
University of New South Wales

School of Economics

Honours Thesis

Complexity and Asset Ownership

An Incomplete Contracts approach to explain firm Research and

Development Behaviour

Author:

Carlos Cacho

Student ID: 3241970

Supervisor:

Prof. Richard Holden

Bachelor of Economics Liberal Studies (Economics & Financial Economics) (Honours)

22nd October, 2012



Declaration

I declare that this thesis is my own work and that, to the best of my knowledge, it

contains no material that has been published or written by another person(s) except

where due acknowledgement has been made. This thesis has not been submitted

for award of any other degree or diploma at the University of New South Wales

or at any other educational institution. I declare that the intellectual content of

this thesis is the product of my own work except to the extent that assistance from

others is acknowledged.

....................

Carlos Cacho

23 October 2012

i



Acknowledgements

There are many people to whom I owe a great debt of gratitude and without who

this thesis would not be possible.

First I would like to thank my supervisor Professor Richard Holden for his insight,

wisdom and support through my honours thesis. Your guidance while allowing

me to find my own way through the literature, towards my own interests gave me

independence and true ownership over my work, and I know this will serve me well

in the future. Without you, this thesis would not be possible.

To my parents and family for their unyielding support throughout my life. If it

weren’t for you I would not be in the position I am in today and I am eternally

grateful to you. Specially my father for encouraging my interest in economics and

for his feedback on various drafts, I am still amazed by your keen eye for detail and

skill in finding just the right words.

To Dr Guillaume Roger, thank you for originally introducing me to contract theory

and inspiring a love and interest in it.

To the 2012 Honours cohort for making this, not only the toughest year of university

but also the most enjoyable, it’s been great!

Dr Russell Thomson, thank you for your valuable insight into the empirical side

of research into R&D. Thanks must also go to Ashley Cheng for some insightful

discussions and wisdom from years past, you are truly “so advanced”.

ii



Contents

Declaration i

Acknowledgements ii

Table of Contents iii

Abstract 1

1 Introduction and Motivation 2

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Literature Review 6

2.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Model & Results 25

3.1 Specification of the Model . . . . . . . . . . . . . . . . . . . . . . . . 25

3.2 Commitment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.3 No Commitment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.3.1 Non-Integration . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.3.2 Asset Ownership . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.4 An Alternate Specification . . . . . . . . . . . . . . . . . . . . . . . . 35

3.4.1 Non-integration . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.4.2 Asset Ownership . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.4.3 Numerical Model . . . . . . . . . . . . . . . . . . . . . . . . . 41

iii



4 Discussion and Conclusion 45

4.1 Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.2 Incomplete Contracts . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

iv





Abstract

This thesis analyses the trade and organisation of R&D in an incomplete contracts

framework. I will consider an alteration of the hold-up model where only 1 of n

possible future trades will be optimal and where ex post renegotiation of the ex

ante contract is possible. I will analyse the effects of increased complexity (n →

∞), the distribution of bargaining power and asset ownership on the equilibrium

outcome and investment levels. Through this I will attempt to describe the trade-

offs firms face in regards to the decision to outsource or integrate R&D activity

and characterise what outcomes are achievable in a complex environment when

contracts are incomplete. In doing this I explain real world firm behaviour and

provide conditions under which forward and backward integration are optimal.
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Chapter 1

Introduction and Motivation

1.1 Introduction

If markets are so good at allocating resources why do we have firms?

This was the question posed by Coase (1937) in his landmark paper “The nature

of the firm”, but we did not have an adequate answer for another 50 years when

Grossman and Hart (1986) introduced the property rights theory of the firm. In

essence I am asking a similar question, if markets are so good at allocating resources

why do some firms opt for an integrated models of Research and Development

(henceforth R&D) and others outsource to the market?

In the real world we observe two main approaches to R&D, external research

contracts with independent firms, universities or research institutions and integrated

R&D teams or departments within larger firms. It is clear when considering the

firms that generally engage in the most R&D, particularly in high-tech industries

such as pharmaceuticals, aerospace and computers that the vast majority of these

firms favour an integrated approach with dedicated R&D or product development

teams within the firm. If specialisation is so good why do so many of these firms

opt for this model for R&D, and what are the trade-offs associated with integration

compared to outsourcing? These are the questions addressed in this thesis.

While empirical literature on R&D at the firm level is generally lacking (potentially

due to firms unwillingness to reveal too much about their R&D activities or due

to the difficulty of collecting this firm-level data), a recent Australian survey of all

innovations in the last 25 years found that 84.2% of innovations where developed
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in house once the innovation was identified (Thomson and Webster, 2012). This

suggests that there must surely be something to be gained from integrating R&D

compared to outsourcing it. One potential reason for the lack of trade in R&D

until recently is likely to be the absence of effective markets. With the advent

of the internet, however, it has become much easier for innovators to connect

with potential customers and gain funding or partners for the projects on a global

scale. Another interesting feature of this data is the relationship between risk and

external development (collaborative or outsourcing) of the innovation, they find that

innovations with higher perceived risk are more likely to be developed collaboratively

or outsourced to an experienced firm. This suggests that there may be risk sharing

benefits to non-integration and this is likely to be one of the trade-offs firms face

when deciding weather to integrate their R&D activities.

While there has been much research in the field of contract theory on the trade of

“normal” goods there has been relativity little on the trade of R&D. What makes

the trade of R&D interesting to consider is the inherent uncertainty of the final

trade, and therefore the gains from trade. When considering the trade of R&D in a

contracts setting it is important to take into account this uncertainty and its effect

on what can be contracted upon. Due to the uncertainty over the final product

it is almost impossible for parties to write a completely contingent contract either

specifying the efficient trade or contingencies for every possible efficient trade. I will

show how this uncertainty of the final product and associated inability to write a

complete contract causes inefficient investment on both sides. I will also show how

the allocation of property-rights can significantly improve the investment incentive

and result in efficiency gains.

While it may seem intuitive to apply the standard Grossman and Hart (1986)

incomplete contracts framework to analyse the trade in R&D. It is simply not

suitable, as it lacks the complexity to capture the uncertainty over the future state
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of nature. In this thesis I will instead adapt the incomplete contracts framework

developed by Segal (1999) and Hart and Moore (1999), incorporating complexity

and renegotiation. This framework was originally developed to illustrate the limited

power of contracts in complex contracting environments where renegotiation is

possible, but it also turns out that this framework lends itself well to considering the

trade of R&D. The incorporation of complexity (the number of potentially relevant

future trades) into the model captures the inherent uncertainty over the final trade

and effectively models an environment where agents may be able to foresee some

of the potential research paths but cannot describe all of them in a contract or

anticipate the efficient ex post trade. In my adaptation of their framework I consider

a two-sided investment and move away from the spiked effect of seller investment

(in Hart and Moore (1999) the seller’s investment only affects one of the possible n

trades). I presume that since R&D is essentially a learning process there are spillover

effects from the investment in R&D and therefore I assume the seller’s investment

affects a range of trades, as in Hart and Moore’s model of partial incompleteness.

I also assume that the buyer or consumer of the innovation engages in inefficient

investments which do not increase surplus and are effectively a form of rent seeking.

In contrast to Aghion and Tirole (1994) who also considered trade in R&D I

assume uncertainty over the nature of the innovation but not over the success of

the innovation process, I also do away with the cash constraint on the seller1 and

adapt the question of optimal R&D structure to Hart and Moore (1999)’s incomplete

contracts framework. The aim of this adaptation is to gain new insights into optimal

firm structure and to be able to explain some real world firm behaviour in relation

to the decision to integrate R&D activities. In doing this I will characterise the

conditions under which different ownership structures will be optimal and show

that generally integration will lead to more efficient outcomes.

1While this alteration potentially lessens the applicability of my model to lone innovators or
small start ups I feel that it better suits my analysis as cash constraints are unlikely to be of
concern for larger established firms.
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This thesis will progress as follows, Chapter 2 presents a comprehensive analysis

of the incomplete contracts literature related to my model, Chapter 3 presents the

model and the discussion of the main findings, the thesis concludes in Chapter 4 with

a discussion of potential extensions and implications for the incomplete contracting

methodology.
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Chapter 2

Literature Review

2.1 Literature Review

Great strides have been made in the field of contract theory over the last few decades,

especially in the area of incomplete contracts and the theory of the firm. But what

exactly is an incomplete contract? Contracts are said to be incomplete when some

aspects of interest to the parties, such as the future state of nature of the realization

of investments, are observable but not verifiable to an outside party such as a court

and hence can not be contracted upon. However there is no overall consensus about

what exactly makes a contract incomplete. This lack of a concrete definition has lead

to criticism of the literature specially from the more structured complete contracts

and implementation literature.

