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Abstract

Inthe first part of this paper, we conduct an empirical analysis of all research joint ventures registered
under the National Cooperative Research Act. We document the pervasiveness of multiproject contact,
defined as groups of firms engaging in several research joint ventures together. In the second part of
the paper, we develop a theoretical model providing a new rationale for multiproject contact. In the
model, each project involves decisions that are the subject of negotiations among participants. The
inefficiency associated with bargaining under asymmetric information can be mitigated if negotiations
over several projects are combined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The National Cooperative Research Act (NCRA) of 1984 affords certain antitrust ex-
emptions to research joint ventures (RJVs), where an RJV is defined as an organization
jointly controlled by at least two participating entities whose primary purpose is to engage
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in research and developméntinder the terms of the NCRA, a notice is filed with the U.S.
Department of Justice disclosing the RJV’s principal research content and the identity of
member firms. For RJVs registered in this manner, courts are required to use a rule of reason
rather than a per se rule to judge antitrust violations, and liability for violations is limited
to actual rather than the usual treble damages.

We analyze the prevalence of multiproject contact in a data set consisting of all the RJVs
registered under the NCRA from 1985 to 1998. We show that three-quarters of these RJVs
involved at least one pair of firms that also collaborated in another RJV in the sample. The
extent of multiproject contact for certain pairs of firms was intense: 44 distinct pairs each
collaborated in 30 or more NCRA RJVs, with one pair, Amoco and Chevron, engaging in
65 projects together.

Motivated by the empirical finding of prevalent multiproject contact in the first part of
the paper, in the second part we offer a new theoretical rationale for the prevalence of
multiproject contact, namely that multiproject contact may facilitate efficient bargaining
among the parties. In the model, the operation of an RJV requires certain decisions to be
made, and participants may disagree on the appropriate decision. The conflict of interest
may come from the effect of the decision on participants’ activities outside of the RJV.
For example, suppose two firms have existing products arrayed on opposite ends of a
product spectrum. Suppose further they form an RJV which produces a new good; each
firm prefers to have the new good placed close to its existing product (and perforce far from
the other firms’) if the new good is a complement for its existing product and the opposite
if the new good is a substitute. Participants resolve their differences through bargaining.
Bargaining is generally inefficient in the presence of asymmetric information. In this paper,
we investigate whether bargaining inefficiencies can be mitigated if participants bargain
over several projects jointly (as multiproject contact allows) instead of each separately.

We consider a particularly simple form of bargaining under asymmetric information,
allowing one party to issue take-it-or-leave-it offers to the other. Even with this simple form
of bargaining, closed-form solutions are not generally available, so we resort to simulations.
Our welfare function is the sum of the surplus of firms participating in the RJV, called
venture surplus. We find that in nearly all cases, venture surplus is higher in the presence
of multiproject contact than in the absence. The venture surplus gains can be quite large,
10 percent or more in some cases. The gains are larger when the private information of the
party receiving offers is more negatively correlated across projects, but gains are sometimes
realized even when there is positive correlation.

Combining bargains over multiple projects together serves to pool the random variables
that are the source of asymmetric information in the model. As long as there is not perfect
positive correlation between these random variables, pooling them reduces parties’ private
information. Private information is a friction in the bargaining process, so its reduction
typically increases the probability of successful bargaining.

The rationale for multiproject contact that we offer in the theoretical section comple-
ments other explanations, pro- and anticompetitive, that might be offered: (a) certain pairs

1 The voluminous literature on RJVs includésatz (1986), Contractor and Lorange (1988), De Bont et al. (1992),
Kamien et al. (1992), Suzumura (1992), Teece (1992), Dodgson (1993), Martin (1994), Simpson and Vonortas
(1994), Coombs et al. (1996), Link (199&eeVonortas (1997jor a survey.
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of firms may have synergies that simply allow them to work well together in RJVs; (b) work-
ing together in one RJV may result in discoveries that in turn lead to follow-on projects; or
(c) participating in several markets together may facilitate collusion by allowing firms to
punish deviations from collusion on one market with price wars on all markets on which
they meet. This last, anticompetitive explanation seems to be the dominant view in the lit-
erature (see, e.gScott, 1993; van Wegberg and van Witteloostuijn, 1995; Vonortas,)2000
The rationale we offer in the present paper is quite general since it follows from the fun-
damental nature of the bargaining process itself. Our rationale may have procompetitive
implications if the negotiations facilitated by multiproject contact concern cost-reducing
innovations, new products, or other actions that might increase consumer and social sur-
plus. On the other hand, it may have anticompetitive implications if the negotiations fa-
cilitated by multiproject contact concern an action that might reduce consumer and social
surplus such as restricting output or abandoning a competing technology. Collusive ef-
fects would be greatest for multiproject contact involving firms in the same industry. We
find that about 44 percent of RJVs in our sample (or about 60 percent of the subset of
RJVs exhibiting multiproject contact) shared a pair of firms operating in the same indus-
try with another RJV. This finding suggests the potential for anticompetitive effects to be
a concern, yet a substantial fraction of the multiproject contact involved firms in differ-
ent industries, suggesting collusion was not the sole driver of multiproject contact in our
sample.

The paper has the following structure. Sectikaiocuments the prevalence of multipro-
ject contact among large companies in the set of RJVs registered under the NCRA. Section
3 provides a model in which multiproject contact is viewed as a way to bundle negotiations
among RJV participants. Sectidmeports the results of simulations to determine the condi-
tions under which multiproject contact is beneficial for RJV participants. Sespooposes
atest of our theory, focusing on the implication that asymmetric information may lead RJVs
to be increasingly inefficient when they have more members, so the distribution of RJVs
should be skewed toward those with few members. Se@&idiscusses the connections
between our paper and various literatures including multi-issue bargaining, multimarket
contact, organizational trust and collaboration, and bundling by a multiproduct monopolist.
Section7 concludes.

2. Evidence on multiproject contact

In this section, we study the set of all RJVs registered under the NCRA between 1985
and 1998. Using this sample, we document the prevalence of multiproject contact among
participating firms. Although our sample is the universe of registered RJVs, it only repre-
sents a fraction of all RJVs in the U.S. since many go unregistered. Therefore, our find-
ings on theevel of multiproject contact vastly underestimates the actual level in the U.S.
Our evidence on theate of multiproject contact is indicative of the actual rate to the
extent that registered RJVs are representative of all RJVs. Our finding of a substantial
and statistically significant amount of multiproject contact in this section will motivate
our search for a general rationale for multiproject contact in Se@iand subsequent
sections.
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2.1. NCRA-RJV database

Maintained at the George Washington University Center for International Science and
Technology Policy, the NCRA-RJV database contains information on all RJVs that have
registered with the Department of Justice under the auspices of NCRA and its sequel,
the National Cooperative Research Production Act of 1993 (NCRPA). The database in-
cludes longitudinal performance information on several thousands of the identified com-
panies. Both U.S. and foreign organizations (including firms, universities, and govern-
ment agencies and laboratories) have participated in NCRA-RJVs. We will use the term
entity to denote an independent organization ananbership to define an instance of
an entity’s participation in a given RJV. An entity may have more than one member-
ship since it may be a member of different RJVs. Between 1 January 1985 and 31 De-
cember 1998, 746 new RJVs were registered. As shown in the last rolaldé 1
the number of new registrations increased steadily until 1995 and steadily decreased
thereafter.

