R & D, etc.) a
significant; various appropriability devices operate (e.g. lead tin
product complexity, ctc.); firms tend to be big, produce a relative
high proportion of their own process technology, devote a relative
high proportion of their own resources to innovation, and tend
integrate vertically into the manufacturing of some of their o
equipment. This group includes transport equipment, some elect;
consumer durables, metal manufacturing, food products, parts of the
chemical industry, glass and cement. Moreover, within this group one
can make a finer taxonomic distinction, according to the nature of
production process, between (a) assembly-based industries (genera
characterised by Taylorist/Fordist automation, such as cars, electri

consumer durables, etc.) and (b) continuous process industri
(cement, several food products, etc.).

innovations which enter other sectors as capital inputs. Firms tend to
be relatively small, operate in close contact with their users and
embody a specialised knowledge in design and equipment-building.
Typically, this group includes mechanical and instruments engineer-
ing. Opportunities are generally high and are often exploited through
‘informal’ activities of design improvements, introductions of new .
components, etc. Appropriability is based to a good extent on partly
tacit and cumulative skills.
‘Science-based’ sectors. This group includes the electronics industries
and most of the chemical industries. Innovation is often directly linked
to new technological paradigms made possible by scientific advances;
technological opportunity is very high; appropriability mechanisms
range from patents (especially in chemicals and drugs) to lead times and
learning curves (especially in electronics); innovative activities are
formalised in R & D laboratories: a high proportion of their product
innovation enters a wide number of sectors as capital or intermediate
nputs; firms tend to be big (with the exception of new *Schumpeterian’
ventures and highly specialised producers.
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Admittedly, the empirical evidence on the sectoral patterns anr_i charag-l
teristics of the innovation is far from complete. However, -my mfmcc[l:;fj —lla
that these empirical patterns can be intsTpreted by means of a cw o =f
mental variables derivable from the relatively general conceptualisation o
the process of innovation, outlined above.

Some conclusions

In this chapter, I have tried to analyse some gcner:atl qharactcristics at'_thu:1
process leading to the search and economic exploitation of technoloﬂgnca
innovations in contemporary mixed economies and to apply such a frarqc-
work to the interpretation of the evidence stemming from a growing
f empirical studies. i
nu%zerir?novalt}ive process—it has been argued—entails an intrlns;c:flly
uncertain activity of search and problem-solving based upon varying
combinations of public and private (pcopie—spec‘lﬁlc or ﬁrm-s_pec:lﬁc) ]:mow-
ledge, general scientific principles and ra_ther idiosynchratic experience,
well-articulated procedures and rather tacit competences. I have calln?d s
technological paradigm each specific body of knowledge‘whmh guides
these search and development activities, grows out of the trials and errors
of individuals and firms, and is often shared by the entire community of
technological and economic actors as the basis upon which one looks for
improvements in process efficiency and prot%uct per_formanf:es. Moreover,
each paradigm implies different opportunities for innovation, defined in
terms of (1) the ‘ease’ with which technological advanc;s. however
defined, can be achieved; (2) different possibilities for the innovator to
appropriate economic benefits from it in terms of profits, mfarket shares,
etc.; and (3) diffeent degrees of cumulativeness of teclshnnloglca! advances
in terms of dynamic increasing returns to innovative effort and auto-
correlated probabilities of innovative success, either at the level of single
firms or industries.

On the basis of this analytical framework, I have suggested some broad
conjectures on how inter-technological differences in innovative oppor-
tunities, appropriability regimes, knowledge bases, modes of search._ etel
might explain the observed variety in the rates and forms of organisation of
innovation in contemporary economies. ' '

This interpretation of the innovative process —which draws hcawly{ from
the works cited in the introduction and throughout the text—hast, in my
view, also relevant implications at the levels of both theory and historical
analysis. ) . e

The theoretical approach with which the present analysis _of_mnovzfmon is
Cconsistent (indeed, it is perhaps a necessary microeconomic mgn_edlcnt) is
sketched elsewhere in this book (see, in particular, the chapters in Part 11
and Part IV) and also, of course, in Nelson fmd Winter (1982). Here, let
me just mention a few implications which might help the reader to grasp



234 GIOVANNI DOSI

some of the analytical threads which hold together the contributions to this :
book.

First, the foregoing survey of the characteristics of technology and
innovation implies a fundamental distinction between information and
knowledge. Certainly, innovative activities imply imperfect and asym-
metric information. However, for whatever available information, the
problem-solving activity involved in search and discovery is based on
competences, ‘visions’, and heuristics which are a logical precondition tg
information processing. Thus this view departs also from any theory of:
production based on a view of technology, based only or primarily op
freely available blueprints (more on this in Winter, 1982; Nelson an
Winter, 1982; Amendola, 1983; Dosi and Egidi, 1987).

Second, and relatedly, innovation is generally based on a variety
knowledge sources which inevitably include public institutions, firn
specific experiences and other forms of institution-specific accumulation o
competences. Thus the institutional analyses of the chapters that follow in
this part and elsewhere in the book are essential to the understanding of
the ‘anatomy’ of the capitalist machine for technological change (
especially Nelson's chapter). 1

Third, as discussed in the chapters by Dosi and Orsenigo, Teece, and
Kay, any satisfactory theory of the firm must involve also an institutional
(and history-based) analysis of how organisational structures affect the
accumulation of competences, and the appropriation of specific rent-
carning assets (on this see also Williamson, 1985; Rumelt, 1987; Teece
1982; Kay, 1984; Pavitt, 1984c).

Fourth, innovative opportunities and their economic exploitation co-
evolve in ways that are at least partly endogenous to the process of
discovery, development and production, so that the system very seldom
hits any ‘hard constraint’ whereby all available opportunities are fully
known and thoroughly optimised. On the contrary, one is likely to observe
permanently a variety of search efforts, strategies and results. One can
permanently expect to observe (a) inter-firm asymmetries in production
efficiency and product technologies (cf. the chapters by Metcalfe and
Dosi-Orsenigo) and (b) at least equally wide asymmetries among coun-
tries. As a consequence, inter-national differences in innovative capa-
bilities, as well as inter-sectoral differences in the patterns of technical
change, can be considered as parts of the foundation of a rather general |
theory of international trade, whereby the sources of competitiveness of
cach country are not in any meaningful sense a “primary endowment’, but
the outcome of processes of innovation, learning, imitation and diffusion
(see the chapters by Dosi-Soete, Fagerberg and Perez-Soete; Pasinetti,
1981; Freeman, 1987).

Fifth, and finally, the interpretation of innovative processes briefly out-
lined in this chapter entails, and is strictly complementary with, a repre-
sentation of a changing economy as an evolutionary environment (cf. in
particular the chapters by Silverberg, Metcalfe, Dosi-Orsenego, Coombs,

£l
g
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Nelson), wherein economic agents continuously try new th‘ings, pay for bpt
also learn from their (and others’) mistakes, earn quast-rents and gain
market shares from their success, and, ultimately, contribute to the
endogenous evolution of their environment.

Note

{. For detailed discussions of appropriability mechanisms, see also Taylor and

. Silberston (1973), von Hippel (1979, 1980, 1982), and Buer (1982). The rc!a-
tive costs of innovation versus imitation—clearly a good proxy for appropria-
bility—are studied by Levin ef al. (1984) and Mansﬁcld_ (1984). A detailed
company-level study of patenting strategies is presented in Whyatt (1985) and
Wyatt and Bertin (1985).
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1 1 Towards the economics of information-intensive
production systems: the case of advanced
materials™

Marc Willinger and Ehud Zuscovitch

Bureau d ‘Economie Théorique et Appliquée, Université Louis Pasteur, Strasbourg
: ;

Introduction

The ongoing shift from one lechnolcgic‘a] system to another is not‘jusl a
matter of setting up a new configuration of a_d\_aan.ccd technologies. A
qualitative change in the nature of economic activity is under way and the
industrial system already looks radically different co_mpared with the post-
war system (see Freeman and Perez, and Boyer in this volmjne}: One of ic
main features of the new technical system appears to be its 'mfolrmuuon
intensity’ meaning, firstly, that the system is capable of creating an_d
dealing with increasing amounts of information, and, _secondly, thal. it
becomes more and more able to adjust itself to a growing and_changmg
variety of signals generated by the economic environment. In this (_:hapter
we shall study the implications of these features for the behaviour of
firms. We shall show how the management of technology changes under
Information-Intensive Production Systems (1IPS). Efforts to achieve sc'a]c
economies partly shift from standardisation of R & D and pm(!un:tl_on
technologies to the coordination of specialities with a view to dominating
increasing complexity. : ,

In order to grasp this qualitative change, we shall analyse in the first
section, ‘likely technological trends’, the management of techngloglcai
options and the accumulation of technological knowlcdg_c du_rmg the
development of a usual technological paradigm. The emphasis on mfomp—
tion, learning and the kind of technical properties that one lo'uks for during
the diffusion process will prepare the ground for the question of dealing
with growing information intensity. .

We shall try to tackle this issue in the subsequent section, ‘Pn‘armlanent
variety and changes in firms’ strategies’, after a proper characterisation of
IIPS. With less standardisation, the selection process operates less

*The research whose results are reported here was performed under the FAST PIOIEL‘T
(Forecasting and Assessment in Science and Technology) of the EEC DG XII, whm-‘h_wC
gratefully acknowledge for support. See "New .4(h-mu-lvd Marerials 0 Pt ohen_df:t, ?@1 | ..
Ledoux & E. Zuscovitch Eds. Springer-Verlag 1988, \’u have benefited frn_}m l.lll.hl:LrhSIU[lsl
With participants in the IFIAS meeting at Maastricht in May 1987. Th_c.cdlttl]'l{ll. work of

- Nelson and G. Daosi helped much towards the reshaping of this chapter into its
Present form: as did the remarks by C. Freeman and N. Kay.
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vigorously so that technological options become less and less mutually
exclusive. Two major problems arise. The first is that no firm is singly
capable of mastering the growing informational requirements (with regarq
to both technological knowledge and markets information). Indeed,
various types of cooperation have been developing rapidly for some time
now. The second is that with fewer scale economies of the standard t

substitution and diffusion mechanisms can be very nicely illustrated wi
materials because each of them has a large spectrum of product appli
tions. On the other hand, new materials are an essential component of
new technological system. While information technologies generate flexi-
bility, advanced materials support the induced product variety. One
development, we suggest, reinforces the other.

Likely technological trends

Increasing variety of products and their management, or what we call ITP
should be carefully delimited because increasing variety is also a typica
property of transition situations. Actually, whenever the economy g
through a structural change caused by the modification of the technologica
basis upon which it is established, numerous new technical options
tested before the selection process, partly through lock-in mechanisms
partly by scaling-up and cost reduction, establishes the new standard th
will become the dominating technological paradigm. In transition periods,
as uncertainty rises, agents reconsider the composition of their R & D
activities so as to be, if possible, at the right place when important choi
in development trends are to be made. This adjustment attitude in its
tends to increase variety because most firms combine passive behaviour
‘just keeping oneself informed’ with active R & D behaviour generatin
new options. Using diversification to reduce uncertainty was one of the
driving forces behind the rapid penetration of information technologies.
Yet the latter, once introduced, increase variety by their own nature, and
push the system towards growing information intensity. It is, thenm,
necessary to distinguish between the set of arguments relative to rransi £
tional variety, which disappears once the paradigm is stabilised, and the
one that develops out of the very nature of IIPS. '

Therefore we shall study here the emergence and management of variety
in transitory situations, that is, at the pre-paradigmatic stage (see next
sub-section). We shall then analyse the nature of the substitution process
which takes place through the change from one paradigm to another. This
will highlight the technology management problem as a function of the
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knowledge requirements before and after the stabilisation of the new
Pal’&digm'

Technological learning and technological options

Let us consider thc‘exal:npie of newlma.terials.' Their devcl.opmran gc?l::-
rates a growing variety in the material mdustn_es. thereby increasing z
aumber of technological options. How these options are grad-.!ally rcvealg
and defined depends on the particular way new materials are mtrqdpced in
an already existing technological frame“.rork. As we sh_al] see, this is done
in a piece-by-piece substitution process in which learning effects lead toa
global reconception of complex products such as cars or acrupl.ancs. Firms
{ry to manage the overall process by a -bTOE!dEl'I'Ing of their range of
activities. thus generating technological yanety in _order tp prepare (ar}d to
be prepared for) selection. They often aim at hanzo;?rfﬁ integration within
a whole set of materials. Synergy effects of being familiar with the relevant
markets, as well as a knowledge of neighbouring production processes, are
more likely to be profitable than purely random divcrsiﬁca_tion_ (see Teece's
chapter). This, for example, partly explains why the chemical mdustr‘y goes
into ceramics activities, or why some steel producers take part in the
plastics industry. . .
Maintaining variety is also part of the strategies through which ﬁr.ms try
to manage substitution phenomena. Some firms specifically invest in new
materials in order to slow down their diffusion. This behaviour may seem
paradoxical, but it can be illustrated by an example frorfl the aluminil.]m
industry. Composite materials in the acrospace applications are a major
threat to aluminium producers, who are the traditional suppliers of the
market. To match the challenge, aluminium producers invest in composite
materials (especially carbon fibres), while simultaneously developing new
and improved aluminium-lithium alloys (Al-Li)." As a result they control
and reduce the range of substitution possibilities between composites and
aluminium alloys. However, aluminium producers are aware of the fact
that, in the long run, major substitutions may well occur just the same.
Their investment in carbon fibres can also be viewed as a long-term
strategy to enter the composite market. In the short run, however, their
diversification behaviour is directed towards valorization of both past and
current research on new alloys (Al-Li) and appears as a mcans o secure
profitability of existing capital and thus to recover past investment.
Nevertheless, generally speaking, investment in new materials and new
technologies is made in order to acquire knowledge about them. If firms
expect that in the near future most of today’s technical problems will be
solved. there is an incentive to gather production knowledge today. There
is an economic advantage in being ready at the moment when the market
selection process reveals its outcome. To illustrate this principle let us take
the case of newly developed ceramics. Among the wide field of potential
applications for these materials, those of particular interest are the thermo-
Mechanical applications (engines, turbines, etc.) in which ceramics may
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progressively replace metallic alloys. In the short run, however, mogf
expectations conclude that metallic alloys will keep their doming
position. This is mainly due to the fact that, facing a risk of substitutio
the metal industry develops improved alloys with better properties (recg
Rosenberg’s example of sailing ships).” But the industrial contro]
ceramics production is an immediate challenge and, indeed, Japanese firpy
have already started industrial production of ceramics for thern
mechanical applications, in spite of the fact that today the market is
very narrow. This production is not actually intended to be sold as such, by
is primarily made in order to learn how to produce ceramics. It is mere]
kind of rechnological simulation. Scientific and technical knowled
acquisition is one thing, but in view of competition the crucial stak
production-knowledge.

It is important to note that such strategies act in favour of the emergenc;
of new materials and play an important role in the rate and direction of th
innovating process (it is a kind of self-fulfilling expectation in technics
progress).

Diffusion patterns: complementarities, substinution and the redesign
of systems

At any one time the field for material applications can be divided into
types of area. There are areas in which only one specific material
resolve the relevant technical problem. There are others in which a nun
of materials compete in order to fulfil the same function. In an area wh
only one material imposes itself there is obviously no economic problem
inter-technological rivalry, which, on the contrary, is important in
latter cases and operates also through the relative prices of resour
employed in the manufacturing of various materials.

The simplistic description that we have just presented helps one to gr
the dynamics of the development of a new material. The technical nee
which stimulate the emergence of a new material are clearly those
which the existing materials, produced in well-established technologies
give neither technically nor economically satisfying solutions. It is in th
periphery of the field of existing technical paradigms that solutions are
very effective and are consequently expensive (these are the zones ©
diminishing returns for standard materials). Facing this stimulus, som
firms begin to develop new materials which can respond to technical
challenges which are either insoluble or not economically viable through
the usual means. The cost of development of these new materials iS
important but, in spite of that, their advantage is that they could poten-
tially compete with the traditional materials in some special applications.

The R & D carried out at this stage of emergence of a new material is of
a particular nature. Given the high cost of the new elements, an incre=
mental procedure is generally adopted. The designer will typically insert @
new piece made of new materials in existing rechnical devices and the new.
item will have to match up to the old ones. For example, some parts such s
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iston heads will use new ceramics in an otherwiser memllic‘ engine.
Anmhcr example is the use of elements made D_f Forpposne m.ateri?ils in an
- craft within the existing aluminium design. This piece-by-piece substitu-
4 process implies that the R & D will have to handle compatibility
tl?;penies. and complementarity links are created between old and new
ials.
m‘?[t‘i:::ugh this incremental process learning occurs. As‘scicntjﬁl: and tech-
pical problems are progressively solved, new processing tc_cljmqucsl. aro;
elaborated and thus knowledge and know-how are created, skill networks
and industrial standards emerge, scale economies appear, and cost reduc.-
tion along with it. At a certain stage, the diffusion process goes thrc!ugh a
threshold. Technical devices are completely reconceived as a func_tmn of
the properties of the new compounds: consequently, the R & D.Wl“ look
for substitution properties in order to be able to compete with other
materials, even in the fields which were hitherto c:tt_:luswcl}_f Tgscrvpd fqr
them. This ‘materials war’ involves phenomena of 1rrcvcr_s;|b1l|ty (in th;s
area, as well as more generally in several other technnloglcs,lsec Dawd_.
1975: Rosenberg, 1982). If at a given moment, in order to sallsf_y a parti-
cular need, a specific material imposes itself with some SCa!e it will tcn.d to
exclude others by the mere fact that R & D budgets are limited and options
that are not actually in practice are not improved. Consequently, they
cease their evolution and. very often. become impossible (or too expen-
sive) to reactivate (Zuscovitch, 1986: and Arthur’s chapter).

A technical system such as an aeroplane is a system of interdependence
of technical constraints favouring the incrementalism of innovations. The
variability in the innovative options on any one component depends on the
constraints coming from the features of other components. The Place
which was formerly occupied with a metal piece, and in which one wishes
to insert another made of composite material, was defined as a function.of
the whole (metallic) system. Now, there is no reason why a composite
should behave like a metal and so using it within the system will make the
users discover the new properties such material exhibits. To take full
advantage of these properties one would have to redesign:

It is not just simply a case of substituting a composite for a mc!a}. but rather qf
completely redesigning each clement, profiting from the (directional or multi-
dircctiuuzfl} characteristics of the composites used, and very quickly we realize that
the rational use of composites brings upon the reconsideration of the very way one
congceives and manufactures structures.

Examples of such reconceptions can, of course, be found not only in
aeronautics (the rotor boss of the SA 365 ¢ helicopter), but a_lso in the car
industry (Bertin’s suspension), and in the railways (the bogw elaborated
by MBB). In most cases these reconceptions are characterised by a new
inlcgrution of pieces and a simplification of the system.

This simplification is no trivial operation and, in general, t}?c reconcep-
tion of technical systems such as an aircraft, in order to take into account
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the properties of a new material, is a complex operation. The computerj
tion of conception methods, thanks to CAD., has made a qualitat;
jump possible in the field. In spite of this, however, the reconception
systems remains above all a function of the constitution of new bodieg of

Of

knowledge. The latter is only possible through a cumulative process which
can only start precisely by a ‘piece-by-piece” substitution. The emergeng,
of a threshold effect working in favour of the complete reconception of .
system is only realised after the exhaustion of gains from an increments
type of logic. It is often at the moment when expected marginal regy
from the incremental innovation are negligible that the technical kng
ledge, accumulated at the time of the ‘piece-by-piece’ substitution proce:
reaches the critical mass necessary for the global reconception of
system. :
This critical amount of knowledge is reached through the growth of
number of links, which one has to master in order to integrate pieces ma
of one material into systems originally created for different ones, e
complexity of both system and knowledge increases to the point where g
simplification of the system is called for (and allowed). During the ‘step-by-
step’ substitution periods, firms search and. consciously or not, relax
technical constraints of the ‘old’ optimal solution. As the process goes o
knowledge concerning advantageous reconception opportunities is gained,
When the field of such opportunities is sufficiently opened, a qualitati
jump becomes possible on the technical level as well as on that of economic
performance. i
This reinterpretation of the diffusion process in terms of technological
learning and the management of technological options suggests that 2 n
important problem may arise. Under IIPS, where increasing variety and
the capacity permanently to maintain many options are decisive, the usual
capital-increasing scale economics are likely to operate less effectively. :
This will consequently alter the nature of economic activities within and
among firms. We shall study this problem in depth in the next section.

