SETTLEMENTNEGOTIATIONSWITHTWO-SIDEDASYMMETRICINFORMATION:

MODELDUALITY,INFORMATIONDISTRIBUTIONANDEFFICIENCY*

AndrewF.DaughetyandJenniferF.Reinganum**

Abstract

We analyze a settlement and litigation game in which both parties possess private information

relevant to the value of a claim. The plaintiff knows the level of damages, while the defendant knows

the probability he will be held liable for those damages. We consider two alternatives: (1) the plaintiff

proposes a settlement, which the defendant accepts or rejects; and (2) the defendant proposes a

settlement, which the plaintiff accepts or rejects. Despite the extensive symmetry of the model, these

alternatives will generally result in different equilibrium expected frequencies of trial, and therefore

differentsocialefficiencies.

November,1992

LastRevision:March,1994

* Support for this research was provided by the Centre d’Economie et de Finances Internationales at

the Universite d’Aix-Marseille II, National Science Foundation grants SES91-12914 and SES92-

23087, and the College of Business Administration at the University of Iowa. We thank Daniel

Rubinfeldandthereviewersforhelpfulcomments.

**DepartmentsofEconomicsandManagementScience,UniversityofIowa,IowaCity,IA52242.

SETTLEMENTNEGOTIATIONSWITHTWO-SIDEDASYMMETRICINFORMATION:

MODELDUALITY,INFORMATIONDISTRIBUTIONANDEFFICIENCY

I.Introduction

This paper has two main purposes. First, we will provide a reasonably general analysis of

settlement and litigation wherein both parties have private information and act in sequence. The

analysis involves a plaintiff, who is privately informed about the level of damages incurred, and a

defendant, who is privately informed about the likelihood of being found liable for the damages. Two

models a re e xplored w herein t he r oles o f s ettlement proposer and responder are alternately assigned to

the plaintiff and the defendant. In one model the plaintiff makes a demand of the defendant, and the

defendant chooses to accept or reject the demand. In the other model the defendant makes an offer to

the plaintiff, and the plaintiff chooses to accept or reject the offer. In both models rejection means the

caseproceedstotrial.Themodelsarehighly symmetric and the equilibria exhibit a "label duality" (that

is, either model and its equilibrium can be obtained from the other by simply switching symbols in a

specified manner). We find that both models end up with the proposer’s private information revealed,

someresponders’privateinformationrevealed(thosewhorejectsettlementandgototrial),andthe rest

oftheresponders(thosewhoaccepttheproposedsettlement)beingindistinguishable.

The second purpose is to compare the relative efficiencies (in terms of the expected trial

frequencies) of these two models and to link this to differences in the distribution of private

information. The symmetry of the models allows us to attribute the differences in social efficiency, as

measured by the expected frequency of trial, to the distribution of private information and to the

specification of roles for the litigants. Finally, our analysis indicates which specification of roles is

socially preferred. After discussing the related literature, we provide descriptions of the analysis, the

resultsandtheothersectionsofthepaper.

TheSettlementandLitigationLiterature .

The reason for choosing to focus on sequential models as described above is that the vast

majority of the extant literature

1

in this area employs one or the other of the above sequences, with

one-sided asymmetric information, as the game form. For example, P’ng [1983], Bebchuk [1984],

Salant [1984], Reinganum and Wilde [1986] and Daughety and Reinganum [1991] assume a single

round of proposal/response with a specified proposer; some models specify that the defendant makes

the proposal, while others specify that the plaintiff makes the proposal. Spier [1992] assumes finitely

manyroundswiththesameproposer(theplaintiff)ineachround.

2

A general characteristic of the foregoing papers is that only one side was privately informed.

Schweizer[1989]and Sobel [1989] allow for two-sided asymmetric information. Since this paper also

assumes two-sided asymmetric information, and builds on this previous work, we briefly review

SchweizerandSobelandcontrastourpaperwiththeirs.

Schweizer’s information structure involves each party receiving either "good news" or "bad

news"aboutthelikelihoodthattheplaintiffwillprevailattrial;theextent of damages are known. Thus

there are two potential types of each party (i.e., one strong and one weak). He assumes that the

defendant is the proposer, while the plaintiff is the responder. Our information structure involves each

1

An alternative to modeling the negotiation process as a particular non-cooperative game is to

employ a mechanism design approach; examples of this approach include Samuelson [1983], Spulber

[1985]andSpier[1989].Wewillnotbeconsideringmechanismdesignissuesinthispaper.

2

I n t he l abor a rea, C ramton a nd T racy [

1992] e xamine a c ontinuous time model in which the firm is

asymmetricallyinformed;theroleofproposeralternates,beginningwiththeunion.

partyhavingprivateinformationaboutdifferentaspectsofthecase(thedefendant knows the likelihood

or e xtent o f l iability π w hile the plaintiff knows the extent of damages δ), but these aspects combine in

asymmetricfashiontodeterminetheexpecteddamages(πδ). We feel that this information structure is

a v ery n atural o ne a nd, s ince w e a llow f or a c ontinuum of types of each party, each litigant’s "strength"

is a continuous variable. In addition to characterizing the equilibrium when the defendant is the

proposer, w e a lso c haracterize the equilibrium when the plaintiff is the proposer, demonstrate the label

duality which exists between these two equilibria (given our information structure), and evaluate their

relative social efficiencies in terms of the expected frequency of trial. One additional difference is that

Schweizer employs the British scheme for allocating trial costs (loser pays all) while we employ the

Americanscheme(eachlitigantpayshisown).

Sobel examines the impact of discovery in a model of settlement and litigation which uses an

interpretation of information which is similar to ours (the plaintiff knows damages, while the defendant

knows the extent of negligence, and trial costs follow the American scheme), but again considers only

twotypesofeachparty("high"and"low").The defendant is assumed to make an offer to the plaintiff,

who accepts or rejects. If the plaintiff rejects the offer, then the analysis proceeds under one of the

following assumptions: (1) the defendant must reveal his private information (mandatory disclosure) or

(2)thedefendantdoesnotdisclosehis private information. Following the discovery phase, the plaintiff

makes a demand, which the defendant accepts or rejects. Sobel shows that mandatory disclosure

lowersthelikelihoodoftrial,benefitsplaintiffsandharmsdefendants.

