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LOCALIZED APPROPRIABILITY: PECUNIARY
EXTERNALITIES IN KNOWLEDGE EXPLOITATION 1
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ABSTRACT. Pecuniary externalities are crucial imgimg the strategies
to value the distinctive competences and the ecanmuccess of
innovative firms. The analysis of conditions forcddized knowledge
appropriation and exploitation makes it possibledentify idiosyncratic

production factors. The introduction of directec¢thiological change
biased towards intensive usage provides the opmbortufor the

exploitation of technological knowledge.

KEY WORDS: PECUNIARY EXTERNALITIES; LOCALIZED
APPROPRIABILITY; DIRECTION OF TECHNOLOGICAL CHANGE.

JEL CLASSIFICATION: O31

1. INTRODUCTION

Recent advances in the economics of knowledge enabportant
progress to be made in understanding the key rdlepaezuniary
externalities in knowledge exploitation. The analyd the characteristics
of localized knowledge appropriability embodied idiosyncratic
production factors plays a key role in shapingia's intentional strategy

! | acknowledge the funding of the European UnioreBliorate for Research, within the context of the
Integrated Project EURODITE (Regional Trajectotiz$he Knowledge Economy: A Dynamic Model)
Contract nr° 006187 (CIT3), in progress at the ammhe Rosselli. | am grateful for the comments of
the Editor and referees of this journal and of maino attended to the presentation of preliminary
versions at the European Science Foundation ExplgraWorkshop “Evolutionary Economic
Geography” held at the St. Catharine College, Usitee of Cambridge, April 3-5, 2006, the
Conference“Déterminants et impacts économiques du managedentonnaissances” 23 November
2006, organized by the Ecole Superieure de Comneirdéanagement of the Universite® Catholique
de Lyon and by the LEFI (Laboratoire d’Economieldd=irme et des Institutions) de I' Université
Lyon Lumiere 2 the EURODITE seminars and workshops.



regarding the direction of technology. The firmviewed as a learning
agent capable of creative reactions induced by etdikces. Building
upon learning processes, each firm elaborates artdntionally

Implements strategies of both knowledge generasind exploitation.
These strategies include exploring factor marketd mlentifying the

idiosyncratic production factors that are convenieruse intensively.

In such a context the notion of pecuniary extetigsliis relevant.
Pecuniary externalities apply when the prices ofipction factors differ
from equilibrium levels and reflect the effects ekternal forces.
According to Scitovsky (1954) pecuniary externabremmies consist of
indirect ‘interdependence among producers througie tmarket
mechanism” (p.146).There are pecuniary externalities when the market
price of a production factor, for each specific wfitg, is below its
marginal productivity in equilibrium. Pecuniary extalities differ
sharply from ‘technological’ externalities. Techogical externalities are
found when there is direct interdependence amongsfiand unpaid
inputs generated by each firm enter the produdtiantion of every other
firm (Antonelli, 2007).

Pecuniary externalities stem from the effects ef dignamics of growth.
The growth in demand and the increase in the dniof labor with
consequent entry of new firms in upstream and adhterdustries in
specific geographical and regional clusters hawe uhimate effect of
lowering the market price for the products that are input of the
production process in downstream industries (Kalti®81).

The analysis of localized appropriability articeélstthe integration of the
theory of the firm developed by Edith Penrose wikie notion of
localized technological change originally descrided Joseph Stiglitz,
Anthony Atkinson (1969), and then by Paul David78pin the context
of the theory of production and the economics afiowation and
technological change in their analysis of the catstento which the firms
implement their innovative strategies. An apprecratof the localized
context, qualified in terms of pecuniary externasi into which
technological knowledge can be appropriated betber the direction of
the technological change is chosen so as to inerdasexploitation,
provides important clues to understand the dynarafcsechnological

2 As Scitovsky notes: “This latter type of interdegence may be called pecuniary
external economies to distinguish it from technaabexternal economies of direct
interdependence” (p.146)



change and its implication for the implementatidradirm’s innovative
strategies.

The rest of the paper is structured as followstiGe@ elaborates the
notion of localized appropriability and highlightise role of pecuniary
externalities. Section 3 develops the analysieims of the profitability

of introducing technological knowledge which makies intensive use of
idiosyncratic production factors possible both ®rmis of reducing
production costs and increasing in the approprgbibf the rents

stemming from the generation of new technologicaiidedge. Section 4
elaborates the dynamic implications of the analysterms of innovation
cascades. The conclusions summarize the main sesnit explore the
implications for strategic decision-making.

2. KNOWLEDGE APPROPRABILITY AND PECUNIARY
EXTERNALITIES

The path breaking contributions of Richard Nels®8590) and Kenneth
Arrow (1962a) who first analyzed knowledge as aanemic good per
se, have shaped the early economics of knowledpes 3Jtrand of

analysis lead to the identification of a humberkef/ characteristics of
technological knowledge such as non-divisibilitygnrappropriability,

non-rivalry in use, non-excludability. The economanalysis of

knowledge, as an economic good, makes it cleardittatlly knowledge
Is a public good. Intellectual property right regsnprovide a remedy to
intrinsic non-appropriability.

