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INTRODUCTION

One of the most persistent debates surrounding economic change is whether it is
incremental or revolutionary inature; whether, for instance, a period of chatinge lasted
anywhere from seventy tone hundred yearsay beproperly termed an Industriédevolution
(Landes, 1991; Cameron, 1985). Unless we abastamalard models afusality andirewilling
to invoke an occasionaleus ex machiné explainchange, thencrementalistsare of course
correct ininsistingthat, in the endanyevent represents a change inélResting framework in the
senseahat itflows from (can be explaindaly) antecedent events and conditions. This, however,
begs the question of thate of change since it istill entirely conceivabl¢hat there are periods
when change accelerates or slows relativether periods. Moreover, even a moderate rate of
change may be consistent withsignificant discontinuities inthat some economic agents
(individuals, firms, orotherinstitutions such as the regulat@ystem)may drop outaltogether
and be replaced by others. this case,seeming stability on amacro level may mask
compositional effects that have a great impact on the various components of the economy.

Variations in the speed and extent of change have ro@ed inmany fields. Gersick
(1991) has found parallel theories of punctuated equilibrium in models that explain the behavior of
individuals,groups, organizationscientific fields, biological specieand the world in general.
When punctuatedequilibrium prevailsjong periods ofstability and consolidatioalternatewith
brief periods of drastic, indeed revolutionary, changewimch the previousquilibrium is
destroyed and a new system installed. Although Ge(4@R1) does noexplicitly approach
product marketdrom this angle, her theory can alspply when, as aesult of amajor
innovation, a particular good or service or production process is replaced by an alternative.

Several features of punctuated equilibrium stand out. Firstly, it is a lggitgss.Even
the revolutionary or transitionary phase, in which two or more alternate/és successmnay be
prolonged for decades, or eons in the case of speciation. Secondly, the [kecgssumpeter's

"creative destruction”, is one of replacementVhen there is punctuateequilibrium, the



extinction of a species or discrediting of a scienttieory arenot enough; there must be a new
species available tiake over the territory or a new theory to account foptiEnomenahat the
old theory was once thought &xplain. Thirdly, eaclperiod of punctuated change requires a
behavioral shift teensurealignmentbetween the requirements of the renderand the actions of
its agents. This shift might be accomplished internallythe old agents adapt théehavior to
meet the new conditions, externally if theyare supplanted by a newoup of agents.Finally,
inertia plays aentral role in punctuateguilibrium by ensuringhatchange proceeds Ifigs and
starts rather than smoothly and evenly.

Inertia is the focus athis paper. As iexplained inmore detail below, inertia has two
major functions inthe cycle of punctuatedequilibrium. Inertia results from, and in a sense
embodies, the best features of the stable phase of¢leebecause it is based on tlearning
process inwhich producers determinehich procedures are mosfficient and effective. Once
people aresatisfiedthatthey know how to ddhings well, they have very little incentive ok
for or adopt new methods. In the words of Tushman and Romanelli (1985, pp. 197, 205), "Those
same social andtructural factorsvhich are associated wigffective performancare also the
foundations of organizational inertia. . . . success sows the seeds of extraordinary resistance to
fundamental change." Inertia also provitles tension, however, thiads tothe (relatively)
short, sharp shock of theevolutionary period (Gould, 1983, p. 153) because the pressure
required to displace a succesdfut inertsystem is considerable atmkestime to accumulate.
Whenthere islittle inertia, change can be assimilated in a gradual and orderly fabhioan
entrenched system may need to be vigorously displaced.

Inertia has little importance in a neoclassicabrid of perfect knowledge and
instantaneous adjustment. Even if we relax these assumpliengffects oinertia might be
expected to be slight. lrootrast to thebiological world, for example, "genetienatter” in an
economy is seldom truly lost: It is far easier to reintleatvheel than to bring back dinosaurs.
Furthermore, economic "species”, be they technical or organizatoeabutinely crossbred to

create superior outcomes withauatich risk of sterility. Both of these factors introducenhagher



degree of flexibility in markets than prevails in biology, which should mitigate the consequences of
inertia.

Nevertheless, it is cleahat inertia and punctuatedquilibria do influence economic
change in important ways. A very abbrevialistl of industries in which dominarfitms have
been replaced by new entrants as a result of innovatdudes aircraft engines, when jet
propulsiontook over from pistorenginestransistors versus vacuum tubes; diesel-electric versus
coal-fired locomotives; electronic calculators versuschanical adding machineand electric
versusmechanicatypewriters (Sahal, 1981, ch. Byshman and Romanelli985, pp. 200-201).
More recently, innovations in process technology appear tedang to massive displacements
in industries such as automobiles.

Here we concentrate oaxplaining the partplayed by inertia in causing economic
displacement. We argubat inertia is often a rational response fioms or governmentseven
after an important innovation becomasailable, andthat changes in economic leadership,
whether on thdevel of the firm or the nationmay be inevitableshen there issignificant

innovation.

INSTITUTIONS AND INERTIA

There is a range of explanations of inertia. ©eteis the "r@" or, inthe narrow sense,
"economic” explanationthat look to abstractariables like demand levelgctor endowments,
and relative prices tustify the failure of some organizations to change.setond reason for
inertia is simplencompetence, when managars eithetoo stupid or too idle tadoptdesirable
new methods. This is apopular explanation of Britain's relative economecline after 1870
(Aldcroft and Richardson, 1969) and is also consistent with recent commeitsaitan
businessmenattributed to Japanese leaders. Alternatively, there may becognitive or
informational problems. Managensay not haveaccess to new knowledge or theyay not

recognize improvements becaubat do notfit their preconceptions (Gersick, 1991, p. 18).



Another set okexplanations for inertigelies on cultural incompatibilitiesFor example, Wiener
(1981) claims that the structure oBritish society sincéhe end of the nineteenth century has
discouraged entrepreneurship and innovation.

Here, we concentrate on ti@luence of institutional variables on inertialnstitutions
may eitherretard or encouragmnovation. If the institutionastructure is unsuited to a new
technology and inert, change will Gificult to implement. When existingstitutions ardlexible
or well-adapted to the requirements of an innovation, however, change witicomplished
relatively easily. As innovating firmmay beaffected by different sets of institutions, it is possible
that one groupnay beimpeded in itsattempts to innovatehile another grougas a "headtart"
because it has already gained access to some of the necessary institutions for other reasons.

