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Exaptation as sour ce of creativity and innovation

Abstract: In this paper we investigate exaptation as source of creativity and innovation. This
term addresses natural features that enhance fitness, but were not built up by natural
selection for that purpose. In the management literature this term has been used to address
the exploitation of an existing body of knowledge to enter an emerging technological
trajectory and gain a competitive advantage in a relative industry. So far, however, little
attention has been devoted to the evolutionary dynamics underling and generated by this
process. Therefore, in this paper we deepen our understanding of those aspects. Our main
contribution is to highlight the discontinuous nature of those changes. Exaptation, differently
from adaptations, are not selected for their contribution to the optimization of an existing
function, but for their availability to perform an emerging function. Therefore, exaptations
are not selected, but select and contribute to build up the environment valorising their
potential.



Introduction

In this paper we investigate exaptation as soufceraativity and innovation. This
term is used in natural sciences to address fesatumieancing fitness, but were not build up by
natural selection for that purpose (Gould & Vrba829 Vrba & Gould 1986). In the
management literature the same term has been osettitess the exploitation of an existing
body of knowledge to a gain a competitive advantagan emerging industry(Joel Mokyr
2000; J. Mokyr 2002; Cattani 2005; Cattani 2006wks al. 2004; Furnari S.d.; Andriani &
Cohen 2005; Villani et al. 2007; Villani et al. Z)0 However, little attention, so far, have
been devoted to the underling dynamics characatgrizhis process. Our contribution,
therefore, is to show how exaptations are devel@medevolved overtime, and which are the

main implications for the strategic managemennabvation.

In order to achieve this objective we review Gowdd Vrba's most relevant
contributions (Gould 1982; Gould & Vrba 1982; VrBaGould 1986). As consequence of
this work of review three aspects are highlightéidst, not all exaptations have been shaped
by natural selection before being co-opted to theasent function. Therefore, selection is not
the only driver of evolution. Second, exaptatiorss ot selected for their contribution to the
optimization of an existing function, but for theavailability to perform a contingent
function. Therefore, these features are not seletigt contribute actively to the construction
of a niche in which the role of those features atokised. Third, exaptations are source of
discontinuous change. These features, changingnibihology and the boundaries of a

context, are generative of other changes and initmsa

The complex nature of exaptation has led us toyaradome of the basic assumptions
underlying the evolutionary theory of the firm. \ilus on three major issues. The first is
whether we understand evolution as adaptive. Tbenseis whether we understand evolution

as gradual. The third how we understand exaptaiida.suggest that in the management



literature evolution is perceived as adaptive. Hasveevolution is not understood as gradual,
but punctuated by relative short period of radicadnge. There is less agreement on the
reason underlying the emergence of these changesrililitions can be roughly separated
into two categories. On the one hand, there aré&ibations in which radical change is seen
as consequence of scientific breakthroughs(e.ghmaa & Anderson 1986; Tushman &
Romanelli 1985). Therefore, it is treated as angerous variable. In other contributions
radical change is seen as the emergent outconie aftieraction between science-institution

and market (e.g. Dosi 1982). Therefore, it is wdas an endogenous variable.

Finally, we analyze the concept of exaptation. €hare not yet many contributions
focusing specifically on this issue. However, isl@ready emerged the controversy between
who defines these competencies as pre-adaptatmhe/ao define them as exaptations(Dew
2007; Cattani 2008). This is an old controversyewolutionary biology, which hides a
different way of seeing evolution. These positicas;ording to our perspective, are reflected
into a different way of looking at technologicatiieal change. On the one hand, who prefers
the term pre-adaptation tends to see evolution aislynadaptive and driven by selection.
Therefore, radical change is seen as mainly comsegu of scientific breakthroughs.
Differently, who uses the term exaptation tendendogenize the source of radical change

and focus more on the internal source of variation.