The analysis of knowledge as a public good baseohn ugs non-
appropriability can be contrasted with the notiori embodied
appropriability. In the Schumpeterian approach Keodge can be
appropriated when innovators are large corporatitdreg enjoy the
advantages of barriers to entry based upon incrgasturns to scale
(Schumpeter, 1942). Existing barriers to entry Ipeeobarriers to
imitation for new products. Lead times provide imating incumbents
with the opportunity to reap the advantages of envas of scale and
scope before potential competitors are able tcatmithe innovation. The
corporation is the institution that provides inntmra with the opportunity
and the incentives to appropriate and exploit tetdgical knowledge
(Chandler, 1962, 1977, 1990)

David Teece has enriched the Schumpeterian anabfsismbodied
appropriation. Firms can try and exploit their tealogical knowledge by
bundling it with complementary assets that are urttleir exclusive



control (Teece, 1998 and 2000). In this approachsfitest and search for
complementary assets according to the characosrigtitheir proprietary
knowledge.

The Schumpeterian legacy can be further implementgdthe notion of
localized appropriability. Localized appropriatyil is the possibility for
inventors to appropriate the stream of benefitanstang from the
introduction of innovations, as a result of the detweam vertical
integration of knowledge, purposely generated, irodpcts and
production processes that are highly idiosyncratid as such enable
long-lasting costs advantage to be manufacturedsuch a approach
firms try and direct the generation of technolopi@ange according to
the characteristics of the idiosyncratic inputd tieve been identified. In
order to achieve localized appropriability firmsedeto elaborate a clear
technological strategy. This approach reverses élge@rgument.
According to which firms search for complementassets, once they
have a piece of technological knowledge they wanesxploit. In our
approach instead, the identification of idiosynicrggroduction factors
becomes the focusing mechanism that directs thergeon of new
technological knowledge and the introduction of htemogical
innovations. This approach is the result of quitersy analytical process
that should be considered with care (Antonelli,3,98999).

In the Arrovian top-down approach, technologicabwiedge is mainly

viewed as the result of a top-down process. Séienknowledge is

generated in universities in the form of generahgpals and universal
laws. Eventually these findings may be applied rmdpction processes
so as to feed the generation of new technologicadwkedge. The

Arrovian approach has been challenged by the botipmapproach
according to which bottom-up processes of learairegthe main, if not
the exclusive source of knowledge. The resourcedtweory of the firm

has provided the foundations to this approach aschighlighted the key
role of learning routines in the generation of kfexdge. In such an
approach to the economics of knowledge the distindietween tacit and
codified knowledge plays a key role.

The resource-based theory of the firm presentsnilegras the joint
product of current activities and hence assimil&tesvledge to learning.
Edith Penrose (1959) identifies the firm, its ongation and its routines,
as the privileged actor in the learning processe Tirm precedes the
production function as its primary activity consish the generation of
new technological knowledge. Each firm, as is vkelbwn, learns and
builds up new capabilities and eventually discoveewy possible
applications for production factors and competenbatsare found within



its own boundaries. According to the resource-babewry, in other
words, innovative firms are successful when thgyaind make the most
effective use of production factors that are ndy ¢éocally abundant, but
also internally abundant, i.e. within its own boands. (Foss, 1997 and
1998). The bottom-up approach to understanding digpamics of
knowledge stresses the role played by internahiegrprocesses, as the
necessary and sufficient condition for the genenatif new knowledge at
large (Foss and Mahnke, 2000).

The economics of localized technological change erak possible to
implement the resource-based theory of the firm laggce contribute a
bottom up approach to the economics of knowledgehmee cardinal
points: a) the qualification of the conditions fgeneration as shaped by
the localization of the learning process; b) thepkasis upon the
intentional decision making that stems from theative reaction of
innovative firm; c) the notion of localized appr@tnility. Let us analyze
then in turn.

2.1 LOCALIZED LEARNING

The analysis of learning has been much qualified strarpened by the
insight of Anthony Atkinson and Joseph Stiglitz €99 who introduced
the robust hypothesis that technological changetaka place only in a
limited technical space, defined in terms of faatensity. Technological
change is localized because it has limited extgmemland affects only a
limited span of the techniques, contained by amig®quant, that are
identified by the actual context of learning, inettproximity of
equilibrium conditions where the firms have beeodpicing. In other
words technological change can only take place svifiems have been
able to learn: the localization here is strictlyfided in terms of factor
intensity and with respect to the techniques ic@lat each point in time.

The localized approach paves the way to implemgnén broader
understanding of the determinants and conditiorst thualify the

generation of technological knowledge. The notiof localized

technological knowledge in fact makes it possibléighlight the role of
knowledge as a joint-product of the economic anodpction activity.

Agents learn how, when, where and what, also anchlynegrom their

experience, accumulated in daily routines. Firmewéver, can also
generate new technological knowledge by means skareh and
development activities: learning is not the singlaut into the generation
of new knowledge.



The introduction of new technologies is constraifgdthe amount of
competence and experience accumulated throughigaprocesses in
specific technical and contextual procedures. Agantthis approach, can
generate new knowledge, only in limited domains aeldls where they
have accumulated sufficient levels of competencd axperience. A
strong complementarity must be assumed betweemihgar as a
knowledge input, and other knowledge inputs suchfrasn R&D
laboratories, within each firm (Antonelli, 2001).