Additionally, the incomplete contracts literature owing to its relative youth has

developed in a way different to most other areas of economics. It has evolved

essentially as conversation between a relativity small group of academics in an

attempt to explain the contracts and institutions we observe in the real world

and thus has developed without solid theoretical foundations. Due to this it is

important to understand the intellectual history that has led to the current views in

incomplete contract theory. In light of this, the majority of this review is presented

in chronological order to give the reader a sense of the ideas and arguments that

have led it to its present state. For a more synthesised summary of the literature

refer to Hart (1995) or Aghion and Holden (2011).

The seminal paper of the incomplete contracts literature was Grossman and
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Hart (1986) which aimed to answer the questions of what a firm is an what

determines the boundary of the firm. In doing this they developed the framework

to analyse incomplete contracts and the allocation of property rights in a variation

of Williamson’s hold-up problem. Grossman and Hart view a firm as a collection of

assets that the firm owns and split a firm’s contract rights into two types; specific

rights (those rights specifically mentioned in the contract) and residual rights (all

other rights not mentioned in the contract). Ownership of an asset is considered as

ownership of the residual rights of control over this asset, in other words the owner

has the right to make any decisions related to their asset not specifically mentioned

in the contract.

In their model a firm’s actions, investments and private benefits are all observable

but not verifiable to an outside party and thus cannot be contracted upon. This

is taken to mean that the actions are “sufficiently complex that they cannot be

specified completely” (Grossman and Hart, 1986) and investments are too complex

to be efficiently described and may involve some level of non-verifiable managerial

effort. The non-verifiability of the surplus can be interpreted to mean that the

private benefit is made up of both monetary and non-monetary benefits or that

the benefit from the relationship is too difficult to disentangle from the firm’s other

activities. A key assumption of the non-contractability of actions is that once the

state of nature has been realized the optimal action will be clear to both firms.

Non-verifiability severely limits what can be achieved with contracts and leads to

inefficient outcomes as any decision not mentioned in the contract will be made by

the owner of the respective residual rights and will present an opportunity for hold-

up. This opportunity for hold-up causes investment distortions since firms will not

receive all of the benefit from investment and will therefore under-invest relative to

the first best. Grossman and Hart show that under these conditions when it is too

costly to specify specific rights for all future states of nature it is optimal for firms to

purchase residual control rights to avoid this hold-up. Moreover they find that if one
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firm’s investment is more important to the relationship than the other they should

be allocated ownership over all the assets to minimize the investment distortions.

An interesting result from their analysis is the finding that “the distribution of

ownership rights has efficiency consequences”(Grossman and Hart, 1986) which is a

violation of the Coase theorem, they conclude that inability to ex ante bargain over

all aspects of production leads to this violation.

This framework was further developed by Hart and Moore (1990) by expanding it to

consider multiple agents within a firm as opposed to a sole manager. The purpose

of their modification was to understand the effect of ownership structures on the

incentives of employees. Hart and Moore argue that the key difference between

integration and non-integration is the ability to selectively fire individual workers as

opposed to the entire firm. Following from this they allow for assets to be worked

by multiple agents and view residual control rights as the “ability to exclude others

from the use of that asset” (Hart and Moore, 1990). This direct control over who

has access to the physical asset can also lead to the firm having indirect control over

human assets as workers who require access to an asset are more likely to act in the

interests of the owner of that asset.

Hart and Moore allow for agents to take some costly action today to increase their

(actual or perceived) value tomorrow. Additionally some of these actions will also

be asset-specific in the sense that the agent will require access to a given asset to

realise the benefit of their investment. This asset-specificity means that an agent’s

“bargaining position will depend on which assets he has access to and hence will be

sensitive to the allocation of asset ownership.”(Hart and Moore, 1990).

Hart and Moore show that “an agent is more likely to own an asset if his action is

sensitive to whether he has access to the asset and is important in the generation of

surplus.” (Hart and Moore, 1990) which is very similar to the findings of Grossman
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and Hart (1986). They also conclude that integration has two competing effects

on employees, first “there is a positive effect due to increased coordination” (Hart

and Moore, 1990) since agents will now only need to negotiate with one manager to

gain access to both assets. The second effect is negative because that the employees

of the acquired firm must now negotiate with both the manager of the integrated

firm (to access their essential asset) and their own manager (to access their boss).

These two effects help explain the boundaries of the firm and why firms first face

increasing then decreasing returns to scale as the benefits of complementary asset

coordination are overtaken by the negative effects of inefficient centralised control.

Hart and Moore (1988) lay some foundations for considering problems of incomplete

contracts when renegotiation is possible but the transfer of residual control rights is

not. They characterise what can be achieved with contracts and renegotiation games

when the realisations of the state of nature, the value of trade and investments, are

observable but not verifiable to an outside party. A key motivation for this analysis

of incomplete contracts was the observation that “most contractual disputes which

come before the courts concern a matter of incompleteness” (Hart and Moore, 1988).

The primary focus of this paper is in designing a renegotiation game, which once the

state of nature has been realised will yield quantities and prices that are sufficiently

sensitive to the party’s benefits and costs, so as to be responsive to the state of

nature.

In their model it is assumed that all a court can observe is whether trade took place

and the transfer paid by the buyer to the seller. As such, all that can be specified in

the initial contract are prices p0, p1 which are paid in the event that trade does not

occur and in the event that it does, respectively. Parties can costlessly renegotiate

their contract though a message game once the state of nature has been realised but

before trade occurs. Hart and Moore consider two different cases in their analysis;

when messages can be publicly verified and when they cannot; if messages can be
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verified then the initial contract can make the prices conditional on these messages.

Though Hart and Moore briefly touch on the issues posed by the assumption of

bounded rationality, namely the inability for parties to foresee every eventuality

and the limits this may put on the complexity of renegotiation games, they exclude

it from their analysis based on “the great difficulty in analysing it formally” (Hart

and Moore, 1988).

Through their analysis they conclude that “the divisions of ex post surplus which

can be achieved are very sensitive to the characteristics of the communication

mechanism at the parties disposal in particular, whether the parties’ messages

are verifiable” (Hart and Moore, 1988). This suggests that the way in which

renegotiation takes place can have significant effects on the final outcome. Hart

and Moore also confirm that if parties can undertake relation-specific investments

the first best is not achievable even when messages can be verified and the second

best outcome will generally be one of underinvestment, this result is echoed in

both Grossman and Hart (1986) and Hart and Moore (1990). The reasoning

for the inability to achieve the first best is that each party’s investment imposes

an externality on the other. This along with the fact that a party’s private gain

from investment will be less than the social gain (due to renegotiation) will lead to

underinvestment. Contradictory to this result they find that if alternatively there are

no specific investments, parties are risk adverse and messages are verifiable then the

first best can be achieved. This suggests that the inefficiencies caused by contractual

incompleteness can be overcome in some specific circumstances.

Aghion and Tirole (1994) model the relationship between a research unit and the

consumer (and financier) of an innovation with the aim to gain greater insights into

“the contractual provision on how to finance the research activities, how to allocate

control over the R&D process, how to share property rights on innovations and

how to structure the monetary compensations to the inventors” (Aghion and Tirole,
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1994). They analyse “how the allocation of property rights on innovations can affect

both the frequency and the magnitude of these innovations when their exact nature

cannot be contracted upon ex ante.” (Aghion and Tirole, 1994) and also attempt to

rationalise some of the common contractual and legal features observed in reality.

They assume that a research unit develops the innovation but lacks resources to

pay for salaries, equipment or data and therefore must seek financing from outside.

The innovation is also assumed to be ill-defined ex ante and therefore cannot be

contracted upon (this is the source of the incompleteness in this model). There

is also assumed to be uncertainty over the success of the innovation. Thus the

contract will only be able to specify a verifiable amount of customer investment and

an allocation of property rights over the innovation (the research unit’s investment

is assumed to be in the form of non-verifiable effort).

Aghion and Tirole find that there are two main factors effecting the efficient

allocation of property rights: the relative importance of the parties investments and

the ex ante bargaining power of the parties. This echoes the results of Grossman

and Hart (1986). They also find that allocating property rights to the research unit

“is optimal when it is more important to encourage the unit’s effort to discover

than to boost the customer’s financial investment in the research” (Aghion and

Tirole, 1994). This combined with the cash constraint on the research unit means

that when the customer has significant bargaining power ex ante it is likely that the

allocation of property rights will be inefficient. An interesting result of their analysis

is that “ex ante bargaining power influences not only the distribution of the pie, but

also its size” (Aghion and Tirole, 1994). It is interesting to note that this result

is a conjecture against Coase’s theorem, though by no means the first. In their

analysis they rationalize the commonly observed use of the “hired for doctrine”,

trailer clauses and shop rights and find that when property rights are split each

party should get “property rights on those activities for which it has a comparative
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advantage in creating value” (Aghion and Tirole, 1994).

Generally the literature on implementation rules out the possibility of renegotiation,

but if a mechanism results in a non pareto optimal equilibrium why shouldn’t the

agents simply tear up their contract an renegotiate to an outcome they both prefer.