This work, according to our perspective, offers twain contributions. The first is to
extend our understanding of the concept of exaptafihe major argument here is that the
role of exaptation cannot be understood outsidesgecific way of looking at evolution. That
is a way that explain evolution as emerging from ititeraction between multiple Darwinian
evolutionary entities. The second contribution idirat attempt to link the elements of a
theory of evolutionary change based on the conakeekaptations. From this perspective, we

highlight two major aspects that have receivedeligtttention, but the concept of exaptation



emphasizes. The first is the issue of selectiore Way the production of knowledge is
stimulated is relevant for the variety of the knedde available and indeed the extension of
the exaptable pool. This is relevant both at theellef innovation system and firm. The
second is the issue of knowledge organization awvalladility. The production of an
exaptation requires linking an existing body of Wexge to a possible new application. The
emergence of this link requires a close interactimtween producer and user of that
knowledge. The current model of knowledge protecti@duce the intensity of this
cooperation. The case of open source softwaredeeih suggested as possible solution to

enhance the probability of exaptation.

Exaptation: What doesit mean?

The term exaptation has been coined by Gould arzh Vo indicate features that
enhance fitness, but were not built by naturalciele for that purpose(Gould & Vrba 1982).
This term has been proposed as an alternativeetodhcept of pre-adaptation. This term has
been originally proposed by Darwin to explain hoatune builds up complex structures. The
problem with this type of structures is that aredmaf interacting parts. According to
Darwin, nature select features for their contribatto fithess. However, none of these parts
contributes directly to fitness, but indirectly the means of the others. Therefore, how did it
come these parts have been selected and develdged®ling to Darwin, there have been

pre-adapted by a previous function and successogelypted to their present one.

Explaining the evolution of complex structure iscatical issue in the theory of
evolution. According to Creationist, in fact, thest&uctures proofs the existence of a
predetermined design within which natural selectiarks. Selection is the mean through
which nature discover its final destiny. HoweveQual and Vrba’'s argument is different.

Their objective is not to proof the existence ofdGodheir objective is to show that adaptation



is not the only mechanism through which nature w®land to show how its role is

complemented by the one of exaptation.

The term pre-adaptation, according to Gould andayHas two major limits. First, it
assumes that all exaptations are adaptations tevéops function. However, there are strong
evidences showing that not all exaptation are adapiherefore, there are features that
contribute to enhance fitness, but were not oriinahaped by natural selection. The
existence of these features is commonly accepted by Darwinist. However, according to
their perspective, these events/features are raréheir role is of little significance to explain

evolution.

Second and most important, the use of the termagaptation, according to Gould
and Vrba, hides the discontinuous nature of theatufes. Their development, independently
from their origin, has not been always shaped kystime set of forces, but punctuated by one
or more shift/s in the function performed. Therefothere was a time when these features
were not selected for their improvement to an egitiunction, but for their availability to
perform a novel and emerging function. Thus, thecfiwn did not pre-exist to the feature that
is selected, but, conversely, the existence of fdsture has shed light and made possible to
take/select an opportunity. The term exaptationteasjze this difference by pointing out that

exaptations were fitaptus) by reason ofdx) their form and not their function.

The introduction of the term exaptation has encen@at much resistance not so much
for its meaning, but for its implications. The wduction of this term, in fact, questions the
gradual nature of change and the role of selecBeolution, according to Darwin, is driven
by the accumulation of relative small changes thet positively selected for their
contribution to fitness. Conversely, according toufd (e.g. Gould 1982), evolution is
characterized by the coexistence of long periodtalility and adaptive change and relative

short period of instability and radical change.



Gradualism, in Darwin’s theory of evolution, is aspulate of the thesis according
which selection rather than variation drives eviolu{Gould 1982). This is not anymore true
if the magnitude of a variation is enough for beregponsible for a change in the evolution
proces. However, this requirement, according tol@as consequence of a specific way of
understanding and conceptualizing evolution. Thatelection and indeed evolution is driven
by the struggle for life. Therefore, it is selected genetic code of those individuals that are

better fitted to survive in a given environment.

Conversely, according to Gould, selection does maly select individuals, but
species, ecosystems and so forth. These are allidan individuals. They are born, die and
reproduce themselves. Evolution is indeed the eemergesult of the interaction between
these individuals/dimensions. This way of lookirigeaolution, according to Gould, presents
some advantage. It enable us to explain stab#ityamsequence of the prevalence of negative
feedback between dimensions. For instance, the kimg of a population tends to inhibit the
diffusion of changes. This is because it is verjikety that holders of the same successful
variation reproduce with each other. Therefore,rdproductive process converges toward a
common average. But it enables us, for the sansmmnedo explain rapid and radical change.
This is stimulated by the prevalence of positivedteack between dimensions. In a population
of small size, for instance, parents’ features hgreater chance to determine children’s.
Furthermore, the consequences of random eventsapiagre relevant role in determining the
future structure of the population. It enablesagxplain also hyper-specialization and rapid
extinction as the effect of lock-in between levelsdividuals are too adapted to their
environment to survive even to a small change. dftbee, according to this perspective,
nature does not select the most adapted individbalsthe species and the populations that

are more capable to change.



