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Abstract

This paper develops a theory of firm boundaries in knowledge intensive industries by ex-
amining the incentive effects of knowledge sharing together with those stemming from transfer
of control in mergers/acquisitions, joint ventures and strategic alliances. Since knowledge is
non-rival in nature, its owners cannot restrict usage ex-post once they provide access ex-ante.
Therefore, unlike physical asset-intensive firms, optimally deciding the ownership of knowledge
assets as well as the degree of knowledge sharing is essential in knowledge-intensive firms. Giv-
ing one firm ownership of an asset enhances its incentives but reduces that of the firm losing
ownership. In contrast, greater knowledge sharing enhances the incentives of both firms simul-
taneously. Using a novel dataset, which combines alliances and joint ventures with the NBER
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1 Introduction

In a series of seminal articles and a book, Grossman-Hart-Moore develop the Property Rights
Theory to explain a firm’s decision whether to merge with another firm or to employ an arms-length
contract (Grossman and Hart, 1986; Hart and Moore, 1990; Hart, 1995). Starting from the premise
that contracts are incomplete, they define a firm as a collection of nonhuman assets that it owns.
Therefore, they model mergers/ acquisitions as changes in the ownership of assets. Since mergers/
acquisitions remain the dominant mode of integration in the traditional industries, the Property
Rights Theory (hereafter PRT) provides an elegant framework to understand firm boundaries in
these traditional industries.

Yet, the emergence of a knowledge asset dominated economy' has enriched the landscape of
boundary choices available to firms, particularly those in the knowledge-intensive industries. Take,
for example, strategic alliances. As the National Science Foundation Science and Technology In-
dicators (2006) states, “Firms use alliances to acquire knowledge. ..over seventy percent of these
are in biotechnology and information technology.” Also, as I document in this paper, firms in
knowledge-intensive industries share knowledge with each other through contractual arrangements
such as joint research and development agreements and cross-technology transfer agreements — a
feature rarely observed between firms in the traditional industries. However, since these organiza-
tional and contractual arrangements do not involve any changes in ownership of assets, within the
framework of the PRT, they cannot be distinguished from an arms length contract.

Furthermore, mergers and acquisitions in knowledge-asset intensive industries are motivated at
least as much by knowledge sharing as by the incentive effects of changes in control.? However,
because a firm’s knowledge resides in its employees who cannot be legally owned, using the PRT we
cannot distinguish between mergers/ acquisitions that accomplish meaningful knowledge sharing
and those that fail to do so. To illustrate this point, contrast the acquisition of Netscape Com-
munications by AOL with the acquisition of Level One by Intel. As Business Week noted in its
March (2003) issue, “After the AOL acquisition, Netscape’s position in the internet browser market
was undermined since the software engineers at Netscape fled en masse.” In contrast, after Intel
acquired Level One (which was a manufacturer of chips for internet connectivity), all the important
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sonal computers to high-speed connectivity (Chaudhiri and Tabrizi, 1999). While the Intel-Level
One deal led to knowledge sharing between the acquirer and target, the AOL-Netscape one did not.
However, since the PRT models a merger/ acquisition as a change in ownership of assets, it does
not capture the difference in knowledge sharing that distinguishes these disparate acquisitions.

This paper develops a theory of firm boundaries in knowledge-intensive industries by examining
the incentive effects of knowledge sharing as well as changes in control in mergers/ acquisitions,
alliances and majority joint ventures. I attempt to rationalize differences between organizational
and contractual arrangements in knowledge intensive industries and those in traditional industries.
Using a novel dataset that combines alliances and majority joint ventures with firm level data on
patent citations, I find strong support for the theory’s main predictions.

I define a knowledge-intensive firm as a collection of the knowledge assets that it owns and the
agents who have complete access to these assets, where access is defined as the ability to use an asset
(Rajan and Zingales, 1998, 2001). Consider a setting where two biotechnology firms — Antibody
Inc. and Biodelivery Inc. — derive synergies from pooling their complementary knowledge assets.
Antibody Inc. (A) specializes in discovering antibodies to cure diseases while Biodelivery Inc. (B)
specializes in generating new drug delivery techniques; however neither firm has expertise in the
complementary technology to start with. Since their assets are complementary, A and B decide to
share their knowledge with each other. They decide the level of access to provide to each other as
well as the ownership of these assets.

Access enables A to familiarize itself to B’s drug delivery technology and to learn how to work
with it (similar for B). However, because knowledge assets are non-rival in nature, crucially, access
also gives A the opportunity to expropriate B’s drug delivery technology (similar for B). Therefore,
I assume that both A and B can make two kinds of investments. If A invests to tailor its antibody
technology to B’s drug delivery technology, such investment enhances the joint output. In contrast,
if A invests to expropriate B’s drug delivery technology, such rent-seeking investment is wasteful.
As in the PRT, these investments are observable but not verifiable. Higher access enhances the
marginal effect of both kinds of investments while ownership only enhances the marginal value of
the owner’s investments. If the drug delivery technology is easier to expropriate, then the marginal
effect of A’s expropriating investment is higher (a similar effect applies for B). Finally, as in the
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outside options are non-contractible ex ante but contractible ex post.

Firms decide the optimal boundary choice, which corresponds in the model to the optimal
combination of access and ownership, to maximize their joint surplus. The boundary choices
translate into access and ownership as follows. In an arms-length contract and in a strategic
alliance, A and B own their respective technologies. In contrast, if A acquires B or if A is the
majority partner in a joint venture with B, A controls both the technologies.> Since mergers/
acquisitions lead to complete knowledge sharing between the protagonist firms, access between
A and B is full in this case. In contrast, access is zero in an arms-length contract, where such
knowledge sharing is minimal. Since alliances and joint ventures are more integrated than arms-
length contracts but less so compared to mergers/ acquisitions, access is moderate in these hybrids.

As a useful benchmark, I first show that in physical-asset intensive firms, the degree of knowl-
edge sharing (i.e. access in the language of the model) is not a choice variable. In contrast,
optimally deciding the ownership of knowledge assets as well as the degree of knowledge sharing is
essential in knowledge intensive firms. This is because the owner of a physical asset can hold-up
the user by simply withdrawing access to the asset ex post. As a result, in the case of physical
assets, the marginal value of the user’s outside option is likely to be less than that of the joint
output. Therefore, as in Grossman-Hart-Moore, the essential incentive distortion in physical asset
intensive firms is underinvestment compared to the first-best. Since greater access makes invest-
ment more productive, full access is always optimal in physical asset intensive firms. In contrast,
since knowledge assets are non-rival in nature, once an agent gets exposed to them, the owner
cannot withdraw access ex-post. Therefore, in environments where Intellectual Property Right
(IPR) protection is imperfect?, the user can employ the knowledge asset for production despite not
owning it. The owner can only prevent the user from infringing on its IPR through legal recourse
(Crampes and Langinier, 2002). As a result, the marginal value of the user’s outside option can
be more than that of the joint output. Consequently, both under- and over-investment are equally
important concerns. Therefore, in knowledge-intensive firms, choosing both access and ownership
optimally enhances both firms’ incentives to tailor their knowledge to each other, on the one hand,
and dampens their incentives to expropriate each other’s knowledge, on the other hand.

Choosing access and ownership together mitigates two incentive drawbacks associated with

ownership. First, ownership can have the adverse effect of encouraging overinvestment. Second,



giving one firm ownership of an additional asset enhances its incentives but reduces that of the firm
losing ownership. In contrast, increasing access increases the incentives of both firms simultaneously.

To understand intuitively the adverse effect of ownership, consider transferring ownership of A’s
knowledge to B. Once A owns both knowledge assets, its bargaining power is potentially higher since
it has the legal right to dispense with B. However, unless A gains a comprehensive understanding of
B’s knowledge, it cannot implement its threat of dispensing with B. Therefore, on getting ownership
rights to B’s knowledge, A invests in replicating it. Since these investments only duplicate what B
already knows, they represent an adverse effect of transferring ownership of B’s knowledge asset to
A. Due to this adverse effect, it may not be optimal for one firm to control both assets even when
they are strictly complementary. This result can have important implications for the relationship
between the market for mergers and firm boundaries as analyzed in Rhodes-Kropf and Robinson
(2008) since their analysis is predicated on a key result in PRT that one agent should control both
assets when they are complementary to each other. We discuss these in Section 4.2.

Let us now understand intuitively the contrasting incentive effects of access and ownership.
When A and B provide each other more access, they both have stronger incentives to not only tailor
their knowledge to each other but also to expropriate each other’s knowledge since the marginal
effect of both kinds of investments increases with greater access. Thus, access affects their incentives
symmetrically. In contrast, if B transfers ownership of its technology to A, B’s incentives to tailor
its asset as well to expropriate A’s asset are weakened while those of A are strengthened since
the ownership transfer increases the marginal value of A’s outside option but decreases that of B.
Thus, ownership affects their incentives asymmetrically. Therefore, when both firms underinvest
(overinvest), increasing (decreasing) access brings their investments closer to the first-best. In
contrast, when B overinvests and A underinvests, transferring ownership of B’s technology to A
brings their investments closer to the first-best. Since B(A) would overinvest more in expropriating
A(B)’s knowledge when it is easier to do so, it follows that the optimal level of access decreases as
both firms ability to expropriate increases. In contrast, ownership of B’s asset should be transferred
to A if B can expropriate knowledge easily while A cannot. Note that, unlike in the PRT, this
effect of ownership is obtained irrespective of the degree of complementarity between the assets.

Using a novel dataset that combines alliances and joint ventures in high technology industries
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above predictions. To identify differences in access while keeping ownership unchanged, I compare
alliances which include a joint R&D, a cross-technology transfer or a licensing agreement to those
alliances that do not include these features. To identify changes in ownership, I combine strategic
alliances and majority joint ventures. Since the majority partner in a JV exercises residual rights of
control, comparing majority joint ventures to alliances identifies changes in ownership. To ensure
that I test for changes in ownership without any change in access, I examine those alliances and
majority JVs in which either no joint R&D or no licensing agreement is included.

I follow Trajtenberg, Jaffe and Henderson (1992) in using self-citations made to proxy a firm’s
ability to expropriate its partner’s knowledge asset. Self-citations reflect follow-up innovation/
knowledge flowing from a firm’s predecessor patents and, therefore, measure the firm’s ability to
appropriate returns from its existing knowledge assets. I define A’s ability to expropriate B’s
knowledge as one minus the ratio of B’s self-citations made to total citations made by B’s patents;
B’s ability to expropriate A’s knowledge is defined similarly using A’s self-citations. I control for
other determinants of the proxies of access and ownership that the previous literature highlights.
Employing specifications that include year fixed effects with industry or firm fixed effects, I find
that access is 6.0% (7.3%) less likely when A’s (B’s) expropriability measure increases by one
standard deviation, which is consistent with the symmetric effect of access. In our tests of the
effect of ownership, I find that a majority joint venture is 1.1% (2.2%) more likely than an alliance
when A’s (B’s) expropriability measure decreases (increases) by one standard deviation, which is
consistent with the asymmetric effect of ownership. Since the likelihood of a majority JV is 13%
in our sample, this effect is economically significant.