Learning indeed is one of the basic sources of neehnological

knowledge. As such it exerts a strong and cleaecefin terms of

defining the cognitive space into which each firam @xpand its current
technological base. As a consequence the new tleghoal knowledge

generated by each firm is constrained within thexionity of its current

activities. In other words, learning exerts a pdulelocalizing effect,

which limits the spectrum of possible discoverids.the same time
however the generation of new knowledge can takeide variety of

possible directions impinging upon the specificnioof learning that is
actively implemented and the context in which ke place (Antonelli,
1995, 1999, 2001).

2.2 CREATIVE REACTION AND DECISION MAKING

In the analyses of both Penrose and Atkinson-&iglechnological

change is localized and constrained by organizatimutines, but it is the
automatic result of learning without any intentibaad explicit effort. In

the economics of localized technological chang&geisd, the introduction
of innovations is the result of intentional decrsimaking.

Localized technological knowledge is the result tbe intentional

valorization of potential competences based upamieg. The generation
of new knowledge is viewed to be the result of amrentional conduct
induced by a specific process that can be sucdisshplemented only

when a number of key conditions apply.

Knowledge is no longer regarded as the automatiprbguct of learning,
but rather the result of an intentional process amglicit decision-
making. The role of Schumpeterian creative react@nphasized in the
localized technological change approach, make®stiple to overcome
this limitation (Schumpeter, 1947). The innovatiprocess is activated
when and if emerging out-of-equilibrium dynamicsdamismatches
between expected and actual conditions of both ymtoédnd factor
markets and performances induce firms to change tbatines. Only



then, tacit knowledge, accumulated by means ofiegrprocesses, is
actually converted into technological knowledge asd technologies are
finally introduced (Antonelli, 1995 and 1999).

The appreciation of the role of intentional deaisioaking in the
generation of new knowledge, and specifically ttientification of the
creative reaction that pushes firms to actuallyegate new knowledge,
provides the second major point of departure frdme nhotion of
knowledge as automatic and spontaneous outcomeearhihg, put
forward by Edith Penrose. Firms are reluctant tancgfe their routines,
their production processes, their networks of geppl and their
marketing activities as much as their goals ana thederstanding of the
product and factor markets. Firms can overcome th&insic inertia and
resistance to change only when a powerful failuegmanism is at work.
Firms are pushed to take advantage of the tacivlatme acquired by
means of learning processes by emerging mismatotesen their own
beliefs, based upon perceptions, and related pkm$ the actual
conditions of the markets for products and produrctfactors. Only
when such a mismatch takes place and the quasersibility of
decisions implemented impedes simple adjustmergdjrans pushed, by
emerging losses and performances below expectedisliew react
creatively and introduce innovations. In order totHis, the intentional
and explicit generation of new technological andgaoizational
knowledge becomes necessary.

The integration of the induced technological chaageroach into the
Schumpeterian tradition makes it possible to sae aht-of-equilibrium

conditions both in factor and product markets irdfions to change not
only their techniques but also their technologieh the introduction of

innovations (Ruttan, 1997; 2001).

Recent advances in cognitive economics confirmrgie of intentional
creativity in the generation of new knowledge amel $pecific behavioral
context in which discoveries take place (Rizze?003). As Nooteboom
(2003: 225) properly articulates “ discovery is apd by motive,

3 See North (1997:226) “Competition forces orgarnirat continually to invest in new skills and
knowledge to survive. The kind of skills and knogde individuals and their organizations acquire
will shape evolving perceptions about opportunitesl, hence, choices that will incrementally alter
institutions....While idle curiosity is an innate so@ of acquiring knowledge among human beings,
the rate of accumulating knowledge is clearly tiedthe payoffs. Secure monopolies, be they
organizations in the polity or in the economy, dyngo not have to improve to survive. But firms,
political parties, or even institutions of higheaining, faced with rival organizations, must &rto
improve their efficiency. When competition is mut@ddr whatever reasons), organizations will have
less incentives to invest in new knowledge andg¢ansequence, will not induce rapid institutional
change.”



opportunity and means. One needs an accumulatioansétisfactory
performance to generate motive; to overcome ongisiaertia or that of
others in organization. In markets, one also nemusopportunity of
demand and/or technology. And one needs insiglwswhat source and
how to incorporate them in present competehce”

The transformation of the competence based uponifgpprocesses into
new, actual technological knowledge requires spe@nhd dedicated
efforts. The generation of new technological knalgke can be
considered the specific activity of the firm and distinctive function
within the economic system: the firm is in fact tbheus of technological
discovery. Yet discovery and creativity are notoaudtic, incremental,
past dependent, i.e. deterministic activities gaidey the sheer
accumulation of internal competence based upohl&aining, but rather
the result of a complex path dependent processenaeeach point in
time firms make explicit and intentional efforts tgenerate new
technological knowledge Such efforts are most likely to be successful
when a number of contextual and external conditapyy.

2.3 LOCALIZED APPROPRIABILITY

An appreciation of the intentional, contextual aedource consuming
activity necessary to actually generate new teduyichl knowledge
leads to digging deeper into the analysis of theofa affecting the
direction or characteristics of the new knowledgaegated by firms. The
conditions for knowledge appropriation and exploota exert a powerful
feedback pressure upon the generation of new témiical knowledge.