Permanent variety and changes in firms’ strategies

The learning process described in the first section involved a selection
mechanism which reduced the number of technological options. The latter
were actually mutually exclusive, at least after some stage of development.
It follows that the information was intensive (in knowledge and know-how
variety) only before selection. Growing flexibility and induced product
variety modifies this basic tendency. We shall first try to characterize the
technological and market knowledge requirements in IIPS. With many
coexisting alternatives, diffusion curves should become smaller and flatter
and the problem of economic viability will immediately arise. The issue can _
be divided into two separate questions. The first is the question of the

viability of the resource allocation process in IIPS. The second concerns
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the dynamic aspect and the possible existence of a sor:_ of ‘increasing
turns to information’, somewhat equivalent to the capital-scale econ-
;cmjcs in the mass production system.

Characteristics of IIPS

The keystone of the 1echnical system which is still d‘omim;m t(;]dgy ;sar:de
standardisation of production. It relies upon a process o :lcui n{;atlisfy v
organizational changes in o‘rdcr to scale up operations apk 0s i
owing demand. However in the p'ost-wal" period, ic quick growth an
the constant increase of welfare i{l industrial countries had its prlc.c.. The
Jogic of standardisation has often implied a very limited flow from :.cmgce
to technology and production: only a tiny paljt of sgence-based knowledge
could be implemented. Moreover, the satisfaction of consumer needs
occurred through standardised products so that consumers could benefit
from the advantages of mass production. . :

The characteristics of the materials industries are very typical of ‘that
industrial context. The post-war technical system was built up on quite a
large set of materials such as various metals, plastics, concrete, glass,
wood, etc. The production of these materials was, nevertheless, h]g!‘l]y
standardised, each one being produced in large quantities and representing
an essential component of the general mass-production nature of the
economic system. In actual fact, the larger part of mz?nlllfacturlng as a
whole was based upon, and often structured around, a limited number of
materials (e.g. metal products). While suitable for a large spectrum of
applications, that set-up nevertheless restricted the scope for prod_uct
variations and the industry’s capacity for adjustment. Specialised materials
of course already existed in order to match specific needs and applications,
but more often than not they were primarily produced as standard com-
modities and then subsequently adapted and ‘functionalised’.

Since the late 1960s, production technologies have undergone a qual.ita-
tive change. The change was partly induced by endogenous tct_:hnologlvcal
developments and partly by more general economic factors. F1r51, dm"mg
the period of fast growth per capita income rose constantly: a richer society
demands more variety and Western countries exhibit the rich man’s
Problems. Second, following the oil erisis, the deep uncertainty about both
€nergy prices and the nature of the ongoing technical change has cr‘onmder-
ably increased the need for flexibility. Yet without the technological push
of both information technology and advanced materials the working rules
of the economic system would not change that much.

In effect, the origin of the changes in the production system goes back to
the carly programmable automation. From the start, numerically C"m.ml'
led machines showed that, along with the usual benefits of automation,
Smaller series also became competitive and allowed a larger prndujcl
Variety than before. In the late 1970s and even more so in the 1980s, a'rapid
diffusion of micro-computer technologies in production took place in the
forms of computer-aided design, computer-aided manufacturing, robotics,
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artificial intelligence applications and flexible manufacturing systems 1,
almost all industrial sectors this embodiment of ‘intelligence’ in prody
tools considerably lowers the overall set-up costs and thus enables
producer to switch more often from one product to another. Incrcasingl
seems that efficiency and variety are no longer rival objectives, Ip ,
growing part of the industry, from clothing to leather, plastics process;
metal products, etc., it becomes increasingly profitable to produce
batches with a wide spectrum of combinations of properties. !

In the materials industry a parallel evolution supplies the necessapy
condition for the new system. When the variety of products increas,
materials have to adjust and offer “tailor-made’ solutions which exhibit
required properties for each particular application, optimising both use
and producers’ constraints. While some adaptation in the materials ye
has always been necessary, it was usual practice to choose the mat
whose features best suited the most important technical requirement
then took the other features of that material as constraints upon design
processing. Now the materials choice itself has become increasingly |
endogenous design variable, that is, a dimension subject to programr
In turn, this has become possible due to both a growing understanding.
the microscopic properties of matter and the development of new proces
ing technologies. In other words, new materials loosen one of the tighte
constraints on the evolution of the global technical system.

As a consequence, in the new economic system which is gradually
emerging, the firm plays the role of coordination of inputs and outpu
properties through network management. The firm is increasingly tryin;
match the variety of properties demanded by the user with its own techn
logical ‘data base’. Such a task requires permanent research into t
characteristics demanded by the user, on the one hand, and the devel
ment of the scientific and technical knowledge that is likely to be used in
fulfilling this demand, on the other. The definition of the product can =
longer be made without the active cooperation of the user, who m
reveal his needs and preferences and participate in the definition of
necessary technical solution.*

The informational viability of the firm

In an Information-Intensive Production System (IIPS) firms have to face
increasing information costs, A growing amount of resources and effort is
required for informational activities, namely (a) gathering information
on specialised and changing micro-markets, and (b) searching for new
technical solutions adapted to the specific needs revealed by these micro-
markets. As a result firms have to cope with higher transaction costs t0
implement refined market searching and with higher R & D expenditures.
Hence, one arrives at a basic viability question: how do the required
resources for developing such activities become available?

One part of the possible answer comes from the consumer’s willingness
to pay: tailor-made products are higher priced than standardised products.
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deed, lower price-elasticity of demand and quasl—{nonopuly pu:cr in
i -ﬁtiated—product industries lead to higher selling returns than in
dlffcmt,'tive industries. However, whether these higher returns will fall
e flor exceed the increased informational costs ultlma}tcly dcpcndslan
Shor-t' . of each ‘micro’ market. In general, for any given micro-market size,
e 1 of the quasi-rent on the specific product-service package, the
andl o stion is whether there exists a reallocation of resources within t_he
Ef;:c:ll:?cﬁh is e-cunomicaily viable, i.e. which can at least offset the in-

: 15

creaffie:(;:rffemf}:?zagc:{:iﬁ; of viability of a variery-based, :'n).’orma:iort-
: Os;'ue prc;dm'.-‘."on system is direct]y‘ linked to thc qu;shon of its
. ence. When such viable reallocations do not exist, variety can only
pen::rn as a' transitory phenomenon that will vanish after the market
zgl.’;ction process has elicited some new standards. 1f, for ex?rTgl:;isxzi:
series are less efficient within a given market, despite pcthtlz S
demand, such a selection process would push towar.ds scg]g in usl ru::]Cl .
standardisation of products.® The post-war technical bystfam ilou =
considered as a result of such a process which favoured lqrgc-sca e g_rlc_)t :
tion in most industries. We shall try to Lac%&]e the question of \(;1a ili y_:
TIPS by discussing, first, increasing transaction costs and, second, growing
R & D expenditure.

(a) Transaction costs of micro-markets and eco_ngmies of srcope. l;cr:agng
transaction costs arise mainly because of specmhseq demands w lch. m[
dynamic context, are frequently changi_ng, In a variety system sucr cosoi
are no longer entirely fixed but are mainly variable, _and arise .ec:d‘usifz ;
the time and costs required to locate, define an_d satisfy more spcc-lal lse]
needs. In the post-war technical system, transaction costs were a rcldt;;ebz
small proportion of the total cost of _the firm. In addition, 'thc'ytf:?'ltl L
shared among a large number of identlf:al prolducts, E_conomllc via Idl yl s
granted through scale economies obtained with spe_clﬁc gapltal g(:io s. In
variety-based system, however, large scries of _1dcnt1cal products “?[E
replaced by small batches of a broad range of dl‘ff(:l'(:]'lli produ'ct:s. 1d
small series, scale economies are severely reduced if specific capital goods
are employed. Unit costs will increase as well as Lr'fmsacuonﬁ co'sl.;]s‘
However, new equipment such as CA[?!CAM. robotics and e]ﬁ be
manufacturing systems (FMS) exhibit a kind of advantage tha.t cou : c
compared to scale economies. For examplcr, robot _produmond mtc:s
ncorporate enough flexibility to handle a variety of dlffcrcnt_ prorucas.
More generally, by sharing a given set of inputs ECO"OHHELS oji:.tope m v
be obtained. Economies of scope arise mainly w‘hcn the . huuzonta} ?r(;n
straint’, i.e. specialisation in the use of capital cqm_pmcm. is rlemo_w-,d: ‘kuls
is indeed the case with FMSs which are not demgncd for 5p.ec1.ﬁc‘ ld&. s.
Their scope of operation is quite ]argﬁ: andl such equipment easaly_dddptbqtc(j
new production lines simply by modification of the sg}ftwarg. As a c-:;n\_ :
quence variety and efficiency no longer appear as rival objectives. Join
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production costs obtained by sharing the same capital inputs are lower thgs
the sum of specific production costs. To put it another way, produgl
specific economies of scale are smaller than economies of scope. Such
property, called ‘transray convexity™® of the firm’s cost function, megps
that *as a firm changes the composition of output while holding fixed the
level of some aggregate measure of output, costs will be lower for dive
rather than specialized output mixes’ (Bailey and Friedlaender, 1982).
Traditional economies of scale still appear when aggregate outpug
increases, as the result of physical indivisibilities of capital goods. But if fu]|
capacity is not attained with given equipment and for some product mix, jj
will be efficient to fill the gap by adding a new product to the mix. Now if
economies of scope are high enough, they compensate, at least to some
extent, the increasing costs resulting from information-gathering activities
Thus one can argue that economic viability is likely, at least for certain
degrees of variety. However, economic viability does not depend only on
the general properties of a technological system (in our case, the ITPS), but
also on the firm-specific, and path-dependent, abilities of individual firms
(cf. in this volume the chapters by Teece and Arthur). The viability of IIPS
for each firm crucially depends on its success in adjusting its behaviou
routines —especially with regard to R & D activities—and in acquiring

right kind of knowledge. We shall now discuss these fundamental require-
ments.

(b) R & D management in IIPS and organisational flexibility. In a standard
ised production system, R & D expenditures are mainly fixed costs for 2
given product and research costs are distributed among a great number of
identical products. In addition, informational economies of scope within
R & D activities occur and indeed many improvements are readily applied
to products and technologies belonging to the same family. Output of
R & D activities are shared inputs for production activities. As an
example, take the case of the French nuclear power industry. All power
stations were built according to the same standards. As a result, any
improvement made in one station, or knowledge acquired within a given
process, was automatically applied or used in others. )

We suggest that such advantages no longer hold (or are less important)
within an IIPS. First, R & D costs are distributed only over quite a narrow
set of identical products. Second, improvements made in a given process
are not easily applied to other processes. Because of greater variability of
R & D expenditures firms are faced with a new cost constraint, and the
question is once again one of viability in dealing with these increasing
R & D costs.

At a first glance, a high variety of R & D projects under these circum-
stances seem hardly viable. Indeed, this is likely to be the case if R & D
is managed the same way as in the ‘standardised’ production system.
However, one may conceive of different organisational developments
capable of handling an increased output variety and input specificity. One
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ch development involves a _recombinaﬁo_n of sréndan.m;ted 1::;?":53:::[;
g tion in order to obtain output variety. As a resuit. iir produ
cqasul:sp of variable design but will incorporate rgamly szliimt()iardm:
s me characteristics of the products will be mo _*
Co;?flfl];e;tt i:raeoer:;efmge of higher standardisation %f t;thc; (;harzzlct;:wrl::srt;r:;
e i i i ; Cohendet an
e p03§1b13 em]um‘:'r;i ‘;al:? l;s:géclia?:rtia?i)ndustries, such as silicium
{1987),and e ¢ technologies and materials
duction, for example. In t}us case new and !

g 1d only affect the distribution of variety and standar_dlsatm_n among
:1?1:118tri65 1.!without affecting the average degree of variety within the
tecﬂhg::levgﬂ?:::}casing variety in some industries does not nccc?ssan]y
imply highe'r standardisation in othcrs_. Anoth_er developmigilﬁ::;h 1["‘;:2
exploitation of 1IPS is nevertheless pc_:smblc, sub]ect. to.twk? co o i;, e
first is the formation of technological pgrtnershlps, t eh se o .oims
capacity to internalise efficiently external information. These two p

i loped. B .
wl'éi?:;:j fl:l:jel? these circumstances, R .& D viabllny_ rests upon a roz::;;all
change in its organisation. If variety is an economic UbjcCtl\;(:. gf pd
trated research activities are less efficient because the clresu 5 i
R & D project are distributed over a small set of proh Lic.lsdeizs v
relatively short production runs. This is the main reason that in u.:l S
to collaborate with others instead of integrating new activities or fql 12 "
house” research, illustrating Teece’s observations on the limits of in mgt{ve
tion (Chapter 12). Thus firms will have to develop more rcl(:gg: pecs
research, especially with other ﬁrms_posscssmg'complem_enlar) : egn :
and skills. This is indeed the case with composite mgtenals. Deyc :J];zm -
of composite products involves quite different bodies of tecr!mza hrzz -
ledge. Most R & D activities are undertaken by teams orgargse lt thcgir
partnership of different firms. As a result firms gl;q try 1o ¢ evei opnmh_
ability to organise such cooperative resef_f.rcl? activities, olbwous ytL ne
ing, for these tasks, resources and_orgamsallona} efl Fc:-rt. fn tt:lmﬁrm e
some major implications concerning thf: organisation o t l?].s St;m e
especially its communication system, 1.€. its internal and external sy
im;raﬁi:&e:fsiil try to set up an optimal commurluication network mterzally ;2
order to save on communication costs within the firm ill:ld to take in A
account the economic environment. Once such a communication Inc:(woie
is installed, set-up costs are not easily Tecovcred bccauss s:uc;'l netw %Ih ;ri ig
highly firm-specific, depending in partxcx}.ﬂa_r on the firm's ‘cu tyr_c do o ul)
then a natural tendency towards specialisation of networks mhor ks
achieve efficiency with respect to a given environment. On the ot[ i:cl'au:e ‘1E
an already existing network can generate economies of sco;e he el
can be used for a great deal of diffcrf:nt messages. But as rrov\;med i%
optimality of the firm's communication system is no longer gr
external conditions change:
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3
Eventually the communication system may be very inefficient at handling signals,
and the firm may vanish or undergo a major reorganization. To put it in anothey
way, the firm’s organization is designed to meet a more or less wide variety of !
possible signals. The wider the range planned for, the greater is the flexibility of the
firm in meeting the unforeseen (that is what flexibility means) but the less efficient
it is in meeting a narrower range of possibilities . . . [Arrow, 1973)

A similar point is made in relation to user-producer communications by
Lundvall in Chapter 17. He relates the rigidity of the communication
system to the efficiency of innovations. A given set of communication
systems may eventually lead to ‘unsatisfactory innovations’ when consumer
needs change. However, firms must not only be flexible in their handling of
the information from the environment. They must also be able to draw
from the appropriate technical knowledge and skills distributed in the
environment. Let us call such threads of technological flows and inter-
dependences (cf. the chapters by Lundvall and Dosi) the skill network of
an environment.

In IIPS, in order to secure viability, firms have to create new relations
with the outside skill network in order to produce new and adapted solu-
tions for evolving needs. This means that firms have to develop organisa-
tional flexibility, i.e. the capacity to generate and organise new relations
within their environment and especially with the skill network.’ Such
organisational flexibility seems to be a main issue for competition in IIPS.

The firm in IIPS and the ‘internalisation of the environment’

Higher product variety and rising information intensity imply that firms
have to manage growing complexity in information-processing and
problem-solving (cf. Dosi-Orsenigo in this volume). This can only be
dealt with by simplifying internal procedures, and by developing coordina-
fion skills. Such integration is capable of liberating the firm’s human
resources required to deal with external information.

(a) Informational scale economies through algorithmisation. The capacity

permanently to process new information, which also amplifies the strategic
reach of the firm, implies the capacity to transform an increasing number of
choices and assessments into routinised procedures. There must be a
continous transformation of problems that belong to the field of decision-
making into that of standardised responses. It is only in so far as such a
transformation operates with a certain ease and autonomy that the full
HIPS is viable. We call such a process the *algorithmisation’ of information-
processing, decision-making and organisational coordination. We conjecture
that, on the grounds of the new technologies, such a process (a) leads to the
economic viability of IIPS, and (b) embodies a momentum of its own, likea
‘trajectory’, in the terminology of Dosi’s chapter, towards higher levels of
efficiency with flexibility. This trajectory is, loosely speaking, the equivalent
in IIPS of the trajectory toward mechanisation, automation and economies
of scale in the earlier “standardised’ production system.
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It is necessary, in a way, to prove whether the new functiorrling principle
pased on the processing of information is capable of generating a Strrpfns.f
During industrialisation the principle of surp‘1u5 creation, and hen:{:;,_ od
economic development, relied on a chainh reaction '(h?lt llchd standar ise
organisation of work, dispossession of individual quahﬁcatmns bj:’ automisa-
tion and opening of bigger and bigger markets. .The static expression given in
economics textbook to this process is increasing returr_ss to scale. For tt}c
new information-intensive production regime to be viable, a new 'cha{n
reaction must take place without being conditioned by standardisation in

sual sense. ‘

lhf(’)lllue is already able to see some steps in the ‘chain-r_eactipn' which led
the evolution of information technologies. With the dlfflfS](}l‘l of central
computers in the 1960s, firms were able, by balch processing, to improve
the efficiency of their routine functions (accounting, .stock management,
billing, etc.). At the end of the 1970s and at the begi]?.nmg of the 1980s, this
was followed by the development of more decentralised computer systems
and the integration of computerisation of production, via CAD,
robotics and, finally, the flexible workshop. The latter step brings E_lb()!.lt a
change, we suggest, in the general logic of production organisation,
capable of dealing more efficiently with frequent changes. However, this
second stage has been largely conditioned by the previous ones. Ipdeed~
the capacity to move from one production sequence to another requires ?he
optimisation of each. This optimisation is itself a result of the acc_umulanon
of knowledge and control of the processes generated by the_ previous stages
of informatisation. For example, when in the cost-accounting area the use
of computers creates better knowledge of, say, f:.:tctors that influence
material consumption, new instructions to production management are
given. In turn, codified instructions mean that, in areas where decisions
had previously to be made, a routine procedure is implemented. The rate
of “algorithmisation’ consequently increases in the workshop, bringing it
closer to the level at which it can integrate its own computers. It is the
control of the production organisation via computerisation that alip—ws
codified changes in products and processes and hence makes a wider
variety of management possible.

The computerisation of standardised functions generates a ‘surp]us of
information’ on less well-organised functions. As a consequence this allows
a more accurate determination of the behavioural norms related to these
functions, whereas before their decision-making was more uncertain.
These more ‘discretionary’ functions become in turn stan@ardised.‘and
thus more apt to absorb information technologies in thglr own right.
Apparently what appears here is a chain-reacti_op process in which each
computerised stage prepares the necessary conditions for the unple_memla-
tion of a new generation of computers. At cachlstage, th|§ process lrn_phcs
setting up procedures which allow the analysis of the internal logic of
the activities concerned. This progressively transforms‘ th_: structures of
firms and goes in the direction of an increased automatisation of decision
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procedures. Such an evolution tends to reduce the uncertainty of strate
decisions because it increases the control of the firm over the environmeng
and in this sense ‘internalises’ it within the strategic scope of the fipy
(Simon, 1980). The introduction of more sophisticated means of storing
processing and communicating information tends to displace the lim
which exists between the “algorithmical’ and the ‘non-algorithmical’ part
the firm. At each further step, as codification (algorithmisation) proceeds
discretionary decision capabilities can be applied to problems of high
complexity.”

Obviously this description of such a cumulative process is a simplifi
tion. In fact it may not be so continuous. Threshold effects appear ea
time that the algorithms underlying the functioning of a part (or the whol
of the firm can no longer react to the evolution of the environment. In
sense, organisational failures and bottlenecks in information accumulatioy

are the equivalent to the physical limits in *scaling up’ in the standardised
system of production,

(b) The control of the external environment: the emergence of the coording
tion function. Whether the potential future growth regime is regular or not,
the cumulative character of the integration of information by successi
algorithmisations’ will not stop too soon. Flexible equipment is of no val
without constantly renewed information. Each time the variety of products
augments somewhere in the system, there will be a tendency to multiply
the variety of the related components in order to respond to increasingly
differentiated and specific needs. Consider again the case of advanced
materials. In order to conceive and produce a growing variety of objects,
the knowledge of zones of compatibility of different properties becomes of
major importance. Flexibility does not mean convexity of the properties
space. The ability to master potential combinations will be a future firm-
specific asset among competitive firms in developed countries. Between
equally flexible systems, the difference will be made by the possibility of
stretching these zones of properties beyond the frontiers defined by
standard data banks. It is in this respect that R & D activities will certainly
become the most constraining (and rewarding) activity because it will be
able to ensure an informational specificity, and thus be of comparative
advantage to particular firms.