Both exogenous and endogenaunstitutions can affect theate ofinnovation, as can a
wide variety of institutional arrangements that are (depending devideof analysis) either semi-
endogenous or semi-exogenous. Exogenous institutions are thfiavsare features of the
economy or society at large, such as tariffghar taxsystem in a givemation. Endogenous
institutions comprise those that apecific to gparticularfirm or industry, includingesearch and
development departments, codified and uncodifiecporaterules and procedures, amchde
associations and lobbying groups.

In onekind of institutional explanatiorthe impeding orencouraging structures aoaly
partly endogenous. Thes, the institutionghat retard oenhance adoption of new organizational
and technological practices have beegated by the self-interestbdhavior of individualsbut,
once created, stand somehow outside or independ#mtdfehavior. For examplethe profit-
maximizing behavior of a set of firms may lead to a particular kind of labor-relations pdiicly,
in turnleads tathe creation of a particular sort of labor union. Once creidtisdjnionmaythen
affect, exogenously as it were, the subsequent behavior of the firms.

A second type of semi-endogenous institutions is thbae are generated byider
societal action anthay not beespeciallytargeted at théirm or industrybut which nevertheless

create conditionthatvitally affect theability of the firm to innovate. Most nations, faxample,



have systems of schooliigat turnout potential workers with an assortmentséflls of various
grades. Employers must then provide further training and education térmesgecific needs.
When the system of publiceducation is appropriate to the technological attter needs of
employers, little further training is needed. If, howetkere is nopublic education or it is
directed to otheends or otherwise inadequate, a dmeater burderfalls on the employers.
Moreover, what ishighly efficient inone contextmay beentirely inappropriate to meet the
challengegposed bysignificant innovations. As eesult, somdirms may findthat a hitherto
excellent system of education has becons®wce of inertiawhile other firms, that were not
well-served with educationddcilities to cope witithe old technology, discovérat types of
education thathey hadhought to bempractical or uselesso, infact, mesh wellwith theneeds
created by innovatioh.

There is also a sense which the institutions retarding change can be more
straightforwardly "endogenous.” The behayatterns of thendividual actors --their routines-

- arethemselves "institutions." Like institutions more broadly, routines (and their organizational
and technological correlatives) can become obsoléted institutional change, wargue, can
often takeplace through the more-or-less sldwing out ofobsolete institutions in a population
and their replacement by bat adaptedhstitutions -- rather than by the conscious adaptation of
existing institutions in the face of change.

The nature of markets, themselves, may also provide an institutional explanation for inertia
because of the lovevel of price elasticity itmanymature industries. There is litilecentive for
established firms tgponsorinnovations if lower pricegor de factolower prices as when extra
longevitymore than compensates fogher sticker prices) will lead to decreasei@l revenue as
a result of inelastic demand. Innovation will be favored, however, by new emthactistand to
gain market share at the expensexs$ting concerns if they can explbgtter product or process
technologies. This helps to explain, for exampwley it wasWilkinson Sword rather thaillette
that introducedtainless steebzorblades, andvhy Americantire manufacturers were reluctant

to produce the long-life steel-belted radial designs promoted by Miéhelin.



Another set ofinstitutional explanationthat we have explored in modetail elsewhere
(Robertson andlanglois,1992) concernéirm and industry structure, in particular the extent to
which a firm is vertically- ohorizontally-integrated or entwined inn@twork relationship with
suppliers, customers, or competitors. The effect of these relationships has featured importantly in
a number ofrecent works on the position @&merican manufacturing industry the world
economy, with authors such as Piore 8abtel(1984), Porter (19903nd Best (1990) arguing in
favor of networks oindustrial districts to encourage a rapatie ofinnovation while Florida and
Kenney(1990) and Lazonick (1990, 1991a, 199%bpportlarge vertically-integratetirms.” In
this paper, we restrict ourselves to pointmgf that no single form ajrganization is appropriate

for all, or even a majority of, cases in which innovation is desirable.

ON ROUTINES AND CAPABILITIES

Overall, then, inertia exertsvo principal influences othe ability of firms to cope with
innovation. Inertia is often product ofsuccessful adaptation to earlier innovations, ésma
develops ways of operatinthat appear to be swell suited to its internal and external
environmenthat it sees no reason thange. Imtmanyinstances, this adaptatiomay prove so
effectivethat thefirm can retain @otal costadvantage for a prolonged period despgang an
outdatedtechnology because it castill capitalize onits mastery of compatibkupport and
ancillary operationswhile firms adopting a new, antéchnicallymore efficient technology, are
still wrestling with the expensiy@rocess oficquiringthe endogenous and exogenostitutional
backup necessary to gain full value from the innovation (Hannan and Freeman, 1989).

When inertiaretards thdearningprocess necessary to deal with a subsequent important
innovation, howeverfirms that are otherwise in a position neakethe eventual transition to a
new technologymay be slow in coming to grips with chandgbat dominance shifts to new
entrants who are unencumbered by prior developmbz#s) new adaptivprocedures more

quickly, and are able, therefore, largely to appropriate the market tayéttbe establishedirms



have learned to cope with the innovation. The obstacle in this case is may be termed "lockout”, as
leaders usinghe old technologyind thatthey cannosuccessfully makthe transitiorwhen there
is a significant innovation (Cohen and Levinthal, 1990, p. 137).

Routines and capabilities are at the heart of both of these aspects of inertia.

From the standpoint of the internal operations of a firm, the adoption of an innovation may
be conceived of as a form of diversification. TWegley (Scott, 1973)and Rumel(1974)
classifications othe degree dfliversity or relatedness of intrafiroperations are based on the
extent towhich technological or marketing activitiase shared across operations. The adoption
of a radicallynew product or procestechnology for arexistingproduct wouldlead afirm into
unfamiliar, albeit stillrelated, territory, in thesame way as would diversification into a new
productwhich shared marketing or technological bases witier products of thérm. The
ability of the firm to master such a change would then depend on whether it possessed the
technical and organizational flexibility to cope with an extended range of activities.

Three decades ago, in whataigguably stillthe richest treatment of the subject, Edith
Penrose outlined aumber of conditionshat might induce afirm to undertake a strategy of
diversification, which can be extendeddover innovation. According to Penrdd®59), firms
have a tendency to acquire surplus quantities of b@terial and humarnesources. Firstly,
because oindivisibilities, firms mayobtain excess amounts of one or more inputs. Resources
must often be purchasedhbondlesand, except in theelativelyrare situations imvhich the inputs
needed for the amount produced happerdiocide withthe "least commomultiple” of the
bundles, theravill be surpluses. Secondly, tleficiency of humarresources tends tincrease
over time as personnel becomeore knowledgeable and moaelept atdealingboth with the
external environment and with the administration of the firm itself.