While the symmetric effect of access cannot be obtained in the PRT, the asymmetric effect of
ownership may appear consistent with PRT’s prediction too. To offer more dispositive evidence
separating the two theories, I test PRT’s implication that such an effect would not be obtained
when the assets are strictly complementary (since a majority JV would always be optimal in this
case) vis-a-vis the prediction here that the effect would be obtained irrespective of the degree of
complementarity. To do so, I interact the above proxies for ability to expropriate with a proxy
for complementarity in the knowledge of the alliance/ JV partners, which I construct using their
cross-citations to each other. I find that the coefficient of the interactions are statistically indistin-

guishable from zero, which suggests that the asymmetric effect of ownership is obtained irrespective



of the degree of complementarity in the knowledge assets.

The primary contribution of this paper is to develop a theory and provide supportive empirical
evidence of the incentive effects stemming from knowledge sharing as well as transfer of control
motives in mergers/ acquisitions, majority joint ventures and strategic alliances in knowledge-
intensive industries. Relatedly, this paper attempts to differentiate the incentive effects of boundary
choices in knowledge intensive industries with those in the traditional industries. Finally, our
definition of a firm includes people with access to key firm assets and imposes well-defined ex ante
firm boundaries. Therefore, we can distinguish between acquisitions where employees possessing
expertise are retained after the acquisition, as in the Intel - Level One example, and those where

such employees leave post-acquisition, as in the AOL-Netscape situation.

2 Related Literature

The paper is related to a growing theoretical literature analyzing firm boundaries. Robinson
(2007) examines the optimality of strategic alliances between two firms vis-a-vis their operating as
part of a single conglomerate or as stand alone firms. He models strategic alliances as long-term
contracts between legally distinct organizations and shows that alliances emerge as an optimal al-
ternative to a conglomerate, particularly for high-risk projects, since corporate headquarters cannot
credibly commit not to indulge in ex-post winner picking. Mathews and Robinson (2007) examine
the optimality of conglomerates, stand alone firms and strategic alliances in deterring entry into
product markets. They argue that compared to stand-alone firms, internal capital markets present
the advantage of ex-post resource flexibility but have the attendant cost of ex-ante commitment
difficulties. They show that strategic alliances can sometimes dominate integration by providing
synergy benefits similar to internal capital markets without its attendant costs. While this study
resembles closely Robinson (2007) and Mathews and Robinson (2007) in examining the optimality
of hybrids such as strategic alliances and majority JVs, arms-length relationships between stand
alone entities and mergers/ acquisitions, the focus of this paper is quite different. In this paper,
alliances (as well as the other boundary choices) emerge as organizational vehicles for efficient
knowledge sharing between two firms by balancing the incentives of both partnering firms to invest

in tailoring their knowledge to each other, on the one hand, and to expropriate their partner’s



knowledge on the other hand. Furthermore, this paper emphasizes the difference between incen-
tive effects of boundary decisions in knowledge-intensive firms and those in physical-asset intensive
firms. Mathews (2006) models the use of equity stakes in alliances between an established incum-
bent and an entrepreneurial firm. In his setting, the transfer of know-how from the entrepreneurial
firm to the established firm enhances the efficiency of both firms; however, it also heightens the
established firm’s incentive to enter the entrepreneur’s market. Equity ownership solves the in-
centive problems by internalizing the effect of the incumbent’s entry on the entrepeneur’s profits.
While this paper resembles Mathews (2007) in examining efficiency and expropriation together,
I examine the incentive effects of reciprocal knowledge sharing (rather than knowledge transfer)
as well as transfer of control motives in mergers/ acquisitions, hybrids such as strategic alliances
and joint ventures, and arms-length contracts. Fulghieri and Sevilir (2003) model simultaneously
mergers and research alliances along with corporate Venture Capital arrangements. However, in
their analysis, each of the above choices emerge as optimal responses to the competitive pressures
of the R&D race, research intensity and the stage of the R&D project. Rhodes-Kropf and Robinson
(2008) embed a version of the PRT in a model that combines investment and merger activity with
search, scarcity and asset complementarity to rationalize the empirical regularity that firms with
high (low) market-to-book acquirers buy firms with similar ratios. Dessein (2006) develops a theory
of control rights in alliances as a signal of the congruence of interests between an entrepreneur and
the investor. Baker, Gibbons and Murphy (2004) model a variety of hybrid governance structures
as a combination of payoff rights with decision rights. They emphasize the spillover effects of
hybrid governance structures and examine the role of relational contracts in overcoming ex post
inefficiencies that arise in one-shot interactions. Rajan and Zingales (1998) introduce the concept
of access and examine the internal organization of firms.

This paper is related to the theoretical literature examining sharing and expropriation of knowl-
edge. Anton and Yao (1994, 2002, 2004) analyze knowledge-sharing situations in which, once the
knowledge is partially or fully revealed, the innovator’s contribution is minimal. In contrast, this
paper considers knowledge-sharing in which the original owner’s continued involvement is necessary
for at least some time. Rajan and Zingales (2001) examine how vertical versus horizontal hierarchies
can be employed to prevent stealing of ideas by employees. Hellman and Perotti (2007) examine

the circulation and development of ideas inside firms and in arms-length market relationships and



argue that firms and markets play a symbiotic role in the development of nascent ideas. Biais and
Perotti (2005) theorize that an unpatentable knowledge asset may be safely shared in a partnership
with experts who have expertise which complements their idea.

This paper also relates to the empirical literature examining knowledge sharing through various
organizational forms. Higgins and Rodriguez (2006) find using a sample of acquisitions in the
biotechnology sector that acquirers which had prior access to the target’s technology, through
pre-acquisition research alliances or alliances with firms conducting similar research to that of the
target, experience positive abnormal stock returns, add to their research pipeline of new drugs,
and increase product sales. Gomes-Casseres, et. al. (2006) find evidence using patent citations
that knowledge flows between firms involved in an alliance is greater than flows between pairs of
nonallied firms, but less than knowledge flows between units within a single multinational firm.
Mowery et. al. (1996) provide evidence using strategic alliances that a firm’s capacity to absorb
knowledge from its partners is positively related to its size. Gambardella (1992) provides evidence
on the role of absorptive capacity in acquiring knowledge from its alliance partners by using R&D
intensity as a proxy for absorptive capacity. In contrast to these studies, we focus on testing the

contrasting incentive effects of access and ownership.

3 Model

3.1 Setup, timing and events

Consider two biotechnology firms, Antibody Inc. (A) and Biodelivery Inc. (B), and two knowl-
edge assets P and Q. Say P represents the technology required for developing antibodies while Q
represents the technology to deliver such antibodies to humans. To start with, A has the exper-
tise in developing antibodies (P) but has no expertise in drug delivery (Q). Similarly, B has the
expertise in drug delivery (Q) but has no expertise in developing antibodies (P). Since P and Q
are complementary to each other, A and B enter into an economic relationship. Both agents are
risk-neutral and neither is liquidity-constrained.

Figure 2 summarizes the timeline and events in the model. There are three dates, ¢ = 0,1 and
2. At date 0, the firms contract upon (i) the pattern of ownership of the knowledge assets and

(i) the level of reciprocal access to provide to each other. Let 6 = 0 denote that A and B own



their respective assets while 6 = 1 denote, without loss of generality, that A owns both assets. As
we explain in Section 3.3.1 shortly, § = 1 implies that, at date 0, B has transferred to A the legal
rights to (i) make decisions regarding the drug delivery technology; and (ii) seek legal recourse if its
Intellectual Property Rights are infringed upon. However, the ownership transfer does not imply
that, at date 0, A has acquired the expertise over the drug delivery technology.

Following Rajan and Zingales (1998, 2001), I define access as the opportunity to use, or work
with, an asset. Access is reciprocal: A provides as much access to its antibody technology as it
gets to B’s drug delivery technology. « € [0, 1], where 0 implies that access is non-existent while 1
represents full access. As in Rajan and Zingales (1998, 2001), access enables users to specialize to
an asset by learning how to work with it. For example, A learns about the drug delivery technology
so that it can tailor its antibody to B’s drug delivery technology (same for B). However, as in Rajan
and Zingales (2001), access also gives each user the opportunity to expropriate the asset. Thus, A
may learn and expropriate B’s drug delivery technology (same for B).

In order to expropriate the drug delivery technology, A has to understand it in its totality. In
contrast, to specialize/ tailor its antibody to B’s drug delivery technology, A needs to understand
only those features that affect how well the antibody fits together with the drug delivery mecha-
nism. To model these investment incentives, I consider that A and B make investments e” and e?
respectively at date 1. A makes investments (i) to tailor its antibody technology to B’s drug deliv-
ery technology, and (ii) to expropriate B’s drug delivery technology (similar for B). To economize
on the notation, the multi-tasking in investments is not explicitly modeled here though Appendix
A.1 shows that the results are identical when multi-tasking is incorporated into the model. The
cost of investment is equal to the level of investment. As in the incomplete contracting framework,

I assume that these investments are observable but not verifiable.

3.1.1 Owutput and Bargaining

At date 2, the joint output R and the outside options 74 and r? are realized. The joint output
is the output that A and B produce if they decide to continue their relationship. A’s outside option
r4 is the output that A can produce without B (similar for B). The joint output and outside options
are non-contractible ex ante, i.e. at date 0, but become contractible ex post, i.e. at date 2. At date

2, A and B bargain over the split of the joint output R using 50 : 50 Nash bargaining.® As shown



in Appendix A.2, the results are robust to alternative bargaining solutions.

3.2 Technology

The joint output is an increasing, concave function of specific investments and access.