If this is so, it is necessary to ask what are the determinants of competi-
tiveness in a complex system such as this one. Who will best control
technical progress? How will the results be appropriated? Who will control
the most strategic areas? The system constructor or the materials
suppliers? The system constructor (car or aircraft industry, for instance) is
well aware of the range in which constraints are compatible for a given
technical object. The materials suppliers, traditionally associated with
a number of user industries, dominate the complete spectrum of
properties. Inter-industrial technological partnerships provide evidence
that the question remains unanswered, and indeed that it probably does
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have any single answer. We are at the beginning of this trans:c;rl?;a::;]:r
Eﬁﬁ thus it is too early to foretell the prec1s§ lar:;cil;t;:n T%c i
i istic is, nevertheless, . ;
ini:];tlgfilt;!:; l?l.llle- sg;z;h:;ﬁc::;fyihﬁ coordination function very impor-
co - -
tm;hbf‘:jalc}tl ‘:;::rl: :3:;1 f?;?:l)?ﬁ f\i:vrlT:h the complex network has al;]cja:c‘lz ch‘::ehn
imp¢ i ly the space programme. -
= lmgor;arl:;tf?l;jg I:?J:gjé ?;?;Eic bodg of fnowledge{, as is the case
n?logyh Oeist or electronics. Space technology is essentially organisa-
\?lth ; er}[: non‘f roduction’ of its own. It is merely a kind of agency (e.g. the
i S aEc Agency) which organises an international _netwo_rk of
Eurupe&:r_l dEstries It is through a process of coordination and imposing of
dlffer?l;l lan orgar.'nisational constraints (command delays, charge t_:ooks,
wChmZ standards, etc.) that the space network weaves itself. The §plllover
g?ﬁ;l:nwledge frc:m the space departments to other tc_c}_motl_(:)%;c?l]-l E:I]"llg
ial fields comes from the nature of_the participati :
i?iﬁl:rfsfgﬂcl?nica] and organisational coordination netw]?rk.“ ?ﬁzgmizg
to their role in the network the firms do not develop zdc? f;.amm i
profile, and thus the induced benefit categories are o.f ad 1Here : ?oning
tive nature. This example, we suggest, can be gcheralllsc . em;l .;i ok UK
beyond the traditional dimensions og sectoral t:trgnﬁcauon a o
structure. the role of the firm in the “skill network’ will become in g

decisive for competitiveness.

Conclusion

The growing integration of inf{}rmatim_l technologies, aEded by ]::;Spc;:zt;
tially tailor-made new materials, Shl-ftﬁ the eco.nomlsv wﬁpve T
capital-intensive to information-intensive production. ef a e
show how technological learning and the ma_nage‘mgn} of tec nonag;.l 2
options differ in this context. If scale economq:s dim:ms_h in r;mgvermmé
inputs and outputs variety increase anfi transaction "{D?ts rlsfc. lo .
transaction costs induced by the wntlmfous rcdeﬁ_nmon 0 m{cros Stems.'
and rising R & D costs, such ‘Inft{rmatlon—h_ncnswe Productu;r:nc};easing
should prove their economic viability by finding some mf:.amsr(:}1 it
efficiency. We have argued that, ipdee;i, n-::e lch:hﬁeo’:;g{::z guipmem -

otential. Statically, the economies O s€o u : ey
Eompensatc for infgrmation costs. Dyparr?u:ally. a process nfk"ﬂgo\t;;hmﬁ?e
tion’, that is, codification and routinisation of dec1s1op—rqa mlg e s
and more information-processing, may inm:f:ase organ]satlonaé oi : ;E] ové r
widen the strategic scope of the firm, and internalise’ more

the environment.




254

MARC WILLINGER AND EHUD ZUSCOVITCH

Notes

1

("]

© o

10.
11,

. See Zuscovitch and Arrous (1984).
. Problems raised by the interaction between user and producer are extensivel

. Remember, however, that here we treat micro-market size and quasi-rent

The advantage of the Al-Li alloys is that they do not require, up to a certaip
percentage of lithium, a costly redesign of both the aircraft and of the process.
ing machines as in the case of composite materials. Therefore their diffusion
does not imply high fixed costs. As we shall see, reconception thresholds are 4
very important feature in the competition among technological alternative
Avoiding them, or at least postponing them, may have a large impact on
effectiveness of competing technologies. (See, on the issue of competi
alternative technologies, the chapter by Arthur in this volume.)

‘Factors affecting the diffusion of technology’, in N, Rosenberg (1972).

discussed by Lundvall in Chapter 17.

given while they are equally determined by the nature of the income distribus
tion. Income distribution, however, is partly determined in a macroeconomi
setting, as are the optimality and welfare properties. An [IPS will certainly not
have the same macro overall adjustment properties as the standard ma
production regime. Severe segmentation of markets, of labour and of goods
would probably be less mean-dependent and more variance-dependent in all
respects. Unions rightfully dread a structural deterioration in their power but
also, more importantly, in the very capacity of workers to defend their basic
rights once this segmentation is pushed too far. The only guarantee agai
exploitation is that the human capital is an essential component of the whol
In the same way that the product will be partly defined by the consumer so th
he can expect to share consumer surplus, white- or blue-collar workers w g
also enter product definition. Apparently partnership is the name of the new
game and everybody should be happy —except for those who are excluded,
course. The unemployed within and outside the developed countries will sti
call for standard solutions, provided that there will be solutions. Variety is the
rich man’s problem. Redistribution of resources will be even more needed
than before in order to ensure minimal social integration.
For recent progress on selection processes in economics of technological
change. see Nelson and Winter (1982) and Gibbons and Metealfe (1986). In
this book, this issue is discussed in the chapters by Silverberg, Metcalfe, Dosi—
Orsenigo and Allen. 1
For a complete definition and analysis. see J. Panzar and R. Willig (1981).

See E. Bailey and A. Friedlacnder (1982) for a formal definition. k.
This has also some implications for the organisation of the firm and particularly
for its hierarchical structure. As Kay points out in Chapter 13, highly flexible
structures, or what he calls *organic systems’, are better suited to meet the
quickly changing environment of TIPS. ‘Mechanistic systems’, characterised by
functional specialisation and formal hierarchical relationships, appear less
efficient in managing dynamically fluctuating environments.

See Zuscovitch and Brendle (1985) for a detailed analysis of this process.

See Cohendet and Zuscovitch (1985).
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12 Technological change and the nature of the
firm*

David J. Teece

School of Business Administration, University of California, Berkeley

Introduction

Modern capitalist economies have a variety of organizational forms within
which research and development is conducted, They include universities
and government and private laboratories. Research and development
laboratories differ in size, in the scope of scientific disciplines represented
within them, and in the mechanism by which they are funded. These
institutions both cooperate and compete to varying degrees and transfer
know-how in and out.

The predominant mode of industrial research in the private sector, at
least in the United States, is the integrated research organization, part of a
business enterprise which engages in at least one other activity vertically
related to research and development such as manufacturing, marketing,
distribution, sales and service. This chapter focuses on this particular
component of the research infrastructure of modern American capitalism.
It attempts to explain the reluctance on the part of innovating enterprises
to rely on external research facilities to procure new products and pro-
cesses via the market,

In view of the historical reluctance of firms to contract for technology,
the sudden and recent rise in external acquisition activities by certain US
corporations warrants an explanation. Relatedly, the ‘hollowing’ of the
corporation—that is, the outsourcing of components and in some case
whole systems—is explored with respect 1o possible ramifications for the
appropriability of returns from innovation.

A second and subsidiary theme explored in this chapter is the relation-
ship between technology and technological change, and the growth or
diversification activities of the business enterprise. Given the current state
of economic theory, one should be equally surprised by the diversification
as by the coherence —that is, the tendency for firms not to be pure con-
glomerates with their activity randomly spread across a variety of product
lines —of the modern corporation. It is hypothesized here that a good deal
of the coherence of the corporation can be understood in terms of techno-

*1 am especially grateful to Richard Nelson, Giovanni Dosi, Sidney Winter, Gary Pisano and

Oliver Williamson for helpful discussions that have shaped my thinking on the issues
addressed in this chapter.
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logy. technological change and the differences between technologies in
their managerial requirements.

Historical perspective on the organization of private-for-profit R & D
activities

During the late nineteenth century and the first ha}t’ of the tw;ntietl}
century, American manufacturing firms bought an increasing share od
R & D in-house. Previously, practically all o'f it had been cond'uctc‘.
outside of the firm in stand-alone research organizations. Thomas Edison’s
industrial research laboratory in Menlo Park, New Jersey, w:as one sut;l:
structure, and from it flowed the light bulb and many 'olh'er inventions.
Even as late as 1945, there were hundreds of such organizations employing
over 5,000 scientists and engineers. .

Throughout the early decades of the lwe.nflelh c:entury, ht:-wever, the.
independent, stand-alone labs were in relative decline (s‘ee Flgurc 12:1);
and during certain decades, they probably actually dec!mcd in absolute
number. In 1911, for instance, Arthur D, Little orgx_mlzcd for Gcner_al
Motors a laboratory for materials analysis and testing. Bgt the main
component of G.M.’s research organization came from an 1nde_:pendcnt
lab—the Dayton Engineering Laboratories Company‘—whlch was
absorbed by G.M. after being organized by Charles Kettering and E. A.
Deeds (Sloan, 1964).

Table 12.1: Employment of scientific professionals in indtpcndem_ resea_rch
organizations as a fraction of employment of scientific professionals in all in-house
and independent research laboratories, 192146

1921 15.2%
1927 12.9%
1933 10.9%
1940 8.7%
1946 6.9%

Source: Mowery (1983, Chapter 2).

This is not to imply that contract research and in-house research are
substitutes. Mowery (1983) has suggested that they were complements, in
the sense that as in-house research facilities grew in size and number during
190040 they also developed as the primary clients for the stand-alone
research organizations. This may indicate that lhey' were _subcor}tractors
bearing a vertical relationship to the in-house labs. Firms wnﬂ?out in-house
laboratories, moreover, used contract research only for 1h‘e E-‘,lmplesl types
of research projects (Mowery, 1983, p. 363), a characteristic still evident
today (Teece and Armour, 1977, p. 56).
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Mowery’s case studies of Arthur D. Little (founded 1896), the Mellon
Institute (1911), and Batelle (1929) are instructive. Mellon’s contract
research was primarily concerned with the improvement of existing pro-
cesses or the utilization of by-products. Nearly 25 per cent of Batelle’s
projects undertaken during the period 192940 were analyses or tests of
metals, minerals or coal (few mining firms had in-house labs). Chemical
analyses were a mainstay of ADL’s activities. The evidence seems to
indicate that the independent research organizations did not engage
significantly in new-product development and did not offer a wide menu of
contract research services.

In-house research thus came to be the dominant mode for supporting
corporate research in America, for small as well as for large organizations,
By the 1970s, there were very few stand-alone research organizations, and
these typically performed a very limited kind of research. In the petroleum
industry, only one such firm—Universal Oil Products—remained by 1970,
and it has subsequently lost its stand-alone status. Teece and Armour
(1977, pp. 56-7) noted the rather narrow range of research activities that
were conducted under contract—typically, those where the research
objectives are simply and obvious, and where the risks are low.?

The integration of R & D with production

Contractual analysis

The internalization of research and development warrants theoretical
explanation. Why is it that in the modern capitalist corporation R & D
generally nestles in close to marketing and manufacturing? Put differently,
why do non-market modes rather than market (contractual) modes appear
to dominate as a mechanism for securing the output of research estab-
lishments? After all, Stigler (1956, p. 281) has remarked that, “We may
expect the rapid expansion of the specialized research laboratory which
sells its services generally. The specialized laboratories need not be in the
least inferior to captive laboratories.’ In order to explore these matters,
a stylized organizational framework is assumed for an industry experienc-
ing technological change (Figure 12.2). The figure shows the kinds of
transactions/interactions which must exist between the organization if new
technology is to be developed and implemented.

If one begins with the premise that there are gains associated with
organizational specialization and that markets provide workable mechan-
isms for linking organizations, then Stigler’s presumption that the stand-
alone lab supported by contracts would outperform in-house labs naturally
follows. Indeed, in most advanced industrial economies one observes a
considerable amount of defense-related research being procured via
contractual mechanisms. At the same time, most firms in industries
experiencing rapid technological change have in-house R & D capabilities.
An exploration of the relative efficiency properties of the two modes thus
appears to be warranted.
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Core organizatienal framework

A = Assembly of product or system
R & D= Research and Development
MF = Manufacture of equipment.
subasemblies, efc.

Components, raw materials

Figure 12.1

Two sets of factors are relevant. The first set of factors _r::}:n;:; ::;
economies of scale and specialization. 'Thc second_set of fg;:lt(;ra rcaaﬂll e
the workability of contractual mcchams.ms. Both 1s‘sue:, le :;:“ e;{mﬂnu-
from the perspective of the relative merits of A (assem l){) 0; i e
facturing) being integrated into R & D. The cnntractu? 1lssu i
tially the same whether it is the assembler or the manufacturer p s

S‘ . . . -

Rf; E;ﬁg;lc;er (such as A or MF) of R & D services is compar_;\:tg 1r:n
house and contract research alternatives, a!nd if the R&D ac# hythe
question involves significant scale economies Of capablllmes, lw‘ u:W the
purchaser does not possess, then standar'd microeconomic lgnl? 5;131[5 w:): o
indicate that contracting for R & D services from an estab 15{ ed lo gmér
provider will be the superior alternative, just as it would bq . or angrls i
service or component. However, a more sensitive anal-ysn», lr;:\;eIl e
contractual mechanisms for procuring R & D services are sho ;:1t f‘i :
with hazards, so that the costs and practlca_alny c_)f relying on the mark a.cum-
R & D services will be tightly circumscribed in many 1mpurlanctl cn'r 5
stances. This is because contracts encaunter_dlfhculues as :ih; ﬁﬁt ;,s of
uncertainty increases. The greater the uncertainty, the more difficu
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specify a workable contract. There are just too many unknown contin-

gencies, which means that contracts are necessarily incomplete. According
to one observer:

it is inherent in an industry experiencing rapid technological improvement that a
new product, incorporating the most advanced technology, cannot be contracted
for by detailed specification of the final product. It is precisely the impossibility of
specifying final product characteristics in a well-defined way in advance which
renders competitive bidding impossible in the industry. To attempt such a specifica-

tion would, in itself, constitute a serious impediment to technical progress. [Miller
and Sawyers, 1970]

Contractual difficulties are not, however, limited to specification problems.
There are disclosure and ‘lock-in’ problems which are invariant to the
mode of contracting chosen, whether it is of the fixed-prices or the cost-

plus variety. Each of these two fundamental modes of contracting is now
explored further.

Fixed-price contracts. The use of fixed-price contracts to procure new
products which are state-of-the-art or beyond exemplifies the difficulties
associated with the use of unassisted markets. A number of problems can

be identified. First, there are problems associated with the production of

precontract information. In competitive bidding for complex contracts,
conveyance of information at the precontract stage is likely to be a sub-
stantial problem (Goldberg, 1977). Formulating specifications will require
interaction with the potential providers at the precontract stage which will
be both time-consuming and costly. The costs of transferring the informa-
tion will influence both the relative efficacy of alternative bidding mechan-
isms and the nature of the output itself. They will also, of course, influence
the relative merits of competitive bidding versus vertical integration.

A second problem the purchaser faces in relying on markets is obtaining
the appropriate level of protection of proprietary information—his own
and that of the potential suppliers. Conveying accurate information to
potential bidders can decrease the likelihood that some valuable trade
secrets will be protected. Likewise, a solicitation which requires suppliers
to reveal confidential information might induce those suppliers to forgo the
bidding or demand costly safeguards.

A third problem is ‘lock-in". That is, there are limited options for
changing developers, as well as limited options for using a supplier (other
than the original developer) to perform subsequent production. This is due
largely to the fact that in order to secure competitive bidding at the
production stage, detailed manufacturing drawings and specifications must
be created. Yet drawings executed for development purposes are often
necessarily incomplete. Short-cuts may be taken and engineers often rely
upon verbal communication with production foremen to ensure that the
proper manufacturing sequences and tolerances are satisfied. The tacit
component (Teece, 1981; Nelson and Winter, 1982) is often high. Errors
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might, of course, be minimized through intimate contact and ??operiilg::l
petween manufacturer and developer, buT if the dev;loper has O]S:'t oe i
the production contract to a competitor, it may be dlfﬁc{ult t;: a-::] iev  the
kind of cooperation needed for thj: Sl.cl.:l(.‘essflﬂ transfer of technology
veloper to the manufacturer/producer.
theocflecourge, the transfer of proﬂuction away jr?m the developer tlo
another enterprise does not remove the ‘1ock-1f1 pl’Oblem—ltT:{ere v
transfers the dependence from one potential ;uppher to anothcr,h_ lis clan
be relieved, at least in part, by second-sourcing strategies, but this is 3 ]s:.'o
expensive as manufacturing drawings and know-how must be_corfveyed y
the original producer to the new second'-source producer with dtlcn_dam
costs and delays. Furthermore, if economies of scale are prescl}t, consider-
able production cost savings may be sacrificed by a dua!-sourcmg slra(;e'gy.
Similarly, when learning is an important factor, experience curve advEr
tages may be lost by second sourcing. Also, quaht_y control anfl standard-
ization are more difficult to achieve when multiple supply sources are
i ved.
m‘:l?l:e above problems are softened once the design of a new product. has
been stabilized. It may then be possible to rely on cont'ractual. mechanisms
to achieve efficient supply. When specifications define in thall the product
to be procured, the buyer has a better chance of assuming that the con-
tractor delivers what was promised, and the contracto‘r can in turn ensure
that it will be asked to deliver no more than was promised.

Cost-plus contracts. Because of the above pr_oblcms. and'becau_sc R & D
costs are subject to enormous uncertainty, it is hazardous if not impossible
to determine the price for a product which has yet to be created. Unless
both parties are risk-neutral, there may be a reluctance to enter fixed-price
contracts. An alternative is the cost-plus contract. . .

However, the cost-plus contract is unlikely to be supfm'or to integration,
except where a one-shot transaction is oontcmplawd—m.vl.rl}mh case it may
not be cost effective to build the requisite internal capabilities. The reason
is that the cost-plus contract has only weak incentives for leasj: costL per-
formance. In fact, in order to ensure that the gross ablfsefs of t‘hrs mechan-
ism do not occur, it may be necessary to set up an admm_rstrasuve structure
which replicates many of the features of verti{,_'al integration.

For instance. in 1955 the Consolidated Edison Company of New York
used a cost-plus contract with Babcock and Wilcox for the development
and construction of a 235,000 kW atomic energy plant where t!'le rc!atlon-
ship involved major technological uncertainties. But .‘he relallO{lﬁhlp was
hardly arms-length. Consolidated Edison exerted delailf:_d supervision over
Babcock and Wilcox, auditing all their invoices.. approving all cngmecm}g
changes, and authorizing any variations that might affect the ]evel, of cost.
This was a highly detailed control by the buyer of the contractor’s activi-
ties.* In short, in order to monitor cost-plus contracts, an ad[mmb'tra_twf?
mechanism must be set up which is tantamount to vertical integration.
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Indeed, when the procurement of technologically advanced products and
systems is contemplated, the key organizations responsible for delivering
advanced products and systems will need to have an in-house research and
development capability.
Contracting for R & D exposes the enterprise not only to an R & D
‘lock-in" in that valuable knowledge may be required which will give the
R & D organization an advantage with respect to subsequent R & D
contracts, but to a manufacturing ‘lock-in’ as well if the R & D service
procured involves the design of equipment or components which will then
be embedded in a product (or service) which the procurer is manufactur-
ing. The lock-in problems stem, at least in part, from the costs of
technology transfer from the developer to the producer. The developer
thereby obtains a first-mover advantage in production which can be used to
advantage by the developer if the developer is also a potential supplier at
the production stage. This is true for both fixed-price and cost-plus con-
tracts. The reason is that during development activities a considerable
amount of tacit knowledge is acquired in a learning-by-doing fashion. If the
development work is extensive and costly to replicate, then the procurer is
exposed to a ‘lock-in’ in the sense that subsequent production cannot be
contracted in a fully competitive fashion. The developer will have acquired
a first-mover advantage and may be able to price subsequent production
above long-run costs because of the advantage it has acquired, relative to

its rivals, at the development stage. The phenomenon has been com-
mented upon in the context of weapons acquisition:

Consider two firms, A and B. Firm A is the sole developer of the weapon; both
firms are capable of producing it. Now, since firm A has developed the weapon, it is
reasonable to assume that A has garnered some knowledge from the development
process which will be useful in the production process. Consequently, the original

developer, in this case A, is capable of producing the first x units at a lower cost
than any other producer. [Arditti, 1968, p. 320]

Arditti presents supportive data from the airframe industry. In a different
context, data have also been assembled which suggests that the switching
costs are especially high before the new preoduct has gone into produc-
tion. The available evidence strongly supports the contention that it is
knowledge and the high cost of its transfer which yields the advantage to
the first mover. Furthermore, the less codified is the relevant know-how,
and the closer it is to the state-of-the-art, the more costly it is to transfer
(Teece, 1977). In short, when the amount of development activity involved
is large, the procurer may well provide the supplier with a non-trivial first-
mover advantage if the work is performed at the procurer’s expense. In

these circumstances, the procurer can avoid the ‘lock-in’ problem via the
vertical integration of production.