Along these lines it seems now clearer and cletduar not only is the
generation of knowledge the result of intentioraivaties that build upon
internal learning processes which are still coms&iéh by an array of
external and localized complementary conditions. owledge
exploitation, as well, is heavily constrained amdysed by the specific
context of utilization. The localized conditionslafowledge usage affect
its appropriability appreciably: the notion of ltizad appropriability has
important consequences (March, 1991; Antonelld30

* See Greve (1998) who examines how performancebésdd affects the probability of risky
organization. His empirical analysis in the radimducasting industry shows the consequences of
shortfalls of performances on the probability aatgic change and their strong sensitivity to aloci
and historical aspiration levels. Ocasio (1998)vjates a theoretical reconciliation of theories of
failure-induced change and threat-rigidity. Theottyeexplicitly links the cognitive psychology that
underlies risk-seeking behavior and threat-rigidityh the social groupings and cultural rules that
structure thinking and decision making in organoss.

® Past dependence defines dynamic processes chiamadtey high levels of sensitivity of the initial
conditions. Path dependence stresses the posgsdiilihanging the direction of non-ergodic processe
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Learning firms need to select the direction of thenovation activities
strategically. Although learning localizes the cibige base in a limited
spectrum of rays, from the original focal pointadttivity, there are still
many possible directions along which the generatioh new
technological knowledge can be aligned. A varidtpassible discoveries
can be the outcome of the intentional valorizatddbrearning processes
and the consequent accumulation of tacit knowle8ligsv technological
knowledge does impinge upon the basic ground pealviay learning by
making the current products, learning by using ¢cheent technologies
and capital goods, learning by interacting with therent variety of
suppliers, competitors and customers. The tacitwkerdge and the
competence acquired can be implemented and valuesl variety of
possible directions.

The choice among an actual array of possible destes becomes a
crucial issue. The intentional choice of the dim@ttof the possible
discoveries marks the second appreciable departuoen the
deterministic notion of the firm as an agent movaigng a predefined
trajectory based upon past learning. As a mattdaatfat each point in
time the firm is faced by a variety of possibleegiions towards which
the creative activities can be ordered. Each neette assessed and the
relative profitability needs to be valued both fréhe viewpoint of the
costs of introduction and the revenue stemming fitsrapplication.

Here an important step forward can be made if diogofs that constraint
or stimulate the selection of the direction of Heguential steps and act
as focusing mechanisms are identified and analyzidin a single
framework. The characteristics of knowledge andosgicratic
production factors provide important help in idéntig the role of such
focusing mechanisms.

The notion of pecuniary externalities plays a kag in this context.

With a given technology and assuming standard sutish among
inputs, producers have a clear incentive to in&ethe intensity of
utilization of production inputs characterized bgcpniary externality.
Hence the input intensity of such factors will bgher in some specific
locations than in others. In a dynamic context whe&¥chnology is
endogenous, innovators have a strong incentivaréatdhe introduction
of new technologies so as to increase the intewsifyroduction factors
that are available at prices that are below thairgmal productivity. In a
dynamic context, consequently, the input intensifythe production

11



factors that happen to be characterized by pecumsigernalities will be
much stronger than in a static context. Technoldgibange works as a
meta-substitution process.

Pecuniary externalities become a factor of speeadn and, in a

dynamic context, where technological change is gedous, they are a
factor that shapes the direction of technologichbhnge. Pecuniary
externalities provide a novel and fruitful tool tonderstand the
relationship between the generation of technolddicawledge and its

exploitation. So far it has found little applicatioas the literature has
explored more systematically the consequences awlatige non-

appropriability in terms of ‘direct interdependennen-mediated by the
market mechanism (Beaudry and Breschi. 2003; Ma|&2005.

As a matter of fact the notion of pecuniary extéties provides the
foundations on which to elaborate a new understandif localized
appropriability and hence a new view of the levalsncentives pushing
for the generation of new technological knowled8ech incentives are
provided by the market place within the contexitld resource based
theory of the firm enriched by the economics ofalaed technological
change.

The identification of the sources of pecuniary exadities consisting in
local endowments of idiosyncratic production fastprovides in fact the
opportunity to substantially increase both the &lisoeffects of the
technological change that a firm can generate @nabpropriability. The
intentional direction of technological changes taigathe systematic
exploitation of pecuniary externalities -stemmingonfi the local

endowments of idiosyncratic production factors- gght possible to
increase the gains in terms of efficiency for aegivevel of resources
invested in the generation of new technological wWedge and new
technologies and to appropriate them better.

The new understanding of the role of localized kieolge appropriability
leads to a new appreciation of the idiosyncrati@arabter of local
resources and its productive and competitive effacid also provides a
new basket of analytical opportunities to graspkiyerole of the specific
and localized conditions that affect the actuainclea of firms to exploit
the technological knowledge they can generate.