OR 9’R
R=R(e" e, a):Ri=——>0,R;=—5<0,i€{AB,a} (A1)
e’ 9 (e")

A

A’s outside option 74 is a function of its specific investment,® access, ownership of assets, and

A’s ability to expropriate B’s asset, which I denote by 8 (similar for B).

ort S i 0%t
de? "o (e)?

b=t (ei,a,é;ﬁi) :rfz <0;i€{A B} (A2)

We describe the dependence on access and ability to expropriate in Section 3.3 shortly.
Since the knowledge assets are complementary to each other, first, we assume that joint output

is always greater than the sum of the outside options
R>r2+ 718 vet, P a, 6,04, 08 (A3)

Second, as in Hart (1995), we assume that the marginal productivity of output is always greater
when an agent has ex-post access to both assets than when the agent has ex-post access to only one
asset. As argued in Section 3.3.1, ex-post access can be strictly restricted only for physical assets.
Therefore, an agent having access to only one asset is possible only if P and Q are physical assets

and, in particular, when A and B own P and Q respectively. Thus

Ra > r4(8=0,Physical Asset) (A4)

Rp > 75 (6=0,Physical Asset)

Third, we assume that increasing access increases the marginal product of investment on the

joint output. When access provided is higher, agents are exposed to more intricate details, which
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makes specialization more fruitful within the relationship. Formally,

0’R .
Ria = M > O,Z € {A,B} (A5)

Finally, to generate testable implications based on complementarity between the knowledge
assets, we follow Grossman and Hart (1986) and Hart (1995) in assuming that there are no strategic
interactions between the investments made by A and B.” Furthermore, we assume that an increase
in complementarity 5 enhances the marginal product of either agent’s investment on the joint

output. Thus,

_ O’R
Rap = Geages =° (46)
0’R )
Rlﬂ = 86185 > 0,1 € {A, B} (A7)

3.3 Outside Options: Physical versus Knowledge Assets

A’s outside option is the output that A would produce (without B) in the product market
competition that would ensue after A and B part ways at date 2.8 Before describing them, it is

critical to highlight the differences between knowledge assets and physical assets.

3.3.1 Control over physical assets versus control over knowledge assets

To draw this distinction, recall Coase’s (1937) argument that, in contrast to arms-length trans-
actions, transactions inside firms are organized through power or fiat. In this framework, GHM
propose that ownership of (nonhuman) assets provides power since the owner can hold up the user
after he has specialized to the asset by threatening at date 2 to withdraw access to the asset.

However, since knowledge assets are non-rival in nature, the owner cannot withdraw access ex
post after she has provided the same ex ante. Thus, in our setting, though B does not have the
expertise over the antibody technology at date 0, B can specialize to it and acquire this expertise at
date 2. Since A cannot withdraw access to the antibody technology, B can utilize it for production
along with its original expertise in the drug delivery technology. In this scenario, A can either sue B
for infringing on its Intellectual Property Rights (Crampes and Langinier, 2002) and seek damages

or can renegotiate with B by threatening legal action. Thus the owner of a knowledge asset can
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only hold up the user by seeking legal recourse or by threatening to do so. This is in contrast to a

physical asset, where the owner can hold up by explicitly withdrawing access to the asset.’

3.3.2 Owutside Options

Since A cannot deprive B of access to the antibody technology at date 2, it follows that if A
provides more access at date 0, the marginal value of B’s outside option would be higher. This is
because greater access means that B knows more intricate details of the antibody technology, which
enhances the productivity of B’s investment. Since ownership only provides the legal right to seek
legal recourse in the case of Intellectual Property (IP hereafter) infringement, the above effect of
access on outside options prevails irrespective of whether A owns both P and Q or just P.'% Since
access is assumed to be reciprocal, increased access also implies A getting more access to B’s drug
delivery technology, which enhances the marginal value of A’s outside options as well. Thus,

92y

T:OLE% 7‘ AyB A
r 86Zaa>016{ } Vo (A8)

Since ownership of a knowledge asset confers on the owner the legal right to seek legal recourse on
IP infringement, I assume as in GHM that ownership of an additional asset enhances the marginal
product of the owner’s investment on its outside options.!! Since § = 1 corresponds to A owning

P and Q while § = 0 corresponds to A owning P and B owning Q,
4 =1)>r406=0),r56=1)<rB(5=0) (A9)

Finally, when B can expropriate A’s antibody technology more easily, the marginal value of B’s
outside option is higher (similar for A). Thus,

02t
—_— >
Oet06"

-

ri, = 0;:iec{A, B} (A10)

3.4 Nature of contracts

As in PRT, contracts are assumed to be incomplete. Explicitly, two important assumptions

characterize the incomplete contracts environment. First, the date 1 investments are observable
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but not verifiable. The inability to contract on investment can be motivated by the fact that intra-
firm activities such as the nature or extent of its investment are difficult to verify. This is especially
true in our setting involving knowledge sharing and innovation since the tailoring and expropriating
investments are quite intertwined with each other. Second, the payoffs R, r4 and 7B are assumed
to be non-contractible ex ante, i.e. at date 0, though they are contractible ex post, i.e. at date 2.

As Tirole (1999) explains, these assumptions can be justified by invoking two more primitive
assumptions. First, the contract at date 0 cannot specify in detail all the different contingencies
that may arise — a situation that Tirole (1999) labels “indescribable contingencies.” However,
indescribability would not limit the menu of contracts that can be written at date 0 if the two parties
can commit to a contract that would not be renegotiated at date 2. Indescribability leads contracts
to be incomplete when renegotiation is possible “because the constraints imposed by renegotiation
make it harder to make up for the information garbling that is implied by the indescribability of
contingencies.” Tirole (pp. 761, 1999).!2

The assumption of indescribable contingencies is natural to the setting being studied here
because innovation involves considerable exploration (see Manso, 2008).'3 Given such uncertainties,
it is unlikely that the two firms will be able to anticipate all possible contingencies and contract
upon the specific details of the activities, investment, etc. entailed in developing a product using
their respective technologies. Furthermore, the significant exploration uncertainties inherent to

innovative activities leaves room for ex post negotiation.

3.5 Solving the model

The model is solved using backward induction. Given (A3), at date 2, the outside options are
never exercised in equilibrium; they only affect the split of the joint output R. Since the joint
output is split using 50:50 Nash Bargaining, A’s and B’s share of the joint output is given by
0.5 (R +7r4 - TB) and 0.5 (R —rd 4 TB) respectively. The investments are chosen at date 1. The
AF 6BF)

A B

first-best investment (e , which maximizes R — e* — e”, is given by

R (eF)=1,i€ AB (1)
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The second-best Nash equilibrium level of investment (eA*, eB*) , which firm 7 chooses to maximize
0.5(R+ 7' — 1) — €, is given by
§Ri(e ,a)+§ri(e ,a,6;0") =1; i€ {A, B} (2)

Concavity of R, r* and rP ensure the existence and uniqueness of (eAF ,eBF ) and (eA*, eB*) .

The second-best investments (eA*, eB*)

determine the joint surplus 7'S*, where
TS* — R(BA*,GB*,OL) _ eA* _ EB* (3)
Since A and B are not liquidity constrained, they choose access and ownership to maximize T'S*.

(o, 6") = argmax [TS* (eA* (a,é; HA) ,eB* (04,5; QB) ,a)] (4)
(a,)

3.6 Boundary decisions

I now use the above framework to define mergers/ acquisitions, arms-length contracts and
hybrids such as strategic alliances and majority joint ventures.

As argued in the Introduction, I view a knowledge-intensive firm as a collection of the knowledge
assets that it owns and the agents who have full access to these assets. Thus, in a merger/
acquisition, the surviving entity retains ownership rights over its knowledge assets and those of the
target. Also, the access that the two firms provide to each other is maximum. Thus (a*,§%) = (1, 1)
corresponds to a merger/ acquisition being optimal. In contrast to a merger/ acquisition, if the
two firms transact through an arms length contract, then each firm owns its respective knowledge
asset. Furthermore, in an arms-length contract, access between the two firms is non-existent. Thus
(a*,6%) = (0,0) corresponds to an arms-length contract being optimal.

Hybrids such as strategic alliances and joint ventures lie in between the two extremes of arms-
length contracts and merger/ acquisitions. In a Joint Venture (hereafter JV), the partners create
a new legal and organizational entity in which they share equity. A strategic alliance is commonly
a voluntarily initiated cooperative agreement among firms that involves exchange, sharing, or the

co-development of assets. Partners in an alliance (JV) often contribute capital, technology and
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firm-specific assets to the alliance (JV). Therefore, joint ventures and strategic alliances are more
integrated than an arms-length contract but less so than a merger/ acquisition. Therefore, I
model access as moderate in joint ventures and strategic alliances. Consistent with this mapping,
Gomes-Casseres, et. al. (2006) note that “Knowledge flows will be the smallest between firms that
have only arms-length relationships... At the other extreme, a multinational corporation will align
interests of its distinct units so as to maximize knowledge sharing within the firm... Knowledge
sharing in alliances should be intermediate.”

Similar to mergers/ acquisitions I model majority JVs as involving a change of ownership.'*
Compared to an arms-length contract or a strategic alliance, the majority partner in a JV exercises
greater residual rights of control. To illustrate, consider the majority JV between Lucent Tech-
nologies and Chartered Semiconductor Manufacturing in 1997. Lucent was the majority owner
with 51% stake in the JV which was reflected in their majority on the board. The JV agreement
states that the “board was to consist of three directors appointed by Lucent and two appointed by
Chartered Semiconductors.”!® Given this board majority, it is clear that the power to make residual
decisions resided with Lucent rather than with Chartered Semiconductors. Thus for 0 < a < 1,
(a*, %) = (@, 0) corresponds to a strategic alliance being optimal while (a*, §*) = («, 1) corresponds

to a majority JV being optimal.

4 Theoretical Results

I now state the results obtained using the model.

LEMMA 1: Given «,§, (a) ri < R; Ve! = e™* < e't'; (b) rl > R; Vel = ¢* > ' i € {A, B}.

A and B underinvest (overinvest) when their investment enhances the marginal value of joint
output more (less) than the marginal value of outside option. The intuition for this result is quite
standard: the first-best level of investment maximizes the joint output net of the cost of investment
while the second best investment is made by also taking into account the value of the outside
option. This result is similar to that in Hart (1995) — the only difference is that condition (b) is

not considered in their analysis.
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4.1 Benchmark Case of Physical Assets

As a useful benchmark, I first show that with physical-assets full access is always optimal.

PrOPOSITION 1 (FULL ACCESS ALWAYS OPTIMAL WITH PHYSICAL ASSETS): If Assumption (A4)
holds, then
a* =1 (5)

As argued in Section 3.3.1, an essential difference between physical assets and knowledge assets
is that access can be withdrawn ex post to physical assets while the same is not possible with knowl-
edge assets. Therefore, the owner of a physical asset can hold-up the user by simply withdrawing
access to the asset ex post while the owner of a knowledge asset cannot do so. As a result, in the
case of physical assets, the marginal value of the user’s outside option is likely to be less than that
of the joint output, particularly when the assets are complementary to each other. Therefore, as in
GHM, the essential incentive distortion in the case of physical assets is underinvestment compared
to the first-best. Since greater access enhances the productivity of investments, full access is always

optimal in physical asset intensive firms.'6

4.2 Knowledge assets

In the case of knowledge assets, access provided ex-ante cannot be withdrawn ex-post. There-
fore, outside their joint relationship, both A and B can potentially produce using both assets (as
long as they are not legally found guilty of infringing on their partner’s IP asset and ordered not
to produce). Therefore, with knowledge assets, (a) underinvestment in tailoring complementary

pieces of knowledge and (b) overinvestment in stealing knowledge are both material concerns.

