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Thisstudytestedandrefineda frameworkthatproposes mechanisnfor retrievingalternative
causesnddisablingconditiongCummins,1995)duringreasoningExperimentl examinedherela-
tion betweendifferentfactorsaffectingretrieval. Thetestrevealedighcorrelationdbetweerthenum-
berof possiblealternativecause®r disablingconditionsandtheirstrengtiof associatiomndplau-
sibility. Experimen® exploredhehypothesishatdueto amoreextendedearctprocessgonditional
inferencesvouldlastlongerwhenmanyalternativeeausesr disablingconditionsvereavailable Af-
firmationof theconsequenAC) andmodusponengMP) latencieshowedhehypothesizegattern.
Denialof theantecedentDA) andmodustollens(MT) inferenceslid notshowlatencyeffects.The
experimenglsoidentifiedaneffectof thenumberof disablingcondition©on AC andDA acceptance.
ExperimenB measurefficiencyof disableretrievalby alimited time, disablemenerationask.
As predictedbetterdisableretrievalwasrelatedo loweracceptancef theMP andMT inferences.

Condition&dreasoningnvolvesmakinginferenceson
thebasisof an“if—then”relationandis considere@neof
thecornerstonesf humarreasoningResearclon condi-
tionalreasoningnasbeentryingtoidentifythefactorsand
processethataffecttheperformancenthese‘if-then”
inferenceproblems.n a standarcconditioral inference
task,peopleareaskedo assesargument®f thefollow-
ing fourkinds:

ModusponengMP) If pthenq, pthere-
foreq

Modustollens(MT) If pthenq, notq
thereforenotp

Denialof theantecedenDA) If pthenq, notp
thereforenotq

Aff irmationof theconsequentAC) If pthenq,qthere-
forep

In standardoropositioml logic, MP andMT arecon-
sideredvalid inferencesandDA andAC areregardedas
fallacies.

A growingbody of evidencds showingthatpeoples
knowledgeabouttherelationbetweerthe p (antecedent)
andq (consequenpartof theconditionahasaconsider-
ableeffectonthereasoningrocesslin particulartherole
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of knowledgeof alternativecausesanddisablingcondi-
tionshasattractednterest(seePolitzer,in pressfor are-
view).

An alternativecause(alternative)is a possiblecause
thatcanproduceheeffectmentionedn thecondition
whereasadisablingcondition(disabler)preventgheef-
fect from occurrirg despitethe presencef the cause.
Considethefollowing condition&

If theair conditioneiis turnedon, thenyoufeelcool

Possiblealternativecausedor this conditionh areas
follows:

Takingoff someclothestheweatheicools,swimming...

Thealternativesnakeit clearthatit is not necessaryo
turn on the air conditicnerin orderto feel cool. Other
causesrealsopossible.
Possibladisablingconditionsareasfollows:

Air conditioneiis brokenhavingfever,window open...

If suchdisablersarepresentiurningontheairconditioner
will notresultin feelingcool. Thedisablersnakeit clear
thatit is not sufficientto turn on the air conditiorer in
orderto feelcool.Additionalconditiongnustbefulfilled.
Rumain,Connell,andBraine(1983)showedhatwhen
a possiblealternativewasexplicitly presentedo partici-
pants,the AC andDA infererceswerelessendorsd.
Byrne(1989)foundasimilareffecton MP andMT when
apossiblaisablingconditionwasmentionedin addition,
usingfamiliarrelationge.g.,“If ananimalhasfeathersit
is abird”) for whichpeoplehavereadyaccesgo alterna-
tives,Markovits(1986)showedhatevenwithoutexplicit
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presenation, awarenes®f a possibé alternadive de-
creasedhenumberof AC andDA inferences.

Cumminsandcolleague$Cummins,1995;Cummins,
Lubart, Alksnis, & Rist,1991)haveconductedurther
seminalwork ontheimpactof alternativesanddisablers
in conditionakeasoningCummins(1995)andCummins
etal. (1991)directly addressetherole of storedknowl-
edgeof alternativesinddisablerdy examiningheeffect
of thenumberof availablealternativegnddisablersin a
pretestheyidentifiedcausatonditionalgi.e.,condition-
alsthatexpressa causalrelation)for which participants
generatednanyor few alternativesaanddisablersThese
conditionalsverethenadoptedor a conditionalreason-
ing task.Resultsshowedthatpeoples acceptancef DA
andAC inferenceslecreasetbr conditionalsvith many
possiblealternativesln addition thenumberof disabling
conditionsaffectedtheacceptancef theMP andMT in-
ferenceslf thereweremanyconditionghatcoulddisable
the relationbetweenantecedenandconsequenpeople
tendedalsoto rejectthesevalid inferencesAlternatives
anddisablersverenotexplicitly presentedshowingthat
acrucialfactorin causatonditionateasoningsthenum-
berof alternativecausesinddisablingconditionspeople
canthinkof.

Cummins(1995)arguedthatfinding possiblealterna-
tive causesaanddisablingconditionsaffectspeoples in-
terpretatiorof thenecessityndsufficiencyof acausdor
bringingaboutthe effectin questionThompson(1994)
showedhatthenumberof disablerandalternativeeffect
generalizedo noncausatonditionalrelations(e.g.,per-
missionspbligationsanddefinitions).