Table 1classifies RJVs by primary technical areas. Nearly all the RJVs involved high-
technology areas: only 2 percent were classified as relatively low tech (“Other” in the table).
Telecommunications accounted for the most RJVs (approximately 20 percent), followed
by transportation, environment, energy, advanced materials, software and chemicals. Rel-
atively little activity was recorded in areas with well-enforced intellectual property rights
(biotechnology, medical equipment, pharmaceuticals).

The distribution of memberships per entity, presentedable 2 is highly skewed.
Two-thirds of all identified entities have participated in only one RJV. Entities with five
or more memberships account for only 9 percent of total entities but more than half (51
percent) of all memberships. The entities with the most memberships are listetle
3; these tend to be large publicly held corporatioRigy. 1 presents the distribution of
memberships per R*/About half have fewer than five members, and half have five
or more?

Most U.S.-based entities (87 percent of a total of 2677 entities) were business firms.
About half of them are privately held firms, about 43 percent are publicly traded firms, and
about 2 percent are joint ventures and partnerships. The remaining firms are “unclassified”
in terms of ownership; most are likely privately held.

2 Other forms of inter-firm alliances predominate in these sectors: licensing, technology swaps, marketing
agreements, and mergers and acquisitions. Moreover, RJVs in these sectors often involve the collaboration of a
large with a small firm, running little risk of antitrust prosecution and little benefit from NCRA registration.

3 Fig. 1shows that four RJVs had only one member. In three of them, the single member is itself a joint venture.
Two of these three involve the 10 members of the Motor Vehicle Manufacturers Association of the United States,
and one involves the long list of member financial institutions in VISA International. The fourth RJV was initially
announced as open to participation, but there were no subsequent announcements of joining members.

4 The number of RJVs with only two members is in some sense inflated by the presence of Bellcore, which is
shown inTable 3to be one of the most active entities in the database. Bellcore, the research arm of the seven
regional Bell companies for most of the examined time period, was a joint venture itself. The majority of the 126
RJVs involving Bellcore have reported only one other partner and are included in the two-member category in
Fig. 1 If Bellcore is broken up into its parents, the number of RJVs with more than five members increases to 68
percent of the total.



Table 1

Primary technical areas of RJVs

Technical area

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1985-1998 Percent

Telecommunications
Transportation
Environmental
Energy
Advanced materials
Computer software
Chemicals
Subassemblies and
components
Manufacturing
equipment
Factory automation
Test and measurement
Photonics
Computer hardware
Medicals
Biotechnology
Pharmaceuticals
Other

Column total
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Fig. 1. Distribution of memberships per RJV.

Table 2

Distribution of memberships per entity

Memberships per entity Entities Percent of total Memberships Percent of total
1 2495 653 2495 246
2 626 164 1252 123
3 249 65 747 74
4 113 30 452 45
5 61 16 305 30
6-10 137 K3 1069 105
11-20 84 2 1180 116
21-50 38 10 1234 12
More than 50 17 e} 1416 140
Column total 3820 100 10150 100

Note: Of the 12,622 total memberships in the NCRA-RJV database, 10,150 could be identified. Entries in the table
are for identified memberships and entities only.

2.2. Measures of multiproject contact

All pairs of collaborating entities (dyads) were listed and ranked by the number of times
the same dyads appeared in different RIble 4presents the dyads that metin 35 or more
RJVs between 1985 and 1998, together with the Standard Industrial Classification (SIC)
code for each entity’s primary industfyTwenty-eight dyads are shown to have engaged

5 In these and other calculations, the joint ventures that have participated in NCRA-RJVs as members (Bellcore,
for example) were treated as single entities. This was necessary in order to isolate the multiproject contact induced
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Entities engaged in the most RJVs
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Rank Entity Type Country Memberships
1 General Motors Publicly traded uU.S. 141
2 Bellcore Joint venture u.S. 126
3 AT&T Publicly traded uU.S. 102

4 Chevron Publicly traded u.S. 99
5 IBM Publicly traded u.S. 96
6 Amoco Publicly traded u.sS. 95
7 Exxon Publicly traded uU.S. 92
8 DuPont Publicly traded u.S. 87
9 Mobil Publicly traded u.s. 80
10 Texaco Publicly traded U.S. 80
11 Hewlett-Packard Publicly traded u.S. 65
12 British Petroleum-Amoco Publicly traded U.K. 64
13 Ford Publicly traded u.S. 63
14 General Electric Publicly traded u.s. 60
15 Shell Publicly traded u.S. 57
16 DEC Publicly traded u.s. 55
17 Atlantic Richfield Publicly traded u.S. 54
18 Lockheed Martin Publicly traded u.s. 50
19 Siemens AG Publicly traded Germany 49
20 Motorola Publicly traded u.s. 47
21 Rockwell Publicly traded uU.S. 46
22 Eastman Kodak Publicly traded u.s. 45
23 AlliedSignal Publicly traded u.S. 44
24 Phillips Petroleum Publicly traded u.s. 43
25 United Technologies Publicly traded U.S. 43

in 35 or more different RJVs together. Amoco and Chevron exhibit the most multiproject
contact, engaging in 65 NCRA-RJVs together. The dominant industry represented in the
table is petroleum refining (SIC 2911) due to the 62 RJVs that include at least five firms in
this industry; but chemical, computer and telecommunications firms are also represented.
To provide a more formal assessment of the prevalence of multiproject contact, we took
all 746 RJVs and determined which had a group of entities that also collaborated in other
RJVs at any point during the time period examined. Such RJVs were classified as exhibiting
multiproject contact, others not. The results are presented in the first three columns, labeled
“entire period”, ofTable 5 As the first entry of the table shows, 75.2 percent of the RJVs
(561 out of 746) exhibit multiproject contact in the sense of having a dyad that also appears

in at least one other RJV. Reading down the first column of results shows that a decreasing,
but still substantial percentage of RJVs exhibited an increasingly strong form of multiproject

contact in the sense of having a dyad also appearing in increasing numbers of other RJVs.
For example, 47.9 percent, or about half of the RJVs, had a dyad also appearing in at least
10 other RJVs. Reading across a row increases the stringency of the multiproject contact

by NCRA-RJVs from the multiproject contact induced by joint ventures outside the NCRA set. This means,
however, that information on multiproject contact between individual members of these joint ventures and other
partners in NCRA-RJVs is omitted. Thus, the multiproject contact figure reporféabile 4must be considered

a lower bound.
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Table 4

Pairs of firms exhibiting the most multiproject contact

Entity 1 Entity 2 RJVs containing both
Name SIC Name SIC

Amoco 2911 Chevron 2911 65
Chevron 2911 Exxon 2911 63
Exxon 2911 Mobil 2911 62
Chevron 2911 Mobil 2911 61
Amoco 2911 Exxon 2911 58
Chevron 2911 Texaco 2911 58
Amoco 2911 Mobil 2911 57
Mobil 2911 Texaco 2911 54
Amoco 2911 Texaco 2911 52
Exxon 2911 Texaco 2911 52
British Petroleum 2911 Chevron 2911 49
Ford 3711 General Motors 3711 49
Atlantic Richfield 2911 Chevron 2911 44
Amoco 2911 Atlantic Richfield 2911 41
Amoco 2911 British Petroleum 2911 41
British Petroleum 2911 Exxon 2911 41
British Petroleum 2911 Mobil 2911 41
Atlantic Richfield 2911 Mobil 2911 40
Chevron 2911 Shell 2911 39
Amoco 2911 DuPont 2820 38
Atlantic Richfield 2911 Exxon 2911 38
AT&T 4813 IBM 3570 38
Exxon 2911 Shell 2911 38
British Petroleum 2911 Texaco 2911 37
Chevron 2911 DuPont 2820 37
Chrysler 3711 General Motors 3711 37
DEC 3570 IBM 3570 37
Hewlett-Packard 3570 IBM 3570 37