PROPOSITION 2 (INCENTIVE EFFECTS OF ACCESS AND OWNERSHIP):

6A* 6B*
(@) dda > O’ddT >0 (6)
B) MG =1) > ™ ([E=0):eP* (5=1) < P (5 = 0) (1)

As access increases, both A’s and B’s investments increase. In contrast, transferring the own-
ership of Q from B to A increases A’s investment but reduces B’s investment. Since greater access

enhances the marginal product of investment for both A and B (see assumptions (A5) and (A8)),
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increasing access increases their investments together. In contrast, transferring ownership of B’s
asset to A enhances the marginal product of A’s investment but dampens that of B (see assumption
(A9)). Thus, the incentive effects of access and ownership contrast with each other: access has a
symmetric effect on A’s and B’s incentives while ownership has an asymmetric effect.

The above Proposition highlights the trade-offs between the various boundary choices. To
examine the trade-offs implied by the symmetric effect of access, we compare (i) an arms-length
contract to an alliance, and (ii) a majority JV to a merger/ acquisition. Following the definitions
provided in Section 3.6, these comparisons involve changes in access without a change in ownership.
Since an alliance involves greater access than an arms-length contract, an alliance has the benefit
of providing both firms with stronger incentives to tailor their assets. However, compared to the
arms-length contract, an alliance has the cost that both firms would invest more to expropriate their
partner’s asset. In a merger/ acquisition, the acquiring and acquired firms become divisions of the
new firm and provide each other full access. In a majority JV, the majority partner owns residual
rights similar to that owned by the surviving entity in a merger/ acquisition. However, access
between the JV partners is partial. Therefore, compared to a majority JV, a merger/ acquisition
has the benefit of providing both the acquiring and acquired divisions stronger incentives to tailor
their assets to each other and, thus, to exploit merger synergies. However, compared to a majority
JV, a merger/ acquisition also has the cost of providing each division stronger incentives to divert
costly resources away from its core activities to expropriate the other division’s knowledge asset
and, in the process, enhance its bargaining position with corporate headquarters.!”

To examine the trade-offs implied by the asymmetric effect of ownership, we compare an alliance
to a majority JV since this comparison involves a change in ownership without a change in access.
Compared to an alliance, in a majority JV, the majority (minority) JV partner has stronger (weaker)
incentives to (i) tailor its knowledge to that of its partner, and (ii) to divert costly resources away

from its core activities to expropriate its partner’s knowledge asset.

COROLLARY 1 (ADVERSE EFFECT OF OWNERSHIP):

7’2‘ > RAVeA,(S,ﬁ

= M (E=1)> e (0 =0) > AT V3 (8)
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Given the possibility of overinvestment in knowledge assets, this result highlights that trans-
ferring ownership of B’s asset to A can have the adverse effect of encouraging overinvestment by
A. The intuition for this result is as follows. If ownership of B’s asset is transferred to A, A’s
bargaining power is enhanced since A can threaten to develop products without B’s cooperation.
Such a threat was less credible when B owned the asset since B had the legal rights to use the
asset. However, A can’t follow up on its threat of dispensing with B unless A understands B’s
drug-delivery technology in its totality. Therefore, once A owns B’s asset, A overinvests more in
expropriating B’s asset.

This adverse effect of ownership brings into question an important claim in GHM that A con-
trolling both assets is optimal when the assets are complementary to each other (see Proposition
2 (D) in Hart, 1995). GHM predict that A and B owning their respective assets is optimal only
when the two assets are independent. However, though the assets are complementary to each other
in our setup, A owning both assets may not be optimal if transferring ownership to A accentu-
ates A’s overinvestment. In other words, merging firms with complementary knowledge assets may
not always lead to synergies. The acquiring division of the new firm may divert costly resources
away from its core activities to expropriate the acquired division’s knowledge asset since doing so
enhances the acquiring division’s bargaining power vis-a-vis the acquired division and positions it
favorably with the corporate headquarters. Thus, when the problem of overinvestment by the po-
tential acquirer or the majority JV partner is severe, an arms-length contract or a strategic alliance
may dominate a majority JV and a merger/ acquisition.

Starting from the premise in GHM that complementary assets must be owned by the same agent,
Rhodes-Kropf and Robinson (2008) analyze the relationship between the market for mergers and
firm boundaries. A key thought underlying their analysis is that “pairing the best with the best and
the worst with the worst produces more social surplus than if the best pairs with the worst”. While
the implications mentioned below await formal analysis (and are therefore largely speculative at
this stage), Rhodes-Kropf and Robinson (2008)’s predictions may become more refined, particularly
in the knowledge intensive industries, if we take into account the possibility of overinvestment. For
example, the incentive to expropriate could potentially be much higher when the partner’s asset
is of high quality than if it were of low quality. As highlighted by the literature on R&D races

(see Reinganum, 1989 for a survey), it is possible in a “winner takes all” setting that the costs
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stemming from overinvestment in expropriation by two firms with high quality assets are higher
than the benefits gained from complementarity in their assets. Furthermore, in industries where
intellectual protection is extremely poor, the deadweight costs minus the complementarity benefits
may be greater for the best-best and worst-worst combinations than the best-worst combinations.
Thus, it is possible that the relative market-to-book ratios of the merging firms varies across
industries depending upon the relative proportion of knowledge versus physical assets employed in

the industry as well as the strength of Intellectual Property Protection in the industry.

4.2.1 Comparative Statics

LEMMA 2:

>0 9)

As the degree of complementarity between the knowledge assets increases, both A’s and B’s
investment increase since an increase in the complementarity enhances the marginal productivity

of either firm’s investment.

PRrROPOSITION 3:

do*
15 20 (10)

The optimal level of access (weakly) increases as the degree of complementarity between the
knowledge assets increases. An increase in the complementarity increases potentially increases the
productivity of either firm’s investment. However, such increase is conditional on either firm getting
access to the complementary asset. Hence the optimal level of access increases with an increase in

complementarity.
LEMMA 3: Given o, 6, for i € A, B, there exist 0° such that (a) 6° < 6" = ¢ < &' and 6" > ¢
= e* > el

A underinvests (overinvests) when B’s knowledge is difficult (easy) to expropriate since A’s

investment is less (more) productive. A similar result applies for B too.
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PROPOSITION 4: Consider (0},0%3) # (0%,0%) .

(a) 0% > 0% and 0 > 0% = o* (04,05) < o* (0%,0%) VB (11)

(b) 0} > 0% and O < 0% = 6* (04,05) < 6* (0%.0%) VB (12)

As both A’s and B’s ability to expropriate P and Q increases, the optimal level of access decreases
weakly (part (a)). In contrast, when A’s ability increases but B’s decreases, it is (weakly) optimal
to transfer ownership of B’s knowledge to A (part (b)).!® This result follows from the contrasting
effects of access and ownership on incentives (see Proposition 2) and by noting that A’s and B’s
investment increase as the knowledge they get access to becomes easier to expropriate (as shown in
Lemma 3 above). Note that irrespective of the degree of complementarity between the knowledge
assets, A and B owning P and Q) respectively is optimal when the likelihood of overinvestment
by A increases (6% > 6%). In contrast, GHM predict that when the assets P and Q are strictly
complementary to each other, one agent owning both assets is always optimal.

The intuition for the above result is as follows. Since access has a symmetric effect on incentives,
regulating access brings both A’s and B’s incentives closer to first-best when both agents over- or
under-invest. In contrast, changing ownership helps bring both A’s and B’s incentives closer to
first-best when one agent over-invests while the other under-invests. Thus, optimally choosing
access and ownership simultaneously alleviates the problems of (a) under-investment in tailoring

complementary pieces of knowledge, and (b) over-investment in stealing knowledge.

5 Empirical Evidence

5.1 Some aggregate evidence

Table I shows the frequency of hybrid organizational arrangements such as strategic alliances
and majority JVs in the traditional and high-technology industries as well as the presence of
knowledge sharing arrangements in these hybrids. The data are drawn from the Securities Data
Company (SDC)’s Platinum database. Panel A of Table I shows the time-series of the number of
alliances and majority JVs. Note that the number of alliances listed here differs from those listed in

Tables 1 and 2 of Robinson (2007), who also uses SDC Platinum to compile his list of alliances and
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JVs. However, there are several differences in these samples. First, my sample only includes deals
involving exactly two firms. Second, my sample comprises only those alliances in which both partner
firms were US based. As Oxley and Sampson (2004) document, over 40% of alliances involve at
least one international firm which do not belong in my sample. Third, I require the alliance to have
been undertaken in the US, which I ensure by selecting on the country of alliance field in the SDC
data. Fourth, I remove those observations which record the termination of an alliance by employing
a text search algorithm to search for the key word “terminate” and its modifications in the Deal
Synopsis provided by SDC — these observations comprise about 7% of the total announcements
provided by SDC. Finally, I drop observations containing missing observations for either the joint

R&D, cross technology transfer or licensing agreement flags.

Table I here

As Table I shows, the nature of contractual and organizational arrangements between firms in
the high technology industries are quite different from those between firms in non-high technology
sectors. Panel A shows that for each year over the period 1990-2007, over three-quarter of the
alliances and majority JVs were undertaken in the high technology industries. As Gomes-Casseres,
et. al. (2006) point out, firms in the knowledge intensive industries undertake alliances “to pro-
mote technology sharing.” Thus, Panel A provides some evidence that knowledge sharing through
organizational arrangements is more frequent in the high technology industries than in the tradi-
tional industries. Panels B-D of Table I provide more direct evidence of this feature. Panels B-D
show the number of alliances and majority JVs containing joint R&D, cross-technology transfer
and licensing agreements respectively in the high-technology and the traditional industries. It is
evident in Panels B-D that contractual knowledge sharing is considerably more frequent in the
high-technology industries than in the traditional industries.

Recall that in the PRT, boundary decisions are defined as changes in the ownership of assets.
Since neither a strategic alliance nor an arms length contract involves a change in the ownership of
assets, using the PRT we cannot distinguish between them. Similarly, both a merger/ acquisition
and a majority JV involve a change in control over assets, we cannot distinguish between them
either. Furthermore, using the PRT, we cannot distinguish contractual arrangements for knowledge

sharing — such as joint R&D), cross-technology transfer or licensing agreements — from plain arms-
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length contracts. Thus the evidence in Table I cannot be reconciled using the PRT.

In contrast, we define a knowledge-intensive firm as a collection of the knowledge assets that it
owns and the agents who have full access to these assets. In fact, we predict that while ownership
suffices to provide incentives in physical asset intensive firms (see Proposition 1), in knowledge
asset intensive firms, both access and ownership need to be optimally chosen to provide optimal
incentives (see Proposition 4). Thus, the predominance of alliances and joint ventures as well as
contractual knowledge sharing in the high-technology industries and the absence of the same in the

traditional industries is consistent with these predictions.