Thefirm has a clear incentive to make gam# of these excess resources. Wag in
which it employs itsurpluses, however, wilary according tahe firm's strengths.Not only will
the varieties of resourcediffer among firmsput many ofthe most important types of resources

are heterogeneous. In particulagmanresourcesnvolving entrepreneurship, management, or



research araot standardized, rendering eafoim unigue because it has kinds and combinations
of resources different from those of other firms.

Penrosebelievesthat this heterogeneity of resourcesllwhave astrong endogenous
influence onthe strategy adoptesince each firmshould attempt tanakethe best use of its
surpluses givethe qualitative nature of its own strengthghile theremay be aange of uses to
which aparticular combination of excesssources can hmut, thefirm will tend to choose those
thatfit mostclosely withthe types of knowledge and scope of operatibashavesvolved from
earlier experience because these are likely to prove most profitable.

Although her terminology differdenrose anticipatemiany ofthe most importanteas
later elaborated by other writers. In particular, Richardson introduced the usettapeiiities
to refer to theskills, experienceand knowledgé¢hat afirm possesses. He concludbat firms
"would find it expedient, for the mogtart, to concentrate ogsimilar activities,"that is on those
that requirecommon capabilities (1972, B95). Ansoff (1965) and Panzar awdllig (1981)
employed a wider definitiothan Richardson of the attributes thahs may build on irchoosing
the scope of their activities. Thaselude excess capacity in marketipgopduction, rawmaterial
procurement, andinance, as well as managerial entrepreneurial knowledgeskills, and
experience. For convenience, however, we will follow TeeE80) inusing "capabilities” to
refer to all of these attributes.

Another aspect otapabilities hat has recently received great deal of attention is
organizational culture. In practigegt all organizationsnay be equally able to copgth change,
as existingpatterns ofbehavior involvingboth executives and subordinateay beresistant to
change. Organizations develop collective habits or ways of thitkatgan be alterednly
gradually. Tothe extent that given culture is eitherflexible or consistent with groposed
change irproduct or procestechnology, the transition to the neggime will be relatively easy.
If, however, the culture imcompatible witithe needs posed by the change anuhfiexible, the
viability of the change will be threatened (Robertson, 18@glois, 1991; Camerer and

Vepsalainen, 1988).



Nelson and Winter have formulated an economic analogue of capabilitksling
organizational culture. "Routines," as thayt it,"are theskills of anorganization.” In the
course of its development,fien acquires a repertoire of routindeat derives from its activities
over the years. To the extahat these routines aedficient anddifficult to come by, theyare a
most important asset, biltey also induce inertia because thegdifficult for thefirm to change
once in placé.

Teece discusses the positive aspects of such roufihasthey may contribute to a
capability that enables a firm taindertake new activities thatre compatible with its current
activities(1982). Teece neglects thegative side of Nelson and Wintatsalysishowever, and
fails to note that thanflexibility, or inertia, induced by routines and tbhapabilitiesthat they
generate can raise to prohibitikevelsthe cost of adopting @ew technology or entering new
fields. Such inertia can develop tiee extent thag¢xisting rulesare both hard to discard and
inconsistent with types of change that might otherwise be profitable.

In adopting a product or processovation, thereforefirms must look for a total-cost
solution by weighing up possible increasesramsaction costs caused by a departure trem
existing capabilities andutines againssavings or profitable marketingpportunities brought
about by thechange in technology. Moreover, tkasuing transactiosostsmay have two
components, those thderive from disruption of existingperations and thoghat resultfrom
the need to learn a new set of capabilities appropriate to the new product or process technology.

Technological change, as we have shown, comes in a variety of toataffect the
likelihood of it being assimilatemhto existing firms. First, it is necessary tdistinguish between
minor and radical changes. A technological cham@gy becharacterized as "a bit-by-bit
cumulativeprocesauntil it is punctuated by a major advance." In general, these fremieot
changes can be assimilated in passing,ctiadlacterize thequilibrium stage. This isnot true,
however, of major innovations d¢iie revolutionary stage of punctuatglilibrium, which are
"advances so significanthat no increase in scaleefficiency, or designcan make older

technologies competitive [imlirect cost termsjwith the new technology.” (Tushman and
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Anderson, 1986, p. 441 Assuming thathe adoption of anajor innovation is feasibl¢éhe speed

of adjustmentill depend on theompatibility between thecapabilitiesrequired by the old and
new technological regimes. Some innovatiares "competence destroying" whereas others are
"competence enhancingbr particular organizations. Whereas major competence-enhancing
innovations may, in time, be assimilatdte creation oéntirely new organizatiomsay beneeded

to deal with innovationghat underminethe capabilities orcompetences of existinfirms.
Alternatively, theremay beexisting firms inother fields that are betteable to cope with the
innovation because it demands capabilittest, perhapdgortuitously, arecompatible with their

existing routines (Tushman and Anderson, 1986, pp. 439-65).

LEARNING AND INERTIA

Learning isthe antidote tanertia because it allows organizations to switch paths by
augmenting their routines and capabilities. Organizattbas learn quickly, cheaply, and
accurately therefore have a degredexibility that isdenied to organizatiortatcanonly learn
slowly or atgreat expense, dhat cannotearn at all. Thus,while "[ijnertia is . . . a profoundly
functional organizational characteristic in stable/predictable environments" (Tushman and
Romanelli, 1985, p. 195), it isultimately destructive when it impeddsarning at times of
significant change.

Stiglitz (1987)distinguishes between learning by doing and learning by learning. Under
the familiar concept oflearning by doing (Sahal981, pp. 108-110), organizatiomsprove their
efficiency and effectiveness through experience. Stiglitz applies this notion to the I|peyoexs

itself. As he explains (1987, p. 130),

Just as experience in production increases one's productivity in producexgresence

in learningmayincrease one's productivity in learning. One learns to learn, at least partly
in the process dkarning itself. . . . By specialization in learnioge mayimprove one's
learning skills.