In this framework, exaptation and adaptation playmplementary role(Gould 1982).
Exaptations define the trajectories along whiclkec@n and adaptation work. Therefore,
selection selects the change that are compatibte wi given evolutionary trajectory.
Exaptations and indeed non adaptive changes gbeuground on which a trajectory is set up
and developed. This way of looking at evolutionlsdbr a rebalance between internal
sources and external sources of evolution. Evalusaot anymore driven by the selection of
features that are better adapted to perform a boiealso by a reserve of features, such as
genetic drifts, that are available to perform nowdé and functions to respond to emergent
and rapid changes. Therefore, the concept of ettaptealls for the need to better understand

how non adaptive changes are reproduced and acatedul
Isour theory of evolution adaptive?

One of the main reason why Gould and Vrba introdube notion of exaptation is to
highlight the fact that adaptation is not the omgchanism through which nature evolves.
Therefore, the first question we need to answerder to understand the possible implication
of this concept in the managerial literature is thibe or not we conceptualize evolution as an

adaptive process.

In order to answer to this question we need tacettbriefly the key elements of an
evolutionary theory of the firm (R. R Nelson & Went 2002; R.N. Nelson S.d.; D.A.
Levinthal 2007). This perspective, as know, is iontcaposition with a rationalistic
perspective of the firm. According to this latesedirms are rational agents. Therefore, they
are capable of fully forecasting the future and dwehaccordingly. Evolutionary theory,
conversely, is grounded on the observation thatsfiare not as rational as it is hypothesized,
but bounded in the capacity of evaluating the a#teves available and the consequences of

their behaviour (e.g. Simon 1976). Therefore, thestjon is how do firms do what they do?



The answer to this question lies, according to @wiamhists, in the concept of routines(R. R

Nelson & Winter 1982).

Routines are institutionalized pattern of actiwatimiild up on the experience a firm has
accumulated overtime. Therefore, according to ttiedinition, routines are based on
experience. This implies that a large part of thevdedge these routines are based on is tacit
(NONAKA & TAKEUCHI 1995). Managers, therefore, amet fully conscious of the reasons
why these routines work. Consequently, they dohmddl full control on their functionality
nor on the relative resources. Furthermore and nmogortant, managers do not hold full
control on how these routines may be changed ierora achieve an expected goal. The
reasons are mainly two. First, these routines nma&eagers blind to change. Second, even if
change is perceived, managers may not hold thecitgpand the power to change these

routines accordingly.

The set of organizational routines is, therefdne,denetic code of a firm (R. R Nelson
& Winter 1982). It defines the repertory of reproihle behaviors a firm can enact. It is a
repository of successful solutions/variations tatoggent problems arising from the failure of
existing routines to provide satisfactory resultise search for a solution to these problems is
local and path dependent (e.g. Levinthal & MarcB3)9lt is conditioned by the past choices
of this company. However, local searching and pagendency is only partially consequence
of sunk costs. Mostly, these are the consequendheoincapacity of this firm to look for
solutions outside of the cognitive space definedheyset of competencies a company already
holds(Tripsas & Gavetti 2000). Consequently, tl@arshing process is based on trials and
errors. The process of searching a solution endmvehsatisfactory solution is found. The
solutions tried are indeed blind to their ultiméd&e. It is market competition that selects the

best solution/variation available.



Thus, returning back to the initial question, i® tvolutionary theory of the firm
adaptive? Our answer to this question is affirm@ati8earching, in fact, is both blind and
local. Furthermore, it is driven by contextual tast Therefore, evolution is selection driven.
It is the market that selects the variations befiteed to compete in a give environment.
However, it is worth noticing that, despite of theeat relevance placed on this issue, the
concept of selection has received, with few exceptonly little attention in the economic

literature (D.A. Levinthal 2007).
I s evolution conceptualized as gradual ?