Theresultsof Cumminss (1995)experimentgmply that
duringa conditionalreasoningask,peoplesearchtheir
memoryfor storedknowledgeof alternatvesanddis-
ablers.Sincethe outcomeof this retrievalprocesdeter-
mineswhichconclusionpeoplearewilling todraw it is of
crucialimportancdor thereasoningommunityto clarify
how the searchprocesss affectingreasoningJohnson-
Laird & Byrne,1994;0aksford& Chater1998).

In a numberof studiesMarkovitsandcollaboraors
havestartedo specifythissearchmechanismyhichcon-
stituteghecoreof theirgeneramodelof conditionakea-
soning(seeJanveau-Brennas Markovits,1999;Marko-
vits, 2000;Markovits, Fleury, Quinn, & Venet,1998;
Markovits & Potvin,2001;Quinn& Markovits,1998).

The modelstateghatwhile makingconditionalinfer-
encesreasonerwill automaticallyaccesstructuresvith
relevantiinformationin semantianemory! Sucha struc-
ture containssemanticallyor propositionallyrelatedele-
ments.In causalconditionalreasonig, the structues
wouldconsisof possiblealternativecausesnddisabling
conditionsAlternativesanddisablersvould be storedin
differentstructuresAccordingto manyinfluentialmod-
elsof long-termmemory(e.g.,Anderson,1983;Gillund
& Shiffrin, 1984) theprobabilityof retrievingatleastone
elemenfrom sucha semantianemorystructurewill de-
pendon the numberof elemens within the structue.
Thus,the probability of retrievingat leastoneelement
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fromthestructurestoringalternativecausesvill behigher
for conditionalsvith manypossiblealternativecausesin
thesameway, theprobabilityof retrievingadisablingcon-
ditionwill behigherfor conditionalsvith manypossible
disablers.

Themodelthusaccountdor theeffectof numberof al-
ternativesanddisablerontheunderlyingreasoningpro-
cessThenumbeiof possiblelternativesnddisablersaf-
fectssuccessfluretrievalof suchanelementfrom the
correspondingemantianemorystructureswhenanal-
ternativecausas retrievedtheoriginalantecedentill no
longerbe perceivedasnecessaryor bringingaboutthe
consequenfAs aconsequencéheDA andAC inferences
will belessacceptedRetrievalof a disablingcondition
will decreaséheperceivedufficiencyof theoriginalan-
tecedenfor bringingaboutthe consequeniThiswill re-
sultin increasedejectionof theMP andMT inferences.

We grouptheseideasunderthe headingof “semantic
memory framework.” Although the framework starts
specifyingacrucialcomponenof thereasoningrocess,
a numberof propertesarenot addresseg andremain
untestedThepresenstudyfocusenthisissue We pre-
sentthreeexperimentsvherethecharacteristicef these-
manticsearchprocesgluring conditionalreasoningare
furthertestedandexplored.

First, we address neglectedssueconcerningherela-
tionbetweerdifferentretrievalfactors Remembethatone
of theframeworks centralclaimsis thattheprobabilityof
successfutetrievalis higherfor conditionalsvith many
alternativesr disablers Althoughit is well established
thattheprobabilityof retrievalis affectedoy thenumbeiof
storedelementsptherfactorsare knownto affectthere-
trievaltoo. The relationbetweenthesefactorshasto be
takeninto accountin orderto validatethe claim. A prior
concerrhereis therecentlyidentifiedimpactof “ strength
of association’dn conditionalreasoningseeDe Neys,
Schaeken& d’Ydewalle in press;Quinn& Markovits,
1998).

QuinnandMarkovits(1998)identified theassociative
strengthfactorwithin the semantianemoryframework:
In thememorystructurewith possiblealternativecauses
of aconditionalsomealternativevill bemorestrongly
associatewvith theconsequerit questiorthanwill oth-
ers.For example the cause‘the dog hasfleas” will be
morestrondy associtedwith the consegent“a dog
scratchegonstantly thanthe cause‘the dog hasskin
diseasé.QuinnandMarkovitsshowedhatin additionto
thenumberof alternativeelementsn astructuretherel-
ativestrengthof associatioracilitatedretrieval.ln are-
lated study, De Neyset al. (in press)foundthatthe
strengthof associatiomrffectwasalsopresenfor thedis-
ablingconditions.

Participans in Experimentl were askedto generate
disablersaandalternativedor a setof conditionalsAs in
Cumminss (1995) pretestwe recordedthe numberof
generatedlternativesanddisablersn orderto classifythe
conditionalgn groupswith manyandfew disablersand
alternativesWe alsorecordecdchow frequentlyeachindi-
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vidualalternativeanddisablerwasgeneratedo measure
strengthof associatior{seeQuinn& Markovits,1998).
This allowedusto establisitherelationbetweerbothre-
trievalfactors.

In addition,plausibilty ratingsfor theindividualdis-
ablersandalternativesverecollected Sincemoreread-
ily availablestoredelementsvill tendto bejudgedmore
likely (KahnemanSlovic,& Tversky 1982),thisallowed
usto takeanadditionalretrievalfactorinto account.

Theimpactof thenumberof storeddisablersandalter-
nativesoninferenceacceptancis well establishedn the
seconcexperimentve lookedfor thefirst time attheim-
pactontheinferencdatenciesTheadditionalatencydata
cancontributeto a furthercharacterizationf theseman-
tic memoryframework:Whetheror not one hasstored
manydisablersor alternativewill haveclearprocessing
consequeges.Of primary interesthereis the fact that
somestudies(e.g.,Conway& Engle,1994)haveshown
thatthetime courseof a memorysearchprocesss af-
fectedby the numberof elementghatareretrievedfrom
amemorystructurelt is likely thatfor conditionalswvith
manydisablersor alternative, more of theseelements
will beretrievedThereforewithin thesemantienemory
framework,onemightexpecthatthetime neededor an
inferencewill alsobeaffectedoy theavailablenumberof
disablersandalternativesThis was exploredin Experi-
ment2 by recordingbothacceptanceatingsandreaction
timesfor thedifferentinferencesn areplicationof Cum-
mins (1995).Thereplicationalsoallowedusto examine
the generalityof a previouslyreported(e.g.,Liu, Lo, &
Wu, 1996;Markovits& Potvin,2001)additionakffectof
thenumberof disableron AC andDA acceptance.