11



But learning is not an all-embracing process. Rather, it is localizledtlearningabout ondield

of studymay not yield significantincreases in an organizatioalsility to learnabout othefields
(Stiglitz, 1987, pp. 126-30). Theneay besome spillovers that result simply frahe process of
learninghow to question, bugpecificknowledge about a technology irga&en industrymay be

of little value in dealing with a particular innovationthe same industrut withunfamiliar
characteristics. Recently, Stiglitz's observations on learning by learning have received some
support fromKelly and Amburgey (1991, 06) who show that pricgxperience in dealing with

a similar type of change increases the chances of an organization cmogssfully with
subsequent changes, but experience in dealing with dissimilar changes does not.

Some types okarning can also be picked up externally, by watching and benefiting from
the experience obthers. Learning by learning remainsnportant, however, because some
knowledge is tacit and cannot be verbalized and transferred to outstulersther knowledge is
proprietary andhot publicly-available. The ability of an organization to overcome inertia by
learning isthereforelimited bythe timing of the learningeffort and the method déarningthat is
chosen. Both Spence (1981) adidiverberg, Dosi, and Orsenid®@988) have shown through
simulationsthat lack of learningpresents substantial barriers to entry. In lgrgg, this is
because organizations can readily pick up knowledge in the public domain but will é&fédest
than experienced competitors if they canteqt their own sources of tacit and proprietary
knowledge. As thenly waythat an organizatiosan learrthe lattet is throughlearning by
doing, the later the organization enters a fiel or adopts annnovation, the furthepehind it is
likely to be in efficiency. Irsuch cases, establishi@ths faced with mastering an innovation may
be faced with barriers to entry in tsame way as new entita to the industry.They may
thereforefind it hard to makehe transition from the old to the new technology if tbelay for
very long.

Cohen and Levinthall89, 1990) call thability of a firm to pick up information from
external sources (and thusfémd off inertia to alegree) its "absorptive capacityThey contend

that anorganization's absorptive capacity for external knowledge is a function @fisteg
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knowledge. Thus organizations tleteady have some background igigenareamay find it
quicker and cheaper to acquire new related knowledge than do organizations with no prior
experience in the area. Cohen aeginthalpoint to basic, or generalized, R & D activities as an
important way to improve a firm's chances of spreading its externavidetg in acquiring useful
knowledge from its surrounding environmenBut, as it is not feasible to have lasic
background inall areas, theproblem is still to determine whichelds are likely to prove
sufficiently fertile inthe future tgustify an investment in basisackground knowledge now.
Firms that do notmake the correctlecisions(that do not know how tdearn what they
specifically need tdearn) may lose irrevocably. Ihe words of Cohen aricevinthal (190, p.
138):
A firm without a prior technological base in a particdield maynot beable to acquire
onereadily if absorptive capacity is cumulative. In additiofirm may be blind to new
developments irfields in which it isnot investing if its updatingcapability is low.
Accordingly . . . firmsmay not realizethat they should be developing their absorptive

capacity due to airony associated with its valuationthe firm needs to have some
absorptive capacity already to value it appropriately.

Furthermore, as Penrose (1959) noted, some organizdtames bettennitial learning
capabilitiesthan others. Each organizationuisique and itsability to acquire the knowledge
necessary tadopt asignificant innovation successfully differs frafmat of existing or potential
competitors. If thennovation is competence destroyitigg inertia generated by mastery of an
older technologynay preclude the rapidcquisition of knowledgéhatwill permit the transition.
Competence-enhancing innovations, ondtteer hand, can benefit either existifigns or new
entrants depending on whether the competetiegsare strengthened are related talistinct

from those associated with the old technology.

THE POPULATION DYNAMICS OF MARKET DOMINANCE

As vital elements of internal learnirrge needed, first to determiwhich capabilities a

change demands, and then to master them, inertia wikrbag and the adoption @hajor

13



competence- or capabilities-destroying innovations can be expected to be grathminténm,

the industry may becomposed otwo sets ofirms, the representatives of the older technology
who will gradually wither, anthose of the new technology who, as will be showay or may
not gain the momentum required to establish themselves permanentlysuftigal ofthe older
technology rests on the mastery of appropafbilities by existing firm&ho tave learned to
makethe mostefficient use of their resources undedisting conditions. If capabilitie®r the
new technology have not yet been worked out, therefore, a prolonged mpayiémlow in which

the total cost of production of threpresentatives of the old technology is less thah of the
newer because the transactmwst savings arising fronthe use ogfficient routinesmore than
offset the direcsavings improduction costs thatan be attributed to the new technology (Hannan
and Freeman, 1989, ch). In fact, undecertain circumstances, ntay pay firms tocontinue to
invest in a dyingechnology even though they would incur an accounting loss as a result (Tang,
1988).

But, within any givenpopulation offirms, the withering ofthe representatives of the old
technology and their replacementfinyns that have adopted thenovationare notsymmetrical
processesThis is becaustheremay becompetition between agell as withinpopulations. It is
conceivablghat theremay bedifferent endowments of capabilities asttier resources thatake
the firms in one population, foexamplethe producers in an industry in a particular country,
better able to adopt the new technology than producers elsewhere. An exaopéwould be
an endowment of some vitahineral that is highly localized, expensive taransport, and
unnecessary unddére old technological regime. If amovation rendered thimineral necessary,
not only would firms usingthe old technology in locations distant from thieeraldeposits be at
a severecostdisadvantage if they innovatdaiit distant new entrants would afage a severe
handicap.

Equally importantly,there may be artificiadifferences among populatiotisat lead to
differentialrates of success in adopting the new technolddys could arisefor instance, if one

nation had, for independent reasons, already invested in asgelalities needeidr theefficient

14



use of an innovatiorsaythose associated witechnical educatiout othemations had not. If
this nation'dirms were thusenabled to achieve raptdntrol over the new technology, they could
potentially appropriatéheinnovation and gain a lastimyarket dominance (Abramovitt986, p.
388).

A second, and more pervasive, artificial means of gaining market dominance is through the
use of tariffs. Assumethat, under amxisting technologyproduction in an industry is controlled
by firms in a singlecountry who havegained an early lead. TheBens haveused theircost
advantages, based in large part oreffieientuse of learnedapabilities, to blanket domestic and
export markets tsuch an extent that there desv foreign competitors. When a major new
technology is developatiatdramaticallyreduces direct costs of productiomany ofthe existing
firms areinitially reluctant to adopt thaanovation because their capabilititdll give them an
overall cost advantage. #ew pioneers, however, venture itke new technology arsiowly
develop thecapabilities necessary tse it at its mogfficient level. After a period of time, the
capabilities of the representatives of the old technology are no longer great enough to compensate
for higher directcosts of production and thedims are obliged either toadopt the new
technology belatedly (a risky and probably futile geSjureto quit the field.