Maskin and Moore (1999) characterise the choice rules which can be implemented

when parties are unable to commit to not renegotiate. The problem that arises here

is that “unfortunately, what happens out of equilibria can profoundly affect what

outcomes can occur in equilibria” (Maskin and Moore, 1999). While agents may

be able to sustain the first-best in the absence of renegotiation by the threat of

undesirable outcomes if either deviates; when we allow for renegotiation agents may

foresee that the undesirable consequences will be renegotiated away and they will no

longer have an incentive to conform. It is not only this ability to renegotiate which

limits which choice rules can be implemented but also the nature of renegotiation.

Maskin and Moore assume that renegotiation is predictable, efficient and individu-

ally rational. This means that agents can predict the outcome of the renegotiation

process (and this prediction is common knowledge). The outcome will always be

pareto efficient and neither party can be made worse off (otherwise they would

simply refuse to renegotiate). These assumptions are all relatively reasonable and

are likely to be satisfied by the majority of the models in the literature. In their

analysis of renegotiation Maskin and Moore propose that there are two ways in which

renegotiation can make implementation harder, first “renegotiation may make the

threat of harsh consequences for deviating less credible” (Maskin and Moore, 1999)

and second “that it may interfere with “preference reversal”.” (Maskin and Moore,

1999). Their theorem 1 results in the negative conclusion that “whenever the gain

from investment is less than twice the cost, there is no contract that will give the

seller an incentive to invest, even though investment is efficient” (Maskin and Moore,

1999). While they do characterise some implementable mechanisms which result in
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investment, these mechanisms require the assumption that agents are risk adverse

(which is generally not true in the literature) and are quite complex; being a great

deal more complicated than the contracts observed in reality. This then begs the

question of whether too much consideration should be given to contracts which are

unlikely to be implemented in the real world.

In an attempt to give more credibility to the incomplete contracts literature and

model the effects of contractual complexity Segal (1999) develops a framework for

considering incomplete contracts with complexity and renegotiation. He considers

a variation of the hold-up problem, introducing a new variable, “the complexity of

the contracting environment, which is defined as the number of potentially relevant

future trade opportunities” (Segal, 1999). He shows that as the complexity of the

contracting environment tends to infinity no contract can perform better than the

null contract; but importantly correct allocations of property rights can achieve the

first best when contracts alone cannot. So in essence this means that when the

engagement between two firms is such that their future outcomes and payoffs can

not be reliably described ex ante firms are better off integrating.

Segal (1999) models the two-date relationship between a buyer and a seller when

only 1 of n possible future trades will be efficient at date 1. Each of the n − 1

inefficient trades introduces an additional incentive constraint and will represent

an opportunity for hold-up, this severely limits what contracts can achieve. It

is assumed that the state of nature, investments and payoffs are observable but

not verifiable and therefore cannot be contracted upon. It is also assumed that:

whenever a contractual outcome is inefficient parties will renegotiate to an efficient

outcome; that the trades cannot be described ex ante (either the trades are

indistinguishable ex ante or it is prohibitively costly to describe them); and that “at

most a finite number of trades can be described in the ex post message game” (Segal,

1999). This inability to commit not to renegotiate along with the inability to
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describe the trades in advance lead to the inability of contracts to achieve more

than the null. Segal also assumes that the gains from renegotiation will be evenly

split between the buyer and the seller.

Segal shows that in the absence of a contract both parties will under-invest relative to

the first-best “since each party internalizes only 50% of its investment’s contribution

to ex post surplus.” (Segal, 1999). If renegotiation can be prevented then first-best

investments can be achieved by giving one party all of the ex post bargaining power.

Suppose the seller can select a widget and a price, then they would offer the efficient

widget at its value to the buyer and extract all the surplus, thus leading to first-best

investment incentives; this however clearly fails when we allow for renegotiation as

the buyer can now reject the offer and rely instead on renegotiation to obtain 50%

of the surplus.

Since the trade, investments and payoffs are all non-verifiable this means that there

is very little left to contract on other than the price; and as Segal shows given a fixed

price the buyer and seller will offer inefficient trades (the buyer will offer a high cost

high value trade and the seller will offer a low cost low value trade) which maximises

their gains from renegotiation. This strategy means that there is a need to design

contracts which are sufficiently incentive-compatible such that the efficient trade

is revealed truthfully by the agents. But as Segal shows this severely limits what

they can achieve; in fact “the maximum total surplus achievable in an incentive-

compatible contract with n widgets converges to the maximum total surplus achieved

without a contract as n→∞.” (Segal, 1999). This is the major finding of this paper.

It illustrates the limits which complexity and renegotiation put on contracts and

suggests that in sufficiently complex contracting environments contracts become

useless. Segal briefly discusses bounded rationality and concludes that “only in

environments reflecting the real world’s complexities that an intermediate region of

“bounded rationality” emerges. For example, in a complex environment , it may
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be easy to describe any given potential trade, but prohibitively costly to describe

all of them, or any positive fraction of them.” (Segal, 1999) While not strictly a

model of bounded rationality, Segal attempts to bring the contracting environment

closer to that of reality and create a more favourable setting for modelling bounded

rationality.

In response to Segal’s negative conclusion on what contracts can achieve Maskin and

Tirole (1999a) argue that the transaction costs of describing the possible states of

nature ex ante do not interfere with optimal contracting as long as the agents are able

to perform dynamic programming (which is always assumed in the literature). They

argue that “the rationality needed to perform dynamic programming is in standard

models strong enough to ensure that transaction costs are irrelevant.” (Maskin and

Tirole, 1999a). The idea of their argument is quite simple, if parties have difficulty

foreseeing the future states of nature they can write a contract that ex ante specifies

only payoffs, then once the state of the world has been realised they can simply fill in

the details. The difficulty here is ensuring that the contract is incentive compatible

such that the details are revealed truthfully.

While Maskin and Tirole do give examples of mechanisms for which the describabil-

ity of future states is irrelevant these crucially rely on the assumption that agents

can commit to not renegotiate, as these mechanisms rely on harsh punishments to

deviating agents. They go on to hypothesise methods by which renegotiation can

be prevented most of which are not realistically feasible, for example supposing

there was a clause written into a contract to prevent renegotiation and requiring

a large penalty if renegotiation occurs this could simply be renegotiated away or

removed by a second contract which a court would uphold over the original. Maskin

and Tirole then show that under the assumption of risk aversion and unbounded

transfers “renegotiation quite generally does not constrain the set of implementable

allocations even if states are indescribable” (Maskin and Tirole, 1999a). Indeed they
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show that any contract that can be implemented when states are describable can also

be implemented when they are not. While Maskin and Tirole’s results suggest that

describability should not matter they rely on the assumption of welfare neutrality

(“A contract is welfare neutral if, whenever two states are payoff-equivalent, it gives

rise to the same utilities in both states” (Maskin and Tirole, 1999a)) which may not

always be satisfied. The main argument against those mechanisms offered by Maskin

and Tirole is the unrealistic complexity of them, though it can be argued that this

is in part due to the assumptions of perfect rationality and we might find different

results with a weaker form of rationality, namely bounded rationality. It is clear

that bounded rationality is an area key to understanding the world of incomplete

contracts and the transaction costs arguments used to justify them.

In response to criticisms of the results of Segal (1999), Hart and Moore (1999)

present a simplified version of his model and counter many of the arguments put

forward by Maskin and Tirole (1999a). Their aim is to provide rigorous foundations

for the idea that contracts are incomplete and characterise what contracts can

achieve in complex environments when renegotiation is possible. Through their

analysis Hart and Moore consider two cases, when widgets (trades) can be costlessly

described ex ante and when it is prohibitively costly to describe them ex ante but

costless to describe them ex post ; the key difference between these cases is the ability

to write a contract specifying that S must supply a particular widget at date 1.

Through their analysis Hart and Moore show that when agents can commit to not

renegotiate the first-best can be achieved and ex ante describability does not matter;

but when we allow for renegotiation the optimal contract (even with describability)

cannot make a difference to the expected surplus and collapses to the null contract

as complexity increases without bounds (n → ∞). These results would suggest as

Maskin and Tirole (1999a) claim that describability does not matter but Hart and

Moore go on to show that in certain circumstances describability can make a large

16



difference, in fact they illustrate a case when with describability the first-best can

be achieved but without it the optimal contract will collapse to the null contract.

They conclude that “nondescribability is generally an important constraint in the

absence of a commitment not to renegotiate” (Hart and Moore, 1999).

These results suggest that there is no point writing any contract at all, so to alleviate

this issue Hart and Moore develop a theory of partial incompleteness. In this model

they also deal with the criticism that in their simplified version of Segal’s model the

returns on investment are too jagged (they only affect one of the n possible trades)

so they modify the sellers investment to affect a range of widgets. They show that

when the trades can be described in advance, a contract can induce some level of

investment, while not reaching the first-best this is superior to the previous case

(where investment was 0). Without describability, however, we return to the case

that contracts cannot improve on the null, this result enforces their conclusion that

describability matters.

