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Abstract

We consideran equilibrium refinementin signallinggamesby allowing agents
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1 Intr oduction

Thereis a large literatureon refinementf the Bayesianequilibrium notion. [Cho and
Kreps 1987, Kreps and Sobel1994, Fudenbeay and Tirole 1992, Umbhauerl1994 and
Mailath, Okuno-Fujiwara and Postlavaite 1993]. We considera further refinementof

the equilibrium notion that seemso be especiallywell-suitedfor political raceswhere
candidatexanusemong to adwertiseat ary pointin time. Therefinemenis basedon

burningmoney to influencebeliefsandworksasfollows. Supposehataninformedplayer
assumeshat a particulartype of the pooling equilibriais beingplayed. Thenan agent
canincur coststo test out-of-equilibriumbeliefs. Suchcostscould simply be burning
money or utility throughuninformatie adwertisingor the costscouldinvolve costlypolls

to review the beliefsof the public.

We apply the refinementin a simple model. We look at a single decisionmaker, such
asagovernmentthatcaresaboutboththereturnsfrom ary investmente makesaswell

asaboutthe public’s perception®f his ability. The crucialfeaturesof our modelarethe
following: First,we allow differentlevelsof the governments ability to judgetheimpact
of long-terminvestmentsMoreover, governmentghatarevery uncertainaboutthe con-
sequencesf investmenprojectshave the possibilityto wait for betterinformationin the
future. Secondwe assumehatthe public cannot obsenre the ability of governmentgo

foreseghe consequencesf long-termdecisions.

We shalldeterminghesignallingequilibriaunderwhich excessve or insufficientwaiting
occurs.Therashandwaiting pooling equilibriain our modelsatisfythe intuitive criteria
and,at leastfor certainparameteralues,the Consistentorward InductionEquilibrium
Path conceptof Umbhauerandthe similar undefeatecequilibrium conceptof Mailath,
Okuno-FujinaraandPostlavaite.

By introducingthe equilibriumrefinemenbasedon costly belieftests,poolingequilibria
canbe eliminatedandwe identify casesof governmentsurning money for belief tests.
However, the opportunityof costly polls decreasesverall welfareif discountfactorsare
large. We alsoidentify the conditionsunderwhich the public shouldallow the agentto
burnthe public’s money.

Ourmodelcanexplainwhy governmentsnvestin excessve andcostlytestsof thebeliefs
of the public abouttheir competenceGovernmentdrequentlytesthow the public would
reactto certaindecisionsand“fly akite or atrial balloon”.

Themone burningrefinementntroducedn this papemaybe usefulfor othersignalling
games,sincethe opportunityto burn money or utility is a naturalway for playersto

broadertheir stratgy space We expectthattheburningmoney opportunitywill generally
leadto separatingquilibriain signallinggames As shavn in theapplicationin this paper
however, welfaremaybe negatively affected.



2 Relationto the Literatur e

In our modelwe combinethe desireto signalability with the option of waiting for better
informationandthe opportunityto testbeliefs. Our modelis thusrelatedto threedifferent
branche®f literature.

2.1 Option Valuesand Delay

Thefirst elemenf ourmodelis relatedto theoptionvalue(seePindyck(1991)andDixit
(1992)),which givesanexplanationwhy a decision-makr shoulddelaydecisionsvenif
the netpresentwalueof the projecttodayis positive. Considera projectthatcostsa fixed
andsunkamountin the currentperiodandgenerateganuncertainbenefitin the future. If
the firm makessuchanirreversibleinvestmentjt givesup the possibility of waiting for
new informationto arrive thatmightaffectthedesirabilityandthetiming of aninvestment.
This lost option valueis anopportunitycostthat mustbe includedaspart of the costof
investment. Hence,traditional net presentvalue rules must be modified to includethe
optionvalue,i.e., the valueto wait an hencethe value of keepingthe investmentption
alive!

Often, governmentsdelay not only for reasonf economicefficiencgy, but alsofor po-

litical reasons.Theliteratureexploring suchdelayis sparse AlesinaandDrazen(1991)
explain delayin macroeconomistabilizationwith a modelof attrition: any stabilization
policy will harmsomegroup,soeachgroupwantsto forcea policy thatprotectsts inter-

ests.VanWijnbergen(1992)shavsthatgradualdecontrolof pricesmayinducehoarding;
the inducedpolitical pressuresnake continuationof decontrollesslik ely, andtherefore
malke immediatedecontrolmore attractve? In our model, politicians rush towards a
decisionor delayit excessvely in orderto avoid beingrecognizedasincompetent.

2.2 Herd behavior

Recenwork offersnovel andinterestingexplanationdor why numerougconomicagents
may ignoretheir privateinformationand,asin a herd,imitate othersandmay pursueun-

wisepolicies. Two typesof agumentsappeain theliterature.First, rationalBayesiarde-
cisionmalkerswill ignoretheir privateinformationandinsteadmimic the actionsof other
economicagents(seeBanerjee(1992); Bikhchandani,Hirshleifer, and Welch (1992)).
Second,anddirectly relevantto our purposesmanagersnay mimic othersin orderto

signaltheir ability (seeScharfsteirandStein(1990)).

1 In arelatedanalysisGersbacl{1993)considergheincentvesof amajorityto gatherfurtherinformation.
For collective decisionsthe valueof theflexibility of waiting for betterinformationmaybe negative for
someor evenamajority of voters.

2 Delay may alsoappearin bamgaining. The seminalarticle is by Rubinstein(1982). Baron(1989)and
Harrington(1990)apply sucha modelto legislaturesin differentmodels, AdmatiandPerry(1987)and
Cramton(1992)show thata baigainermaydelaywith the goalof communicatindis relative strength.