Finally,in athird experimentve triedto obtainfurther
evidencdor theroleofthememorysearctprocessn con-
ditionalreasoninglf the outcomeof the searchprocess
determinesheinferencepeopledraw we shouldexpect
thatindividualdifferencesn theefficiencyof theretrieval
processwill affectreasming performance.Janveau-
BrennanandMarkovits (1999)showedthat elementary
schoolchildrenscapacityto generatg@ossiblealternative
conditiors wasrelatedto their performanceon the AC
andDA inferencesHere wetestedvhetheiindividualdif-
ferencesn adultreasonerstapacityto retrievedisabling
conditionswould affectperformanceon MP andMT in-
ferencesThesemantiecnemoryframeworkstateghatthe
increasedejectionof MP andMT resultsfrom the suc-
cessfulretrievalof adisablingcondition.Sincetheprob-
ability of successfutetrievalwill be higherfor people
with amoreefficientsearchprocesswe predictthatthe
betteroneis atretrievingdisablersrom semantianemory,
thelessonewill acceptMP andMT.

EXPERIM ENT 1
Relation BetweenRetrieval Factors

Whethemrnotthesemantisearctprocessetrievesan
alternativeor disablerdepend®n morethanthe number
of storedelementsTheprobabilityof successfuletrieval

will alsoincreasewith the associativestrengthor plausi-
bility of the storedelementsin Experimentl we exam-
inedtherelationbetweerdifferentfactorsaffectingthere-
trieval of storedalternativesanddisablersParticipants
generatedisablersandalternativesor asetof condition-
als.Onthebasisof thenumbermf generateitems,condi-
tionalswere classifed in groupswith manyandfew al-
ternative®rdisablersAssociativestrengthwasmeasured
by recordinghefrequencyof generatiorf theindividual
alternativeanddisablersAfter thegeneratiortask,par-
ticipantsratedtheplausibilityof thegeneratedlternatives
ordisablers.

Within thesemantienemoryframework onewould ex-
pectto seepositiverelationshetweerthefactorsof num-
ber,associativestrengthandplausibility Thatis, if con-
ditionds with moredisablersalsohavemore strongly
associatedndplausiblalisablerstheclaimthattheprob-
ability of successfuretrievalis higherfor conditionés
with manydisablersvould bevalidated.

Method

Participants. Forty studentsin introductory psychologywere
enrolled. Half the participantswere requiredto generatepossible
alternativecausesandthe otherhalf to generatepossibledisabling
conditions.All participantswerenative Dutch speakers.

M aterial . The 16 causalconditionalsfrom Cummins(1995,Ex-
perimentlA) wereusedfor the generatiortask. Cumminsselected
theseconditionalsbecausehey constituteda 2 (few vs. manyal-
ternatives)3 2 (few vs.manydisablers)manipulationof thefactors
of numberof alternativecausesandnumberof disablingconditions.
Another four causalconditionalsthat seemedo vary in termsof
possiblealternativesand disablerswere takenfrom the literature.
Itemformatandinstructionsweresimilarto thoseof thegeneration
taskin Cumminsand Cumminset al. (1991). Thus, the following
formatwasused:

Rule: If theair conditioneris turnedon, thenyou feel cool
Fact:You feelcool, but theair conditionerwasnot turnedon

Pleasenrite downasmanyfactorsasyou canthat could makethis sit-
uationpossible.

Thisis anexampleof the alternativecausegeneratiortask. Thefor-
mat of the disabling conditionsgenerationtask was similar except
that underthe headingfact would appear The air conditionerwas
turnedon, but you don't feel cool.” Formatslike thesewere con-
structedfor eachof the 20 conditionals;theyweretypedoneto apage
in abooklet. Theorderin which the conditionalsappearedn the dif-
ferent bookletswas randomized.Task instruction stressedhe im-
portanceof producingitemsthat were reasonablyrealistic and dif-
ferentfrom eachother. Participantswere instructedthat simple
variationsof the same,simpleidea (for the exampleabove,“taking
off shirt,” “taking off sweatef’, “taking off coat”) would bescoredas
asingleitem andshouldto be avoided.

Procedure. Participantswererun in groupsof 2 to 6. The top
sheebf thegeneratiortaskbookletincludedthewritteninstructions,
which werereadaloudto theparticipants Participantshadl.5minto
write downtheir answergfor eachconditional.