RelatedMaterialfromtheBargainingLiterature

Mostbargainingmodelsassumethatagentsmovesequentially;one agent is assumed to make a

proposal to the other, who may either accept or reject the proposal. Upon rejection, some models

specify that the identity of the proposer remains the same, while others assume that it alternates

between agents. For example, Rubinstein [1982] describes a perfect information bargaining game in

which the identity of the proposer alternates. Fudenberg and Tirole [1983] analyze a two-period

bargaining game between a buyer and a seller with two-sided asymmetric information (each agent has

two potential types); the seller is designated as proposer in both periods. Sobel and Takahashi [1983]

analyze an infinite-horizon game with one-sided asymmetric information (the buyer’s type belongs to a

continuum); again, the seller is designated as proposer in all periods. Rubinstein [1985] examines a

model of sequential bargaining with one-sided asymmetric information ("high" or "low") in which the

identity of the proposer alternates (he describes the equilibrium outcome under both alternatives

regarding the identity of the initial proposer). Cramton [1984] extends this model to two-sided

asymmetric information, assuming that neither buyer nor seller knows the other’s valuation (a

continuous random variable), with the modification that the seller is designated as proposer in each

period.AdmatiandPerry[1987]consideragameinwhichthereisasinglesellerandabuyer who may

be of two types, in which the amount of time between offers is a strategic variable. The role of

proposer alternates, beginning with the seller. Cramton [1992] considers strategic delay in a model

withtwo-sidedasymmetricinformationandacontinuumoftypes.

Matching and bargaining models in which the bargaining takes place under perfect information

include Rubinstein and Wolinsky ([1985] and [1990]), Gale ([1986a],[1986b] and [1987]) and

Binmore and Herrero ([1988a] and [1988b]). In these models, it is assumed that the identity of the proposer is determined by the flip of a fair coin. Wolinsky [1990] and Samuelson [1992] have

developed models of matching and bargaining in which the bargaining takes place under asymmetric

information. Wolinsky [1990] assumes that both parties make simultaneous announcements, and trade

(should it occur) takes place at pre-specified prices. Samuelson’s [1992] matching and bargaining

model assumes a single type of seller and two potential types of buyers. In the bargaining phase, the

seller is specified as proposer in each period, though Samuelson remarks in a footnote (fn. 6, p. 179)

that "the identity of the agent making the offers could be randomly chosen in each period, as in

RubinsteinandWolinsky(1985),Gale(1986,1987),andBinmoreandHerrero(1988a,b)."

A few studies have dealt with the determination of the roles of proposer and responder by

modeling this as part of a non-cooperative game. Perry [1986] analyzes a bargaining game with two-

sided i ncomplete information and alternating offers. Under the assumption that there is a fixed cost of

making an offer

3

, he shows that at most one offer will be made in equilibrium, and it will be made by

the party with the lower cost of making an offer. Cramton [1992] employs the extent of delay as a

strategic variable and thus the identity of the initial proposer is determined as part of the equilibrium:

the less patient trader makes the first offer. If both traders were to make an offer at the same time,

Cramton assumes that the actual proposer is determined by the flip of a fair coin (in the particular

equilibrium Cramton describes, this is a zero-probability event). Daughety and Reinganum [1993]

consider the settlement and litigation context allowing simultaneous as well as sequential play. In that

paper a specific procedure for mapping simultaneous proposals into a single "outstanding proposal" is

3

Most other bargaining models assume that making an offer is costless but delay results in a

shrinkingpieduetodiscounting,thoughRubinstein([1982],[1985])alsoconsidersthefixedcostcase.

used. The basic result is that, for given informational endowments, both parties choose to propose

simultaneously,buttheequilibriaarepayoff-equivalenttothoseoftheearliersequentialliterature.

TheEfficientAllocationofRoles

We wish to examine how the identity of the proposer ought to be determined; that is, what

allocationoftheserolesissociallypreferred?Intheperfectinformationbargaining models cited above,

bargaining is always concluded successfully in the first period (i.e., there is no efficiency loss due to

delay or failure to agree). If the social objective function is either (a) indifferent about the distribution

of w ealth; o r ( b) c alculated u nder a v eil o f i gnorance, w herein e ach p arty i s e qually likely to be a buyer

or s eller ( or, i n t he s ettlement and litigation context, a plaintiff or defendant), then society is indifferent

about the allocation of roles (under perfect information). One consequence of this indifference is that

societyiswillingtorandomize,andarandomallocationofrolesinvolvesnolossofefficiency.

It would seem natural to use randomization to determine the identity of the proposer in

asymmetricinformationsettingsaswell.Indeed,thishasbeensuggestedtousseveraltimes as a means

of selecting a proposer in the absence of any obvious or "natural" order of moves (since the order of

play also influences the allocation of bargaining power). However, when parties possess asymmetric

information,thereisalwayssomeefficiencylossduetoeitherafailuretotradewhengainsexistedor to

strategicdelay.Itseemslikelythatadifferentselection of proposer will yield a different efficiency loss.

Thus society may have a preferred proposer; if so, then society will be unwilling to randomize this

choice.

To e xamine this question, we will use a (relatively) tractable model with two-sided asymmetric

information,whereeachparty’sprivateinformationbelongstoacontinuum.Forsimplicity, we will use

asingleroundofproposal/response.

4

InCramton[1984], a privately informed seller makes a sequence

of o ffers t o a p rivately informed buyer, who accepts or rejects each offer. In each round, some (lower

valuation) seller types make a revealing offer, while others pool together at an offer which is sure to be

rejected in this round (anticipating a higher selling price in a later round). The revealing offer is

accepted by some buyer types and rejected by others. In particular, Cramton’s equilibrium involves

(eventually) full revelation of the proposer’s private information and incomplete revelation of the

responder’s private information. Our one-round model has precisely the same characteristics. Thus,

fortheissueathand,asingle-roundmodelissufficient.

