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1 Intr oduction

Most of the experimentalliterature on auctionsand biddinﬂ considerssymmetric settings
wherevaluationsare private (i.e., bidderi’s value dependonly on a signalavailableto i) or
purely common(i.e., all biddershave the samevalue but they receve differentsignalsabout
thatvalue).

In the purely commonvalue caseefficiengy is trivial (sinceall biddershave the sametrue
value)andis attainedby all standardauctions(Dutch, English,first price sealedbid, second-
pricesealed-bicauction).In asymmetricprivatevaluecontet all standarcgwuctionsareefficient
(they arealsoequwalentin termsof revenue).

In this paperwe focuson an experimentalsettingwith asymmetricjnterdependentalua-
tions: Thereis oneobjectfor sale,andtherearethreebidders(imaginethemsitting ataround
table).Eachbidderrecevesasignal,andhervaluationfor theobjectis equalto hersignalplusa
constanweightmultiplied by the (unobsered) signalof thatbiddersright neighbour General
settingswith interdependentaluationsare studiedin Maskin [[Mas93, DasguptaandMaskin
[DMQ99] andin JehielandMoldovanu[lIM9§.

Dueto theasymmetricnatureof the interdependencie# our modelit is not the casethat
the agentwith the highestsignalhasalsothe highestvalue. Hence thetaskof aggrgatingthe
privateinformation, suchthat the efficient buyer getsthe object,is not easy Besidesforming
correctestimatesboutvaluations our agentsalsohave to solve a non-trivial bidding problem
where“winner’s curse”’considerationplay arole.

In aremarkableresult,Maskin [Mas93 shows that the Englishauctionyields an efficient
allocation(evenin very asymmetricsettings)aslong asa bidders signalhasa higherimpact
on that bidder's value than on the opponentsvalues. It is easyto showv thata second-price
sealed-bichuctionis not necessarilefficient (Notethatfirst-pricesealed-bicdbr Dutchauctions
may beinefficientalreadyin asymmetrigrivatevaluessettings).

The Englishauctionachieves efficiency becauseaelevant privateinformationis gradually

1SeeKagel for anexcellentsurwey of this literature.



revealedduringtheauctionprocessin contrastjn sealed-biqor Dutch)auctionsa biddermust
bid withoutary specificinformationabouttherealisation®f competitors’signals(which affect
herethatbidder’s value). Sincethe Englishauctionis efficient while the otherauctionformats
arenot, the standarcauctionsarenot necessarilyevenueequvalentin our framework.

Giventhe above remarksiit is clearthatthe asymmetrianterdependentaluationssetting
providesanexcellentframavork to testefficiency andrevenuepropertiesof standardauctions.

The paperis organisedasfollows: In sectiorid we describethe experimentalsetup.In sec-
tion[3 we computeequilibriafor an Englishauctionandfor a second-pricesealed-bicauction.
In the Englishauctionbidding canbe divided into two stages:The first stageendswhenthe
first bidderdropsout of the auction. Thenthe remainingtwo bidderstry to infer thefirst drop-
per’s signalfrom herbid andcompeteby bidding in the secondstage.Sinceonly two bidders
areleft, andsincethe auctionendsbeforeary new inferencecanbe made the secondstagels
equialentto a second-pricesealed-bicauctionwith two bidders. Bids aredriven by the fact
thatonebidderis to theleft of thefirst dropper(hencethefirst droppers signaldirectly affects
thatbidder’s valuation),while the otherbidderis to theright (hencehervaluationis influenced
by the signalof the otherremainingbidder). We shav thatthe Englishauctionyields efficient
allocations,while the second-pricesealed-bidauctionyields efficient allocationsonly if the
agentwith the highestsignalhasalsothe highestvaluationfor the object. Finally, we compute
ex-anteexpectedrevenuedor the sellerandthe bidders.We find thatthe seller's expectedrev-
enueis the samein the Englishauctionasin the second-pricesealed-bicauction. The bidders
expecthigherrevenuesin the Englishauction. Hence,the lossdueto the inefficiency of the
second-priceealed-bidauctionis fully bornby thebidders.

In sectiord we describethe experimentalresultsand comparethemto the theoreticalpre-
dictions. In section4.1 we comparethe bidsin the first stageof the Englishauctionwith the
bidsin thesecond-pricesealed-bicauction(sincethesebidsarebasedn the sameanformation,
i.e., oninitial beliefsaboutsignalsof competitors).The experimentalresultsagreevery well

with thetheoreticalpredictions.In particular we find thatagentswith highersignalsbid more



(notethatthis monotonicityis crucialfor correctinferencesluringthe secondstageof the En-
glishauction).In sectiord.2we describenow theexperimentabecond-stagkidsin theEnglish
auctiondependdnthebidders’own signalsandonthebid of thefirst dropper Theleft bidders
behaiour andthecomparatre sensitvitiesamongeft andright biddersareaspredictedoy the-
ory. But right bidders(who have a quite comple, indirectinferenceproblem)reactmuchless
thanin equilibriumto their own andto thefirst droppers signal. Sucha deviation from equilib-
rium behaiour, however, hasno substantiainfluenceon efficiency andpayofs. In sectiorid.4
we compareheefficiency attainedn the experimentby thetwo typesof auctions.For ‘simple’
realisation®f signals,wherethe bidderwith the highestsignalhasalsothe highestvalue,both
auctiontypesachiere similar high measure®f efficiengy. In contrast,for ‘hard’ realisations
of signals,wherethe above propertydoesnot hold, the Englishauctionachievessignificantly
highermeasuresf efficiengy. Thesefindingsagreewell with thetheoreticalpredictions.They
are also consistenwith the right bidders deviation from equilibrium behaiour. In sections
4.3 we describehe experimentakesultsconcerningexpectedrevenuedor theseller While the
experimentakellersrevenuesarehigherthanthetheoreticallypredictedones(which canbeat-
tributedto asmallamountof over-bidding),we find thatthereis no significantdifferenceamong
thetwo typesof auctions.Again, this lastfinding agreesvery well with the theoreticalpredic-
tion. Finally, in section4.g we look at the bidders’expectedrevenuesn the experiment,and
we find, aspredictedby theory thatbiddersaresignificantlybetteroff in the Englishauction.

Severalconcludingcommentsaregatheredn sectiorld

2 The Experimental Setup

Thesetupwe studyis asfollows:
Threebidders,i = 1,2, 3, bid for oneunit of anindivisible object. Eachbidderrecevesa
privatesignals. Fromthe point of view of bidderi, bidderi + 1 modulothreeis the bidderto

the‘right’ of i, andbidderi — 1 modulothreeis the bidderto theleft of bidderi.