In the meanwhile, asecond countrywhich hasnot had a successfgroup offirms using
the old technologyimposes a tariffor equivalenttrade barrier) to proteddcal firmsthat adopt
the innovation. Because of the tariff, thésas donot have tacompete against the foreifjrst
movers whose mastery chpabilitiesassociated with the old technologtill gives them an
advantage in thearly stages of adoption. Furthermore, if fhieneering nation gives ntariff
protection to its own producertms in the follower country arable tocompete on equal, or
nearlyequal, terms with the representatives of both the old and new technologies in the pioneer's
home market. If the market in the follower nation is large enough to accomnawdddble
economies of scale, firms adopting the new technology theablareo movelown theirlearning
curves muchaster tharsimilar firms inthe pioneering natiorthatface competition from imports

as well as fronthe local firmsthat rave retainedhe old technology. Undéhis scenario, it is
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entirely plausiblehat the adopters of thanovation inthe follower nation arable to learn so
muchmorequickly thatthey can appropriate tlggeater part of the market by thee the older
firms inthe pioneer natiofinally succumb, anthat the adopters of thenovation inthe pioneer
will have been relegated to a minor role or eliminated altogéther.

Nevertheless, the retention of the old technology byithreeeringfirms may berational.
For example, a discounted cash flamalysiscould show that th@ay-off to "harvesting" the
existing operation, by reducingvestment and letting it rudown to the point of extinction, is
greater than thdtom shifting to anew technology because of timeich higher profits téhe old
technology in theearly years, when capabilitiegppropriate to thennovation are still under
development. Davigl991)gives a good example of harvestinghe defense of DC electrical
power thatEdison mounted during the Battle of the Systems. According to David, Edison was
not being quixotic when heok elaborate, and sometimes bizasteps to contain the spread of
an AC powersystemthat even he must have known was superionanyways. Edison needed
funds for experimentation in new areas and had neitleepatents nor thfénancialresources to
enter AC transmissiohimself. What hereally wanted to accomplish was an orderly transition
that wouldpermit him toliquidate hissubstantial investments the DC technology at good
price sothat he could get owith his new work. By resisting untilthe rotary converter was
perfectedwhich allowed ACpower to be converted to DC and thus ensured/itiiglity of the
existing DCnetwork;® Edison wasable to sellout at agreater profit than if he had eithsold
during theearlier period whethe continuediability of DC was uncertain or shifted to AC as a
follower.

The diagram in figure 1 illustrategraphically the possibility of harvestingand a
consequenshift in leadership among firmsThe solidlines are experience curvéabell and
Hammond, 1979) fotwo different basic technologie®r producing thesamegood. The
downward slope of the curves derivest only from learning bydoing, but fom such factors as
economies of scale and minor competence-enhancing innovaliweed, the curves are drawn

on a double-log scaleyhich emphasizethat, in theearly stagesrelatively smallincreases in
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cumulativeoutput lead to relatively largelecreases in production costs, but after the product
maturesmuch larger increases in cumulativetput areneeded to generate tisame absolute
decreases in production costs.

Initially, there are foufirms employingthe old technology: aexperienced ancklatively
low-cost producer at A an inexperienced and relativdiygh-cost producer at 8 and two
intermediatefirms at G and Dj. Firms A, C,and D are in one nation afidn B in another.
Assumenow that there is major innovatiorthat, ifimplemented, shifts a producer to a new and
lower experience curvé.Bothfirm A andfirm B haveequal capabilities tadopt thannovation
and would therefore be at tBame point othe new experience curve4AB»). Firm Bwould
find the innovation desirable anddopt it, butfirm A would face inertia because it aready
producing at far lowecost. Notonly would firm A endure lower profits if it adopted the
innovation, but itmight even face extinction @ther domestic producerasing the established
technology (Firms C and D) declined to innovate and instead engasg#tl pnice competition.
Because of its highenitial cost structurefirm B, of course, wouldhot beable to survive during
this transition phase unlessvitere somehow insulated from competition. This, however, is
perfectly feasible if B is in a different country and can be protected by a tariff.

After a period otime (years, or perhaps evdacades) invhich both firms have gained
experience on their respective curves, A will have movedytandl B to B, at which points their
production costs are equdBut B's costs will befalling faster. Iffirm A wishes to change to the
new technology now, however, the best it can hope for is to entgrla@oause, althoughwill
have access tpublicly-availableknowledge concerning the innovation, A witht beable to tap
the tacit and proprietary knowledgeat firm B has gained. C and D will be atsianilar
disadvantage. Thus, theading firmswhenthe old technology was dominant will become the
followers after the new technology takes hold because theglwalys have less knowledge and
therefore relatively higher costs if they do not innovate initially at the same time as Firm B. Under
such circumstances, if the transition period is long anthitieé costdifferential highthe rational

course forfirms A, C,and D is to harvest their investments by collecting higher poofés the
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period of transition even though the eventual result is to become followers or perlsipsrbe
from the industry when the innovative technology has become established.

The samdyasic mechanisnmsanoperate either for entingational industries, as illustrated
here, or forleading firms within gparticular national econonthat areless well-equipped than
some domestic competitors to cope with a significant innovation.

The evolutionary explanation presented here should be distinguishedthieonmow-
familiar notion of technological lock-in (David, 1985; Vebld®15, pp. 126-7). In the broadest
sense, we are, of course, arguing fdiral of lock-in. Because dhe continuing possibility of
learning along a particular technological or organizatipa#t, there are, in effect, transaction
costsimpeding movement to mew path. This is very much a matter of path-dependency. But
the cause of théock-in is not (necessarily) increasingeturns arising fromthe presence of
networkexternalities or from fixedosts incomplementary activitiesRather, the dependence on
path arises simply frorthe persistence of routines. Imeoclassicalvorld of fully informed
actors, oneneeds a specific nonconvexity to achiéwek in. In amore believableworld of
ignorance and bounded rationality, fbbowing of rules -- as a necessary tool of cognition -- is

enough to do the trick.

FOUR HYPOTHESES

The analysis wepresent suggests a class of explanatibashelp to predictwhich firms
will appropriate thebenefits from an innovation.Here, we illustrate four hypotheses with a

variety of historical and modern examples.