InSection 2, we describe a settlement and litigation game in which both parties possess private

information relevant to the value of a claim. The plaintiff knows the level of damages, while the

defendant knows the probability he will be held liable for those damages. Thus each party’s "type"

belongstoaclosedintervaloftherealline,andthetrial outcome is the product of the parties’ types. In

Section 3 we consider two alternative models: (1) the plaintiff proposes a settlement, which the

defendantacceptsorrejects;and (2) the defendant proposes a settlement, which the plaintiff accepts or

rejects. This section also provides a "label" duality between the two models as well as comparative

4

Alternatively, the Perry analysis in which there is a fixed cost of making an offer could be adapted

to the legal bargaining context to provide an equilibrium justification for considering only a single

round of proposal/response. Assuming the cost of making an offer is the same for the two parties

wouldneutralizethepotentialeffectsofoffercostsontheefficientdeterminationofroles.

statics results. The value of this duality is to guarantee that any differences in the outcomes reflect

either the characteristics of the distribution of information among the parties or the order of play. In

Section 4, we show that despite the extensive symmetry of the model, these allocations of roles will

generally result in different expected frequencies of trial in equilibrium. Finally, the Appendix contains

proofs f or t he p ropositions and the derivation of the results for the model in which the defendant is the

proposer.

II.CommonAspectsoftheGame

We consider a game with two players, the plaintiff (P) and the defendant (D). An event has

occurred before this game which involves some level of damages to P. The level of damages, δ, is

privateinformationforP,andtheprobability of being held liable, π, is private information for D. From

D’s perspective, damages δ lie in the interval [δ

L , δ_H], with δ_H > δ_L > 0. D’s cumulative (prior)

distribution on damages will be denoted F. Similarly, from P’s perspective, D’s liability π lies in the

interval[π

L ,π_H],withπ_H>π_L>0.P’s cumulative (prior) distribution on liability is denoted G. For the

purposes of this discussion, both distributions are taken to be uniform distributions on their respective

intervals.Bothpriorsarecommonknowledgeasarethecourtcostsshould the parties proceed to trial,

namelyk

P forPandk

D forD.Forconvenience,letK≡k

P

+k

D

.

Two issues concerning the nature of the bargaining process need to be addressed. First, as

discussed in the Introduction, much of the literature on settlement and litigation has assumed that

settlement negotiations follow a specific pattern, with one of the parties to the litigation making a

settlement proposal, and the other party choosing to accept or reject the proposal, with rejection resulting in the case going to trial (thus we assume π

Lδ_L ≥ k_P, so that even the least damaged P facing

the least liable D would be prepared to go to court).

5

In the analysis to be developed below we

consider both types of sequential settlement process: (1) P makes a demand of D, after which D

chooses to accept or to reject; and (2) D makes an offer to P, after which P chooses to accept or to

reject.

Second, settlement and litigation models typically do not employ Rubinstein-type bargaining

processes with an infinite horizon, alternating offer format. This is because settlement processes are

inherently costly (it is costly to make formal proposals and to evaluate them; small changes in a

proposal means re-issuing the entire proposal, and possibly reconsidering the entire proposal as a

whole) and because court availability is typically very lumpy, which requires that a court date be

scheduled considerably ahead of time. Rescheduling the court date is therefore very costly. This

focuses attention on the last two iterations of a finite horizon game with the penultimate period

involving a proposal and the ultimate period a response limited to accept or reject. We will adhere to

thisformatinouranalysis.

In what follows we will provide the results for the P-model (wherein P makes a demand) and

the D-model (wherein D makes an offer). To help the reader keep the results of the two analyses

separate, we employ the convention that strategies, beliefs and payoffs in the P-model will be in upper

caseletters,whilestrategies,beliefsandpayoffsintheD-modelwillbeinlowercaseletters. Finally,

wemaintainthefollowingassumptions.

5

Foramodelinwhichplaintiffsmightdropacaseratherthanpursueittotrial,seeNalebuff[1987].

Assumption1.δ

L (π_H-π_L)≥K.

Assumption2.π

H (δ_H-δ_L)≥K.

Assumptions 1 and 2 ensure the interiority of the equilibrium settlement demand and offer

functionsfortheP-modelandtheD-model,respectively.

III.AnalysisoftheP-andD-Models

TheP-Model

First, we consider the P-model in detail. Let S be the demand made by P of D. Denote D’s

beliefs about δ after observing S as B(S). This is D’s expectation of the damages, incorporating any

informationthatDmightinferfromP’sdemandS,i.e.,B(S) ≡ E[δS]. The interim expected payoff to

aDoftypeπifPmakesthedemandS,denotedasU

D (π,S;B(S)),is:

S ifDaccepts U

D (π,S;B(S))= πB(S)+k_D ifDrejects.

Thus, if D accepts the demand he pays S, while if he rejects the demand he pays the expected

damages

6 πB(S)plusthecostsofaccessingand using the court k_D (which includes e.g., defense lawyer

preparationcosts,expertwitnesstestimony,andsoforth).DwantstominimizeU

D and t hus D a ccepts

P’s demand S if and only if S ≤ πB(S) + k

D

(we will take indifference as cause for acceptance).

6

Note that this presumes that the court properly assesses the damage level. The effect of relaxing

thisassumptionisaddressedinDaughetyandReinganum[1991].

Alternatively,foralltypesπ< (S) ≡ (S - k

D

)/B(S), D w ill r eject t he d emand S a nd f or a ll t ypes π ≥ (S),

DwillacceptP’sdemand;(S)isthe"marginaltypeofdefendant"forthedemandS.