If bidderi bids successfullyfor the objectandpaysa price p thenher payof is given by
S +0a-s.1— pwheres is bidderi’s privatesignal,s ;1 is theright neighbours signal,andthe
weighta is aparametethatis variedduringthe experiment(seeappendii). Notethata =0
yieldstheindependenprivatevaluescase.Thesignals is a uniformly distributedintegerfrom
[0,100, independenof 51 ands_.

We compargwo auctionformats:An Englishauctionandasecond-priceealed-bichuction.

In the English auctionthereare threeclocks, one for eachbidder They simultaneously
startat a bid of -10 andsynchronouslynove upwardsevery 2 secondsn equalstepsranging
from 2 to 5 unitsof currengy. Eachbiddermay stopherclock at any time by pushinga button.
If a bidderstopsher clock, then,at the next price increasethe otherbiddersobsene thatthe
respectre clock hasbeenstopped. Whena uniqueclock is left active, the remainingbidder
obtainsthe objectat the price shovn by the clock of the agentthat stoppedast. After each
auction,the winner’s identity, all signals,bids, and gainsare communicatedo the subjects.
Informationaboutpastauctionswithin the sameroundis alsovisible onthescreen.

In thesecond-priceealed-bicuctionbidderi’sclockshavsapermanentlyncreasingprice.
Theclockstopswhenthebidderpushesbutton. In contrasto theEnglishauction thestopping
is not obsenable by the otherbidders. Whentwo clocks have stoppedthe remainingbidder
obtainstheitem at the price shavn by the clock of theagentthatstoppedast,andthewinner’s
identity, all signals,bids, andgainsarecommunicatedo the subjects.Informationaboutpast
auctionswithin thesameroundis alsovisible onthescreen

In both the English auctionand the second-pricesealed-bidauctiongroupsare allocated
randomlyfor roundsof 8 or 10 auctionseach.Theparameteo andthetype of theauctiondoes
not changewithin rounds. During one experiment,however, participantsexperiencedifferent
as and both auctionsformats. We conducted6 experiments,involving 96 participantsand

including 395 differentroundswith 2069auctions.



3 Equilibrium Predictions

In this sectionwe computesymmetricequilibriafor both auctionsformats. For simplicity of
notationwe assumehat signalsare distributed uniformly between0 and1, andnot, asin the

experiment,betweerD and100.

3.1 English auction
3.1.1 Bidsin the English auction

In the Englishauctionwith 3 bidderswe distinguish2 stagesafirst stagewhereall biddersare
still activein theauction,anda secondstagewherethereareonly two biddersleft. Thebidding
stratg)y during thefirst stagemay only dependon a bidder’s own signals. During the second
stagea bidding stratgyy may furtherdependon the price bo wherethefirst bidderdroppedout,
andon the first droppers position (i.e. whetherthe bidderis to the left or to the right of the
first dropper).Sinceonly two biddersareleft, the secondstageendsbeforeary otherupdateof
beliefscanbe made.Hence thesecondstages equivalentto asecond-pricesealed-bicauction.
In asymmetricequilibriumstratejiesaredescribedy atriple (bo(s), b (s, bo), br(s, b)) where
bo(-) describesheinitial biddingfunction, providedthatno otherbidderhasleft theauction.f)o
is thepricewherethefirst bidderdroppedout. by (-) describeshesecondstagebiddingfunction
of abidderto theleft of thefirst dropper br(-) describeshe second-stagbidding function of

abidderto theright of thefirst dropper

The optimal first-stagebid  Thebid bg(-) determines lower boundaryfor by (-) andbg(-).
We first assumehatthis lower boundaryis not binding, andthencheckthatthe assumptions
fulfilled in the computedstrateies.

Assumethat a bidderrecevessignals andinitially bids up to B, while the otherbidders
(with signalss. andsg) bid accordingto bp(-), which is assumedo be strictly monotonically

increasing.Denoteby bal the inverseof by(-). Notethatour bidderwins the auctionwith the



initial bid B if andonly if 5§ = sg < bal(B). Her expectedpayof is givenby

by *(B)
Uo(B) = [ (s+ a5~ bofs)) dt )
Thefirst derivativeis
ouU
20 _ (s+0-0"(B) - B (bo() @

which is zerofor B = s- (1+a). Thesecondderiative 0°Up/dB? is —1/(1+ a) < 0. Hence

we have founda maximum,andthe candidateequilibriumbidding functionis
bo(s) =s-(1+a) (3)

The left bidder’s strategyduring the secondstage Giventhatbg(-) is strictly monotonically
increasingthe signalsy of thefirst droppercanbe perfectlyinferredfrom herbid by. Hence,
it is possibleto write strateies during the secondstageas functionsof own signalsandthe
first droppers signal. After the first dropperhasleft the auction,the left biddercaninfer her
valuationfor the goodwhichis 5 + s5p- . Sincethe secondstageis equialentto a second-
price sealed-bidauction,theleft bidder who now knows hervaluation,hasa dominantaction:
remainin theauctiontill the price exceedsraluation.Hence the candidateequilibriumbidding
functionfor theleft bidderis

bL(s,%) =S +%-O (4)

With the help of equatiorid the equilibriumbidding functioncanbe expressedsa function of

the own signalandthe obsenedfirst bid.

o -~
bL—SI_—f—H—abO (5)

NotethatVsy < s : b (s,%) > bo(s.). Hence for all possiblesignals,the candidateequilib-

rium bid in thefirst stagedoesnotrestrictthe second-stagbid of theleft bidder

The right bidder’s strategy during the secondstage Herewe considerthe casea < 1 sep-

aratelyfroma > 1.



e Letusstartwith a < 1.

Againwe usethefactthatthe signalsy of thefirst droppercanbe perfectlyinferredfrom

herbid by . As above, we write stratejiesasatriple (bo(s), by (S, %), br(S, %0))

Let B bethebid of theright bidder andlet b (s.,s) bethe bidding function of theleft
bidderwhich is strictly monotonicincreasingin s . The inversewith respectto 5 is
caIIedb[l(sL,so). Theright bidderwill obtainthe objectaslong asthesignals_ of the
left bidderis Iowerthanbfl(B, S). Theexpectedpayof of theright bidderis

b *(B,%0)
UM@=A (sR+0-s.—by(s.,50)) ds. (6)

which hasthe derivative

aUR_ 2
a—B—SR—B (1-a)—sp-a (7)

Sinced’Ur/dB? = a — 1, the secondorderconditionis fulfilled by assumption.