Hypothesis 1.A firm that is adept aémploying an existingechnology will be leskkely
to adopt anew technologyhat isincompatible with itcurrentcapabilitiesthan will afirm that is
less adept at using the existing technology, even if the new technology offers the prospect of long-
run increases in profits for both firms.

This isthe hypothesis with which ware most concerned. It is illustratedBmtain after

1870 by electricity generation and electrinschineryand, perhaps mogtaradigmatically, by
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cotton textiles. Theelativelystunted development of the elecatiproducts mdustry in Britain is

a reflection of an older legacy, in this caséhm use of gas fdighting and ofsteam, pneumatic,
and hydraulidools in industry. Thelectrical-machinery branch tifie industry wagspecially
weak in Britain, butBritish firms had trouble in competing even in gienitems. Imports of
electric lamps in 190&erenearly as large astal domestic production in 1907, and imports of
incandescent light bulbsere half again asarge as domestic production. The older telegraphic
equipment branch, and in particular cable manufacturing, was sonstvamaer, but in geeral

the British produced less sophisticatedrieties of equipment for home consumption and for
export to the underdeveloped areas of the globe (Byatt, 1968, 1979).

In large part, thefailure of the British to attaingreater success ineefrical products
manufacturing can be tracedtte slow adoption adlectricity forlighting, traction, and power
purposes in the Unitedingdom. Many ofthe reasons fahis werepolitical. By 1913, there
wereonly a fewlarge generating stations in both Chicago Bedin, serving centralizedower
and light systems in each city. Bpntrast, "Greater London hagity-five electrical utilities,
seventy generating stations averagimly 5,285 kw. incapacity, forty-nine different types of
supply systemgen different frequencies, thirty-two voltadevelsfor transmission and twenty-
four for distribution, andaboutseventy different methods of charging and pricing." (Hughes,
1983, p. 227.) This failure to consolidateras based on legislatitimat gaveeachmunicipality
effective control over bottpublic andprivate supply within its boundarielloreover, as late as
1912, themajority of electricapower used imBritain was actuallygenerated by users rather than
purchased from generating stations, furthereasingthe fragmentation cfupply (Byatt, 1979,
ch. 6; Hughes, 1983, pp. 227-38, 249-50).

In several important respects, howeuwbe slow adoption of electrical poweain be
traceddirectly to the existing provision ofother types of power iBritain which were not
matched by developments in the U.S.A. Germany. Incontrast to the Unitedstates,
inexpensivegaslighting was available in manyBritish cities before electriighting was feasible.

Even in theearly years othe twentieth century, electrical power was nmexpensive relative to
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gas in Britain than irthe U.S.A. (Byatt, 1979, p. 24). The useelgctricity for industrial
purposes irBritain wasretarded intwo ways by existingstructures. Many firmswere already
using steam ootherforms of power,and the slowate ofexpansion othe economyeft less
scope than in Germany tire U.S.A. for the construction eftirely new plantshat could bdaid
out to makethe best use of electl power rather than, as in the pdsujlt around a central
steam poweplantthat optimized the use of shafts abelting but did not takeadvantage of the
flexibility that electricity could provide. In additiomhe structure of theconomy itselfreduced
the spread ofelectrification sincecotton textiles and coalmining, which were of greater
importance in Britain, were less susceptible to conversion to elegideadr thanmany fast
growing industries in America and Germany (Byatt, 1979, chs. 3-5).

Nonetheless, it remairthe case that thastitutions retarding change in tle¢ectrical
industries were in largpart quasi-exogenous governmental ond=or this reasonthe cotton
textile industry provides aurer example in whictthe principal "institutions"retarding change
were the endogenously developed skills and capabilities of firms and workers.

Mass and Lazonick (1990) hakecently provided ghoroughsummary ofthe debate on
the British cottonindustry in which they have been promingatticipants. Theianalysis of the
sources oBritish dominance ithe industry draws in most respects aset of facts that are not
broadly in dispute, even if thes@ithorsplace their own interpretation on them. The facts are
these.Combining their early capabilities inthe premechanical textilérades withmechanical
innovativenessthe British developed aet of productiveapacities in mass-producedtton
textiles ahead adnyother nation. Theseapabilitiesarose in arextremely decentralized manner
that partook of Marshallian external economies. Among ttegsabilitieswas ahighly developed
market incottonfiber. Technologically, theseapabilities came teenter around theelf-acting
mule and the power loonwhich guided incremental innovation and conditiotreziskills of the
labor force. Although the exact productiviigures may be irdispute, it is cleathat these
competences in théritish economy allowethe industry tdollow an experience curve likaose

in figure 1. And Britain was further along this curve than all others.

20



In the 1890s, however, a new technological paradigm emerged with the development of
the automatic loom by Draper in the U.S.Ahis device allowedor higher throughput and
requiredless-skilledoperatives. In order tbenefit from its advantagespwever, one needed
yarn more resistant to breakage (fogi&en count) than that produced by theule. Thering
frame, which alseequired less labaskill and which, quite rationally, was little usedskill-rich
Britain, thusbecame an important complementhie automatic loom, as it produced the needed
stronger yarn. Coupled with new techniqueshiendinggrades ofcottonfor ring spinning, the
combination othe automatic loom and thmig offered a technological trajectory differdrdm
the one orwhich Britain had embarkedThe U.S.A., Japan, and otheyseedilyadopted these
techniques behind tariff walls. the Mass and Lazonick accotiniapan was particularly adept
at honingthe laborskills complementary tehis new technology. And after World Warthat
country led a pack of low-wage countries -- alwbich depended on ringpinningand automatic
looms -- in a successful assault on British dominance. Battemptedbelatedly toadopt the
new technologies, but found itself perennially behind on the experience curve.

Hypothesis 1 is also consistent with the experiencesminger of modertdirms. In
addition to theazorblade and tire industrieg/ich are discussed above, the deterioration of the
position of American automobile manufacturers is also a function of inertia, in this tas@ae
of important changes in process technologies by Japamase These changesyhich to a large
extentinvolve organizational innovationare based on a totathinking ofthe nature ofmass
production in thdight of improvements in quality monitoring mechanismseicent decades. By
linking low costs in mass production baogh quality output -- in contrast to th&aylor-Ford
premisethat there is a trade-off betweeastand quality -- Japanese automobile manufacturers
have been able simultaneously to gain a signifieaivantage in costs of production and a
marketing advantage sustained by a reputatiohifpr quality. Despite eventual adjustments by
U.S. and European automobile producerseé@ms cleahat asubstantial share of the market has

been permanently ceded to the Japanese (Womack, Jones, and Roos, 1990; Smitka, 1991).
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Hypothesis 2. If there is no major innovation in an industitye incumbent leaderill
probably retain leadership.