A second issue raised by the concept of exaptasothe nature of evolution.
Darwinist see evolution as gradual. It is the eraptgesult of the long term accumulation of
small changes. Gould, differently, see evolutioncharacterized by long-term period of
stability and gradual change punctuated by relasitert periods of instability and rapid
change. The two perspectives, according to Goulnat incompatible. The first, in fact, is
based on a unidimensional view of selection anduttem. The second, differently, is based
on a multidimensional view of evolution. In the sed discontinuity emerges from the
interplay between different evolutionary Darwinigudividuals. The objective of this section
indeed is to understand how economists understaolditeon. Is it addressed as gradual or

punctuated? If it is punctuated, how the emergefeenew trajectory is it explained ?

In the literature, according to our perspectiveyéhis large agreement on the fact that
evolution is punctuated by period of rapid changdernathy and Utterback (1975)
characterize the evolution of an industry distisging between two phases. In a first phase
competition takes place between alternative andmpatible designs. This phase is triggered
off by a discontinuous change, which establish egith new cluster of activities or a
completely new way of doing things in an existimgster of activities. This phase last until a

dominant design is selected. That is a commonfsatraponents and rules to integrate those



components (architecture) is selected. Once a canuesign is selected, competition shifts
from product-based to process-based. Thereform the establishment of an architecture to

the improvement of its performance.

Dosi(1982), in a similar vein, distinguishes betweechnological paradigms and
technological trajectories. His theory is based Kseh(1962). Therefore, a paradigm is
defined as a model/pattern of solution of sele¢technological) problems, based on selected
principles, methodologies and tools. A technologitajectory is indeed defined as the
pattern of normal problem solving activities on theund of a technological paradigm.
Therefore, the main function of a technologicalgoigm is to define the direction of progress

firms should follow.

There is less agreement, however, on the way tgsitron from a paradigm to
another takes place. Dosi, for instance, suggésis theories of technical change can be
broadly divided into two categories: demand-pulisus technology-push. In demand-pull
theories innovation is explained as consequencenafket forces. In technology-push
theories, conversely, innovations is driven by ifie advancement. Both perspectives,
according to Dosi, do not recognize the role plalygdhe institutional context, such as sunk
costs and public R&D policy, in mediating the imetion between these two functions.
Market signals, according to Dosi, are efficientlyomnce a trajectory is established.

However, which trajectory is selected depend onrbttutional context.

Others, differently, explains the rise of a newjettory as consequence of be
positioned a specific niche market niche. Chrisgansnd Rosenbloom (1995) define a
disruptive technology as one that is grown up ispacific value network and invades an
incumbent industry. Consumers’ expectations towhedperformance of a technology grow
with a much lower pace with respect to the techgwitself. Therefore, companies that have

invested on the development of the same technologtyfocusing on specific needs, may
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exploit that mismatch to enter the mass marketdislace incumbents. Levinthal(1998), in a
similar vain, show the evolution of a technologypgnctuated by rapid period of radical
change triggered off by the speciation of an exgstbody of knowledge. He draws on
Eldredge and Gould’s (1972) punctuated theory fggest how rapid and radical change is
triggered off by small changes. In this framewagpkaation is the process through which the
development of a knowledge is leveraged by itsdeicubated into a separated and specific
niche. The acceleration of the evolutionary procsssirawn by the availability of more
resources and the specificity of the selection tionc However, both these theories do not
explain how these specific niche are emerged. Towreboth ends up by highlight the role

market selection is promoting radical change.
How do we under stand exaptation?

There are not yet many contributions addressing issee of exaptation in the
management literature. This term has been impdayedokyr (Mokyr 2000) to highlight the
fact that there are a large number of technolotiies are selected for a trait, but owe their
later success to a related, but different, one lwhior some reason, they also happen to
possess. Furthermore, all these contributions factusxaptations as technological features.
There are, however, three contributions in whiahifisue of exaptation has been investigated
deeply. Those are Dew et.al (2004) and Cattanig2R006). It is worth noticing that Cattani
refers to these features in term of pre-adaptatadher than exaptation. This choice has
motivated Dew (2007) to write a notice in which d¢riticizes Cattani for this choice. The
terms of this controversy are going to be reviewethe last part of the section in order to

make emerge the limits of our way of understan@wgution.