Solvingthefirst ordercondition,dUgr/dB = 0, yields B = (ss — - a?)/(1—a). Hence,

the candidateequilibriumbiddingfunctionfor theright bidderis givenby

SR—S0- 0

e if a <1 (8)

br(Sr;S0) =

With the help of equatiord the equilibriumbiddingfunctioncanbe expressedsa func-

tion of the own signalandthe obseredfirst bid.

bR = — o b o<l ©)
RET g R 1T-a2™

It is interestingio notethatfor a < 1 theright bidder's bid br(sr, ) is decreasingn the
first droppers signalsy. Theintuition is asfollows: The higherthe price reachedn the
first stageof anauction,the lower the expectedpayof of the right bidder Relevantfor

theright bidders payof is theleft bidder’s signalwhosehigh bid may be motivatedonly



by the presumablyhigh signalof thefirst dropper(which is relevantfor the left bidder’s
payof).

e Letusnext considethecasea > 1.

In this casethe right bidder's valuationis alwayshigherthanthe left bidders valuation
and, sincethe left bidderbids the true valuationin equilibrium, the right biddershould

alwaysbid morethantheleft biddet

We have to shaw that

(sr+0as.) > (s +0%p) (10)

Rearrangingxpressiofldyields

(R—%0) > (a—1)-(so—sL) (11)

Giventhatthe first dropperalreadyleft the auctionwe know thatsg > sp ands. > .
Hence,the left handside of the inequalityis always positive andthe right handsideis

alwaysnegative. []

Therearemary waysto describea bidding function of a right bidderwho alwaysbids

morethantheleft bidder Below we will use
br=(1+0) (12)
whichis alwayshigherthanby .

NotethatVsy < sr : br(Sr,S0) > bo(Sr), hencefor all signals thefirst-stagecandidatesquilib-
rium bid doesnotrestrictthe second-stagbkid of theright bidder

One can easily checkthat the above determinedstrateies form indeedan equilibrium.
Moreover, it is straightforwardto show thatthe above stratgiesform anequilibriumno matter

whatthe signals’distribution functionsare(this is anex-postequilibrium).



3.1.2 Efficiency in the English auction

We cannow formulatethefollowing proposition:

Proposition1 Assuméhat0 < a < 1. Thenthe Englishauctionyieldsan efficientallocation

for anyrealisationof signals.

Proof We first shaw thatit is not efficient to allocatethe goodto the first dropper(who has
the lowestsignal). It is sufficient to shawv thatsp+ o - sg < s+ 0 -s.. Rearrangingyields
S < (1-0a)sg+a- s, whichfollowsimmediatelyfrom sp < min{sgr, s }.

We now shaw thatwhentheright bidderbidsmorethantheleft thenit is indeedefficientto

allocatethe objectto theright bidder andvice versa.Whatwe have to shaw is thefollowing:

2
i .G
St+a-59s X 0T g iagSsts-a (13)
—_— 1-a —_——— T ——
left bid W left value right value
rig

Multiplying the left inequalitywith 1 — a andaddingas, — a? - sg on both sidesyields the
inequalityontheright hand. []

Notethatfor weightsa > 1 the efficient allocationrule is not monotonicallyincreasingn
signals,.e.,increasinghe signalof a certainbiddermay causethe objectto be efficiently allo-
catedto anotherbidder As aconsequencehe efficientallocationrule cannotbeimplemented.

Thereexistsno mechanisnsuchthat,in equilibrium,the objectis alwaysefficiently allocated.

3.1.3 ExpectedRevenuesin the English auction

Assumewithout lossof generalitythatbidder2 determineghe price. This meanghateitherl

or 3 have thelowestsignal.

e If 1 hasthelowestsignal,then2 determineghe price only if 3 wins. Player3 canonly

win if 3's signalis larger thanthe critical signal s§ which is definedby the condition



br(s2,s1) = by (S3,51), Whichyields

S—0a-S
g2 "4

l-a (14)

However, if 1 hasthelowestsignalands§ > 1 then3 canneverwin. Alsoif a > 1then3
will neverwin. Hence player2 will notdeterminehepriceiff s, > s5 wheres; is defined

asfollows:
l-a+a-5 ifa<l
S = (15)
S1 ifa>1
e If 3 hasthelowestsignal,thenl will win if bidder1 hasmorethanthe critical signals;
which s definedthroughby (sp, S3) = br(s1,S3). Solvingfor s} yieldsthefollowing:
{(1—cx)sz+or-33 ifa<l1

S3 ifa>1

si= (16)

Thenthe expectedrevenueof the sellerin the Englishauctionis

Re = 3(/01/5:/5;bL(52,53)d81dSzd33+

1,8 1 1(4430) fa<1
/ / / bR(52,51)d53d52d51>:{8 _ (17)
0 /s /s 2(5+20) ifa>1

Similarly the ex-ante(i.e., beforesignalsarerevealed)sumof expectedpayof Gg of thethree

bidderscanbecalculated.

1,1 p1
Ge = 3(/ / / S1+0 S — by (S,53) ds;ds;dsz +
0 Jsg Js§

1,8 1 2 jfa<1
/OL‘/%Ss—f—a‘sl—bR(Sszl)dSSdSZdSl): (18)

3 -
5 ifa>1

3.2 Second-pricesealed-bidauction

3.2.1 Bidsin the second-pricesealed-bidauction

In a second-pricesealed-bidauctiona bidding strateyy, bs(-), canonly dependon an agents

own signal. We considebelovy symmetricequilibria. Take oneof thebidders,andassumehat

10



hertwo neighbours| andR, bid accordingto bs(-), whichis strictly monotonicallyincreasing
andhasinversebgl(B). Assumethatour bidderbidsB. Thenshewill obtainthe objectaslong
asmax(s_,Sr) < bg*(B). Thevalueof the objectis alwayss+ o - sz (wheresis the own signal
andsg theright neighbours signal).