2.3 Equilibrium Refinements

Thereis a large literatureon refinementf the Bayesianequilibrium notion. [Cho and
Kreps1987,Krepsand Sobel1994,Fudenbey and Tirole 1992]. The rashandwaiting
poolingequilibriain our modelsatisfytheintuitive criteriaand,atleastfor certainparam-
etervaluestheConsistentorwardInductionEquilibrium Pathconcepbf Umbhauerland
thesimilar undefeateaquilibriumconceptof Mailath, Okuno-FujivaraandPostlevaite.

We introducea further refinementof the equilibrium notion that seemdo be especially
well-suitedfor political racesn which candidatesanusemoney to adwertiseatary point
in time andhencecanbroadertheir stratgy spacewheneer it is optimal for them. The
refinementis basedon costly testsof beliefsandworks asfollows. Supposehe agent
assumeshat a particulartype of pooling equilibriais being played,saya rashpooling
equilibrium. Then,an agentcantestthe out-of-equilibriumbeliefs of the public about
his competencen the pooling equilibrium he is consideringby incurring costs. Such
costscould be a simple burning of money through uninformative adwertising or could
occurwhenextensie andcostly polls to review the public’s belief aboutthe competence
areconducted.Suchbelief testsdestry rashandwaiting pooling equilibria, but imply
inefficient money burningin theremainingseparatingquilibria.

Money burning hasbeenaddressedh a variety of othercircumstancesBen-Porathand
Dekel (1988)andvan Damme(1989)have discoveredthe power of forwardinductionin
gamesin which playerscan“burn utility”. Milgrom andRoberts(1986),Kihlstrom and
Riordan(1984), Hertzendorf(1993),and Bagwelland Rame (1994), Prat(1998) have
examinedthe possibilityto signalinformationthroughnon-directlyinformative adwertis-
ing in commerciakndpolitical settings.In our game burningmoney is usedasa vehicle
to eliminatepooling equilibria and thus burning money canprovide a refinemento the
standardBayesiarequilibriumconcepivherethelntuitive Criterionandotherrefinements
have no bite.

3 Model and Assumptions

We analyzea dynamicgameof incompleteinformation consideringooth signalingand
informationgathering.Therearetwo periods.For simplicity, we assumehatthemanager
(or agent)whosedecisionswe analyzeis risk neutral. The costsandbenefitsof a policy
aremeasuredn dollars. Thegameis givenasfollows:

Period0: Naturedetermineshetypeof theagentdenotedoy . Thetypen canbeeither
good{G} or bad{B}. Thea priori probabilitythatn = G is gp andthatn =B is
1 - go. Eachagentknows his own type.

Periodl: The agentmustdecidewhetherto invest. The investmentyields a net return
beginning in the next period. Its presentvalueis V;, with i eitherHigh (H) or
Low (L). Thea priori probabilityfor valueV; is 1. The agent,but not the pub-
lic, obseresa noisy signalS; aboutthe returnfrom the project. The signalis
eitherhigh (S3) or low {S }. The probability thatanagentof typen recevesa
correctsignal(thatis, obseresS; whenthe projecthasreturn j) is t,. Hence,
th=pr{S=S4[V=W} =pr{S=S|v=V.}.



The agentdecideswhetherto investimmediatelyor to postponethe decision.
The public obsenesthe agents decisionandforms a posteriorestimateof the
probability thatthe agentis good. The public’s belief thatthe agentis goodis
denoteddy g;; with probability 1 — g; it thinksheis bad.

We often usethe notationpr{G/1}, priG/NI}, pr{B/1}, pr{G/NI} to describe
thebeliefsof the public after having obseredinvestment(l) or waiting (NI).

Period2: All remaininguncertaintyabouttheprojectis resoled. An agenthatpostponed
the projecthasa secondchanceof adoptingit. Benefitsandcostsof the project
arediscountedy thefactord < 1.

Notethatthe public only hasanapriori probability concerninghereturnsof the projects.
The additionalinformationan agentrecevesdependson his competencé¢o judgesitua-
tions andhis ability to generatenformationaboutthe consequencesf the project. We
make the following additionalassumptions:

1=t =tg = 12 (1)

Hence the probability of anagentof typen receving a correctsignal(thatis, observing
Sj whenthe projecthasreturn j) dependson his type. For simplicity, we assumehata
goodagentrecevesa correctsignalwith probability1: heis perfectlyinformedaboutthe
consequencesf the project. A badagentrecevesa noisy signal,asreflectedby a value
oftg « 1.

The agents utility increasesn both socialwelfareandin the public’s beliefs abouthis
ability. The secondelementof the agents utility reflectsthe desireof the agentto be
elected.If thepublic believesthattheagents of high competenceheis morelikely to be
electedandthushis utility increasesThefirst elementof the utility functionfollowsthe
assumptiorof Rogof (1990)thata politician caresaboutthe succes®f a program.lIt is
justified by the desireof the politician to be percevedashighly competentn thefuture.

We concentrateon the agents utility in period1. Utility increasesvith the probability
thatthepublic believestheagentis goodaswell aswith the presenwalueof the expected
netreturnsfrom theinvestmentExpectedhetreturnsaredenotedoy R. If theinvestment
is not madein eitherperiod,the netreturnis zero. Of course R will vary with theinfor-
mationthe agentobtainsandwith the periodin which the projectis implemented.For
simplicity, we let utility be

U = mR+{1—mjg. 2)

The parametem, with 0 <. m = 1, is the weightthe agentassigngo investmentreturns
comparedto the weight he assignsto the public’s beliefs abouthis ability. We shall
examineexpectedutility at the endof period1l. A weightm closeto 1 meansthatthe
agentis mainly motivatedby policiesheimplements A low valueof mcorrespondso an
agentmainly concerneagboutwinning elections.