Hart and Moore go on to counter many of the methods to prevent renegotiation

put forward by Maskin and Tirole (1999a) and criticize their idea of contract

registration with a court on the basis that “a registration system like this does

not exist anywhere in the world as far as we know, and would require a system-

wide institutional change” (Hart and Moore, 1999). They reject many of the other

mechanisms based on their requirement for the agents to commit not to collude with

a third party and the need for “discrete differences between the costs of the various

widgets” (Hart and Moore, 1999) meaning that these mechanisms would fail if the

costs where distributed along a continuum. The final mechanism that Maskin and

Tirole (1999a) suggest is the use of lotteries when agents are at least slightly risk

adverse, while these lotteries can induce efficient investments they are vulnerable to

the way randomness is introduced into the lottery. Hart and Moore conclude that

“there appears to be a trade-off: the more objective a lottery is the less it can be
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manipulated, but the more it can be insured against; the less objective a lottery is,

the less it can be insured against, but the more it can be manipulated” (Hart and

Moore, 1999). So the choice of how to introduce randomness into the lottery can

have major effects on its outcome. While there are disagreements between Maskin

and Tirole (1999a) and Hart and Moore (1999) on the degree of commitment that

should be considered, Hart and Moore conclude “that the degree of commitment is

something about which reasonable people can disagree” (Hart and Moore, 1999).

Hart and Moore finish their analysis by considering what allocating property rights

can achieve in an environment where contracts cannot improve upon the null. They

show that allocating property rights to the party with the relatively more important

investment will result in first-best levels of investment (or at leasts superior to those

under non-integration). This is an important result at it shows the importance

of property rights in environments with significant uncertainty over future states of

nature and payoffs in achieving efficient outcomes. While Maskin and Tirole (1999b)

come to the same conclusion they criticize it on the basis that several allocations of

property rights can yield the same outcome and therefore the theory lacks predictive

power.

Hart and Moore conclude with a discussion of how to interpret contractual

incompleteness and give two potential definitions of contractual incompleteness.

First contracts may be incompete “in the sense that they leave something out or

are ambiguous” (Hart and Moore, 1999), this kind of incompleteness is very often

observed in reality but is difficult to model. Under this definition the “incomplete

contracts” considered here would be complete since it is clear what everyone’s

responsibilities are in any state. The second possible interpretation they give is

that “it is incomplete if the parties would like to add contingent clauses, but are

prevented from doing so by the fact that the state of nature cannot be verified (or

because states are too expensive to describe ex ante)” (Hart and Moore, 1999).
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Under this definition we would view the contracts considered here as incomplete.

Through their analysis of contracting in complex environments with renegotiation

Hart and Moore have show how the effectiveness of contracts in achieving efficient

outcomes is greatly affected by renegotiation and describability, and while contracts

alone cannot induce first-best investments, correct allocations of property rights can.

In doing this they provide justification for the idea that contracts are incomplete

and rationalise the assumption that agents cannot commit to not renegotiate their

contracts ex post.

Maskin and Tirole (1999b) analyse the property rights literature and characterise

optimal ownership structures in different contracting environments. They argue

that “the methodology employed in the property-rights models is no different from

the standard complete-contract-cum-renegotiation methodology” once you assume

that asset ownership is equivalent to self consumption by the owner. Maskin and

Tirole give three assumptions under-which optimal contracts consists only of an

allocation of property rights, “(i) parties’ ability to renegotiate, (ii) the equivalence

of outside opportunities to self-consumption of the asset, and (iii) parties’ risk-

neutrality” (Maskin and Tirole, 1999b). They argue that these 3 assumptions are

the lynchpins of the property-rights literature and not the unforeseeability of future

contingencies which is often emphasized in the literature.

They show that in certain situations the optimal allocation of property rights will

involve joint ownership with an option to sell contract and a fine paid to a third

party. The reason these contracts are optimal is the fine ensuring that “exercising

the option is advantageous if, and only if, the other party has underinvested. Hence

the option deters underinvestment” (Maskin and Tirole, 1999b). Though as Hart

and Moore (1999) argue contracts such as this can be vulnerable to collusion between

the agents and the third party, to address this they consider a similar contract which

excludes the third party (though the outcome of this contract is inferior). Maskin
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and Tirole go on to show that in compex environments such as those of Segal (1999)

and Hart and Moore (1999) “no contract can improve on the incentives obtained

from simply assigning ownership to S, at least when N is large” (Maskin and Tirole,

1999b). Overall Maskin and Tirole argue that more consideration should be given to

alternate ownership structures (specially joint ownership) besides the traditional full

ownership focused on in the literature and that “straight ownership is not explained

by the current property-rights methodology” (Maskin and Tirole, 1999b).

Tirole (1999) illustrates some of the common aspects of the incomplete contracts

literature, offers insight into the standard approach of modelling incomplete

contracts and argues that “the complete contracts methodology need not be unable

to account for standard institutions such as authority and ownership” (Tirole, 1999).

Tirole discusses the transaction costs which are commonly invoked in the incomplete

contracts literature as a justification for incompleteness and classifies these into three

main categories.

Unforeseen contingencies : Not all future contingencies (or actions) are foreseeable

(or describable) ex ante and so parties must content themselves to leave these up to

future negotiation.

Cost of writing contracts : Even if parties can foresee all future contingencies there

may be so many that they would be too costly to describe in the ex ante contract

and so parties must trade-off the cost of adding contingent clauses with the loss

from contractual incompleteness.

Cost of enforcing contracts : When parties ex post valuations of trade are difficult

to verify specifying the efficient trade in a long term contract may be infeasible and

as such it is difficult for the court to enforce the contract as they “must understand

the terms of the contract and verify the contract upon contingencies and actions in

order to enforce the contract” (Tirole, 1999).

These costs are generally invoked in a rather ad-hoc manner in the literature to

justify contractual incompleteness, which has led to some criticism of the incomplete
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contracts methodology. Unforeseen contingencies are the transaction costs most

commonly invoked in the literature but as Tirole argues they do not justify the

contractual incompleteness (at least in the current modelling framework). The

current incomplete contracting literature assumes that agents are rational enough to

foresee their payoffs and attempt to maximise them, this ability to perform dynamic

programming should mean that even if they cannot foresee future contingencies they

can foresee their payoffs, so unforeseen contingencies should not matter. This is

another case where a theory of bounded rationality may be important in justifying

the contractual incompleteness.

Tirole notes some of the common themes across the incomplete contracting

literature, the allocation of property rights determines the bargaining power in the

ex post renegotiation game, the indispensability of the other party in the ex post

production process limits the exercise of property rights, “the allocation of decision

rights may affect the efficiency of ex post trade” (Tirole, 1999) and “clusters and

splits of multiple decision rights are governed by incentive considerations” (Tirole,

1999) (in other words property rights should be split to properly distribute

incentives). Tirole goes on to discuss the impact of describablility on the

effectiveness of contracting and notes that “with rational agents contingencies are

never unforeseen; they are “at worst” indescribable” (Tirole, 1999). He argues that

under certain assumptions indescribability is irrelevant though in other situations

(specially when renegotiation is allowed) it can be important and concludes that

“the irrelevance of indescribability should not be taken for granted” (Tirole, 1999).

Che and Hausch (1999) consider a model of the hold-up problem but where

parties investments are cooperative (they benefit the investors partner) and find

that incomplete contracts perform very differently in an environment of cooperative

investments. First they show that if parties can commit to not renegotiate the first

best can be achieved but if renegotiation cannot be avoided and “if investments
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are sufficiently cooperative, then not only is the first-best outcome unachievable,

but contracting is irrelevant” (Che and Hausch, 1999). This is a very similar

result to those of Segal (1999) and Hart and Moore (1999) suggesting that even

outside complex contracting environments contracting can become useless, though

this is dependant on the type of investments each party can make. Unlike standard

models of selfish investments where verifiable signals can “cure” the problem of

incompleteness and allow efficient outcomes to be achieved, Che and Hausch’s

result show that “with sufficiently cooperative investments and renegotiation, such

a process of generating verifiable signals adds nothing” (Che and Hausch, 1999).

This result suggests that the standard assumption of observable but not verifiable

contingencies justifies the use of incomplete contracts in this setting.