Integration between research and the user. Contractual analysis makes it
clear that integration between the manufacturer and R & D is usually
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pecessary both because of the difficulties associated lelh Zﬁfclgglini HEE
R & D services which are to be procured as well as su s_e'qul e
the above discussion, it was assumed that the orgamzauo;::j i
R & D services had a clear perception of what was pfciee for‘]s

erception could not be translated into worka!:)le specifications. : .
+ The identification of market requirements 15, however, a complex ? :

. itself. An essential feature of successful innovation 15 that it mus e1
ce?b sive to user needs. The available evidence indicates that successfu
sl ts at inn-:;vation are distinguished frequently from fai‘]urcs by greater
atieglt}ijon to the understanding of user needs. Innovation 1m:olvc5 a com-
3‘;::( series of events. A number of i‘nterfaces must be crossed I!.jl' tlh; E-:;:;cretsz
of technological innovation. Each m_terface becurpes a ?oten::‘:l :St Sl
innovation unless spanning mechanisms are put into Fldce, e ki
different kinds of spanning or g_atckeepmg functlons; 9;1;6‘ ::}?e n:chni)i
acknowledged as critical to innovative success (Roberts, . ): il
cal ‘gatckeeper’, the market ‘gaiekcc[_}er apd a manu ac?urll;';gn tﬁ -
keeper’. The technical gatekeeping function bridges the organiza e
scientific community at large. The market gatekeeper function mu.s :.jl o
stand what competitors are doing, what' the regulators are \.l]:;( lo,].u;e wThc
is happening with respect to ch‘anges in the customer r?ar ctpz; t..o o
person Or persons communicating these_ sources of in ormall1 io g
R & D environment is a critical cuntrlbulc!r_\:vho keep's the tec I;ube
organization on target towards the kinds of activities that will evcnfma Y
successful in the marketplace (Roberts, 1??9, p. 27). The ma:;lu adcturlzg
gatekeeper function develops understanding of the real and har d-ntos ¢
environment of the manufacturing plant so as to keep R & D up to date ?1:1
the realities of materials, of assembly processes, and to keep mar!ce;mg ﬁgn
R & D up to date on the cost of doing things different ways. ThI]; tu;)(:‘:leld
helps ensure that what gets designed a_nd developed in R & D is aanign i
towards producibility at a cost sufficiently low to generate me g

d profitability.
Vo'lll'lk?:::ca?unstions are f)cst performed by specialists .Wh(,) understang each
other’s problems and needs, who share common objectives, and wl o car:l
collaborate and exchange the information that _each needs ﬁl'ce y alrll1
without corporate or proprietary barr"iers: In@egrahon clear_ly facilitates “e
activities of such specialists. Intra-orga.mzat}onal boundaries are typica 5;
more permeable than market boundaries —in part because seTrecydls '1!:.1?5
jeopardized, and a common internal language can be employed.
existence of a common coding system and the attendant dialogue f:{mongf
organizations facilitates both technology transfer and thc'forl.{!tllli‘i:ﬁ;e{;
appropriate research objectives. As a result, 'fhe research activity 1 y
to be better directed and hence more productive.

Cumulative learning and spillovers in R & D

The analysis presented in the previous section sheds ligh_t on conﬂidera(tjill:)n:;
which very often compel integration of the R & D activity or grounds o
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contractual efficiency. In most cases, however

transfer issues alone, although in a theoretical
. ; sense th i

thought of in contracting terms. empe

As was indicated above, the phenomenon of *lock-in’ is 1i

j : : X -in’ is likely to charac-
terize the relationship between the R & D provider and the u):ﬂ.it uti]i;ia:f
thef results of the R & D process. ‘Lock-in’ has its roots in high sv.awiu:]-l'mg
g)sts, Oftc'ﬂ-c!ue‘lo the fact that much of the technology generated b?

& D activities is of the tacit kind, and this is costly to transfer.

This tacit knowledge, moreover, tends to be cumulative, which is all the 1

more reason why it is often desirable to deepen and stabilize the relation-

ship among the buyer/user and the seller/provid é i
R provider. As Nelson and Winter

In many technological histories the new is not just better than the old; in so

sense 'rhe new evolves out of the old. One explanation for this is that lhc‘out utm';
today’s searches is not merely a new technology, but also enhances knowled ool
forms the basis of new building blocks to be used tomorrow. [pp- 255-6] it

Beca_use_ the knowledge acquired in the course of one project often has
implications for the next round of R & D projects, it is important that the

entity which is sponsoring the R & D activity keep a close liaison with the

R & D unit, not only to access valuable i
] _ s technology and possibly firm-
specific knowledge that the R & D unit will have generated, but as;so for

reasons of preventing this from ‘spilling over’ to competitors. Spillover

woultli almost certainly occur if the R & D unit was free standing

This ‘neighborhood’ characteristic of discovery not only expiains wh
firms n:s:ed to keep the R & D activity in-house; it also explains why there ii
a certain natural trajectory associated with a firm’s de nove product migra-
tion and diversification activity. This is the topic of the next section. 9

Determining product boundaries with technological change
The firm’s ‘core business’

A ﬁrm‘s core business, it can be argued, stems from the underlying natural
trajectory embedded in the firm's knowledge base. New product develo

ment thus usually proceeds ‘close in to previous successes. A wave g;
improvements, oft‘en dramatic in their significance, may follow the intro-
fiuctmn of a major new technology. The desirability of hunting for
improvement depends, of course, upon the commercial promise which first
comqle‘ma!lzation may have yielded or at least signalled. Previous com-
mercialization histories may indicate the most promising technological
neighborhoods to explore in terms of market acceptance. Sometigms

however, there may be a kind of inevitability to the direction of search:

driven by what Rosenberg (1969) ha as * i
i g ( ) has referred to as ‘technological

! . _ , there are additional fac :
which are not fully elucidated by focusing on contracting and technoll:gr;
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A change in technological regime—where regime is defined by the
convergence of engineer beliefs about what is feasible or at least worth
attempting—or the simultaneous coexistence of several related techno-
jogical regimes (as with both CMOS and NMOS technologies in semi-
conductors) may soften technological imperatives, making them less path-
dependent. Of course, technological discontinuities may blow path
dependencies asunder.

There are important implications for economic theory, for the organiza-
tion of research, and for the organization of economic activity more
generally. First, because promising areas of research inquiry lie ‘close in’,
and because a set of production/manufacturing activities are typically
implied by a particular research focus, a firm’s ‘core business’ (or possibly
core businesses)—by which is meant the set of competences which define
its distinctive advantage —can be expected to display a certain stability and
coherence. Path dependencies inherent in technological progress can be
expected, at least partially, to drive the definition of a firm’s capabilities,
and therefore the businesses in which it has a comparative advantage.

Buttressing path dependency as a limiting factor with respect to a firm
competency are the set of organizational routines which develop once a
particular research endeavor bears fruit. Whereas the creative part of
research is at least partly ad hoc, routines characterize efficient post-
development behavior in production, marketing, distribution and sales. A
routine is defined by putting a skill, or set of skills, to use in a particular or
distinctive environment in a repetitive way. As mentioned earlier, path
dependencies define the neighborhoods/environments in which skills can
be most productively applied. Hence, a firm’s initial point of entry ina
technological regime, and the trajectories/paths which are initially
selected, will define in large measure the kinds of competences that the
firm will generate, and the products it will develop and commercialize.
After first commercialization, a set of routines will develop which will lead
to a deepening of competencies in certain areas. The skilful performance of
organizational routines provides the underpinnings for what is commonly
thought of as the distinctive competence of an enterprise. “These people at
company X are good at Y7 summarizes views which outsiders may develop

with respect to these competences. These competences, coupled with a
modicum of strategic vision, will in turn help define a firm's core business.
A firm’s core business is necessarily bounded by particularized compe-
tences in production, marketing and R & D. Employees will tend to form
natural teams, where regrouping is difficult and the ability to absorb new
members limited.

Routines, since they cannot be codified, must be constantly practised to
exhibit high performance. This in turn implies that the firm must remain in
certain activities in which short-run considerations would indicate that
abandonment is desirable. Put differently, core business skills need to be
constantly exercised to retain corporate fitness.

Because a firm’s learning domain is defined in part by where it has been,
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and the technological imperatives and opportunities which that implies, it
is readily apparent that a firm has a limited but by no means a non-existent
ability to change its business. The products it can produce and the techno-
logies it employs are highly path-dependent, at least at the level of an
individual business unit. At the level of the corporation, more can be done,
but this typically involves entering the corporate control market (i.e.
buying and selling businesses) and not the market for factors of produc-
tion.

Implications for the theory of the firm are apparent. Except by entering
the market for corporate control, profit-seeking firms have limited abilities
to change products and technologies. The notion of a smooth, twice
differentiable production function would appear to be at odds with the
conceptualization of the firm outlined above. In addition, economics of
scope would appear to be constrained by the limited ability to apply
routines across different product and technological environments/neighbor-
hoods. ‘Related” diversification would appear to be feasible so long as it is
consistent with the underlying path dependencies and/or imperatives, a
matter which is to be discussed in more detail later.

The analysis has so far assumed relative stability with respect to techno-
logical regimes. Suppose, however, that the firm experiences a techno-
logical discontinuity which obsoletes its skills, and possibly renders its
downstream assets valueless. In these circumstances, established firms will
be lacking in many of the relevant research competences. However,
‘downstream’ competences, particularly in sales and distribution, more
often than not are still relevant to the new technological regime.

In these circumstances—that is where the technology necessary for
survival lies distant from the neighborhood of the firm’s traditional
rescarch inquiry —it may be extremely difficult to utilize existing in-house
research competences within the new paradigm. This is because of the path
dependencies noted earlier. Accordingly, the relevant competences may
have to be purchased en masse, or technology transfer programs must be
employed to educate existing personnel in the assumptions and logic of a
new paradigm. In these circumstances, in-licensing and collaboration with
the organizations (typically universities or new business firms) responsible
for pioneering the new paradigm will be common.

Incumbent firms can thus be expected to display permeable boundaries
when technological regimes shift, unless of course incumbents have been
responsible for the shifts. However, if the know-how in question is not
protected by intellectual property law, then the collaboration at issue
is likely to be more in the form of imitation rather than in licensing.
However, if the technology has a large tacit component, know-how licens-
ing may still be necessary. Needless to say, transactions-cost issues also
enter the equation, with collaboration more likely less difficult than
contractual problems.

v
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Multiproduct diversification

Technological change is often driven, so it seems, }:-y certain l]'[':pﬂl';i].—l:[{;s ;n
a trajectory which, considered in light of the firm’s ma‘;‘_l-cet-e_:u rgf_ ¢ 1i%a:
helps define the firm’s ‘core business’. However, the WegSItﬁ(c oquIi)ility
tion areas for a given technology are _oftcn quite large, ann 'tilzs 19 i
of applying the firm’s capabilities to different .rr}ark.et oppo; uni i
available, especially after growth opportunities in existing m
cxgi;i::ie application areas outside of the core business do in Fa(;:t r?\]rjjin
up. The guestion arises as to whether pon?nual scope econggneb c:t r,hf
from the application of generic know-how in new mar!(ets "E.’ mcg‘c ?amd
innovating firm’s value if they are iserved‘through licensing arn hre d
contractual arrangements to unafﬁhated'hms who then serve the ncb
product markets in question, or by direct mvestrpem, either de novo o}r‘» ]}1'
merger/acquisition. This is an important question, the zmrsn.ve‘:rt 't?ti:; ic
ought to help shape a positive theory of lh.e scope of the firm’s activi f

Whether the firm integrates or not is likely to depend critically on four
sets of factors:

1. whether the technology can be transferred to an unafﬁh:atecl cm!ty.al
higher or lower cost than it can be transferllred to an affiliated entllﬁ;.

2. the degree of intellectual property protech;n; afforded to the techno-

in question by the relevant statutes and laws;

3. :ﬁ:rﬁ:? a contrait can be crafted which will regulate_ the saleh of
technology with greater or less t.:fﬁcienc_y .a:nd effectiveness t a:z
department-to-department or division-to-division sales can be regu
lated by internal administrative procedures;

4. whether the set of complementary competences possessed by the
potential licensee can be assessed by the licensor at a cost lower than
alternatives. If they are lower, the availablt.t returns from the marl%et
will be higher, and the opportunity for a satisfactory royalty or profit-
sharing arrangement accordingly greater.

These matters are explored in more detail e_lsewhere (Teece, 1999, 1983,
1986). Suffice to say that contractual mechanisms are often less sausf‘actory
than the alternative. Proprietary considerations are more often than ;}Ioll
served by integration, and technology transfer is difficult t;oth to unaffil-
iated and affiliated partners, with the consequences that integration (or
multiproduct diversification) is the more attractive alternative, except
where incumbents are already competitively established in downstream
activities, and are in a position to render de novo entry by the technology-
based firms unattractive. Hence, multiproduct hrrqs can be expectc? t‘o
appear as efficient responses to comracgual, proprietary a::jd tc(cjhno.og
transfer problems in an important set of circumstances. Mixed modes, ts‘:lvm
as joint ventures and complex forms of proht-shanlng c_u]]aboralnon. -
also be common according to how the set of transactions in question Stacks
up against the criteria identified above.
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Vertical integration

Technological change also has implications for the vertical structure of the
business enterprise, and the level of vertical integration also has implica-
tions for the rate and direction of technological change expected to
characterize the business enterprise, However, the literature linking the
rate and direction of technological change and the boundaries of the firm is
still in its infancy.

Economic historians have long suggested that there may be links. For
instance, Frankel (1955) has argued that the slow rate of diffusion of
innovations in the British textile and iron and steel industries around the
turn of the century was due to the absence of vertically integrated firms,
Kindleberger (1964) has gone so far as to suggest that the reason why West
Germany and Japan have overtaken Britain may be due to ‘the organiza-

tion of [British] industry into Separate Firms dealing with each other at

arm’s length’. This ‘may have impeded technological change because of the
possibility that part of the benefits of that change would have been external
to the separate firms’ (pp. 146-7). General Motors’ early dominance in the
diesel electric locomotive industry has also been attributed to the fact that
it was integrated into electrical supply while its competitors were not
(Marx, 1973). Clearly a systematic exploration of the relationship between
technological innovation and enterprise boundaries is needed. This can be
done by comparing the properties of integrated structures with non-
integrated structures which rely on arms-length contractual relations to
achieve the requisite degree of coordination.

For present purposes, it is useful to distinguish between two types of
innovation: autonomous (or ‘stand-alone’) and systemic. An autonomous
innovation is one which can be introduced without modifying other
components or items of equipment. The component or device in that sense
‘stands alone’. A systemic innovation, on the other hand, requires
significant readjustment to other parts of the system. The major distinction
relates to the amount of design coordination which development and
commercialization are likely to require. An example of a systemic innova-
tion would be electronic funds transfer, instant photography (it required
redesign of the camera and the film), front-wheel drive, and the jet airliner
(it required new stress-resistant airframes). An autonomous innovation
does not require modification to other parts of a system for first commer-
cialization, although modification may be necessary to capture all of the
advantages of the innovation in question. The transistor, for example,
originally replaced vacuum tubes and the early transistor radios were not
much different from the old ones, although they were more reliable and
used much less power. But one did not have to change radio transmission
in order to commercialize transistor radios. Another example would be
power steering—the automobile did not have to be redesigned to facilitate
the introduction of this innovation, although it did permit designs which
placed more weight over the front wheels. A faster MICTOPrOCcessor or a
larger memory would be further examples.
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When technological interdependencies are imporla}nt. itis hkely that thei
commercialization of an innovation will require new investments in sevcrs:_
different parts of the industry or the system. Thus, supposc that ahc?.]s.c .
caving (equipment) innovation has been gcqerated which can en a;hm
efficiency if successfully introduced into an industry. and suppose 5
introduction into one part requires that complementary investments be
made in other parts. If the subparts are indepen(%ently owned, coap_crghc:jn
will have to be obtained in order for the innovation to be_ commercialize 'li

There are two powerful reasons why common‘own_ershlp of the parts wi
speed both the adoption and the subsequent d:_ffusmn of the innovation.
Where there are significant interdependencies, mtrcducn‘on of an innova-
tion will often result in differing benefits and costs to various parties. This
cffect makes it difficult if not impossible to coordinate the introduction of
such an innovation. While a system of frictionless markets could overcome
this problem—the firms obtaining the t:r'eneﬁls cogld compensate those
incurring the costs so that the introdumr:lon of Fhe innovation would nfln
depend on the degree of integration n the mdustry‘—lt is commml;ly
recognized that it may be extremely difficult to engineer a Lworka e
compensation agreement, in part because all relevant contingencies are not
known when the contract would need to be drawnup.

Therefore, in the absence of integration, com_mcrc_la}hzatlon can be
slowed or completely stalled. Considerable cost disparities can open up
between old and new methods, yet the new method may not be imple-
mented because the individual parties cannot agree upon the terms under
which it will be introduced. There can be a reluctan-:_:e on the part of both
parties to make the necessary investments in specialized a§s.ets, and o
exchange information about each other’s needs apd opportunities —even if
cooperation would yield mutual gains, and cc'rtam]y if the gains will goto
one party at the expense of the other. Hence, in the absence of integration,

there can be a reluctance on the part of one or more of ‘the parties in an
industry to develop or commercialize a systemic innovation requiring the
participation of two or more firms. _ : i L

To summarize, it is hypothesized that integration facmlltates_, systemic
innovations by facilitating information flows, and the‘ coordnpahon of
investment plans. It also removes institutional barriers to innovation wh-?re
the innovation in question requires allocating cqsts and benefits, or placing
specialized investments into several parts of an industry. In thc. absence }{:f
integration, there will be a reluctance on the part of bc:-_th parties to make
the necessary investments in specialized assets, even if this would_ylcid
mutual gains. One reason is that both parties know that the exercise of
opportunism might yield even greater benefits to one of Ihe‘partles. Hence,
in the absence of common ownership of the parts, there m}l l_:le reluc_tance
on the part of one or more of the parties to adopt a systemic innovation.

Comprehensive evidence with respect to the above concepts has yet to
be assembled. The only statistical test performed to da:te .rclat-._es to the
petroleum industry (Armour and Teece. 1978). These findings indicated
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that firm and R & D expenditures for basic and applied research in the U§
petroleum industry, 1951-75, were statistically related to the level of
vertical integration which the enterprise possessed.’ Anecdotal historical
evidence is surveyed below.

According to Frankel (1955, pp. 312-13), the lack of vertical integration
in the British iron and steel industry hindered the introduction of technical
innovation in the latter part of the century because the innovations in
question displayed interrelatedness. In the 1860s, 1870s and 1880s, a
number of technical changes evolved which offered the prospect of sub-
stantial economies in various phases of production. New and commercially
feasible methods of steel ingot production were possible through intro-
duction of the Bessemer converter and the open hearth and electric
furnaces; advent of the rolling mill made possible phenomenal savings in
the shaping and finishing of steel products; the optimum size of the blast

furnace was greatly increased; and significant fuel economies all along the

line became possible. Most important, no single one of these changes
would yield its potential savings in full except in conjunction with the
others, thereby compelling coordinated design of investment and the
assembling of the various parts of the industry at a single location. The
economies attainable from coordinated design and centralization derived
from several sources: from a reduction in transport and handling charges;
from higher capacity utilization; from easier and more accurate control
over product quality; and from fuel economies. But to attain this, these
had to be in such proportions and on such a scale that the whole plant could
work effectively and economically. There had to be a sufficient number of
coking ovens, blast furnaces and steel furnaces both to keep one another
employed and to meet the requirements of the rolling mills. The technical
changes that made possible the economies in question materialized in an
era when the ownership structure in Britain had crystallized in a pattern
inconsistent with the new technological need for integrated operation. As a
result, in part at least, those changes had hardly begun to be assimilated in
the United Kingdom by the end of the century.