P anticipates this behavior by D in choosing his demand S. Since G is the prior for π ∈

[π_L,π_H], it follows that Pr{S is rejected} = G((S)). Thus, the interim expected payoff to a P of type δ

whodemandsS,denotedU

P (δ,S;(S)),is:

U

P (δ,S;(S))=G((S))[δE(ππ<(S))-k_P]+(1-G((S)))S.

The first term on the right above is the probability of demand S being rejected times the expected

return to P should he go to court. The second term is the probability that demand S is not rejected

times the demand S (the expected return should P not go to court). Since E[ππ<(S)] = {∫

Ω(S)

πdG}/G((S)),whereΩ(S)≡[π_L,(S)),aminoramountof manipulation yields the following formula for

P’spayoff:

U

P (δ,S;(S))=δ∫_{Ω(S)}πdG+S-G((S))[S+k_P].

GivenourassumptionsonG,inarevealing

7

(orseparating)equilibriumtheoptimalsolution for

max

S

U

P (δ, S; (S)), denoted S*(δ), satisfies B(S*(δ)) = δ. Differentiating U_P with respect to S yields

thefirst-ordercondition:

[δ(S)-(S+k_P)]dG()′(S)+1-G((S))=0.

Using the facts that B(S*(δ)) = δ and that G(•) is the uniform distribution on [π

L , π_H] yields the

followingdifferentialequationcharacterizing(S):

K′(S)+(S)=π_H. (1)

The appropriate boundary condition is that the weakest plaintiff type, δ

L

, need not distort his

demand. That is, S*(δ

L

) maximizes U

P (δ_L,S;(S-k_D)/δ_L) subject to the constraint that S ∈ [δ_Lπ_L + k_D, δ_Lπ_H + k_D].8 This optimization yields S*(δ_L) = δ_Lπ_H - k_P, which belongs to the required interval under

Assumption 1.

9

Solving the differential equation with the boundary condition

1 0

yields (S) = π

H

-

7

As in all signaling games, there may exist pure and semi-pooling equilibria as well. However, the

equilibrium refinement D1 (see Cho and Kreps [1987]) suffices to eliminate all of these. Since these

argumentsarenowquitestandard,weomitthem.

8

Theconstraintensuresthat=(S-k

D )/δ_L∈[π_L,π_H]. 9

In general, if P’s type δ were common knowledge, then P’s optimal demand would be given by

S

0 (δ)=δπ_H-k_P,wherethe superscript "0" indicates no distortion, since there is no need for P to signal

type.

(K/δ_L)exp{-(S-S*(δ_L))/K}.Substituting this into S*(δ) = δ(S*(δ)) + k_D yields an implicit definition of S*(δ):

S*(δ)=δ[π_H-(K/δ_L)exp{-(S*(δ)-S*(δ_L))/K}]+k_D. (2)

In the Appendix we show that there is a unique solution to equation (2) and that it is an increasing

functionofδ.Moreover,weprovethefollowingresultintheAppendix.

Proposition 1. The function S*(•) is the unique revealing settlement demand function (surviving D1)

fortheP-model.

In other words, in the equilibrium the plaintiff’s type is revealed. Furthermore, higher-damaged

plaintiffs make higher demands and consequently are more likely to go to trial. Note that the type of

thedefendantisnotfullyrevealed: defendant types are partitioned into two groups since the defendant

eitheracceptsorrejectsthedemand.Thus,someresidualuncertaintyremains,whichisresolvedattrial

onlyforthosecasesthatproceedtocourt.

1 0

The solution to equation (1) is of the form (S) = αexp{-S/K} + π

H

, where α is a constant of

integration. Since (S*(δ

L

)) = (δ

Lπ_H - k_P - k_D)/δ_L = αexp{-S*(δ_L)/K} + π_H, it follows that α=-(K/δ_L)exp{S*(δ_L)/K}.

TheD-Model

The r esults f or t he D

-model p arallel t hose o f t he P

-model. Let s be the offer made by D to P.

Denote P’s beliefs about π after observing s as b(s). The interim expected payoff to a P of type δ if D

makestheoffers,writtenasu

P (δ,s;b(s)),is:

s ifPaccepts u

P (δ,s;b(s))= δb(s)-k_P ifPrejects.

P m aximizes u

P a nd t hus P a ccepts D

’s o ffer s i f a nd o nly i f s ≥ δb(s) - k_P. Alternatively, for all

types δ > ( s) ≡ (s + k_P)/b(s), P will reject the offer s and for all types δ ≤ (s), P will accept D’s offer; (s)

isthe"marginaltypeofplaintiff."

DanticipatesP’s behavior in choosing his offer s. Since δ ∈ [δ

L , δ_H] is distributed according to

F, Pr{s is rejected} = 1 - F((s)). Thus, the interim expected payoff to a D of type π who offers s,

denotedu

D (π,s;(s)),is:

u

D (π,s;(s))=[1-F((s))][πE(δδ>(s))+k_D]+F((s))s.

Thefirsttermonthe right above is the probability of offer s being rejected times the expected return to

Dshouldhegotocourt.The second term is the probability that offer s is not rejected times the offer s

(the expected return should D not go to court). Since E[δδ > (s)] = {∫

ω(s)δ^{dF}/{1 - F((s)}, where}

ω(s)≡((s),δ_H],aminoramountofmanipulationyieldsthefollowingformulaforD’spayoff:

u

D (π,s;(s))=π∫_{ω(s)}δdF+s-[1-F((s))][s-k_D].

The d erivation o f t he r evealing e quilibrium for this model is contained in the Appendix; there it

isshownthattheequilibriumofferfunctions*(π)isimplicitlydefinedby:

s*(π)=π[δ_L+(K/π_H)exp{-(s*(π_H)-s*(π))/K}]-k_P. (3)

As in the P-model, equation (3) has a unique solution, which is increasing in π (see Appendix).

Moreover,wedemonstratearesultanalogoustoProposition1,namelythefollowing:

Proposition 2. The function s*(•) is the unique revealing settlement offer function (surviving D1) for

theD-model.