We denotethe expectedvalueof the projectif noinformationsignalshave beenreceved
by EVp . We assumehatthe investmenshouldnot be madeif no furtherinformationis
receved,or that

EVo=THVH +{1—- 1}V < 0. 3)



Consideanagenibf typen whoobsenedsignalSj. His posteriorestimateof theexpected
returnfrom the projectis called EVQ. Obviously, aneconomicproblemexistsonly if the
projectshouldbe adoptedn thegoodstateandrejectedn thebadstate,.e., if

VH = 0,V|_ < 0. 4)

4 Socially optimal solution

We first characterizeéhe socially optimal solutionin which the public hasperfectinfor-
mationaboutthe agents type, andsignalingis irrelevant. Sincethetypen is given,the
agents decisionis reducedto maximizing expectednet benefitsfrom the project. An
agentwho receved a signalin period1 usesBayess theoremto evaluatethe probabil-
ity thatthe projecthasa high return. Supposéhe agentobsened signal(S4). Thenthe
posteriomprobabilitythatthe projecthasa high returnis

t T

r = 5
OIS = ey - =) ®
(1—tq}i1—TH}
iV = 6
p I']I:: LlS‘|} tr]T[I—|+|:1—tr]Hl—T[H} ( )
Notethat pri{ V4 |S4] is strictly monotonicallyincreasingn t, with
profVi|Sik=1 (7)
1
prefVH|SH}=my for tg= > (8)
Similarly, the posteriorprobability pri (V1 |S_} is givenby:
11—ty
PV IS} = ) ©

(1=t} +(1- Tty

Supposehat Sy hasoccurred. If the agentinvests,thenthe expectedvalue of social
welfareis

tnTH _ thTH )
W%m+ﬂ4ﬂﬂﬂm+w(lhm+ﬂ—Wﬂ—m} (10)

Supposeinsteadthatthe agentdelaysthe decisionfor oneperiod. Sinceall uncertainty
is resohedin period2, the assumptiongmply thatif the project’s returnsturnsoutto be
high theagentwho did notinvestin period1 will investin period2. Thus,

Proposition 1
If theagentobsenesS in periodl, neitheragoodnorabadagentshouldinvestin period
1. If theagentobseresS, a uniquecritical valuetgw exists, with

172 < tge < 1, (11)

suchthat a bad agentshouldwait until period 2 with the projectdecisionif andonly if
tg = tg#. A goodagentshouldimmediatelyinvest.
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Proof :
Noticethatif § wasobsenred,then

EVS =VL <0

EVE < TVH 4+ {1- T}V < 0
andneithertype of agentwould investimmediately
If S4 wasobsened,we would obtain
EVS =Vh 3 &V =0 (12)
Hence agoodagentshouldinvestimmediately
For abadagentwe obtain

. — (1—te){1— T}
e N AT ) R (tBTrH +i1-tg){1- "H}) .

If abadagentwaits, his expectedbenefitsare
tBTH
teTH + {1 — tg}{1 — T4}

Vi = 0 (14)

Fortg =1, Evsi equalsvy; waiting yieldsonly dVy. Fortg = 1,2, EVSE; equalsEVp < 0

andhencewaitingwill bepreferred.Sincethe differencebetweerEVS'?4 andtheexpected
profitsfrom waiting increasestrictly monotonicallyin tg, the meanvaluetheoremestab-
lishesthe existenceof t3.

5 Equilibria

In the following, for simplicity of presentationwe assumelf2 =tg < t§3. Thus,under
completeinformation abouthis type, a bad agentwaits with the projectdecisionuntil

period2. For simplicity of presentationwe have assumedhatthe signalsSy andS_ are
completelyuninformatve for the badagent. A good agentinvestsimmediately if and
only if, heobsernesSy. Underincompleteinformationaboutthe type of agentwe must
solve the correspondingignalinggameanddeterminghe perfectBayesiarequilibria of

thegame.

In orderto derwe the equilibria we first eliminatetwo configurationshat cannotoccur
in equilibrium. First, if G doesnot investin equilibriumknowing Sy, B doesnot invest
either Second,if B doesnot investknowing S4 or S, G doesnot investknowing §
either

Both propertiedollow from
G B _ B G
EVs, = EVg, =EVg = EVY
Hence for givenbeliefsof thepublic,investmentor G knowing S is moreattractvethan

investmenfor B. The oppositeoccurswhenG knows S_. The remainingconfigurations
arediscussedhn thefollowing sections.

3 Ouranalysisis valid for all valuestg = t§.



5.1 SeparatingEquilibria

We first considerall remainingseparatingequilibria. Separatingequilibriacanoccurin

threeways: (1) As a fully separatingequilibriumin which a goodagentalwaysinvests
immediatelyandabadagentalwayswaits. (2) As anefficientsemi-separatingquilibrium
in whichagoodagentinvestsin periodl1 only if heobsenesS, while thebadagentwaits
in all cases.Clearly this equilibriumis efficient, while the fully separatingequilibrium
involvesarashdecisionof thegoodagentto investevenif thereturnsarelow. (3) Finally,

asaninefficientsemi-separatingquilibriumthatoccursif agoodagentinvestsonly upon
observingsy, while thebadagentalwaysinvestsin period1. We obtain:

Proposition 2
(i) A fully separatingequilibriumnever exists.

.. w _ THVy+[1=141V,
(i) Supposé = &* = %

Then, there exist someweight mgs [0 < mes < 1} suchthat an efficient semi-
separatingquilibriumexistsif andonly if m= mgs

(iii) An inefficient semi-separatingquilibriumnever exists.

