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Abstract

Several streams of literature have examined the phenomenon of ‘markets for inventions’, that
is, the trade of elementd knowledge which are ‘disembodied’ from individuals,
organizations and products. The aims of thizgpare to bring toge¢h the various streams

of research in this area and discuss thejonmassumptions and limitations, in order to
provide a comprehensive framework torderstanding the phenomenon, and identify
promising paths for future research. We startreview by identifying the object of market
exchange — that is, an invention whose knagéhas been codified and disembodied from
individuals, organizations ort#acts. We then identify thodactors that enable firms to

trade inventions, distinguishirigetween institutional-, firm-,ral industry-level factors. We
close our analysis of the ertditerature by discussing tlmplications of markets for
inventions for firm behavior and perfornm@n Against this background, we highlight an
important avenue for future research. Ayleeted implication othe development of

invention markets is that firmare confronted with a wide vaty of technological paths from
which to choose, because the opportunity to aedgechnologies on the market offers them a
greater variety that can theitémnal R&D departments. Howeayehe streams of research on
markets for inventions and on R&D allocation stgaes have been surprisingly disconnected
so far. Hence, in the final section, we staréstablish and explotbe link between these

literatures, and to identify agearch agenda in this domain.



I ntroduction

Several streams of literature over the past twgagars have challenged the traditional tenet
that the entire innovation process, froreadyeneration to commercialization, is performed
within the organizational boundaes of single firms. Be the more economic-oriented
research on markets for technology (Arorasfia & Gambardella, 2001) and markets for
ideas (Gans & Stern, 2003), or the mor@nagerial literature on open innovation
(Chesbrough, 2003; Chesbrough, Vanhaverbekée&t, 2006), they have all emphasized
that knowledge has been increasingly tradedanarkets as a ‘free-standing’ entity,
‘disembodied’ from individuals, organizatioasd products. To provide a unifying label for
all these streams we call this phenomenon ‘niarke inventions’ - butlespite this common
starting point, contributions in this area hdweused on different ascts of the phenomenon,
and followed different theoretical perspectives.

The more economic-oriented contributionsdaealt with the creation of invention
markets, the inefficiencies (information asymmetries and opportunistic behavior) that limit
them, and potential solutions (e.g., AntorY&o, 1994; Arora 1995). At the firm level,
research in this area has mainly focused on ify@émgi factors that affect firms’ incentives to
trade intechnologies (e.g. Araret al. 2001; Fosfuri, 2006). THiterature haslso explored
the industry-wide consequences of marketsrfeentions, emphasizintpat they encourage
specialization and the divisiaf labor according to comparative advantages, especially
between smaller and larger firms (AroradGambardella, 1994a; Gans, Hsu & Stern, 2002).
In contrast, organization and magement scholars have focused to a greater extent on the
role of norms regulating knowledge transags (e.g., Fauchart & von Hippel, 2008), the
firm capabilities that enhance the possibilitypafticipating in technology transactions (e.g.,
Cohen & Levinthal, 1989), and the managerialliogtions of the existece of markets where

inventions can be traded (e.g. Chesigh, 2003; Chesbrough & Appleyard, 2007). The aim



of this paper is to bring together all théiserature streams and to discuss their major
assumptions and limitations, so as to proad®mmprehensive framework for understanding
the phenomenon, and to identify promising paths for future research.

We start our review by identifying the objectroarket exchange - that is, an invention
whose knowledge has been codified arch is ‘disembodied’. While knowledge
codification is a pre-condition fanarkets for inventions to exjshe actuatlevelopment of
these markets also depends on other enafdotgrs, which we discuss next. We first
identify the role of instittions, distinguishing between the formal (intellectual property
rights, contracts) and the informal (sogiarms, relational goveamce). Our analysis
continues by focusing on the firm and industry eltaristics that affeatecisions to license.
In particular, regarding firm characteristiege focus on firm-level factors - such as
organizational size and structurthat influence their incentives to operate in markets for
inventions, and on their capabiéis; regarding industry structure, we analyze the role of
competition, product differentiation and demdraymentation. We close our analysis of the
literature by discussing the implications of metekfor inventions fofirms. Figure 1 provides

a representation of the structure of the review.

Against this background, we conclude ouwnegv by highlighting an important avenue
for future research. A neglected implicatiortlod development of invention markets is that
firms are confronted with an ever-wider vayief technological paths from which to choose,
because the market offers them a largeretaiof technologies than can their (inevitably
smaller) internal R&D departments. As a restlieir decisions about how best to allocate
their financial resources among all theséntexdogies - which we define as their R&D

allocation strategies - have become moteial than ever. The R&D allocation strategy



problem has certainly already been addrebyeskveral streams oésearch, which have
analyzed how companies should spread tiesiources among different technologies, with
the aim of discovering their value, or, once thailue is clear, of mamizing the returns to
their investments in commercialization. Bus@arch on markets for inventions, on the one
hand, and on R&D allocation strategy, on the gthave been surprisingly disconnected to
date - so, in our final sectiowe propose a preliminary link between these literatures, which

might suggest a fruitful research direction.

Defining Marketsfor Invention: Codified Knowledge Exchanged for a Price

By definition, markets are arenas in which objects are exchanged for a price. We can say that
the boundaries of markets for inventions arendeed by two characteristic elements: that
inventions are exchanged for a price; and tihay are codified and traded in ‘disembodied’

form, independent from any other entity or acif The first factor distinguishes markets for
inventions from other forms of knowledge excparsuch as free reMeay, while the second
distinguishes them from markets for prodwentsl other markets in which knowledge is
embedded within other factors or assets, such as markets for human capital or for firms. We
discuss these two elements in detail beldable 1 provides a summary of selected papers

which define the phenomenon mfrkets for inventions.

Price as the Element Discriminating Markets lioventions from Other Forms of Knowledge
Exchange

Typically, markets are ‘spaces’ wiedbuyers pay prices to sellersaoquire assets of one sort
or another: and markets for inventions are rifedint, as the literatures on both markets for

technology (e.g., Arora et al., 2001) and masKet ideas (Gans &tern, 2003) point out.



Hence, we could use the existence of pecurtransfer from buyer teeller as one way of
discriminating markets for inventions fromhet forms of knowledge exchanges that occur
outside markets - known as ‘free reveglin(e.g. Chesbrough & Appleyard, 2007; von
Hippel, 2010).

To delimit better the boundaries of marketsifventions it is important to understand
the conditions under which firms might be midy to freely reveal knowledge, rather than
trading in it. First, inventors may be willy to reveal without pecuniary reward when
revealing their ideas can increase their tafpons among their peers (Merton, 1973; Stephan
1996), or when it is their onlgption if they want to sei¢in use (von Hippel, 2010).
Examples of such free revealing have belemtified in the medical equipment (von Hippel
& Finkelstein, 1979), semiconductor (Lim, 2000), library information system (Morrison,
Roberts & von Hippel, 200@nd sporting equipment industs (Franke & Shah, 2003), as
well as being the basis of open source save@mmunities (Franke & von Hippel, 2003;
von Hippel, 2010; von Hiipel & von Krogh, 2003).

A party might also reveal a piece of knodde or information to gain an ‘indirect’
reward — one that is pecuniary, but isaged beyond the moment when the knowledge is
disclosed: for instance, small firms or indivitliaventors may disclosteir inventions to
establish their legitimacy, perhaps with the &if increasing the likelihood of subsequent
liquidity events, such as IP@s acquisitions (Waguespa&kFleming, 2008). Free revealing
can also provide individual inventors with aceés complementary information that they can
use to improve their inventions (Raymond, 1989% low-cost marketing channels (Gruber
& Henkel, 2006; Henkel, 2006), which might particularly crucial for those with limited
resources. In other cases, firms might adqgdréal free revealing approach, where only one
part of the invention is given away frdmjt other parts need to be bought (Chesbrough

&Appleyard, 2007; Henkel, 2006).



The cases outlined above refer to circumstances in which knowledge exchange occurs
without an (immediatepecuniary transfer from seller bmyer. As such, these cases do not
fall within the scope of research on marKetsinventions, which focuses instead on those
instances where knowledge is eanlyed for a price. But theistence of a price is not a
sufficient condition for defining markets for invions — the characteristics of the object

being exchanged are also fundamental in dafisuch markets, as we discuss below.

Codified Knowledge as the Element Discnating Markets for Inventions from Other
Markets for Knowledge

Codification as a pre-condition for markets for inventiofsr the invention to be
exchanged as a standalone object, the undgrkmowledge it holds must be codified (at
least to some extent) — that is, articulated imé&elligible form such that it can be assessed,
used and stored by the buyer after the transaetith no further (or with only minimal) input
from the seller. In identifying the boundariesnadirkets for inventions, the key distinction we
use is whether the knowledgeherent in an invention odified in such a way that it can be
autonomously reproduced by the receiver, or alternatively cannot betedggitiaer from the
artifact in which it is embodied or from tleeiginal knowledge source. These cases refer to
the situation in which, for instance, knowledgseatd in the form of products or services. We
would refer to these as markets for productfoservices rathghan as markets for
invention. Similarly, if the knowlége is sold as embodied in an organization as a whole, or
held as tacit knowledge by indduals, we would refer to markets for firms or for human
capital. All this leaves us witthe view that the codification of knowledge is a pre-condition
for the existence of markets fanventions, in that it allows thavention to be identified as a

separate ‘thing’ which calme traded discretely.



Interestingly, codification is not neces$aan inherent quality of knowledge. As
Nelson and Winter (1982) emphasize, the levaadfification is instead determined to a
great extent by individals or organizations. Iparticular, they poinbut that whether a
certain knowledge piece is codified or nefpends on whether the costs of codification
exceed the benefits (hence, if costs decrdmses have more incdive to articulate their
knowledge). In fact, the costs obdifying knowledge have subatally diminished since the
end of the last century, mainly due to fasra and Gambardelld994a, p. 525) note,
“advances in three areasetiretical understanay of problems, instrumentation, and
computational capability”. Thegactors have made it easier to understand the principles
governing a phenomenon as opposed tonglgin a trial and errapproach — thus
knowledge has become less context-dependehtan be more cheaply articulated into
general and abstract codes.

This greater ‘universalityof knowledge has allowed innovation processes to be
organized in new ways. Taehd context-dependent infortian calls for integrating the
innovative process within organizational boundaries was traditional in the last century —
because such knowledge is typically transmitteough the social interactions occurring
within internal boundaries, vene individuals share common “languages” (e.g., Nonaka,
1991), so can easily interact face-to-face Kgut and Zander (1992) point out, tacit
knowledge can be shared and transferred méeetafely within firms than across markets.
In contrast, codified knowtlge can be easily transmitted side the firms’ boundaries, so
that it can facilitate a “division of innovatMabor”, with different, perhaps unaffiliated,
organizations conducting diffareparts of the innovation pcess (Arora & Gambardella,

1994a).



Codification, the division of innovative labor and modularithe division of
innovative labor due to knowledgedification has occurred awo different levels. First,
there has been a vertical division of innovati@bor, where different firms specialize in
different value chain activities on the basighdir comparative advantage. This has mainly
led to a division of labor between small daye firms which have tended to specialize,
respectively, in invention and commercialipatactivities (Arora &Gambardella, 1994a).
Second, there has been a division of laboresyistem level: greater codification has meant
that knowledge components underlying manyeyst have become increasingly independent
from each other, to the point where tloayn be generated, developed and managed by
different organizations and resembled at a later stag®, $any systems have migrated
towards higher levels of modularity.

Modularity refers to the extent to whi@ system’s components are (or can be)
separated and recombined, and the degreeitth\iie ‘rules’ of the system enable such
component recombination (Brusoni & Pegre, 2011; Schilling, 2000). The shift toward
modularity has favored the development of maget inventions, since, as they reduce the
level of coordination required among diffateomponents (Baldwin & von Hippel, 2011),
modular systems are suited to being camatid via market governance rather than by
organizational hierarchies (Sanchez & Mahoney, 1996 important, however, to note that
the effect of modularity in inducing firms tese markets rather théuerarchies is not
immediate, but may take quite a long titnedevelop (Hoetker, 2006; Langlois, 2002;
Schilling, 2000).

To sum up, the literatures on marketsifrentions (e.g., Arora & Gambardella,
1994a) and modularity (e.g., Sanchez &hdaey, 1996) both suggest that knowledge
codification has been the predition for the division offinovative labor via invention

markets. They also recognize that the pssdeading from codification to markets for



inventions can be self-reinforq, in that firms aiming to exploit the advantages arising from
the division of innovative labanay invest in further knowledgcodification. Winter (1987)
discusses this issue at some length, arginagfirms can choog@e extent of their

knowledge codification strategicallFor instance, if tey judge that colladrating with other
organizations could be fruitful, they willwvast in greater codification, as it makes
exchanging knowledge between unaffiliated parties easier.