5.2 Incentive effects of access and ownership

We now test Proposition 4 which predicts that due to the symmetric effect of access, the optimal
level of access decreases weakly as both A’s and B’s ability to expropriate increases while due to the
asymmetric effect of ownership, it is (weakly) optimal for A to control both assets when A’s ability
to expropriate increases but B’s decreases. Note that the prediction for the optimal level of access
assumes that ownership is unchanged and vice-versa. Therefore, to test such a ceteris paribus
prediction, we cannot compare a merger/ acquisition to a strategic alliance, for example, since
such a comparison involves changes in both access and ownership. Before detailing our proxies, we

describe our dataset.

5.2.1 Construction of the Dataset

The dataset is constructed by merging four different data sources: (i) strategic alliance and
majority JV deals from the Securities Data Company (SDC)’s Platinum database, (ii) the NBER
patent database compiled by Hall, Jaffe and Trajtenberg (2001), which contains the patents filed
by US and international firms and citations to these patents, (iii) CRSP/ Compustat for firm level
financial information, and (iv) the Directory of Corporate Affiliations to complete the corporate
family of each firm. Completing the corporate family is essential since firms often file patents
through their subsidiaries and divisions.

We include alliances and majority JVs categorized in SDC as belonging to the High- Technology
sectors. As Gomes-Casseres, et. al. (2006) point out, firms in the knowledge intensive industries

undertake alliances “to promote technology sharing.” Furthermore, we only use alliances/ JVs
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involving two partners. These two criteria ensure that our sample resembles the setting examined
in the theory.

The matching of the various datasets was performed as follows. First, we matched the cusips
that SDC uses to identify partner firms to those in CRSP/ Compustat by using a meta-text search-
ing algorithm combined with manual verification of all duplicate matches. Second, to assess the
correct number of patents and citations filed by each firm, we completed the corporate family for
each firm identified in the SDC-CRSP/ Compustat match. Using this completed corporate family
for each firm, we matched each member of the corporate family to the NBER patent data. The
patent data is identified based on the patent assignee. Here again the name matching was done
through a meta-text searching algorithm. 10% of the resulting matches were also picked randomly
and checked manually for their accuracy.

While the NBER dataset itself provides a set of matches from CRSP/ Compustat to the patent
data, the match suffers from various drawbacks. First, it is based on the list of Compustat firms
in 1986. Second, the number of matched firms is limited, particularly when combined with the
SDC data. Finally, the match does not account for patents filed through various subsidiaries and
divisions.

Although the SDC data on strategic alliances dates back to 1986, SDC initiated systematic
data collection procedures for tracking such deals only in 1989 (Anand and Khanna, 2000). Hence,
our sample includes alliances and majority JVs from 1990 onwards. Since the NBER Patent data
is available only till the year 2002, our sample ends in the same year.

Due to inadequate reporting requirements, the SDC data does not include all alliances or JVs
undertaken by US firms over this period. However, it provides the most comprehensive information

on such deals (Robinson, 2007) and is therefore best suited for empirical analysis.

5.3 Proxy for Access

Among strategic alliances, we use the presence of (i) joint R&D, (ii) cross-technology transfer,
and (iii) licensing agreements to proxy access. In our tests of access, we keep ownership unchanged
by including strategic alliances but excluding majority JVs.

To illustrate how these features capture access, consider the alliance announced in 1990 between

Nynex Corp. and Lotus Corp., which SDC records contained a joint R&D agreement. The deal
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synopsis provided in SDC states:

“Nynex Corporation and Lotus Development Corporation have reached an agreement
whereby the two companies will jointly integrate Nynex’s SMDS broadband data com-
munication technology with Lotus’ Notes communications line. The two companies
have agreed to perform joint research and development after licensing each other’s tech-

nologies.”

Also, consider the deal synopsis for the following alliance that contained a cross-technology

transfer agreement:

“Headstrong Corp. (HS) and Portellus Inc. (PI) formed a strategic alliance to pro-
vide computer integrated systems services in the United States. The alliance combined
proven and acclaimed products from PI with the strong advisory and multi-shore im-
plementation capability of HS to address large-scale technology projects within major
financial services institutions. HS and PI agreed to establish a Technology Resource
Center responsible for all alliance development, integration, and demonstration activi-
ties. The Center was to be staffed by HS employees working closely with PI technology

and marketing specialists.”

Finally, since a license is an explicit agreement to transfer technology, we consider an alliance

containing a license vis-a-vis an alliance devoid of one as another proxy for access.

Table II here

Panel A of Table II shows the incidence of the three proxies of access among strategic alliances.
We see that in the original SDC data (SDC-NBER merged dataset), the percentage of joint R&D,
cross-technology transfer and licensing agreements are 24%, 10% and 24% respectively (20%, 9%
and 20% respectively). Thus, the overall percentages of these contractual features are quite similar
in the original and merged datasets.

Panel D of Table II shows that the correlation of licensing with joint R&D and cross-technology
transfers is quite high (0.67 and 0.76 respectively). However, the correlation between cross-

technology transfers and joint R&D is quite low (0.16). This pattern of correlation should be
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expected since joint R&D and cross-technology transfers would need licenses to the relevant tech-

nologies.

5.4 Proxy for ownership

We employ strategic alliances and majority JVs together to construct a proxy for ownership.
To ensure that the test for ownership is unaffected by changes in access, we use only those JVs and
strategic alliances in which either of the following two conditions holds: (i) no joint R&D agreement
is involved, and (ii) no license is signed. Each of these conditions leads to a separate sample, and we
perform our tests on each individual sample. In keeping with our theoretical analysis, we include
only those JVs in which one partner owns more than 50% of the equity in the JV company.

Since, in an alliance, neither firm enjoys residual rights of control, comparing alliances to major-
ity JVs captures the changes in ownership. Panel B of Table II shows the distribution of alliances
and majority JVs for each of the two samples mentioned above. We see that in the original SDC
data (SDC-NBER merged dataset), the percentage of majority JVs for the samples (i) and (ii) is
9% and 11% respectively (13% and 15% respectively). Thus, as in the proxy for access, the overall

percentages are similar in the original and merged datasets.

5.5 Proxies for 6

We follow Trajtenberg, Jaffe and Henderson (1992) and Hall, Jaffe and Trajtenberg (2001) in
using patent citations to construct proxies for 6. Patents are a good representation of the stock of
technological knowledge in firms and have long been used as an indicator of innovative activity and
technological change in both the micro- and macro-economic studies (Griliches, 1990). Although
patents provide an imperfect measure of innovation, there is no other widely accepted method which
can be applied to capture technological advances. Nevertheless, we are aware that using patents
has its drawbacks. Not all firms patent their innovations, because some inventions do not meet the
patentability criteria and because the inventor might rely on secrecy or other means to protect its
innovation. In addition, patents measure only successful innovations. To that extent, our results
are subject to the same criticisms as previous studies that use patents to measure innovation (e.g.,

Griliches, 1990; Trajtenberg, Jaffe and Henderson (1992)).
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We use two different proxies for #: (i) Expropriability of a firm’s alliance/ JV partner’s knowl-
edge, (ii) Replicability of a firm’s alliance/ JV partner’s knowledge. Both these measures are con-
structed using citations to patents since citations delimit the scope of the property rights awarded
by the patent and they capture the economic value of an innovation better than simple patents
(Hall, Jaffe and Trajtenberg, 2001). In unreported tests, we also tested using the breadth of a
firm’s patent portfolio, as measured using a Herfindahl index of its citations across the different
patent classes, as another proxy for its ability to expropriate. We find the results using this proxy

to be identical to those reported here.

5.5.1 Expropriability of Alliance/ JV partner’s Knowledge

Our first proxy — the expropriability of a firm’s alliance/ JV partner’s knowledge — is motivated
by the fact that if A’s knowledge is difficult for other firms to expropriate, then A’s alliance/ JV
partner B would have difficulty expropriating A’s knowledge, which translates into a lower value
for . Since citations made to a firm’s own patents measures the extent to which the originating
innovation represents appropriation of benefits to its predecessors housed in the same firm, we

employ self-citations to construct this proxy. Thus, we define our first proxy for 6 as

Npy Ny
Sel fBC; L. Sel f BC;
Expropriability ;= E (1 - T(fth:lBC-> , Expropriabilityg; = g (1 - T;leC-) (13)
i= ! i=1 !

Thus, this measure is calculated using a firm’s alliance partner’s patent portfolio. N4; and Np; are
the total number of patents applied till time t by firm A and firm B respectively (and eventually
granted), Sel f BC; is the number of own patents cited in patent i, and Total BC; is total number of
patents cited in patent i. We employ this as our primary measure since Hall, Jaffe and Trajtenberg
(2005) document that self-citations capture the market value of a firm’s knowledge better than other
citations. Unlike Trajtenberg, Jaffe and Henderson (1992) who define the appropriability measure
using both forward and backward citations, we use only backward citations to avoid concerns of

reverse causality in our empirical tests.
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5.5.2 Replicability of Alliance/ JV partner’s Knowledge

We use one minus the patent originality measure constructed in Hall, Jaffe and Trajtenberg
(2001) to capture how easily replicable a firm’s alliance/ JV partner’s knowledge is. Hall, Jaffe
and Trajtenberg (2001) construct the measure of a patent’s originality using the trail of backward
citations, i.e., the citations made by the particular patent. The rationale for the originality measure
is that if the technological roots of the knowledge underlying a patent are broader, then such
knowledge is more original since the synthesis of divergent ideas arguably constitutes an element

of originality. Thus, our second proxy for 6 is

Npt n Nag n
Replicabilitya; = Z Z s?j, Replicabilityg; = Z Z s?j (14)
i=1 j=1 i=1 j=1

Thus, this measure is also calculated using a firm’s alliance partner’s patent portfolio: N s; and
Np; are as defined in (13) while s;; denotes the percentage of citations received by patent i that
belong to patent class j and n is the number of patent classes.

Panel E of Table II shows the correlation between the Expropriability and Replicability measures
for both alliance/ JV partners. We see that the correlation coefficient is about 0.2 between the
two proxies for # for the same firm. Thus, while the two proxies are positively correlated with each
other, their correlation is not perfect. Therefore, they can be employed as separate proxies for 6.

Table IIT summarizes the variables employed in the regression analysis below.

Table III here

5.6 Empirical Results
5.6.1 Symmetric Effect of Access

Part (a) of Proposition 4 predicts that access decreases as knowledge of both firms becomes

easier to expropriate. We test this hypothesis using the following regression

Prob (yk7t+1 = 1) =by+ b1 - 9,4715 + by - 93773 + BX; + Ekt+1 (15)
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where k = 1,..., N are strategic alliances in High Technology sectors from 1990-2002. We test
separately for joint R&D, cross-technology transfer and licensing agreements as proxies for access.
When we employ joint R&D as a proxy, y 41 = 1 if the alliance includes a joint R&D agreement
and yp 41 =0 otherwise.!® The dependent variable is defined similarly for the other proxies as

well. X; represents the set of control variables. According to part (a) of Proposition 4

Hypothesis : by < 0,bo <0 (16)

As we argued in Section 5.1, the theory proposed by GHM cannot distinguish contractual
arrangements such as joint R&D, cross-technology transfer and licensing agreements from arms-

length contracts. Thus, under the framework of the GHM, we would expect by = by = 0.