in another dimension: RJVs are required to exhibit an increasingly large group of entities
also appearing together in the given number of other RJVs. For example, 51.7 percent of
the RJVs, about half, had three entities (triad) that also appeared in at least one other RJV.
Note that it is impossible for the 205 RJVs with fewer than three memberdged)
to exhibit triadic multiproject contact. Restricting attention to the 541 RJVs having three
or more members, 71.3 percent of them have a triad also appearing in at least one other
RJV. Continuing along the first row of results, 38.2 percent of the RJVs have four entities
(quartets) that also appear in at least one other RJV. It can be shown that this amounts to
64.3 percent of RJVs with four or more members.

For completenessTable 5contains all combinations of definitions of multiproject
contact® For example, the table shows 18.4 percent of the RJVs have a quartet that also
appears in ten or more other RJVs. Overall, the table shows that a substantial fraction of

6 Results on groups of five or more entities are not included in the table since going beyond quartets exhausted
available computing power.



Table 5
Prevalence of multiproject contact analyzed at the RJV level
Number of other RJVs, Entire period Five-year window Three-year window

formed in same time

; . Two Three Four Two Three Four Two Three Four
window, sharing group . . " o - - . o "
entities entities entities entities entities entities entities entities entities
(dyad) (triad) (quartet) (dyad) (triad) (quartet) (dyad) (triad) (quartet)
1 or more 75.2 57 382 684 452 332 651 430 318
2 or more 68.0 4% 332 590 397 273 546 361 236
3 or more 62.2 42 284 543 340 218 465 300 184
4 or more 58.4 38 269 484 304 180 399 253 143
5 or more 56.4 37 248 433 261 170 362 213 127
10 or more 47.9 28 184 306 204 109 204 129 7.2
25 or more 31.2 22 9.1 114 46 12 0.0 0.0 0.0
50 or more 19.9 o 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Notes: Entries are percentage of 746 total RJVs in the sample satisfying the following criteria. The candidate RJV contains a group of entities (dygdattil
that also appears in the number of other RJVs indicated in the row label formed in the same time window. The 5-year (respectively, 3-year) timamnsrtipeasp
(respectively, 1 year) before through 2 years (respectively, 1 year) after the year the candidate RJV was formed. For example, a 3-year winedoRkJaf oegidt@red
in 1990 includes the years 1989, 1990 and 1991; a 3-year window around 1998 includes 1997 and 1998 (the year after 1998 is not in our sample).
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RJVs exhibit multiproject contact involving dyads or large groups of entities also appearing
in a large number of other RJVs.

The rationale we will develop in Sectid@for multiproject contact involves combining
negotiations over issues that arise in different RJVs together and, thus, is only relevant if
RJVs operate concurrently. The NCRA does not require RJVs to notify the Department
of Justice when they disband, so unfortunately we do not have data on the span of RJV
operation. Still, assuming that RJVs operate for at least a few years after they are registered,
we can obtain a conservative picture of which operated concurrently by considering RJVs
that were registered within the same time window. The last six columFesile 5show the
amount of multiproject contact across RJVs registered in the same time window, first a 5-
year window and second a more conservative 3-year window. For example, 65.1 percent of
RJVs have a dyad that also appears in one other RJV registered in the same 3-year window.
The results show that much of the multiproject contact was indeed exhibited by concurrent
RJVs, so the bargaining model we will develop is potentially relevant for our sample.

In Table § we examine whether the multiproject contact foun@able 5involves groups
of entities operating in the same industry, in which case the potential for collusion is more
of a concern. While 75.2 percent of RJVs have a dyad that also appeared in at least one
other RJV, 58.6 percent of these or 44.1 percent of total RJVs, had a dyad with the same
SIC code for their primary lines of business. These figures may understate the horizontal
overlap of the collaborating entities since conglomerates may have overlapping secondary
lines of business. In sum, a substantial fraction of the multiproject contact in our data
involves horizontally related entities, suggesting the potential for anticompetitive effects
to be a concern, but there is a substantial fraction involving entities in different industries,
suggesting that a broad range of motives beyond collusion may be driving multiproject
contact across the sample.

Another way to cut the data to provide evidence on the prevalence of multiproject contact
is by dyads involved in the RJVs. For example, suppose RJV 1 involves threediymand
C; and RJV 2 involves three firm®, C andD. This configuration produces sixn-distinct
dyads: AB, AC and BC from RJV 1 andBC, BD andCD from RJV 2. However, dyad
BC is common to both, so there are only figtinct dyads. The prevalence of multiproject
contact can be measured by the proportion of dyads exhibiting multiproject contact. In the
example, onlyBC exhibits multiproject contact. Hence, we can say that 1/3 of total non-
distinct dyads or 1/5 of total distinct dyads exhibit multiproject contact in the example. The
virtue of using the fraction of non-distinct dyads as the preferred of the two measures is
that it gives additional weight to dyads with many instances of multiproject contact.

Table 7presents the above measures of multiproject contact for the NCRA-RJVs during
1985-1998. About 11 percent of total distinct dyads, 4 percent of distinct triads and 1.4
percent of distinct quartets exhibit multiproject contact. About 27 percent of total non-
distinct dyads, 9 percent of non-distinct triads and 3 percent of non-distinct quartets exhibit
multiproject contact. As a benchmark against which to compare the restléblef 7 we
formed a simulated sample with random memberships. For each of the 746 RJVs in our
sample, we constructed a simulated analogue with the same number of members, but with
the members drawn at random from the set of 3820 entities in our sample. We repeated
this simulation exercise 10 times. On average across the 10 simulations, 5.7 percent of
the distinct dyads exhibited multiproject contact with a standard error of 0.2. The percent
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Table 6 i
Prevalence of multiproject contact among entities in the same industry analyzed at the RJV level %
Number of other Two-entity group (dyad) Three-entity group (triad) Four-entity group (quartet) i
RJVs sharing (2
group No Bothin No At least two All three in No At least two All four in S
constraint same SIC constraint in same SIC same SIC constraint in same SIC same SIC 3

3

1 or more 75.2 4 517 417 320 382 332 208 8
2 or more 68.0 42 456 381 287 332 294 184 y
3 or more 62.2 3B 422 340 268 284 257 169 IS)
4 or more 58.4 3R 398 331 264 269 243 162 &
5 or more 56.4 35 377 318 257 248 227 157 §
3

. 8

’ W
10 or more 47.9 33 298 271 239 184 180 126 <
Q

. §.
25 or more 31.2 28 221 221 216 9.1 91 0.8 e
: g
50 or more 19.9 19 0.0 0.0 0.0 0.0 0.0 0.0 :‘3
[\

Notes: Entries are percentage of 746 total RJVs in the sample satisfying the following criteria. The candidate RJV contains a group of entities (@yaquittéiythat §
also appears together in the number of other RJVs indicated in the row label. UnligBl&n] there is no constraint that the RJVs be formed in the same time window&
but in some columns the group of firms is not considered unless it includes the indicated number of entities that share the same SIC code for tinelugmynary &
5