In the same way, the possibility of collaborating via markets for inventions may induce
firms producing complex products to dequuse the knowledge underlying their production
process and articulate some compatibility desiges, thus allowing them to shift toward a
more modular system and take advantagé@®imodular innovations produced by many
independent suppliers (Baldwin & Clark, 2000).d0tirse, codification is a necessary but not
sufficient condition for the existence of markébr inventions. Even if an invention is
codified and thus available for exchange, othetors may still prevdrthe growth of such
markets. The following sections focus on ttleer necessary conditions for markets for

inventions to exist (or thrive).

Deter minants of Marketsfor Inventions

Several studies have investigdtthe conditions under which fismuse market transactions to
buy or sell technologies. In particular, we chstinguish between two groups of studies. One
group is more closely rooted in the economicitrawl its contributiongend to investigate
firms’ incentives to engage technology transactions, andnsequently focus to a greater
extent on the institutional factors that increase such incentives by reducing market
imperfections, especialiytellectual property (IPrights (Gans et al2002) and the effective

design of contracts (e.g., Arora 1996). Theyadse interested in how industry structures
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affect firms’ decisions to buy or setiventions (e.g., Anton &Yao, 1994; Bresnahan &
Gambardella, 1998; Fosfuri, 2006).

A second group of studies is more closelyiji@sed instead withirthe organizational
and management literature, and their contrilmgtigenerally analyze how firms’ capabilities
affect their chances of engagiin technology transactions bijfowing them to evaluate
technologies more accurately and/or makeeveffective use of them (e.g., Cohen &
Levinthal 1990). Such studies also comparekets for inventions with other forms of
knowledge exchange (such as free revealing)dbatot occur within markets, but which still
might be extremely relevant for commainnovation and profitability (e.g., Chesbrough,
2003; von Hippel, 2010).

But the boundaries between these two grarpslurred. Thus some contributions
from an economics tradition investigate fiomaracteristics that might facilitate the market
exchange of inventions — such as organeti structure (e.g., Arar Fosfuri & Roende,
2013) or the ability of firms to assesshrologies (Arora & Gamdrdella, 1994b) — while
some studies from the management and orgéional literatures analyze the importance of
knowledge protection. In particulssome of these contributiomssestigate how social norms
or relational governance may alleviate maikgterfections (e.g., Fauchart & von Hippel,
2008). Table 2 provides a summafyselected papers thatmare the determinants of

markets for inventions, which are discussed further below.

Formal and Informal Institutions
An important starting point for research on neskfor inventions is the recognition that the
characteristics of the good being transacted {he.invention) can cause multiple sources of

market inefficiencies. First, comparedpbysical goods, technology characterized by a
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substantial degree of uncertaimggarding its value (Rosenige 1996), which intensifies the
problem of information asymmetry betweentes, leading to podsie adverse selection
(Dushnitsky & Klueter, 2011; Shane, 2002)c&ad, technology transaahs often require
highly specialized complementary investiteeby the buyer or the seller, who are
consequently highly exposed to the riskludld up’ (Shane, 2002). Third, firms dealing with
technology transactions oftésce ‘small number’ bargaining problems, as only a limited
number of players in the markedn supply or exploit a certaiachnology, or have access to
the appropriate downstream assets to comalere it (Caves et all983; Contractor, 1981;
Pisano, 1990; Schilling & Steensma, 2002).

Finally, as the knowledge underlying thehtaology is inherently intangible, once
disclosed to a potential buyehwwants to assess its valuangvitably leaks out (Arrow,
1962), exposing inventors to a high threagxpropriation by the buyer. Sellers, also, can
display opportunistic behavidrying to skimp on the full effort required to transfer
knowledge to the buyer (Arora, 199€onsequently, several contributions have focused on
the role of institutions in reducing inefficiersi in knowledge trades (e.g., Arora 1995; Gans,
Hsu & Stern, 2008): taken overall, this resedrah identified multiple institutional factors
that could alleviate market imperfectiongtellectual property ghts, social norms,
contracts, and relatal governance — and so increaselikelihood of inventions being

traded on markets.

Intellectual property rightsiErom a technology seller’s standpoint, one of the
fundamental concerns about cilating knowledge on the markettrse risk of expropriation.
When the technology is disclostxpotential buyers so thttey can assess its value, its
underlying knowledge can leak out (Arrow, 1962imilarly, from the buyer’s perspective,

there can be a substantial amoohtincertainty regarding thszope of the invention, and the

12



possibility of using it without infringing the pperty rights of a thirgparty (Gans et al.,
2002). Research on markets for technology hgshesized the importance of intellectual
property rights (such as patents and cimbyj as a fundamental condition for both
preventing knowledge expropriati and reducing uncertainty abdké actual scope of an
invention (Arora & Ceccagnip 2006; Gans et al., 2002).

Gans et al. (2002) show that comparaes more likely to license their technology
when intellectual property rights are effeetibut when they provide weaker protection,
companies are more inclined to trypiwfit from their innovations via downstream
integration. Interestingly, the portance of intellectual propertights aligns with our earlier
argument that the codification of knowledgeipre-condition for these of markets for
inventions. As Arora et al2001) point out, codified knowledgan be written more clearly
(e.q., in blueprints), and thus the object tgpb&tected can be defined less ambiguously. In
the context of patented inventions, for instarlee fact that they will be codified in the
patent documentation strengthgragent holders’ ability tenforce protection, and thus
encourages knowledge trade. listhein, Gans et a(2008) show thatdiensing usually takes
place within a narrow time window around the datéhefpatent grant, arguing that the grant
reduces uncertainty and information asymmeltryud the extent of propiy rights, and thus
facilitates trade.

However, the effectiveness of formal ingslftual property rights catfiffer in different
industries. For instance, markets for inventitarsd to be more peagive and operate better
in the chemical and pharmaceutical industriessmlpatent systems are relatively effective
in protecting firm knowledge (Anand & Kamna 2000; Cohen, Nelson & Walsh, 2000; Levin,
Klevorick, Nelson & Winter, 1987Teece, 1998). The relevance of formal property rights in
facilitating the development of markets faventions can also depend on the alternative

mechanisms which may be used to protew/or successfully commercialize firm’s
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inventions. For instance, Arora and Ceguali (2006) suggest patent protection only
facilitates out-licensing where firms lack complementary assets. For those possessing such
assets, greater patent protection increttsepayoff from commeralization by reducing
imitation after the product enters the markemi&irly, Hall and Ziedors (2001) note that the
strength of intellectual property rights ireteemiconductor industry has promoted the entry

of design firms that sell intellectual propeltut do not themselvasanufacture chips.

Social normsWhile the economics literature hasgeally analyzedhe relevance of
formal institutions in proteatig inventions, another streamretearch — rooted more in
organizational literature — hasviestigated the existence of mechanisms other than law-based
intellectual property protectn, such as norm-based intetieal property (Fauchart & von
Hippel, 2008; Ostrom, 1990; Rai, 1999). Sggistems are based on sets of implicit social
rules that define accepted behaviors withaegain community. These ‘social norms’ are
normally not written down, or even discusseqgblicitly, yet their violation tends to bring
punishments, such as loss of status, shaoiimignial of future community benefits.

Several types of social norms are coomin scientific communities, regulating
different aspects of the scientific process,udahg invention, disclosurer social exchange
(e.g. Bercovitz & Feldman, 2008; Lakhani & vblippel, 2003; Merton, 1973; Rai, 1999),
and such community norms can reinforce, orddeforced by, organizational norms (Henkel,
2006). Norm-based intellectual property mechasisire especially relevant in contexts
where law-based intellectual property systamesnot particularly effective in protecting
knowledge. For instance, Fauchart and von Hif@08), examining the context of French
cuisine, identify recipes asform of innovation that iprotected through norm-based
intellectual property. It is seeas dishonorable for a French chefcopy another’s recipe or

pass it around without permissidut one of the main limitadhs of norm-based intellectual
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property systems is that they tend onlo&effective among members of specific
communities, and are not enforceable beyond their boundaries, which limits the possibility of

exchanging inventions outside such well-defined communities.

Contracts.Several studies rooted in the ecomoimadition focus on how contract
design can be a way to avoid opportuniartechnology transactions by aligning the
incentives of the transacting parties. For insgarora (1995) models the case of a licensing
transaction in which, alongith the technology, a licensor dhéo transfer a piece of
complementary know-how, which risked gesteng double-sided opportunism. The licensor
has an incentive to skimp because providinthdtnow-how is costly and the licensee will
find it difficult to verify, objectively, the amourdf effort exerted inransferring it. The
licensee, meanwhile, has the incentive ofralag inadequate knowledgeansfer of know-
how if payments are conditional on its prowisi A possible contractual solution to this
problem is that of staging payments to libensor over time, which acts as a safeguard for
the licensee, while the licensor can relyimtellectual property ghts to protect its
technology. The value to the buyer depeodshe technology and know-how. Once
transferred that know-how cannot be withdratan, by withdrawing the licensees’ rights to
use the technology, the licensor gains a ‘hostagethe know-how is less valuable without
such a license. A similar outcome can be produced by bundling the technology with
complementary inputs, such as spkzed machinery (e.g., Arora, 1996).

The structure of payments can also playmaportant role imeducing opportunistic
behaviors. In general, royalty schedules addglithe problem of moral hazard by aligning the
incentives of the licensor and licensee (Arora, 1995, 1996; Contractor, 1981). Nevertheless,
different types of firms might have differepteferences about payment structures: for

instance, startup licensors might prefer fixeddeetracts as a form of financing. So there is
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a trade-off between satisfying the cash needs of a financially constrained licensor, which will
probably involve upfront payment (Kulatida & Lin, 2006), and minimizing the moral
hazard problem, which instead requires payments based on royalties.

Other contractual clauses can also lmethuce opportunistic bavior. In a cross-
country survey of both licensband licensees, Caves et(aP83) found several licensing
agreements that included clauses specifiaftyed at protecting one party from the other’s
opportunistic behavior. For example, exolitg clauses are especially common when
licensees must make technology-specific inwestts to commercialize the invention they
have licensed in. Similarly, when the technologinf@dicensed is at an early stage, the help
of the licensor may be more critical for the lisea, so exclusivity can act as a ‘hostage’ held
by the licensee (Somaya, Kim & Vonortas, 201Bstricting the licesor’s possibility to
license the invention to othparties. Exclusivity restriadns imply some risks for the
licensor though, such as the risk that the Beenfails to devoteneugh resources to ensure
its successful commercialization or exprofgathe knowledge and develops substitutes.
Licensors can restrict the scope of the exeitysthey offer — to specific products or
geographies (Somaya et al., 20%1p mitigate such risks.

Economic research on markets for technolagg ideas relies on the assumption that
contracts are the dominant mechanism firmstasegulate the dynamics of value creation
and appropriation. But contractsign might be particularly ellenging in highly uncertainty
contexts, due to the difficulty in foresagiall possible future contingencies (Williamson,
1989). And the effectiveness of contracts istake in situations where a third party

(typically the state judicial system) cannot enforce them successfully.

Relational governancé@®rganizational and managerial research emphasizes the

existence of alternative mechanisms thaé can use to supportrteactual ones. This
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literature builds on the idea that firms can substitute or complement contract design
mechanisms with relational ones in ordeawoid market failures due to opportunism. Such
relational mechanisms allow the creation of self-enforcing agreements, which, in contrast to
legal contracts, do not requiagthird party to enforce &m (Dyer & Singh, 1998). These

types of agreements are based on informal gewessafeguards, such as trust or reputation.
For example, the frequency and intensity abiprelationships buildrust between partners

and can exert a positive effect on the likelihoaat they will engage ifurther transactions
(Aggarwal & Hsu, 2009). In this vein, Gansakt (2008) show that, where technology
producers frequently interact, such as inc8ii Valley, knowledge traactions occur even
before patents are granted. Furthermore, re@ipiavious partners helps firms reduce search
costs (Aggarwal & Hsu, 2009).

Reputation and prestige can atsdostitute for more formal safeguards. Firm reputation
is based on the quality of past performagfggarwal & Hsu, 2009), whereas prestige is
perceived quality, which may depend on factarsh as the firm’s size, age, network
position, and status (Podolny, 199Gpod reputation and prestigerease the probability of
selling a technology, because potahtiuyers have positive expatibns about the quality of
the firm’s technology when it is placed oretimarket. They know that firms with high
reputations and prestige haveentives not to behave opporturaatly, in order to preserve
those assets, which also reduce informatigmasetry. In addition, more prestigious sellers

are more visible, which reduces buyers’ seaxasts (Sine, Shane & Di Gregorio, 2003).