Basic Specification Table IV presents the results from logit regression for the three proxies of
access as specified in (15). Columns 1 and 2 present our basic test using joint R&D as the proxy
for access and using Exprobriability and Replicability as the two proxies for . We find that in
these basic specifications, the coefficients b; and be as specified in (15) are strongly negative. As
the probabilities from the F-test of the statistical significance of both coefficients indicate, both

these coeflicients are negative at the 95% level of confidence.

Table IV here

Controlling for other determinants of access In columns (3) and (4), we add controls for
various other determinants of access that have been highlighted by the existing literature.

First, we add various firm level control variables in columns (3) an (4). Since Mowery et. al.
(1996) argue that large firms may acquire technology from smaller firms through strategic alliances,
we include the logarithm of the Total Assets for both firms to control for the effects of firm size.
Though the coefficients of firm size are statistically significant only in column (3), the positive
coefficient on firm size4 combined with the negative coefficient on firm sizep is consistent with
Mowery et. al.’s (1996) prediction. Gambardella (1992) provides evidence on the role of absorptive
capacity in acquiring knowledge from its alliance partners by using R&D intensity as a proxy for

absorptive capacity, which would suggest that more R&D intensive firms are more likely to be
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involved in reciprocal access. Therefore, we include the ratio of R&D to Sales for both firms and
find that indeed greater R&D intensity is correlated with greater access for both firms. We also
include Tobin’s Q for both firms to proxy their investment opportunities and find that access is
positively correlated with greater investment opportunities.

Proposition 3 in our theoretical analysis predicted that the optimal level of access increases
when the degree of complementarity between the partners’ assets increases. Also, Gomes-Casseres,
et. al. (2006) find evidence that firms in the knowledge intensive industries undertake alliances
“to promote technology sharing” which suggests that such alliances are more likely between firms
with complementary knowledge assets. Therefore, following Galasso and Schankerman (2008), we
construct a measure of complementarity as the Herfindahl index using citations made by A’s patents

to B and vice-versa.

n 1 Ci Ci 2
Complementarity, = 1 — Z ! ( ABt + BA’t>] (17)

i—1 2 Cfax,t CZB,t

where CfélB,t (C%A,t) denotes the number of citations made to B’s(A’s) patents by A’s (B’s) patents
that belong to patent class i and that were applied till time ¢ (and eventually granted); cf47t (C%J/)
denote the total number of citations made by A’s (B’s) patents that belong to patent class i and
that were applied till time t; n denotes the total number of patent classes. Thus, greater the
percentage of citations that A’s patents make to B’s and vice-versa, higher the complementarity
between their knowledge assets. Using this measure of complementarity, we find in Columns (3)
and (4) a strong positive correlation between access and complementarity in the knowledge assets
of the alliance partners, which is consistent with Proposition 3.

Since Robinson (2007) shows that firms undertake alliances for the purpose of related diversi-
fication, it is possible that access is correlated with such motives as well. Also, Baker, Gibbons
and Murphy (2004) argue that firms could use an alliance/ JV to complement or compete with
their core activities. Therefore, we define “Partners in the same SIC” as a variable that takes the
values 1,2,3 and 4 if the the alliance partners have the same primary SIC code at the 1,2,3 or
4-digit levels and 0 otherwise. We also include similar measures relating the primary SIC industry
of each partner firm to that of the alliance, which are denoted as “Alliance/JV in same SIC4” and

“Alliance/JV in same SICp”. We also include the Herfindahl index (calculated using the book
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value of assets) for the degree of competition in the 4-digit SIC industry of the alliance. In columns
(3) and (4), we find that access is strongly negatively correlated with the degree of overlap between
the primary SIC codes of the partner firms. Since lower overlap in the primary businesses of two
firms is a precondition for complementarity in their assets, the “Partners in same SIC” variable
should be negatively correlated with complementarity (in fact, the correlation between these two
variables is —0.37 in our sample). Therefore, this result is consistent with the one above that access
is positively correlated with complementarity. We also find that greater access is associated with
the alliance being in an SIC close to that of either partner firm as well as in industries where the
degree of competition is lower.

In Column (3), we include dummies for each 2-digit SIC industry (i) to account for unobserved
determinants of access at the industry level such as the strength of Intellectual Property Protection,
industry level technology sharing practices, etc. and (ii) to show that these industry dummies do
not absorb all the variation in our proxies for 6. In Column (4), firm fized effects are included to
account for unobserved heterogeneity at the individual firm level. For example, if a particular firm
has greater ability to successfully litigate infringements on its licenses, such a firm will license more
even if its technology is easy to expropriate. To include firm fixed effects, we restrict our analysis
to a sample in which at least one of the firms has been involved in multiple alliances. We then
include dummies for the firm which has been involved in more deals. In Columns (3) and (4), we
include year effects since the samples across years may not be independent. Dependence in samples
across years result because the same firms may be involved in alliances or JVs across different
years. Furthermore, unobserved year effects like the appearance of a breakthrough technology or
differences in the number of patents across years may impact collaboration through alliance or JVs
in a particular year. The industry, time and firm fixed effects also enable us to control for biases
resulting from sample selection since there may be differences between the original SDC and merged

SDC-NBER sample in their industries, calendar years and firms.

Other Proxies for Access In Columns (5) and (6) we use the presence of a cross-technology
transfer agreement as a proxy for access while we employ the presence of a license as the proxy in
Columns (7) and (8). In these specifications, we control for all other determinants of access that

we discussed above by including all the control variables. We include year fixed effects in all these
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specifications and industry fixed effects in Columns (5) and (7) and firm fixed effects in Columns
(6) and (8). We find consistent results similar to those in Columns (3) and (4) for our various
control variables. More importantly, we find across the various specifications that the coefficients
by and be as specified in (15) are both strongly negative and jointly significant.

The economic effects are significant too: using the specification in column (1), we find that a
one standard deviation increase in Expropriability from its median value for firm A(B) decreases
the probability of a license by 6.0% (7.3%). Since 23% of the strategic alliances in the merged
SDC-NBER sample involve licenses, these changes are economically large.

Collectively, these results suggest that access is more likely when the ability to expropriate
decreases for both firms simultaneously. Therefore, these results demonstrate that access has a
symmetric effect on the incentives of agents. Since in the GHM framework we expect by = by = 0,
this evidence is uniquely consistent with our prediction that in knowledge intensive industries,

access has a symmetric effect on the incentives of both firms.

5.6.2 Asymmetric Effect of Ownership

Part (b) of Proposition 4 predicts that changing ownership is optimal when the knowledge of
one firm is easy to expropriate while the other’s is difficult to expropriate. We test this hypothesis

using the following regression

Prob (JVMH = 1) =cy+cy- QA,t +co - 937,5 + CX; + Ekt+1 (18)

where £ = 1,..., N are majority JVs and strategic alliances in High Technology sectors from
1990-2002. To ensure that access is unchanged, we restrict our sample either to one where joint
R&D agreement or where no license is involved. JVj ;1 = 1 if the deal was a majority JV, while
JVit+1 = 0 if the deal is a strategic alliance. In the sub-sample of majority JVs, 04+ (6B+)
captures majority (minority) JV partner’s ability to expropriate knowledge.?’ According to part
(b) of Proposition 3

Hypothesis : c¢; < 0,c9 >0 (19)
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Basic Specification Table V presents the results from logit regression for the likelihood of a
majority JV versus a strategic alliance in the merged SDC-NBER sample. In Columns (1) and (2),
we test the basic specification using the sample containing no R&D agreements and find that as

hypothesized, ¢; < 0 and ¢z > 0 and they are both jointly significant.

Table V here

Controlling for other determinants In Columns (3) and (4), we add the various control
variables that we discussed in Section 5.6.1. Among the control variables, first, we find that the
likelihood of an alliance (instead of a majority JV) is positively associated with firm size. Second,
we find that the likelihood of an alliance increases compared to that of a majority JV when both
partner firms are more R&D intensive and have face greater investment opportunities, which is
consistent with Robinson’s (2007) long-shot hypothesis, i.e., alliances are more likely to be used
for riskier projects. We also find that an alliance is likelier compared to a majority JV when
the knowledge assets of both firms is more complementary, when both firms’ overlap in primary
industries is lower, and when the alliance is in the same industry as that of either firm. Furthermore,
in Columns (3) and (4), we include industry and firm fixed effects respectively together with year
fixed effects. In Columns (5) and (6), we test using the sample containing no licensing agreements
by including all our control variables and the fixed effects.

We find that across Columns (1)-(6) ¢; < 0 while ¢ > 0. The joint F-test on both these
coefficients indicates that they are jointly significant. The economic effects are significant too: using
Column (1) of Table V, we find that a one standard deviation increase (decrease) in Expropriability
for firm A(B) from its median value decreases the probability of a JV by 1.1% (2.2%). Since 15% of
the deals involving no licenses in the merged SDC-NBER dataset are majority JVs, these changes
are economically significant. Collectively, these results suggest that compared to strategic alliances,
majority JVs are likelier when the ability to expropriate is lower for the majority JV partner and
higher for the minority JV partner. Therefore, these results demonstrate that ownership has an

asymmetric effect on the incentives of agents.
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5.6.3 Complementarity of Assets and the Asymmetric Effect of Ownership

Note that the evidence so far on the asymmetric effect of ownership is consistent with the
predictions in GHM too since in their theory too ownership enhances the incentives of the agent
receiving ownership but dampens those of the agent losing ownership. To further examine the

difference between the theory proposed here and that in GHM, we test the following specification:

Prob(JVip1 =1) =do+di1-0a4+da-0p+(ds - 04 + ds - Op)xComplementarity;+CXi+ep 141
(20)
Note that according to part (b) of Proposition 4, for all levels of complementarity of the assets
P and Q, a majority JV should be become more likely than a strategic alliance when A’s ability
to expropriate increases but B’s decreases. In contrast, GHM predict that when assets are strictly
complementary to each other, one firm owning both assets is always optimal (Proposition 2 (iv) in
Chapter 2 of Hart, 1995). Therefore, according to GHM, as the complementarity of assets increases,
the marginal effect of 6 and 6% on the likelihood of a majority JV decreases; in the extreme case
where the assets are strictly complementary, a majority JV is always optimal so that the coefficients
of 6 and A% in (18) would be zero. In other words, according to GHM, d3 > 0 and d4 < 0 apart
from d; < 0 and dy > 0. In contrast, we expect that d3 = 0 and d4 = 0 apart from d; < 0 and
ds > 0, i.e. as A’s ability to expropriate increases and B’s ability to do so decreases, the likelihood
of a majority JV should decrease even if the assets are strictly complementary to each other.
Columns (7) and (8) of Table V present the results of the above logit regression. Column (7)
employs the sample containing no R&D agreements while Column (8) uses the sample containing
no license agreements. We also include all the control variables as in Columns (3)-(6). We find that
indeed d3 and dy4 are statistically indistinguishable from zero. We also employ in Columns (7) and
(8) the “Partners in same SIC” variable as another proxy, albeit a crude one, for complementarity
and interact it with 4 and 8. We find that the coefficients of these interactions are statistically
indistinguishable from zero as well. However, d; < 0 and ds > 0 and they continue to remain

statistically significant.
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5.6.4 Robustness Check for possible endogeneity