The productivity of new technological knowledge, amhapplied to the

actual production process, and the appropriabdftthe economic value
stemming from its use, are much influenced by #lative price of the

12



production factors being used. The identificatidnpooduction factors

that are idiosyncratic becomes a crucial issueddtiton factors are
idiosyncratic when firms can exert a specific cohtvver them which

provides low and exclusive acquisition costs. Finvigch are able to

identify idiosyncratic production factors can dirgbe introduction of

new technologies in such a way that their roléhirtproduction process
Is increased, and they are used intensively amglrtiuch higher rents are
extracted from their knowledge generation actigitter much a longer
period of time.

The identification and valorization of idiosyncratiesources becomes a
clear and strong focusing device along which firo@ align their
research activities. The generation of new techyioéd knowledge can
be directed towards the exploitation of such idmmsgtic production
factors so as to reduce production costs and cbeateers to entry and to
imitation. Such barriers to entry and imitation é@dsipon the intensive
use of idiosyncratic production factors prevent theonomic rents
stemming from their introduction from being disd¢grh and hence
increasing appropriability.

The appreciation of the role of localized knowledgmoropriability and
hence of biased technological change towards tlensive use of
idiosyncratic production factors becomes a powetdol to understand
the criteria which firms use to select the diractmf the generation of
new technological knowledge. A full-fledged econortheory regarding
the distinctive competence of the firm that inclsidlee context, in which
the firm is based, can be elaborated impinging upese elements.

3. LOCALIZED KNOWLEDGE APPROPRIABILITY AND THE
IDIOSYNCRATIC  DIRECTION OF TECHNOLOGICAL
KNOWLEDGE

Following a well established traditional analysfgechnological change
at the system level (Kennedy, 1964; Samuelson, ;18&ftan, 1997,
Acemoglou, 2002) it is well known that the interesiuse of more
abundant and hence cheaper production factors miakggssible to
increase total factor productivity more effectivelet little attempt has
been made, so far, to integrate this line of amglysegarding the
direction of technological change, with the theal the firm and
specifically with the analysis of technology stmtet the firm level.

13



The integration of these two levels of analysis esak possible to grasp
what role the conditions of usage of knowledge pd@yan incentive
towards the selection of knowledge generation egras at the firm and
regional level. The direction of technological charhas a robust effect
on the results in terms of performance both atlékel of the economic

system and at the level of the firm. This is esglctrue in a globalized

economy where firms, based in local, heterogendagtr markets

compete on global homogeneous product markets (#itp2006).

The search for new, more effective, uses of locallyndant production
factors is a powerful alignment mechanism for #eearch strategies of a
variety of learning agents that are co-localized &ave access to the
same pools of collective knowledge and factor miatkés is well
known, production that makes the most intensiveaisecally abundant
and hence cheaper production factors is the mdstiest, and it
engenders systematic cost asymmetries when coomnsdtiive not access
to the same factor markets.

Here the working of pecuniary externalities is cled&/hen the local
endowments provide a supply of production factdrpreces that are
below the average level and cannot be easily agddsgother firms, the
local incumbents have the opportunity to direcirtovations in such
a way that barriers to entry are created. Rivalg b@able to imitate the
new products that embody the new knowledge, but@acompete on the
same cost levels because they have not access teathe pecuniary
externalities. Pecuniary externalities become acsoaf barriers to entry
based upon production costs. Barriers to entrylt pon pecuniary
externalities, are a substitute for barriers tdaton.

An analysis of market dynamics provides the bassnents to fully
understand the mechanism at work, from the demahel Since the
publication of ‘The theory of economic developmeriy Joseph
Schumpeter (1934) it is well known that innovatcas take advantage of
a monopoly power that is, however, necessarilysiear. Extra profits
associated with the introduction of successful vations stimulate the
imitative entry of newcomers. Increased competitdhives price-cost
margins to minimum levels. Industrial dynamics heereis increasingly
characterized by monopolistic competition cum leasrito entry among
firms that are heterogeneous both with respecther tlocal factor
markets and to their own competence and skillsamzgd by means of
internal factor markets.

14



In such a market place the competitive advantagaraivators is based
much more on the mix of idiosyncratic productiorctfes that have
contributed to shape the direction of technologwange, than on the
exclusive command of proprietary technological klemlge. Even if new
competitors can imitate the new idiosyncratic amchlized technology,
their production process will be less effectiventhiat of the innovators
because of the differences in the costs of prodactactors. In this
context, the more specific is the technology intietl by innovators, i.e.
the more it reflects the use of idiosyncratic prdchn factors that are
specific to the innovators, the less likely it igspible that newcomers,
even when and if they succeed in grasping the neshnblogical
knowledge and imitate the new technology, will b#eato match the
production costs of innovators and hence reducer tbempetitive
advantage.

Innovators relying on the pecuniary externalitiesovied by
idiosyncratic production factors can command a @btantage upon
which long lasting barriers to entry and to mokildan be built. Each
innovator becomes the local monopolist in a weflrsa market niche.
The size of the niche depends upon the specifitatidhe products with
respect to the preferences of consumers and upatrdlss price elasticity
with respect to other similar products. The laitbeturn is built around the
idiosyncratic competences of other competitors.oWamors will fix
strategic prices in the niche according to the e&seobility and entry of
the competitors in the broader basket of nichespatimg to satisfy the
demand of similar customers and the levels of cpoe® elasticity, that
Is to say the mobility of customers across thesd#iht niches.