DiscussionThe analysis of previous litetat suggests that research on the
institutional determinants of markets for imii®@ns has focused on the market imperfections
associated with the characteristics of the dljjis@ invention) being exchanged. Within this

area, different groups of studies have ingegéed many types of formal and informal
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institutions that can alleviate this problem tB&ormal intellectuaproperty rights and social
norms address opportunistic beiwa at a contextual (e.g.dustry or community) level by
establishing forms of punishment for knowledggropriation, reducings attractiveness as

an option and thus the incentives to chooséattracts and relatiohgovernance, instead,
constitute solutions at the individual transactievel. Research on contracts builds on the
assumption that market imperfections can be reduced if a third party enforces the contract,
whereas research on relational governance emphasizes insteagtéleatents do not have to
be formally written and cabe self-enforceable, given tbperation of some informal
mechanisms, such as trust or reputation.

Research rooted in the economic traditios feecused on studying the effectiveness of
formal intellectual property rightin facilitating knowledge énsactions (e.g. Gans et al.,
2008). This research stream has also identd@de of the limitatins of this protection
mechanism. For instance, intellectual propegyts mechanisms do not have the same level
of effectiveness in atechnological domains, and, because of the costs they can involve, are
often unavailable to the smalldsins (e.g. Arora et al., 2001). Bearch in this area has also
suggested how contracts shoulddesigned in order to ovemte market imperfections (e.g.
Arora, 1995, 1996). Nevertheless, this streaititefature has not addressed the question of
whether markets for inventions can exist andrafe efficiently in cotexts which are not
strongly regulated by intellectual properights or by contractual agreements.

This research gap has been partly fillgdstudies more closely rooted in the
managerial tradition, which have exploredues of heterogeneiynong the transacting
parties more closely at the inglual, dyadic and community lelge and its role in explaining
their differing abilities to engage succesbf in transactions (e.g. Chesbrough, 2003; von
Hippel, 2010). These contribatis are important for advancing our knowledge of markets for

inventions because they emphasize how soatkets might still function even where
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intellectual property rightare weak. Although these stuslieave begun to identify
alternative “softer” mechanisms for knowlge protection (e.g. kahart & von Hippel,
2008), research in this area to date has onlyoeggla limited number of contexts or well-
defined conditions in which these mechanismshmaeffective. More studies in this area
would be very useful.

In order to get a more complete picturenofv markets for inventions might exist and
operate successfully, we need to be abkhtow how different mechanisms interact, and
whether they reinforce or weaken each otheffectiveness. Forstance, an interesting
debate concerns the extent to which informslfitutions can be considered substitutes or
complements to formal ones. Empirical findings here are mixed, with some studies
suggesting that the presence of trust can obthat@eeed to have formal governance in place
(e.g. Dyer & Singh, 1998; Gulati & Singh, 1998; Eden, Hitt, & Ireland 2008) and others
showing trust as a valuable factor in fensing formal contracts (e.g. Poppo & Zenger,
2002). However, research on markets for iners has generally overlooked how law-based
and norm-based intellectual property systenteract, and with what effects on technology

transactions.

Firm Characteristics

Some firm level factors may influence a firnidlingness or ability to buy or sell inventions.
In this respect, the economics literature has mainly considered the role of the incentives
which might encourage companies (or evenviadials within compaies) to engage in
knowledge transactions. Such incentives, in,taan depend on such firm characteristics as
size (as in Fosfuri, 2006) or degree of R&Ecdntralization (as in Ara et al. 2013). In

contrast, the literature rootednimanagement and organization theory has stressed the role of
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firms’ capabilities, suggesting thedme are more able than othersearch for and to absorb

external technologies (e.gphen & Levinthal, 1990).

Firm size and organizational structur€he literature on markets for technologies
suggests two main arguments to show thaeldirms may be less likely to trade their
technologies. First, the incengis to license out naturaltlecrease with the potential
licensor’s share in the produciarket (Fosfuri, 2006), as each firm which buys a firm’s
technology becomes a potential new competiorthe decision to sell a technology depends
on the extent to which revenues generated Belting are higher than the potential rents
dissipated as a result of greater rivalry. Othargs being equal, firms with a small market
shares are therefore more liked license out their technoleg than are larger firms,
because they should suffer a smaller loss in profits from increased competition.

Second, small firms may gain advantagestispecializing in technology development
when trading their technologies, by getting access to the more effective downstream assets
and capabilities of larger firms (Arora et,&001). Although marketsr inventions only
allow inventors to appropriate a share @ throfit pie’ generaté on the product market,
small technology suppliers still may be ablgy#&in from such trades as the pie becomes
larger. Empirical evidence catporates this argument, showing that a firm’s size has a
negative relation with the likkood of it licensing out its technology (Gambardella, Giuri &
Luzzi 2007). This negative correlation holds even though large firms with multiple
businesses are more likely to have non-cecérologies that one gtit expect they could
license out to increase theimfits (Rivette & Kline, 2000).

A related issue concerns the organizatiatalcture of a firm’s R&D activities. In
pioneering this important new research dimat Arora et al. 2013) argue that, when

licensing decisions are decentzalil to business units (ratheathretained at headquarters),
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firms are less likely to license, because top mgarmreward divisions $s for their licensing
profits than for their (more esobserved) production profits. Thus business unit managers’
incentives to scout for new technologies alsuidish. Since larger firms are more likely to
have decentralized R&D structures, this implikat they will be less likely than smaller

firms to engage in technology transactiodsinagerial evidence suggests that some
companies (such as GE and IBM) have tteededuce this problem by sharing the revenues
from licensing a technology with the lisss unit that deveped the technology

(Chesbrough, 2006).

Other organizational characteristics may also influence a firm’s incentives to use
markets for invention. The characteristicghad firm’s incentive system may affect how
many of its inventions it is iling to sell on the market ragh than developing internally
(Chesbrough, 2006). For instance, incentivizingdRé&nits on the basis of patents generated
is likely to result in a surplus of inventigreome of which will probably be sold on the
market. Firm’s R&D budget allocations may alead to similar results. For instance,
allocating research funds to bobareas rather than to veryesyfic projects might result in
inventions that are less likely to be useithin the companyrad are therefore potential
candidates for licensing out. Comsely, the likelihood that arfin’s inventions are used
internally as opposed to being sold off andedeped externally may depend on the existence
of organizational mechanisms that enable busines#ts to compete with external competitors
to use internally-genated technologies {@sbrough, 2006). Thus, some might decide that
internally generated inventions can onlyused by one of its busss unit up to a defined
time limit, after which they are made availatdeothers. On the other hand, setting such
limits might create a sense of urgency in assg) the potential usefdss of a technology to

the firm itself, perhaps reducing the chas of it being sold on the market.
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Firm capabilities.Apart froma few studies, most research on markets for technologies
emphasizes the importance of incentives itivating firms’ decisions to trade their
technologies. Although incentivese certainly relevant, anothienportant determinant is
those firm capabilities that can facilitdeehnology transactions. On the demand side,
absorptive capacity might be crucial (Coheh&vinthal, 1989): in pdicular, a licensee’s
stock of knowledge and the degree to which & $@arched broadly the past is likely
influence its ability to exlit externally-acquired knowleddkaursen, Leone & Torrisi,

2010). Such external search processes willla¢senhanced by firm’s possession of relevant
information technologies capabilities tltain facilitate data mining, analysis and
management (Dodgson, Gann & Salter, 2006; Sakkab, 2002).

However, we note an importagistinction between the ‘abilitio evaluate’ and ‘ability
to utilize’ technologies (Arora & Gambardell&®b). The former refers to the firm’s ability
to predict the value of the technology, and relates more closely to its scientific capability; the
latter denotes its capacity to extract vahaen that technology, which requires technical
competence as well as downstream assetsasinofanufacturing and mkating capabilities.
These two distinct dimensions of absorptive capdave different implications for a firm’s
demand for external technology.particular, firms with a greatebility to uilize them may
be keener to acquire moreternal technologies (and thus radikely to license in new
technologies), whereas firms with greater abtiityevaluate them may acquire fewer external
technologies, being better able to judgactly which have the most promise.

The overall intuition from this researchtigat, for any specifiexternal technology they
may be considering, firms receive signals dhisuikely future value to them, based on
which they decide whether or not to acquiré&i.firms establish a threshold against which to
assess the signals that thregeive and only buy those teclhogies that exceed that

threshold. Firms which are better ablautdize new technologies tend to set lower
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thresholds, and so buy more, because they can extract higher value from any they acquire. In
contrast, firms better able to judge the valusuath technologies are meoselective (i.e., set

higher signal thresholds) and will buy fewer. €8k firms recognize that a low signal is likely

to equate to a low final outcome — but firmghatess ability to judge may not be as sure

about this relationship (&ra & Gambardella, 1994b).

Absorptive capacity can also be partneredjpe Over time firms may develop the
ability to recognize and assimiavaluable knowledge fromgarticular alliance partner
(Dyer & Singh, 1998). Partner-sp&ciabsorptive capacity can depend on the extent to which
they have exchanged knowledge in the jp@stl so have developed overlapping knowledge
bases and effective interamtiroutines (Dyer & Singh, 1998)echnological exchanges can
also be facilitated by an eitive transformative capacity athis, the firm’s ability to
constantly adapt and restructure its knowledge base (Garud & Nayyar, 1994). In a sense, this
resembles absorptive capacity, in that it referthe ability to asess technologies before
choosing and using them. But here the focus includes the maiogégmeactivation and
synthesis of those technologies: buyer firraedithese capacities because time lags in the
development of technologies and markets magmfgms cannot immedtely utilize all the
technologies they acquire.

Finally, from the supply side, firms’ knowledt¢ransfer capabilitieare particularly
valuable in stimulating technological transans, especially where potential buyers have
weak absorptive capacities (Ceccagnoli &4dia2013). Such capabilities help inventors
communicate the knowledge underlying the technology effectively and explain how it can

add value to buyers’ products or markets.

DiscussionResearch on the organizational det@ants of markets for technology is

still limited. In particularjt has largely overlooked the mplexity of decision-making
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dynamics at the individual and group levels within firms, seeing them just as monolithic
decision makers. Arora et al(8013) study goes in this ditgan, but much remains to be
done.

In fact, firms’ decisions emerge as the resoltsocial and polital interactions among
individuals, within and beyond the organipati Because these different actors will have
different utility functions (e.g., Jensen & Meckling, 1976; Stern, 2004), react to different
institutional logics (Greenwood, Raynakhdeih, Micelotta &_ounsbury, 2011), and use
different frames to “make sense of ambigumifisrmation from their environments” (Kaplan,
2008, p. 729), they are likely to develop differereferences abouthich technologies
should be bought and which should be disicmred, and perhaps sold on the inventions
market. Employees operating in stable groupsnoflevelop a ‘not-invented-here’ bias, which
encourages them to believe that their iralyndeveloped knowledgs superior to that
originating outside the group @tz & Allen, 1982). Nevertheés, in highly competitive
organizations, internal knowledge may geared to avoid building the reputation of a
colleague responsible for its developmeng(idn & Pfeffer, 2003). To influence firms’
decisions to align with theawn preferences, employees may engage in political behaviors
(Kaplan, 2008), using different forms of pow@xaft, 1978; Ibarra, 1993; Kaplan & Tripsas,
2008). Managers and shareholders can exercise fmonal sources of power, based on their
hierarchical authority; scientistsill rely on more structural and informal sources of power
that originate from their expise in core technical actties (e.g., Krackhardt, 1990). We
suggest the range of political dynamics witbémpanies, and how they affect individuals’

decisions to buy or sell inventions, congstpromising paths for future research.

Industry Structure
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Existing research on markets for inventions hagssted that structureharacteristics at the
industry level may play an important role inedfing firms’ choices to trade in these markets.
In particular, two broad dimensions have beensidered by previous research: competition

and market structures.

Competition.The nature and extent of competitioe &ikely to play an important role
in determining the rate of exchanges initheention market. As discussed earlier, Fosfuri
(2006) and Arora and Fosfu2@03) study the effect of comjein in licensing agreements,
and argue that firm decisions to out-lisera technology depend tihe comparison between
the ‘rent effect’ and the ‘dissipan effect’, that is (respectaly) the revenues they stand to
gain from licensing (i.e., a share of the lisea’s profits) and the més the technology would
have earned in the product market (which equtde¢he difference in profits pre and post out-
licensing).