Frankel (1955, pp. 313-14) provides further supporting evidence for the
general proposition from the textile industry. He argues that the failure of
the British to put the automatic loom into place in the cotton industry was
due to the lack of vertical integration. The loom was first introduced
around the turn of the century, and by 1914 represented 31 per cent of the
looms in operation in the United States. By 1919, the figure was 51 per cent
and by 1939, 95 per cent. In Britain, by 1939, only 5 per cent of the looms
were automatic. Introduction of automatic looms demanded more than
replacement of one machine by another. For a great many firms it required
redesign of the weaving shed—often its complete rebuilding, strengthening
of flooring, elimination of pillars, and respacing of machinery. It called for
equipment and method changes in the preliminary processing of yarn;
idiosyncratic investments were required in both the spinning and weaving.
Furthermore, the innovation created a need for product simplification and

291
TECHNOLOGICAL CHANGE AND THE NATURE OF THE FIRM

for a change in the traditional practices of converters in allocating ong:r: to
weavers, 5o that long runs of given fabric types could be attained. lr 31‘1:
of the interconnections were external to lh‘c firm. Frankel (ibid.) mnFt 1.1u;,éj
that ‘Their presence, together with those mtern_al to the firm. -:ons,t;1 u 2
part of the explanation for Lancashire’s continued reha_mce‘on the ol
power loom’. while the automatic loom diffused very rapidly in the verti-
i ted US industry. :

cagt;lztrc%)l}:mrians share t}trﬁs perspective. Kindleberger has studied t}Tc
reasons for the failure of the British railroads to abandon the 1[}-10.\n coal
wagon in favor of the more efficient 20-ton wagon. One l}ypothe.sg_!::on;
sidered is that the retention of the l(]-ton. car was dut? to rthe |m?ps_;5|b1ln]y_ oh
changing it without also modifying terminal and swuch;ng_facﬂmes, whic
might have made the cost prohibitive. Another hypm_hcms—a‘nd the one
which Kindleberger comes to favor —is that the lack of integration bl_ocked
the adoption of the larger cars. (The British [ali}’DadS were peculiar n that
the coal wagons were owned by the coal mines aqd npt thc_ railroad
companies.) In this regard, it is of interest to note that in this period two of
the British railroads—the Great Western and the Great Eastern—adopted
20-ton wagons for their own use for locomotive coa_l as early as 189?;lthe
Northeastern had used 20-ton, bottom-discharge mm_eral wagons for iron
ore and 40-ton bogie wagons since the beginning of the century. But as
Kindleberger (1964) notes:

These wagons were all owned by the railroads, not the cn_al or iron companies. The
Great Western Railway failed, however, to persuade culhc‘ry owners to chan_gc oa
larger wagon when it offered a rebate of 5 percent on freight cars ff)r coal in fj.ﬂiy
loaded 20-ton wagons in 1923 and, in 1925, reduced charges on tipping and weigh-
ing these wagons. Only 100 came into use. [p. 143]

Kindlberger (1964) concludes that the reason for the slow rate of diffusion
was institutional and not technical. In short, it stemmed from the absence
of vertical integration.

Technical aspects of interrelatedness do not seem to have held up the movement tc;
more efficient size, either through making such a change uneconomic because o
the enormity of the investment required or by adding amounts too great for any one
firm to borrow, The sums involved were not large, and railway finance was rarely a
limiting factor in the period up to 1914, Privgtc ownership of the coa]'car_s b?r the
collieries. on the other hand, posed a type of interrelatedness that was institutional
rather than technical. [ibid.]

Kindleberger (1964) does not advance a satisfactory explunatjon of why
market mechanisms could not achieve the requisite coordmanon_, but he
hints at the difficulties of devising a mechanism for sharing the gains from
the innovation.

For the railroads to guarantee new low rates on larger wagons would have been to

take all the risk of the new investment, and that of the collieries, on themselves. To
indicate that thev would consider new and lower rates only if these were justified by
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operating economies would assign the risk to the collieries. An attempt to appor-

tion the risk between the two would have been equitable but not likely to arouse

much enthusiasm. [ibid.]

An alternative reason might well be that the collieries had no guarantee that
the lower rates would prevail. In the absence of competition from other
railroads or modes offering competitive rates, the railroads could raise the
rates again once the collieries had made the requisite investments. Further-
more, to the extent that the economies could not be captured until sub-
stantially all of the mines had adopted the larger cars, the rate reduction
offered may have been insufficient to entice the mines to make the needed
investments.

A more general impediment to innovation has been identified in the |

British distribution system. British industry in the nineteenth century dis-
played very little in the way of forward integration—there was a layer of
merchants between the manufacturer and the final customer. While enabl-
ing specialization economies to be obtained in a static market, Kindle-
berger suggests that “the separation of selling from production may have

the drawback of slowing down technical change by imposing barriers of '

communication between the ultimate customer and the producer’ (1964,
p. 148). Furthermore, ‘it may be significant that the woolen industry,
which did much better than cotton in maintaining its rate of technical
change, moved to direct trading’ (ibid.). His final conclusion is that:

There is the distinet possibility, whose complete demonstration would require a
separate book, that the merchant system bears a significant share of the responsi-
bility for slowing down technical change because it renders a large proportion of the
benefits of technical change external to the firms that must effect or sell it. [p. 149]

A more contemporary episode which is instructive is how General Motors’
integration between locomotive manufacture and electrical equipment
supply facilitated GM’s commercialization and subsequent success with its
diesel electric locomotive program. The diesel locomotive revolution
began in 1934 when General Motors produced the first diesel electric
passenger locomotive. The domestic diesel electric locomotive building
industry currently consists of GM and General Electric. GE did not enter
the industry as a fully integrated builder, producing both the diesel engine
and the electrical components, until the early 1960s. Previously, GE had
confined itself to the electrical equipment supplier end of the business. The
electrical equipment in a diesel electric locomotive represents approx-
imately one-third of the total locomotive cost. GM, on the other hand,
originally purchased its electrical equipment from others but, in the late
1930s, it integrated upstream into electrical supply. From the 1930s until
the 1960s when GE entered, GM was the only integrated producer. The
producers of steam locomotives, including Alco, Baldwin, Lima-Hamilton
and Fairbanks Morse, had all abandoned locomotive production by the
1960s.

One effect of GM's integration was the elimination of duplicate personnel.
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The locomotive builders maintained in-house electrical engineering
staffs even though they sourced their electrical equipment externally.
These in-house staffs were apparently maintained because of the problems
of information exchange associated with market contracts.

The maintenance of in-house electrical engincering staffs facilitated the reception
of technical engineering and price data, and reduced the extent of undetected data
distortion, These market transactions costs arise from the sn'_mlll nu!nbcr of pro-
ducers and the uncertainty that marked the locomotive building 1mflustr}' e
Uncertainty and market transactions costs are greater when technf&logy is changing
rapidly. In this case, advance specification of final product design and cost was
impossible. [Marx, 1976, pp. 45-6]

Another advantage of integration was that it eliminated costly disputes
with respect to warranty responsibility. Haggling and the opponunisuc
interpretation of contractual ambiguities marked the Alco-GE re_latlon-
ship, which was often described as ‘antagonistic’ by railroad executives. A
particularly difficult problem was the identification of the source and
responsibility for engine failure. Because of the systems nature c;-f the
technology, it was never very clear whether the problem was mechanical or
electrical. Locomotives requiring service were frequently shuffled back and
forth between the building and electrical equipment supplier. Because of
the costliness of locomotive downtime, the availability of timely after-sales
service is a critical factor in procurement decisions. The railroads fre-
quently cited the superiority of General Motors’ post-sales service as an
important factor in its sales record. _

Thus, by facilitating coordination and timely post-sales service, vertical
integration appears to have contributed to the market success of the GM
diesel electric locomotives. Furthermore, integration also facilitated rapid
technological development. According to Marx (1976), one of the biggest
problems with the electrical equiment suppliers was:

their commercially cautious and slow rate of development. The electrical suppliers
were more risk averse than the builders because of different commitments and
alternatives, This produced different rates of development for mechanical and
electrical equipment and, because of the interdependence, technological bottle-
necks. [p. 47]

Vertical integration also helped solve appropriability problems. The loco-
motive builders which were not vertically integrated typically funded a
portion of the electrical equipment supplier development cost, depending
on the exclusivity of the work. The identification, sharing and pricing of
intellectual property generated by such development activities turned out
to be difficult and costly.

Contract terms notwithstanding, the indirect benefits of contract execu-
tion (accumulation of knowledge, staff development. and the like) accrue
to the supplier, and enforcement through secreey is seriously impaired.
General Motors also needed to exclude rivals from sharing in the results
of its own in-house mechanical and electrical research. The exclusion
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problem was difficult because of the close technical contact required
between builders and electrical equipment suppliers, who also manu-
factured for competing builders (Marx, 1976, pp. 49-50). Vertical integra-
tion, by harmonizing the divergent interests of the locomotive and
electrical equipment producers, helped overcome many of the problems
associated with the exclusivity and appropriability of the technology.
Attention could then be focused on getting the job done at the lowest cost,

[n conclusion, it appears that GM’s integration into electrical equipment
supply reduced costs by internalizing market exchange under circum-
stances (uncertainty, technological interdependence) which generated
significant contractual difficulties. This integration also stimulated the pace
of product development by promoting harmonious information exchange.
The experience with vertical integration in the diesel electric locomotive
building industry suggests that technological innovation displaying inter-
dependencies among the parts is greatly facilitated by common ownership
of the parts.

The above analysis has concerned itself with the organizational
mechanics of getting an innovation commercialized. The post-commer-
cialization market performance of the innovator is also a very significant
matter, which has been dealt with elsewhere (Teece, 1986). Suffice to say
that ownership by the innovator of the supporting assets and skills needed
to ensure competitive supply of the new product, or of existing products
based on the new process, is often required to ensure that the rent stream
from the innovation is shielded from capture by “fast seconds’. The excep-
tions are where the appropriability regime —that is, the protection afforded
the new product or process by patents, copyrights, trade secrets and
inherent ‘hard-to-copy’ aspects of the innovation—is extremely tight.
When property rights are difficult to establish and where imitation, either
through ‘inventing around the patent’ or reverse engineering or other
activities 15 relatively easy (i.e. the appropriability regime is weak), then
the innovator needs to own or otherwise control the relevant cospecialized
assets to be able to impede the imitator’s efforts to take the product/service
to market or more advantageous terms than the innovator (Teece, 1986).
Since cospecialized assets in marketing, distribution and manufacturing are
often aligned vertically, vertical integration may be required in order to
assist the innovator in capturing the rent stream generated by the innova-
tion.

This analysis is consistent in part with an alternative argument which has
been made. Several writers, including Utterback (1978), have speculated
that older, vertically integrated firms will have a greater commitment to old
technology because of the large technology-specific investments they have
made upstream and downstream. The phenomenon to which Utterback
refers is simply that innovators may resist cannibalizing the value of their
own irreversible investments, Put differently, innovating firms, integrated
and otherwise, that have laid down innovation-specific investments will
generally not be the first to commercialize new nnovations which will
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impair the value of existing assets. They will do so only under competitive
threat, or if by doing so the present value of the profits from the new
innovation will outweigh the losses from the old. 9 : )

Since vertically integrated firms often have speciahzcc} investments in
place and since a primary rationale for vertical integration is to protect
specialized investments from rccomracting'hazards. it is to be ex‘pcc‘ted
that vertically integrated firms will have a higher proportion of lhe1r_assct
base which is dedicated to particular technologies than do non-vertically
integrated firms. Thus a monopolist which is vertically integrated and has
assets specialized to the old technology may indeed delay the commerlcnlal-
ization of new technology if it is confident that it does not face comp:?ntwc
threats. Were such delay to occur, it is caused not by vertical integration as
such, but by the fact that the innovator, by assumption, owns assets
dedicated to the old technology —assets whose value will be |mpa|r§d by
the new technology. Hence, it is theoretically possible that vertically
integrated firms, because they own assets dedicated to the old technology.
may retard the commercialization of new Lechnolo_gy whcn:; the following
conditions hold: the vertically integrated firm is the innovator; !he
vertically integrated firm is a monopolist or possibly a colluding oligopolist:
the vertically integrated firm has made investments in the old t_echnolqu
which will be impaired in value by introduction of the new: the innovation
destrovs a rent stream with a net present value to the innovator greater
than the rent stream that it would serve to create. | .

Such instances are likely to be infrequent and, moreover, the impair-
ment to the commercialization of innovation flows fundamentally from a
combination of market power in the presence of sunk costs. Wheth(_:r the
dampening of commercialization is socially as well as privately desirable
will swing on the magnitude of the externalities generated by the new
technology relative to the old.

Transacting for know-how across enterprise boundaries: collaborative
arrangements and technological change

The analysis so far has examined the properties and stressed the virtues of
organizational arrangements in which research and development proceeds
as an in-house activity. As indicated at the outset, however, contract
research is in some cases viable. Moreover, once technology is produce_:d.
in many cases it can be traded (licensed) in the market for know-how which
is increasingly international in its scope (Teece, 1981).

Indeed, the vertically integrated enterprise with in-house rese?rch a'nd
its own manufacturing, distribution and sales is in some industries being
joined by almost pure research enterprises. Rclawdl}:. in-::urpbcm firms are
increasingly engaged in extensive collaborative n]cah.ngs with ufher ﬁr_ms.
especially research-oriented, new business enterprises. In I',hls section,
various reasons for these developments are explored and the implications
for the organization of research assessed.
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The organizational arguments (section on ‘The integration of R & D
with production’) favoring in-house research in order to avoid contractual
difficulties rests on a fundamental assumption, namely that the firm has the
inventive capacity to develop competitive technology in-house. However,
given that the institutional loci of new technology in the US are diverse and
include the universities, other not-for-profit institutions, and government
laboratories, there is a high probability that from time to time established
firms will have to source technology externally. When knowledge
accumulation is cumulative, then established enterprises can generally
build upon existing competences in order to develop new technologies in a
timely and cost-effective fashion. Occasionally, fundamental break-
throughs in science and technology occur which do not build upon
incumbent firms’ competences. Such developments constitute what was
referred to earlier as paradigm shifts. When these shifts cause the
institutional locus of innovation to lie external to incumbent firms and
the new knowledge in question is proprietary and difficult to copy, then
the opportunity for licensing and other forms of collaboration become
manifest. This appears to be the case with biotechnology where the key
breakthroughs have been generated within the universities, and this in turn
has spawned several hundred, small biotechnology firms usually founded
by scientists.® Incumbent pharmaceutical firms, such as Eli Lilly, Merck,
and Johnson & Johnson, have seen both the opportunity and the threat
posed by the new biotechnology’ and the new enterprises that have been
spawned to develop it.

The opportunity stems from the ability to develop and commercialize
new products which will open up new markets while employing at least part
of the incumbent firms’ fixed costs in plant, equipment, distribution and
human capital. The threat stems from the possibility that the new techno-
logy will render obsolete incumbent firms” products, facilities and capa-
bilities. Research collaboration (such as in licensing, joint R & D) is
attractive to the incumbents for those reasons and more; to the new
business firms it is often a source of capital. It also can provide access to
downstream assets. particularly marketing channels. In short, collabora-
tive research can occur alongside in-house research in order to bolster the
technological capabilities of incumbents and in order to enable new busi-
ness firms—which may begin as stand-alone research ventures—to
continue to fund research and to acquire the ability to integrate vertically
into manufacturing, marketing and distribution. Needless to say, the
market for know-how is likely to encounter many of the contractual diffi-
culties described in the section on ‘The integration of R & D with pro-
duction” in this chapter; as the biotechnology industry evolves, it is to be
expected that the new business firms will take on a more classical structure.
Indeed, the two leading biotechnology firms, Genentech and Cetus, are
actively pursuing a vertical-integration strategy with respect to their
key businesses.

A shift in technological paradigm is not the only reason why in-house
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research gets displaced as the main driver of a firm’s _techno?ogmal capa-
bility. Scale issues, as with the development of new jet engines or large
central office telecommunication switches, may require F:o]l'faborau—.o?, So
may pure incentive considerations, as when a salaried scte_nnﬁc pomh;.m is
no match for the outcome-driven incentives of the new b}lsmcss firms.” But
the pervasiveness and durability of in-house Fc;earc_h is worthy of com-
ment. The 1970s and 1980s have certainly exhibited important cbanges in
the way that research is organized, but even the new enterprises seem
rapidly to adopt structures which eschew contract research, except in the
very early stages of industry development. Tﬁe robust nature of the
organization of research in the modern C(?]'p()]:allon _would thus app?ar to
be apparent, even though the corporation is taking on certain ‘post-
modern’ features.

Implications and conclusions

The above analysis of the firm and its relationship to technological Fhange
helps us understand not only the nature of the firm, but also sheds hgh} on
some topical managerial and public policy issues raised in the introduction.
Some of these implications are briefly summarized below.

Stand-alone laboratories and hollow corporations

The natural organizational home for research appears to be inside the
corporation, alongside production/operations. This model seems to be
dominant for large corporations, and to a lesser extent for smaller corpora-
tions, as it facilitates interaction between the users and providers of new
technology. It also avoids the difficulties associated with writing, exgcu[ing
and enforcing R & D contracts. Relatedly, managerial decisions to ‘hollow
out’ the corporation by out-sourcing components and other subsystems
may have the indirect effect of impairing the innovation process by estab-
lishing barriers to the transfer of information between resear_cl_n and
manufacturing, possibly causing future designs to be less sensitive to
manufacturability concerns. It may also serve to enhance the capapllltles
of competitors and potential competitors. Out-sourcing runs the risk of
creating circumstances whereby innovators are no longer able to profit
from innovation, despite the fact that they are highly innovative.

Diversification economies

The evolution of technology is often driven by certain tcchnological
imperatives which induce firms to gravitate in certain technolqgical direc-
tions. This technological drift is often highly constrained, causing firms to
articulate focused competences (‘core’ businesses). Sometimes scope
economies become available when a key internal competence affords
multiple application. Diversification is often a de:?irable arganizatimlml
response for a set of reasons similar to why research is better supported in-
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house rather than via contracts. This suggests that the core business of an
enterprise typically has a technological underpinning, and that efficient
diversification is likely to be driven by technological imperatives. Hence
the focused or laterally diversified enterprise —where corporate diversifica-

tion tracks underlying technological imperatives—is likely to be a {
characteristic of economies in which efficiency concerns drive diversifica-
tion decisions. Unless tax and technology transfer issues are visible drivers

of corporate diversification decisions, one may be entitled to suspect that

corporate diversification is driven by factors not consistent with stock-

holder, wealth-seeking behavior.

Vertical integration and technological innovation

The analysis presented in this section indicates that when a stream of
innovations has significant systems ramifications, then vertical integration
is likely to facilitate the commercialization of an innovation, if not its initial

development. Of course. not all technology possesses strong systems

interdependencies, and many that do involve interdependent organizations

which do not afford vertical integration opportunities.” However, when the
relevant organizational domain is within the range of feasible integration,
vertical integration is likely to facilitate innovation, and may well be
required if a stream of systematic innovations is to be commercialized in a
timely fashion. Vertically integrated firms may also thwart the introduction
of new technologies when the innovation would have the effect of destroy-
ing the value of investments in place, and the vertically integrated
developer of the innovation is not threatened by a competitive technology.

New business firms and research collaboration

The analysis earlier in this chapter suggested the importance of performing
research in-house. Contract research is usually but not always a poor
substitute. However, opportunities for many other forms of collaboration,
such as R & D joint ventures, do exist. Indeed, they may represent an
imperative in instances where the firm contemplating conducting research
lacks the desired skills and is unable to acquire them in the labor market.
This might actually characterize even research-intensive firms when a shift
in the technological paradigm renders the existing skill base of the enter-
prise obsolete or irrelevant.

Collaboration between established firms and universities, and between
established firms and new business firms that possess the relevant skills
may therefore be necessary. The incumbent firms are likely to possess
marketing and manufacturing assets of great value to a new business firm,
while the new business firm may have research findings, capabilities, or
possibly even products of great value to the established firms. Circum-
stances such as these provide opportunities for collaboration.

Collaboration by definition falls into neither the ‘contract research’’
nor the ‘in-house rescarch’ categories identified earlier. Its ubiquity in no
sense destroys the argument made earlier in favor of in-house research. The
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prcsumplic—n in favor of in-house research can be rei}dll}f ovcrturncﬁ. fgf a
transitory period, when the sources of knuw-hq-a: lie ex}ernal o _t 1e f}n
and cannot easily be acquired through ‘hiring in _tgclhmcal and scienti! 1-:[
personnel, In these instances, co-development aclmfles gnd R_ & D ;(Ellnd
ventures may make good sense. Often collaboration in rcse*faijch dl‘ld
development is part of a larger arrangement 1{wolvmg pmdu".“'m.] anf
marketing. Clearly, a more complete understanding of the organization of
research in a capitalist economy requires our assessment f’f a broadf:r set 0h
institutions, including universities, that condition the environment in whic
technological change proceeds.