It is well-established that firms that gain market dominanckkahgto hold onto itunless
there is a major technological change (Lieberman and Montgoh@8g). To reverse the
examples citednder Hypothesis 1, tHellowing firms all heldmarket leadership undezlatively
stable conditions for several decadedil challenged by major innovations: Gillette swor
blades;Goodyear, Firestone, andniroyal in tires; and Generdlotors, Ford,and Chrysler in
automobiles. Similar examples ofong-term dominance in mature markefply intypewriters,
electrical products, and many other industries.

In the late nineteenth arehrly twentieth centuries, Britain industriegere alsoable to
retain their market dominance whikxere were no major innovations, even whens in related
industries werebeing supplanted by foreignpompetition. Britishcottons maintained their
dominance of international marketstil well into the twentieth centurparticularly in piece
goods. Importdailed to penetrate the home market and, despite increased foreign competition,
there wasseldom anyabsolute decrease in exports except in the cagarn$ (Tyson, 1968). In
engineeringthe older sectors such as cotton-texti@chinery also kept their international
dominance. The ring frammay have been @mpetence-destroying innovation fréine point of
view of the British spinnersput it was competence-enhancfrgm the point of view of the
machinery firms, who strengthened their position through its production (Saxonhouse and Wright,
1984). The market for British locomotives amtling stock held up as well, especially in the
Empire andSouthAmerica. In boilers and prime movers, Britaxported more than tHénited

States or Germany in 1913, and in agricultural machinery, more than Germany (Saul, 1968).

Hypothesis 3. If there is a major innovatiomut it ishighly compatible with existing
capabilities (is competence-enhancing), the incumbents will probably retain leadership.

In their discussion athe automobile industrbernathy and Clark1985)list a number
of innovationsthat werehighly significantbut nevertheless competence-enhancing. Moreover,
theynote thatsince a firmcan have importance competences in several areas, an inngivation

is destructive of one competence can bolster others. Thus the introductiomekpeasive V-8
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engine and steel bodiesoded some of th&echnical competences of majioms but allowed
them to enhance their existing marketing competences.

A further example in Britain is the advent of the shedilfor oceangoing merchant vessels
in the 1870s.This innovationreducedhull weights by as much as &r cent in comparison to
iron hulls and offered improved strength afhekibility. It was, however, a changleat fitted in
well with the capabilities oboth existing shipbuilders and steel makers in Britain. thgy 1890s,
virtually all major shipswere built of steel and Britain had retained its leadership (Pollard and

Robertson, 1979).

Hypothesis 4.1f theinnovation is, forall practical purposegntirely new(thatis, there is
no significant existingndustry), then théenefits ofthe innovation will be appropriated by the
population offirms that already hathe best access to the most important relesagudbilities.
These may be either entirely new firms or incumbent firms in related fields.

EMI's experience with the CT scanner illustratespgtablems a technical pioneer can
encounter if it does nqiossess complementacgpabilities(Teece, 1986). AlthougkMI had
the technical sophistication to develtpe scanner, théevice required a higher standard of
training, servicing, and support than hospitals had needed until then. EMI was not in a position to
provide these services, but GE and Technidave, firms that weresimilarly sophisticated in
electronics, were alsestablished medical suppliers. Asece (1986, pp. 298-99) reports the

final result:

By 1978 EMI had lost market shalesadership to Technicare, whigras in turn
quickly overtaken by GE. In October 197Gpdfrey Houndsfield oEMI shared the
Nobel prize forinvention of the CT scanner. Despites honor, and thepublic
recognition of its role imringing this medicabreakthrough to the world, the collapse of
its scanner businedsrced EMI in thesame year intdhe arms of a rescuer, Thorn
Electrical Industriesl.td. GE subsequently acquired what was EMI's scalmsmess
from Thorn for what amounted to a pittance. . . Though royalties continuémivt®o
EMI, the company hadailed to capture thdion's share of the profits generated by the
innovation it had pioneered and successfully commercialized.

Mitchell (1989) has since shown that incumbent firms with related capabilities in other branches of
medicaldiagnosticimagingare also morékely to enter newfields in imitation ofpioneers than

are incumbent firms without related capabilities.
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Anotherexample of Hypothesis 4 tise substitution of irohullsand steam propulsion for
wooden-hulledsailing vesselsaround 1850 (Pollard and Robertson, 1979). Thawmnges
thoroughly underminethe distinctive competence ®™orth American shipbuilders, whiclay in
their sources of cheap timber, and instead plagaeraium on access to iron plates and steam
boilers, bothfields in which Britainhad already establishétk basisfor leadership.Similarly,
Britain developed a&trongbicycle industry athe end of the nineteenth century, basedroe
part on thecountry's strong externatonomies in the manufacturenséchanicaparts (Harrison,
1969).

In other cases, latéictorian and Edwardian Britain diglot possess the rigltapabilities
to capture théenefits of whollynew innovations. In some electrical andraltalindustries, for
example, countries with systems of technical education more developabaharBritain were
in a better position to appropriate thenefits of innovationthatrelied onthe use otechnically-
trained labor. As in the case of other types of education, idiffecsilt to alignthe costs and
returns fromtechnical training and, dse government and potential students werewdasg to
pay in Britain than in somether countriestechnical educatiothere was stunted (Robertson,
1981). Firms in Britain, whicleould rely on their initial capabilities arising from atock of
skilled labor, were confirmed in their reliance omanual skilsand became less able as
technologies evolved to makke transition to morkighly technical routines. This, iturn,
determinednot only the workpractices offirms in older industriedbut helped tosteerBritish
entrepreneurs away from industries where technical knowledgeitaialsecause they knethat
suitableworkers would bexpensive to hire. In Germarthe U.S.A., and Switzerland readily
expandableool of technically-educatedorkers wasalready available whetihe éectrical and
chemical industries began take hold. As theséoreign firms had many of the necessary
capabilitiesfor innovation on hand befotke innovations werectuallyadopted they wereable
to learnother routinesmuchmore quickly and to seize market share before Britishs could

become meaningful competitors.
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CONCLUSIONS

Institutional factors,especiallythose embodied in capabilities anebutines, can both
improve the ability of a firm to exploit an existing technology and makemibre difficult to
innovate by generating an inerttat is hard to overcome. As a result, periodgeofinological
change are often relatively short and dynamic in comparison to lguegyilegls of consolidation in
which firms gain full mastery over innovationsot all organizations arequally well guipped to
adapt to change, however, afiuns that are adept aising an existing technologypay have
fewer of thecapabilitiesrequired to cope with innovation than a new entrant fmmathat was
less successfulinder the old regime.When this istrue, achange in industrial leadership is
probable, with the hitherto dominafitms becoming eithefollowers or leavingthe industry
altogether because they are no longer competitive.