The dissipation effect overcomes the rent effect both when there are few competitors
and when there are many competitors. On the one hand, when there are few incumbents in the
market, the rent dissipation due to an inseeisa competition is huge. On the other hand,
when there are many competitors the rent effect is small. Hence, as Fosfuri (2006) argues and
tests empirically, firms are less likely to lisenwhen there are few or very many competitors
in a product market: too few mean the ratitsipated by licensg are too high, and too
many will mean licensing revenuage too low. Thus, firms are more likely to license when
they face moderate numbers of competitors.

The impact of competition on the invention exchange also depends on the degree of
product differentiation in the industry. In more differentiated product markets, each firm
enjoys more profits because it is more shettdrom competition (Fosfuri, 2006). In such a

situation, a firm which licenses its technologyatoompetitor in the same product niche will
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see more of its profits destrayéhan if both are operating in a more homogenous market. So
the incentives to out-license are lower in akeéwhere products are more differentiated. As
we shall also see below, a crucial assumptighiglogic is that théicensed technology is
dedicated to the product marlketwhich the licensor operates, and can only be used in a
‘head-to-head’ product rivalry witthe licensor. If théechnology is also ajipable to distant
product markets, a more differentiated productketamight, in fact, produce more licensing,
as the licensor would have thpportunity to strategically s&it licensees from beyond its

own market niche.

Competition among potential buyers can dlsdeveraged to mitigate market
imperfections. In this respect, Anton and Y&a894) consider a model in which intellectual
property rights cannot be enforced, themmae than one buyer (and thus demand side
competition), and the only way an inventor can profit from an idea is by selling it to a
downstream producer. Buyers are uncertain aboathven the idea is valubgor not, and so
want it disclosed so they can evaluat8iit, of course, once they see it, they may
opportunistically steal the idéavhich lacks patent protectip. Anton and Yao (1994) argue
that in this case the optimal solution for theeseil to disclose the idea to one potential buyer
and threaten to disclose itamother firm if the first behavegpportunistically. This threat is
likely to induce the first firm to not behawepportunistically, becaus#,it does not pay for
the idea, but goes ahead and oppustically exploits it anywaythe inventor can disclose it
to the second buyer, thereby both making a sadedastroying some of the rents of the first

(non)buyer.

Market structure Along with competition and product market differentiation, market

structure can also influence technology excharmgeause it affects the extent to which firms

develop more general or more dedicatetht@logies. In this vein, Bresnahan and
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Gambardella (1998) focus on market size, argthat it has two components: ‘breadth’ (the
number of diverse segments it includes) alegth’ (the average size of each segment). As
breadth increases, technologgesialist firms will tand to try to produce general purpose
technologies — those that can be fruitfullyrooercialized across several market segments —
and aim to license these kewlogies out to downstreamqgalucers operating in different
market segments. When a market gains greleth, downstream firms are more likely to
integrate backward themselves to produceadd technologies specific to their business
needs.

The rationale behind their model is tivabroader markets specialized technology
suppliers can gain economies of scale atitidustry level by producing a general purpose
technologies and selling them to different dstveam segments of the final market. By
contrast, when markets are deeper, the firgiheat of a specific@plication is large enough
to justify a fixed cost investment in adieated technology. For instance, the Japanese
machine tool sector developed and licensetcompact general-purpose machines for the
differentiated needs of small final producgrsnany manufacturing industries, while US
machine tools largely involveddienologies dedicated to theed of the large automobile
industry.

Gambardella and Giarratana (2013) depehis argument further. Drawing on
Fosfuri’'s (2006) framework, they consideethossibility of licesing a general purpose
technology to product markets tra distant from that iwhich the licenspoperates (in
contrast to Fosfuri’'s (2006) concentrationabdedicated technology that can only be used in
the licensor’s product market or market segt). The implication is that, when product
markets are differentiated, licensees destroynmbents’ profits even more, so licensing is

less likely, but where the techiogly is general-purpose, a fragnted market may induce the
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licensor to supply the techragly, provided the licensee operates in a different market

segment.

DiscussionExisting research on the impact ohagpetition on trading in inventions
emphasizes how trading or licensing a tedban generally increases the level of
competition within an industry by creatinghaw competitor. However, the relationship
between competition and markets for inventienfar more complicated (and recognizing
this issue opens avenues for future resgafeh the one hand, markets for inventions
indirectly stimulate competan in the downstream market, byreasing the chances of entry
of technologically weak firms #t would probably not enter or prosper if they had to develop
inventions internally. For example, Arora, Fosfuri and Gambardella (2000) show that the
supply of technologies from chemical procegsandustry specialists has favored downstream
domestic chemical producers in developing countries who lackedpaeity to produce
them internally. But the suppbf technologies by technologpecialists has not affected
multinational firms, which have the capabilities to develop such technology in-house. This
illustrates the point that markets for inventidremnefit technologically less-advanced firms in
particular, and can thereby enhance the degree of competition in an industry. Greater
competition among downstream producers, in ttypically results in greater horizontal
differentiation in the downstream market, becazm®panies try to ‘escape’ from the greater
competition by developing heterogenegusducts (Arora et al. 2001).

However, the very existence of a market for inventions might also weaken competition.
For instance, licensing might beadsto deter entry: that ian incumbent can use licensing
strategically to reducpotential entrants’ incdives to develop theiown technology (which
could be superior, and thus make the mbant’s product obsole{&allini, 1984; Hill,

1992)). An innovative leader might also use licensing to control competition, such as when a
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‘patent monopolist’ chooses, after its patexpires, to license ittechnology to weak
competitors to crowd the market and degetry by stronger ones (Rockett, 1990).
Markets for inventions also reduce the costs of rivalry bynatig cross-licensing
between companies. In certain fields, saslelectronics and semiconductors, the set of
technological skills a firm needs to mastegtointo production is quitbroad, so that it is
virtually impossible for a singlérm to develop all the required technologies internally
(Arora et al., 2001). In addition, when knowledge is cumulative, new inventions tend to build
on previous ones (Grindley & Teece, 199¢ptchmer, 1991), which can often produce
overlaps between different firms’ innovations. 8wid the risk of infringing each others’
patents and the costs of patent enforceniignts might enter cres-licensing agreements,
where two or more firms grant each other Igesnto use broad portims of patents within

defined technological areas.

Implications of Marketsfor Inventions

Two main groups of studies haaralyzed the implications of meets for inventions for firm
behavior and performance. Adt group — mainly including eaomic contributions from the
literatures on markets for technology and retsKor ideas — has analyzed how markets for
inventions lead firms to ggialize in those activities were they possess comparative
advantages: invention for small firms anthkscale developmemhanufacturing or
commercialization for large firms (e.g., Aeoet al., 2001; Gans, Hsu & Stern, 2002). A
second group of studies — which includes mtbnomic and management contributions — has
focused instead on the consequencdsiofvledge transaction for firm innovative
performance (e.g., Gans & Stern, 2000; Chastpn, 2003). Table 3 provides a summary of

selected papers which explore the licgtions of markets for inventions.

Insert Table 3 about here
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Specialization and Trade

From a firm perspective, economic researchfoand that firms can capture the benefits of
markets for inventions by specializing in the activity in which they enjoy comparative
advantages, and then trade the outputhaxe activities. Hence, young, small firms should
specialize in upstream innovation developnm@ntesses where they have comparative
advantage. Arrow (1983) notes that the lorganizational distaxe between corporate
researchers and managers in such firms reduces asymmetric information between the
inventors and the managers making decisionsitaihe internal alleation of resources,
which makes them more likely than larfgens to pursue novel and riskier innovation
projects.

By contrast, large, established firms haeenparative advantages in performing large-
scale development, production and marketindhag are usually endowed with the assets
required to commercialize their technologidfectively (Teece, 1986). Along a similar line,
Holmstrom (1989) argues thatvdrse organizational structureave different advantages in
performing innovative activities vig-vis the more routine acttiés involved in development
and commercialization. The highvkd of bureaucratizatin typical of large firms is efficient
for coordinating many repetitive tasks, butiedrimental to invetions. These different
comparative advantages mean that markets¥@ntions are characteed by a division of
innovative labor, because firms exhibit relatively superior performance when they specialize
in the activities in which they possess mappropriate capabilities, and thus enjoy
comparative advantagéAarora et al. 2001).

Recent work by Serrano (2012) has canéd empirically that gains from
specialization and trade do exiahd can be large. He develops a model that uses information

about patent renewals as a measure of the whlpatent rights. He ehtifies the gains from
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trade as the difference betwees tlalue if the patent is tradadd if it is not (and uses an
appropriate approach to idefigtcounterfactual evidence), and shows that patents which are
traded are three times more valuable tiese which are not. Finally, he shows that the
gains from trade are skewed: 70% of the totalgfom trading in inventions accrue to the
top 10% of patents, and 25% to the top 1%.

In general, specialization and trade témd¢benefit both technology suppliers and
downstream producers. However, when downstrassets, rather than technologies, become
the scarce resource, technol@pecialists can gerience a significant loss in their
bargaining power. This situation can occurawhoo many technology spabsts vie to sell
technologies (through licensesadliances) to too few downstream producers — in such case
the latter may be able to reaiptually all the suppliers’ rest Overall, empirical evidence
suggests that markets for inventions are nbergeficial for firms owning downstream assets
than they are for technology speciali$isr instance, Arora and Nandkumar (2012),
examining the software security industry, findttimarkets for inventits raise the value of
marketing capabilities in ensuring firm suraiybut decrease thelua of technological
capabilities. In the same vein, McGahan &ilderman (2006) use data on publicly traded
U.S. firms to show that when ‘outsider’ fisyroduce inventions which could be fruitfully
commercialized in a focal industry, the markdueaof companies in th industry generally
increases. The reason is that outsiders giyémak control of domstream assets, so the
only way they can profit from theinventions is to sell them iacumbent firms in the sector
who can market them.

One way in which technology specialists neggape this loss of bargaining power is
by developing more general technologies. D$sing this issue, Gabardella and McGahan
(2010) explain that the share of returns cegatiby technology suppliers will depend on their

bargaining power vis-a-vis the downstream prms. If the technologyuppliers are much
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smaller than the manufacturers, or if theg elatively many compared to the number of
potential buyers, the suppliers’ bargaining powdkprobably be low. However, they also
note that, by developing more generahtealogies, suppliers can move away from
depending just on their bargaining powereaalge their returns towards something over
which they have more control, and is therefaorth investing in. M@ general technologies
can be sold to more different buyers, so the dviexturns their technolgies can generate in
the product market can be raidedincreasing the number of digations they can target. As
a matter of fact, the development of nartshnologies for well-defined applications
constituted a major limitation for biotech sgdists in the 1980s, because they could only
license their technologies to limited numbefduyers (Arora et al., 2001; Gambardella &
McGahan, 2010). So, in the 1990s, many technologgdbéirms pursued strategies to invest
in technologies with more general applicabitityat they could then sell to multiple buyers.
Finally, as noted, the market for technolodgriature sees intetteual property rights
as defining the value of inventions, and soamages suppliers toade their technologies
without fear of theivalue being expropriated. But receviirk by Galasso, Schankerman and
Serrano (2011) has identifiechaw source of profitable spatization along the vertical
chain from invention to commercialization. 8hargue that markets for inventions may
produce both private and social welfare gairignfs trade on the basis of their comparative
advantage in patent enforcement. This gaéms from the fact that companies which are
better at enforcing patent righttnd to resolve disputes withta@sorting to courts, and thus
save on litigation costs (which can be substgntanpirically, they find that traded patents
are less likely to be litigated, which implies that markets for inventions induce firms to trade

according to their comparative levelsaafmparative enforcement advantage.

Innovation
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An important stream of literature has emphasized how markets for inventions influence
innovation performance by impacting both firmme¢entives and capaliies to innovate.

First, markets for inventions increase theentives to innovatef firms which lack
downstream capabilitieHf.there were no such marketgnfis that produce inventions could
only profit from them by selling productisat embody their techragies, or by developing
processes that employ them. Thus, companieshwdid not possess tlidwnstream assets to
perform these operations would hdite incentive to generat@ventions in the first place.
So markets for inventions should increaverall innovation tas in the economy.