Notes

|. Edison’s Menlo Park laboratory, which exmployed _sixty—f(:ur people
by February 1880, has been called the world’s first industrial Tcsearch_labora—
tory. but it was not a prototype of those to follow. It was organ]zed to give vent
to the creative genius of one man only—Thomas Edison (Friede] and Tsrael,
1986). : _

2. Spic?ﬁcally. Teece and Armour (1977, Fp. ‘56—-7) _nmcd: ‘Universal ?Il
Products— Houdry is a similar example; Scientific Dcsngn W9u]d be an analo-
gous example in the chemical industry—is an engineering, dcs1gr?, an.d
research company that is not integrated into pruducu‘on, _rcﬁnmg. transporta-
tion, or marketing, and yet has made important contributions to techr?ollcl;g:calk
innovation in the petroleum industry. The rather narrow rcscarc_h activities of
Universal Oil Products should, however, be indicated here, lest it Ihe Iassumcd
that this example could represent an appropriate model for t_he entire mdulstry_
First, it would seem that where the research objectives are _stmple anﬁ obvious,
a nonintegrated research and development firm like Universal Oil Products
may not be particularly disadvantaged. For instance, the development of
higiier octane gasolines, or the development of processes 10 meet new
environmental standards, do not involve the formulation of complex research
objectives. Universal Oil Products’ research seems to hlave been confined l(]-
meeting simple objectives relating to the refining Ifunctmn: the compangf has
not been responsible for innovations on Iubru:anlts, petrochemicals, or
exploration and production. It mainly performs applied research and avoids
high risk endeavors. The nonintegrated research and development firm.
though performing useful services for the industry and consumers, does not
seem a sufficiently robust organization to absorb the full gamut of current
research and development activities in the industry. Tpe spccmhzauc_n that has
emerged scems 1o have advantages, and an assumption that a nonintegrated
research and development structure could success_fully perform the current
industry portfolio of research and development projects would not scem to b:i
grounded on an understanding of the many subtletics of the research an
develoment process.’ )

3. Richard Tybout (1956) succinetly characterizes thcl c_:ost-glus contract as
follows: “The cost-plus fixed fee contract is the adlmmlstruuvc cm}tract par
excellence. For the market mechanism, it substitutes thfs adrmlmsrratwe
mechanism. For the profit share of private entreprencurs, it substitutes the
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fixed fee, a payment in lieu of profits forgone. And for the independent private
business unit, it substitutes the integrated hierarchical structure of an organiza-

tion composed of an agency . . . and its contractors’ (1956, p. 175).

4. ‘Consolidated Edison Company of New York: the development of an atomie

power plant’, Weapons Acquisition Project, Harvard Business School,
December 1959,

Despite the fact that the ultimate objective of R & D programs is to produce
innovations, not simply to dissipate resources on R & D activities, expenditure
data can be viewed as a useful proxy for innovative performance in that it
reveals the intensity of innovative activity. Furthermore, if the discount rate

facing non-integrated firms is similar to that facing integrated firms and if

similar risk preferences exist across the management of these firms, the higher

productivity per dollar of research expenditure posited in vertically integrated

firms implies that, ceteris paribus, such firms will devote more resources to
R & D.

6. Over 400 by 1987 in the US alone,
7. The new biotechnology consists of three general techniques: recombinant

DNA (rDNAJ, cell fusion (monoclonal antibody technology). and the novel

bioprocessing technology.

8. Williamson (1985) traces these differences to the ‘low powered’ incentives of
large organizations versus the ‘high powered' incentives of smaller entre-

preneurial firms.

9. See Horwitch and Prahalad (1981) for a discussion of the variety of institutions !

that are most often involved in the innovation process.

Note that contract research is different from licensing. Patent licensing, for
instance, involves the sale of intellectual property rights, usually subject to
certain restrictions. General licensing involves the sale of scientific and techno-

logical assets already developed. Contract research involves the development,
for fee, of technological assets.

10.
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R & D in the firm: function, strategy and structure

The purpose of this chapter is to examine the R & D function, strategi
problems, internal organisation, and the interrelationship bctwc:.-en ?l:eglc
If:r;.)m the perspective of economics. We shall analyse the economics of Etgé
mnz?:]m‘y in terlms;‘of four basic features or characteristics, and then
1 sider the implications of these characteristies for function, strategy and
(s} fructulr:e‘_ We hope to shov_v that th.cse characteristics are recurring features

analysis, often underlying a wide variety of issues and problems th
havc frequently been treated independently of each other in separ :“
literatures and approaches. We start by exam‘ining the four characteﬂstiame
]

before examining in turn their implicati
_ implications for R & D activity
internal organisation. activiy, stralc ey

The characteristics of R & D activity

The fuu'r characteristics or features that have central importance for the
economies of R & D acxtivity are non-specificities, lags, uncertainty and
costliness. Non-specificity in this context is relevant at,the Icvlcl of the
proquct anq the firm. Much R & D is not product-specific in so far as a
particular piece of work may feed into a variety of end products, the R & D
generating tc-_:hnological synergies, or economies of scope. A]E;(] much R
& D activity is not firm-specific, generating externality and pmp;:rl right
problems. Bqth questions are likely to be very important for the ﬁrr)rJr ]g

producl-spcc!ﬁcily may allow the firm to spread R & D costs over a va‘r'ztw
of pmd'u'ct lines, while low firm specificity may signal a weak o ]] \a{
competitive advantage for the firm in its R & D ;mtivity Lags and dr~]0

are a typical feature of R & D activity, a given piece of Rb& [foften t;k?:s
nt:ztny vears before it is embodied in commercial ventures, if at all IE
:j.L:T}blCIVCS._ lggs are not necessarily an intractable problem, but they may
-m.t,t y contribute to other problems such as dangers of losing pro rietar

I\nowlc'*dgc (low firm specificity), cost and uncertainty. Uncertaini E; '11%‘1 g
Eg:f?;wea[;oblem, uncertainty in this context meaning unmcas{}]r:lt;tétor

-insurable uncertainty (Knight, 1921), in ¢ ot

measurable risks of an actuarial nature. ljnccrl;?r?t:zltfér;Ocarzlri)iliﬁéb'i'f:ﬁ 01;11.
into general business uncertainty, which refers to all decisions con:;?iu;g
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the future; technical uncertainty, which is concerned with achievement of
specified performance and cost level; and market uncertainty, which refers
{o the possible achievement of a commercially viable product or process.
R & D work can be faced with problems of uncertainty of all three types
(Freeman, 1982, Chapter 7). Cost levels and associated resource
commitment also tend to pose problems, though this can vary from sector
to sector. The barriers to entry, or even to continuance, posed by high and/
or increasing R & D economies of scale and scope have become a major
issuc in some sectors like acrospace and automobiles. Just as lags may not
pose insuperable problems in certain circumstances, so also cost level itself
should not be a problem if there are no significant problems of knowledge
and information in the market-place. Such issucs do become important,
however. if R & D cost levels exceed the internal financing capability of the
firm, and there are information barriers to external capital market financ-
ing of corporate projects.

The impact of these factors generally varies as a project moves from

basic research through applied research into development and then final
introduction or innovation. Generally, non-specificities, lags and uncer-
tainty tend to decrease, while cost levels and associated resource demands
tend to increase, as a project moves downstream through the various stages
towards final innovation. As far as non-specificities are concerned, both
product- and firm-specificity of R & D tends to increase as a project moves
towards final launch. For example, in laser R & D, basic research may
be ultimately applicable to a wide range of applications in laser technology.
applied research is likely to be concerned with a narrower range of poten-
tial applications, say in measuring devices, while resulting development
work is liable to be specific to a specific measuring device or highly related
group of devices. This tendency for product specificity to rise as a project
moves through the various R & D stages may also create parallel tenden-
cies for firm specificity to rise in the same direction; the extent of external
applications due to leakage of technical information is likely to be directly
related to product non-specificity. Thus, externalities may be more impor-
tant for earlier, upstream research activity, especially basic research. Any
tendency for firm-specificity to vary in this fashion may be reinforced to the
extent that development work reflects tacit knowledge that may not easily
diffuse externally, and also to the extent that basic research involves
appropriability problems such as inapplicability of patent protection.

The other features tend to vary in a more obvious fashion as projects
move along basic research, applied research, development, t0 introduc-
tion. Lags to final innovation will tend to be cumulative through the
various stages and will tend to shorten towards and through development
(Kay. 1979, pp. 23-4). Uncertainties tend to increase the further a stage is
removed from final innovation (Freeman, 1982, p. 150), and so degree of
uncertainty in its various manifestations is likely to diminish as a project
moves through its various stages to completion. Finally, the cost of R &D
activity tends to increase as projects move from earlier stages through to
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development and from laboratory experimentation to prototypes and pilot
plants (Mansfield, 1968, p. 78; Schon, 1976, pp. 40-2).

In the next section we shall examine how these characteristics indivi-
dually and collectively contribute to important issues and problems in
R & D management and behaviour.

The four characteristics and R & D behaviour

It follows therefore that non-specificity, lags, uncertainty and costliness are
each common features of R & D, though the relative importance of
respective characteristics may vary with technaology, firm or even time
period. The extent and significance of the first three characteristics will
tend to diminish as projects move from earlier upstream stages towards
eventual innovation, while costliness of projects and associated resource
commitments frequently increase in the same direction. Any reasonably
innovative project is likely to encounter issues of non-specificity, lags,
uncertainty and cost that could have important implications for their
competitive position in the market-place. For example, are product
specificities low enough to provide synergies and spread R & D costs? Are
firm specificities strong enough to avoid appropriability problems? Are lags
short enough to facilitate first-mover advantages? Are uncertainties
sufficiently controllable to guide resource direction and reassure the
capital market? Will cost considerations be low enough to permit internal
financing?

Not only will questions like these vary in importance from project to
project: they will vary in importance as projects and related or derived
projects move downstream towards final completion. In this section we

explore the implications of these general issues for a number of problems
in R & D behaviour.

The financing of R & D and the importance of uncertainty

Uncertainty is a dominant characteristic influencing the financing of R & D
both at project level and at the level of the R & D function overall. To start
with, very little R & D work is financed by the external capital market,
most being internally financed (Freeman, 1982, p. 149). However, this may
conceal a greater level of capital market response to R & D activity than
is apparent at first sight. since the external capital market may be strongly
influenced in their overall level of support for the company by general
R & D performance, as well as signals relating to proposed activity.

One element that may impede efficient linking of external capital and
internal R & D is possible conflict of interest in information disclosure as
far as capital market and product market is concerned. Improving the qual-
ity and detail of R & D plans available to the capital market may have a
detrimental effect on a firm’s competitive advantage in the product market.
These conflicts may constitute limiting factors on the potential efficiency of
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external financing, and the problems may be exacc_rb:lite'fe ;o :f}'lzu?;? :;t
corporate actors are liable to indulge in opportumstlrl: ﬁna?]clin i
representation. If, despite these problems, externa e %ob'lems 4
taken, say, by government agencies, uncertainty crea pln il
contract design. A cost-plus system would leave the fs:po:;sm‘q gS i)
yulnerable to moral hazard and opportunism, while xq.zl_-pntcc bgar .
might make it difficult to find R & D-cg;du;:;:nfgz ]ﬁm'ls willing to
inti ciated costs (see Chap .

unﬁza;;:fei?‘; ?)S;suewed optimi(stic bias in estimating R & D costs. and
lag times (Freeman, 1982, pp. 151-6) is also a_l:tr?but:able Eo uncertainty,
either because no allowance is made for unc;rtz_unt:es. bugs apdfsurprtl_s:;:
or because project estimators may o:;»pormmshcally abusel an in Trmu:; :;1 -
ally superior position to gain project approval by deliberately

imati sts and lags. ) ]
es%?:i:r[;giic:y also cr%iltes time-cost trade-offs; if a target 1s r§q31;e£
urgently, as in cancer research, many tasks may have to 'be czrnz e
simultaneously, increasing the chances of duplicated learnmgz, ea}1 5-1) o
and diminishing returns (Mansfield, 1968, p. 72: Freeman, 1982, 11: .be
the target can be approached more slowly, many R & D tas s& can -
carried out sequentially, permitting transference of ]earmng anh exp 7
ience, with consequent economising on resources. Finally, the sarg
problems of uncertainty encountered in tt_us problem area alzo impede
construction of R & D budgets in a rational, aggregative, l:;ttom-'l;ll;
fashion. As a consequence, most large ﬁrn_ls allocate annual fun sfto tl
R & D function on a rule-of-thumb basis such as percentage of sa TS
(Mansfield, 1968, p. 62; Kay, 1979, pp. 72_—7). The 'actual‘budget _n:e;
often evolves through decision-makers learning what is the ‘appropriate
budget for their firm (Freeman, 1982, p. 163).

Basic research: the extreme case

The further upstream a project is located in_ the basic resealrchﬂpgg::
research—deuelopmcnt—introduction _progresmon? the more za.gsl,l u o
tainties and non-specificities assume importance in the resource a lc:-c:a -
process. This is especially the case for basic res.elarch activity. The agi ;32

uncertainties involved may discourage private investors (Freeman, ;;
p. 168) and these problems are likely to lge_ compounded b}y the exxs:e::l:_l t
of non-specificities in the form of extcrnahne‘s. C_onsequem ¥, g?ve?me%
intervention or support for basic research is likely as a result o r;:h
market failure problems, though government support fo_r ‘basu: f‘esetahan
has traditionally been biased towards support for }mwcrsnutzls rit gi.rersi-
corporations. For those firms that do conduct Ibasw research, t cf 1] g
fied firm is likely, to have an advante}ge, since a broad }zlort olio o
businesses means that the various gnprcdtctable anFI unexpecte resnigg ;1) 1
more likely to be internalised within corporate bl.ISIDElS?.cS (Nelso}r:', 5 haq.a
The 3M Corporation is an example of a h}ghly _dwcrsﬁ;ed firm w lc.t. Sk g
cuccessful track record of exploiting radical, innovative opportunitie
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this way, often within divisions unrelated to those that developed the

original idea.

Demand-pull® theories of innovation are likely to be less relevant the
further upstream a project is located. If demand-pull theories are relevang
at all, it is likely to be in the development stage when work is close to

completion, less uncertain, and more specific and precise in its output;

Freeman (1982, p. 103) points out the pull of the market operated as a |

complementary force to technological momentum in many cases where the

market demand was urgent and specific. The further back towards basic
research a project is located, the more suEpiy—side science and technology-

push arguments are likely to be relevant.’

Winners and losers

Being first to introduce a new product or process does not guarantee
success, and indeed the four characteristics of R & D may combine against
the first-in. The first-in may incur severe problems of uncertainty, delay
and cost, while non-specificitics may contribute to rapid leakages of
technical knowledge externalities to potential competitors. Mansfield
(1985) produces evidence to show that information on technical develop-
ments typically leaks out very rapidly to competitors in a wide range of
technologies. The second-in may exploit such non-specificities to cut down
on the uncertainties, delays and costs incurred by the pioneer. The pioneer
may have first-mover advantages, but these factors may erode them
partially or totally. Sperry’s loss of an early lead in commercial computer
development to IBM was a major example of this type.

Consequently, the link between a firm’s own R & D and its subsequent
growth is highly tenuous at best, though for a given industry as a whole
there is typically a stronger and observable relationship between industries
R & D and industry growth (Freeman, 1982, p. 164). The instabilities
associated with firm level tend to smooth out at industry level, while many
of the externalities will work themselves out within industry boundaries,
strengthening the link between industry R & D and growth.,

Implications of possible recent changes in the characteristics

The cost factor has become an even more important influence in some
sectors in recent years. Previously, merger and takeover represented
strategic devices for spreading escalating R & D costs and exploiting
internal economies. In some sectors, such as aircraft and automobiles,
mergers and takeovers may have reached saturation point for nationalistic
and anti-trust reasons. Joint ventures and licensing agreements have grown
in importance in recent years and, in at least some cases, represent
attempts to spread R & D costs in cases where merger is not feasible or

desirable. R & D consortia or clubs have also evolved for similar reasons in
some sectors such as electronics.
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The chapter by Teece discusses joint ventures in more d;;:lér?:l;tti:;c:;}
also issues of relevance to the analysis of this chapter. B
::zh R & D consortia or clubs may provide cn?pzrf.:ll;:ggzl::m(::omd
icipati in the form of technological adv E
h::t;c:)i?t;ndgigjﬂr s:stoo costly for individual mcm‘t;lersl to rc'iliw:;l?; ‘3:-22;;“
we would expect such cooperative ventures t0 emphasise !'.kel »
i ivity. since research of this nature is more hikely
non-}f)irtog:::;:&?sz': E;CE:';:LS;;: ‘512: a significant proportiorl of i?s members.
l;\lenee downstream product-specific development activity might lead t(é
o?;:ible direct competitive conflict between group members and co;:ll
]]?ja;!e a zero-sum quality for participants in the venture. Consequen! f
Nelson (1984) suggests that such ventures are more hkelyl to lta:l: at;;p;'t;;::iaeti
for the exploitation of generic research programmes ggp ica ? St
of subsequent development programmes. Some evi gme oriva;e ;ni[;m'
vided by Peck (1986), who cites the gxamplc of M(; ,a pwm s
electronics and computer technology joint R & D pro]ectiinvo iS%em i
one US companies. Its research programmes are gencra y cor}s s
Nelson's definition of generic research; Peck gives as an example e
CAD programme in MCC which does not dem_gn'spcc'lﬁc.c;rcu A
instead seeks to develop methods of computer designing circuits (p.d - .;-)f
Another possible change that may have significance fm.the con -;l1 Lo
research is that the perceived lag between conduct of. basic researc e
eventual commercial application may have shortened in some cas;s. :Eve
as certain areas of biotechnology. Scientific norms of openness an a s
dissemination of research results may be compromised if con::nn;:;l; .
applications are expected in the rclativel_y_near future: tht{ COF?S:F oo
isation of the historically distinet traditions and norms 0 amcnfr _
commerce has traditionally been Eacilitat;d b)_f lh-; existence of ?u ctrlsf;?
the form of long lags weakening the profit implications of basic researc
individual researchers. . Ini
lm'j]l';:frl;fore, the four characteristics, and changes in these chqrz}cterlxs::ﬁé
have fundamental implications for the conduct of R & D activity. nl :
next section we shall see that these same characteristics hav;l similarly
profound implications for corporate strategy and internal organisation.

Strategy and structure implications

In this section we shall look at some implicalions of the four chgralc]tznszct::
for the strategy and structure of individual corporations. Wc. blia e;:nce
more attention to problems of structure or internal organisat lcm,d e
many of the problems relating to strategy have already bc_n(:jn intro :.)1 3
and discussed in the previous section. Freeman (1982) prowl es ‘ads.)::mzed
of strategy types that incorporate or reﬂfact anumber of_ prob ems lscr;'[ed
in the last section. As far as analyst_s of strategy 1tse!f is conc : 0.[
Freeman (1982) produces a useful basis fqr analysing du_ffere'?lt t:y;::.are
R & D strategy. The offensive strategy will be appropriate 1f the
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particular advantages to being first in with a particular innovation, Here
protection of property rights (especially non-specificities) and lags requireq
for competitive response are critical elements in deciding whether or not to
adopt an offensive strategy. The defensive strategy is still likely to involve 5

high level of R & D, but the firm is prepared to react and follow offensive

innovators, possibly with some degree of product  differentiation, I,
Obviously, if an offensive innovator finds that non-specificities benefit
other firms in the form of externalities, this facilitates defensive strategies,
and, as we saw in the previous section, such circumstances may be the
norm rather than the exception. The ability to respond quickly and reduce

lags is also important. As Freeman points out (1982, p. 178), a science-

based firm's R & D strategy may contain mixtures of offensive and defen-
sive strategies. IBM is an example of a company which has successfully and
fairly consistently pursued a defensive strategy, mobilising considerable

technical and marketing resources to respond to external technological
threats. The imitative strategy does not attempt to match the offensive and

defensive innovators in terms of skills and is prepared to follow some way

behind if it enjoys particular advantages in terms of cost, tariffs or supplies.
The dependent strategy is usually followed by smaller firms with sub-
ordinate subcontracting roles in which they do not initiate new products
but accept specifications and conditions imposed by dominant firms.
Component manufacturers in the automobile industry have typically
adopted such a role, though there are interesting signs that even in this
sector the threat from Japanese manufacturers is likely to lead to merger
and consolidation amongst parts-makers. Amalgamation would help create
the critical mass necessary to take a more active and leading role in
component and sub-system innovation (The Economist, 23 May 1987,
p- 80). The traditional strategy is based on absence of technological
innovation in a market which is benign and slow changing, while the
opportunist strategy is based on entrepreneurial perception of niches that
may not require substantial in-house R & D.