After thegeneratiortask,participantsreceivedwritteninstructions
for theplausibility rating task. Theywereaskedto ratethe plausibil-
ity of thedisablersor alternativestheyhadgeneratedn an 11-point
scale,(05 veryimplausible 105 veryplausible). Ratingshadto be
writtendownin thebookletsalongsideesachgeneratedlisableror al-
ternative.Participantgeceivedapracticeconditional (“ If Bartdrinks
coffeein the evening,thenhe doesnt sleepwell”) with possibledis-
ablersor alternatives Instructionsfor the disablerrating task made



clearthat we wantedparticipantsto rate how plausiblethey judged
the generateddisablersas* explanations”for the nonoccurrenceof

the specifiedeffects(e.g.,"“ Bart drank coffeein the evening,but he

sleptwell. How plausibleis it thatthis wasdueto thefact thatthe cof-

feewasdecaffeinated?). Participantsvhohadgeneratedilternatives
wereinstructedto ratethe plausibility of the generatedactorsasal-

ternativecausedor the specifiedeffects (e.g.,"“Bart did not sleep
well. How plausibleis it that this wasdueto the fact thatit wastoo

noisy?”).

As in Quinn andMarkovits (1998) and De Neysetal. (in press),
associativestrengthwas measuredy recordinghow frequently an
individual alternativeor disablerwasgeneratedacrossparticipants.
For example,if 12 of the 20 participantswould generate taking off
sweater"asanalternativefor “If theair conditioneris turnedon, then
you feel cool,” “taking off sweater"would receivean associative
strengthof 60%.

Thegeneratiorprotocolswerescoredby two independentatersin
orderto identify unrealisticitemsanditemsthatwerevariationsof a
singleidea.

Resultsand Discussion

Overall,5.6%of the generatedtemswere disallowed
by theratersinterratereliability for thealternativegen-
erationtaskwas.95 andfor thedisablergeneratiortask
was.83.Thesefiguresarein line with the datafrom the
Cumming(1995)generatiorask.

In generalthe meannumberof generatedlternatives
anddisablerdor the16“ Cummins”conditionalsvasalso
very similarto whatwasoriginally reported Neverthe-
less twooriginalconditionalg”If Alvin readswvithouthis
glassesthenhe getsa headacheand"If thedoorbellis
pushedthenit will ring”) neededo bereplacedecause
the numberof generatedlisablerdiffered substantially
fromthosen Cumming1995).TableAl in theAppendix
presentghe 16 selectecconditionalsThe tablecontains
the respectivemeanstogethemwith the mostfrequently
generatedlternativesnddisablergor everyconditional.

We wereinterestedn thedifferencesn generatiorire-
guencyand plausibilty ratingsof alternativesanddis-
ablerdor conditionalslassifiedashavingmanyor few of
theseconditions.Resultsare summarizd in Table 1.
Overall,whenaconditionahadmanyalternative®r dis-
ablersthedisablerg34%vs.32%)andalternative$30%
vs.22%)alsotendedo haveahigherassociatiostrength.
Spearmamank-ordercorrelationsonfirmedthispositive
relationbetweena conditionab numberof possibledis-
ablersandthedisablersmeanassociatiorstrengthr, 5
.43,n5 16,t(14)5 1.77,p, .1]. Thealternativeshowed
asimilarrelation[r;5 .65,n5 16,t(14)5 3.23,p, .01].
To providemoredetail, we alsolookedat the numberof
stronglyassociatedlternativeslisablerdn bothgroups.
Threefrequencylevels(disableror alternativegenerated
by atleast50%, 75%,and90%of participantsyvereused
ascriterion.

As Tablel indicatescomparinghenumbeiof strongly
associate@lementsupportedhe globalanalysisThe
groupof conditionalswith a high numberof alternatives
alsohasahighermeannumberof stronglyassociatedl-
ternativegat the 50%, 75%,and90% levels). The dis-
ablersshowthe sametrendat the 50% and 75% levels.
Thehighcorrelationdetweerthenumberandnumberof
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Table 1
MeanNumber and M eanPlausibility of Generated
Alternatives/Disablersfor Conditionals Classified
asHaving Many or Few Alternatives/Disablers
Alternatives Disablers
Many Few Many Few
MeanNumber 4.03 1.91 4.03 2.31
MeanPlausibility 6.34 5.08 6.29 5.21
MeanNumberAS 50% 3 .88 2.88 1.75
75% 1.13 0.25 1.5 0.75
90% 0.63 0.13 0.5 0.5

Note—Thereareeightconditionaldn eachgroup.Thelastthreerows
presenthemeannumberof alternativesanddisablerggeneratedy at
least50%, 75%,and 90% of the participantsThe plausibility rating
scalerangedfrom O (veryimplausiblé to 10 (very plausiblg. AS, as-
sociativestrength.

stronglyassociatefl 50%)alternative$r,5 .82,n5 16,
t(14)5 5.82,p, .001]anddisablerdr¢5 .73,n5 16,
t(14)5 4.01,p, .002]supportedhesefindings?

Thus,conditionds with a highernumberof possible
disablersor alternativeswill alsohavemorestronglyas-
sociateddisablersandalternaties. Sinceboth number
andstrengthof associatiofncreaseaheprobabilityof re-
trieval,theseresultsvalidatethe claimthatsuccessfute-
trievalis moreprobabldor conditionalsvith manyalter-
nativesor disablers.

Tablel furthershowsthatthegeneratedlisablersand
alternative for conditiorals classifed ashavingmany
disablersdlternativesvere alsoratedasmoreplausible.
For the 16 selectedconditiorals, Spearmarrank-order
correlationsshoweda high positivecorrelationbetween
the numberof generatedlisablersandthe meanplausi-
bility of thesedisablerdr 5 .70,n5 16,t(14)5 4.01,
p, .002].Thesametrendwasobservedor thealterna-
tives[rg5 .62,n5 16,t(14)5 2.97,p, .02].Giventhe
oftenobserved availabilityheuristic’(Kahnemaretal.,
1982),onecanassumehatthehigherplausibilityratings
reflecteasieretrieval.ln thissensethefindingspresent
convergingevidenceor the strengthof associatiorcon-
clusion.