Theexpectedpayof of thisbidderis givenby

U(B):/ObS © (/OSR(S—}—G'SR—bS(SR)) dsL+/S:S © (s+or-sR—bs(sL))dsL> dsg (19)

Thederivative with respecto B is

1
2 251(e) (30-b5B) + (s B)) 25 P

Thefirst orderconditiondU /0B = OyieldsB = s- (4+ 3a) /4. Hence theequilibriumcandidate

(20)

biddingfunctionin the second-pricesealed-bicauctionis

bs(s) = s- (1+ ga> (21)

Thesecondrderconditionis

92U 32s
0B2 ~  (4+30)2 <0 (22)

whichis alwaysfulfilled.
It is straightforvardto shawv thatthe above computedstratgiesform a symmetricequilib-

rium for theassumediniform distribution of signals.

3.2.2 Efficiency in the second-pricesealed-bidauction

In contrasto the Englishauction,the allocationwith the second-priceealed-bidauctionis not
alwaysefficientevenfor a < 1. For illustration,considerthefollowing example:Assumea =
1/2 andsignals(si, s, S3) = (24,0,16). Thenvaluationsare (v1, V2, V3) = (24,8,28). Hence,

the efficient allocationis to give the objectto bidder3. Indeed,in equilibriumin the English

11



auctionbidder2 dropsata priceof zero,bidderl dropsatapriceof 24,andbidder3 obtainsthe
object(shewouldstayin theauctiontill apriceof 56). In thesecond-priceealed-bicuctionthe
orderingof equilibrium bids follows the orderingof signals: (b3, b5, b3) = (33,0,22). Hence,

in thesecond-pricesealed-bidauctionbidderl obtainsthe object,whichis not efficient.

3.2.3 ExpectedRevenuesin the second-pricesealed-bidauction

To calculatethe seller’s expectedrevenuewe assumawithout lossof generalitythat bidder2
determinegrices.Theneitherbidderl hasthelowestsignalandbidder3 the highestsignal,or

vice versa.Thesellers expectedrevenueis

R5=3(/Ol/sj/sglb(SQ)ngdSzdSl+/Ol/ssl/s:b(sz)dsldszdss> = %(4+3a) (23)

Note thatfor a < 1 the sellerexpectsthe samerevenueasin the Englishauction! Sincethe
respectre allocationfunctionsare not the same,the equality of expectedrevenuesis not a
corollary of the revenueequialencetheorembut a coincidencethat occursfor the specific
parametersisedhere.

Similarly the ex-antesumof thethreebidders expectedgain Gs canbe calculated.
1,1 p1
Gs = 3(/ / / S3+0-S1—bg(sp) dszdsp dsy +
0 Js Vs

1,1 p1 1
///sl+a-32—bs(82)dsld82d83)=— (24)
0 Jss /s 4

Notethat, while the expectedrevenuesof the sellerarethe sameunderthe Englishauction
andthe second-pricesealed-bidauction,the bidders’ expectedpayofs differ. The efficiency

lossoccurringin the second-pricsealed-bidauctionis fully bornby the bidders.

4 Experimental Results

As describedn sectiorid boththe Englishauctionandthe second-pricesealed-bicauctionare

implementedasascendinglock auctions. In the Englishauctionparticipantsobsene during

12



the courseof the auctionat which bid which biddersleave the auction. In the second-price
sealed-bidauctionthis informationis not available. In both caseghe clock stopswhenonly
onebidderremainsin theauction.Hence,in bothcasesve obsene the bidsof thefirst andthe
seconddropper

In sectiongl. Jand4.dwewill analyseheempiricalbiddingbehaiour. Wewill find bidding
functionsin mostsituationsto bein line with equilibriumrecommendationgxceptthe bids of
theright bidderin the Englishauction. This motivatesthe introductionof a secondreference
case(in additionto the equilibrium stratgies)in sectiorid.3 In sectiori4d.4we will thenstudy
empiricalefficiengy. Evenif theright bidderdoesnot follow equilibriumrecommendationthe
Englishauctionis still moreefficient thanthe second-pricesealed-bicauction. We will give a
theoreticalagumentsupportingthis fact. In sectiond4.3 and4.8 we will studysellers’gains
andbidder’s payofs. In line with equilibriumrecommendationbiddersarebetterof with the
Englishauctionthanthe second-pricesealed-bidauction.Sellersareindifferentamongthe two

auctionsformats.

4.1 Initial bids

In sectiorid. . awe will have a brief look attheraw bidsin thefirst stage.In sectiond.I.2we
will thenestimatebiddingfunctionswith the help of acensoreadhormalregression.

4.1.1 Rawdata

In orderto study the relation betweeninitial bids and signalswe show in figure[d bids that
arenormalisedo compensatéor differentweightsa: Theleft graphshaws by/(1+ a) for the
Englishauctionandtheright graphshowvs E)o/(l—i— %a) for thesecond-pricesealed-bidauction.

Eachdotrepresentsneinitial bid.

[Figure1 abouthere.]

13



Both for the Englishauctionandthe second-pricesealed-bicauctionsmoothedmedianbids of
the first dropperare monotonicallyincreasingn sg. In the Englishauctionthis monotonicity
is crucial, sinceit allows biddersin the secondstageto infer thefirst droppers signalfrom her
bid.

We also obsene someinertia: When signalsare low subjectsbid slightly morethanthe

equilibriumvalue,while, whensignalsarehigh, subjectsid slightly les

4.1.2 Estimating the bidding function

We explainthebid of thefirst dropperasalinearfunctionof this persons signal:
bo=fB-s (25)

In the second-pricesealed-bicauctionwe obsene bidsfor thefirst two droppers.Thewinning
bid is only known to be higherthanthetwo obsenredbids.

In the Englishauctionwe obsenre theinitial bid b for a uniquebidder (the first dropper).
For the remainingtwo bidderswe only know that their unobsered initial bids b and bor
musthave beenlargerthenf)o.

We estimateequatior23 with the help of a censored-normalegression. In the English
auctiononerealisationof the dependentariableis known andthe othertwo areright censored.
In the second-pricesealed-bidauction,two realisationsare known, andthe remainingoneis
right-censoredCalling thelowestbid bo andthe second-lavestbid b”, bidsenterthe censored-

normalregressiorasshowvn in thefollowing table:

first bidder| secondbidder| winner

bo
6//

2Kageletal. [KHL87] andotherresearcherseportbiddingabovethelevel determinedy thedominantstratey

Englishauction bo = 60 > 60

v

Second-pricesealed-bicauction| by = 60 Y

v

in asecond-pricauctionwith privatevalues(wherewinner’s cursedoesnotplayarole). For Englishauctionghey
obsene quick convergenceo thebids consistentvith thedominantstrateies. Over-biddingby low signalbidders

in Englishauctionswith purecommonvaluesis reportedn KagelandLevin [KL92].