The four characteristics discussed earlier may all influence the possible
strategies a firm will choose. For example, cost, uncertainty and lags may
dissuade smaller, specialised firms from adopting offensive or defensive
strategies, while non-specificities and second-in advantages discussed
carlier may persuade firms to adopt a defensive rather than an offensive
strategy. On the other hand, if it is possible to disengage the relatively
cheaper upstream inventive stages from the more expensive downstream
development work, small firms may have a comparative advantage on
these cheaper, earlier stages. Large firms may be better placed to indulge
in costly full-scale development (Freeman, 1982, p. 137; Williamson, 1975,
p- 142). The role of structure or internal organisation in R & D activity is
also influenced by the four characteristics. Williamson (1975), building on
Chandler (1962), provides an analysis that will help introduce basic ideas

which we can then develop further using our earlier analysis of the four
basic characteristics.
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Figure 13.1 Basic hierarchies

Williamson contrasts the functional, or U-fo'rmi structure \:l’hlch 1sarlnc;i
appropriate for smaller, specialised firms _wnh the _mull_if-i :2;({;:; ;[n :
M-form, structure which is likely to ev(}lvc. in large diversi c. : ro.ducm
specialised firm, the similarities and synergies between grn;pa 0 tf) s
are so strong that functional specialists are liable to have : pand
considerable time talking to each other and coordinating p.msf i
schedules. Consequently, it is Iogic:il.l ‘mFg'roup ge{ﬂ together in a fu

i s in the U-form example in Figure 15.1.
1l°¥;1(2h§[1f}i:lm structure will tend to be more appropriate fo; a _lartg;l:é
diversified firm. Divisionalisation creates natural Qc91510n umllsblmf =
diversified corporation, putting together those funqhons res_pons‘!b_;:it omr
product or group of products. The div%sions are assigned resptc:m;:u;n b); 7
operating and short-term strategic decisions, so as (0 reduog the S
levels in the hierarchy that have to be crossed bf:fore_an m‘t:?r— unctic
decision is arrived at, reducing delay, loss and distortion of lnfm?a:m?;
and permitting top-level management (o cqnccntratc on !ong-rukn, s r;:l egb e
decision-making. Further, a competitive mu?r'nal capital mark :t meyof ;
created, comparability of divisions being facnht‘ated by: ihc m]:; ll:;cc]s
uniform project yardstick for performance at middle (divisiona ) ﬂ;mt
Therefore, the M-form creates a rational structure for the |ndlnagi e

of large, diversified firms. The problem that R & D poses for 1h;s slu u‘; :jc;h
is that of all the functions it is the 1-.?asl likely to he‘ar_nenalhe 0 s -
treatment. We can see why by comparing the crha_ractcnshcs of r;ason:a .ty
innovative R & D work with the characteristics of ccc:n_orpfc afc:;:'rlley
appropriate to divisional operations. On the fourl u:har.ac_u:rlsi?c,;C c]::) wor[é

uncertainty, non-specificity and cost, reasonably mn.nfm_tm.al o i

scores badly on the first three counts as far as divisional imp e
peration tends to be short run; divi

- d. Profit-centre o : p
are concerne 1y assessed on the basis of annual

sional managers are not only common
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performance, they are typically highly qualified and mobile general
managers for whom divisional performance in a few year's time would
often represent an externality, and consequently be disregarded. Highly
uncertain and long-term returns may also be discounted heavily by a
managerial set for whom the penalties for failure may be greater than the
rewards for success.® The product non-specificity aspect would alsg
reinforce the tendency for divisional management to under-invest in, or
neglect, R & D due to externality considerations, if most of the benefits
accrue to other profit centres.

The problems of long-time horizon, non-specificity (or synergy) and high

uncertainty are more appropriate to levels in the firm responsible for
strategic overviews rather than short-term, specific responsibilities as in
divisions. The further we move upstream towards basic research activity,
the more these problems become exacerbated for divisional management,
Therefore, the tendencies towards centralisation of R & D are accentuated
the further upstream the R & D is located. This is indicated at *S" level for
the M-form in Figure 13.1. The fourth characteristic, cost, may work
against the inclusion of even development work in some divisions if the
system under development is extremely costly and complex. Divisions
often have extremely limited discretionary access to internal funds, and
costly development plans may exceed their discretionary limits. Accord-
ingly, financing decisions, or even the development work itself, may have
to be shoved further up the corporate hierarchy.

In those circumstances, it is reasonable to ask why any R & D should be
conducted at divisional level. Low product-specificity, long lags, extreme
uncertainty and high cost all provide barriers to the effective divisionalisa-
tion of R & D. If even one of these characteristics is present in a particular
R & D project, it impedes divisionalising the project and provides pressure
for incorporation at 'S’ level in Figure 13.1. Further, even if some projects
do not possess any of these characteristics to a significant extent, there may
still be incentives to allocate them to *S’ level to avoid diseconomies from
splitting the R & D function.

There are, in fact, counteracting pressures to leave some or all R & D at
divisional level. Firstly, removing a major function such as R & D from
divisional responsibility impairs the internal capital market in so far as
R & D cost is now shared between divisions, reducing the extent to which
divisions can be treated as independent profit centres. Secondly, in a major
study of factors influencing success or failure of innovation,® the factor
which discriminated most clearly between success or failure was whether or
not users’ needs were understood (Freeman, 1982, p. 124). Separating
R & D from divisional marketing could inhibit the integration of techno-
logical possibilities and designs with consumer requirements. Therefore,
the location of R & D in the corporate hierarchy is likely to be a complex
problem in practice, involving trade-offs between divisionalisation/
centralisation advantages and disadvantages. Different companies evolve
different solutions to these conflicts. At a relatively eatly stage in its post-

1
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war development. General Electric di_scovered thalt,Lts d“é'slggsu‘flﬁfdng;
innovating largely for the reasons discussed earlmr: :at‘nl o I113[0 il
reallocating much of its R & D to *S’ level.‘Du Pont’s so Encnls e
problems was 10 split its divisions” budgets into two c:(;m;:eg eai.vc e
operations and one for innovations, and monitor the resp

separately. _

0111;: ?;i[‘eﬁ-.e fonzr'lal hierarchical designs discussed above fage P(;Tfen:::llii
.evere limitations imposed by the nature of R & D and product }; o
bonsidcrations. Hierarchical bureaucracies of the type described a ovelk
?nw the category of mechanistic systems as defined by_ Bl'l{]‘l.s aqgliﬁ‘sp;z:mir
(1968)_6 Mechanistic systems are characterised by funcu\onadwfectn i hicr:

recise roles, vertical interaction bet_ween_ -managern an ((jJrS{' el
archical relationships. This form was ldcntlhet! by B:.:rns an -;:1 e
being appropriate to technologically stfiblc c::mdnmns. ]’frgm:;lc :syl:;l Y i-.ier-

characterised by informal lateral relationships, networ s_;a dcr e
archies, continual redefinition of tasks, and broad_ly specifie respo'natiom
ties. These characterisations are id\_eal types and in plracl.icc‘ urgamf Oia.r
operate along a continuum on which these descriptions represent p

ts' . . . e

Ex:‘lecrshanistic systems encounter problems in mcorporat:ngﬂlﬁnlm‘)t\fdl‘l:;
decisions on their agenda, and are likgly to ffiCe extreme t;h- -;l:| el;:; -
rapidly changing environments. Since innovation constitutes a .:;;am'sn.:
existing standard operating procet_]ures an!:l pmgrammzs. | rr:e "
structures typically have great difficulty in accommodating

ithin existing routines. : ;

dcﬁ?:lli};zxninformatioﬁ is liable to be ignored or mzstr;ath bc’cauzc 1;
does not fit into existing classifications or may face delays_a in being dClL::' 031
as it is referred up the hierarchy. Evep if 1|-l|e system is set up to :.:gﬁlis
significant data on innovation, in a hlgh]}i mnovat}w enwr(;nme; A
would lead to the senior management fire brlgad:; fam_ng anumber of al .

bells ringing simultaneously. Innovation, especially in turl;.:n{lcnt enwtrinc'

ments, is characterised by non-progrfimmable. sur;?nsmgl rou i
breaking information, and the mechanistic squcture typlcally‘r LI‘lC_(J.:llﬂ crf

severe difficulties in this arca of decision_—makmg. Thg churactfcn-:s lcls (1}

R & D uncertainty and non-specificity discussed earlier are pdr‘ulcu arly

relevant here; Burns and Stalker point out that the m;s::]llan1stlc 5ylblerfl :i

designed to deal with tasks that are pre-:‘we'an_d spf’c;ﬁc,'unceiidalgr. ;::g

prising tasks with a high degree of non-specificity will be ignore s

system. :
hﬂ?ﬁtirt;};z:l; }::y:tc%, with its absence (?f prc-s:?t ruics.‘mlcs :;md rcl:s[potzlsll-

bilities, is better equipped to facilitate innovativencss in rgp:dly c‘ljlln[g [E

environments. The form sacrifices the possibilities of static c(‘:ongml':,s‘ ;?a

functional specialisation and division of la:bour, but lhns_ can be .d c L“E

sacrifice in conditions of rapid technological change, since th.ese er;; .

omies may not be obtainable in any case_._What it pro‘h‘ldi:i‘s lqslﬁd e:;

flexibility and responsiveness: the non-specificity and uncertainty inher
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in innovation finds parallels in the non-specificity and uncertainty typically
surrounding relationships and roles in the organic systemn.

The principles differentiating organic from mechanistic systems in Burng
and Stalker’s carly analysis have been embodied in a variety of organisa-
tional designs that have evolved in recent years. For example, project
teams or task forces with limited life spans may be set up to deal with
innovative opportunities, cutting across formal organisational hierarchies
and dealing with non-specificities by focusing on ‘the innovation’ as the
unifying concept. Matrix management is a more elaborate and complex
solution displaying both mechanistic and organic features and has been
adopted by firms facing turbulent environments, including ITT, Monsanto,
ICI and Lockheed. In a matrix structure an individual typically has
simultaneous responsibilities to a functional home (e.g. R & D, produc-
tion, marketing) and 1o a specific project. In principle, the functional line
of responsibility provides mechanistic static economies from functional
grouping and specialisation, while the project line of responsibility
provides organic dynamic efficiency gains by focusing and integrating at the
level of the particular project or innovation. In practice, dual responsibili-
ties and confusion of responsibilities may inhibit the extent to which firms
operating a matrix system can pursue dynamic and static efficiency goals
simultaneously.®

To summarise, the characteristics that were important in shaping issues
at project level in innovative activity (i.e. uncertainty, non-specificity, lags
and cost) have also proved central in analysing problems of R & D strategy
and organisation design. Non-specificity, uncertainty, lags and cost are
major considerations affecting R & D strategy and the incorporation of
R & D within formal hierarchies, while non-specificity and uncertainty are
particular features that may encourage adoption of an organic rather than a
mechanistic mode.”

Thus, probing beneath the surface differences of conventional analysis
of R & D behaviour, business and corporate strategy, and organisational
form reveals interesting similarities and parallels in terms of the general
relevance of the four common concepts. This encourages optimism as to
the possibility of pursuing a policy of integrating the historically separate
literatures, to a greater or lesser extent.

This line of possible development finds further justification in recent
arguments by some organisational theorists that work in their field would
be enriched and strengthened by adoption of an evolutionary perspective
on the development of organisational forms (McKelvie and Aldrich, 1983).
They argue that existing studies tend to suffer from over-simplistic assump-
tions, presuming that organisations are either all alike or unique. They
argue that systematising analysis of organisational forms, and introducing
notions such as variation, selection and competition into analysis, would
create a more coherent analytical basis in this area of study.

Again, at a surface level, McKelvie and Aldrich’s argument is sympto-
matic of the Balkanisation of analysis in this area, since they make no
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reference to the extensive economic literature on evolutionary approlaclt];;
to the study of organisation. However, at a deeper }evel, it Sllf,gf'.sts; o5
possibility of commonalities and even convergence in terms of me l:)q
and frameworks between economics and organisational happroac.:‘:é;
possibly complementing and building on the four common ¢ aracteristi
discussed throughout this chapter.

Concluding remarks

Non-specificity, uncertainty, delay _and cost are important attributes af!‘;lect-
ing the economics of R & D activity. This chapter has attempted to show
that it is possible to synthesise apparently disparate threads as far as issues
in analysis of the R & D function, corporate strategy and structure are
concerned. It is argued that analysis of function, strategy and structure
should be rooted in the same core issues and problems.. ) ‘ )

We are also optimistic that it is possible II% discern !-unshlp rtlatlons_hqﬁ
in approaches, such as evolutionary thef)ry. transaction cost economies
and organisational dccision-making” m_those subjects. If 50, it qffers
interesting possibilities for cross-fertilisation between economic, business
and organisational approaches.

Notes

1. This implicitly assumes that the specialised firm w?u]d not I:Iﬁclable to appm';
priate a high level of gains through market Kran_sacnons, e.g. joint venture an
licensing. The reasonableness of this assumption may depcpd on t_he trans-
action costs associated with these alternatives in particular industrial

ironments.

2, ’c[‘?;rgemand-pull approach is most commonly associated Wi.th Schmookl_er
(1966). Mowery and Rosenberg (1979) have, however, qucstnonec_i 'thc _legu-
imacy of many of the demand- or market-pull approaches to empirical inter-

3 PHIE::;LT: the market still has an important role as an ex post selection device.
See Nelson and Winter (1977) and Dosi (1982). e

4. Freeman (1982, p. 167) points out that failure of dwnsmnfll management to
look far enough ahead was one consequence of the shnrt—tllme ;'aerspecuve in
profit-controlled divisions. Hayes and Abernathy (IQ{;U) identify the short-
term orientation of divisional profit centres as a contrlbtrtory factor towards
what they perceive as the neglect of technnlqglcal ch_angc in the US economy.

5. This was termed the Sapphe project and is discussed in more detail in Freeman

ter 5).

6. (Sltigi gs::fs ang Stalker’s seminal work, a great l'](lfﬂl of thcunftical apd
practical analysis has been undertaken regarding organic system design. Child
(1984) provides an excellent coverage of both these aspects. ) »

7. This does not mean that R & D lags and cost ar¢ not important in organic
systems as they are in mechanistic. They will of course still be of relevance.
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Huweve_r. what the organic system does appear to offer is a particularly
appropriate system for dealing with the other two characteristics of non-
specificity and uncertainty.

See, in particular, Nelson and Winter (1982).
Wi}liamsun (1985) presents a recent statement of his development of trans.
action cost economics. Kay (1982, 1984) utilises transaction cost economics to
analyse problems in corporate strategy and structure, For an analysis of
problems associated with Williamson's existing framework, see Kay (1987)
10. For a survey of recent work in this field, see March and Shapira (1982). .

&
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14 Technological opportunities and industrial
organisation

Rod Coombs

Department of Management Sciences, University of Manchester Institute of Science and
Technology, Manchester

On the significance of technological regimes

During the 1960s and 1970s research on the details of the technical-change
process tended to focus on particular innovations. One of the central
questions studied was the relative importance of demand-pull versus
technology-push as determining why particular innovations or clusters of
them came about when they did. However, the idea of demand-pull was
then much better worked out than the idea of technology-push. Perhaps
partly because of this, most of the empirical studies were able to document
the importance of the former but not the latter. The perception by scholars
of the importance of demand-pull, and the ambiguity of the mﬂucnr;e of
technology-push, had a noticeable influence on the policy discu‘ssmns.
which tended to stress the possible roles of government in influencing the
character of demand, and to downplay direct government R & D support.

The last decade has seen a significant increase in understanding, or at
least a change in perception, regarding the nature and significance of
‘technological opportunities’. The change has been associated with a
change in the unit of observation from particular innovatipns to_the
development of technologies more broadly. Put another way, innovations
came to be seen as connected, and the attention focused on the connecting
structure, rather than on particular innovations in that structure. Nelson
and Winter (1977, 1982) have used the terms “technological regimes’ and
‘technological trajectories’ to refer to the intellectual structure ‘guiding
technical change in a field at any time, and to the associated internal
dynamics through which technology unfolds. Dosi (1982) has empluy_e.d
‘technology paradigm’ to refer to the intellectual structure associated with
a given technological regime. Sahal (1981) and Saviotti and Metcalfe
(1984) have developed similar ideas. The underlying notion regarding all of
these intellectual developments is that innovations should not be con-
sidered in isolation, but rather must be understood in terms of an evolving
technological structure.

There has been a parallel shifting in thinking about national policies,
from the stimulus of (more) individual innovations. to the fostering of
advance of broad technologies, like information technology, bio-
technology, etc. With this shift of focus has come more careful analysis of
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the appropriate roles of government and the finance of R & D
advancing particular technologies.

These theoretical, empirical and policy developments have had influence

on a wide variety of topics. One important one, and a central
this chapter, is the anal

aimed gz

concern of

considerable research on this topic. However, almost all of it presumed
that the causal flow was from industrial organization to technical advance.

The notion of the technological regime which is common to a number of
firms in the same industry calls attention to

tion to technical change.
The associated concepts of technological regimes, paradigms and tra-

jectories have been explored in an earlier chapter. Here the focus is on the

relationship between these notions and the connections between market
structure and technological change.

Market structure and innovation: the two-way causality
The Schumpeterian tradition

The literature on the relationships between market structure, firm size and
innovation is voluminous but has not been able to come to a firm conelu-
sion. Both on theoretical grounds and on the grounds of casual observation
it is easy to propose both advantages and disadvantages in innovation for
monopolised and competitive market structures, and for large and small
firms. In each case it is the unequal distribution of the incentive to innovate
and the capacity to innovate which causes the ambiguity of prediction.
Nevertheless, the force of the Schumpeterian position on market power
and size, coupled perhaps with the industrial economists preference for
exploring relationships in which conduct is derived from structure. has led
to considerable empirical work testing this view. The two relationships
most commonly tested are that research intensity increases with market
concentration, and that research intensity also increases with firm size.
Kamien and Schwartz (1982) review a large number of studies on these
relationships. In the case of market concentration they find that there is
little consensus, but remark that there appear to be strong industry effects
and that the degree of technological opportunity at industry level may be a
major influence on research intensity (first shown by Scherer, 1967). In the
case of firm size, they suggest some consensus around the view that
research intensity increases with size up to a certain point and then falls
again. But once more they add the caution that the picture is probably
more fundamentally affected by industry-specific variables which have not
been included in the analysis. More recent work on market structure by
Angelmar (1985), and on firm size by Rothwell and Zegveld (1981) and

ysis of connections between technical change ang
industrial organization. During the 1950s, 1960s and 1970s, there was

the possibility that causality :,
may flow at least as much from the nature of technology and the character

of technical change to industrial organisation, as from industrial organiza- '
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of the industry itself. In later sections we explore further the evidence on
the mechanisms which link these patterns of technical change to changes in
industrial organisation.

We therefore see a contrast between two approaches to the relation-
ships between technical change and industrial organisation. These two
approaches emphasise different directions of causality between market
structure and patterns of innovation. In part this arises from their differing
starting points. In the traditional view, which emphasises the effects of
market structure on innovation, the analysis tends to be fairly static,
analyses incentives to innovate in different market structures, and is
ultimately concerned with the normative issues of efficiency and welfare,
Where models have been made more complex, to include such variables as
retaliatory innovation and R & D spending, such as in the work of
Dasgupta and Stiglitz (1981), the primary focus nevertheless remains on
the issue of whether the effect of market power on innovative patterns is or
is not socially desirable. The question of how that market structure has
arisen is not addressed; indeed, in their basic model the number of firms in
the industry and the R & D to sales ratio are determined simultaneously,
rather than any causal relationship being suggested.

As we noted above, the main reason for questioning the traditional
approach is the lack of fit with the empirical evidence. Stoneman (1983,
p. 46) reviews several empirical studies which indicate that product market
and technological characteristics seem to be operating alongside structure
as determinants of R & D allocations and innovative behaviour, and that
the specific combination of influences varies from industry to industry.

Those approaches which, by contrast, emphasise the causality from
technical change to market structure, tend to take a more dynamic view of
the issue. The evolution of industrial structure rather than its effects
becomes the object of study, and hence the process of technical change,
viewed as a sequence of related innovations, becomes a natural candidate

for incorporation into the analysis. We now examine these issues more
closely.

Stochastic growth models and industry structure

An interesting phenomenon in the field of industrial economics which is an
important instrument for clarifying the relationship between technical
change and market structure is the observation of serial correlations in the
growth rates of firms. This has been observed in general studies of firm
growth (Singh and Whittington, 1968) and has been given a more specific
technical component by Mansfield (1968), who argues that successful
innovators enjoy higher than average growth rates.

Nelson and Winter (1982) explore the causes of serial correlation by
setting up and analysing a number of dynamic models. In all of their
models, R & D aimed at innovation is distinguished from R & D aimed at
imitation. Some firms spend on both, some only on imitation. The former
are called innovators, the latter imitators. Both kinds of firms have target
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R & D to sales ratios. As they grow or decline, their R& D sp_e_ndmf does
too. This is important because in these moqels the _prebabuhty t e:;_ an
innovator will achieve an innovation is proporl19nal toits R & D spen m%s
A successful innovation gives a firm a prqdl.}cuon cost advantaﬁe u:)\re,-rﬂ{h ;
competitors. The expected time before an imitator is able to lat]: on 131 b
innovation is proportional to its imitat_we R&D sper!chpg, Thus in the g
models large firms are more effective u_mov‘aturs and mptator_s Fhan sma
ones. In turn, the size of a firm at any time is related to its past innovative
and imitative successes, since profitable firms are temﬁted to expand,
although they may be dissuaded by concerns about spmh?lg the mzijrket.
and unprofitable ones are forced to contract. The production cost advan-
tages conferred by innovators can be set in the model to reﬂerﬁ enlhe_r a
regime of incremental innovation on the basis of the industry’s existing
technology, or a regime of radical, scicncc-basc_ad technical change resultlpg
in high rates of ‘latent productivity grqwth'. Flrm? who haw_a achlevec'i size
advantages can be modelled as behaving aggressively or with restraint in
their investment decisions. Equilibrium is not a feature _of thg modelt i
The model takes the form of a computer simulation in wh:ch the l_nma_tl
conditions, including the number of firms, is set; and then the mmulguon is
run for a number of decision periods. Amongst the results the following are
particularly noteworthy.