Aghion, Fudenberg, Holden, Kunimoto, and Tercieux (2012) consider a variation

of the hold-up model and evaluate the robustness of extensive form mechanisms to

slight perturbations of the state of nature away from common knowledge. They

show that even arbitrarily small deviations from common knowledge can cause

contracts and relationships to break down. They prove that “for any social choice

rule that is not Maskin-monotonic one can find small information perturbations

under which an undesirable sequential equilibrium exists” (Aghion et al., 2012). The

result of this is that these mechanisms will no longer be able to implement efficient

outcomes and in the case of Moore-Repullo mechanisms, truth telling ceases to be a

unique equilibrium (or an equilibrium at all). The implication of these result in the

literature is that the introduction of incomplete information can drastically alter the

conclusions of Maskin and Tirole (1999a) and that many mechanisms which can

achieve first-best outcomes under common knowledge will fail to do so under even

small amounts of incomplete information. This gives credence to the arguments

of Segal (1999), Hart and Moore (1999) and Che and Hausch (1999) that under

certain environments contracts become irrelevant and contractual incompleteness is

justified.
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Their second key result is that in environments of asymmetric information over the

ex post value of trade, allocating asset ownership and thus providing an outside

option can lead to approximately first-best outcomes (in terms of investment and

surplus) when contracts alone cannot. An interesting insight of this result is that

“outside options such as those induced by asset ownership can help relax incentive

compatibility contracts and thereby improve ex ante efficiency compared to what

can be achieved through “ownership free” contracts/mechanisms” (Aghion et al.,

2012). This supports the conclusion of Hart and Moore (1999) that a simple

allocation of property rights can constitute the optimal contract in a complex

contracting environment when “ownership free” contracts cannot improve on the

null as complexity increases without bounds.

Research into environments away from common knowledge and symmetric informa-

tion will be an important area of focus for future work as we attempt to better model

realistic contracting. I believe this along with the study of complex contracting

environments will be crucial to developing a reasonable theory of bounded rationality

if we are not to simplify agents in these environments as unrealistically rational or

completely incompetent. Bounded rationality is without a doubt one of the most

important future research areas for the incomplete contracts literature and will be

crucial in developing a more realistic theory of contractual incompleteness.

In the last decade there has been an explosion in the literature considering

incomplete contracts in very specific institutional and industrial settings such as

international trade (Antras, 2005), trucking (Baker and Hubbard, 2004), airlines

(Forbes and Lederman, 2009), government and finance (Kaplan and Stromberg,

2003). I hope to add to this literature by broadening our understanding of the

trade in R&D and the factors that affect optimal firm structure and the decision

to integrate when contracts become ineffective. In doing this I aim to explain real
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world firm behaviour and provide a link between the theory and reality of incomplete

contracting.
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Chapter 3

Model & Results

Following Segal (1999) and Hart and Moore (1999) I consider an alteration of

the hold-up problem and model the two period relationship between a Buyer and a

Seller of an intermediate good when the contracting environment is incomplete and

complex. I will first specify the model in section 3.1 then consider the results under

the assumption that agents can commit to not renegotiate their contact ex post in

section 3.2 and again under the assumption that agents cannot commit in section

3.3; I will then consider an alternate specification of the model where the form of

buyer investment is altered in section 3.4 and then present a simple numerical model

in section 3.5.

3.1 Specification of the Model

Consider a buyer B and a seller S, who are involved in a two-period relationship.

The parties meet and set a contract at date 0 and trade at date 1. In-between, at

date 1/2, both parties have the option to make a relationship-specific investment

(σb, σs). Additionally the buyer and seller are risk neutral and the interest rate is

zero. Both parties are also sufficiently rational such that they can calculate and will

attempt to maximise their expected payoffs.

The buyer and seller trade one unit of a good which I will call a widget; to model

the inherent uncertainty of R&D I will assume there are N different widgets at date

0. Within this set of N widgets there is a subset of M widgets which are “defined”
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these defined widgets are simply a category of widgets distinct from the other N−M

widgets, e.g. they may all have the same common shape which is distinct to the M

defined widgets. These M widgets are also all distinct from one another: e.g. they

may be the same shape but different colours1. I assume that M is large and that N

is large relative to M : N �M � 1.

In each state there is only one “special” widget which will yield the greatest total

surplus for the buyer and seller and will be optimal to trade at date 1, importantly

this special widget will always be within the set of M defined widgets. At date 0

any of the M defined widgets has the potential to be the special widget at date 1

and crucially they all have the same probability (1/M) of being the special one.

The value of this special widget to B is v and the cost of producing it for S is c (this

cost is only incurred if trade occurs). The costs of the other M − 1 defined widgets

are distributed evenly between c and c̄ with c laying somewhere between these

boundaries. So the cost of any one of M defined widgets is given by cm = c+ m
M

(c̄−c)

where m ∈ M . The values of the M defined widgets are distributed such that

vm − cm is increasing for cm ≤ c and decreasing for cm > c, in other words they

are distributed such that the surplus is single peaked at v− c; I assume the bounds

on this distribution are v, v̄. The costs of the other N −M widgets will lie evenly

between g and ḡ a space which will enclose the M defined widgets, g < c and c̄ < ḡ,

the values of these widgets do not matter as the surplus from trading them will be

strictly less than that from trading one of the M defined widgets.

The buyer’s and seller’s investments are relationship-specific in the sense that their

returns are conditional on trade occurring between the parties. S’s investment σs

1To rationalise these two sets of widgets consider the example of Apple Inc.’s development of
the first iMac. They needed to decide how to seal their case and could have chosen anything such
as bolts, rivets or glue but they chose to use special screws with a unique tool only they had access
to. In this case the set of N widgets would be all the possible choices to seal the case and the set
of M would be different screws.
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reduces the cost of all the M defined widgets; with probability π(σs) that the cost

of a defined widget other than the special widget is decreased by ∆ > 0. And with

probability π(σs) that the cost of the special widget is decreased by k∆ > 0 where

k > 1. I assume that ∆ is small enough such that c < c − κ∆ and c < c̄ − ∆, in

other words the cost of the special widget will always lie within the range of costs of

the other M − 1 defined widgets. Additionally all 2M ! permutations of the identity

of the special widget and the costs of the other M − 1 widgets are equally likely to

occur at date 1. I will assume for the S that 0 < π(σs) < 1, π′(σs) > 0, π′′(σs) < 0,

π′(0) =∞.

B’s investment σb reduces the set of the M defined widgets such that the more B

invests the smaller the set of defined widgets and the greater the probability that

the special widget will be traded (you could consider this something akin to product

testing or utilizing focus groups to eliminate competing prototypes). To model

this I allow the lower (upper) bound costs and values to be increasing (decreasing)

functions of σb. I assume for B that L′(σb) > 0, L′′(σb) < 0, L′(0) = ∞ for

L(σb) = c(σb), v(σb) and H ′(σb) < 0, H ′′(σb) < 0, H ′(0) = −∞ for H(σb) = c̄(σb),

v̄(σb).

The contract that B and S enter into at date 0 will be incomplete in the sense

that in each state of nature the identity of the special widget and the realisation of

investments are observable but not verifiable to an outside party such as a court and

thus they cannot be contracted upon. Additionally the parties final payoffs are also

observable but not verifiable and similarly cannot be contracted upon. They can

however contract to trade one of the M widgets at some price p at date 1, though

the widget cannot be specified due to the indescribability of the state of nature.

I assume that there is some characteristic of the M defined widgets that allows a

court to verify that an M widget and not one of the N−M widgets has been traded2.

2In the previous example of the M widgets, Apple would be able to contract to trade a screw
but not for instance specify that it should be a flat-head screw.
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First-best

In the first-best case the special widget will always be traded (as it maximises the

surplus from trade) and as such B’s investment plays no role thus σ∗b = 0 is optimal.

max
σs

π(σs)[v − c+ κ∆] + (1− π(σs))[v − c]− σs − σb

π′(σ∗s) =
1

κ∆

I will assume that at date 1 S can select a widget and make a take it or leave it offer

to B at a price p with probability α and similarly B can select a widget and make

a take it or leave it offer to S at a price p with probability (1−α). The second best

outcome will thus depend on whether or not the parties can commit themselves to

not renegotiate their contract at date 1 once the state of nature has been realised.

The probability α could be interpreted to represent to what extent S is the only

firm for the job, thus a particularly high α would suggest that S may be the only

firm with the required expertise or facilities to develop the innovation.

3.2 Commitment

If the parties can commit themselves to not renegotiate their contract at date 1 then

given a fixed price p = t, S will offer the widget which maximises his surplus net of

transfers (c) with probability α, similarly B will offer a widget that maximises his

surplus net of transfers (v̄) with probability (1− α).

Seller’s Problem

max
σs

π(σs)

[
t−αc(σb)−(1−α)c̄(σb)+∆

]
+
(

1−π(σs)
)[
t−αc(σb)−(1−α)c̄(σb)

]
−σs
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S’s first order condition is thus:

π′(σ̃s) =
1

∆

In this case it is clear that S’s level of investment is below the first-best and σ̃s < σ∗s .

Buyer’s Problem

max
σb

π(σs)

[
αv(σb) + (1−α)v̄(σb)− t

]
+
(

1− π(σs)
)[
αv(σb) + (1−α)v̄(σb)− t

]
− σb

B’s first order condition is thus3:

αv′(σ̃b)− (1− α)v̄′(σ̃b) = 1

This result shows that B’s level of investment will be such that the marginal benefit

equals the marginal cost. The fact that v̄′(σb) is considered a cost due to reducing B’s

surplus in state (1−α) creates an interesting dynamic between the bargaining power

and the effectiveness of investment on changing the lower and upper bound costs.