Second, markets for inventions may also@ase firms’ incentives to innovate because
their R&D capabilities can become a bargaining tool in negotiations.sliggests that, as
well as raising technology supptincentives to innovate, marlsefor inventions also raise
the buyers’ incentives to inveist R&D capabilities. An incumbent which develops (or
retains) some capability to develop a technology internally will laasteonger bargaining
position vis-a-vis a start-up teology inventor (Gans & Stey2000). So incumbents have
an incentive to remain activie R&D to support the outsidaption of inventing (or part-
developing) technologies themselves. Theltastiincrease in the R&D capacity of the
sector should, again, raise ovenmanovation rates in the whelindustry and the economy at
large

In addition, markets for inventions may iease the incentives tonovate in sequential
innovation contexts, as they encourage (collysiggeements between initial and subsequent
innovators, and thus decrease competitietween them (Green & Scotchmer, 1995).
However, from the licensee perspective, inca#iio invest in R&D might also be reduced
by specific contract arrangements such as graok-clauses, which secure the licensor “the

rights to all subsequent technology advararasprovements introduced by the licensee,
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based on the licensed technology” (Le@nReichstein, 2012, p. 968), which obviously
transfer the incentive to innovat®in the licensee tthe licensor.

The existence of a technology market mapahfluence a firm’s ability to innovate.
Innovation results from the combination of teclugacal skills, so market availability and
easier access to new knowledge should Ipaitive effects on a firm’s innovative
performance (Chesbrough, 2003; von Hippel, 20Oparticular, licensing-in expands the
firm’s exploration space (Laursen et al., 20&0) favors the quicker generation of new
inventions by licensees (Leone & Reichsf{él012). The innovative advantages of markets
for inventions are particularlyalient for firms that search more widely and more deeply
(Laursen & Salter, 2006), but the positive impaicthis type of search on performance is
subject to decreasing returissiggesting there is a poin¢yond which further search
becomes unproductive.

Further, Almirall and Casadesus-Masan20110) suggest that an open approach to
innovation, which might include markets fowentions, can allow firms to discover new
combinations of product featurédsat would be less likely temerge if R&D efforts were
‘closed’. However, this benefial effect comes with the drawabk of reducing the possibility
of firms controlling the trajectory of #ir innovation processes. An ‘open’ innovation
approach also provides firms with the opportutityllocate parts of their R&D processes to
the entities better suited to perform them, wheihiernal or external to the organization. For
instance, Thomke and von Hippel (2002) empteabiow certain product development stages
can be performed more effectively and efficientihey are outsourced to firms’ customers.

Finally, several studies hafecused on firm innovative penfmance and tried to assess
whether internal R&D and extgal knowledge acquisitionseacomplements rather than
substitutes, with most finding evidence of cdempentary relationships between internal and

external R&D (Arora & Gambardella, 1990assiman & Veugelers, 2006). However, the
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evidence is mixed. For instance, Forman, Goldéarth Greenstein (2008) use data on nearly
90,000 US establishments which have investddtarnet technologies tshow that, in large

cities where we expect to find a good supplgxternal technology services, firms substitute
internal for external resources, whereask#sfaments in more rural areas make more

significant internal investments instead. In sum, while companies may still want to keep some
internal technological capabiés (to strengthen their bargaining positions as buyers in

markets for inventions, or to exploit complentarities with external technologies) these
markets also have the natural effect of substituting external suppliers’ R&D technological

capabilities for interal capabilities.

Discussion

Overall, previous research into the implicatiafisnarkets for inventios has highlighted the
existence of two different routes through whtbese markets may increase firms’ economic
performance. On the one hand, firms shouldigfize in the value chaiactivity where they
have a comparative advantage (e.g., technajegyration and setig or technology buying
and commercialization), and then contracgain access to oth&echnologies or to
downstream assets as needed. So specializdlmws firms to generate higher overall value
throughout the value chain, as theerall ‘pie’ firms produce joinyl is larger than it would be
if they all internalized both research andnroercialization activitiegArora et al., 2001).

On the other hand, to the extent that sgliand buying technologg are complements,
and internal R&D and external knowledgejaisitions reinforce each other (e.g., Arora &
Gambardella, 1990; Cassiman & Veugelers, 2006) , the optimal strategy would seem to be
doing both — selling and buying — rather than spieaig in just one activity. This is exactly
the conclusion reached by studies of opgrovation, defined as “the use of purposive

inflows and oudtows of knowledge to acasiate internal innoven, and to expand the
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markets for external us# innovation, respectively(Chesbrough et al., 2006, p. 1).
Research in this area emphasizes thaitprgffrom markets for inventions involves
simultaneous inbound and outbound innovatiowd (Chesbrough & Crowther, 2006).

Interestingly, this puts thisvo research streams at oddie central tenet of the
literatures on markets for ideas and marketsdohnology stresses thertreal specialization
of upstream technology suppliers, which onlggquce and sell inventions, and downstream
manufacturing firms, which onlguy and market them. In contrast, the main argument of the
open innovation literature that firms should pursue simultaneous inbound and outbound
innovation in an ‘open’ manner. That is, treyould use external knowledge internally, on
the one hand, but also expltieir internal knowledge by selly or sharing it, on the other
(Chesbrough, 2003).

The reason behind these different condnsiprobably relates to the different
conceptual focus from which these two reseatobams look at theghenomenon of markets
for inventions. Research on markets for technology and markets for ideas, being more
economics oriented, analyzes the issue faamore macro perspective. It builds on the
central concept of comparatiaedvantage, assuming that small and large firms are naturally
endowed with different capabibis in inventing and commerdizihg and that both types will
gain from specializing in the activity in which they are relatively more efficient, and therefore
use market trading (e.g. Arogaal. 2001). However, this giit only be optimal for small
firms in the short term, while they are agithweakest and cannotoaify their capabilities,
and so the differences in relative advantgugsist. If, instead, we take a long-term
perspective, restricting their activities on theesis of their innate comparative advantages
condemns small firms with low bargaining povethe fate of always only being able to
appropriate the smallest slice of the ovepadl created in any traaction. Hence, from a

dynamic point of view, such small firms shdydrobably try to ‘defy’ their comparative
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advantage, and invest in tdevelopment or acquisition of downstream assets. This argument
is somehow implicit in the open innovation litena, which, taking a firm-level perspective
instead, suggests companies should put themselzeposition where they can be active as
both technology buyers and sellers (e.g. Chesbrough, 2006).

To make a comparison, the main idea of the research on markets for technology and
markets for ideas is that firms should exploit tleeimparative advantagevhile the main
idea of the research on open innovation is finats should make decisions on the basis of
their competitive advantagéccording to the open innovatiditerature, in order to be
successful, knowledge-based companies shHmatlibuy and sell technologies. This stream
therefore proposes that companies shouldsinvedeveloping their R&D capabilities, in
order to be able to assess the value ofreateéechnologies and undeasd which internally-
developed technologies should be sold (Elesbrough, 2006). At the same time, to the
extent that most profits accrue to firms opiegin the downstream markets, all firms should
acquire the marketing capabilities to commédingainventions. Overall, given the opposite
conclusions reached by these literatures,yar&search question concerns the extent to
which, and the contingencies unadrich, specialization is more tess beneficial than an

‘ambidextrous’ open-innovation approach.

Expanding Research on Marketsfor Inventions:

Market for Inventions and R&D Altation Strategies among Technologies

A natural consequence of markébr inventions is that gy provide firms with more
technologies from which to choose, as the scatermérket is inevitabllarger than that of a
single firm. In turn, this makes the decisimirwhich technological paths to select and
develop for firms’ competitive adntage particularly saliertiowever, previous research on

markets for inventions has generally overlookt@d topic. Certainly, some relevant prior
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contributions have investigated how firni&&D choices are endogenous to the existence of
markets for inventions, which might actuallfluence both the diréon and intensity of

firms’ R&D activities (e.g., Gambardel& McGahan, 2010; Gans & Stern, 2003). But we

still lack a fuller understanding of how these markets affect firms’ decisions about how best
to allocate R&D resources between distiectinologies to maximize eir overall returns on
their R&D investment.

When confronted with the problem allocating resources among different
technologies, firms can adopt axtensivestrategy, and invest resaes in a wide variety of
technologies, or amtensivestrategy and commit to just @r a few (or even no one). Given
the scarcity of firm resourcethie decision between these stgigs is crucial for knowledge
intensive companies, regardless of the existence of markets for inventions, but it becomes
more relevant when such markets degeloped and well-functioning, and pose both
opportunities and threats for companies. On the one hand, information asymmetry and
potential opportunistic behaviof market counterparts (e.d\rora et al. 2001; Arrow, 1962)
means the likelihood of investing in poor invients might increase when they are acquired
externally. On the other hand, the divisiorirofovative labor and these of a class of
suppliers with superior technological capdileis (Arora & Gambadella, 1994a) mean the
likelihood of picking extremely valuddinventions also increases.

However, extant research on R&D alltioa strategies generally builds on the
assumption that the alternative technologelse evaluated and deoped are generated
within firm boundaries, which is unrealisticaworld where, increasingly, inventions are
traded or even freely shared. To understaedrtiplications of relaxing this assumption, we
begin by briefly categorizing and reviewing ti@in streams of existing research into R&D

allocation strategies. We then explore howekistence of markets fagnventions changes
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the scenarios considered by these streams of researdbaaad,on this, we identify and

provide some preliminary answers to the emerging research questions.

A categorization of R&A\llocation Strategies

Different streams of researblave investigated the R&D atlation problem from different
conceptual angles and at diéat levels of granularitythe economics literature on R&D
investments (e.g. Nelson, 1961), multimark@ttacts (e.g., Bernheim & Whinston, 1990),
and industry structure (Bresnahan & Gamdella, 1998; Sutton, 1998); and the strategy
literature on real option®.g. McGrath, 1997), commitment (e.g. Caves, 1984; Ghemawat,
1991), and incentives (Stern, 2004; Rotenberg &r&a, 1994). Thesersiams of research
have developed separately, reflecting their $oon different theoretical assumptions. To be
more precise, we identify two majoragips of studies iextant research.

A first group of studies has focused wmderstanding R&D allocation decisions in
scenarios characterized byaantainty about the value dffferent technologies.

Contributions in this area recognize that a portiba firm’s resources needs to be devoted to
technology evaluation to guide gsbsequent development investments. So research in this
group has investigated the numbé&technologies that firms shaliéxperiment with in order

to evaluate them and identify which are watkentual development, and the literature’s
overarching research question in this areltav does uncertainty affect the optimal R&D
allocation into technology evaluation?

A second group of studies has focusedeadton analyzing firms’ R&D allocation
decision in scenarios without uncertainty, pblssbecause firms have already evaluated the
available technologies. In such situatidivsns (naturally) choose to develop those
technologies which promise maximum profitabilisp, allocation choices are mainly affected

by the structure of returns to development investments.siiisture is characterized both by
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the shape of potential returns to investmerany single technology (which can be linear,
increasing or decreasing), and the extertoofiplementarities among multiple technologies.
Thus this literature has focused on addresgiagesearch question: How does the structure
of investment returns affect the optimal R&llocation aimed at technology development?
Figure 2 provides a pictorial synthesis of the multiple research streams on R&D
allocation strategies, and considers the simgiésation where a firnlaces the choice of

investing in either or both of mvpossible technologies, A and B.

In a first scenario (investigated by res#maon technology evaluation, and shown in the
upper part of the figure), firms are confronteith uncertainty about the value either
technology could generate if déoped. Investing in their development requires solving that
uncertainty, but this may be particularly diffit: R&D investments inevitably deal with
exploring the unknown (Mowery & Rosenbel®82, Rosenberg, 1996). Literature suggests
the key contingency determining the chdietween extensive and intensive evaluation
strategies (i.e. evaluating manyfew technologies) is the na&of the uncertainty involved,
whether it is endogenous exogenous (McGrath, 1997).

Endogenous R&D uncertainty refers to uncettathat can be reduced by firm actions,
which tends to lead to pressure to inveghediately. Part of the economics literature on
R&D investments focuses on situations charanterby this type of wertainty and suggests
that firms will adopextensivestrategies in such cases, making small scale investments in
both technologies, aimed at discovering their underlying valgel(ech, Terwiesch &
Thomke, 2001; Nelson, 1961). Exogenous R&D uncdstain contrast, refers to uncertainty
that cannot be reduced by firm action, re¢gssl of the amount of resources invested.

Research on real options focuses on thisioistance, suggesting that firms could choose not
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to invest at all and waiting fdhe uncertainty to be reseld (e.g. McDonald & Siegel, 1986).
As this strategy implies zero spreading of resource investment across multiple technologies, it
could be thought of as an extreme example oirttemsivestrategy.

In a second scenario (investigated by aesie on technology development, and shown
in the lower part of the figure), firms knaWwe value of each technology — their problem in
this case concerns how many technologieteteelop to maximize their overall returns.
Under certain circumstances the solutiostiaightforward and, as such, has not been
analyzed by extant literature (and, consequenty considered in Figure 2). For instance, if
only one technology (e.g., A) promises a positeteirn, a firm will invest all resources in
that; or, if investments irethnologies A and B seem to affeegative returns, it will choose
not to invest at all. Extant research has saclinstead on analyzingrfis’ decisions in the
presence of positive marginal returns of multigglehnologies: here the optimal investment
choice becomes more complex, and may invaivesting in single oplural technologies
according to the structure of expected returns.