Theproofis givenin theappendix.

The resultindicatesthat an efficient equilibrium exists as soonasthe weight the agent
placeson correctdecisionsis sufficiently high. If agentscareonly aboutthe public’s
beliefsconcerninghis ability, no efficientequilibriumexists.

5.2 Pooling equilibria

In the next section,we considerall remainingpooling equilibria. Poolingequilibriacan
occurin threedifferentways. (1) As arashpoolingequilibriumin whichabadandagood
agentinvestimmediately independentlyf the informationsignalsthey receved. (2) As

a waiting pooling equilibrium in which both agentswait independentlyof the signals.
(3) As abalancedpoolingequilibriumin which agentG investsuponSy andwaitsupon
S andagentB investswith someprobability p {0 < p = 1} and doesnot investwith

probability 1 — p. We obtain:

Proposition 3
(i) Thereexistssomeweightmgp [0 < mgp < 1} suchthata balancegboolingequilib-
rium existsif andonly if m= mgp.

(i) In ary balancegboolingequilibriump < Tt.

Theproofis givenin theappendix.

Hence,in ary balancedyoolingequilibriumthe badagentchooses with alower proba-
bility thanagentG. Thisimpliespr{G/1} = pr{ G/NI} whichcompensatel®werexpected
benefitsfrom the projectif agentB investsandthereforeagentB canbe indifferentbe-
tweenl andNI. Notethatfor p =1y theequilibriumbeliefsare



priG[I}=pr{GINI} =do

Sincetg < tg, EVS'B4 is smallerthanthe expectedbenefitsfrom the projectif thebadagent
waits. Thus,l cannotbe a bestresponseincethe beliefsof the public arethe samefor |
andNI.

To examinerashandwaiting poolingequilibria,thespecificatiorof beliefsout-of-equilibrium
becomegrucial. We first establisithe natureof poolingequilibriawithout restrictingthe
natureof out-of equilibriumbeliefs.We obtain

Proposition 4
(i) Supposehat

_om
T 1-m

O -

Vi+0go =0

Then,arashpoolingequilibriumexistsif pr{G|NI} = di.
(i) Supposehat

_ md-1}
o = 1-m

Then,awaiting pooling equilibriumexistsif pr{G|l} = gi*.

VH+do=0

The proof is givenin the appendix. Proposition4 shavs that rashandwaiting pooling

equilibriaexist. Note that both g} andgf* aresmallerthangg, the a priori expectation
of the public aboutthe competencef the candidates Hence,rashandwaiting pooling

equilibriaonly existif thepublicattachesufficiently low competenc#o deviations.In the
following, we examinewhetherout-of-equilibriumbeliefsin proposition4 areplausible.
TheBayesiarequilibriumnotionsdo not placerestrictionson out-of-equilibriumbeliefs.
Thuswe arelooking for refinementsWe first testwhetherthe pooling equilibria satisfy
thelntuitive Criterion[Cho andKreps1987,KrepsandSobell994,Fudenbey andTirole

1992],themostwidely appliedrefinementoncept.We obtain:

Proposition5
Therashandwaiting pooling equilibriasatisfythe intuitive criterion.

Proof :
The out-of-equilibriumbeliefs satisfy g = go,gT* = go. Considere.g. therashpooling
equilibrium. Equlibriumutilities aregivenby

USHHF Sqy= mViy + (1 — mjgo
UL /S y=mVL+(1-mlgo
UZ{1} = M{THVe + {1 — T M)+ {1 - Moo
If agentG deviatesin stateS_ andthe public attachedull competencéo the deviation,
utility is
UciNI/S)=1-m:> Ugll/S}



If agentB deviatesin the sameway we have
Ug{NI}= mdmyVy +1—m> Ugi 1}

Thus,deviations by both agentsare not equilibrium dominatedandthe pooling equilib-
rium satisfiesthe intuitive criterion. The agumentsare similar for the waiting pooling
equilibrium.

A differentapproacho equilibrium refinementsasbeenpursuedoy Umbhauer(1994)

andMailath, Okuno-FujinvaraandPostlevaite (1993). The Consistentorward Induction

Equilibrium Path conceptof Umbhauerandthe similar undefeateaquilibrium concept
of Mailath, Okuno-FujivaraandPostlevaite consideran out-of-equilibriummessagasa

signalby a playerthatthe beliefsat that messagashouldbe viewed from the perspectie

of anotherPerfectBayesianEquilibrium path. Thus, an equilibrium path canonly be

removed by anotherequilibrium path. Both waysto apply forward inductionarguments
to equilibriumrefinementsouldbetried.

Considere.g. the Consistentrorward Induction Equilibrium Path (CFIEP) concept. If
m = mes (Seeproposition2) the rashpooling equilibrium canbe eliminatedby the effi-
cient separatingequilibrium. The out of equilibrium messagés NI. G observingS_ is
betteroff in the efficient separatingquilibriumsince

(1—m}-gol1— i}

=~ MV +[{1l—-m
1—go-Th L+ 100

WhetherB is betteroff depend®n thevalueof the parametersHence the setof players
playingNI is either{GS_} or {GS , B}.