N

69
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Table 7
Prevalence of multiproject contact analyzed at the level of entity groups
Number of RJVs in Two-entity groups (dyads) Three-entity groups (triads) Four-entity groups (quartets)
which entities appear Distinct Non-distinct Distinct Non-distinct Distinct Non-distinct
together
Number  Percentof Number Percentof Number Percentof Number Percentof Number Percentof Number Percentof
(thous.)  total (thous.)  total (thous.)  total (thous.)  total (thous.)  total (thous.)  total
1 2261 887 2261 734 153288 960 153288 912 8167531 986 8167531 97.0
2 198 7.8 396 129 5323 33 10646 6.3 108711 13 217422 26
3 45 18 136 44 733 05 2199 13 8052 01 24157 0.3
4 17 0.7 6.9 22 212 0.1 847 05 1609 0.0 6344 0.1
5 0.9 04 47 15 91 0.1 454 0.3 511 0.0 2557 0.0
6 0.6 0.2 33 11 43 0.0 256 02 181 0.0 1086 0.0
7 04 0.1 25 0.8 20 0.0 143 0.1 7.2 0.0 501 0.0
8 0.2 0.1 20 0.6 11 0.0 8.6 01 31 0.0 250 0.0
9 0.1 0.1 12 04 0.6 0.0 5.6 0.0 14 0.0 130 0.0
10 or more ® 0.2 83 27 12 0.0 162 0.1 18 0.0 211 0.0
Total 2549 1000 3081 1000 159739 10Q0 168138 10Q0 8286730 10Q0 8420280 1000

Note: Number of entity groups given in thousands.
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of distinct dyads in our NCRA-RJV data exhibiting multiproject contact, 11 percent, is
greater than in the random simulation at any conventional level of statistical significance.
On average across the ten simulations, 11.1 percent of the non-distinct dyads exhibited
multiproject contact, with a standard error of 0.2. The percent of non-distinct dyads in our
NCRA-RJV data exhibiting multiproject contact, 27 percent, is again greater than in the
random simulation at any conventional level. The percentage of triads or quartets exhibiting
multiproject contact in the simulations was negligible. We conclude that the NCRA-RJVs
in our study exhibited a substantial amount of multiproject contact, more than one would
expect from random groupings at any conventional level of statistical significance.

3. Model

In this section, we construct a model providing a new theoretical rationale for the preva-
lence of multiproject contact observed in the previous section. Stated intuitively, the ratio-
nale is that the more RJVs in which firms participate together, the more easily they are able
to reach agreements when conflicts of interest arise because any asymmetric information
problems between them is less severe.

3.1. Single RJV case

Two firms, indexed by = A, B, are engaged in an RJV. The RJV requires decisions to be
made, for example concerning placement of the new product it generates or the technology
standard under which it will operate. The governance structure of RJVs requires both firms to
agree on the decision. The two firms will share common interests regarding some decisions
and will have conflicting interests regarding others. ddte the single decision variable
summarizing all those decisions about whichndB have conflicting interests. Suppage
can be set anywhere in the intervaf [ ¢, whered” is B’s “bliss point” andd’ isA’s, as
depicted inFig. 2 The interval {i~, 4] can be thought of as the contract curve associated
with the RJV. Letu j(d, ;) be the surplus that firjhearns from the RJV as a function of
the location of the decisioshand firmj's private valuew ;; u j(d, w ;) measures surplus over
and above that earned if no agreement is reached, which has been normalized to zero. To
capture the existence of a conflict of interest, we asstiim¢dd > 0 andoupg/dd < O (i.e.,

A prefers the decision to be set closer to the right end of the intervaBaodhe left). To

take a concrete example, one of the RJVs in our data set was formed in 1992 to develop
a low-cost, automated process to analyze DNA sequences, called a genosensor, to be used
in applications such as diagnosing genetic diseases, designing complex drugs, and testing
forensic samples. A disagreement emerged between two of the main parties in the RJV,
discussed invonortas (1999)Beckman Instruments, a large, well-financed company with
extensive experience in marketing automated biotechnology systems, preferred to develop
an advanced prototype that was fully automated and that would fit into the biotechnology
platform it already sold. Genometrix, a start-up with cash flow problems, preferred to
develop a less ambitious prototype that could be marketed more quickly. One can tiink of

as indexing the simplicity of the prototype or rapidity of its marketing, with Beckman (firm

A) preferring a low value and Genometrix (firB) preferring a high value.
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Fig. 2. Conflict of interest in RJV negotiations.

Firms’ surpluses are increasing in their private values (ig,;dw; > 0 for j = A, B).
Valuesw; are private in the sense of being known to fifrout not the other firm. Let
f(wa, wp) be the joint density of the firms’ private values, and teﬁ[wf] be the support
of w;. Returning to the example of the genosensor RJV from the previous paragragph, the
can be thought of as including their private beliefs concerning the profit from the eventual
sale of the genosensor, their private information regarding the availability of financing
(venture capital, equity or other) to continue with the RJV, or their private information
concerning revenue from eventual licensing of technologies developed by the individual
firms (over which the firms were specified to retain property rights) outside of the RJV.

Since the governance structure of the RJV requires agreement by both firms, we must
specify a bargaining process by which they arrive at decigidée suppose that makes a
take-it-or-leave-it offer ta. This form for the bargaining process is simple and, indeed, is
the most common way of modeling bargaining under asymmetric information. It would be
straightforward to extend the model to allow for more even allocations of bargaining power,
for example, allowing each firm an equal chance of being the one to make the take-it-or-
leave-it offer, but the qualitative results would remain uncharigéd? acceptsA’s offer,
we will say that “bargaining is successful”. If bargaining is succesaf@larnsu 4(d, w4)
from the RJV and earnst g(d, wp); if bargaining is unsuccessful, both earn zero from the
RJV.

We will place some further structure on firms’ preferences for pedagogical purposes,
although it should be noted that this structure is not necessary to apply the simulation
methodology used in Sectigh

Assumption 1. Firms are risk neutral.

Assumption 2. Let v(d, wa, wg) = ua(d, wa) + up(d, wp) denote venture surplus (i.e.,
the total surplus of the RJV participants) if bargaining is successful. Then dv/dd = 0.

The first assumption, that players are risk neutral, is a standard one when players are
taken to be firms as we do. The second assumption, that venture surplus is independent of
d, is natural in a setting in which firms can make lump-sum transfers during the bargaining
process. If firms can make lump-sum transfers, then surplus is freely transferable between
them, implying that total surplus to be dividedshould not vary over the contract curve
[d%, df]. Assumption 2allows for a simple evaluation of venture surplus: we will only
need to keep track of whether bargaining is successful rather than on the exact nature of the
agreement reached.

7 Since all examples in the simulations below are symmetric, the results from Séationld be identical if
each firm were given a random chance of making the take-it-or-leave-it offer.
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The additional structure on preferences allows us to simplify the analysis considerably,
as the following proposition shows. The proofRroposition lis provided in AppendiA.

Proposition 1. Under Assumptions 1 and,Zind given that A makes take-it-or-leave-it
offers to B, A’s surplus function can be specifiedasus = d and B’sasup = wp — d without
loss of generality.