Specifically, firms are likely pursue axtensiveR&D allocation stratgy (i.e. invest in
both technologies), in the presence of decreasiugns from investing in each or when they
can identify potential complementarities between technologies. Decreasing returns imply
that, after a certain level of investment ie thost profitable technology, the marginal return
will become inferior to that on the second mpifitable one. Eventulgl a firm will invest
in both technologies. A similar outcome vk observed where the technologies are
complementary, since developing both technologies simultaneously will be more profitable
than developing them separately. But if retutm developing each technology are linear or
increasing, or in the presence of diseconsmiescope, firms are likely to pursue an
intensiveallocation strategy, investing all th@wwestment resources in the technology

offering the highest marginal returns. The kentingencies determing the structure of
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returns as identified by priorsearch include the natureinotentives (e.g., Rotenberg &
Saloner, 1994; Stern 2004), of compeditfactors (e.g., Bernheim & Whinston, 1990;
Ghemawat, 1991), or of the technologgitge.g., Bresnahan & Gambardella, 1998;

Cockburn & Henderson, 1996)

Technology Evaluation

Extensive Strategies for Technology Evaluation

In the face of endogenous uncertainty, fikmk generally experiment with multiple
technologies, aiming to discover their compiaeavalues. Existing mearch suggest firms
can use two main approaches for this purppaeallel (e.g. Nelson, 1961) or sequential (e.qg.

Loch et al., 2001) strategies.

Parallel strategy A parallel investment strategy (Nels 1961) consists of investing a
limited amount of resources across multiple texdbgies, so conducting parallel ‘trials’, in
Nelson’s words. Nelson'’s article focuses ondp&mal number of teaiologies a firm can
consider in parallel in order to identify theost valuable. In his model, firms face a choice
between different technologies each assedi&b a different outcome. In the face of
uncertainty, even if the overall distributiondifferent outcomes nyabe known (i.e., that
only a certain percentage of new technologigistwn out to be vluable), they don’t know
which ones will without conducting tris. In other words, the outcome associated with a
certain technology can only bevealed after a certain amouwftresources have been
invested in testing it. Certainlthe more technologs are tested, theagter is the likelihood
that at least one will exceed a critical v@alavel — such as the level above which it is

profitable to develop thiechnology and commercializiee associated innovation.
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In the scenario Nelson (1961) describes, @mdous variable determining the optimal
number of technologies is the cost of expenting with each new technology: given the
firm’s resource constraints, the lower the costy trial, the more than can afford to run.
Nelson’s model also considers the role ofisti@al interdependendyetween technologies,
that is, whether their outcomes are corr@la@orrelation between technologies reduces the
number of technologies that netedbe tested. For instanceaifgiven technology is bad, it is
more likely that a second similar and so pesly correlated technology will also be bad. In
contrast, if the technologieseadifferent and so statisticaligdependent, the outcome of the
second technology cannot be so predicted.

Several papers, especially over the thstade, have drawn on Nelson’s original
contribution to develop differemingles on the parallel reseapriocess. We consider a few.
Dahan and Mendelson (2001) generalize Néssiortuition by studying the underlying
properties of outcome distribotis in greater detail. Specifitg they study how the optimal
number of technologies (which they call ‘#&% changes according to the distribution’s
parameters. They find it increases with thearece in the technologyalue distribution and
with the extent to which the distribution Has tails or a higher upper bound, as they all
imply a higher likelihood that any one techrgowill deliver an extremely high outcome. As
the expected value of the best technologyeases, the firm is more willing to invest
resources in additional technology.

Boudreau, Lacetera and Lakhani (2011) prepms$est of the benefits a parallel
approach can provide. Specifically, they gpklson’s (1961) argument in the empirical
context of tournament-like contests, and dd&isthe impact on innovation output when a
new competitor enters and brings a newraliive technology to the competition. They
argue that such an addition mightrease the value of the best solution identified, even if the

individual effort put in by each contestamtcdeases in line with the lower probability of
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being the winner. Interestingly, they aldww that, when the competition occurs in an
uncertain technological field (which mesamore variance ithe technology value

distribution), the increase in the value o thest solution due to the entry of a new

competitor is even greater. As a result, they provide empirical evidence that the benefits to a

firm of a parallel technology stegy substantially increasdttvthe level ofuncertainty.

Sequential strategyAn alternative approach in thade of endogenous uncertainty is to
invest in different telenologies sequentially. This approastbased on the idea that testing
alternative technologies over timather than in parallel, proved additional information that
guides the direction of subsequent tests. Locll. ¢2001) compare thelagive advantages of
parallel and sequential testingaifernative technologies. The mdenefit of parallel testing
over sequential testing is that it reduces the tieguired to acquirefiormation and thus for
discovering the best technology. Thspect might be particularignportant in the context of
an R&D ‘race’, where firms aim to be the firsthave the patent granted, as the first able to
reach the market will capture the liogkare of rents (e.g., Cockburn & Henderson, 1994).
But in a parallel testing approach, firms canmeg learning from earlier tests in later ones, a
benefit provided by sequentiagsting (see also Thomke & veétfippel, 2002), so parallel
testing tends to involve morests, and thus greater costs.

Loch et al.’s (2001) model yields some imjamt implications. First, when tests are
more expensive, sequential testing is the favorggamse: but if the trials take time, or if the
firm’s opportunity costs of time are high, theylwrefer parallel tesng. Second, trials may
vary in their quality, in the sense that theray be a difference between the test outcome and
the real value of the design @chnology chosen, and firms ynlae aware of this. The more
imperfect the trials are the lowis the appeal of the parallelsting process, because the

‘noise’ of experimentation nkas each test less informadivT hird, modularity in the
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underlying design or technologydwgces testing costs, aseduces the number of
configurations that have to bested. In all, Loch et al.12001) model concludes that the
optimal investment solution might involve a camdtion of parallel ad sequential testing, in
which batches of multiple designs or technolegiee tested sequentially, starting with those

with the highest ex-antarobability of success.

Intensive Strategies for Technology Evaluation
When uncertainty is exogenous, firms’ acti@asnot reduce it. Ithis case, a dominant
strategy is to wait for the resailon of uncertainty. This strategy has been suggested by real

option theory, which originated in the contex financial optiongBlack & Scholes, 1973).

Options to defer and to growkn option gives its owmnrehe right (but not the
obligation) to purchase an undeng asset in the future — @ption’s value increases with
the uncertainty a firm faces, or, more precisely, with the volatility of the expected value of
the underlying asset (Dixit & Pindyck, 1994). The kegchanism is that the sunk cost of the
option limits the potential losses of the investment, while the potential gains are unlimited,
and will increase in line with thencertainty of the investment returns. In the context of the
choice between technologies, eatgy consisting of not ingéng in any technology can be
seen as an “option to defer” investm@dtichzermeier & Loch, 2001; McDonald & Siegel,
1986). The cost of the option is the foregonedsi that the firmwould realize had it
invested immediately. If this cost is too hidiins might consider th strategy of investing
the lowest amount of resources in eachmetogy required not to lose the opportunity to
invest in the future: this would constitutégrowth option” (Kulatilaka & Perotti, 1998).
Whether firms facing exogenous uncertaialbput the potential future value of a

technology should simply defer investmennmaike very limited investments instead
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depends, first, on the cumulativeness of R&iat is, the extent to which future R&D
opportunities are contingent early R&D investments (Maflba & Orsenigo, 1997). Second,
this choice may depend on the specific charatiesisf the investing firm. A * wait-and-see’
strategy may be more appropriate for fast fotos or fast seconds (Markides & Geroski,
2005) who have superior R&D capabilities and texscute projects faster than competitors,
and so can afford to wait longer for uncertaitatyoe resolved. Third, it might depend on the
presence of preemption risks, due, for exantpleetwork effects. When these effects are
strong, the growth option value is likely to ¢eeater that the dafal option value (Lin &
Kulatilaka, 2007). The choice is also contingentthe level of uncertaty. In particular,

Folta and O’Brien (2004) argue that, whertanainty levels areery high, investing
immediately is more valuable than waiting, €ritbe maximum value of an option to defer is

bounded, but the maximum valuea§rowth option is not.

Future Research Directions: Markets fovbantions and R&D Allocation Strategies for
Technology Evaluation

The existence of markets fimventions calls for the conclusions reached so far by the
literature on technology evaluatitm be re-examined, and opens several research avenues.
The key research question is how markets feeitions affect the choice between extensive
and intensive strategies for technology aaéibn in the face of endogenous or exogenous
uncertainty. Overall, we suggdbat the development of suaiarkets might increase the
benefits of waiting strategies for integrdtdownstream firms, because — even when
uncertainty is endogenous - they can sh#thiirden of its resolution from buyers to
technology suppliers. The investmief technology supplierdlaws downstream firms in the
Silicon Valley computer industry, for instance wait until uncertainty is resolved, and then

buy the most suitable technology for theurposes (Baldwin & Clark, 2000).
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Future research should also attempt to corroborate empirically the suggested
relationship, and to clarify ¢hcontingencies under which it is stronger or weaker. For
instance, in the face of comfition, investing earlier and pesnpting competitors may be
crucial and the strategic choice of waiting migbtless attractive in general. However,
waiting might be relatively more attractive fomfis who are more likely to secure a contract
with suppliers providing the most valuabletlaologies, because they hold higher reputations
or scarce and valuable downstream resources.

Furthermore, firms have an incentive toitvaaly to the extent that markets for
inventions are transparent about the charesties and potential vadiof technologies for
potential buyers, as is the case in the safviiadustry, where the pattial value of the
technologies software start-upsoduce can be demonstrated tiglly simply through demos
(Greenberg, 2013). But in other industrfesy. nanotechnology), where technologies are
more complex, companies may not be dbleesolve uncertainty until they buy the
technology and start experimenting with itthese cases, they canynésolve uncertainty
endogenously, using parallel or sequential apphes. In this regard, another possible
research direction would be to explore how éxistence of markets for inventions affects
investing firms’ choices between paralledasequential strategies. In principle, the
development of a market for inventions reduttescost of any deaby increasing the supply
of technologies, and so lowrg the price of inventions, whidavors a parallel strategy over
a sequential one. And when suppliers in the etaake more independent, a parallel approach
would also be more effective. These factors ssgthat, other things being equal, a parallel
approach is more likely to emerge whenhnology suppliers do not share a common milieu,
such as a similar geographic location.

Finally, our reasoning so far builds on tlesamption that, in the face of uncertainty,

some firms will invest earlier #n others and so become technology suppliers. But this raises
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another question about which firms have the sapesk bearing ability that would allow
them (in the face of uncertaintig invest and generate technologies to sell on the market in
the first place. For instance, those firms withupesior ability to evalui@ uncertainty — or to
influence its resolution — even when sucleentainty is exogenous for other firms in the
industry might be more likely to develop ammdde new technologieButure research might

usefully investigate the issuesfitod empirical support for them.

Technology Development

Extensive Strategiesrfdechnology Development

When there is no uncertainty about the valudifiérent technologies, firms do not need to
engage in their evaluation. The literature tifging R&D investmentstrategies in the

absence of uncertainty again falls into tgroups according to the choice between extensive
and intensive investment strategies. The §rsup focuses on contingencies that make it
convenient for firms to invest and develop multiple technologies simultaneously — that is, to

choose more extensive forms of R&D allocation.

R&D complementaritiesA primary reason to invest imultiple technologies is the
existence of R&D complementarities between those technologies, which often follows from
the nature of the knowledge field(s) iniatn firms operate. For instance, Cockburn and
Henderson (1996) show that, in the pharmaceusieetior, knowledge developed in a specific
therapeutic area can be usefudlyplied in another area, because human body systems do not
usually operate in isolation. Complementasitivay also be firm-specific, and some
organizations are better equipped with organizational practices and routines aimed at

combining and redeploying knovdge (Hargadon & Sutton, 1997).
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Competitive considerationsrom a competitive standpoint, the returns to pursuing
multiple technologies targeted to differenérkets increase due to weaker competition:
multimarket competition literature (Karna&iWernerfelt, 1985; Porter, 1980; 1985)
suggests that companies can benefit frompeting with rivals across several markets
because this reduces the intensity of rivalnproving all firms’ profitability (for a review
see Chen & Miller, 2012). Therstture of competitive relainships may be stabilized by a
“live-and-let-live” policy (Bernheim & Whiston 1990; Scherer, 1980), so that rivalry
extending across multiple markets leads to mutual forbearance, and markets whose
participants compete simultanegusi other markets can mutuakgree to set higher prices
and thus all achieve greater profitabil{tgimeno & Woo, 1996; 1999). These findings
confirm the idea that firms might find it valuable to enter several markets to gain
interdependencies with their rivals. However, as a firm’s multimarket contacts grow, the
losses that can be expected from the passédhliation by a competitor who interprets the

entry of a focal firm as an aggressimeve will also increase (Baum & Korn, 1996).