The contribution of Dew et.al. is mainly theoretidaachieves three main results.

11



The first is to better define the concept of exaptaby pointing out what are not
exaptations. Exaptations are not externalities.yTe not involve any interdependence
between activities in a given period of time. Exdijoins are not creative combinations. A
creative combination results from combining twoséixrig bodies of knowledge/technologies.
Exaptations, differently, are creative applicatiamfsan existing bodies of knowledge in a
related, but different, field. Third, exaptationme aot unintended consequences. Exaptations,
differently from unintended consequences, requsmsaeone leveraging on an existing body
of knowledge in order to exploit its potential inrelated application field. Therefore, it
requires someone playing the entrepreneurial rblenking a given body of knowledge to a

new field.

A second contribution is a categorization of thenfe of exaptations. Those are two.
The first are pre-adaptations to a precedent fanctlherefore, these features were selected
for their contribution to a precedent function ahén co-opted to their present one. The
second includes features that were selected iradsopa bundle. Therefore, their effect on
the performance could be either null or negatinethis second case, however, these features
have been included because the advantage of thaléaige are more than the disadvantages

produced by that specific feature.

The third an most important contribution is to Hight exaptation as endogenous
source of entrepreneurship. Entrepreneurship isnoffieen as an adaptive process. The
competitive advantage of an entrepreneur is togpezca potential market/application for a
technology before then others. Therefore, it i$ geaception shaping the way a technological
opportunity is exploited. Exaptation, according Dew et. al., might be the base for an
alternative theory of entrepreneurship. It is netyraore required an external force.

Entrepreneurship may be a self-enforcing procesgemrby the attempt to exploit the

12



potential of an existing technology in new markdiserefore, it is not anymore the market
that pre-exits to an innovation, but the technoltgt pre-exists to the market.

Cattani, according to our perspective, makes twatrimitions. The first is to show
how existing competencies may be exploited to eairy gain a competitive advantage in a
emerging industry. Cattani distinguishes between pliases of an exaptation process. In a
first phase — pre-adaptation — knowledge and s&iisaccumulated without any anticipation
of their future use. In the second phase — thatawtd call exaptation - firms leverage on this
existing body of knowledge to gain a technologiadVantage in the new industry. Cattani
distinguishes between these two phase becauseriie t@aclearly separate between the role
of lack and the one foresight in the process opBrg a set of pre-existing competencies to a
new use.

A second contribution is to link pre-adaptation aspeciation. The theory of
speciation, as we have already seen, highlightsrake played by the specificity of an
emerging field in leveraging the development okearsting body of competencies. However,
in these studies it is not entirely clear to whestient it is the environment that selects those
firms whose skills and knowledge randomly match tbguirements of a new domain or,
conversely, firms enter that domain because thégipate which skills and knowledge will
be needed. Cattani’'s analysis shows that firmspaeeadapted to see and build up that
opportunity and are not selected by an existingpbappity.

Cattani’s choice to use the term pre-adaptatioherathan exaptation has been
criticized by Dew for two reasons. The first isttpae-adaptation, as suggested by Gould and
Vrba, suggests the existence of some foresightendevelopment and accumulation of that
knowledge. It seems to imply that the exapted kedgé has been developed and
accumulated in the anticipation of its future ubmwever, as also recognized by Dew,

Cattani has been explicit in excluding this optidhe second is that exaptation points to the
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process of shifting in the function performed ratltkan the adaptive origin of that
knowledge. It highlights the discontinuity thatimsplicit in this process. The fact that a piece
of knowledge have not been selected for its efficye but for its availability. Therefore, as
we shall argue later on, this choice is going tadititon heavily the development trajectory
selected. Furthermore, the use of the term pretatiap assumes that all exapted bodies of
knowledge have been pre-adapted to their presetifun by a previous one. Therefore, it
excludes all kinds of knowledge that have been ywed for some reason, but have never
been applied.