14



We estimateequatior29 separatelyffor eachweight. Figureld shavs the dependencef 3

ona andonthetypeof theauction.
[Figure 2 abouthere.]

Thefigure qualitatvely confirmsequilibriumpredictions.nitial bidsin the Englishauctionare
higherthanbidsin the second-pricesealed-bicauction. However, bids aresignificantlybelow
equilibrium in the second-pricesealed-bidauctionwhich they arenotin the Englishauction.
We relatethis finding to the fact that over-bidding in the second-pricesealed-bidauctionis
immediatelypunishedand,hence soonavoided. Over-biddingin thefirst stageof the English
auction,however, hasoften no effect at all. The stratay is only relevantwhenthe two other
biddersleave the auctionsimultaneouslat a lower price— aneventthatdoesnot occurvery

oftenandthereforepossiblydoesnot receve muchstratgic consideration.

4.2 Bidsin the secondstageof the English auction

Following the equilibriumbidding functionsgivenin equationd andd we explain bidsin the
secondstageasalinearfunctionof thefirst bid, theseconddroppers own signal,anda constant.
As in the estimationof the initial bid, we do not obsenre all realisationsof the dependent
variable. Hence,we usethe censored-normalegressionapproachagain. Calling the lowest
bid by andthe second-lwestbid b”, bidsenterthe censored-normakgressiorasshovn in the

following table:

first bidder secondvidder winner

left of 1st | right of 1st | left of 1st | right of 1st

>
>

I
%
g
\Y
Q)

// !

bo
6//

b, bo

v
Vv

>

AV
oo

br > bo o =%

v
v

0

We normalisecoeficientsto disentanglehe influenceof a from the othereffectsandestimate
biddingfunctionsfor a < 1 asfollows:

a

. i
g o 100 (1+a)Bs (26)

b = Bis +Bb
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1 | —a? i

br = B}

The normalisationof the coeficientsthat describelinear influenceof own signalandthe bid
of the first dropperfollows the equilibrium prediction (seeequationgd and[@) suchthatin
equilibriumcoeficientsf; = B2 = 1. Normalisingthe constanpartof the estimationcannotbe
basedon the equilibriumbidding strateyies,sincethesedo not includea constant.As we will

seein figureldbelaw, aconstanthatincreasesvith a canexplain asubstantiapartof theactual
bidding behaiour. We normalise hence the constantas100- (1+ a), which is the maximal
valuationof anobject.

Theresultof estimatingequation®8 and27 for a < 1 andfor eachindividual separately

(againwith acensoredegression)s shovn in figurel3
[Figure3 abouthere.]

Thefigure confirmsthatmostleft bidders(shovn as‘o’ in thegraphs)areindeedrelatively
closeto theequilibriumbehaiour (point‘A’ in bothgraphs).Left biddersareallittle lesssensi-
tive to their own signalwhich is compensatetly anincreasedensitvity to thefirst droppers
signalanda smallconstanpart.

Rightbidders(shovn as'+’), however, donotfollow theequilibriumpredictionwhena < 1.
They arecloserto point ‘B’ in the graph,i.e. they do not reactmuchto the signal of the first
dropperandalsoreactmuchtoo little to their own signal. Thisis compensatelly a substantial
constanpartof thebiddingfunctionH Rightbiddersare,however, notcompletelyinsensitve to
theirown signal. Figurdd showvs estimate®f absolutesensitvitiesto signalsandbidsfollowing

equationgand29

[Figure4 abouthere.]

SKageletal. reportexperimentakesultsaboutinformationprocessingn Englishpurecommonvalue
auctions.They find thatthesignalof thefirst dropperis correctlyinferred,but thatbiddersfollow asimplestratey

wherebidsarebasedn anaverageof own signalandthefirst droppers signal
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b. = PBis +B2bo+100- (1+0a)Bs3 (28)

br = PBiSr+P2bo+100: (1+a)B3 (29)

We seethatin absolutetermsright biddersare even slightly moresensitve to their own signal
thanleft biddersare. Right biddersarefar away from the equilibrium bidding function which
would requirethemto have a sensitvity 3; ashighas10for a = 0.9.

In the caseof a > 1 right biddersdo not follow the equilibriumrecommendatioeither In
equilibriumthey shouldalwayswait until the left bidderhasleft the auction. Figure shawvs

therelative fractionof auctionswherethebidderto theright of thefirst dropperwins.
[Figure5 abouthere.]

Thefractionof right winnersfor a > 1 is only maginally largerthanfor a < 1.

4.3 A secondreferencecase:The naiveright bidder

Giventhattheright bidderin the Englishauctionstrongly deviatesfrom the equilibrium rec-
ommendatiorwe considey in additionto the equilibrium, a secondreferencecase: The first
dropperandthe bidderleft to the first dropperfollow their equilibrium bidding functionsas

describedn equationg and4 Thebidderright to thefirst dropper however, bidsaccordingo

br=(1+0). (30)

This bidding stratgyy correspondso point ‘B’ in figure[@ We will call this secondreference
casethe ‘caseof a nawve right bidder’. Notice that, given a naive right bidderthe equilibrium

stratgiesin thefirst stageandof theleft bidderarestill bestreplies.

4.4 Efficiency

In this sectionwe studythe efficiency propertiesof the Englishauctionandthe second-price
sealed-bichuction,i.e. we inquire whetherthe objectis allocatedto the bidderwith the highest

valuation.

17



We know that the equilibrium of the English auctionyields an efficient allocationfor all
realisationsof signalsaslong asa < 1, whereasthe second-pricesealed-bidauctionis not

alwaysefficient (evenfor a < 1, seetheexamplegivenin sectiori3.Z2.2above).

[Figure6 abouthere.]

Evenin thecaseof anaieright bidderthe Englishauctionis moreefficientthantheequilibrium
allocationfor sufficiently largea.

For theanalysisof the experimentakesultswe measurefficiency in two differentways.
[Figure 7 abouthere.]