Inthe subsequent analysis, we will adopt the functional farms- d andup = wp — d,
whered € [d%, 4] and wherawz has marginal densityz(wp). Proposition Ishows these
functional forms involve no loss of generality. The only caveat, discussed in the proof
of the proposition, is that all resulting expressions must be understood to be implicitly
conditioned on the realized value ©f; ; the functional dependence of the expressions on
w4 is suppressed for notational convenieAiven these functional forms, venture surplus
in the event bargaining is successful is simply.

The equilibrium offer from! to B, d*, solves

max d[1 — Fp(d)]. Q)
deldL,dH)
That is,A’s expected surplus equals its surplus conditionalBaaccepting the offer,
us = d,times the probability accepts, - Fp(d), whereFp is the cumulative distribution
function associated with private valug. Expected venture surplus in equilibrium is

H

| onsuton don. @

3.2. Multiple RJV case

To investigate the possible benefits of multiproject contact, we will extend the previ-
ous model to the case of two RJVs, indexediby 1, 2. Letua; = d; be A’s surplus
andup; = wp; — d; be B’'s surplus if bargaining over the decision in RI\Ws success-
ful, whered; € [diL, diH] is A’s offer to B and wherewp; is B’s private value. Since we
continue to maintairAssumptions 1 and,2ve can make these functional form assump-
tions without loss of generality bigroposition 1Let v; be venture surplus conditional on
successful bargaining in RI¥ v; = us; + up; = wg;, given the above functional form
assumptions.

To allow for general patterns of correlation across markets, suppose private sghues
and wp2 have the joint density functiorfg(wp1, wp2), with marginal density functions
fr1(wp1) and fp2(wp2) and correlatiorp. Zero correlation might be considered the bench-
mark case, but nonzero correlations arise in applications. For example, the focus of a number
of the RJVs among the oil firms listed Table 4is on mitigating the environmental damage
caused by oil production and refining. There may be a positive correlation in a firm’s private
benefits across these RJVs to the extent that the benefit of mitigating this damage depends

8 For example, what we are calling the marginal dengi$fwz) would more precisely be the density of
conditional orw, if w4 were not suppressed in the notation.
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in part on the scale of a firms’ future operations, a constant across different methods of
mitigating the damage. On the other hand, to the extent that the RJVs are pursuing sub-
stitute technologies, there might be negative correlation in private values across the RJVs:
if one technology proves useful in mitigating environmental damage, there is less value in

pursuing other technologies to reduce the same damage.

The analysis proceeds with a comparison of two equilibria. First, we analyze equilibrium
of the game in which the firms in RJV 1 are different from those in RJV 2 so that bargaining
over the decisions involved in the RJVs proceeds independently. We will refer to this as the
“no multiproject contact equilibrium”’NMCE. Second, we analyze the equilibrium in the
game in which the same two firms are in both RJVs, so that bargaining over the decisions
involved in the RJVs proceeds jointly. We will refer to this as the “multiproject contact
equilibrium”, MCE. Comparing th&VMCE to theMCE will allow us to determine whether
multiproject contact is beneficial for the RJV participants.

Analysis of theVNMCE is particularly simple, essentially involving a two-fold repetition
of the analysis from SectioB. L Similar to(1), the equilibrium offer fron to B in RJV i,
d¥, solves

max d;[1 — Fpi(d;)], 3

dieldt dH]
where Fg; is the (marginal) distribution function associated with private vadge The

equilibrium can be fully characterized by the pair of offe#§,(d5). Expected venture

surplus in theVMCE is

2

> l /d :)Bi wai f Bi(CUBi)dCUBi‘| - (4)

i=1 i

Analysis of theM CE is complicated by the richer set of possible offers thaan make to
B in this setting. In the present setting, the most general offex@n make are of the form
(d3.d5, d{,dy), whereB can choose to havg implemented in RJV 1 and nothing in RIV
2,10 havea’é9 implemented in RJV 2 and nothing in RJV 1, or to ha\{eimplemented in
RJV 1 anddzJ implemented in RJV 2. The superscriptefers to “separate” and refers to
“joint”.

Let 2 C [wh), wf]] x [wk,, wf,] be the support of'5. Let

23 = {(wp1, wp2) € Rlwp1 — dj > Max0, wpz — d3, wp1 + wpz — d”’}},
25 = {(0p1, wB2) € Rlwpz — d3 > MaxX0, wp1 — di, wp1 + wpz — d’}},
27 = {(wp1, wp2) € R|wp1 + wpzr — d’ > Max0, wpr — d, w2 — d}}.

Given offer @5, d5, df, dJ) fromAto B, 2§, i = 1, 2 is the set of private values for which
B choosesif to be implemented in RJ¥, and$2’ is the set of private values for whidh
chooses!{ to be implemented in RIV 1 arf in RIV 2.

The regions are drawn schematicallyFig. 3. Fori = 1, 2, definel? to be the indicator
function for the eventdp1, wpy) € £2°. Definel” to be the indicator function for the event
(wp1, wpo) € £27. A’s surplus, and the objective function determining M€E, can then
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Fig. 3. Regions associated wili's acceptance of’s offers.

be written as

(@713 +d>13 + d’17) fa(wp1, wp2) dwpr dwgy. (5)
(wp1,0p2)€R2
Let the resulting equilibrium be given byl{*, d>*, d{*, d3*). Let 17*,i = 1,2 and1’*

be the indicator functions defined above evaluated at the equilibrium decision levels. Then
equilibrium venture surplus is

[wp115* + wp215* + (wp1 + wp2)1”*] f5(wp1, wp2) dwp dwpsy. (6)

(wB1,0p2)eS2

4. Simulations
4.1. Simulation methodology

For many distributions oB’s private values, no closed-form solution is available for
equilibrium venture surplug4) and (6) We therefore adopt a simulation methodology
to compute(4) and (6)° In principle, the methodology is applicable to all densitjgs
characterizing®’s private values. The first step of the simulation algorithm involves taking
random drawsdg1,, wpz2,), r = 1, ..., R, from the distribution oB’s private values. The
second step involves performing a grid search aier §714 tofind the @5, d5*, d{*, d3*)

9 There are some cases where a simulation methodology is not necessary, cases that can serve as a check on the
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maximizing

R
> [di13 +d315 + (df + d3)1],
r=1

the simulation analogue of the double intedggl The last step involves computing venture
surplus

R

Z[wglrlf* + wp2 15" + (wp1 + 0p2)17*],
r=1

the simulation analogue of the double integra{6h

The methodology is especially convenient in cases in which the marginal densities,
fB1(wp1) and fp2(wp2), are symmetric. In that case, there is no loss of generality in con-
strainingd; = ds andd; = dj, so that the grid search in the second step of the algorithm is
only two-dimensional. The cases simulated below all have symmetric marginal deHities.

4.2. Simulation results

Table 8presents the simulation results. The first set of simulations involves normal
marginal densities with different variances and with correlatipwarying from—0.5 to
0.5. The second set of simulations involves lognormal marginal densities with different
variances and correlations. The next set involves a standard uniform marginal density with
zero correlation in the private value across RJVs. The last set of simulations involves various
beta marginal densities with zero correlation across RJVs.

The last column offable 8shows that venture surplus is higher in ME€E than in the
NMCE in most cases, i.e., multiproject contact generally tends to increase venture surplus.
The surplus gains can be quite large, 10 percent or more in some cases. Surplus gains are
larger wherp is lower. The only cases in which multiproject contact reduced venture surplus
by a non-negligible amount involved positive correlation with the normal distributions.