In this case it is the defendant’s type that is fully revealed in equilibrium. Here, higher-liability

defendants make higher offers and consequently are less likely to go to trial. Once again, however,

uncertainty is not fully resolved. Since plaintiffs are responding by simply accepting or rejecting the

defendant’s offer, it is the plaintiff types that are now partitioned into two groups. Trial reveals the

typesofplaintiffthatproceedtocourtandthereisresidualuncertaintyaboutthosewhodon’t.

LinkingtheP-andD-Models

The symmetric and parallel construction of the two foregoing models allows us to link their

results v ia a

"label duality" and via comparative statics computations. First, we observe the following

label duality: a pairing of symbols such that consistent replacement of one set of symbols in an

equation b y t he o ther y ields a formally correct equation.

1 1

The following table provides the matchings

betweensymbolsinthetwomodels.

Table1:LabelDuality

S↔_s δ↔π↔_K↔_{-K G}↔_{1-F} k

D ↔_{-kP kP}↔_{-kD} π_L↔δ_H π_H↔δ_{L <}↔_>

For example, Assumption 1 requires that δ

L (π_H - π_L) ≥ K. Using the above matchings, this becomes π_H(δ_L - δ_H) ≤ -K, which is readily transformed into Assumption 2. Thus, using the above substitutions,

equation(1)becomesequation(A.1)andequation(2)becomesequation(3).

This relationship carries over to the following table of comparative statics, which provides the

effect of infinitesimal changes in the basic parameters of the analysis (δ

L , δ_H, π_L, π_H, k_P and k_D) on the

1 1

For examples of other label dualities, see DeMorgan’s Laws in set theory (Halmos [1960]),

mechanical/electrical system analogues (Golomb and Shanks [1965]), dual queuing systems (Prabhu

[1965]) and Cournot/Bertrand equilibria (Vives [1984]). Optimization dualities, such as in linear and

nonlinear programming (e.g., Avriel [1976]) and in cost and production theory (Shephard [1970] and

McFadden [1978]) involve label and property pairings that involve mathematical relationships among

the paired labels. We raise this to clarify to the reader that the following only involves the pairing of

labels,resultingintworesultsfor the price of one, and not anything deeper, such as would be provided

byanoptimizationduality.

equilibrium proposal functions S*(δ) and s*(π), and on the marginal type functions (S) and (s). In the

table an entry indicates the direction of influence of the parameter on the proposal function (i.e., the

signofthederivative);"?"indicatesthatthesignisindeterminate.

Table2:ComparativeStatics

δ_L δ_H π_L π_H k_P k_D

P-Model S*(δ) - 0 0 + - ?

(S) - 0 0 + ? -

D-Model s*(π) + 0 0 - ? +

(s) + 0 0 - + ?

For e xample, the table indicates that (in the P-model) increasing π

H leads to an upward shift of

the equilibrium demand function while increasing δ

L leads to a downward shift in the equilibrium

demandfunction.Toseewhy,observethatS*(δ)ands*(π)canbewrittenasfollows:

S*(δ)=S0(δ)+[K-δ(K/δ_L)exp{-(S*(δ)-S*(δ_L))/K}], (4)

where S

0 (δ)=π_Hδ-k_P,and s*(π)=s0(π)-[K-π(K/π_H)exp{-(s*(π_H)-s*(π))/K}], (5)

where s

0 (π) = δ_Lπ + k_D. Thus an equilibrium proposal is the sum of the "no-distortion" proposal (i.e.,

where the proposer’s type is common knowledge, but the responder’s is not) and an adjustment term reflecting the distortion necessary for the proposer to signal type. In the P-model, this distortion

increasesthedemand,whileintheD-modelitreducestheoffer.

Let us consider a few examples from the above table, all focused on the P-model. First

consider an increase in π

H

. T his l eads P t o r evise u pward t he n o-distortion demand S

0

. Moreover, the

amountofdistortioninvolvedinsignalingtypehasalsoincreased.Thus,theoveralleffectisan upward

shift of S* that is a composite of an increased expectation of the returns from court and the increased

efforttosignaltype.

Now consider the effect of an increase in δ

L in the same model. In general, this cannot affect

P’sexpectationsabouttheexpected returns from trial since P knows his type and the parameter change

does not influence P’s beliefs about D’s type. Furthermore, less distortion is now required to prevent

mimicry of the higher types by lower types. Thus the indicated sign reflects a pure reduction in

distortion,ascontrastedwiththecompositeeffectdiscussedabove.

Why is there no impact on either function, and in either model, of changing δ

H or π_L? First,

note that changes in π

L and δ

H do not affect the no-distortion demands. Second, changing π

L or δ_H

doesnotchangetheextentofdistortionrequiredforδtosignaltype. Analogous interpretations for the

D-modelarestraightforward(anddual,inthesensethateachdirectionisreversed).

IV.SocialPreferencesOverTheIdentityofTheProposer

Some models assume an objective function in which a lower expected frequency of trial

translates into a lower cost to society. For instance, with risk-neutral parties under a complete veil of

ignorance (i.e., without knowing either one’s type or one’s identity as P or D), the ex ante expected sociallossissimplyexpectedtrial costs, which is itself equal to K times the ex ante expected frequency

of trial. If different proposers lead to different ex ante expected frequencies of trial, then all parties

would agree (under a veil of ignorance) that the order of play should minimize the expected trial

frequency.

1 2

A lthough we are unable to obtain a closed-form solution for the equilibrium demand and

offerfunctionsS*(δ)and s*(π) for the P-model and the D-model, respectively, we are able to compare

theexanteexpectedfrequencyoftrialundereachordering.

First consider the P-model. The probability that a plaintiff of type δ ends up going to court is

given by G((S*(δ))). Thus the ex ante expected trial frequency in the P-model, which we denote by

ETF

P

,isgivenby:

δ_H ETF

P =∫G((S*(δ)))dF(δ).

δ_L

Substitutionof(S*(δ))andsimplificationyields:

δ_H ETF

P

=1-[K/δ

L (π_H-π_L)(δ_H-δ_L)]∫exp{-(S*(δ)-S*(δ_L))/K}dδ.