In thefirst case|f the public focusesdts beliefson G, this only strengthenshe incentive
of G to chooseNI. Theincentvesto deviate in the secondcaseare not modifiedif the
public focusesits beliefson {GS , B} sinceG observingS choosesNI in the efficient
separatingquilibriumasdoesB. Finally, G in Sy is not betteroff switchingto NI.4

If, however, m = mgsrashandwaiting poolingequilibriacannotbe eliminatedby forward
inductioncriteria. Overall, rashandwaiting pooling equilibriaillustrate the fragility of
equilibriumconstellationsinceoneequilibriumrepresenta setof strategiesoppositeto
the other Dependingon out-of equilibrium beliefs, governmentseither rush towardsa
decisionor delayit excessvely. Thus,we canoffer anexplanationfor why governments
oftenview problemsasa crisis that demandsmmediateaction. Similarly, we canillus-
tratewhy governmentslemandatienceanddelayactionsexcessvely in orderto avoid a
badsignalabouttheir competence.

4 An alternatve refinementconceptis universaldivinity [seeBanksand Sobel1987]. Universaldivinity
requiresthat beliefs are concentratedn the player who hasthe wealestincentive to deviate from a
prescribedequilibriumpath. Universaldivinity would notdestry poolingequilibria.
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6 The Money Burning Refinement

In this section,we examinea refinementof the equilibrium notion that seemdo be es-
pecially well-suitedfor political racesin which candidate€anusemoney to adwertiseat
ary pointin time. Supposelayerservision thata particulartype of pooling equilibria
is played. Then, we allow agentsto testthe beliefsthe public would attachto out-of-
equilibriumstrategiesin the poolingequilibriumheis consideringoy burningmoney.

The processworks asfollows. Supposehe agentassumeshat a particulartype of the
poolingequilibriais beingplayed,sayarashpoolingequilibrium. Then,we canallow an

agento testhiscompetencavith thepublicby incurringcosts.Suchcostscouldsimply be
burningmoney throughuninformatve adwertisingor could occurwhenextensve pollsto

review thepublic’s beliefaboutthecompetencareconductedThus,we allow eachagent
to choosecostsfor testingout-of-equilibriumbeliefsfor a particularpoolingequilibrium,

denotedby ¢ = 0, beforethe final actionshave to be taken. This additionalpossibility
obviously modifiesthegamesinceplayerscanbroadertheir strategy space Themodified
period1l looksasfollows:

Periodl’: Theagentdecidesvhetherto investimmediatelyor to postponghedecision.

All playersconsidera potentialequilibrium configuration. If playersconsider
a pooling equilibrium, agentscanannounceheir type and canburn money by
incurringsomecostc = 0.

The public obseresmoney burning by anagentandthe agents investmentde-
cisionandforms a posteriorestimateof the probability that the agentis good.
The public’s beliefsthatthe agentis goodaredenotedoy gs; it thinksheis bad
with probability1 — g;.

We view the modifiedgameasthe naturalrefinemenbf the original gameform. Hence,
therefinemenin this paperis basedon the possibility thatagentsoroadertheir stratey
spaceby burningmoney. Let usdenotethepossibletypesof theplayersby i, j or k which
representt combinationof the typesof the agent(goodor bad)andof the realizationof

the noisy signalaboutthe stateof the world (high or low). Thus,i, j,k= GH,GL or B.

Note that a playercharacterizedby B doesnot receve ary informative signalaboutthe
stateof the world and henceis characterizedby the type of the agentalone. Then,we
define:

Definition
A player]j hasa strictly dominantbelief-teststratgy for a givenpooling equilibriumif a
costc;j = 0 existssuchthat

' |
Ul—ci 2 UM Wk,
Ujj is the expectedutility if the public believesthatplayer | is telling thetruth: Uli( is the
expectedutility of playerk if the public believesthatheis playeri who may be equalor

differentfrom k. Finally, UkpOOI is the expectedutility of playerk in the poolingequilibria
underconsideration.Wnext definethefollowing singlecrossingproperty

11



Definition
SCP: (SingleCrossingProperty)

Payoffs in a pooling equilibrium of the original gamesatisfythe SCPIf a player| exists
suchthat

j pool [ pool
Uj -U; ::-m;a&?({uk—uk 1
Most standardsignalinggamessatisfySCP The next propositionis obvious.

Proposition 6
Supposehatthe pooling equilibria satisfySCP Thenthereexists a uniquelydetermined
playerwho hasa strictly dominantbelief strateyy.

In ourgame we obserethatagentG, who hasobsened Sy hasastrictly dominantelief-
teststratey in thewaiting poolingequilibrium. Similarly, agentG, who hasobsened S,
hasa strictly dominantbelief-teststrateyy for the rash pooling equilibrium. We next
definethefollowing signalingrequirement:

Belief-testCriterion
Supposehatplayersconsidera poolingequilibriumof theoriginal game.Then,a strictly
dominantbelief-teststrate)y will be playedin the modifiedgame.

The intuition for this criterion is obvious. Supposehat player j considersa pooling
equilibriumfor which he hasa strictly dominantbelief-teststratayy. If heteststhe out-of
equilibriumbeliefsby incurringthe costs

Ci = max Ui—UpOO'}
i =max Y=Yk

1

his expectedpayofs Ujj ~Cj arelargerthanuj'ooOI in the original game.

SinceU]. — ¢j is smallerthanUkpOOI for all otherplayers,independenbf which type they
wouldliketo mimic, thepublicbelievesthatplayerj tellsthetruthafterhaving burnedthe
moneg ¢;. In thissensethebelief-tesicorrespondo arevelationcompatibilitycondition.