Some interesting results about the mechanics of multiproject contact emergesfinten
8.Inall casesd’™* > d; butd/* can be higher or lower thaif. Therefore, with multiproject
contact, if firmB acceptst’s offer for only one project and rejects the other, it receives worse

accuracy of the methodology. For example, suppegeare independent random variables uniformly distributed
on [0, 1]. Then it can be shown thé) equals

(1—d! +d¥)? — (245 —d/)?

Numerically optimizing produces the valug$* = 0.67, d/* = 0.43 andzl.z=l u*, = 0.55, nearly identical to
the associated simulation valuesTiable 8

10 Among other practical considerations, we ta®k= 100, 000 random draws in each case. The grid was fine
enough to aIIowiiS* anddl./* to be estimated to two decimal places.



Table 8
Simulation results

Marginal distribution 0 No multiproject contactYMCE) Multiproject contact #/CE) Change in

of wpi S22 0 (%)
% 2 * 2 * 2 * * * 2 * 2 * 2 « i=1"i

q; Doimathi Dialh DoV 4 d/ Dot Doimatm DY

N(0, 0.25) -05 0.374 0.167 0.129 0.296 0.410 0.252 0.176 0.127 0.303 2 2

N(0, 0.25) 00 0374 0.170 0.131 0.301 0.436  0.308 0.177 0.123 0.300 -0.2

N(0, 0.25) 05 0374 0.167 0.130 0.297 0.460 0.357 0.171 0.116 0.287 -3.3

N(0, 0.50) -0.5 0.512 0.236 0.191 0.427 0.580 0.341 0.250 0.182 0.431 1 1

N(0, 0.50) 00 0512 0.241 0.193 0.434 0.593 0423 0.251 0.183 0.434 .0

N(0, 0.50) 05 0.512 0.236 0.192 0.428 0.621 0.481 0.242 0.176 0.419 -21

In N(0, 0.25) -05 0.770 1.083 0.840 1.923 Pure 0.807 1.379 0.681 2.061 9 6

In N(O, 0.25) 00 0.770 1.077 0.841 1.919 Pure 0.795 1.252 0.734 1.986 5 3

In N(0, 0.25) 05 0771 1.803 0.839 1.922 Pure 0.777 1.165 0.793 1.958 8 1

In N(O, 0.50) -05 0.927 1.008 1.027 2.035 Pure 0.853 1.317 0.938 2.255 .3 10

In N(0, 0.50) 00 0.926 1.007 1.028 2.034 Pure 0.869 1.191 0.970 2.161 0 6

In N(O, 0.50) 05 0925 1.008 1.031 2.039 Pure 0.880  1.098 1.014 2.112 5 3

U[0, 1] 0.0 0.501 0.501 0.249 0.750 0.670 0.440 0.548 0.246 0.794 7 5

B(1,3) 0.0 0.260 0.211 0.150 0.361 0.391 0.205 0.238 0.158 0.396 2 9

B(1,2) 00 0325 0.295 0.203 0.499 0.510 0.277 0.330 0.196 0.526 4 5

B(2,1) 00 0570 0.770 0.318 1.088 0.785 0.550 0.849 0.293 1.142 9 4

Notes: Notation in column headings defined in text. Last column is the percentage chazgzgim;‘ from NMCE to MCE. “Pure” indicates that pure bundling is optimal
in this case, so no price needs to be specified for single agreenéptso) represents the normal distribution with mgamnd variance, In N(u, o) the lognormal
distribution,U[0, 1] the standard uniform distribution anfifa, b) the beta distribution with parametersindb. Random deviates for IV (i, o) with correlationp are
generated by taking the exponential function of normal deviates having meaniancer and correlatiow. Thus, the parameters o andp characterize the underlying
normal distribution, not the resulting lognormal distribution. The actual mean foi(h 0.25) is about 1.1 and the variance 0.4. The actual mean faf((h0.50) is
about 1.3 and the variance 1.1. A correlation-@.50 (resp. 0.50) in the underlying normal deviates leads to a correlation of abati{resp. 0.4) in the corresponding
lognormal distribution.
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terms than it would have with separate negotiations; if firaccepts both, the terms may
be better or worse than with separate negotiations. The surpRjslud party receiving the
take-it-or-leave-it offer, is generally lower in tAéCE than in theNMCE.

4.3. Intuition for simulation results

Bargaining is inefficient in the model because of the asymmetric-information problem
betweer andB (i.e.,wp1 andwpy are private information foB). Indeed, the renB earns
in expectation from its private information can be used as an index of bargaining frictions.
Combining negotiations turns out to reduBis expected information rent. Why? With
separate negotiation8js guaranteed non-negative surplus for each decision. If negotiations
are combinedB need not earn positive surplus for each decisbmay accept a bundled
offer d/ yielding negative surplus for one decision (say. < d”/2) if the surplus for the
other is sufficiently positivedz, > d’/2). Such cases arise with positive probability if
o < 1. More formally, we have the following proposition, proved in Appendlix

Proposition 2. Suppose marginal densities fp1(wp1) and fp2(wp2) are symmetric, and
p < 1. B’s expected information rent is higher if A makes separate offers of d for the two
decisions than if A bundles the same offers.

The effect of decreasing's private information rent on social surplus is similar to the
effect of decreasing the elasticity of demand facing a monopolist. Suppose such elasticity
is decreased by rotating the demand curve clockwise through a given equilibrium point
holding price and quantity fixed. This will decrease the deadweight loss associated with
monopoly. However, the monopolist may increase the price in response to the reduction
in elasticity, partially offsetting the welfare gain. Our simulations show that the first effect
tends to dominate, especially when private values are not too positively correlated across
decisions.

5. Linking the theory and evidence

In this section, we discuss the link between the empirical evidence provided in Section
2 and the theory developed in Sectidhand 4 We also provide additional evidence from
the NCRA-RJV database that provides tentative support for our theory against alternatives.

The main motive for developing our theory was to explain the observed prevalence
of multiproject contact among the RJVs in the data, so of course our theory is consis-
tent with this fact. A number of other hypotheses are also consistent with this; indeed,
any theory in which multiproject contact enhances RJVs’ profitability would be. We of-
fered three leading alternative hypotheses in Sectidrirst, certain pairs of firms may
have synergies that simply allow them to work well together in RJVs, a hypothesis we
will label H1. Second, working together in one RJV may result in discoveries that in turn
lead to follow-on projects (labeled H2). Third, participating in several markets together
may facilitate collusion by allowing firms to punish deviations from collusion on one mar-
ket with price wars on all markets on which they meet (labeled H3). In the remainder
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of the section, we will discuss evidence that can be used to sort among the alternative
hypotheses.

Sectior2.2provided evidence on the collusion hypothesis, H3. H3 would have most force
if the multiproject contact involved firms in the same industry. We showed that 60 percent of
the RJVs exhibiting multiproject contact exhibited multiproject contact involving firms in
the same industry. Collusion may be an important issue behind the multiproject contact with
these RJVs. Still, the remaining RJVs exhibiting multiproject contact, a significant fraction
at 40 percent, did not exhibit multiproject contact involving firms in the same industry. For
these RJVs, one would need to resort to a different hypothesis (our theory, H1 or H2) for
the observed multiproject contact.