Let us consider a firm which is able to generatgiveen amount of

technological knowledge that is the result of thieemtional valorization
of its internal learning processes. The firm camatisuch technological
knowledge towards the introduction of idiosyncraéichnological change
which shapes the production function in such a wat the output
elasticity of idiosyncratic production factors {$§) much higher than the
output elasticity of generic production factors .(Ghis is convenient
when, for the innovating firm, locally abundant guation factors are
available at a price (r) which is lower than thacerof the other
production factors (p): i.e. when r<p. Conversdlye introduction of

generic technological change has no effect on #ie rof output

elasticities. In other words the generation of (@agyeneric knowledge
leads to the introduction of a (more) neutral textbgical change with no
modifications in the output elasticity of the pration factors G and I.
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To make this point clear let us consider a stangaoduction function
prior to the introduction of the new technology:

1) Y = (FG),
where | and G are respectively the idiosyncratit generic inputs; E and
F measure their output elasticities.

After the introduction of respectively generic-ingeve and idiosyncratic-
intensive technological changes, the new alteragiroduction functions
can be specified as it follows:

(2) Y(t+1) = A (I G,

(3) Y(t+1) = A (I° G),

(4) C = rl + pG,

where at time t+1 after the introduction of thevrtechnology, Y is the

production process that uses an idiosyncratic-gientechnology and Y
Is the production process that uses a genericsiertechnology; u, v, s,
and t measure the different output elasticitiesndde by comparing
equation (1) and equation (2) we see that u<E; s>E.

Let us now consider the effects of the alternatiieections of
technological knowledge in terms of knowledge ekptmn. When
factors are not equally abundant in each localofantarket (r<p), it is
clear that the unit costs (QYof the goods manufactured by means of an
intensive use of locally abundant and idiosyncr&ators are lower than
the costs (C¥) of the goods manufactured with generic-intensive
technologies that rely upon inputs that are avhalab every firm at the
same price:

(5) CYi<CY,.

Generally it is clear that for any given inequabigtween the unit costs of
generic and idiosyncratic inputs such that r<p,dragluctivity of a given
amount of new technological knowledge will be largbe larger is the
bias in the new technology as measured by the odtsit. For a given
r<p, the larger s/t is the higher is the total dagiroductivity stemming
from a given amount of technological knowledge.

Composition effects as defined by the relative alamge of inputs in
local factor markets are major external factorshaping the direction of
technological change. When the most productiveofaist cheaper and
hence it is used more intensively, and the leasdiymtive factor is more
expensive and hence it is used less intensivelgdumtion costs are
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lowest. The growth of total factor productivity dexd from the
introduction of a given technology is higher; thigher is the output
elasticity of the productive factor, which locaifymost abundant.

Composition effects act as sorting devices. Favangsupply of new and
rival technologies, with similar shift effects, cpaosition effects act as
powerful selection devices and the rates of suctesstroducing new
technologies will be influenced by the local cormis in the factor
markets. Labor-intensive technologies will be farensuccessful in labor
abundant countries and capital-intensive techneguill be adopted
faster in capital abundant countries. The introducof new technologies
which are characterized by high levels of outpaisttity of labor, but
small shift effects, might be delayed forever ipita-intensive countries.
This analysis is most important when the globalnecay is considered:
in the global economy in fact firms based in highBterogeneous local
factor markets compete in quite homogeneous praaiackets. Different
agents, rooted in different regions, with differemdowments and hence
different conditions in their local factor marketsgy react with similar
levels of creativity to similar changes in their rrant conditions,
introducing new technologies with marked differenae terms of factor
intensity not only because of the effects of indé¢tncalized learning and
the conditions of access to the local pools ofemive knowledge, but
also because of the selection mechanism stemmiog fpowerful
composition effects. Here composition effects, shemg from the
pecuniary externalities associated to the costsvelf identified and
idiosyncratic inputs, act as a focusing mechanisat explains both the
direction of the introduction of new technologiesdatheir selective
adoption and diffusion (Antonelli, 2003).

Finally, we consider the price at which the goodstthave been
manufactured with the new technologies can be solte products
manufactured with a more idiosyncratic-intensivehtelogy, which

makes a more intensive use of the locally abundetors, including

those internal to the firm, and which are not a#dg at the same
conditions to competitors, enjoy systematic cogtrasetries with respect
to imitations and hence these firms can take adganbf substantial
barriers to entry and to mobility. In product maskeharacterized by
monopolistic competition, incumbents protected hyriers to entry and
to mobility can fix high prices for their productsy higher than those of
competitors. This is not the case when technolbgibange is generic-
intensive: every firm can use production factoed thire not idiosyncratic.
Hence new competitors can imitate the new techiyoloyl their entry
drives the prices to competitive levels. Clearlg thrices of products
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manufactured with a higher intensity of idiosynirainputs (F) are
higher than the prices of the products manufactwigll a low intensity

of idiosyncratic inputs (§). Search processes might also be directed
towards those knowledge outcomes that are muchere&si protect
through IPRs.