Theplausibilityratingalsogivesusanindicationof the
“quality” of theretrieveddisablersandalternativesChan
andChua(1994)showedhatthis“quality” of apresented
disabler(i.e.,thesalienceor perceivedmportanceof the
disablerin relationto the occurrencef the consequent)
affectedMP andMT acceptanceéhiscouldimply thatin
additionto the higherretrievalprobability a disabler(or
alternative}hatis retrievedrom amemorystructurewith
manystoredelementswill havea strongetimpactonin-
ferenceacceptanceNotably, this might be anadditional
factorthatcontributego theeffectof thenumberof alter-
nativesanddisablerson conditionakeasoning.

EXPERIM ENT 2
Inference Study

First,Experimen® exploredheeffectof thenumbeiof
storedalternativesnddisablerson conditionalinference
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latenciesPreviousstudieshavefocusedsolelyontheim-

pactoninferenceacceptancddoweverlatencydatamay
allowusto furthercharacterizéhecrucialsemantisearch
processluringconditionakeasoning.

Experimentl showedthatfor conditionalsvith many
disablersor alternaties,the memorystructurestoring
theseelementsvill typically containranumbeiof strongly
associateeglementsAvailableevidencerom memory
studieConway& Engle,1994)suggestshat(upto four
elementsasemantisearchproceswill takelongerwhen
thenumbermf elementshatareretrievedirom amemory
structurancreasesiVhenoneis makingconditionainfer-
encessuchalongersearchprocesshouldresultin longer
inferencetimes.Thus,availability of manyalternatives
anddisableramightresultnotonly in lower AC/DA and
MP/MT inferenceacceptane but, dueto an extended
searclprocessalsoin longerinferencdatenciesThisex-
pectationvasexploredby recordingbothacceptanceat-
ings of the conclusionandthetime neededo evaluate
themin areplicationof Cumming1995 ExperimentLA).

SecondExperimen® allowedusto examinghepossi-
ble impactof the numberof disablerson AC andDA in-
ferenceslLiu etal.(1996)andMarkovitsandPotvin(2001,
Experiment3) observedhat AC andDA weremoreac-
ceptedwhenmanydisables were available althoud
Cummins(1995)did not. At presentthe semantiomem-
ory frameworkdoesnotincorpaate suchan effect. In
view of the procedual variationsin thecited studies
whichmightrestrictcomparabilityith Cumminsswork,
we usedalarge-scal€100participantsyeplicationto as-
sesghegeneralityof thetrend.

It is importantto notethatin the presenstudywe are
interestedn thegeneralnferencdatencypatternThere-
fore,in contrasto moretraditionalreasoningtudieswe
analyzedatenciesn termsof thenumber(few vs.many)
of storedalternatiesanddisablersndepenént of the
specificacceptanceatings.Furthermoreasin Cummins
(1995),a gradedrating scalewasusedto measurenfer-
enceacceptanca.hus,"acceptancegjectionof aninfer-
ence’shouldbeinterpretedelativeto theratingscale(i.e.,
rejectionindicatedoweracceptanceatings).

In sum,excepffor thepossiblempactof disablingcon-
ditionson AC andDA, we expectedo replicateCum-
minss(1995)findingsontheacceptancetings:MP and
MT shouldberejectednorefor conditionalsvith many
disablerghanfor conditionalsvith few disablersAC and
DA shouldberejectedmorefor conditionalsvith many
alternativeghanfor conditionalswith few alternatives.
Giventheextendedearchhypothesispnewould expect
longerMP andMT latenciedor conditionalsvith many
disablerghanfor conditionalswith few disablersLike-
wise, we expectedongerAC andDA latenciedor con-
ditionds with manyalterndivesthanfor conditonals
with few alternatives.

M ethod
Participants. Onehundredandoneundergraduatstudentsrom
the University of Leuvenparticipatedaspaidvolunteersor for par-

tial fulfillment of acourserequirementAll werenativeDutchspeak-
ersandnonehadhadtrainingin formal logic.

M aterials. The16 conditionalsselectedn thegeneratiortask(see
Table A1) wereused.The conditionalsyielded a 2 (few/many)3 2
(alternativesdisablers)designwith four itemspercell. The 16 con-
ditionalswereembeddedn the four (MP, DA, MT, andDA) infer-
encetypes, producinga total of 64 inferencesfor eachparticipant
to evaluate.

Theexperimentvasrunon computer.Theitem formatwasbased
on Cummins(1995). Eachargumentwas presentedon screento-
getherwith a 7-point rating scaleand accompanyingstatements.
Thisresultedin thefollowing format:

Rule: If Jennyturnson the air conditioner,thenshefeelscool
Fact: Jennyturnson the air conditioner

Conclusion:Jennyfeelscool

Giventhis rule andthis fact, give your evaluationof the conclusion:

7—
Very Sure  Somewhat Somewhat  Sure Very
Sure Sure Sure Sure

|
—1 2 3 4 5 6
|
|
|
|

That! candrawthis
conclusion

Thatl cannotdrawthis
conclusion

Type the numberthat bestreflectsyour decisionaboutthe conclusion:

Eachof the 64 argumentsvaspresentedn this way. The premises,
conclusion,andtyped numberwerealwayspresentedn yellow. The
remainingtext appearedn white on a black background.