Providing a rigorous empirical test separating our theory from the remaining alternatives
is difficult because the differences among them are subtle. This is particularly true comparing
our theory to H2. H2 roughly says the cost of generating new ideas is lower if firms already
collaborate in an RJV; our theory roughly says that bargaining over decisions in one RJV
is less costly if firms also collaborate in another.

One distinction between the theories is their implications for how the costs of forming
an RJV vary with the number of members. H1 and H2 are silent on this question. Our theory
has a definite prediction: the difficulties of bargaining under asymmetric information are
multiplied as the number of members increase. To see this, consider extending the model
to an RJV withV members. For simplicity, assume there is only one decigionolved,
and one member( makes take-it-or-leave it offers to the remainiNg- 1 Bs, who have
independently and identically distributed private values. If all parties must accept the offer
for surplus to be generated, following the logic of Etj), the proposer’s offer must solve

max d[1 — Fg(d)]V 1. 7)
del[dL,aH]

The probability of successful agreement§1Fz(d)]V~1 shrinks exponentially with the
number of members. In equilibrium,will offer a lower value ofd (i.e., more favorable to
the Bs) to offset this effect, but it does not fully offset it. This can be sedfign4, which
plots venture surplus as a function of the number of members, assumiBg'thevate
values are independent uniform, [] random variables. The picture is similar for other
distributions we tried, including standard normal. In the figure, venture surplus declines in
a highly nonlinear fashion. For smal it lies above its associated logarithmic trend line.
Assuming that the number of RJVs created is proportional to venture surplus, the figure
suggests that there would be an “excess” of small RJVs above even a logarithmic trend line.
AsFig. 1shows, the distribution of RJVsin our data has a similar shape. Visual inspection
of the figure shows the number of RJVs with two, three and four members lie above the
implicit logarithmic trend line. To show this formally, we regressed the number of RIJVs
with N members on the log &, including a dummy fotv € {2, 3, 4}, using the subsample
of RJVs having 50 or fewer members. The coefficient on the dummy variable was 1.38 with
a standard error of 0.40, significantly different from zero at better than the 1 percent level.
The evidence on the distribution of RJVs by number of members is only suggestive.
Several caveats are in order. First, while the alternative hypotheses H2 and H3@phet
the distribution of RJVs to look lik€ig. 1as our theory does, they are not inconsistent with
this picture. There might be exogenous reasons outside of the model for the distribution
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Fig. 4. Venture surplus in generalization of model witlmembers (i.i.d. uniform private values).

to look as it does. Second, as footnote 4 indicates, the number of RJVs with few members
depends on how one regards Bellcore, the research arm of the seven regional Bell companies
for most of the examined time period, a joint venture itself. It is reasonable to suppose that
Bellcore bargained as a single entity, justifying our treatment of Bellcore as a single entity
in Fig. Land elsewhere. However, if Bellcore is broken up into its parents, the number of
RJVs with two, three or four members is reduced, measurably so since Bellcore was such
an active RJV participant and happened to participate in RJVs with few other members.
Still, the dummy variable for two, three or four members remains above the logarithmic
trend line. Third, the extension of the modeManembers assumeks’ private values were

not perfectly correlated. The greater the positive correlation in parties’ private values, the
less the efficiency of the RJV falls with the number of members.

6. Literature review
6.1. Multi-issue bargaining

An informal literature dating back tideeney and Raiffa (1976)oted that simultaneous
bargaining over multiple issues can increase efficiency relative to separate bargaining. A
recent formal literature examines how moving from unrestricted (joint) bargaining over
multiple issues to a restricted bargaining mechanism, such as issue-by-issue bargaining,
can reduce social surplus. Much of this literature focuses on the case of perfect information
between the parties (séeand Serrano, 2006r a recent article and summary of previous
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papers), whereas our paper focuses on the case of asymmetric information. A series of
papers(Bac and Raff, 1996; Busch and Horstmann, 1997, 128€) consider the case

of asymmetric information but in a much different setting. Asymmetric information in
these papers regards discount factors rather than surplus from agreement as in our paper.
These articles discuss ways that ordering or otherwise limiting the agenda can signal private
information. In our paper, there is no role for signaling since the uninformed party makes
take-it-or-leave-it offers.

6.2. Anticompetitive effects of multimarket contact

A theoretical literature provides a number of arguments for why multimarket contact
may facilitate tacit collusiorBernheim and Whinston (1996how that multimarket contact
may pool asymmetries across firms and markets, thereby reducing the incentive to deviate
on markets most prone to deviaticBpagnolo (1999%hows that if firms’ have concave
utility functions over profit, multimarket contact always facilitates tacit collusion because
the loss from punishment for deviation increases more than proportionately with the gain
from deviating as markets are added Matsushima (2001 ¥irms have imperfect ability
to observe rivals’ past supply decisions, making tacit collusion is difficult. Multimarket
contact effectively improves firms’ ability to monitor each other.

Our paper provides a mechanism for multimarket/multiproject contact to facilitate ex-
plicit collusion of the sort modeled bg€ramton and Palfrey (1990Bundling markets
reduces the heterogeneity of firms’ private information and makes collusive agreements
more efficient. Our work provides another formal justification $mott’s (1993)dea that
symmetry enhances collusion.

6.3. Strategic partnerships and business networks

The paper also contributes to the literature on strategic partnerships and business net-
works (e.g.,Kogut, 1988; Gomes-Casseres, 1996; Gulati, J998is literature has em-
phasized that inter-organizational arrangements that build trust and reputation tend to be
efficient. It is argued that such arrangements are particularly important in markets with
emerging technologies and high levels of uncertainty due to the lack of a dominant techno-
logical trajectory(Kash and Rycroft, 1999 ur theory demonstrates a formal mechanism
by which such efficiencies may arise: repeated collaboration in research and development
allows firms to know each other better, in turn allowing them to reach agreements more
easily when conflicts of interest arise. The firms know each other better in the formal sense
of Proposition Ji.e., that their private information rent is lower).

6.4. Bundling literature

Given our formulation of bargaining under asymmetric information, our model turns
out to be analogous to thdcAfee et al. (1989)model of bundling by a multiproduct
monopolist. Firm is analogous to the multiproduct monopolist. FiBris analogous to the
monopolist's consumer base. The offer franto B, (d5, dg, di,dj), is analogous to the
menu of prices in a bundling contract. In particuklfr,andd2 are reinterpreted as the prices
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charged by the multiproduct monopolist for the separate goods, and thél’surdg =d’

is reinterpreted as the price the multiproduct monopolist charges for the bundle. Given these
reinterpretations, expressi@h) is equivalent to the objective function of a multiproduct
monopolist.

Our interest lies in assessing the effect of multiproject contact on the combined surplus
of all RJV participants (venture surplus) analogous to assessing the effect of bundling by
a multiproduct monopolist on the combined surplus of producers and consumers (social
surplus). McAfee et al. only have results on the private optimality of bundling for the
monopolist, not the social optimality. Thus our analysis can also be viewed as a contribution
to the bundling literature. Recall that the result from the previous section showed that
multiproject contact generally tends to increase venture surplus. In the context of bundling
by a multiproduct monopolist, this implies that bundling tends to increase social surplus.