Theupperpartof figure[dshovsrelative frequeng of efficientallocations.Ontheleft we shov
the resultsfor all auctions.As in equilibrium, efficiengy is higherin the Englishauction. The
middle andright part of figure[d distinguishbetween'simple’ and‘hard’ casedn an attempt
to betterunderstandvherethe additionalefficiency in the Englishauctionis gained.‘Simple’
auctionscorrespondo realisationof signalswherethe bidderwith the highestsignalhasalso
thehighestvaluation.In suchsettinganonotonicityof bidsaloneis sufficientfor efficiency, and
both auctionstypesaretheoreticallyefficient. This seemdo be supportedoy our data. ‘Hard’
auctionscorrespondo realisationf signalswherethe bidderwith the highestvaluationis not
the bidderwith the highestsignal. In thesecasesthe English auctiontheoreticallyachieves
full efficiengy (aslong asa < 1) while the second-pricesealed-bidauctionis never efficient.
While in ourexperimentheEnglishauctiondoesnotreachfull efficiencgy, therelatvefrequeng
of efficient allocationsis considerablyhigherthanin the second-pricesealed-bidauction. To
concludegfficiengy is higherin hardcaseswhereit is supposedo behigherandapproximately
thesamen simplecaseswhereit is supposedo bethesame.

Figure[d also shows that efficiency decreasedn a, i.e., the more complec the situation
becomesthe harderit is for participantgo find the efficient allocation.Moreover, bothauction

formatsyield moreefficiengy in simplecases.
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Measuringrelative frequeng of efficient allocationsdoesnot distinguishbetweemmissing
the efficient allocationby a substantiabmountor only slightly. A secondapproachs shown
in the lower partof figure[d Let vy, v, v3 bethevaluationsof thethreeplayers.Let v* bethe
valuationof thewinner, let viang:= (v1+ V2 +Vv3) /3 betheaveragevalue,andlet Viyax ;= max vi
bethe maximalvalue.Then (V" — Viand) /(Vmax— Vrand) measureshe degreeof efficiency. Note
thatbothmeasuresrel if allocationswerealwaysefficient (e.g.,for a < 1 in the equilibrium
of the Englishauction).This measuref efficiency confirmstheresultsobtainedabove.

To summarisethis section,we have found that efficiency propertiesof the two auction
schemesrein line with equilibrium predictions. At first glancethis may be surprisingsince
atleastoneof the biddersin the Englishauction,theright bidder doesnot seemto follow the
equilibriumrecommendationHowever, aswe have seenat the beginning of this section,even
with an extremely ‘naive’ right bidderthe English auctionstill hassuperiorefficiency prop-
erties. Having saidthat, the next stepwill be to find out who bearsthe efficiengy lossin the
second-pricesealed-bicauction— the selleror the bidders.We investigatehis questionin the

next section.

4.5 The seller'sexpectedrevenue

We now focusontherevenueto theseller Fromequation§ 1 and23we know thatthe equilib-
rium expectedsellers revenuein the Englishauctionis the sameasin the second-priceealed-

bid auction.
[Figure 8 abouthere.]

Evenin theextremecaseof anaiveright bidderin theEnglishauctionexpectedsellers’revenues
aresimilarto expectedequilibriumrevenuesn the second-pricsealed-bicauction(seetheleft

partof figureld).

[Figure 9 abouthere.]
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This propertycanalsobe found in our experimentaldata. The left part of figure@ shaws the
seller’s expectedrevenues. Theserevenuesare very similar for both typesof auctions. To

confirmthat, we estimatehefollowing equation:

Be- %(4_;_ 3a) Englishauction,if a < 1
R=100-¢ B,-2(5+2a)  Englishauction,if a > 1 (31)
Bs- %(4+ 3a) second-pricesealed-bicauction

Be measuresensitvity to a in the Englishauction,3s measuresensitvity to a in the second-
price sealed-bidauction,and [3; takes careof the kink in the sellers revenuein the English

auctionata = 1. All coeficientsshouldbel in equilibrium.
[Tablel abouthere.]

Theresultsof a robustregression(allowing for correlatedobsenationswithin eachof our six
experimentsshowvn in tabledl arein line with the equilibriumprediction. In particularwe find

that B¢ and3s arenot significantlydifferent.

4.6 Bidders’ expectedpayoffs

As we have seemabove in equationfl8 and24 biddersshouldbebetteroff in the equilibriumof
the Englishauctionthanin the equilibrium of the second-pricesealed-bicauction. This holds
alsofor the caseof a naive right bidderaswe seein theright partof figurel8 Naive bidding
hasonly arelatively small costwhichis for sufficiently large a compensatedy theremaining
efficiengy gainsof the Englishauction.

Thesuperiorityof the Englishauctionalsoholdsin the experiment:Theright partof figure
shows that,for eacha, bidders’gainis higherin the Englishauctionthanin the second-price

sealed-bichuction.

4An F-TestshovsthatF (1,5) = 0.44.
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To confirmthat, we estimatethe following robustregression(allowing for correlatedobser

vationswithin experiments):

(

Be- 2 4+ ¢l Englishauction,if o < 1
30—2 1 . . .
E- + C-3 Englishauction,if a > 1
G =100- < g 82 4 Y (32)
Bs: &2 + c-3 second-pricesealed-bicauction,if a < 1
| Bs:¥2 + c-; second-pricsealed-bichuction,if a > 1
[Table2 abouthere.]

By equationfl8 and24we shouldexpectfe = 1, Bs = 0, andc = 1. Indeedps is significantly
smallerthanfg — bidders’revenueis higherunderthe Englishauctionthanunderthe second-
price sealed-bicauction. However, all coeficientsaresmallerthanthe equilibrium prediction.

Againwe attributethisfinding to asomeover-biddingthatresultsn smallerpayofs for bidders.

5 Conclusion

We have experimentallycomparedn Englishauctionwith a second-pricesealed-bicauctionin
a settingwherebidders’valuationsareasymmetriandinterdependentn our settingthe logic
governingequilibriumbehaiour is relatvely complex. Neverthelesswe generallyfind thatthe
experimentakresultsarewell alignedwith theoreticalpredictions.

In the Englishauctionwe find that participantsdo not alwayscorrectlyusetheinformation
thatis revealedduringthe biddingprocessf theinferenceproblemis too comple (i.e., for the
right bidders). Still, bidders’information processings sufficient in orderto achieve signifi-
cantly moreefficiengy in the Englishauction. The additionalefficiengy of the Englishauction
is obtainedonly in *hard’ casesi.e. in caseswherethe Englishauctionis theoreticallyefficient

while thesecond-pricsealed-bidauctionis not. In ‘simple’ casesvherebothauctiontypesare

5The equilibrium of the second-pricesealed-bicauctiondoesnot tell us how to normalisefs sincein equilib-

rium s = 0. Thereforewe take the samenormalisatiorfor s thatwe alsotake for B3g.