Despite the inclusion of firm, industry and time dummies in our tests above, it is possible
that time-varying omitted variables at the firm level cloud our inferences. This may be a concern
since in our tests with firm fixed effects, we included dummies only for the firm that is involved
in more number of alliances. To alleviate such concerns, we reconstruct our proxies for 4 and 67
as follows. To calculate Fxpropriability ., we first measure for each patent class in the USPTO
data the average Expropriability measure at time ¢ by averaging over all patents applied for at
time ¢ in that patent class the ratio of self-citations made to the total citations made. Then, we
estimate Expropriability 4; as the weighted average of the Expropriability measures for each of the
patent class in which A’s Alliance/ JV partner (which is firm B) has a patent; the weights are the
number of patents that firm B has in that patent class. We follow a similar procedure to calculate
Expropriability g, and the two proxies for #2. Since these measures employ the average patent class
level measures of Expropriability and Replicability, they are less likely to be affected by firm level

omitted variables.

Tables VI and VII here

In Table VI, we repeat the tests in Table IV while in Table VII we repeat those in Table V. We

find that our results are qualitatively unaltered.

6 Discussion

6.1 Role of employees in Mergers/ Acquisitions

GHM define a firm at date 0 as a collection of the nonhuman assets that will be jointly owned
at date 2. Thus, what effectively matters is ownership (or equivalently the right to provide/ deny
access) at date 2 rather than ownership at date 0. Therefore, investment incentives in GHM are
determined by the pattern of ownership that will prevail at date 2. By contrast, in the framework
proposed here, a (knowledge-intensive) firm is defined at date 0 as a collection of the assets that it
will own at date 2 and the agents who have full access to these assets at date 0.

Since we provide a role for ownership as well as ex ante access, we can define a firm both in

terms of (i) its unique physical and knowledge assets as well as (ii) the people who have access
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to these assets at date 0. First, this conceptualization brings people other than owners of assets
within the boundaries of the firm. Second, it introduces a separate role for the firm in creating an ex
ante environment that encourages investment, which is different from its ex post role in protecting
the returns to specific investment (as in the GHM setup). Thus our definition of a firm imposes
well-defined ez ante firm boundaries which includes the people with access to key firm assets.

Since a firm’s employees can be included or excluded, we can distinguish between acquisitions
where employees possessing expertise are retained after the acquisition and those where such em-
ployees leave post-acquisition. As in the AOL-Netscape situation described in the Introduction,
when the key employees of the acquired firm leave, the surviving entity’s employees do not get
full access to the crucial knowledge assets. Since access between AOL’s and Netscape’s knowledge
assets was not full, the AOL-Netscape acquisition does not qualify as a bonafide merger/ acquisi-
tion in our framework. In fact, such an acquisition is economically equivalent only to a majority
JV in our framework. Therefore, the synergies expected in the AOL-Netscape acquisition were
commensurate only to a majority JV and not to a fully integrated acquisition. In contrast, when
the key employees of both target and acquirer stay after the acquisition, as in the Intel-Level One
example, full access is obtained between the acquirer’s and target’s knowledge assets. Thus, in our
framework, the Intel-Level One acquisition qualifies as a bonafide acquisition. Therefore, by distin-
guishing between firms with and without their key employees, our theory points out that retaining
key employees is crucial to achieving synergies underlying complementary knowledge assets in a
merger/ acquisition.

Our prediction finds support in Ranft and Lord (2000)’s survey of managers involved in 89
acquisitions in high-technology industries. The respondents indicated in 84% of the acquisitions
that the acquisition was made with the express purpose of acquiring specific technologies. And,
consistent with the prediction above, over 70% of the managers responded that the retention of
key employees with technical skills was the dominant factor in achieving the transfer of technology
between the acquirer and acquired firm. Further, in this survey, research and development personnel
followed by engineering personnel were cited as the two most important sources of the acquired

firm’s knowledge resource.
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6.2 Reciprocal Access

Our theoretical analysis was predicated on two crucial (and possibly rigid) assumptions: (i)
contracts are incomplete, which we discussed in Section 3.4, and (ii) access between the two firms is
reciprocal. While the boundary choices studied here naturally lead us to model access as reciprocal,
this assumption warrants discussion.

As Rajan and Zingales (1998) point out, access is very difficult to describe qualitatively and/
or measure quantitatively. As a consequence, access is generally difficult to verify and enforce.
However, each party can observe whether the other is providing the access that is being promised.
Given the lack of contractibility of access, it can be shown in a repeated game framework that the
promised level of access becomes self-enforcing when such access is reciprocal. More specifically,
given reciprocal access, if in any period A deviates by offering access lower than the promised level,
then B can observe the same and will retaliate by doing so. Since the assets are complementary
to each other, such deviations become quite costly to A through a reduction in the joint output.
In fact, it can be shown that for a broad range of the parameter values 64,07 and S, the reneging
temptations for either firm are strictly lower when the promised access is reciprocal than when
one firm promises a higher level access than its partner. The static model presented here can be
regarded as a reduced form abstraction of the repeated interactions taking place between firms in
reality, where the assumption of reciprocal access would be considerably less rigid than it possibly
is a static setting. Therefore, the insights into the incentive effects of boundary choices gained from

treating access to be reciprocal remain useful.

7 Conclusion

This paper develops a theory of firm boundaries in knowledge intensive industries by examining
the incentive effects of knowledge sharing as well as changes in control in mergers/acquisitions, joint
ventures and strategic alliances. We define a (knowledge-intensive) firm as a collection of the knowl-
edge assets that it owns and the agents who have full access to such assets. To capture the incentive
effects of the boundary decisions in knowledge-intensive firms, we model them using both access
and ownership. This approach enabled us to model simultaneously the trade-offs that knowledge-

intensive firms confront when deciding among mergers/acquisitions, joint ventures, alliances, and
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arms-length contracts. The model showed that both the firms can be provided stronger incentives
by choosing ownership of knowledge and access to knowledge together; neither ownership nor access
can accomplish the same on their own. The model helps rationalize the dominance of alliances and
joint ventures as well as the sharing of knowledge assets through contractual arrangements in the
knowledge intensive industries.

To focus on the incentive effects of boundary decisions, we did not model explicitly the control
rights in an alliance/ JV. The benefit of our approach was that it delivered clear insights about
how the boundary decision between two knowledge-intensive firms can resolve the problems of
over- and underinvestment by both firms. However, this approach left out the interaction between
the boundary decisions and the control rights given a particular boundary choice. This limitation
prevents this paper from addressing some interesting questions. For example, do these two sets
of tools — boundary decisions and the control rights given a boundary choice — substitute for or
complement each other? If they substitute or complement one another, then in what ways? Related
to these is the question of how the boundary decision and the explicit financing contract influence

each other. These are potential areas for future research.

Appendix A — Robustness Checks

A.1 Multi-tasking in investments

Here, we show that the results derived in the theory are unaltered if we allowed for multi-tasking in the
investments. Since the additional notation makes the exposition very messy without providing any additional
intuition, this part is presented as a separate appendix.

Define the output generated in the relationship R as a separable function: R = RA + RB. Note that
the separability here is in line with the separable technology assumed in the main model.

Say, i* and ¥ denote investments by A and B to develop the idea; eB denotes investments by B to
understand A’s knowledge while e denotes investments by A to understand B’s knowledge. The joint output
generated by each firm is affected by its investments to develop the idea and by its investments to understand
how to use the asset of its partner. Thus R (iA,iB, e, eb, a) = R4 (iA, e, Oé) + RP (iB, eB, a) . In
contrast, the outside option of each party is affected only by that party’s investment to understand the
partner’s technology. Thus r# = r4 (eA, a, (5) and rB =B (eB, «Q, 5) .

The technological assumptions remain similar to that in the main model:

R, > 0,R}, <O0,R] >0, je{A B}, ke {ie} (21)
o> 0,1l <0,77,>0, jc{A B}
T?((5=1) > 7"?(5:0);7'63(5:1)<7"63(5:0)

rh > 0,r8 >0

The net surplus generated in the relationship is given by

TSERA (iA7€A,Oé)+RB (iB7€B7Oé)—iA—6A—iB—€B (22)
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Therefore, the first order conditions for the first-best level of investments, which maximize TS, are given by
R, (#", e’ a) =1, je{A B} ke {ie} (23)
Using 50:50 Nash bargaining, the individual payoffs are given by

TS* = 0.5RA (iA, e, @) + 0.5RP (iB, b, @) + 0.5r4 (eA,a) —0.5r8 (eB, @) — it — e (24)
TS5 = 05R* (%, e*,a) +0.5RE (i#,e8,a) + 0507 (8, a) — 050" (e, @) —if — &P

Therefore, the first order conditions for the second-best level of investments are

R} (#*,e7,a) = 2, je{A B} (25)
Rg(ij*,ej*,a)—i—rg(ej*,a) = 2, je{A B} (26)

Now, it can be seen that if Tf > ReB , there is overinvestment by B in understanding A’s knowledge. In other
words, B invests to replicate A’s knowledge and to enhance its bargaining power in the process. Similarly, if
Tf > ReA, A overinvests in understanding how to use B’s knowledge. In other words, A invests in reducing
its dependency on B’s knowledge and enhance its bargaining power.

In sum by examining the first-best and second-best investments, we can see that there is an optimal
level of investment by A in understanding B’s knowledge. Any additional investment by A is essentially to
replicate B’s knowledge and thus enhance its bargaining power. Similar is the case with B too. It is easy to
check that

d'j* R] d J* Rj J
. = _71('1>07 ° = - e‘a—i_re'a>07j€{A7B} (27)
dov Rfl dov Rée + Tge
eM0=0) < eM6=1),P =0 >l (F=1)
deB* _ Té% 0, diB* _0
do RE +1rB do
TS = RA (z‘A*,eA*,a) + RB (z’B*,eB*,a) o Z-A* o eA* o iB* _ 63* (28)
dTS 1 B " dit* B diB* 1 de B deB*
— R, R R =1 — R —1| — RS —1 — R — 1| — (29
da O‘+°‘+[z ]da+[l ]doz—i_[e ]doz—{_[e ]doz()
_ R+ dit* . diB* n RA — 27 det . RB —rB7 deP*
+ do do 2 do 2 do
+ + + +
For low A 4 and 0p, T‘eB and Té‘l are small. In this case, % > 0 = o* = 1. In contrast, if 04 and Op are
low, Tf and 7‘? are quite large. Then, % < 0 = a* = 0. The precise proofs are similar to the ones in

the main model.
deB*

dé

TS

A deA*
it

1] ds
+

+ [RE —1] (30)

The rest of the proof to show the asymmetric effect of ownership is similar to the proof in the main model.