δ_L

1 2

In a model involving endogenous care, a higher expected trial frequency might decrease social

costswhencarewouldotherwisebeinadequate;seePolinskyandRubinfeld[1988]. This follows since

acrediblethreatofanincreasedprobabilityof trial induces greater care-taking (which, of course, might

leadtoevenfewertrialsoccurringoverall).

Now consider the D-model. The probability that a defendant of type π goes to court is 1 - F(

(s*(π))).ThustheexpectedtrialfrequencyintheD-model,denotedETF

D

,isgivenby:

π_H ETF

D =∫[1-F((s*(π)))]dG(π) π_L

Substitutionof(s*(π))andsimplificationyields:

π_H ETF

D

=1-[K/π

H (π_H-π_L)(δ_H-δ_L)]∫exp{-(s*(π_H)-s*(π))/K}dπ.

π_L

Finally, let V

≡ (ETFP - ETFD)[(π_H-π_L)(δ_H-δ_L)]. When V > 0 society prefers that D propose and when V < 0 s ociety p refers t hat P p ropose. Since the integrands in ETF

P

a nd E TF

D

a re i ndependent of δ

H

, it

is straight-forward to show that, evaluated at V = 0, ∂V/∂δ

H_{V=0} = (S*(δ_H) - (π_Hδ_H + k_D))/δ_H. From

equation (2), S*(δ

H

) < π

Hδ_H + k_D, and thus the above derivative is negative. Similar considerations

show that, evaluated at V = 0, ∂V/∂π

L_{V=0} = ((π_Lδ_L - k_P) - s*(π_L))/π_L, and that this derivative is also

negative(seeequation(3)).Thisleadstothefollowingproposition.

Proposition 3. Generically, there is a socially preferred allocation of roles. In particular, if (for a given

parameter set) V= 0, then increases in δ

H and/or π

L favor the P-model over the D-model, while

decreasesinδ

H and/orπ

L favortheD-modelovertheP-model.

Proposition 3, and the V-function, provide a notion of a socially neutral distribution of

information among agents: for given k

P a nd k

D

, a f our-tuple of parameters (δ

L ,δ_H,π_L,π_H) such that V

= 0. Given such a socially neutral distribution, making P’s (respectively, D’s) information relatively

more diffuse means that P (respectively, D) is socially preferred as proposer.

1 3

In general, the

distribution of information is case-specific. It is not unreasonable, however, that there might cases that

would tend to have similar distributions of information, thereby generating reasonably close values of

V. If this is a readily characterizable collection of cases, then social efficiency might be improved by

imposing some structure on settlement negotiations. For example, one might not only require a pre-

trial conference, but also that the defendant always provide a "good-faith" proposal at such a

conference.

In summary, the above analysis makes two contributions. First, it provides a reasonably

general model of settlement negotiations with two-sided asymmetric information and a continuum of

types. The symmetry of structure in the model provides a nice duality of results for the P- and D-

models. Second, the models yield a comparison of their relative social efficiencies via the notion of a

socially neutral distribution of information; socially non-neutral distributions imply a socially preferred

proposer.

1 3

Proposition 3 therefore also implies that, in the context of asymmetric information bargaining

games, using a randomization procedure (such as flipping a fair coin) to determine the identity of the

proposer may induce a social inefficiency that may invalidate later assessments of comparative

efficienciesinsuchmodels.

BIBLIOGRAPHY

Admati, Anat R. and Motty Perry, "Strategic Delay in Bargaining," Review of Economic Studies 54

(1987),345-364.

Avriel, Mordecai. Nonlinear Programming: Analysis and Methods. Prentice-Hall, Inc., Englewood

Cliffs,N.J.,1976.

Banks,JeffreyS.andJoelSobel, "Equilibrium Selection in Signaling Games," Econometrica, 55, 1987,

647-663.

Bebchuk, Lucien A., "Litigation and Settlement under Imperfect Information," Rand Journal of

Economics15(1984),404-415.

Binmore, K.G. and M.J. Herrero, "Matching and Bargaining in Dynamic Markets," Review of

EconomicStudies55(1988a),17-31.

Binmore, K.G. and M.J. Herrero, "Security Equilibrium," Review of Economic Studies 55 (1988b),

33-48.

Calfee,JohnE.andCliffordWinston,"EconomicAspectsofLiability Rules and Liability Insurance," in

Liability: Perspectives and Policy, Robert E. Litan and Clifford Winston, editors, The Brookings

Institution,Washington,D.C.,1988,16-41.

Cho, In-Koo and David M. Kreps, "Signaling Games and Stable Equilibria," The Quarterly Journal of

Economics,102,1987,179-221.

Cho, In-Koo and Joel Sobel, "Strategic Stability and Uniqueness in Signaling Games," Journal of

EconomicTheory50(1990),381-413.

Cramton, Peter C., "Bargaining with Incomplete Information: An Infinite-Horizon Model with Two-

SidedUncertainty,"ReviewofEconomicStudies51(1984),579-593.

Cramton, P eter C

., "

Strategic D elay i n B argaining w ith T wo-Sided U ncertainty," Review of Economic

Studies59(1992),205-225.

Cramton, Peter C. and Joseph S. Tracy, "Strikes and Holdouts in Wage Bargaining: Theory and

Data,"AmericanEconomicReview82(1992),100-121.

Daughety, Andrew F. and Jennifer F. Reinganum, "Endogenous Sequencing in Models of Settlement

andLitigation,"JournalofLaw,EconomicsandOrganization9(1993),314-348.

Daughety, A ndrew F . a nd J ennifer F . R einganum, "Keeping Society in the Dark: On the Admissibility

ofPretrialNegotiationsasEvidenceinCourt,"DepartmentofEconomics,University of Iowa Working

Paper#91-24,August1991.

Fudenberg, Drew and Jean Tirole, "Sequential Bargaining with Incomplete Information," Review of

EconomicStudies50(1983),221-248.