21



theoreticallyefficient, we find that both auctiontypesare equally efficient in the experiment,

andthatthe measuresf efficiency areindeedquite high.

We alsofind thatthe seller’s expectedrevenueis closeto the theoreticallypredictedvalue

and,aspredictedby theory this revenueis not affectedby thetype of theauction.

Finally, we find that biddersare betteroff in the Englishauctionthanin the second-price

sealed-bichuction. This finding agreeswvell with the theoreticalobsenationthatthe efficiency

lossin the second-pricesealed-bidauctionis fully bornby thebidders.

References

[DM99]

[JMOS]

[Kag95]

[KHL87]

[KL92]

[KLR96]

ParthaDasguptaand Eric Maskin. Efficient auctions. Quarterly Journal of Eco-

nomics 1999. (Forthcoming).

Philippe JehielandBenry Moldovanu. Efficient designwith interdependentalua-

tions. Mimeo, Northwesterrniversity, 1998.

JohnH. Kagel. Auctions: A surwey of experimentalresearch.In JohnKagel and
Alvin E. Roth,editors,Handbookof ExperimentaEconomicsPrincetonUniversity

Press]1995.

J.H.Kagel,R. M. HarstadandD. Levin. Informationimpactandallocationrulesin
auctionswith affiliated privatevalues:A laboratorystudy Econometricab5:1275—

1304,1987.

J.H.KagelandD. Levin. Revenueraisingand information processingn english

commonvalueauctions.Mimeo, Pittskurgh University, 1992.

J.H. Kagel, D. Levin, and JeanFrancoisRichard. Revenueeffects and informa-
tion processingn englishcommonvalue auctions. AmericanEconomicReview,

86(1):442—-4601996.

22



[Mas92] Eric S. Maskin. Auctions and privatization. In H. Siebert,editor, Privatization

Institut fur WeltwirtschaftanderUniversitatKiel, 1992.

23



A List of experiments

Experiment  #Participants ~ # Auctions a sealedbid Euro/Taler

1. 1 15 10 5 0 .05

2. 1 15 10 5 1 .05

3. 1 15 10 5 0 .05

4. 1 15 10 9 0 .05

5. 1 15 10 9 1 .05

6. 1 15 10 9 0 .05

7. 1 15 10 15 0 .05

8. 2 12 8 5 0 .0375

9. 2 12 8 5 1 .0375
10. 2 12 8 5 0 .0375
11. 2 12 8 .8 0 .0375
12. 2 12 8 .8 1 .0375
13. 2 12 8 8 0 .0375
14. 2 12 8 1.2 0 .0375
15. 2 12 8 1.2 1 .0375
16. 2 12 8 1.2 0 .0375
17. 2 12 8 5 0 .0375
18. 3 18 8 5 0 .0425
19. 3 18 8 5 1 .0425
20. 3 18 8 5 0 .0425
21. 3 18 8 9 0 .0425
22. 3 18 9 9 1 .0425
23. 3 18 8 9 0 .0425
24. 3 18 8 2 0 .0425
25. 4 15 8 5 0 .0425
26. 4 15 8 5 1 .0425
27. 4 15 8 5 0 .0425
28. 4 15 8 9 0 .0425
29. 4 15 8 9 1 .0425
30. 4 15 8 .9 0 .0425
31. 4 15 8 17 0 .0425
32. 4 15 4 1.7 1 .0425
33. 5 18 8 5 0 .0425
34. 5 18 8 5 1 .0425
35. 5 18 8 5 0 .0425
36. 5 18 8 7 0 .0425
37. 5 18 8 7 1 .0425
38. 5 18 8 7 0 .0425
39. 5 18 8 1 0 .0425
40. 6 18 8 5 0 .0425
41. 6 18 8 5 1 .0425
42. 6 18 8 11 0 .0425
43. 6 18 8 11 0 .0425
44. 6 18 8 11 1 .0425
45. 6 18 8 3 1 .0425
46. 6 18 8 3 0 .0425
47. 6 18 8 3 0 .0425
48. 6 18 8 5 0 .0425
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B Instructions

Welcometo a strategy experiment

This strategy experimentis financed by the
Deutshe Forschungsgmeinshaft. The instruc-
tions are simple If you take theminto account
carefully, decidesensibly and also take into ac-
countthe reasoningof the other playess, you will
gain a seriousamountof mong payedto you in
cashat theendof thegame

Your payof depend®n your successkor eadh
“Taler” that you obtainin the experimentyoure-
ceive0.05Euro. We havealreadycarried out simi-
lar experimentsFromthe experiencethat we have
gainedthere, we expectthat, dependingon your
stratagy, you will today obtain betweenl5 Euro
and 35 Euro.

Pleasenotethatwedo notwantto payyouless
mong thanwhatyou deserve All the mong that

wedo not giveto participants,mustbereturnedto

the Deutstie Forschungsgmeinshaft

Rulesof the game

Pleasenotethatwe do not cheatduring this exper
iment. Everythingthat youreadin theseinstruc-
tionsis true. This may soundtrivial, but, some-
times psydologists do experimentswhele partic-

ipantsare deceivedaboutparts of the experiment.

Thisis notthecasewith economiaxperimentslike
thisone We will explain therulesof thegameand
wewill stick to them!

Thegamewill beplayedin groupsof 3 persons
ead. Allocationto groupswill be determinedby
a randomprocess. During the experimentgroups
will be reallocatedrepeatedlyagain usinga ran-
dommedanism.

Ead group will play several auctions. Each
membeiof a group hastwo neighbous, neighbour
oneandneighbourtwo. Imaginethat the membes

of a groupare sitting arounda table

AN

Neighbouroneis alwaysthe right neighbour

-~

Neighbounwois, in turn, to theright of neighbour
one Alsoneighbouronehastwo neighbous. His
or herright neighbouiis thepersonthatis, for you,
neighbourtwo. His or herleft neighbouis you. Fi-
nally also neighbourtwo hastwo neighbous. His
neighbouroneis you. His neighbourtwois theper

sonthatis yourright neighbour

25



If this soundscomplicatedo you, pleaserecall

thatin a senseall membes of a group are sitting

Auction 10

arounda roundtable and neighbouronefor eat

playeris alwaysthe personsitting to theright.