IncentivesThe design of employeescentives may also lead firms to pursue
multiple technologies. Scientists and researskenjoy having aahomy to develop any
technology they are interested in, and magneaccept lower remuneration to retain that
creative autonomy, increasing finpnofitability (Stern, 2004). Athe same time, firms where
individual employees are givehe latitude to develop newctenologies are likely to purse
more extensive R&D allocation strategiearitfirms where a single decision-maker picks
which technologies are to loeveloped. As a result, individuscientists’ preference for
autonomy may indirectly creaézonomies of scope. By allowing employees to retain their
autonomy, firms generate multiple diverse tedbgies and wage castre reduced (Stern,

2004).
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Intensive Strategies for Technology Development

A second group of studies focuses on thosefadhat make returns on investing in few
technologies (or even one) more convenigntther words, where firms adopt more
intensive strategies. The most immediate reasoigerns the existenot linear or increasing

returns to investmemb a single technology.

Economies of scale at the R&D leviel.the simplest case, such linear or increasing
returns are due to the nature of the technolagglfitFor instance, cumulative investment in a
specific technology may increase firm performmalue to its specializddarning over time
(Ghemawat, 1984; Spence, 1979). Especiallgmtine technology is radically new, its
development might require a great amountnahagerial atterdn (Ocasio, 1997). Major
investment in a unique technology can seag a valuable mechanism for focusing
managerial attention, which previous resedras shown to be quite a valuable resource for
the company (Eggers, 2012). On the otieend, as Sutton (1998) and Bresnahan and
Gambardella (1998) point out, some technolsgnght produce multiple applications at a
zero or low marginal cost, which createsdntives to concentrate resources on their
development, and to reutilize them in multipldomarkets, rather than spreading resources

across several technologies each dedicated to a specific submarket.

CompetitiveconsiderationsThe dynamics of competition may also explain increasing
returns from investing resirces into a single technolodyterature on commitment has
suggested that ‘locking-in’ large amount of resources inte development of one, market-
specific, technology can reduce fiyafrom competitors, mainlgue to resource pre-emption

and the consequent creation of entry barriers (e.g. Caves, 1984; Ghemawat, 1991; Katz &
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Shapiro, 1994). And certain technologies ararabterized by networgffects, such that
individuals’ utility from using them increas with the numbers of other users. Thus,
consumers prefer to adopt the technology tiedieve will be adoptetly the majority of

other consumers. In such cases, a major imastin a technology cdre a signal of strong
commitment and create favorable expectatidimigits future market size, staring a ‘virtuous

circle’ of user growth.

IncentivesCommitment may also be important faroviding firms’ scientists with
the right incentives to increase their produtyi Rotenberg and Saloner (1994) argue that
pursuing multiple technologies creatsaionomies of scope in R&D by reducing
employees’ motivation. The basic intuitiontiet returns generated by a firm’s R&D
investment depend, among other factors, erefifort exerted bynidividuals within the
organization, and the level of those efforts may depend on the expectations that they will be
well rewarded. But this will only occur if thesdeas are implemented, which is less likely
where many technologies compete for a limaetbunt of firm resources. So, in order to
convince employees to exert more effartlancrease productivity, firms should only commit

to investing in a limitd number of technologies.

Future Research Directions: Markets fovbantions and R&D Allocation Strategies for
Technology Development

As we have noted, once uncertainty is resd)\firms should choose an intensive or an
extensive R&D allocation strategy for developatechnology according to various factors,
including the existence of increasingums to scale and complementarities among
technologies, competitive considerations andhagitinternal incentive design. Hence, the

guestion is: How do markets for imteons affect this decision?
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As far as R&D complementarities are concerned, markets for inventions allow firms to
access a broader range of different ‘piece®nmfwledge, which can be fruitfully recombined
to increase innovative performance (e.gesbirough, 2003; 2006; Leiponen & Helfat, 2011).
The opportunities for knowledge recombinataond cross-fertilization that markets can
produce are likely to be higherath when R&D is just conductedternally. Path dependency
means that firms tend to continue to inveshim same or related teological trajectories
(Cohen & Levinthal, 1989; Nelson & Winter, 1988y solutions generated within a firm are
likely resemble one another, and theretttelroom for recombination. In contrast,
technologies pursued by distinct firms &kely to differ (Cohen & Malerba, 2001).

However, an important question unaddressefdrbyious research coams the extent to
which firms may be able to recombine extermmbpposed to internedchnologies, or to
accurately assess the existence of synergieofdiseconomies of scope — in managing
multiple technologies in whose development tieate not been closely involved. We suggest
that, to evaluate the opportties markets for inventions offéor technology development,
future research should investigahore closely the extent to igh the benefits from diversity
exceed the costs.

As for competitive considerations, we ardbat markets for inventions can facilitate
the acquisition of different technologies targes¢dpecific marketgr even of general
technologies applicable to multiple marketsd thus provide firsiwith opportunities to
manipulate the degree of their competitive idégpendence with rivals more quickly, through
a multi-market contact strategy (e.g., Bernheim & Whinston, 1990). This provides an
interesting starting point, from both a thetaral and empirical standpoint, for future
research. The existence of markets for inventroight also affect the design of firms’ R&D
incentive structures. As meoned above, Rotenberg and@weer (1994) point out that

committing to allocate resources to a limitetnber of technological areas improves R&D
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employees’ incentives to invent, by increading likelihood that eacemployee’s ideas will

be adopted, and the employee rewarded accordingly. But when internally generated ideas
compete to be adopted with external oneshsn incentive strategyay not be credible
enough to employees to be effective. Cousatly, an interesig question for future

research concerns how markets for inventiorghtmaffect the levelsral types of incentives

technology firms offer thescientists to innovate.

Conclusions

In this paper, we have provided a unifyingmework for understanding the existence and
growth of ‘markets for inventions’, wheksmowledge elements which are disembodied from
individuals, organizationsna products are traded. In orde do so, we have brought

together various streams of literature, which, due to their different assumptions, have focused
on different aspects of the phenemon. Furthermore, we pointedtdliat extant literature in

this area has generally neglected the impibcaof invention markets for firms’ decision

about how to allocate resourca®ong different technologies.¥@n the lack of research on

the topic, we started to establish and explbte link between markets for inventions and

firms’ R&D allocation strategies, and toeidtify a research agda in this domain.
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TABLE 1

Summary of Selected Paperson the Definition of Marketsfor Inventions

Author(s), publication
year

Key dimensions
considered in connection
with marketsfor
inventions

Method

Key findings

Arora, Fosfuri &
Gambardella, 2001

Invention price

Theoretical model
& Quantitative
analysis

Knowledge-based companies increasingly nmrkets for technology, arms-length
transactions that involve the exchange of technology in disembodied form for a price

Chesbrough &
Appleyard, 2007

Invention price

Theoretical model

Firms might adopt a partial free revealing approach, such that only one part of the inv¢
is free but the other part needs to be bought

ention

Chesbrough, 2003;
Chesbrough,
Vanhaverbeke &West,
2006

Invention price

Theoretical model
& Quantitative
analysis

Firms and industries experiment with novel business models based on open innovatio
which include forms of knowledge sharing occurring both within and outside markets

=)

Gans & Stern, 2003

Invention price

Theoretical model

Start-ups innovator can compete indirectly in the product market by using a “cooperati
strategy, based on selling their inventions to other firms—usually incumbents—who of
as "conduits" for technology commercialization in the product market

on
berate

von Hippel, 2010

Invention price

Theoretical mode

Individual users often freely reveal their krledge because they niegain reputation
among their peers or because they would like to see their ideas transformed into inno

ations

Arora & Gambardella,
1994a

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

The production of general and abstract knowledge, due to advancements in theoretica
understanding of problems, instrumentation, and computational capability, increases t
possibility of division ofinnovative labor among firms

1
he

Kogut & Zander,

Knowledge Codification
& Division of Innovative
Labor

Theoretical Model

Tacit knowledge is shared and trareddenore effectively withifirms than across markets

Nonaka, 1991

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Tacit knowledge can typically be transmitted tigh social interactions occurring within th
boundaries of a given organization, wheréividuals can easily interact face-to-face, and
share common “languages”

e

Winter, 1987

Knowledge Codification
& Division of Innovative
Labor

Theoretical Model

Firms can choose strategically the extent of knowledge codification, based on the
opportunities they have to collaborate with unaffiliated entities

Baldwin & Clark, 2000

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Firms shifting toward a more modular system may take advantage of modular innovat
produced by many independent suppliers

ons

Baldwin & von Hippel,

Knowledge Codification

Theoretical mode

| Modular design architecture are an important element t® dadigitmration. Modularity
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Author(s), publication
year

Key dimensions
considered in connection
with marketsfor
inventions

Method

Key findings

2011

& Division of Innovative
Labor

tends to affect design and coordination costs

Brusoni & Prencipe,
2001

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Firms are heterogeneous in their ability to explore and experiment alternative patterns
problem decomposition

of

Langlois, 2002

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Modularity constitutes a way of managingrgaexity. Organizationseflect non-modular
structures and decision rights, rights of adion, and residual claims to income reside
among different firms

Sanchez & Mahoney,
1996

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Modular systems allow a form of coordination which is alternative to authority, i.e.

embedded coordination. Embedded coordination is a form of system coordination bas
standardized components and organizational interfaces, that creates information strug
Modularity requires codification of architecal knowledge about component interactions

ed on
tures.

Schilling, 2000

Knowledge Codification
& Division of Innovative
Labor

Theoretical model

Modularity is a continuum describing "the degree to which a system's component can
separated and recombined, and it refeth bmthe tightness of coupling between
components and the degree to which the "rules” ol the system architecture enable (or

be

prohibit) the mixing and matching of components"
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TABLE 2

Summary of Selected Papers on the Deter minants of Marketsfor Inventions

Author(s), publication

Key dimensions
considered in connection

S
S

ty,
hted

Ims to

year with marketsfor Method Key findings
inventions
Aggarwal & Hsu, 2009 Institutions Quantl'tatlve The frequency and |p_ten5|ty of prior re!athrpmcontrlbute to build trust between partner
analysis and can exert a positive effect on the likelihood that they engage in further transaction
o There exist robust cross-industry differences on several contractual features (exclusiv
o Quantitative - . - .
Anand & Khanna, 2000| Institutions analvsis cross-licensing, ex ante vs. ex post technology transfers, licensing to unrelated vs. rel
y parties)
Theoretical model - : L . . .
Arora, 1995 Institutions & Quantitative The provision of t_echmcal service (i.e., tdaibwledge) can increase the enforceability of
. technology licensing contracts
analysis
Theoretical model . . . .
Arora, 1996 Institutions & Quantitative Bundling c_omplementary inputs with know-how in a technology packageveanome the
. problems in contracting for know-how
analysis
Arora & Ceccagnoli, o Quantitative Increases in the eﬁectlve_ngss of patent protection increase licensing propensity, but o
Institutions . when the firm lacks specialized complenaggtassets required to commercialize new
2006 analysis .
technologies
Arora, Fosfuri & I Theoretlpal_model Markets for technology are more likely to dleserved in environméscharacterized by
Institutions & Quantitative .
Gambardella, 2001 . strong IPR regimes
analysis
Arrow, 1962 Institutions Theoretical model ]I(gﬁlljvrl:;blllty, appropriability and uncertainiyonstitute sources of market for knowledge
. o Knowledge transfer decisions are affected by norms. Individuals tend to adhere to nor
Berkovitz & Feldman, I Quantitative . . .
Institutions . which they have been exposed in the past, but are also influenced by the local work
2008 analysis ;
environment
Caves, Crookel & o Quantitative Markets for mtqnglble knowle_dg(_a.are subjecmarket fa|!ures derlvmg from: small- .
o Institutions ) numbers bargaining, appropriability problems, uncertainty, transaction costs, and impacted
Killing, 1983 analysis . . . :
information coupled with opportunism
Chesbrough, 2003; .
Theoretical model . . . . . .
Chesbrough, - o Open innovation occurs also in contexts beyond the ones in which formal intellectual
Institutions & Quantitative