A number of policy implications flow from this analysis:

1. It may be highly rational for a firm tding to anold technology, even if it haslienited
lifespan. The return to harvesting may be greater than that to innovatirfgrfotreat hasstrong
routines anctapabilities relevant tthe old technology butas fewer capabilitiesuited to the
innovation than other firms.

2. Governments should be wary, however, of proppindgroys that do not have the
necessary capabilities to cope with changkoo little attention is sometimegiven to the
"destruction" aspect of creative destruction. It carnvdry expensive to help firms tding
indefinitely to outdatedtechnologies or to pay them to acquire capabilthes otherfirms have
gained more cheaply. Tihe extent thasomefirms are encouraged to persist with obsolete
technologies longer than they otherwise would, the adoptioniohawation byotherfirms with
better capabilities may be retarded, causing a long-term cost to society.

3. Ifitis nevertheless felt, either by privéitens or governments, thahey need to obtain
a foothold in thennovative technology despitehagh degree of rational inertia, it is best to begin

adjusting assoon aspossible. Otherwise, competitarsgay haveacquired so much experience
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with theinnovationthat late adoptersilvbe hard pressed to catch up in thequisition of tacit
and proprietary knowledge.

4. One way ofhandling innovation when &rm has good reasons to reain inert is
through "tapered adoption”. limis way,through pilot projects iwill be possible to acquire
knowledge and avoithlling too far behinddespite the probable lossimt theinnovationwill
bring inthe earlier stages. The experiments can thegrhdually expanded to replatiee old
technology as theostadvantage shiftowards thennovation. If an industry is believed to be of
great strategic oeconomic importance, governmemsy wish toencouragdirms to embrace
tapered adoption.

5. Theanalysisalso offers evidencthat infant industry arguments can make sense if a
nation whosdirms have beefollowers under an old technologplievesthat there arsufficient
capabilities available teupport aninnovation. In such cases, there could be a substantial long-
run payoff to providing tariffprotection for domestic innovators gbat they can develop

capabilities while inertia encourages overseas competitors to continue to use the old technology.
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NOTES

Among the authors thabersick cites for these variodlds are (1)Individuals -
Levinson (1978, 1986); (Zproups- Gersick (1988, 1989§3) Organizations- Tushman
and Romanelli (1985); (4) Scientific Fields- Kuhn (1970): (5) Biological Species
Eldridge and Gould (1972); Gould (1983, chs. 17 and 18; 1989); \Rakle,and Wake
(1983); and (6)5rand Theory Prigonine and Stengers (1984); Haken (1981).

Tushman andRomanelli (1985pp. 197-201) daonsider the effects ahnovation on
productclasses, buprimarily fromthe perspective of organizatioedhaviorrather than

economics.

Although general cultural variables such as "natiohatacter" are also institutions in the
sense meant here, we dot consider them because of tb#ficulties in establishing

criteria and finding useful data.

What we term semi-endogenous institutions are "endogenonmicinthe same wayhat
the evolution of government institutions is endogenous to the market in the Theory of

Public Choice (Olson, 1982).

We develop this notion of routines presenthBut on theaffinity betweensocial

institutions (such as norms) and organizational routines, see the essays in Langlois (1986).

Although Michelin was an established tire manufacturegimope, ithad annsignificant

share of th&).S. market and, like mew entrant to théeld in general, had little to lose if

the innovation were rejected in America but a great deal to gain if it were successful.
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11

12

13

For ahistorical perspectivéhat favors vertical integration, see also Chandl&77 and

1990).

Nelson and Winter (1982, d124). Note thatoutinesrefer to what an organization
actually does, while capabilities also includewhat it may do ifits resources are
reallocated. Thusfam's routinesare a subset of itsapabilitiesthat influencebut do not

fully determine what the firm is competent to achieve.

Abramovitz makes a similar point at the level of the national economy (1986, pp. 402-5).

Fromour standpoint, Stiglitz seems to revetisetime dimension involved in change. He
writes, forexamplethat "thebasicconcept of weaving' is involved in virtuallall textile
production, butmuch of the technical knowledge associated with modeautomated
factory production is inapigable to hand-loom weaving." 487, p. 127). Iseems far
more relevant, howevethat the knowledge of thieand-loom weavers wasot readily

transferable to later technologies.

This is particularlytrue of tacitknowledge sinc@roprietary knowledgenay beobtained

through industrial espionage or other surreptitious methods.

Although somewhat exaggerated, this is a fair descriptidritdin's positionfollowing

the Napoleonic Wars (Landes, 1969, ch. 3).
Cooperand Schendel (1976), Foster (1986), andhman and Andersofl1986) all
indicate that thability of existing firms tcadjust to radicabroduct or processnovation

is highly limited.
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Tariffs areonly onemeanghat a latenover can use to assistfitsns in achievingcontrol
over amajor innovation.Other toolsinclude regulationthat make it difficultfor foreign
firms to become established in the follower nation, as is alleged to happen in Japan, the use
of "safety" regulations to discriminate agaimsports, and campaigns smcouragdocal

customers, especially governments, to buy locally-produced goods.

DC power was still supplied in sections of major cities at least as late as the 1960s.

In fact, an alternativeefinition of a major innovation iene that requires shift to a
different experience curve since minor innovations are among the factors that contribute to

a movement down a particular curve.

In theinitial stages, before theecessary capabilities to deal witlke innovation have been
developed and total costs dmigherfor innovators than for users of the older technology,
preferential government policiegould probablynot beavailablefor innovators in the
same economy athe current leaders under tharlier technological regime. Other
devices to"protect" the innovators would bpossible, however, such #se cross-

subsidization of innovating divisions by other parts of diversified firms.

For alternative views, see Sandbdd®74) and, in particular, Saxonhouse &kidght

(1984, 1987).
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