For the modifiedgame thefinal beliefsof the public dependon the actionstakenandon
potentialcostsburnedfor belief-tests. We denotethe beliefs of the public after having
obsened a belief-testwith costc andanaction! or NI by pr{G|l,c},pr{G|NI,c}. We
obtain

12



Proposition 7
(i) Supposehat

THJo

m
= 1OV + (I —TH M p+-—
g 1_m{{ UV + (1 - T} L}+1_go+goT[H_

Cor =m] (8- iV — (1= T M.} + {1 - K1 - gg} >0

Then,aninefficient semi-separatingquilibriumexistsin which agentG in stateS.
teststhe beliefsby incurring costcg

andthepublic beliefssatisfypr{G|NI ,c < cgL} = O}

(i) Supposehat

m

- {1 -Th}do
T 1-m

(1
{o-nmiv - -mv J+ 1= R 2 0

%

Con =Mf{1 -V + ({1 — T M } +(1—m}{1—go} = O

Then, an efficient semi-separatingquilibrium exists in which agentG in stateSy
teststhe beliefsby incurring costCgn

andthe public beliefsthatpr{ G|l ,c < Cen} = 05*.

The proof is givenin the appendix. The precedingpropositionsuggestghat the ineffi-

cienciesinvolved in pooling equilibria can, at leastpartially, be alleviated by allowing
thegovernmento testbeliefs. However, new inefficienciesoccursincethe costsincurred
during testingare pure waste. Thus, allowing governmentgo spendlarge amountsof
money in orderto testbeliefsof the public canincreasehetendeng towardscorrectde-
cisions,however only at the costof significantmoney burning. Sincemoney burningis
financedthroughtaxestoday or in the future, the possibility of belief-testingmay well

decreaseverall welfarefor the public. Thiswill bediscussedn the next section.

7 Rush,Delayor Money Burning?

In this section,we comparethe welfare of rashandwaiting pooling equilibria with the
separatingequilibriainvolving mone burning. We assumehat m «¢ mgs, suchthatac-
cordingto proposition2 no efficient semi-separatingquilibriumwithout money burning
exists2

5 We do not considera potentialbalancedpoolingequilibriumin this section.Eitherm canbelargerthan
mgp andthusthe equilibriummaynotexist. Or it exists. Thenit would helpto increase¢he caseagainst
money burningsincewelfarein abalancegoolingequilibriumis largerthanin arashor waiting pooling
equilibrium.
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If the agentuseshis own money for costly belief tests,the public is betteroff thanrush
or waiting poolingequilibriasinceefficient decisisonsvill betaken. In politics, however,

governmentsanusethe public’s resourceshroughtaxation. Therefore jn thefollowing

we assumehat money burning usestax payers’mongy. In particular we considerthe
following set—up. Before the gamestarts,the public givesthe agenta certainamount
of mong. Thoseresourcescan be usedto undertale a socially valuable project that
increaseghe utility of the agentand that of societyin the sameway?® andthat enters
utility additively. Or it canbe usedfor money burningwith no directbenefitfor society

We examinein which caseghe publicis betteroff by giving money which mightbeused
for money burningif a certaintype of agentis present.

We denoteby A the shadev costsof public funds. Thus,taxationuses$ {1+ A} of tax-
payers’money in orderto levy $1 for burning monegy. We denoteby Wr, Wy ,Wae, Wai
the expectedwelfare of the public in the four possibleequilibria rush,waiting, efficient
money burningandinefficientmoney burning. Straightforvard calculationsyield

Wo=THVH+{1-THM (15)
Wy = d1H VH (16)
Wee = TH Vh[{1— 8}go+ 98] — {1+ A}do T CaH 17)
Wei =TH Vi + {1 —go}{1— TH VL — ot — T }{1+AJCaL (18)

wheretgy andcg, aredefinedin propostion7 andgivenby:

Con = M (1= 8} T Vi + {1 — THIVL }+ (1 — {1 - go}
CoL =M (8 — L} T Vi — (1 — T}V } 4 {1 — m{1— go}

Note thatwe have assumedhat no disutilities occurfor the public if the agentdoesnot
burn moneg/ andusesthe resourcegor socially valuableprojectswhich alsoincreasehe
utility of theagentin thesameway.” By comparingexpectedwvelfarefor thefour different
equilibria,we obtain:

Proposition 8
() Wy = 0 =WR

(i) Wae = Wi
(iii) 1If 3 = go, Wy = Wi

The first two statementsre obvious sincewaiting is betterthanrush. The third state-
mentshows thateverybodywaiting is betterthaninvestingby a badagentandby a good
agentuponobservingSy while a goodagentuponobservingS. burnsmone/ anddoes
notinvest. The efficientmoney burningandthe waiting equilibriumarethereforethe po-
tentialcandidatesor furtherexaminationsof welfaremaximizingequilibria. Thewaiting
equilibriumis sociallypreferredoverefficientmoney burningif Wy —Wge = 0. We obtain

6 It couldalsomeanthatthe money will begivenbackto societyattheendof thegame.

7 Onecouldassumehatthe money not usedfor burning may notincreasautility of theagentin the same
way asfor thepublic. In suchcasestheequilibriaarealteredsincethey imply largeramountsof money
burningin equilibriumin orderthatthe a competentgentcanstill separaténimselffrom a badagent.
Thiswould furtherdecreas¢he attractivenesgor the public to allow politiciansto burn money.
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Wy —Wae = go[8T1 Vi1 + T [ {1+ A} Con — Vi 1]
= goTH [{1— S}Vh [ {14+ AymT — 1} (19)
+ {1+ A} ({1 — T VL4 {1 — mb{1— go}}]

whichimplies

Proposition 9
(i) Wy = Wae if andonly if {6 — 1}Vq +Tgn = 0 or
(1= S Vi {[{1+AY M7 — 1Y+ {1+ A} M{1 — T}V + {1 — m}{1 — go}} = O

(i) 1f 5=1, Wy > Whe

Notethatsecondoointfollows from the obsenationthatfor d=1

Wy =Wse+ {1+A} 9o T TH

andthatTgy = 0 becaus®f theassumptionén proposition7. Propositiond impliesthat
for sufficiently largediscountfactors themoney burningequilibriaaresociallydominated
by thewaiting pooling equilibria. Sincemoney burningis obviously in theinterestof the
agentwho burnsmoney in equilibriumit is socially efficient to limit the budgetsof the
politicianssuchthatmoney burningbecomesmpossible.