Vanhaverbeke &West,
2006

analysis

property rights are relevant
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Author(s), publication
year

Key dimensions

considered in connection

with marketsfor

Method

Key findings

[-

fi

inventions
Firms can substitute or complement contract design mechanisms with relational ones
Dyer & Singh, 1998 Institutions Theoretical mode] order to avoid market failures due to opportunism. Such relational mechanisms are s¢
enforcing agreements that do not require a third party to enforce them
. Qualitative and . .
Fauchart & von Hippel, - L Norms-based intellectual property (IP) systegme a complement to or substitute for law-
Institutions Quantitative
2008 . based IP system
Analysis
Gans & Stern, 2003 Institutions Theoretical modeIF'rmS ch_0.|ce of their te_chnology commeriation strategy depends on the level of
excludability of the environment
Gans, Hsu & Stern, 2008 Institutions Quantitative From the buyer's perspective, reductions in uncertainty surrounding the scope and exfent of
analysis IP rights may facilitate trade in the market for ideas
Hall & Ziedonis, 2001 Institutions Quantl'tatlve Strengthgnmg of patent rlgth _mduces ' patent portfolio races" among capital-intemmsgse
analysis and facilitates entry by specialized design firms
Kulatilaka & Lin, 2006 Institutions Theoretical model Due to_cash-constralnts issues, small firms migbter to be paid with a fixed sum rather
than with royalty rates
Quantitative Small-number bargaining problem might lead firms to internalize R&D. Hence
Pisano, 1990 Institutions analvsis pharmaceutical companies are more likelinternalize R&D inthose biotechnology
y product areas in which R&D capabilitieg®aroncentrated in fewer R&D supplier
Quantitative University inventions are more likely to beensed when patents are effective. Patent
Shane, 2002 Institutions analvsis effectiveness also increases the royalties edorddventions licensed to non-inventors, a
y it reduces the risk of opportunistic behaviors
Somaya, Kim & - Quantitative Exclusivity is used as a contractual laug to safeguard licensees’ investments in
Institutions . . .
Vonortas, 2010 analysis complementary assets and to enableragting over early stage technologies
Teece, 1998 Institutions Theoreticamodel Profits from knowledge assets depend on interplay between the strength of the

appropriability regime and firm dynamic capabilities

Arora, Fosfuri &
Gambardella, 2001

Firm Characteristics

Theoretical model
& Quantitative
analysis

Markets for technology foster the division of innovative labor between small and large

firms

Arora & Gambardella,
1994b

Firm Characteristics

Theoretical model
& Quantitative
analysis

Firms with a greater ability to utilize demand more external technologies (i.e., are mor
likely to license in new technologies). However, firms with a higher ability to evaluate
acquire fewer exteal technologies

P

hay

Arora, Fosfuri &
Roende, 2013

Firm Characteristics

Theoretical mode

When licensing decisions are decentralizedusiness units, rather than centralized at
headquarters, firms are less likéb license, because top managers reward divisions les

5 for
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Author(s), publication

Key dimensions
considered in connection

year with marketsfor Method Key findings
inventions
their licensing profits than for their (more easily observed) production profits
S o The buyers’ cost of integrating a licensed teslbgy is affected by suppliers’ knowledge
ggfgcagnoll & Jiang, Firm Characteristics Sﬁ:};git:twe transfer capabilities, buyerabsorptive capacity, and the co-specialization between R&L

and downstream activities in the buyers’ industries

Chesbrough, 2003;
Chesbrough,
Vanhaverbeke &West,
2006

Firm Characteristics

Theoretical model
& Quantitative
analysis

Organizational practices may foster knowledge exchange

Dodgson, Gann, Salter,
2006

Firm Characteristics

Case study analy

‘iFirms’ external search processes are fostbyettheir possession of relevant information
i %echnologies capabilities

The licensing-out of technology entails a trade-off: licensing payments net of transacti

e they

alue,

A1%

o costs (revenue effect) must be balanced agtiedower price—cost margin and/or reduce
. . . Quantitative S . PP .
Fosfuri, 2006 Firncharacteristics ; market share implied by increased competiffmofit dissipation effect) from the licensee.
analysis . . : : ,
Firms with a small market share are more likely to license out than larger firms becaug
suffer a smaller loss in profits from the increase in rivalry
Gambardella, Giuri & . - Quantitative The most important determinant of patent licensing is firm size. Other factors (patent v
; Firm Characteristics : : . .
Luzzi, 2007 analysis breadth, protection) have an impact, but not as important
Henkel, 2006 Firm Characteristics Quantl'tatlve Flrms'balance openness and protection of intellectual property by rgveallng knowledg
analysis selectively. Revealing policies are strongly heterogeneous across firms
Laursen, Leone & . - Quantitative Firm assimilation capacity and monitoring abiliffects the decision to explore distant
. Firm Characteristics : . . L
Torrisi, 2010 analysis technologies through licensing-in

Rivette & Kline, 2000

Firm Characteristics

Theoretical mods

Companies increasingly use patents for making revenues (with licensing out) or block
blcompetitors. Large companies may use licensing for making profits out of relatively un
inventions

ng
used

Sakkab, 2002

Firm Characteristics

Case study anal

yE'r?owledge sharing reporting systems

Maintaining effective connections requires an information management strategy based on

Sine, Shane & Di
Gregorio, 2003

Firm Characteristics

Quantitative
analysis

Institutional prestige and reputation increases ten§ing rate of the university, as they tqg
to solve market imperfections

nd

Anton & Yao, 1994

Industry Structure

Theoretical mode

In the absence of legal property right protection, an inventor with little wealth can expe
lappropriate sizable share of the market valub®invention by fully disclosing informatio
about the invention value

ctto

Arora, Fosfuri &

Industry Structure

Theoretical modeg

| Developmoéspecialized upstream techagy suppliers in leading couigs improves
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Author(s), publication
year

Key dimensions
consider ed in connection
with marketsfor
inventions

Method

Key findings

Gambardella, 2000

& Quantitative
analysis

technology access and lowenséstment costs for downstream firms in follower countrie

14

Bresnahan &
Gambardella, 1998

Industry Structure

Theoretical Model

As market breadth increases, technology specialists will produce general technologies
supplied to the downstream producers that operate in different segments of the final
By contrast, as depth increases, downstreans fara more likely to integrate backward a
produce dedicated technologies for their business

arket.
d

Fosfuri, 2006

Industry Structure

Quantitative
analysis

The licensing-out of technology entails a trade-off: licensing payments net of transacti
costs(revenue effect) must be balanced ag#iadower price—cost margin and/or reduced
market share implied by increased competiffmofit dissipation effect) from the licensee.
In product markets with more incumbent competitors, both the rent dissipation from th
creation of a new competitor, and the revenue from licensing decrease

D

Gallini, 1984

Industry Structure

Theoretical modeg

An incumbent firm may license its own techogy to reduce the incentive of a new entrant

to produce its own, possibly better, technology

Gambardella &
Giarratana, 2013

Industry Structure

Quantitative
analysis

When product markets are fragmented, innovators can identify potential licensees in 1
niches in which they do not compete directly. This possibility requires the licensor to
develop general technologies that can support distant applications

harket

Gambardella &
McGahan, 2010

Industry Structure

Theoretical Model

The development of general purpose technology to be licensed to downstream specia
an increasingly adopted business model. By developing more general technologies th
suppliers can move away their source of returns from bargaining power, to something
they can invest in and control

lists is

al

that

Grindley & Teece, 1997

IndustStructure

Theoreticahodel.

Licensing and cross-licensing are increasirsgippted by companies in semiconductors g
electronics, as a mean to prevent litigation and soften the cost of competition

nd

Rockett, 1990

Industry Structure

Theoretical mods

For an incumbent, licensiragreements can be a mean‘@noosing’ relatively weak
competitors

2

Scotchmer, 1991

Industry Structure

Theoretical mod

In cases where early innovations constitute a foundation for later innovations, the first
jnnovator should be given some claim on the profits of the later innovators, so that the

as enough incentive to invest.. This isgible through increasing patent breadth or
allowing (collusive) licensing among patent holders

e

first
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TABLE 3

Summary of Selected Paperson the Implications of Marketsfor Inventions

Author(s), publication

Key dimensions
considered in connection

year with marketsfor Method Key findings
inventions
Arora & Nandkumar, e Quantitative A greater supply of technology diminishes the importance of technical ability as a sour
> Specialization and Trade . o . : o
012 analysis competitive advantage, but enhances the impact of marketing capability on performan

ce of
ce

Arora, Fosfuri &
Gambardella, 2001

Specialization and Trade

Theoretical model
& Quantitative
analysis

At the firm level, markets faechnology increase the strategpace; at the industry level,
they lower barriers to entry and increase competition

Chesbrough &
Rosenbloom 2002

Specialization and Trade

Theoretical mod

el  Capturing value déaoty stage technology requires appropriate business models

Galasso, 2011

Specialization and Trade

Theoretical model
& Quantitative
analysis

Markets for inventions may induce firms’espalization according to their comparative
advantage in enforcing intellectual property

Gans & Stern, 2003

Specialization and Tradeg

Theoretical m¢

)Aérllder certain conditions, markets for ideas allow small firms to avoid knowledge
expropriation and appropriate the economics returns from innovation

Gans, Hsu & Stern, 2002

Specialization and Tradg

| Quantitative
[ analysis

increasing in control over IPRs, low trangan costs, sunk cost for market entry

Returns to specialization and cooperation vis a vis competition in the downstream market are

Holmstrom, 1989

Specializatiand Trade

Theoretical mode

Different organizational structures have diverse advantages in performing innovative
| activities vis-a-vis more routine activities, like, for example, development and
commercialization

Serrano, 2011; Serrano
2010

Specialization and Trade

Quantitative
analysis

Gains from specialization and trade exist

Teece, 1986

Specializationchiirade

Theoretical mode

When imitation is easy, the profits frarmovation may accrue to the owners of
complementary assets, rather than to the developers of the intellectual property. Innoy
may access these assets tigtolicensing agreements

ators

Almirall & Casadesus-

Open approaches to innovation allow firms to discover combinations of product featurg
would hardly emerge under integration. However this beneficial effect comes with the

2s that

Masanell, 2010 Innovation Theoreticahodel drawback of reducing firms’ possibility of individual firms to take control over the
innovation process and in particular over the trajectory taken by such process
Arora, Fosfuri & . Theoret|_ca|.mode| By fostering the division of inventive labor, markets for technology increase innovation
Innovation & Quantitative
Gambardella, 2001 . performance
analysis
Chesbrough, 2003; . Theoret|_ca|.mode| Access to internal and external knowledge and simultaneous inbound and outbound o
Chesbrough, Innovation & Quantitative

Vanhaverbeke &West,

knowledge increase firms'’ innovative performance

f

analysis
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Author(s), publication

Key dimensions
considered in connection

ed and

ces,

D

ein

year with marketsfor Method Key findings
inventions
2006
Chesbrough & Crowther, . . Open innovation does not occur only in high-tech industries but also in more establish
Innovation Theoreticahodel . . .
2006 mature ones. It involves simultaneous inbound and outbound of knowledge
Forman, Goldfarb & _ Quantitative I_n large cities, where we expect to observe a good supply of exter_nal technology servi
) Innovation : firms substitute internal for external resources. By contrast, establishments make morsg
Greenstein, 2008 analysis R, . ; . L . .
significant internal investments in professal internet services in more rural areas
Gans & Stern, 2000 Innovation Theoretical mode hen the expected Ilpen3|ng feeis hlg_h, incumbents have an incentive to remain activ
&D to feed the outside option of making the technology themselves
Markets for inventions may increase the incentive to innovate in sequential innovation
Green & Scotchmer, . . . S
1995 Innovation Theoreticahodel _contexts, as they encourage cooperatlvegrgents between initial and subsequent
innovators decreasing the level of competition among them
Leone & Reichstein, . Quantitative Licensees are faster to inveh&n non-licensees, but thisedt disappears if the licensing
Innovation . :
2012 analysis contract includes a grant-back clause
Thomke & von Hippel, Innovation Theoreticahodel Certain stages of product _deYeIopment capdréormed more effectaly and efficiently if
2002 they are outsourced to a firm’s customers
West, 2003 Innovation Theoretical modelThere exist a trade-off between strategies maximizing innovation and those maximizin

appropriability
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FIGURE 1

Structure of the Existing Literature on Marketsfor Inventions
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FIGURE 2
Structure of the Existing Literature on R& D Allocation Strategies
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each path or complementarities investment in each path or
among paths diseconomies of scope
Extensive: Resources are invested Intensive: Resources are
to develop multiple paths invested to develop one path
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