So depending on σb’s marginal effect on the lower and upper bound valuations and

the relative bargaining power (α) between B and S, the buyer’s level of investment

will differ, but it is possible to achieve the first-best. Suppose that α =. 5 and

v′(σb) = v̄′(σb) then the marginal benefit will be 0 and there is no benefit from

investing thus σb = 0 which is the first-best level of B investment. If B was risk

adverse, however, he may invest even under these conditions in order to reduce

the variance of his expected payoff. This can explain why innovations with higher

perceived risk go through more rigorous prototyping and testing.

While these results suggest that we can not achieve the first-best with commitment

3Remembering that v̄′(σb) < 0
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(at least for S) there is an alternate contract which will achieve the first-best. This

leads to my first proposition:

Proposition 1.4 If parties can commit themselves to not renegotiate then the first-

best can be achieved.

Proof. Suppose the contract specifies that at date 1 S can select one of the M

widgets and a price p and make a take it or leave it offer to B. In this case S will

have all the bargaining power (α = 1) and as such will offer the special widget at

a price p = v. Since they cannot renegotiate their contract B will accept this offer

and anticipating it will set σb = 0 (the first-best level of B investment). S now faces

the problem:

max
σs

π(σs)

[
v − c+ κ∆

]
+
(

1− π(σs)
)[
v − c

]
− σs

The solution to which is the first-best level of investment

π′(σ∗s) =
1

κ∆

So if agents can commit themselves to not renegotiate the first-best is achievable with

the appropriate ex ante contract, additionally this proposition does not rely on the

set of M widgets being known (or describable) at date 0 as long as the special widget

is describable at date 1. But this idea of commitment is a bit unrealistic; suppose

the contract entered into at date 0 specified that in the event of renegotiation both

parties must pay a large fine to a third party, then at date 1 if renegotiation would

lead a pareto superior outcome this fine could simply be renegotiated away in the

new contract.

4This proposition is very closely related to proposition 1 of Hart and Moore (1999)
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3.3 No Commitment

As I will soon show Proposition 1 relies on the assumption that agents can commit

themselves to not renegotiate their contract at date 1, the reason that the first-best

is achievable here is that if B where to reject the offer then their contract would

specify no trade. In this case even though there would still gains from trade the

agents would be committed to not renegotiate their contract and the game would

end. I will now assume that at date 1 once the state of nature has been realised B and

S can agree to renegotiate their contract since they will now know the identity of the

optimal widget and due to their rationality they will only enter into pareto optimal

allocations. I will first consider the case of Non-integration and then the effects of

alternate ownership structures. Since B and S now have the option to renegotiate

their contract at date 1 they will always renegotiate to trade the optimal widget as it

will maximise the available surplus. As such S will offer a price p, with probability

α, which extracts all of the available surplus from B and B will offer a price p,

with probability (1 − α), which extracts all of the available surplus (including the

realisation of investment) from S.

3.3.1 Non-Integration

Under the non-integration case, B and S have no access to outside options, if they

do not trade they will both receive a payoff of 0 and as such S will be able to extract

all of the surplus with probability α by offering a price p = v and with probability

(1−α) B will be able to extract all of the surplus by offering a price p = c−π(σs)κ∆.

Seller’s Problem:

max
σs

π(σs)
[
αv + (1− α)(c− κ∆)− c+ κ∆

]
+
(

1− π(σs)
)[
αv + (1− α)c− c

]
− σs
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S’s first order condition is thus:

π(σos)
′ =

1

ακ∆

As this result shows the level of S investment is below the first-best.

σos < σ∗s

Since the special widget will always be traded when B and S have the option to

renegotiate their contract there is no incentive for B to invest and σb = 0 which is

the first-best level of B investment.

These results show that when agents can renegotiate their contract ex post the first-

best level of B investment is achieved while S will under-invest, but this is a pareto

improvement over the outcome the same contract can achieve under the commitment

assumption (as the efficient trade is now taking place) and it will result in a higher

level of S investment if ακ > 1. This suggests that under the null contract it is

optimal for agents to not-commit and renegotiate their contract ex post. While we

could achieve the first-best when agents can commit there is no such contract when

they can not, as these results show Proposition 1 will only hold when agents can

commit to not renegotiate their contract ex post.

Can any specific contract do better though? The non-verifiability of the state of

nature and pay-offs rules out the use of simple surplus sharing rules, similarly writing

a specific performance contract requiring S to supply a given widget at date 1 is

impossible as the final trade is non-verifiable. Either of these two contracts would

require designing a clever mechanism to truthfully reveal the state of nature and

incentivise efficient investment. The problem here is that there are potentially an

infinite number of hold-up opportunities asM →∞ and therefore an infinite number

of incentive constraints which must be satisfied. As Hart and Moore (1999) show,
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under these conditions no contract can improve on the null. The reason we can’t use

a simple contract which allows S to offer a widget and a price as in proposition 1,

is because when we allow for renegotiation B will realise that by rejecting the offer

he can do better. If B rejects the contract will then specify “no trade”, but there

are still gains from trade so B and S will renegotiate to trade the special widget

and B will then be able to extract (1 − α) share of the surplus. Thus a contract

which allows B or S to offer a widget, and a price at date 1 will result in the same

outcome as the null contract. As such a natural question to ask is whether we can

do better with alternate ownership structures.

3.3.2 Asset Ownership

In this model I view asset ownership as having the residual rights of control over

the productive asset e.g. If S owns both productive assets and no trade occurs he

has the option to produce the final good without B’s cooperation (meaning they

will not benefit from B’s specific human capital ) and receive a value ṽ < v for the

good. Similarly B can produce the final good without S’s cooperation at a cost

c̃ > c. In other words asset ownership gives agents an outside option, increasing

their bargaining power. I will assume that ṽ − c > 0 and v − c̃ > 0.

Seller ownership

Under S ownership B must now offer a price p ≥ ṽ to ensure S participation, so S

will solve:

max
σs

[
αv + (1− α)ṽ − c+ κ∆

]
+
(

1− π(σs)
)[
αv + (1− α)ṽ − c

]
− σs

The solution to which is the first-best level of S investment

π(σ∗s)
′ =

1

κ∆
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Again as the special widget is traded there is no incentive for B to invest and σb = 0

Under S ownership S is able to extract all of the increase in surplus from investing

and the first-best level of B and S investment is achieved, so S ownership is optimal.

Buyer ownership

In the case of Buyer ownership S must now offer a price p ≥ c̃ to ensure B

participates and will solve:

max
σs

π(σs)
[
αc̃+ (1− α)(c− κ∆)− c+ κ∆)

]
+
(

1− π(σs)
)[
αc̃+ (1− α)c− c)

]
− σs

The solution to which is the second best level of S investment found in the non-

integration case

π(σos)
′ =

1

ακ∆

Again since the special widget is traded there is no incentive for B to invest so σb = 0.

So B ownership results in an identical outcome as the non-integration case where

B invests at the first-best level and S under-invests except B is able to extract a

larger share of the available surplus due to his access to an outside option.

As these results demonstrate the correct allocation of property rights can sig-

nificantly improve the investment incentives, indeed allocating ownership of B’s

productive asset to S aligns his private incentive with the socially optimal choice

and we reach the first-best and since S’s investment increases the available surplus it

is optimal to allocate ownership to S. Allocating property rights over S’s productive

asset to B however is not optimal as it reduces S’s incentive to invest and as B’s

investment plays no role in increasing the available surplus (it is simply a form of

rent seeking in the commitment case) B ownership is never optimal.
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3.4 An Alternate Specification

Without commitment B will never invest due to the agents renegotiating to trade

the optimal widget (which his investment has no impact on) as such I will now

consider and alternate form of B investment. Now B can invest σb to make his

final product more compatible with generic widgets, to rationalise this you could

consider the example of a software developer ensuring that their programs are usable

across multiple platforms or web developers ensuring their sites and applications are

compatible across different browsers and displays5. In this way the investment does

not increase the value of the final good to B but will increase their bargaining power

as they are no longer limited to dealing with one supplier (consider the additional

bargaining power Microsoft gained by making Office compatible with all operating

systems as opposed to focusing on one such as Apple).

This investment then allows B to obtain the optimal value v at a higher cost ĉ(σb)

without S’s cooperation. So B’s investment gives him access to an outside option

and therefore increases his ex post bargaining power during the renegotiation phase

allowing him to obtain a larger share of the surplus. I will assume that ĉ(σb) > c,

ĉ(0) = v, v − ĉ(σb) ≥ 0, ĉ(σb)
′ < 0, ĉ(σb)

′′ < 0 and ĉ(0)′ = −∞. Similarly to

the previous form of B investment considered σb has no impact on the surplus and

simply acts as a form of rent seeking to increase B’s share of the surplus, thus σb = 0

is optimal.