8 Extensionsand Discussion

We have introducedan equilibrium refinementbasedon mong/ burning that seemsto
be especiallysuitedfor political signallinggames.Money burning canalleviate rashand
waiting distortionsin policy decisionsput canbeanevenlargersourceof distortionsthan
biaseddecisions.

The considerationsn this papermay be usefulfor otherapplications. Wheneer there
is a signallinggameand playershave the possibility to burn money, the money burning

refinementcan be usedto reducethe setof plausibleequilibria. Sincemone burning

appeardo be a naturalway for agentsto broadentheir stratgy space the refinement
couldbeausefultool for othersignallingproblems.
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9 Appendix
Proof of Proposition 2:

In the following, we shall make use of the beliefs of the public alongthe equilibrium
paths. Denoteby pr{G|l} and pr{G|NI} the probabilitiesthat the agentis goodif the
public obseresinvestment{l} or waiting [NI}. The probabilitiesare given by Bayess
Theorem We shallconsiderthethreecasesn turn.

() Fully separatingequilibrium
In thefully separatingequilibriumthe posteriorbeliefsare

priGll}=1 priG|NI}=0 (A1)

We needto shawv that,giventhesebeliefs,the differenttypesof agentswill behae in the
describedvay.

SupposegheagentobsenedSy. A goodagents utility whenheinvestsis
Usll|SHI=m-Vy+1-m (A2)

If hedoesnotinvestin period1, his expectedutility is mdVy +{1 — mp0= mdVy. There-
fore,agoodagentwill investafterobservings,.

Considemext a badagentwhosedecisionsdo not dependon the signals. If he doesnot
invest,herevealshimselfto beabadagent.With probability prg{V4|S4} = pre{VH|S )=
Ty hewill investin thenext periodandthushis expectedutility is

Ug({NI}= m-3&- T4 Vi (A3)

If abadagentinvestshis expectedutility is

Us{l}=m[myVy 4+ ({1 - Ty IV ]+ ({1 —m} (A4)
Thedifferencen utilities is:
Ug{NI}—Ug(l} =m0 — V4 —mM{1 - TV +m -1 (A5)

SupposehatthegoodagentobseredS . Thegoodagentmustcomparehe utilities

Usll|S} =m-VL +{1—m} (A6)
and
Ug{NI|S_}=0 (A7)
Hencethegoodagentinvestsif

mvi+1-m3 0 (A8)
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However, if
M +1-m=0 (A9)
we have
m{l-TyM . +1-m=0 (A10)
andthus
Ugf{NI}—Ug{l}=mmy{6— IV — {m{1 - 14 }M +1-m} < 0 (A11)

Therefore,f it is optimalfor the goodagentto investuponobservingSy, the badagent
wantsto choosd aswell. Hence afully separatingequilibriumcannotexist.

(ii) Efficient semi-separatingequilibrium
In the efficient, semi-separatingquilibrium, the posteriorbeliefsaboutthe agents type
aregivenby

priG|l}=1 (A12)

(1-Thlgo  _ (1—Th}go

r{G|NI = =
PriGINT) 1-0o+9ofl—-TH} 1—QgoTH

(A13)

Supposedhe agentobsenesSy. We wantto showv thatonly a good agentwould invest.
Clearly, investingis the bestresponsdor agoodagent,since

priG|l} = pr{G|NI} (Al14)
For abadagentwe obtain:
_ (1—TH)}do
Ug(NI}=m:& mVH_l_{l_m}il—gom (A15)
Us{l} = M[MVh + {1 - T M ]+ ({1 m} (A16)
Thedifferencen utilities amountdo
Ug{NI}—Ugll }=mm4(d— L}V — m{1— 14}V,
1-9o
+im-1}— T (A17)
_ 1-9o
=mdTHVy — MEVp+{m— 1}1_ o’

Thus,Ug{NI}— Ug{1} is monotonicallyincreasingn m. Ug{NI} —Ug(!} is negative for
m= 0. SettingUg{ NI} — Ug[| } =0 for m=1 definesacritical valued™:
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_ THVH + (1 - THVL

o
THVH

Then,Ug{NI} - Ug[l} is greatethanzerofor m= 1if & = &*.

Thus,for & = &* thereexistssomemgs, 0 < mes < 1 suchthatNI is a bestresponsdor
m = mes. Considemext thecaseS . Sincetg=1=>tg=1/2, Ug(NI|S }-Uc(l|S} =
Ug{NI}—Ug(l}. Thus,if NI is abestresponsdor B underSy, it is evenmorea bestre-

sponsdor G under§ .