Procedure. Participantsvererunin groupsof 2 to 8. Instructions
werepresentedrerbally andon screenshowinganexampleitem that
explainedthespecifictaskformat. Participantsveretold thatthetask
wasto decidewhetheror nottheycouldaccepthe conclusions Care
wastakento makesureparticipantsunderstoodhe precisenatureof
therating scale.Participantsusedthe keypadto type the numberre-
flecting their decisionandpressedhe Enterkey whenfinished. The
nextitem was presented750 msecafter the Enter key hadbeen
pressedThe instructionsmadeclear that therewereno time limits,
but it wasstressedhat onceparticipantshad madetheir final deci-
sion, they hadto pressthe Enterkey immediately Thetime between
the presentatiorof theitem andpressinghe Enterkey wasrecorded
togetherwith theacceptanceating. After half of theinferenceswere
evaluated,item presentationstoppeduntil participantsdecidedto
continue.Instructionsstressedhatno otherbreakswereallowedand
participantswere expectedto work through the items oneimmedi-
atelyafteranotherThe64itemswerepresentedn randomorder The
experimentakessionwasprecededyy onepracticetrial.

It shouldbe pointedout that, asin Cumminss (1995) study, par-
ticipantswerenot explicitly instructedto acceptthe premisesastrue
andto endorseonly conclusionsthat followed necessarilyInstead,
participantscould evaluatethe conclusionsby the criteria they per-
sonally judged relevant.With Cumminswe assumethat this en-
couragegeopleto reasorastheywouldin everydaycircumstances.
However,we shouldnotethat strictly speakingthe taskis therefore
notadeductiveinferencetask(seeEvans,2000).Endorsingthelog-
ically valid (MP and MT) andinvalid (AC and DA) inferences
shouldthereforenot be consideredcorrector incorrect reasoning.
Whenwe referto the standarchomenclatureye adoptanominalist
stancetoward the useof the termsvalid inferencesand fallacies.

Resultsand Discussion
Eachparticipantevaluatednferenceson the basisof
four differentconditionalsvithin each2 (hnumberof alter-
natives)3 2 (numberof disablersB3 4 (inferencetype)
cellof thedesignThemearof thesdour observationsas
calculatedThesemeansweresubjectedoa23 23 4
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Figure 1. The effect of (A) the number of alternatives and (B) disablerson
meanacceptanceratings for the four inferencetypes.The rating scaleranged
from 1 (very sure cannot draw this conclusion) to 7 (very sure can draw this con-

clusion), with 4 representingcan’t tell.

within-subjectsanalysisof variancelANOVA) for accep-
tanceratingsandreactiontimes.

Effectsinvolving repeatedneasuresvith morethan
two levelswereanalyzedvith multivariateANOVA tests.

Thedatafrom 1 participan werediscardedMeanre-
actiontimesdifferedfrom themearreactionimesof the
sampleby morethan3 SD on MP, DA, andMT, and
2.5SDonAC.

Acceptance ratings. The main effectsof inference
type,numberof disablersandnumberof alternativesvere
all significant [Rao R (3,97)5 82.19,p , .0001;
F(1,99)5 17.94MS,5 .89,p, .0001;F(1,99)5 399.39,
M§ 5 1.17,p, .0001].Asin Cummins(1995),thein-
teractiondetweerinferenceypeandnumberf disablers
[RaoR(3,97)5 106.41p, .0001Jandinferencdypeand
numberof alternative§RaoR (3,97)5 96.34,p, .0001]
were alsosignificant.Theseinteractionsare depictedn
Figurel.

Plannedcontrasttestsshowedthatacceptancef DA
[F(1,99)5 353.59 MS, 5 .85,p, .0001]andAC
[F(1,99)5 383.59MS.5 1.04,p, .0001]wassignifi-
cantlylowerfor conditionalsvith manyalternativest-ur-
therin linewith Cumming1995) thenumberf disablers
affectedacceptancef MP[F(1,99)5 137.85MS,5 .48,
p, .0001]andMT [F(1,99)5 121.41MS.5 .94,p,
.0001],with lowerratingsfor conditionalsvith manypos-
sibledisablers.

Thesd indingsreplicateCumminsg(1995).Thepresent
studyalsoidentified someadditionaleffects? First, the
numberof alternativesaffectednotonly AC andDA but
alsoMP [F(1,99)5 7.88,MS,5 .37,p, .01]andMT

[F(1,99)5 29.8,M§,5 .6,p, .0001]acceptanceFor
conditionds with manyalternativesslightly lower MP
andMT ratingswere obtained Neverthelesstherewas
still aninteractiorbetweerinferencetypeandnumberof
alternativesAs is clearfrom Figure 1A, theMP andMT
effectsweresmallerthantheimpactof alternaive re-
trievalon AC andDA.

TheMP andMT findingscanbeexplainedf onetakes
intoaccounthatin oursetof conditionalsherewasa pos-
itive correlation(r¢ 5 .37,n.s.)betweena conditionab
numbeiof possiblalternativesinddisablergseeThomp-
son,2000,AppendixE, for asimilarobservation)There-
fore,conditionalsvith manyalternativesvill alsotendto
haveaslightly highernumberf disablergshancondition-
alswith few alternativesConsequenthsinceretrieving
disablerswill besomewhamoreprobablefor condition-
alswith manyalternativesthelower MP andMT accep-
tanceis notsurprising.