Gale, Douglas, "Bargaining and Competition Part I: Characterization," Econometrica 54 (1986a),

785-806.

Gale,Douglas,"BargainingandCompetitionPartII:Existence,"Econometrica54(1986b),807-818.

Gale, Douglas, "Limit Theorems for Markets with Sequential Bargaining," Journal of Economic

Theory43(1987),20-54.

Golumb, Michael and Merrill Shanks. Elements of Ordinary Differential Equations, Second Edition.

McGraw-HillCo.,NewYork,1965.

Halmos,Paul.NaiveSetTheory.VanNostrandCo.,NewYork,1960.

McFadden,Daniel,"Cost,RevenueandProfitFunctions,"inProductionEconomics:ADual Approach

toTheoryand Applications. Edited by Melvyn Fuss and Daniel McFadden. North-Holland Publishing

Co.,Amsterdam,1978.

Perry, Motty, "An Example of Price Formation in Bilateral Situations: A Bargaining Model with

IncompleteInformation,"Econometrica54(1986),313-322.

P’ng, Ivan P.L., "Strategic Behavior in Suit, Settlement, and Trial," Bell Journal of Economics 14

(1983),539-550.

Prabhu,N.U.,QueuesandInventories.JohnWileyandSons,Inc.,NewYork,1965.

Reinganum, Jennifer F. and Louis L. Wilde, "Settlement, Litigation, and the Allocation of Litigation

Costs,"RandJournalofEconomics17(1986),557-566.

Reinganum, Jennifer F., "Plea Bargaining and Prosecutorial Discretion," American Economic Review

78(1988),713-728.

Reinganum,JenniferF.,"TheLawEnforcementProcessandCriminalChoice,"InternationalReviewof

LawandEconomics,forthcoming(1992).

Rubinstein,Ariel,"PerfectEquilibriuminaBargainingModel,"Econometrica50(1982),97-109.

Rubinstein, Ariel, "A Bargaining Model with Incomplete Information About Time Preferences,"

Econometrica53(1985),1151-1172.

Rubinstein, Ariel and Asher Wolinsky, "Equilibrium in a Market with Sequential Bargaining,"

Econometrica53(1985),1133-1150.

Rubinstein, Ariel and Asher Wolinsky, "Decentralized Trading, Strategic Behavior and the Walrasian

Outcome,"ReviewofEconomicStudies57(1990),63-78.

Salant, Stephen W., "Litigation of Settlement Demands Questioned by Bayesian Defendants," Social

ScienceWorkingPaperNo.516,CaliforniaInstituteofTechnology(1984).

Samuelson, Larry, "Disagreement in Markets with Matching and Bargaining," Review of Economic

Studies59(1992),177-185.

Samuelson, William, "Negotiation versus Litigation," Boston University School of Management

WorkingPaperNo.7/84(1983).

Schweizer, Urs, "Litigation and Settlement under Two-Sided Incomplete Information," Review of

EconomicStudies56(1989),163-178.

Shavell, Steven, "Suit, Settlement, and Trial: A Theoretical Analysis under Alternative Methods for

theAllocationofLegalCosts,"JournalofLegalStudies11(1982),55-82.

Shephard, Ronald. Theory of Cost and Production Functions. Princeton University Press, Princeton,

N.J.,1970.

Sobel,Joel,"AnAnalysisofDiscoveryRules,"LawandContemporaryProblems52(1989),133-160.

Sobel, Joel and Ichiro Takahashi, "A Multistage Model of Bargaining," Review of Economic Studies

50(1983),411-426.

Spier,KathrynE.,"EfficientMechanismsforPretrialBargaining,"MITWorkingPaper,May,1989.

Spier, Kathryn E., "The Dynamics of Pretrial Negotiation," Review of Economic Studies 59 (1992),

93-108.

Spulber, D aniel F . 1 985. "

Negligence, Contributory Negligence and Pre-Trial Settlement Negotiation."

MRG Working Paper No. M8511, University of Southern California; Revised, 1990. "Contingent

Damages and Settlement Bargaining." Discussion Paper No. 90-34, GM research Center, Kellogg

GraduateSchoolofManagement,NorthwesternUniversity.

Vives, Xavier, "Duopoly Information Equilibrium: Cournot and Bertrand," Journal of Economic

Theory34(1984),71-94.

Wolinsky, Asher, "Matching, Search, and Bargaining," Journal of Economic Theory 42 (1987), 311-

333.

APPENDIX

Lemma 1: For each δ ∈ [δ

L , δ_H], there exists a unique S*(δ) ∈ [δ_Lπ_H - k_P, δ_Hπ_H + k_D] satisfying

equation(2).Moreover,ifδ′>δ,thenS*(δ′)>S*(δ).

Proof: Let M

(δ,S) = S - δ[π_H -(K/δ_L)exp{-(S - S*(δ_L))/K}] - k_D. Notice that M(δ_L,δ_Lπ_H - k_P) = 0 and M(δ,δ_Lπ_H-k_P)<0forallδ>δ_L.Moreover,M(δ,δ_Hπ_H+k_D)>0forallδ∈[δ_L,δ_H]. Since M(δ,S) is a

strictly convex function of S for given δ, there is a unique S*(δ) ∈ [δ

Lπ_H - k_P, δ_Hπ_H + k_D] such that M(δ,S*(δ)) = 0 (i.e., such that equation (2) is satisfied). Since M(δ′,S) < M(δ,S) for δ′ > δ, it follows

thatS*(δ′)>S*(δ).We have thus verified that S*(δ) is an increasing function. The proof is illustrated

inFigureA-1.

----------------------

FigureA-1

----------------------

ProofofProposition1.UsingtheimpliedbeliefsB*(S)=(S-k

D

)/(S),differentiatingU

P with r espect t o

Syields e quation (1), which is satisfied (by construction) by the function (S). Since B*(S*(δ)) = δ, the

equation (S*) = (S* - k

D )/δ can be solved to obtain the (implicit) representation of the equilibrium

demandfunction:S*(δ)=δ[π

H

-(K/δ

L

)exp{-(S*(δ)-S*(δ

L

))/K}]+k

D

.