A number of papers on bundling by a multiproduct monopolist prior to McAfee et al.
have some results on the social optimality of bundl®ghmalensee (1988grives results
on social optimality in the context of a single-product monopolist bundling a competitively
supplied good, showing that social surplus may either increase or decrease with bundling
depending on the distribution of consumers’ reservation valbesmalensee (1984pn-
siders bundling by a multiproduct monopolist under the assumption of Gaussian consumer
valuations. Using both analytic and numerical techniques, he finds that the social optimality
of pure bundling (constraining the monopolist to offer only the bundle and not the goods
separately as well) depends on the underlying parameters. He does not analyze the social
optimality of mixed bundling (allowing the monopolist to offer consumers the bundle as
well as the separate goods). Mixed bundling represents the most general form of bundling
and is thus the relevant form to consider for our application to RPeErey (1983)on-
siders mixed bundling, but in the context of an auction with several competing buyers
and no reservation price for the seller. This setting is quite different from ours: viewed
in terms of auctions, our setting involves one buyer and a reservation price for the seller.
Palfrey finds that bundling reduces social welfare, though welfare in his setting depends
on whether the high-value consumer obtains the good rather than on, as in our setting,
whether trade is consummated. It is in f&dams and Yellen's (19763eminal article
that has the most relevant results on social welfare. They construct examples in which
social welfare increases, and some in which it decreases, if mixed bundling is feasible.
The generality of their results is limited by their consideration of discrete types of con-
sumers having perfectly negatively correlated values across goods. Our methodology applies
to arbitrary distributions of consumer types with arbitrary patterns of correlations across
goods.

7. Conclusion

This paper makes two direct contributions. First, it establishes the prevalence of mul-
tiproject contact in a large set of RJVs registered under the National Cooperative Research
Act from 1985 to 1998. Over three-quarters of the RJVs exhibited multiproject contact in
the sense of having a dyad that also appeared in at least one other RJV together. A substantial
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fraction of these RJVs exhibited even more multiproject contact than this minimal defini-
tion, with larger groups of firms than dyads appearing in many other RJVs. Over 10 percent
of the distinct dyads and a quarter of the non-distinct dyads (pairs of firms participating
together in RJVs) exhibited multiproject contact. This is about twice as much multiproject
contact as would be expected under the null hypothesis of random collaboration, allowing
us to reject the null of random collaboration at any conventional level of statistically
significance.

While we do not have direct evidence on whether the observed multiproject contact
was pro- or anticompetitive, we can observe whether or not it involved firms in the same
industry. Collusion is more of a concern if multiproject contact involves firms in the same
industry. We found that about 60 percent of RJVs exhibiting multiproject contact shared
a pair of firms operating in the same industry with another RJV, and the remaining 40
percent did not. Thus collusive effects are a cause for concern, but may not drive all the
multiproject contact in our sample.

Motivated by the prevalence of multiproject contact we found in the empirical part of
our paper, in the theoretical section we developed a new rationale for multiproject contact.
Simulations from our model of bargaining under asymmetric information indicate that, in
most cases, venture surplus is higher in the presence of multiproject contact than in the
absence, due to the relative efficiency of bargaining over multiple issues simultaneously
instead of each separately. Bundling negotiations tends to reduce bargaining frictions by
reducing parties’ private information rents that are the source of bargaining frictions in the
model.

The paper contributes indirectly to four other literatures. First, our paper contributes
to the theoretical literature on multi-issue bargaining by suggesting that the efficiency of
bargaining under asymmetric information can be improved by having parties bargain over
multiple issues jointly rather than separately. Second, we contribute to the theoretical lit-
erature on facilitating collusion through multimarket contact. The literature has largely
focused on tacit collusion; we show that multimarket contact may facilitate explicit collu-
sion as well. Third, our model represents a formal contribution to the business literature
on organizational trust and collaboration. Fourth, in the light of the analogy that can be
drawn between our model and models of bundling by a multiproduct monopolist, our re-
sults bear on the question of the social efficiency of bundling, a question that has not
yet been settled in the bundling literature. Our simulation results suggest that bundling is
likely to enhance social welfare and thus, as a matter of policy, should generally not be
prohibited.
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Appendix A

Proof of Proposition 1. Assumption limpliesu 4 andu g are linear ind:
ua(d, wa) = ap(wa) + a1(wa)d, (A1)
ug(d, wp) = Po(wp) — P1(wp)d (A.2)

for arbitrary functionsag(ws) and Bo(wp) and for positive functionswi(w,) and
B1(wp) (these functions must be positive to preserve the signd: pfad that we have
assumed) Assumption 2implies 0= 0v/dd = du/dd + dup/dd = a1(wa) — B1(wp).
Hencewi(wys) = B1(wp) = K; for some constank; > 0, independent of the private val-
ues.

Letd = ao(wa)+K1d, dt = ozo(a)A)—i—KldL, afl = ao(wA)+KldH, op = ag(wa) +
Bo(wp) and

Ty = F8(By M@ — ao(wa)))
1B(Bo (@5 — ao(wa))l’

where f3 is the marginal density afz. Note thatf is the marginal density of a function
of the random variable g, computed according to the usual formula (see, Bigkel and
Doksum, 1977formula A.8.9). Ther{fA.1) and (A.2)can be written equivalently as

fiald) =d, (A.3)
iip(d, &p) = op —d, (A.4)

whered € [d%, "] and whereaw} is a random variable with marginal densify.

Egs.(A.3) and (A.4)provide the same representation of surpluses as in the statement
of the proposition except for one featurkd”, d*, &y and f3 are all implicitly functions
of ws here, while the statement of the proposition requires them to be independent of
w4. SinceA makes take-it-or-leave-it offers, the equilibrium level of the decision variable
comes from maximization of’s objective, an objective in whiclv4 is an observable so
that the resulting solution is conditional asy. Therefore, all relevant expressions will
be conditional onw4, so we can suppress the dependence of all expressions (in particular
d,d*, d", &g and fB) ONnwy, recognizing the implicit conditioning aay. O

Proof of Proposition 2. B’s expected information rent with the separate offers is

/{ d}(wBl —d) fa(wp1) dwpy + / (wp2 — d) fp(wp2) dwpz

Hwpa>d}

=2/ (51— d) f5(@p1) dwop
{wp1>d}

H
Do
=2 / (wp1 —d) l / fe(wpolwp) dwm] fB(wp1) dwp1
{wp1>d} ok,
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=2 // (w1 — d) fB(wB1, wp2) dwp1 dwpz. [ (A5)

{wp1>d}

The second term holds because the distributionswgf and wgy, are symmetric.
The third term holds since the bracketed term equals one. The last term holds since

fB(wp2|lwp1) fe(wp1) = fe(wp1, wp2). B's expected information rent with the bundled of-
feris

(wp1 + wp2 — 2d) fp(wp1, wp2) dwpy dwp?

{wp1+wp2>2d}

= / / (wp1 — d) fp(wp1, wp2) dwp1 dwps

{wp1+wpr>2d}

+ / / (wp2 — d) fp(wp1, wp2) dwp1 dwpy

{wp1+wpr>2d}

_2 / / (51— d) fa(@p1, ©52) dops dogs

wp1+wp2>2d

<2 / / (wp1 — d) fp(wp1, wp2) dwp1 dwp. (A.6)

(op1+wpp>2d)
{wp1=d}

The second term follows from simple algebraic manipulation. The third term holds by
symmetry of the distributions. The last term holds since the integrand is negativgifet

d. Comparing(A.5) and (A.6) it is apparent thafA.5) is greater since the integrand is
non-negative over the range of integration, and the range of integration is strictly larger in
(A.5)aslong ap < 1.
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