3.4.1 Non-integration

Under the previous form of buyer investment when S makes an offer to B he could

simply offer a price p = v and extract all the surplus from trade, now due to B’s

access to an outside option he must offer a price such that v − p ≥ v − ĉ(σb) to

5Consider the Retina Display’s impact on web and app developers, forcing them to decide
whether to redesign websites and applications to remain compatible with the newest technology
or focus on the existing market
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ensure B participates and S’s problem becomes.

max
σs

π(σs)
[
αĉ(σb)+(1−α)(c−κ∆)−c+κ∆

]
+
(

1−π(σs)
)[
αĉ(σb)+(1−α)c−c

]
−σs

The solution to which is the second best level of investment found previously, so this

new form of B investment does not alter S’s investment incentives.

π(σos)
′ =

1

ακ∆

B will now solve:

max
σb

π(σs)
[
v−αĉ(σb)− (1−α)(c− κ∆)

]
+
(

1− π(σs)
)[
v−αĉ(σb)− (1−α)c

]
− σb

The solution to which is6:

ĉ(σob )
′ =

1

α

So in the case of non-integration B over-invests and S under-invests.

3.4.2 Asset Ownership

Seller Ownership

With the new form of B investment the seller must now offer a price p = ĉ(σb) and

will solve

max
σs

[
αĉ(σb) + (1− α)ṽ − c+ κ∆

]
+
(

1− π(σs)
)[
αĉ(σb) + (1− α)ṽ − c

]
− σs

π(σ∗s)
′ =

1

κ∆

And B will solve

max
σb

π(σs)[v − αĉ(σb)− (1− α)ṽ] +
(

1− π(σs)
)

[v − αĉ(σb)− (1− α)ṽ]− σb

6Remembering that ĉ(σb)
′ < 0
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ĉ(σob )
′ =

1

α

Again in the case of S ownership the first-best level of S investment is achieved but

unlike the previous case B will now over-invest and we will not reach the first-best.

Buyer Ownership

Under B ownership S solves

max
σs

π(σs)
[
αĉ(σb)+(1−α)(c−κ∆)−c+κ∆)

]
+
(

1−π(σs)
)[
αĉ(σb)+(1−α)c−c)

]
−σs

π(σos)
′ =

1

ακ∆

And B will solve

max
σb

π(σs)[v − αĉ(σb)− (1− α)(c− κ∆)] +
(

1− π(σs)
)

[v − αĉ(σb)− (1− α)c]− σb

ĉ(σob )
′ =

1

α

Now there is no difference between B ownership and the non-integration case as B

has access to his outside option at all times. This suggests that there is nothing to

be gained from B ownership.

Overall seller ownership is still optimal but now we cannot achieve the first best with

the null contract as B will always engage in rent seeking, this leads to my second

proposition.
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Proposition 2. When the buyer can invest in rent seeking to increase his share

of the surplus and he does not hold all the bargaining power (α > 0) he will always

invest and the first-best is not achievable.

This proposition should be relatively clear, consider if B did not invest then he would

be able to extract a larger share of the surplus by investing σb = ε and gaining an

outside option ĉ(σb) < v at a cost of ε, so B will always invest under any ownership

structure when α > 0.

Since B’s investment is increasing in α he will invest more the greater S’s bargaining

power is. Thus if α was particularly large because S is the only firm with the

experience to develop the innovation then it may be optimal for B to purchase

S outright to ensure he has access to the innovation and to reduce his inefficient

investment in alternative innovations.

In addition to affecting investment levels and the distribution of the surplus, the

distribution of bargaining power (α) will also affect the size of the surplus. This

is a conjecture to Coase’s theorem similar to that found by Grossman and Hart

(1986) and Aghion and Tirole (1994) and suggests that transaction costs may be

interfering with the efficiency of bargaining.

Claim 1. The distribution of bargaining power (α) affects not only the distribution

but also the size of the surplus.

The relative bargaining power (α) will affect both B and S’s levels of investment,

as both σb and σs are increasing in α. Then as S’s investment increases π(σs) will

increase and the probability of successful cost reduction will increase, thus increasing

the surplus. Consider the case of non-integration for α = 1 and α = 0
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When α = 1 the total surplus will be

πσα=1
s κ∆ + v − c− σb − σs

When α = 0 the total surplus will be

πσα=0
s κ∆ + v − c

We can see that unless the cost of B’s investment perfectly counteracts any gain

from S’s investment this claim will hold.

While these results suggest that seller ownership is always optimal, this clearly is

not the case in the real world. To explain the multitude of different firm structures

in reality there must be some conditions under which B ownership becomes optimal.

Proposition 3. B ownership is optimal when c̃ < ĉ(σb) +
σo
b

α
and(

π(σ∗s)− π(σos)
)
k∆ + σos − σ∗s < σob

Proof. For B ownership to be optimal σb = 0 which will only be the case if the

surplus net of investment when producing at cost c̃ (the outside option gained from

owning S’s productive asset) is greater than when producing at cost ˆc(σob ) this results

in the following condition

c̃ < ĉ(σb) +
σob
α

The second condition that must hold is that surplus from B ownership must be

greater than that under S ownership or that the reduction in B’s investment will

outweigh the loss in surplus from S’s underinvestment.

(
π(σ∗s)− π(σos)

)
k∆ + σos − σ∗s < σob
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If these two conditions hold then B ownership will be optimal.7

There are two cases under which the first condition will be satisfied. One occurs

when c̃ is close to c, this would represent a case of very close integration between

B and S; consider the example of Google where R&D is so integrated into the firm

that all employees contribute to it8. The second case is when lowering ĉ(σb) is not

efficient, this would represent a case when the final product is so specialised and the

special widget is sufficiently crucial to its production that finding a generic widget

that would be as effective is not feasible. Pharmaceutical companies such as Pfizer

and Roche (owner of Genetech) are examples of this form of B integration, where

products such as vaccines and other medicines are extremely specialised and leave

so little room for error that substitution of a generic “widget” is simply not a viable

option.

A particularly low α may also contribute to satisfying this condition. Since B already

has most of the bargaining power his investment in an outside option is particularly

inefficient as it will only affect the price S offers. As such it may be optimal for B

to avoid his investment by purchasing ownership of S and taking the outside option

from integration. Consider the case of a large firm or consumer of innovation buying

up small very specialised innovators such as Google’s purchase of companies that

led to the creation of Blogger and Google Maps or more recently the purchase of

firms developing innovative smart phone technology.

The second condition will be satisfied either when the potential cost savings (κ∆)

are small (Google) or when successfully investment is hard (π(σ∗s)− π(σos) is small)

and expensive (σos − σ∗s is large). Pharmaceutical firms would be a good example of

7These two conditions are easily verified from B’s objective function and the total surplus
function.

8Google actively encourages its engineers to spend 20% of their time working on something
which is company related and of interest to them. This active encouragement of innovation has
lead to many process improvements as well as major innovations such as Gmail and Google News.
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this case due to their high cost of R&D and the difficultly of developing products for

market. This uncertainty in the success of research means that firms often benefit

from a broad range of R&D across multiple areas to increase the probability of

success, this broad research focus is also a feature of the buyer integrated firms

discussed above. Consider Google who’s research interests span areas as broad

as satellite imaging, social media, smart phones and everything in between or a

pharmaceutical company conducting research and testing on many drugs at any one

time. This broad focus ensures that even if not all potential products are successful

there will always be some that are.

But what about S ownership, what features will characterise when this is optimal?

S ownership will be optimal when the increase in surplus from the first best level of

S investment is large. This will occur when cost savings (κ∆)are large. Large cost

savings could mean there are significant spillover effects from investment; consider

Boeing for whom the development of lighter and cheaper materials than aluminium

for aircraft design could result in huge cost savings across their product range. This

could also occur when success is easy (π(σ∗s) − π(σos) is large) and cheap (σos − σ∗s

is small), firms that fall into this category would be those with small though easily

realised cost savings. These firms would then benefit from scale as even small cost

savings can become large once multiplied across a global network. Consider a firm

like Ikea who can realise small cost savings by utilising common parts across multiple

products, while the individual savings of this behaviour my be small their global

distribution network makes these savings significant.

3.4.3 Numerical Model

I will now present a simple numerical model to illustrate optimal firm structure

under different conditions. Suppose the costs and values of the M defined widgets

are given by:
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c = [20, 30, 40]

v = [24, 40, 46]

The costs savings of S investment are ∆ = 4 and κ = 2 and the cost of this

successful investment σs = 5, I will also assume equal bargaining power between B

and S (α = 0.5). In this case S will not invest under non-integration because he

will only receive a benefit of 4 for a cost of 5. Suppose under S integration that

his outside option is ṽ = 32 he will invest since he will be able to extract all of his

surplus from investing.