Equations (2) and (3) can be combined into theittoadl frontier of
possible production:

(6) Yo=e (V)

The solution to the optimization problem is easipund with an
Isorevenue that defines the possible revenuescmabe earned with the
alternative production functions considered. Tiupslof the isorevenue
measures the ratio of the prices of the productsufaatured with a new
generic-intensive technology 4P to the prices of the products
manufactured with a new idiosyncratic-intensivehtedogy (F). The
equilibrium is found where:

(7)dYy/dY, =R /Ps

Clearly there are stronger incentives to selectntite with more biased
technologies, than generic ones. A simple geomegposition can help
to grasp the point. As is shown in Figure 1, thapghof frontier of
production possibilities which considers the trafflebetween the levels
of output Y which can be attained by introducing a new teabgylthat
uses locally abundant and idiosyncratic produckamtors intensively and
the levels of output ¥ that can be attained by using a new technology
which uses generic production factors, is clearynametric. The
idiosyncratic-intensive technology is more effidiegthan the generic-
intensive one. Moreover the slope of the isorevemueh smaller than 1,
reflects the positive effects for idiosyncraticansive innovators of the
price asymmetry with respect to imitators, whichrdd have access to
the same idiosyncratic production factors. Idiosgtic-intensive
innovators can charge higher prices and retairetapgice-cost margins
than generic-intensive innovators. The combinatdnboth effects is
reflected by the optimization that clearly favoitse tintroduction of
technologies based upon the more intensive usecafly abundant and
idiosyncratic production factors.

Firms able to select their technological innovadi@o as to introduce a

bias in favor of the creation and subsequent imtensse of idiosyncratic
production factors have a larger mark-up becausé¢hrefe factors: a)
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lower production costs, b) higher product pricgsharriers to entry and
imitation lasting for a longer stretch of time.

FIGURE 1. OUTPUT AND REVENUE MAXIMIZING INCENTIVES
TO USE OF IDIOSYNCRATIC INNOVATIONS INTENSIVELY

Y

P

v

Y

In short, the generation of technological knowledgel the eventual
technological change is directed by: a) the caostisicing use of locally
abundant production factors; b) the profit-incregsiuse of local
idiosyncratic production factors. According to thalue and weights of
these parameters the characteristics of new kngelead the direction
of technological change can be assessed ex ante.

The embodiment of technological knowledge intolad®e and directed
technological change that takes into account tbal loonditions of both
product and factor markets makes it possible to@pfate the stream of
benefit associated with its generation.

4. DYNAMIC IMPLICATIONS: INNOVATION CASCADES

An important step towards a dynamic extension ef dhalysis can be
made when the origins of the local supply of idimswatic factors is
investigated. The introduction of technological amations in upstream
industries is a major source of the local supplysath idiosyncratic
factors. Firms active in downstream industries eladtering in the same
geographic space can take advantage of the intiioduaf innovations in
upstream industries. Proximity, both in knowledged ageographical
space, favors the early adoption of new productfamtors and makes
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easier user-producers interactions. Co-localizedhsfi have a better
opportunity to take advantage of upstream innowatibhan remote firms.
Co-localized firms have a privileged access tortee technologies both
as adopters and adapters.

The supply by upstream innovators of new produtttat can become
production factors, provides the opportunity fomaetream users, that
are co-localized and/or have privileged accesshésd innovations, to
take advantage strategically of their localizedilakdity and stimulates

them to generate new technological knowledge amtteally introduce

new technologies that use them intensively.

An understanding of the effects of pecuniary exkties upon the
direction of technological change makes it possiblget a better grasp
of the feedback dynamics of the process that |dadsascades of
innovations. The selection of new directional tembgies that make an
intensive use of innovative production factors juled by upstream
industries at favorable conditions increases tloenved demand for
upstream suppliers. Hence, the possibility of iasieg the division of
labor in upstream industries is further enhanced emnsequently the
specialization and the incentives and opportunities introduces
Innovations in upstream industries. The procesd wilgender new
pecuniary externalities with the continual inter@ctbetween upstream
and downstream innovation activities.

Innovation cascades emerge as soon as the suppldiadyncratic
production factors is no longer regarded as exageoo static, but rather
the endogenous result of the interaction amongwvainge firms active in
different layers of the filieres and value chailmovation cascades are
the result of the efforts of innovative users tketadvantage of the new
technologies being introduced by innovative supglielThe changing
conditions in downstream markets will in turn engdenfurther feedback
for upstream suppliers. The complementarity of deiveam and
upstream innovation processes is necessary fowvatiom cascades to
take place.

The provision of advanced services can play a nrajerin this context,
well beyond, the limits specific vertical filiereszransman (2008)
provides wide evidence on the key role of the tetdgical advances in
information and communication industries in stigrithe introduction of
an array of derivative innovations in a range ofvdstream industries
and in the organization of inter-firm and intraafirrelations in the US
economy. The growth of venture capitalism in the h#S proven to be
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the source of a major competitive advantage forovative start-up
companies and especially for scientific entreprestd@p (Antonelli and
Teubal, 2008).

5. CONCLUSIONS AND STRATEGIC IMPLICATIONS

The contributions of the paper are two-fold: i)steow that the localized
technical change approach integrates and expand®lkenents of the
theory of the firm of Penrosian tradition; ii) togpose an outline of
normative analysis. Let us consider them in turn.