1. In the simulations based on sixteen firms the level of concentration
always increases over time. .

2. The rate of increase of concentration and the final level achieved are
modified by the rate of technical change and iIS: regime, by the ease or
difficulty of imitation, and by the degree of investment restraint of
arge firms.

3 M\Nriﬁ::rgrthe rate of technical change is fast, and imitation difﬁc:-.{]t, t.he
tendencies towards concentration are most powerful, thus confirming
the observation of Phillips (1971) in a more general sense. A

4. Where firms in concentrated industries pursue aggressive growth poli-
cies. imitators tend gradually to achieve ascendancy over innovators.
Where restraint is shown, innovators and imitators survive with
innovators predominant.

Space precludes a fuller discussion of the dalailc.d features of this mudel.
but the results which are most salient to the issue of causality in the
relationship between market structure and innovation can now be sum-
marised. N

Firstly, the model does demonstrate some traditional (and some more
surprising) features of the causality which runs from market structure to
innovation. Large firms in industries where small firms are also present do
have innovative advantages which result in greater than average growth.
Concentrated industries achieve a given rate of Iec.:hnical change for less
total R & D expenditure, but give rise to a higher price lc\fel. Concentrated
industries can shelter innovators if investment restraint is shown, or they
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can drive innovators out of business to the benefit of imitators if I
restraint is shown, thus halting technical advance.

Secondly, however, and more striking, the forces of concentration g
very strongly dependent on the rate and character of technical change, Th;
confirms the original empirical finding of Scherer (1967) that differences
technological opportunity between industries are a more important factg,
than structure in explaining differences in innovative activity. Particular]y
interesting is the finding of a stronger result for the simulation of radical as.
compared to incremental technical change regimes. This is strong supporg
for the Schumpeterian insight that the dynamics of industrial growth creat,
powerful incentives for innovators and for imitators. Furthermore, j
suggests a picture of a multiple set of contingencies affecting the two-way
nature of the relationship between innovation and market structure.

.

Complicating factors

There are a number of complicating factors which now need to be con-
sidered, in order to move beyond the simplifying assumptions made in t
discussion so far. The first of these, which is not incorporated into the
Nelson and Winter model, is the question of entry. They acknowledge its
importance (1982, p. 328) and argue that their results would not be funda-
mentally affected by entry of small imitative firms, but note that entry by
large and technically progressive firms would change the picture consider-
ably. In an extension of the basic model, Winter (1984) introduces a
treatment of entry. He finds that in the ‘cumulative’ or incremental regime
of technical change established firms can defend against entry better than 1
they can in a more radical, ‘science-based’ technical regime. A more
explicit treatment of entry is that of Gort and Klepper (1982) who offer a

five-stage model of the patterns of entry during the evolution of a market
as follows.

1. rapid growth of entry following the first innovation; conditioned by
ease of entry and number of potential entrants;

increase in the number of producers;

entrants and exits cancelling out with net entry zero;

negative entry, or shake-out;

zero entry as the industry becomes mature,

RS

This model has features in common with a number of other discussions of
the industry life cycle. The essential principle is to contrast the nature of
technical possibilities at the beginning and end of the process. At the
beginning the technology is seen as volatile. External technologies
possessed by potential entrants may facilitate entry, and disable existing
producers. At the end of the process; technology-led entry is more difficult
because the existing technology is mature, and the accumulated experience
of the existing producers adds to the other mechanisms for deterring entry-
This latter point is consistent with the analysis of Winter (1984). Gort and
Klepper's work supports the view that the dynamics of innovation will
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1 / 5 inter model,
romote concentration over time, as in the Nelson and Winte

j though it starts from different assumptions. Furthermore it has significant

empirical support. However, it perhaps mlrersimpliﬁ;s t:;t:: f,?if:syoi z::l;_
tion of the market by implicitly suggesting that t (;: o Dgw < e
the industry will always be sufficiently \aulrel? defined as i
roducers to maintain sovereignty over 1t into the malr.x_,tr:t p L
industry. This may not be the case where there are multiple tec g
ied i ¢ product.
en}?oss;eig:::gwl]:tdgc that complex products comprise a range of com-
ponent technologies, and that radical change in one of them If'n::y a;];iro 1];1};3
clative entry potential of outsiders, then the neat sequence of stages :
:,e upset, or even periodically reversed. In nt‘her word§, th‘e conungend
factors which affect the evolution of cono_entrauon,_bqth in this mo;h:l an
in the Nelson and Winter model, are subject to variation not n:n'jly1 e?.rweer;
industries, but also within industries over time. Thus the evo 1_mon Df
market structure may not follow one _c}eaT path; but rather a ztgzl:ag o]
paths, reflecting variations in the conditioning factors of rate of _te; n:ca
change, ease of imitation, range (;f technologies employed in the industry,
shall return to this point later. iy

etc.:\‘:f:cond complicating fgctor in developing the mgghts f’f the ?ielson
and Winter model and the Gort and Klepper mc_)del is the issue of econ-
omies of scale, economies of scope, and the muln-pfoduct ﬁtm The latt_e:
point is particularly important since Nelson and Wm.ter e_xphclt!y restric
their model (for good reasons) to single-prc?duct situations. Stom?man
(1983) summarises the arguments on this pomt.a‘_s follows. There 18 ncfu
reason to expect technical change to push the minimum efficient Sc'ﬁl‘e o
plants in one direction or the other. However, the arguments of Wi 1dam-
son (1975) on the organisational beneﬁts'of the M—f{)rm'company, and on
its ability to utilise unexpected R & D gains, together with the advantages
of such large firms in financing R & D, may have increased the minimum
efficient scale of firms. If markets have not grown at the same rate ‘then this
process could increase concentration. However, since the ﬂ_exxblrhty r._af M
form firms is not infinite (and indeed the unrelatedness of diversification is
correlated with diminishing performance) we can assume that suf:h firms do
not completely obliterate the significance of ilndustnal boundaries, nor do
they remove the upper bounds on concentration.

These issues have also been examined in a rather more general frame-
work by Kay (1986). He argues that markets for capital, and for coopera-
tive agreements concerning innovation, both_ betw_rgen_ﬁm_'ls and ‘wnhrm
large diversified firms, play an important role in facilitating m.nc-vatmgs in
circumstances where product market structure would !heoreucarlly reduce
incentives, Thus, for example, the availabilit):r of capital, and mn_ova‘twe
opportunities, for deployment within diversified M—l’urm‘ organisations
should reduce the effect of the apparent constraint on innovativeness
implied by the structures of the product markets in which the organisation
Operates. Similarly, licensing agreements, joint ventures and other forms
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— 5
of agreement should in principle allow innovative opportunities to be
realised in spite of market structure constraints. The caveat on both these
mechanisms is that the markets in capital and in agreements have to

function with sufficient efficiency to allow this flexibility of innovation to be

realised. Clearly, this flexibility is not complete; but Kay argues conving-

ingly that cooperation mechanisms and capital markets are able signifi-
cantly to free the direction of innovative activity from the constraints which
product market structure might otherwise impose.

Summarising this discussion of economies of scale and scope, we can say
the following. The traditional analysis of the relationship between indus.
trial organisation and technological change, in the context of the well.

defined, single-product industry, hinges on the view that the capacity to
innovate and the incentives to innovate are dissociated. The capacity lies
with the larger firms and those with market power. The balance of incen-

tive lies with the smaller firms. We have seen first that this dissociation is |
not black and white, and, secondly, that institutional innovations such as

the multi-product firm can significantly recombine the capacity and the

incentive to innovate. Thus the issue of industrial organisation becomes
much more complex than in the traditional view.

The effect of this discussion of complicating factors such as entry, multi-

product firms and collaboration, on our diagnosis of the innovation market

structure relationship, is paradoxical. Whilst it strengthens the intrinsic
importance of causalities flowing from technical opportunities to market
structure, it highlights the fact that the sources of these technical oppor-
tunities, and the mechanisms through which they are applied, are complex
and have multiple relationships to any industry being analysed. Clearly,
then, the issue can only be resolved by recognising the need to define time
periods, levels of aggregation, product characteristics, and bundles of
technical characteristics, in such a way that the problem is constrained and
made more manageable. For example, if we were to insist on conducting
the analysis on an object defined as the transport industry, the problems
would be immense, and any results might not be very meaningful. If we,

however, restrict the problem to railways, or road haulage, or private cars,
the issue becomes more tractable,

Technological opportunities and technological trajectories

The preceding discussion has identified the fact that the links between
innovation and market structure can best be approached by seeing the
problem dynamically, and by seeing innovations not as discrete, but as
sequences of related innovations which intersect from time to time in
complex ways. Technological opportunities come into existence, have a
fruitful phase, and subsequently diminish in fruitfulness. These strongly
directional processes are what have been variously referred to as techno-
logical trajectories, paradigms, etc.

If innovative opportunities do indeed arise in a structured form, in part
as a result of the evolution of technological trajectories, then the fore-
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oing observations suggest that product market slatr;tct:tr;s' wlttu?:%ooqﬁ
adaptively to them, through the behaviour of co_lla }?rwevirg e s
within and between firms. Market structures will. ‘ o ‘loited ‘and
gigniﬁcant influence on the rate at which trajectories are exp )
neguolnzf; lgz:tt;?;c‘iﬂly mentioned above, a significant mod_crating inﬂu{fr;ce
qhould be taken account of at this point. Whilst techno}og;cai ?ppurtunxrlfrsl
: nd trajectories occur in the domain of iechn‘o{ogy, mnovat:lons oolcu -
ilhe domain of products. Products vary g,_reatly in ter.m.s ?f Fhelr:r:;:]);ngfc:ct:;;
the range of technologies which they incorporate; an mdte e
sequential position with respect to other prod.uctmn_. ﬁn l-:tl)a 3 Ehm_
activities. These variations condl_uon.thc way in wl;m 1(':;3 ateThu‘; e
logical opportunities are realised in 'dlffcrenl types O p;o ’ucm.‘ristic; am.i
not possible to ‘read off’ a set n?f industry sm._;cturc c arac_f i
dynamics directly from a diagnosis of t.echno\qgmal opportuni 1e3lA s ntpto
attention must be paid to the range of interacting tech nologle‘s nlahe fl.n .y
the product or service, and to the position of the prodhuct in fep:i vliju's
output structure. This point can be llllfstratcd_ through use.ﬁoq Lauiss
(1984) taxonomy of sectoral patterns of innovation. l__ie ldlt'.?l'ltlde. i
tive characteristics of the innovation process in _supp‘ ier-domi e
sectors; ‘production-intensive’ sectors (sub:dmc!ed into sc‘ale-ltmfs i
and ‘specialised equipment suppliers’); and in ‘science-based ch' ors. :
extent to which technical change is product- or pmf:ess-centrc A 1m\ema y
or externally generated, radical or incremental, varies between thc‘sa. ty]:;.s
of industrial sector. It seems likely therefore that the pauerr‘m in the
relationship between technological opportunities and market-stru_ctutrsz
will vary between these types of industry. This represents a step in e
direction of defining levels of aggregation and prodgf:t. characteristics
which was earlier noted as a precondition for further clarifying the relation-
i -tween innovation and market structure. '
Sh‘I[:siELz:l‘:g important, however, to consider the time period dc:husc? Tf;r
analysis of change in industrial structure. Iq t.he short to medium te n;
industries within Pavitt's categories may th.lbl,t relatively stable pat T‘r )
of causality. In the longer run, huwever_, Pavitt s taxonomy fron; s_u;:ip 1(1::
dominated through to science-based is one in u:rhlch age © lfn ust y
decreases and research intensity increases. Pavitt’s categories ol sector
therefore have a dynamic relationship to tgchnologlcal opportunities as
well as the cross-sectional relationship to which he Qraws a'ftenliqn: e
In the next section we briefly consider t{gchnnllog'.ca.l trajectories a 1Itt|ef
further. One objective of the discussion is 10 ldennfyr those adspic]tr ?)[
trajectories which are intimately com_iected to the experience and ski ;Ch
particular firms, and contrast them ‘\-‘.’l'ih those zlispects of tra]ector;e; W SI 2
exist more independently, and which are available to grogps o " m .
industries. In making this analysis we arc‘thcr_cfurc assuming a rrzj.me ’c;
reference within theory of the firm which is essentially bclfaw;);g],
drawing on the traditions of Penrose (1959) and Cyert and March ( :
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In so doing we are adopting a framework which is sympathetic to the

microeconomic foundations of the evolutionary model of industria]
dynamics discussed in this chapter so far. Earlier chapters in this bogk

have discussed technological trajectories in more depth.

Firm-specific resources and technological opportunities in innovation

Institutionalised R & D departments have as their objective the creation
of technology, but not of all possible technologies. Their possibilities are
limited first and foremost by the objective characteristics of the knowledge

bases within which they are working. A useful way of presenting this is in

terms of the parameters which describe any particular system.

Most technical systems can be defined in terms of some performance
characteristics which embody the function of the device and some physical
specifications which determine the level of performance achieved. A
simple example is the case of microelectronic circuits. One important
performance parameter is the speed of operation of the circuits, which is of

significance to users. This performance variable is a function of a specifica-

tion, namely the degree of miniaturisation of the circuit. (The smaller the
distance the electrons have to travel between parts of the device, the
quicker the circuit can operate.) There is obviously a physical limit to this
reduction in size. In this case it is determined by the laws of quantum

mechanics which do not allow the device to function in a stable manner if

certain elements are placed closer than a given distance. This limit is
independent of any technical difficulties which may arise in achieving it.

Other examples abound; the relationship between drag coefficient and fuel
efficiency in motor vehicles is another one.

If the physical limit to any physical specification is still distant, and there
remains considerable scope to operate on that specification to increase
performance, then there exist substantial ‘infensive’ technological oppor-
tunities in that system. By contrast, ‘extensive’ technological opportunities
will exist if the system in question has numerous possible functional
applications in a variety of products or processes, where its performance
characteristics will be of value. This latter is clearly the case with micro-
electronics. This approach to specifying technologies has been developed
recently for the purpose of constructing indicators of technical change
(Saviotti and Metcalfe, 1984). What is significant for the present discussion
is that the technological frontier has some definite structure, and that
technical reasons exist for expecting some strategies for altering that
structure to be easier than others. This is a way of capturing the direction-
ality of technical change.

However, the relative difficulty of different strategies for altering the
technical frontier has to be expressed in terms of some unit; and the natural
one is consumption of resources. It would seem appropriate to express
some relationship between the cost of achieving some unit of technical
change and the benefit which falls to the firm which makes the change.
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Following Stoneman (1983), we can use the simple identity:
G=px—-cx—E

; G is profit _
oo p is tphc price of the commodity ‘mcorpprating the technical change

¥ is the level of output of the commodity
x =sMip
s is the market share for the producer
M is the size of the total market
¢ is the cost of production of one unit
E is the expected cost of achieving the technical change

1f a mark-up pricing policy is assumed then the expression becomes:
G=sM(l-k)-E
where k= clp

Thus profit is positively related to size of market, sharf: of market z}nd
mark-up, and is negatively related to the cost of _acl'uewn_g the lecl_mu_:al
change. This expression now allows some useful insights into the signifi-
cance of different regimes for technological innovation.

Consider first the case of a radical innovation which opens a new mar}tet
or serves an existing market with a product based on new technological
principles. The technological opportunity, now measured in terms of the
profit expectation, will be high where s and M are h?gh; which may be 1!113
case if the performance or the cost of the new item offer sub:stannal
advantages with respeet to previous products, and/or I‘f er!try bar_ncrs are
low. But for the profit to be high s and M have to be high in reiaufm to E.
E will be low to the extent that the knowledge required to gchl?vc the
technical change is easily available to the firm involved. This will bn=T a
function of the R & D specialisation of the firm, and its collaborative
possibilities. ) !

Consider now the contrasting case of subsequent improvement innova-
tions within the parameters of the technical system defined by t‘hc ﬁ?st
innovation. These may increase the performance or reduc_e the price with
respect to the initial state. The values of M and s for each 1ncrement§l step
will depend on the growth rate of the performance paramelterA This W%]].
perhaps increase in the short run as a result of lcarn_ing but will dccn‘easle in
the long run as a result of encountering the intrinsic chform:mce Pn‘mt of
the technical system, as described earlier. For these incremental innova-
tions E may also diminish initially as a result of learning, l_)ut may increase
ultimately as more complex methods are needed to modlfy _specnﬁcanpns
and increase performance. Thus the technological opportunities evolve in a
manner which is related to the diffusion process initiated by the first
innovation; an issue also analysed by Metcalfe (1981). .

There are a number of overlapping concepts here. The first case dis-
cussed above—that of the radical innovation—closely resembles the
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concept of ‘extensive’ technological opportunities mentioned earlier,
though the relationship is not exact. The second case—that of the succeed-
ing incremental innovations—appears to be identical to the notion of
‘intensive’ technological opportunities and closely resembles the idea of 3
natural trajectory of technical change. Furthermore, the radical innova-
tion/extensive opportunities scenario is essentially the same as the ‘science-
based and the cumulative regimes in the Nelson and Winter model are
cussed above, and the incremental innovation intensive opportunities
scenario corresponds to the ‘cumulative’ regime in that model.

This is an important conclusion which links the Nelson and Winter |

model with the industry life-cycle tradition. It is likely that the science-

based and the cumulative regimes in the Nelson and Winter model are

frequently linked together sequentially, given the appropriate choice of

boundary conditions of time and product characteristics. An initial science-
based regime would give a powerful ‘internal’ impetus to the process of

concentration. A gradual shift to a cumulative regime can allow a relative
attenuation of the causal mechanisms running from innovation to market
structure, and an emergence of some of the reverse mechanisms. The

Penrosian firm-specific character of much of the technical change in the '

cumulative regime can act as a defence against entry, as Winter (1984)
suggests. However, this will be balanced by the enhanced danger of entry
by science-based firms, especially if markets for capital and cooperation
lower entry barriers. Hence a particular product function could become the
site of a conflict between a decaying cumulative technical regime and an
emerging new science-based regime. In the light of the increasing role of
multi-product firms, and the strategic use of R & D. it is now possible
for this conflict between technologies to be conducted not only through
competition between firms but also through strategic choices made within
firms.

These topics of firm-specific resources, theory of the firm, and techno-
logical trajectories are dealt with in more detail elsewhere in this book,
and will not be developed further here. The purpose of this brief discussion
has been to illustrate the argument that it is through this route that further
progress can be made in exploring the structure and directionality of
technical change. Such an exercise might then develop the insights into the
links between directional technical change and market structure which
emerged prominently from the models discussed in the earlier part of this
chapter.

Conclusion

If it seems that the diagnosis in this chapter reduces our power to make
general statements and to deduce public policy, then this is only partly
true. The power to make certain kinds of general economic statements —
such as “oligopoly might be the optimum industrial structure for technical
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change'—is indeed reduced, since the theoretical basis for such statements
has been undermined by the preceding arguments. But the power to make
general statements about technological trajectorics 18 rcmfgrccd, since
their significance has been underlined by the arguments. Thisrreturns us
to the point made in the first section, namely that policy-making as well
as analysis has tended to swing back towards 1echnqlogy type as th_e foc_us
of discussion and intervention in recent years. Despite the dlfﬁcu]tu:_s with
making policy in this way, it seems to be the least unsafe ‘method a\f;ulabklek

It is worth recording another implication of the foregoing ana]yms‘whlch
links to the macroeconomic sphere, also mentioned in the first section. If
sectoral rates of technical change are relatively independent, and if they
condition industry dynamics to a significant extent, then this closely
resembles the supply side conditions of Pasinetti's (1981) approach to
macroeconomics, in which the levels of output and employment grf)w_th are
primarily determined by the structural change process, and equilibrium is
only possible as a fluke. However, this does not pre_clude some linking (?f
sectoral rates of technical change, through a mechanism such as Freeman’s
‘New Technology Systems’, thus permitting long-run ﬂuctuat_ions in struc-
tural change, and hence in economic growth. Such connections ‘petwc'en
the industrial and macroeconomic dynamics of technological trajectories
are also discussed elsewhere in this book.
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