Suppose B can gain an outside option ĉ = 35 for an investment of σb = 2, in this

case he will always invest. Since the net gain from S investment is greater than

the inefficient investment of B, S ownership is optimal. In this case it is more

important to encourage S’s investment in cost savings than to stop B’s investment

in rent seeking.

What about B ownership, when will it be optimal? Suppose instead that ĉ = 32,

σb = 4 and the outside option for B ownership is c̃ = 36. In this case since

c̃ < ĉ(σb) +
σob
α

36 < 40

B will not invest if he has access to an outside option, and since

(
π(σ∗s)− π(σos)

)
k∆ + σos − σ∗s < σob

3 < 4

is satisfied B ownership would now be optimal as it is more important to reduce
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B’s excessive investment in rent seeking than to incentivise S’s investment in cost

reduction.

Another factor potentially in favour of integration is that it protects the firm’s

knowledge and expertise. In this way it allows a firm to consolidate its position in

the market by developing technology in-house, and ensures that other firms won’t

have access to it. This kind of integration might resemble a firm like Apple with

their complete integration from R&D to the retail sale, repairs and service. This

allows the firm to control the whole product cycle and minimise rent seeking and

potential hold-ups. This encourages efficient investments and allows higher margins

at retail.

So we have characterised the conditions under which different forms of integration

will be optimal. But what about non-integration? As I mention in Chapter

1 Thomson and Webster (2012) find that higher risk innovations are more likely to

be developed in joint partnerships or outsourced to an external firm. This suggests

that risk may play a role in the optimality of non-integration and that the modelling

of risk adverse firms should be considered. I can foresee two situations when these

types of non-integration may be optimal under certain circumstances.

First, consider the development of an innovation carrying a very high technological

or project risk relative to the size of the firm developing it. In this case the firm

may benefit by engaging in a collaborative partnership with another firm or research

institute in order the share the risks and also benefit from shared facilities, knowledge

spillovers and experience. Thus reducing the risk placed on the firm and also the

financial burden of development in terms of required facilities and expertise.

Second, consider a firm developing a particularly drastic or technologically advanced

innovation relative to the firms facilities and expertise. In this case the firm may
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choose to outsource the development to an experienced firm with a proven track

record of R&D to ensure the success of the innovation. Thereby greatly increasing

their probability of successfully developing their innovation without having to invest

heavily in specialist equipment and expertise.

In both these cases you could imagine that the same effect might be possible through

integration. Though suppose that due to small firm size integration is not possible

because of financial constraints. Alternatively, the firm may perform particularly

well due to some unobservable managerial effort and thus integration would likely

distort the incentives of the manager. There are many potential cases when either

due to some characteristics of the firm such as size or culture; or due to the way

in which incentives are aligned, that integration will not be possible or beneficial.

I believe that to properly characterise these cases an alternate model (potentially

including financial constraints and firm characteristics) would be required, and that

it is likely the risk aversion of firms would play a significant role in their decisions.

Clearly further modelling of the trade in R&D in an incomplete contracts setting

needs to be conducted to tease out the potential effects of these factors on optimal

firm structure.
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Chapter 4

Discussion and Conclusion

What are the trade-offs between integration and non-integration? Overall one of the

main reasons to integrate is to avoid the hold-up problem and obtain a larger share

of the surplus. Integration also generally aligns the owner’s incentives to the first-

best and allows firms to consolidate their position in a market by having exclusive

access to new innovations without the risk of expropriation or contracts breaking

down. Additionally, many innovations will have applications across multiple areas

within a firm’s scope, these spillover effects make maintaining ownership of the

innovation even more valuable and encourage integration. So what are the downsides

to integration, surely integration is not always beneficial.

To properly consider the downsides to integration I believe the scale of the firm

and structure of management are important factors to consider. As Hart and

Moore (1990) show, the effects of inefficient central control are one of the major

downsides of integration. Another factor is that integration places the controlling

firm in more risk from the failure of innovation, or a misspecified innovation. Non-

integration may also be optimal when there is little overlap between the supplier and

consumer of the innovation or when differences in firm culture and structure would

make integration too difficult or costly. Clearly there are both benefits and costs

to integration and while they cannot all be evaluated under my current framework

we can begin to better understand why so many large firms dependant on R&D

choose the integrated model of development. In an area with so much inherent

uncertainty it is understandable that firms use integration as a method of reducing

their uncertainty across states and ensuring they maintain a reasonable return from
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their investments.

I will now present some potential extensions to the model and further considerations

that should be taken into account in future research. I will then discuss the

implications to the future incomplete contracting literature.

4.1 Extensions

I believe that modelling the trade in R&D in an incomplete contracts framework is

a fruitful area for further work. Here I will lay out some potentially important areas

for future extensions.

In an R&D setting it is likely that parties will have different levels of knowledge

over the true costs and values of the innovations and indeed over what the optimal

innovation is. As Aghion et al. (2012) show, even slight perturbations away

for common knowledge can drastically affect equilibrium outcomes and optimal

contracts. This result suggests that there is a need to consider the effects of

asymmetric information and potentially differential preferences1.

I believe this asymmetry of information would make integration even more desirable

as it will reduce the need for complex message games to discern the optimal ex post

action. Additionally, integration could presumably lead to sharing of knowledge and

allow the firm to better discern the true state and reach an optimal equilibrium.

While I would like to investigate these possibilities I believe my current model

is not suitable to consider all these factors. Clearly, a combination of modelling

environments away from common knowledge and incorporating complexity and

renegotiation is an important and fruitful area for further study and will lead to

a greater understanding of real world contracting environments.

1Consider the developers of a product wishing to design some features for ease of manufacturing,
if these features negatively affect the aesthetics the customer may have a lower preference for these
and prefer a product with the end consumer in mind rather than the manufacturer.
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I believe there are also avenues for further research investigating alternate ownership

structures, and modelling different relationships such as third party ownership2, joint

partnerships and shop rights3. While some of these relationships have previously

been modelled by Aghion and Tirole (1994), there may still be some insight to be

gained from considering them through a more complex model.

Another allocation of property rights that should be considered is joint ownership

with an option to sell as suggested by Maskin and Tirole (1999b). The idea behind

this contract is quite simple, both parties have ownership over the asset and neither

can use it without the other’s permission, but they have an option to sell their share

in the asset once the state of nature has been realised but before trade occurs. The

intuition here is that with a carefully calibrated price and fine to a third party, the

option is only enacted when it is optimal to do so; and should be able to induce

the first-best level of investment. So if the price and fine are set correctly the

seller should have ownership when incentivising his investment is most important

and the buyer should have ownership when reducing his inefficient investment is

important. The difficulty with this mechanism is two-fold, firstly the precision

required to correctly incentivise the use of the option only in certain states of nature

makes this mechanism far from a realistic contract and indeed these contracts are

not generally observed. Second, the use of a third party in the contract is vulnerable

to collusion and can thus distort the incentives away from the intended equilibrium.

To properly consider these different allocations of property rights an alternate

modelling framework is required. While I have not considered these allocations

here, it is important to rationalise the various ownership structures we observe in

reality with the theory of incomplete contracts. There are many such opportunities

2Such as two divisions within a larger firm
3Employees maintain ownership over their innovations while the firm has access to a royalty

free license for itself
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beyond the trade in R&D to use the incomplete contracts framework to better

explain the diverse allocations of property rights we observe in different industrial

or institutional settings.

Another idea for consideration is that of cooperative investments. As Che and

Hausch (1999) show, outcomes under cooperative investments can be very inconstant

compared to under selfish investments. This is an important consideration because

cooperative supplier investments, such as investment in increasing the value or

usability of a product or innovation beyond normal requirements, are very often

observed in reality and it is important to understand the dynamics of the incentives

at play. It is likely that to model these relationships with realist outcomes,

reputation effects will need to be considered. Reputation over factors such as product

quality or delivery time are likely to be important in incentivising cooperative

investments as they would allow the supplier to obtain a consistently better price and

are likely to act as a substitute for long terms contracting, in terms of incentivising

investment.

4.2 Incomplete Contracts

Central to progressing the incomplete contracts literature will be developing a

suitable theory of bounded rationality. This will be an important step for furthering

the modelling of R&D, and indeed all incomplete contracts. It is in areas such

as the trade in R&D, where the issues of unforeseen contingencies and boundless

complexity are most prevalent, that the benefits from the development of this theory

will be greatest. I believe this will go a long way in addressing the criticisms of the

incomplete contracts framework and justifying the incompleteness of contracts on

solid theoretical grounds.

The incomplete contracts literature is relatively young and there are still many
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opportunities for future research and bright minds to make a mark. While developing

the theory is important, I also believe the continued growth in the application of

the incomplete contracts framework to particular institutional or industrial settings

is one of the most important focuses for the literature. It is essential to maintain

the link to reality and apply the theory to account for real contracts as a way of

assessing how well the theory can explain the world around us. Developing this link

will give the literature more credibility and justify some of the, what some may call

extreme assumptions, on which the literature is based.
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