(iii) Inefficient semi—separatingequilibrium

In theinefficient, semi—separatinggquilibrium,the posteriorbeliefsare

THdo
rnellj=-———">+
Pricly 1—-0o+0oTH

priG|NI}=1

We first shawv thata goodagentwho obseresS will notinvest,since

UcINI|S}=1-m= Ugll|S}

where

THJo

Uct S y=mVL +(1- m}m

A badagentwill investif Ug{NI} < Ug(l} where
UB{N|}= m-6TrHVH+1—m
and

Usfl} = M- {TaVi + {1 — T VU + {1 — M0

Clearlywe have,
Ug{NI} = Ug(l} sinceEVy « 0,

andthusinvestmentannotbe a bestresponsdor abadagent.
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Proof of proposition 3:

If B chooses with probability p, a posterioribeliefsaregivenby:

_ pOe/e) g
P/ )= oIt /G)+ P(EIR(I 7B} o+ (1— Gl
pr{G/NI} = ot 1= Th)

Ootl— T} +(1—go}{1— p}

Hence expectedutilities of abadagentare

Ug(l} = mEVo+{1— mipr{G/1}
Us{NI} = mdTHVH + {1 — mlpr{G/ NI}

A balancedpooling equilibrium requiresthat agentB is indifferentbetweenl and NI.
Hence,

MTHVH{S— 1} — (1 - T3}V )

B _ JoTH _ Gok1 — k)
=t-m {GoTIH+[1—go]'I0 goil—m}+{1—go}{1—p}} (A2

Theleft sideis positv since

—EVo=—{T{Vy+{1- T4 M } = O.

Theright sideis monotonicallydecreasingn p. For p=rT1 theright sideis zero.Hence,
a balancedpooling equilibriumexistsif andonly if theright sideis at leastequalto the
left sidefor p= 0 whichimplies

Oofl— T4} _ 1-do
1-gomH 1-gomH

m
1—{n-HvH{5 —Y—fl-mV}Fs1-

-m
Theleft sideis zerofor m= 0, approachemfinity whenm approache& andis monoton-

icallly increasingn m. Hence,thereexists somem, denotedoy mgp, suchthe condition
is fulfilled for m < mgp. Thereforefor m< mgp abalancedoolingequilibriumexists.
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Proof of proposition 4:

We first prove (i). SupposehatS, hasoccurred.
The expectedutilities of thegoodagentamountto

Ua{l|S} = MV + {1— mjgo (A26)
UGtNI|Sq} = dmVi + {1 — m}pr{GINI} (A27)
andthus
Ua{l|Si} = Uc{NI|SH) (A28)
if
pr{GINI} £ T —{1 - 3Vk+5o (A29)

Thebadagentselectd if

Ug{l} =m{mVis + {1 - T}V }+ {1 - m)go =
(A30)
Ug{NI} =m{&m4 Vi } + {1 — m}pr{G|NI}
andthusif
Pr{GINI £ 1 —{{1~ &haVh+ (1~ TV} +60 (A31)
Finally, suppose&§ hasoccurred.Thegoodagentselectd if
Uctl|SL} = mViL+{1— m}go = UgiNI|S } = {1— m}pr{G|NI} (A32)

andthusif
m
1-m

priGINI} = Vi+do (A33)
Thelastupperboundfor pr{G|NI}isthesmallesbne.Thus,therashpoolingequilibrium
existsif

m

PrEGINI} £ - —

V|_ +Jo (A34)

Theupperboundis denotedasgj.
Theproofof (ii) is similar. The crucialcomparisoris now

U{NI|Sq}=m-dVH + {1 —m}go =

A35
Uci!|SH}=mVH 4 {1 — m}pr{G|1} ( )
andhencethe equilibriumexistsif
0-1
riciiy < ™0y, 4 g (A36)
1-m
whichis denotecby g7*.
N
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Proof of Proposition 7:

(i) Itis obviousthatagentG in stateS hasa strictly dominantbelief-teststrateyy. We
first calculatethe costsfor the belief test. If agentB could pretendto be a good
agentn thebelief-testhewould chooseNl afterwards.His expectedutility would
amountto:

USENIY = m{dmyVy} +1—m
The expectedutility in the poolingequilibriais givenby

UE {1} = mEVo+ {1 — mhgo

It is obviousthatthe goodagentin stateSy hasa smallerincentive to testbeliefs
thana badagent.Therefore the money playerGL needso burn for the belief-test
aregivenby

CoL = M{{d — LJTiy Vi — {1 — T}V }+ (1 — m}{1— go}.
Notethat

USHINI = UG {1} = {1 - m}{1— go) - VL
= CoL

Next we discusshe conditionon the beliefsof the public. Obviously, the equilib-
rium requires

pr{G|NI,CE C_GL} =1

THdo

—= ¥c*x0
1—go+ Qo

priGll.cl=

Finally, we have to determinepr{G|NI,c < Cg_}.

Clearly, the badagentdoesnot wantto incur costsfor a belief-test. He therefore
selectd overNI if
THJ0
1-go+0oTH
Ug(NI} = mdmyVy + (1 — mjpr{G|NI,c < CgL}.

Usll}= mEVp+[1— m}

Therefore,

priGI|Nl,c< CoL} = g1 =

m THJo
— 1=y + (1 -y} + —————
Lo+t M+ g+ g

1-m
is an upperboundfor the beliefs of the public when a player teststhe belief by
burningmoney lessthancg. andchoosesNI.
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(i) Theproofis similar. AgentG teststhe beliefsif playersconsiderawaiting pooling
equilibrium. Thebelief-testcostscgy aredeterminedy the comparisorof

USEI} =mEVo+1—m
with
UE™ (NI} = m{BT4Vi } +(1 - mhgo
Thus

CeH =Mm{{1— OTHVH+{1—THIM }+({1—m)go

Again, by appropriatechoicesof the beliefs,the badagentdoesnot wantto choose
l.

Thecomparisorinvolves

{1—T4}90
Ug(NIT= mdmyViy +{1— mpt =0
(NI} = My Vi + }1—QOT[H

Ug(l}=mEVp+{1—mpr({G|l,c < Cen}
yielding anupperbound
pr{Gll,c < Con} < G5 =

m (1—T4)do
Tom (O0— LJTVH — {1—T[H}VL}+71_90T[H .
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