Secondthefindingsof Liu etal. (1996)andMarkovits
andPotvin(2001,ExperimenB) werereplicatedin addi-
tiontotheimpacton MP andMT, thenumberof disablers
alsoaffectedDA andAC acceptancéothDA [F(1,99)5
38.16,MS,5 .47,p, .0001]andAC [F(1,99)5 74,13,
MS.5 .58,p, .0001]wereacceptednorewhenmany
disablerswvereavailable This effect cannotbe explained
by thecorrelatiorbetweerthenumberof alternativesnd
disablerssincethiswouldresultin atrendin theopposite
direction.

A possibleexplanatiorpointstowardan interplaybe-
tweenthedisables andalterndives searchprocesss.
Markovitsand Potvin (2001)observedhatdisablerre-
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trieval canoccurduring a searchfor alternativecauses.
Thissuggestthatretrievalof alternativesanddisablerss
notoccurringin completeisolation.Notethatat present
thespeciic relationbetweerbothsearchprocesseis not
specifiedn thesemantienemoryframework.We canas-
sumethatretrievingstoredmemoryelementss resource
demandingA plausiblehypothesisvouldbethatretriev-
ing (many)disablergputsaloadonthecognitivesystem.
Thisload would thenburdenthe searchfor alternatie
causesThus,retrievalof alternativesvould be lesseffi-
cientfor conditionalswith manydisablerswhich would
resultin alower retrievalprobabilityandthushigherAC
andDA acceptanceConsistentvith this hypothesisthe
effectof the numberof disablersvas mediatedoy the
availablenumberof alternativeson both AC [F(1,99)5
6.56,MS,5 .34,p, .015]andDA [F(1,99)5 6.04,
MS.5 .5,p, .02]:DisablerretrievalaffectingAC and
DA waslesspronouncedor theconditionalghathadfew
alternativesindeed whenfew alternativeare available,
successfutetrievalis not likely anyway Thus,an even-
tual burdenof thesearchprocesshouldnotbe expected
to haveamajorimpacthere.
Thoughinterestingtheexplanatioris notunproblem-
atic. For examplegiventhatalternativeretrievaldid not
increaseMP andMT acceptancegneneedsto explain
why retrievalof disableravould burdenretrievalof alter-
nativesalthoughthe reversedoesnot occur.Sucha pat-
ternsuggestshatretrievingdisablerssomehowhaspri-
ority overretrievingalternativesilt is clearthatthisissue
demandsurtherresearchMeanwhile,in thelight of re-
centdemonstrationsf theinterplaybetweerdisablerand
alterrative retrieval processes (Markovits & Potvin,
2001),theoverloadmechanisnshouldnotbediscarded.

Reactiontimes. In orderto eliminatebiasedneasures,
atrimming proceduravas appliedto thereactiontimes
beforetheywere subjectedo analysis For everyinfer-
encetype,anylatencythatwasmorethan3 SD abovea
persors meanreactiontime for thatinferencetype was
discardedThisproceduraffectedessthan1%of all ob-
servations.

TheMANOVA revealedsignificantmaineffectof in-
ferencaype[RaoR (3,97)5 43.03p, .0001].Asforthe
acceptanceatings,we alsoobservedsignificantinterac-
tionsbetweeninferencetype andnumberof alternatives
[RaoR (3,97)5 4.82,p, .004]andinferencetypeand
numberof disabler§RaoR (3,97)5 2.7,p, .05].These
interactionaredepictedn Figure2.

Plannedtontrastsestsndicatedhatthe AC [F(1,99)5
5.47,MS,5 7.52,p, .025]inferencetook moretime
(641 msec)for conditionalswith manyalternativegFig-
ure2A). Likewise,theMP [F(1,99)5 11.52MS,5 5.27,
p, .001]inferencesequiredmoretime (776sec)for the
conditionalsvith manydisablergFigure2B).

Thesefindingsshowthatthe highernumberof stored
alternativegnddisablersesultsnotonlyin lowerAC and
MP acceptancéqyutalsoin increasednferenceatencies.
This corroboraesthe hypothesied extendedsemantic
searclprocesdor conditionalsvith manyalternative®r
disablersWhenmany (stronglyassociatedalternatives
anddisablersareavailableretrievalof additionaklterna-
tivesanddisablersvill resultin longerinferencdatencies.

Althoughthe numberof availabledisablersandalter-
nativesaffectedMT andDA acceptanceo effectswere
observednthelatenciesThus,DA andMT latencydata
suggesthereis no extendedsearchprocesdor thesein-
ferencesThefindingscanbereconciledf onetakesinto
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Figure 2. The effect of (A) the number of alternatives and (B) disablerson
meanreaction timesfor the four inferencetypes.



accountthatthe semanticsearchprocessduring condi-
tional reasonings possiblyaffectedby inferencecom-
plexity. DA andMT inferencesaremorecomplexthanAC
andMP inferencesDA andMT, the so-calleddenialin-
ferencesinvolve negationsandreasoningheoriestypi-
cally statethatthesedemandmore cognitive(working
memory)resourcegBraine & O’Brien, 1998;Johnson-
Laird & Byrne,1993;0aksford Chater& Larkin,2000).
RosenmnandEngle(1997)haveshownthatsemantianem-
ory retrievalis affectedby workingmemoryload.There-
fore, theincreasedcomplexitymay affectthe semantic
searchprocessDueto the higherload, the searchwould
belessextensiveTheadditionaheedo processegations
wouldthusoverridethe extendedsearchfor DA andMT
inferences.