Cattani, in a successive note, defends his choiagsing two arguments. The first is
that his study addresses a case of pre-adaptdiimbody of knowledge that Corning has
exapted to enhance the development of fiber optelsles had been pre-adapted by a
precedent application in the filed of special glasanufacturing. The second is to question
whether exaptation is a better term than pre-atlaptarhe reasons are mainly two. The first
is that exaptation encompasses both adaptationsm@m@daptations. Therefore, one is left
with the challenging task of defining which of theo situation are recurring. This task is
defined as challenging because depending on wheendbption of a trait is situated in time
that trait is an instance of exaptation with adaptor non adaptive origin. However,
according to our perspective, the term pre-adaptatior the same reason, presumes the
adaptive nature of knowledge. It assumes that aegepof knowledge available has been
consciously build up for a reason. Therefore, ther@mot something as tacit knowledge.
Knowledge becomes tacit, but is not born tacit. e Becond reason is that, according to
Cattani, the term pre-adaptation better conveyidiea that technologies and competencies
cannot be clearly seen as the result of foresldbwever, which term better than exaptation

highlights the role of chance in giving shape tolation.
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This controversy, according to our perspectivehghts the limitation of importing a
term from another filed of study without payingeation to the context in which that term
makes sense. Goud and Vrba’s objective is notitize a term, but a way of looking at
evolution. A perspective that is based on the itiea evolution is a cumulative and adaptive
process driven by selection. Exaptation, in thispective, is a “tool” to show how creativity
cannot be reduced to a single force. Exaptatiom c@mplementary source of creativity. It
establishes the ground for the development of majgdtories in which selection operates as
optimizing force. Therefore, exaptations, diffefgrftom adaptations, play a creative role.
These features are not simply selected to enhaffeetigeness, but to establish new
opportunities of development. However, exaptaticakes sense if and only if we accept a
multidimensional view of evolution. Therefore, ievaccept that markets and institutions are

evolutionary entities and do not pre-exists to angje.

Toward atheory of exaptation as source of creativity

The objective of this paper has been to investigatptation as source of creativity.
This objective has led us to review Gould and Vsts®minal contributions on this issue. This
work of review has highlighted that is not suffitig¢o look at the concept of exaptation to
understand its meaning. The concept of exaptasopart of a large theory that explains
evolution as punctuated by relative short periodsadical change during which a new state
of equilibrium emerges. These relative short periad revolutionary changes are not
triggered off by macro changes, which requiresekistence of an external force capable to
foresee the future. These revolutions are triggefety relative small changes supported by

the effect of positive externalities and increasieturns. Therefore, these small variations
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have a disproportional relevance in the configoratof a new and emergent state of
equilibrium.

Is this perspective of evolution compatible withrssti Our answer to this question is
affirmative. Most of the elements of this theorg aifready in place. However, these are not
yet integrated in a comprehensive complex theomvofution.

First, the relevance of network externalities amcteasing returns for the evolution of
industries/markets and the dynamics of firms’ cotitipe advantage has been largely
recognized and analyzed in depth(Arthur 1994; David 1985). These effects have been
recognized as relevant for the emergence of stdaddominant designs and technological
and institutional paradigms. Furthermore, it hasnbshown how the emergence of these
platforms/contexts is often influenced by relatsmall events triggering off an enormous
catalyst power in the network. Therefore, thesevogk effects often prevent markets from
selecting the best solutions available and areoresple for the emergence of lock-in
situation. Finally, it also implies that evolutias both path-dependent and self-propelling.
Therefore, what is selected pis relevant to establish what will be selecteti.in

Second, it has been recognized the interdependsgtoeeen science-institution and
market in driving the emergence of technologicalaggm and the direction of evolution
(e.g. Dosi 1982). Therefore, according to this pective, market selection works efficiently
only within an established trajectory. However, sleéection of a paradigm is a more complex
matter. The reasons are mainly two. First, it ipassible, ex-ante, to establish which is the
most efficient paradigm/solution. There is not anowon standard to evaluate the contribution
of each paradigm to growth and development. Eachdigm has its own advantages and
disadvantages. It is impossible to forecast all pbssible future states the selection of a

specific paradigm will generate. Furthermore, thigluation and the probability for a
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solution to be selected is strongly conditionedh®yinitial state. That is from the sunk cost a
society has accumulated over time.