The second-order condition (upon noting that dG is simply a constant in the uniform case and

Pismaximizing)isequivalentto:

[δ′(S)-2]′(S)+[δ(S)-(S+k_P)]″(S)<0.

EvaluatingatS*(δ)=δ(S*(δ))+k

D andsimplifyingyields:

[δ′(S*(δ))-2]′(S*(δ))-K″(S*(δ))<0.

Since e quation (1) m ust h old f or a ll S , d ifferentiating once again yields -K″(S) = ′(S). Substituting this

result i mplies t hat t he s econd-order necessary condition for S*(δ) to provide a maximum reduces to [δ

′(S*(δ)) - 1]′(S*(δ)) < 0. Differentiating the relationship S*(δ) = δ(S*(δ)) + k_D and solving yields

dS*(δ)/dδ = (S*(δ))/(1 - δ′(S*(δ))), which is positive due to Lemma 1. Since the numerator is always

positive, it follows that 1 - δ′(S*(δ)) > 0. Since ′(S*(δ)) > 0, the required inequality is satisfied at the

candidateequilibrium.

TheRevealingEquilibriumfortheD-Model .

Theoptimalsolutionformin

s u

D (π,s;(s)),denoteds*(π),satisfiesb(s*(π)) = π. Differentiating u

D withrespecttosyieldsthefirst-ordercondition:

[-π(s)+s-k_D]dF()(d/ds)+F((s))=0.

Using the facts that b(s*(π)) = π and that F(•) is the uniform distribution on [δ

L , δ_H] yields the

followingdifferentialequationcharacterizingthefunction(s):

K′(s)-(s)=-δ_L. (A.1)

The solution to equation (A.1) is of the form (S) = βexp{s/K} + δ

L

, where β is a constant of

integration. The appropriate boundary condition is that the weakest defendant type, π

H

, need not

distort his settlement offer. Thus s*(π

H

) minimizes u

D (π_H,s;(s + k_P)/π_H) subject to the constraint s ∈

[δ_Lπ_H-k_P,δ_Hπ_H-k_P].1 4Solvingthis optimization problem yields s*(π_H) = δ_Lπ_H + k_D, which belongs to

therequiredintervalunderAssumption2.

1 5

Since (s*(π

H

)) = (δ

Lπ_H + k_D + k_P)/π_H = βexp{s*(π_H)/K} + δ_L, it follows that β = (K/π_H)exp{- s*(π_H)/K}. Thus (s*(π)) = δ_L + (K/π_H)exp{-(s*(π_H) - s)/K}, and s*(π) is given implicitly by s*(π) = π

(s*(π))-k

P

,ors*(π)=π[δ

L

+(K/π

H

)exp{-(s*(π

H

)-s*(π))/K}]-k

P

(equation(3)inthetext).

Lemma 2: For each π ∈ [π

L , π_H], there exists a unique s*(π) ∈ [δ_Lπ_L - k_P, δ_Lπ_H + k_D] satisfying

equation(3).Moreover,ifπ′>π,thens*(π′)>s*(π).

Proof:Letm(π,s)=s-π[δ

L

+(K/π

H

)exp{-(s*(π

H

)-s)/K}]+ k

P

. N otice t hat m

(π_H,δ_Lπ_H + k_D) = 0 and m(π,δ_Lπ_H+k_D)>0forallπ<π_H. Moreover, m(π,δ_Lπ_L - k_P) < 0 for all δ ∈ [δ_L, δ_H]. Since m(π,s) is a

strictly concave function of s for given π, there is a unique s*(π) ∈ [δ

Lπ_L - k_P, δ_Lπ_H + k_D] such that m(π,s*(π)) = 0 (i.e., such that equation (3) is satisfied). Since m(π′,s) < m(π,s) for π′ > π, it follows

that s

*(π′) > s*(π). We have thus verified that s*(π) is an increasing function. The proof is illustrated

inFigureA-2.

----------------------

FigureA-2

1 4

Again,theconstraintensuresthat(s)=(s+k

P )/π_H∈[δ_L,δ_H]. 1 5

I n g eneral, if D

’s t ype π w ere c ommon k nowledge, then D’s optimal offer would be given by s

0 (π) =δ_Lπ+k_D,wherethesuperscript"0"indicatesnodistortion, since then there is no need for D to signal

type.

----------------------

Proof o f P roposition 2. Using the implied beliefs b*(s) = (s + k

P

)/(s), differentiating u

D with respect to

s yields equation (A.1), which is satisfied (by construction) by the function (s). Since b*(s*(π)) = π,

the equation (s*) = (s* + k

P )/π can be solved to obtain the (implicit) representation of the equilibrium

offerfunction:s*(π)=π[δ

L

+(K/π

H

)exp{-(s*(π

H

)-s*π))/K}]-k

P

.

The second-order condition (upon noting that dF is simply a constant in the uniform case and

Disminimizing)isequivalentto:

[-π′(s)+2]′(s)+[-π(s)+s-k_D]″(s)>0.

Evaluatingats*(π)=π(s*(π))-k

P andsimplifyingyields:

[-π′(s*(π))+2]′(s*(π))-K″(s*(π))>0.

Since e quation (A.1) must hold for all s, differentiating once again yields K″(s) = ′(s).Substituting this

result i mplies t hat t he s econd-order necessary condition for s*(π) to provide a minimum reduces to [-π

′(s*(π)) + 1]′(s*(π)) > 0. Differentiating the relationship s*(π) = π(s*(π)) - k_P yields ds*(π)/dπ =

(s*(π))/(1 - π′(s*(π))), which is positive due to Lemma 2. Since the numerator is always positive, it

follows that 1 - π′(s*(π)) > 0. Since ′(s*(π))> 0, the required inequality is satisfied at the candidate

equilibrium.

FIGURES

Availablefromauthorsuponrequest.