In generalthisimpliesthatfor DA andMT basedon
conditiorals with manyalternative/disablersfewer of
theseelementawill beretrievedthanfor MP and AC.
Therefore,onemight expecta lesspronounceaffect of
the numberof alternativesanddisablerson DA andMT
acceptancmtings Howeveronehasto considethatwhen
thereasoningystenis alreadyburdenedietrievalof even
asinglealternativamightcausea cognitiveoverload Such
anoverloadcanresultin increasednferencerejection
(e.g.,Toms,Morris, & Ward,1993).Therefore gvenwith
alessextensivesearctprocessavailabilityof manyalter-
nativesdisablersanstill resultin considerableecreased
MT and DA acceptane. Consistat with this claim,
planneccontrastestshowedthatthenumberof disablers
hada similarimpacton MP andMT acceptanceatings.
Likewise AC andDA acceptanceasnotdifferentiallyaf-
fectedby thenumberof availablealternatives.

As Figure 2A indicates, MP inference also lasted
longer(595 msec)whenfew alternativesvere available
[F(1,99)5 11.9,MS,5 2.97,p, .001].Thiseffectof al-
ternativeon MP reactiontimesis puzzling.Thedirection
of the effect, with manyalternativeconditionalshaving
shortereactiortimes,wastheoppositeftheotheratency
effects.At presentwe haveno clear-cutexplanatiorfor
thisfinding.

EXPERIM ENT 3
Individual Differencesin Disabler
Retrieval Capacity

In ExperimenB we triedto obtainfurtherevidencdor
therole of thesemantisearctprocessluringconditional
reasoningWe testedwhetherindividud differencesin
adultreasonerstapacityto retrievedisablingconditions
affectedperformancen MP andMT inferencesThese-
manticmemoryframeworkstateghattheincreasede-
jectionof MP andMT resultsfrom thesuccessfuletrieval
of adisablingcondition.Sincetheprobabilityof success-
ful retrievalwill behigherfor peoplewith amoreefficient
searchprocessye would expectthatthe betteroneis at
retrievingdisablerdrom semantianemory thelessMP
andMT shouldbeaccepted.

We do not predictan effecton theinferencdatencies.
Reasonersvith a moreefficientretrievalprocesscanbe
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expectedo be fasterat retrievingdisablers Although
moreefficientretrieverswill probablyretrievemoredis-
ablersthefasterrunningsearctproceswill compensate
theextratime neededor theadditionaketrieval.
Retrievalefficiencywasmeasuredy looking at the
numbeiof generatedisablersn ageneratiotaskthatwas
presentedio 40 participantaftertheinferencaaskof Ex-
periment2. Thegeneratiortaskusedfour newcondition-
alsandfour conditionalslreadypresenteth theinference
task.Thenewconditionalsvereincludedbecausgenera-
tion for theold conditionalsnaybebiasedby familiarity.
Ontheotherhand retrievalof disablersor adultpartici-
pantsmay be highly specializedandconditionakspecific.
In thislattercasegeneratiorof disablergor thenewcon-
ditionalswould not be informativefor theretrievaleffi-
ciencyfor conditionaldn theinferencetask.Comparing
theresultsfor the old and new conditionalsallows usto
sidestepthispossiblecomplication.

Method

Particip ants. Forty participantsthat participatedin Experi-
ment2 took partin the presentexperiment.

M aterials. Disablerretrieval capacitywasmeasuredy request-
ing participantsto generatgossibledisablersfor eightconditionals.
Half the conditionalshadalreadybeenpresentedo participantsin
theinferencestudy(5 old conditionals),andtheotherhalf weredif-
ferent(5 new conditionals).Half the old andnew conditionalshad
beenclassifiedin previouswork aspossessingnanydisablingcon-
ditions, and the other half had only few possibledisabling condi-
tions. ltem formatandtaskinstructionsweresimilar to thosefor the
generationtaskin Experimentl. The conditionalsappearedn the
sameorderin all booklets.Theold conditionalswerepresentedfter
thenewones.

Procedure. Theretrieval measuravaspresentedafter all partici-
pantsof agrouphadfinishedtheinferencestudy Generatiortimewas
limited to 30 secfor thenewconditionals,asin Janveau-Brennaand
Markovits (1999).To accountfor fasterreadingtimes(andthusmore
retrievaltime) dueto previouspresentationgeneratiortime waslim-
ited to 28 secfor theold conditionals.Participantshadto write down
their answerslnstructionsstressedhe importanceof writing down
only the generalcore of the retrieveddisablers,in ordernot to lose
time becauseof the writing itself. The generateddisablerswere
scoredaccordingto the list of accepteddisablersasprovidedby the
ratersin our previousstudies.

Resultsand Discussion

We disallowedb.66%0fthegeneratedisablersn the
retrievalmeasuremainly becauseheyexpressedaria-
tionsof thesameideaaccordingo thepreviousclassif-
cations.The Spearmarrank-ordercorrelation between
the generatechumberof disablersfor the new andold
conditionds wasratherhigh[rg5 .65,n5 40,t(38)5
5.30,p, .001].

Acceptanceratings. Wefirstanalyzedherelationbe-
tweenparticipans’ meanMP, DA, MT, andAC accep-
tanceratingin Experimentl andthetotalnumberof dis-
ablersthey generatedor the eightconditionalsin the
retrievaltask.Spearmarrank-orcer correlatonsindi-
catedthatbothMP [r¢5 2 .35,n5 40,t(38)5 2 2.33,
p, .03]andMT [r,5 2 .40,n5 40,t(38)5 2 2.67,p,
.02] showedthe expectedsignificant negativerelation:
Themoredisablerpeoplecouldretrievein alimitedtime


