A.2 Changing the Bargaining Model

In this Appendix, we show that the problem of overinvestment and underinvestment by both A and B
would exist even if the Bargaining model at date 2 is changed. Then, we proceed to argue that the analysis
in the paper would remain unaltered in this case.

As an alternative model of bargaining, we use the alternating-offers protocol of Rubinstein (1982) that is
employed by De Meza and Lockwood (1998) to question the generality of the Grossman-Hart-Moore results

38



on ownership. As specified in Section 3.1, the bargaining for the surplus R occurs at date 2 after the contract
has been signed at date 0 and after the investments are already sunk by both A and B.

Bargaining occurs over multiple rounds k£ = 1,2, .... At the beginning of the first round, either A or B
is selected to be the proposer with probability 0.5. If the proposer is firm %, it proposes a split x; so that
A gets x;, while B gets R — x;. After firm i proposes, the responder j # i has three choices. First, j can
accept the proposal in which case the bargaining game ends. Second, j can reject the proposal in which
case both agents get zero over that round and bargaining proceeds to the next round where j gets to make
a proposal. Third, j could choose to terminate the bargaining process, in which case both A and B are
obliged to pursue their own opportunities individually. In this case, A and B get their outside options rA
and rB respectively. We allow only the responders to terminate the bargaining process since this ensures
uniqueness of the solution to this bargaining game. Finally, the discount factor for both agents is 7 < 1.

The realized payoffs to A and B in equilibrium depend upon whether their outside options bind or they
are slack. The realized payoffs to A and B, vA and vP , respectively are as follows:

(0.5R,0.5R) if r4 <0.5R and r® <0.5R
(UA,’UB) =< (R—7rBrB) if v4>05R and r” <05R (31)
(rA,R — ’I”A) if r4<0.5R and r® > 0.5R

Given ex-ante uncertainty about the returns from investment and the respective outside options, the expected
payoff for each firm is the expectation of the payoff over the above three scenarios. To account for this
uncertainty, say that the ex-ante probability (i.e. probability at date 0) that A’s outside option is binding
(i.e. rd > 0.5R) is pA. Similarly, say that the ex-ante probability that B’s outside option is binding (i.e.
B > 0.5R) is p®. Then, the probability that neither firm’s outside option is binding is 1 — p& — pB.
Therefore A’s expected payoff is

R

where the expectation is taken at date 1 when A decides the level of investment to make. Similarly, B’s
expected payoff is

R
TS% = (1—pt+pP) - 5 +pM " —pPrd (33)
Given these payoffs, the second-best investment levels e and eP* are given by the following first order
conditions
RA EA*,GB*
(1+pA—pB)‘—( 5 )+pB-rﬁ(eA*) =1 (34)
RB 6‘4*763*
(1_pA_|_pB)_ (2 )_i_pA'rg(eB*) — 1

Comparing the above first order conditions to the those for the first-best level of investments, we can see that
1—ps+pB

firm i,i € A, B strictly overinvests when r! > ( T

) R;, while the firm weakly underinvests when

Tf < (%ﬁ%) R;. Therefore, we get the problem of overinvestment and underinvestment as in the case

of the 50:50 Nash bargaining solution.

The intuition for the generality of the results is the following. The overinvestment and the underinvest-
ment result from the difference in the marginal values of the outside option and that of the surplus produced
in the relationship. For the bargaining game used here, the no trade payoffs r4 and 72 do not affect the
equilibrium payoffs over a certain range of the levels of the outside options. However, what is important for
the analysis here is that the no-trade payoffs sometimes matter, not that they always matter. Therefore,
with some amount of ex-ante uncertainty about the investment returns (i.e. R, r4 and 8 ), the no-trade
payoffs will affect the equilibrium division of surplus with positive probabilities. Therefore, the analysis
under alternative-offers bargaining is similar to the axiomatic 50:50 Nash bargaining.
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Appendix B — Proofs

B.1 Technical Assumptions
To ensure the existence of a unique interior solution for access, we assume that

Rea Ree
<

TCOC Tee

(35)

Given the lack of exclusivity on knowledge assets, investment by A in replicating B’s knowledge is as
important as A’s investment to tailor his knowledge to that of B. Therefore, underinvestment and overin-
vestment compared to the first-best are both important concerns for knowledge assets. To allow for the
possibility of overinvestment (for some parameter values) and underinvestment (for other parameter values)
by A and B, we assume

limr! (...;0) =2, lim 7 (...;0") =0,i € A, B (36)

6*—0 0'—o0

These boundary conditions provide necessary variation in Re and 7¢, based on the parameter Hi, to ensure
that R, > r. for some parameter values and R, < r. for other parameter values.

B.2 Proofs of Propositions

LEMMA: Consider a function f = f (z1, 22, \) where 1,72, A € RT and ) is a parameter. Define

(1 (A), 23 (A) = argmax [f (21, 22, A)] (37)

(w1,22)

Assume f is smooth, possesses all second order derivatives and (f{ (M) , T (A)) is an interior solution. If
f11 <0, fag < 0, and f12 = 0, then using implicit function theorem it follows that

dei(A)  _ fis dzz(N) S
dx fu’ dh T fx (38)
sign (dm(})(\)\)) = sign(fis) i€ 1,2

Proof of Lemma: Since f is smooth and (27 (\), 3 (X)) is an interior solution, the first order conditions are

Sr((21 (A), 23 () = 0 and fo (27 (A), 23 (1)) = 0 (39)

Using implicit function theorem, there is a (z3 (A), 25 (\)) such that

da ()

Jin I\ +fiz = 0 (40)
f22d$;)(\)\)+f23 =0

where we have utilized the fact that fio = 0. The results follow from above and from noting that fi1 < 0
and fao < 0. &

Proof of Lemma 1: The first-best investments (eAF , eBF ) are given by the first order conditions (1) while
the second-best investments (eA*, eP *) are given by the first order conditions (2). Define
f(z1,22, ) = (1 = A) R(x1,m2) + Ard (:131,04,(5;0’4) + P (mg,a,é;HB) —T1 — T9 (41)

Then it follows that (eF,eBF) = (27 (0),2%(0)) while (e?*,eP*) = (27 (0.5),2%(0.5)). Note that
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f11 <0, fag < 0 and f12 = O are satisfied in this case. Further, fi13 = Tﬁ — R4 and fo3 = T‘g — Rp. The
results then follow by applying the Lemma provided R; > 7’% Vel and R; < Tf Ve! are feasible. We argue
below that this is indeed the case.

From the first order conditions (2), and R; > 0,7":: > 0,71 € A, B, it follows that 0 < R; < 2,0 <

’r’;@ < 2Ve', a,d, 0.
From (36) , we know that lim [7‘; (01)] = 0 Ve!, @, d. Hence for the first order condition to be satisfied
0*—0

when 6" — 0, it must be true that R; (eA*, eB*) — 2. Hence when ' is close to zero 7‘;‘: < R; Veé'. Similarly,
from (36), we know that lim [7": (9)] = 2 Ve'. Hence for the first order condition to be satisfied when
0'—1

(2

0" — 00, it must be true that R; (eA*, eB*) = 0. Hence when 6’ is high 7“:: > R; Ve'. Since 7"12: increases
with " while R; does not, 7! — R; is monotonously increasing in §". Hence, there exists at least one 6" such
that r} < R; Ve’ and a different 6° such that r} < R; Ve'. $

Proof of Proposition 1: From (3), it follows that

CleA* deB*

da

dTS* (a, 0)

o = R,+0.5 [RA (eA*, eP, a) - rﬁ (eA*, a, 6)]

+0.5 [RB (eA*,eB*,a) —rB (eB*,a,é)]
. (42)
Consider first 6 = 0. Since as argued in Section 4.1, 7! (§ =0) < R;,i € {A, B}, it follows that

%ﬁé&’o) > 0. Therefore a* = 1.

Now consider = 1. As argued in Section 4.1, Tg (60 =1) < Rp. We consider two sub-cases here:
74 (6 =1) < Rqand r4 (§ = 1) > Ra. For the case when 14 (§ = 1) < Ry, it follows that %(ia’o) >0
since 18 (§ = 1) < Rp. Therefore o* = 1.

Now, we consider the sub-case where ri (5 = 1) > R4. Using the mean value theorem, it follows that

[TS* (6 =1) —TS*(§ =0)] = 0.5 [Ra (e°,e5) —rq (e*9)] [ (6 = 1) — e (6 = 0)](43)

+

+0.5 [Rp (eAc,eBc) — 15 (eP9)] [P (6 = 1) — P* (6 = 0)]

/

where (e1¢,e5¢) = X\ (e (6 =1),eP* (6 =1)) + (1 = A) - (e (0 =0),eP*(6=0)) for 0 < A < 1.
Since Tg (6) < Rp for 6 = 0,1, it follows that Tg (6BC) < Rp (eAc,eBc) too. In contrast, since in
this sub-case Tﬁ (6 =1) > R4 while 7“1‘2 (6 =0) < R4, both Tﬁ (eAC) < Ra (eAC, eBC) and 7“1‘2 (eAC) >
Ra (eAC, eB°) are possible. If r4 (eAC) > Ra (eAc, eB°) | then TS* (§ =1) < T'S* (6 =0) and 6* =0
is optimal in which case again a* = 1. Now consider the case where ’r’ﬁ (eAC) < Ry (eAC, eBC) where the

analysis is similar to the sub-case when Tﬁ (6 =1) < R4, when a* = 1. Therefore, in all situations, it
follows that a®* = 1.

Proof of Proposition 2: (a) Define

1 1 1
f (xlal?v Oé) = §R ($1,$2) + §TA (xla «, ) + 5,’,,3 ($25 «, ) -1 (44)

Then (e?* (a),eP* () = (2} (@), 23 (@) . Note that fi1 = Raa + 74,4 <0, foo = Rpp+785 <0

and fio = 0 are satisfied in this case. Also f13 = Raq —f—rﬁa > 0Va,d, 64, 0% and fos = Rpa +Tga >0
Va, 8,04, 08 Therefore, using Lemma, we get
de* Raa + rﬁa deB* Rpao + Tga

do ‘RAA—{—TQA} do RBB—I-TgB‘
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