Third, there are endogenous theory of radical chafigpsi 1982; Adner & D. A
Levinthal 2002; D. A Levinthal 1998; ChristensenR&senbloom 1995). The concepts of
speciation and disruption explain that emergingettaries are not consequence of scientific
breakthroughs, but incubated in relative small gpecific niches. The theory of exaptation,
on the other hand, suggest that the emergenceesé thew trajectories is complemented by
existing bodies of knowledge accumulated withouty amnticipation of their future
applications. Furthermore, Mokyr (2002) in his et book titled “The gifts of Athena:
historical origins of the knowledge economy” shaWwat scientific breakthroughs have to be
complemented by a network of small changes in demerge into a new paradigm.

However, all these concepts are not yet fully irdegd into a larger and endogenous
view of evolution.

What does the concept of exaptation adds to tletsiy@? It highlights the role and the
relevance of historical chances and contingenaciggving shape to the evolutionary process.
However, according to our perspective, this has laeady pointed out by concepts such as
network externalities and path depends. We beliéW¥ierently, that the concept of exaptation
is a useful to read the role and dynamics of hisibrchances and contingencies in those
network. However, the objective is not to improuwaer @bility to forecast these events or
control their consequences, but enhance the pridlpakith which they occur and the ability
to canalize and exploit their effects. Thereforegaading to our perspective, the concept of
exaptations is useful if it enables us to improue wnderstanding on how building exaptive
contexts. That is contexts that are capable toreehtheir capacity to leverage and exploit

existing knowledge for different purposes.
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In this perspective, there are two aspects theeqraf exaptation sheds light on: the
relevance of the selection function and of knowkedgailability. As far as the first issue is
concerned there two most important aspects to deeased.

The first is about the relationship between sciearue technology. The question, from
this perspective, is how much scientific developmgmould be driven by its immediate
applicability(Foray David 1995). The system of intiees in place seems to push toward an
immediate applicability of scientific principlesh&refore, toward a growing market influence
in selecting development trajectories. This puskard a more integration between science
and market if, on the one hand, it might guaraateeore rapid growth in the short time, on
the other, it may reduce the number of future dgwelent alternatives available. A strong
market orientation, in fact, may end up into a tedi pool of exaptable knowledge. For
instance, to which extent, in the current transittoward a green economy, an excessive
market orientation is responsible for the lack mémable know-how on this matter and
indeed the long time required to accomplish thasgition.

The second issue is about the way developmenttoaies are selected within the
firms. Cattani’'s work clearly show that being paapted to a development trajectory may be
a source of competitive advantage in the exploitatf that trajectory. However, Cattani
focuses on the factors that define the capacitgy frin to exploit this potential advantage. He
had devoted almost no attention to the factors meihg the probability for a firm to enjoy a
pre-adaptation advantage. In this perspectivegetbes, it would be useful to understand if
there are firms that are better than others indmgl this kind advantage and what kind of
strategy these firms implement to leverage thisacap. We expect those firms’ research
strategy being less oriented toward short-term&mef more diversified in order to enhance
the probability of being pre-adapted to an emergragectory and more oriented toward the

development of absorptive capacity. The transitmmard an open innovation model, from
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this perspective, may be reflect the firms attemymt enhance their exapative
capacity(Chesbrough 2003).

With regard to the issue of knowledge availabilitye concept of exaptation highlight the
relevance of being capable to exploit an existietgo$ knowledge for a new scope. However,
the development of this know-how requires a clogeraction between producer and user of
that existing knowledge. This imposes re-thinkihg tvay the knowledge-base is organized
and shared. In this perspective much can be ledroedanalyzing cases such as the one of
open source software(e.g. Hippel & Krogh 2003)open source, in fact, knowledge is not
protected by an exclusive copyright. Everybodyrée fto get access to a piece of source code
and modify it according to their specific requirartsee However, the modified version has to
be released under the same terms of license. Thereit is made available for further
requirements driven modifications. The lack of rarsgy form of property right protection has
stimulated the formation of a learning communitgttenhance the capacity of a searching
knowledge and exapting it into different field oppdication. For instance, it would be
interesting to see how the Linux os source code e exapted into different field of
application, such as smart phone, and with whatamidge for the Linux development as
whole. The case of OS community is also interestintty respect to selection. The open
nature of the source code, in fact, has stimuldtedormation of a community-based system
of peer review. Therefore, it would be interestinganalyze the efficiency of this system in

balancing knowledge exploration and exploration.
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