Your Signalis |37 . The Valueof theobjectfor youis 37 plus0.5times the signal of your right neighbour

Your Value Signal of | Value for your right neigh- Signalof your | Value for your left neigh-
your right | bourdependingnthesignal left neighbour| bourdependingnthesignal
neighbour of your left neighbour of yourself

0 50 100 0 50 100

87 | =37+0.5-100 100 100 125 150 100 100 125 150
745| =37+05-75 75 100 125 150 75 100 125 150
62 | =37+0.5-50 50 100 125 150 50 100 125 150
495 =37+0.5-25 25 100 125 150 25 100 125 150
37 | =37+0.5-0 0 100 125 150 0 100 125 150

In eachauctioneachpersorrecevesasig-
nal. This signalis a numberdravn randomly
between0 and 100. All numbersbetween0
andl00areequallylikely. Thesignalof aper
sonin thecurrentauctionis only known to the
persontself. Signalsareshawvn atthetop bor-

derof eachindividual screen.

When all membersof a group of 3 per
sonshave receved their signal,an objectwill
be auctioned.The personthatmanageso ob-
tain the object receves a certain amount of
“Taler” on his or her account. This amount
is determinedasthe persons own signalplus
0.5timesthesignalof thepersonsright neigh-
bour. The signalof the persons left neighbour

is of noinfluenceonthevalue.

To malke this relationshipmore cleat the
screerleft partof thetable)shavs atablethat
representghe value of the object depending
on the signal of your right neighbour Since
the samerelation also holds for your right
neighboume alsoshov (middlepartof theta-
ble) how the value of the objectfor your right
neighbourdependson the signal of his right
neighbouryourleft neighbour).Theright part
of the table also shaws this relation for the
valueof theobjectfor yourleft neighbour No-
tice that the middle part of the table and the
right part of the tableareidenticalanddo not
changeaduringthe courseof thegame.Theleft
column, however, is differentin eachauction.

It changeslwayswith your signal.
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You always know your own signal. You

from the behaviour of the otherplayersin the

candeducethe signalof your right neighbour auction.

Middle part of the screen: Bids

Your Bid Right Neighbour Left Neighbour
54' 54 22

In the middle of the screenpn theleft you
seea buttonthatshows your bid slowly count-
ing upwards like a clock. When you push
this button, you leave the auction. Whenonly
one personremainsin the auction, this per
sonleavesautomaticallyandobtainstheobject
at the price thatis currentlyindicated,i.e. the
price wherethe previous bidder left the auc-

tion.

As long asthey have not yet left the auction
their bid is also countingupwardsand shovn

on a red background. As soonasthey leave

theauctiontheir clock stopsandis shovnona
bluebackground.

We will play someauctions,where you

will not receve this information. In this case
you seequestionmarksin placeof your neigh-

bours’ bids. Pleasenotethatin this casealso

The bids of your left andright neighbour your neighboursdo not receve ary informa-

will be visible on the screenin somerounds.

Lower part of the screen: Past

tion aboutyour bids.

Round3 | Yourdata(gain=8.16Euro) Rightneighbour Left neighbour

Auction... | Signal | Bid Payoff Signal | Bid | Payoff | Signal | Bid | Payoff
9 60 80 (-10) 20 20 | (-10) | 100 | 80 -
8

In thelower partof the screenwve giveyou gainin Euro.

anoverview aboutthe pastauctions.

Thefirst line in the table shaws your total

The following lines showv for you aswell

as for your neighboursthe signal, bid and
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the payof. The payof of the personthat
hasobtainedthe objectis shovn on red back-
ground. We show a (hypothetical)payof also
for the otherpersons.This is the (hypotheti-
cal) amountthatthe persorhadobtainedf the

personhadnotleft theauctionuntil its end.

Let us considerauction9 from the exam-
ple. Your signalis 60, the signalof your right
neighbouris 20. The value of the objectfor
you is, hence 60+ 0.5-20= 70. The highest
bid is 80. Wereyou to obtainthe objectat this

priceyour payof wouldbe 70— 80= —10.

Let us now consideryour left neighbour

This personhassignal 100. Your signalwas
60. Thevalueof the objectfor your left neigh-
bouris, hence 100+ 0.5- 60= 130. Theprice
payedby your left neighboumwas80. His pay-
off is 130— 80= 50. Sincetheobjectis indeed
obtainedby your left neighbouythe payof of

50is shavn onredbackground.

If you have questions,you have now the
opportunityto askthem. You canalwaysask
guestiongluringthe experiment.

Wewill first play someauctiongo getused
to thegame.Thenwe will make alittle break

to give you the opportunityto askquestions.
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bands. The figure shavs that the higherefficiency of the Englishauctionis obtainedprimarily in
‘hard’ cases.

Figure7: Empiricalefficiency
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Theleft partof thefigurecomparesxpectedsellers revenuein thesecond-pricesealed-bicauction
in equilibrium (o) with the Englishauctionfor the caseof a naive right bidder(A\). The sellers
revenuein equilibriumof the Englishauctionis the minimum of thesetwo.

Theright partof thefigure shavs expectedbidder’s gainfor the Englishauctionin equilibriumand
the caseof a naive right bidder

Figure8: Expectedsellersrevenueandbidders gainwith a naive right bidder
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The left part of the figure shows averagerevenuefor Englishauctionand second-pricesealed-bid
auction.Thestraightline shavs revenuein equilibrium(for a > 1 only for thesecond-pricesealed-
bid auction).

The right part of the figure shavs total bidders’ gain (value—price). The curved line shows the
equilibriumgainfor the Englishauction thestraightline shavstheequilibriumgainfor thesecond-
price sealed-bidcauction.

Figure9: Empiricalrevenueandgain
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R B ag t P>|t| 95%conf.intenal

Be | 1.044862 .0098444 106.137 0.000 1.019556 1.070168
Bs | 1.063437 .0317715 33.471 0.000 .9817656 1.145108
o | 1.098719 .03249 33.817 0.000 1.015201 1.182238

Rolustregressiorestimateof equatior3ll Following equationfdandZ3we shouldexpectfe = 1,
Bs=1,andp,=1.

Tablel: Estimationof revenue(equatiori3])
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G B o t P>t 95%conf.interval

Be | .3981413 .1276308 3.119 0.026 .070056 .7262267
Bs | -.1479799 .1480071 -1.000 0.363 -.5284443 .2324845
c | .8753965 .0267222 32.759 0.000 .8067049 .944088

Rolustregressiorestimateof equatiof82 By equationf8andZ4we shouldexpectBe = 1,Bs=0,
andc=1.

TestingBe = Bs findsthemsignificantlydifferent(F (1,5) = 6.78).

Table2: Estimationof bidders’expectedpayof (equatiori3d)
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