The integration of the resource based theory of fihm into the

traditional analysis based upon the notion of liazeal technological
knowledge yields important dynamic results whenahalysis focuses on
the determinants of the selective generation of rewshnological

knowledge, as the result of identifying and exphgtthe sources of
external knowledge and the introduction of biasszhmological change
that favors the intensive use of production factbat are idiosyncratic to
each firm. The new analysis regarding the distomctoetween learning
and knowledge and the new understanding regardiagkey role of

pecuniary externalities in localized knowledge appiability emphasize
the strategic role of the direction of technologiéamowledge and
provides an economic foundation for the notionisfidctive competence
of the firm, much used in management and strataggdysis.

Learning is a necessary, but not sufficient coadifior the generation of
new knowledge. External factors play a key rolehhat the intentional
generation and exploitation of technological andgaoizational
knowledge. The combined effect of internal learniexternal knowledge
and the conditions for exploitation associated e intensive use of
idiosyncratic factors by means of introducing béatechnological change
cum intentional decision-making, provide key inpigtsinderstanding the
path dependent and idiosyncratic features of tleviedge generated by
the firm as the basis for building its distinctis@mpetences.

The generation of new knowledge is not the autamretid spontaneous
product of internal learning processes. Internaldag is a necessary,
but not sufficient condition for the generation néw knowledge.
Intentional and selective strategies are necessaryder to generate new
knowledge. Technological knowledge intentionallyngeted by firms
has a strong idiosyncratic character that is imiteel both by the
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characteristics of internal learning processeskgnthe characteristics of
local factor and product markets.

In order to increase knowledge appropriability firnmave a clear
incentive towards the generation of technologicadvidedge that makes
it possible to intentionally choose the directidntechnological change.
The downstream vertical integration into specifroquction processes
gualified by the intensive use of locally and pbBsinternal production

factors, that are highly idiosyncratic and henceager for a limited

number of users, favors the productivity of newedied technologies and
reduces the risks of imitation by rivals who do hatve access to the
same factor markets. Such production factors ai@sydcratic to the

innovating firm by locational factors or directlys d@he result of them
being intentionally created by each firm.

Pecuniary externalities make it possible for firng appropriate

technological knowledge embodied in processes andugpts better. The
strong positive effects in terms of reduced productosts and increased
knowledge appropriability stemming from the intemsi use of

idiosyncratic — either locally available or intellgacreated- production

factors provide a clear incentive to select theeation of knowledge

generation. The opportunities for localized knowledappropriation

provided by pecuniary externalities become a paweriechanism to

direct not only the introduction of new technolaidut also the

generation of new technological knowledge. A difestdback emerges
between knowledge exploitation and generationegras.

The identification of the sources of the idiosynicrgroduction factors
which are more convenient to use intensively beoraepowerful

guideline and focusing mechanism that directs ¢lalriology strategy of
innovative firms. The result is that firms created aexploit a broader
distinctive competence which includes its geogreghand industrial

localization of which the firms are able to makstiategic and dynamic
use of it.

The normative implications of our analysis both éaonomic policy and
strategic management are clear. Much attention Hessh devoted to
intellectual property right regimes as an effectvay to increase the
appropriability of knowledge as a good per se. Thaent debate on
intellectual property right regimes seems to asstiraethere are no other
ways for firms to appropriate their knowledge. Witleak intellectual

property rights regimes there are low incentives generate new
knowledge. Temporary monopolistic rents providedphtents do reduce
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static efficiency but yield dynamic efficiency. Bhanalysis does not take
into account other important means of knowledger@mmtion and
exploitation. Embodied appropriability of knowledbas received little
attention in the recent literature. Yet the appiadplity of knowledge can
be strengthened by means of its embodiment eitheincumbent
corporations that enjoy barriers to entry and hexagedelay the imitation
of their innovations, or by means of its embodimargroducts that make
intensive use of idiosyncratic production fact@e.understanding of the
working of embodied appropriation of knowledge dHodavor the
introduction of non-exclusive property rights tlelp the dissemination
of new knowledge and yet provide inventors with tiglit to some levels
of royalties (Antonelli, 2007Db).

From a strategic management viewpoint the analsiborated in this
paper confirms that firms have a variety of toots ihcrease the
appropriation of their technological knowledge. Whthe protection
provided by intellectual property rights regimesaisak, firms can rely
upon complementary assets over which they retamesdevels of
exclusive command (Teece, 2000).

From a technology analysis viewpoint this paper Baswn that the
intentional and strategic direction of technologichange is influenced
by the identification of idiosyncratic productioactors. Firms have a
strong incentive to identify the local availabilitgf idiosyncratic
production factors and to direct the introductioh technological
Innovations so as to make an intensive use of tidns. strategy seems
most effective for small firms which cannot takevaidkage of economies
of size which are a source of barriers to entry lagolce to imitation and
more generally it is also effective when the levalf ‘natural’
appropriability of knowledge are low and intellemituproperty right
regimes are weak.

Finally it is clear that the availability of idiosgratic production factors
IS not exogenous, neither it is static. Idiosyncratputs are often the
result of upstream production processes that doeanst firms are able to
use quickly. The provision of technological innagats by upstream
producers can become a major opportunity for dawast users to build
a competitive advantage, provided they are ableadopt the new
technologies and to direct their technologicalteggees at the right time
SO as to use them creatively, adapting them agtieetheir own specific
production and market conditions.
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