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TOe importanceof pragmaticaspectsin conditional reosoningwas assessedin te
performanceof 54 subjecís(26 fenialeand28 míe: meanage 17.6years)oIl 48 conditional
inferenceproblerns, usinga 3 x 2 x 4 design.with repeatedmeasurements.The independent
variableswere probabiLity of empirical frequencyin dic real world, type of conditional
rule, andscenarioavailability. Numberof correctresponsesaudsubjects’eertaintyabout
tite correctnessof Iheir responseswere tOe dependcntvariables.Tbe resultsshowed:a)
tOe scenarioavailability Ls nol sufficient in itself lo explain difíerencesin performance,
but it doesaffect Ihe suhjecis’degreeof confidencejo thcir conclusions;b) diere ís an
interactionbetweenprobability of empirical frequencyjo tOe real world and type of
conditional rule oncorredperformance.Thc resultswcrecontrastedwith the predietions
madeby the mental models theoryand its revisedversionproposedby Evans(1993).
These findings support the semanticIheoriesof conditionalreasoning.
Xc~ words: ¡~ragn;axir: ~-casoning, conditional reasoning. cni~~irical re/cuan bc’tween
aoteccdcnt cad co/tse quetit, availabiliiv of thescenarw

En este trabajo hemos estudiado la importancia de factores pragmáticos en razonamiento
condicional, analizando la ejecución de 54 sujetos ~26mujeres - 28 hombres, cuya media
de edad era de 17.6 años). Planteamos un diseño 3 x 2 x 4 de medidas repetidas en
los tres factores. Las variables manipuladas fueron: la relación empirica existente en el
mundo, el tipo de regla y la accesibilidad del escenario. Se utilizaron como variables
dependientes el número de respuestas correctas y la seguridad de los sujetos en la
corrección de sus juicios. Los resultados han puesto de manifiesto que: a) la accesibilidad
del escenario no es en sí misma suficiente para explicar las diferencias en la ejecución,
pero afecta al grado de seguridad de los sujetos en sus conclusiones; b) hay una
interacción entre probabilidad de frecuencia empírica en el mundo real y el tipo de norma
lógica sobre la ejecución correcta. Contrastamos ¡os resultados con las predicciones de
la teoría de modelos mentales y con [aversiónrevisada (Evans, 1993). Los datos apoyan
las teorías semánticas del razonamiento condicional.
Pafabras clave: razonamiento pragmático, razonamiento condicionat, rotación empírica
entre antecedente y consecuente, accesibilidad del escenario
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PRAGMAT1C ASPECTS IN CON[)ITIONAL REASONINO

Thereis now considerable empirical evidence that human
reasoningwith conditionalsentences(cg., it Muzzv¿5 0001,

dita Mu2zv has four legs) ¡5 influencedby concrete oc

thematic contcnt (Holyoak & Cheng. 1995a, 1995b).
Specifícal¡y,prexiouswork hasestablishedthai distineltypes
of contentevokedistiner inferencepatternson thc Wason
selectiontask,the most investigatedproblemin thcpsychology

of reasoning(Valiña, Scoane,Ferraces,& Martín, 1998; see
Evans,Ncwstead,& Byrne, 993,br a detailed review).

Comparativelyfew studieshaveinvestigatedhnw people
reasonedwith different typcs of realistie contení (but see
Newstead,Ellis, Evans, & Dennis, 1997). The main
contribution of this paperis, precisely,to investigatein more

detail the effectsof the subject’sknowledgeaboutproblcms
of each rule of propositional logic (Modus Paneas¡MP],
Modus Tollens[Mi], Aftirníation of the Consequent[A Ci,
and Denial of /1w Antecedcnt[DA]).

la a previouscxpcrimcnt(Martín, ¡996; Valifla, Seoane,
Ferraces,& M~irtín, 1996a), <Uree versionsof Wason’s
selectiontask werepresentalto thesubjects(Wason, ¡966,
1968), with three íypes of content (abstraer,thematic-

perrnIsslon,and thematic-obligation).Tbe resulis of ihis
experimentrevealedthe importanceof facíors related to

knowledgewhen executinga meta-inferencetask, such as
the Wasonselectiontask.This effect conid not be understood
as a mere facilitation of concretecontent,faced with the
abstractconíent of the rule. In fact, we registeredbetter
performancein subjectswhen using the versionswhich
includeda deonticrelation (enunciativeconditionaisthat
contain deontic termssuch as the imperativemodal must
seeMankíelow& Over. 1991), both in abstractaudthematic
content(cg., ¡fa Wasitcard lías A on ant sitie, tuca it mus!
Izavea 3 cnt tite otiter or if a person rides a ,notorbike, dita
he oc site ,nu.st wear a hehnefl. Hesides,we obtainedthe
worst resuliswith the rule, using thematiccontent,which
expresseda relation of possibility or permission(e.g., ifa
person is more than 18 years oid, then he oc site lías tize
right fo vote).

The proposalsof ihe theory of pragmatiereasoning

sehemas(Cheng & Holyoak, 1985, 1989; Cheng.Holyoak,
Nisbett, & Oliver, 1986; l-lolyoak & Cheng,1995a,b; Valifla,
In press)couldexplain this improvementin reasoning.Frorn
Ibis perspective,in the two tasks thaI regisíereda higher
numberof correctanswers,the subjectsuseda schemasimilar
lo that of ‘obligation” Ql the precondition is satisfied, titen
tite action ,nusr be carried ant). Howevcr, this theoretica¡
proposaldoesnot Iully explain other results,such as the
differencesin performancebetweenthe two theniaticversíons,
both similar lo a pragmaíicsehema,either of obligation
(“thematic-2~) oc of permission (“Ihematic-1~: u Ihe
precottditioit ¿5 satís/wd,titen tite actionntay be carried att!).

However, using the íheory of mental models(Johnson-
Laird, 1983; Johnson-Laird& Byrne, ¡991), it is possible
to predictandexplain the performancedifferencesbetween
conditionals which expressa deontierelationof “necessity”

andconditionals which presenta mere “possibility “. In this
respect,as Byrne & Johnson-Laird(1992;see also Johnson-
Laird & Byrne, 1992) indicated, the “deontic framework’
or “epistemie’ of thc conditional relation may bemodulating
ihe subjects’reasoning.

The resultsof Valiña et al. (1996a) only permilted

verifying the influenceof the necessitynatureof acondilional
relation when ¡he subjectswere reasoningabonía meta-
inferencetask, such as Ihe selectiontask. 1-lowever,could
this influence be generalizedro other conditional inference
tasks?Wc designedthis experimentto answerthis question.

Our interesí in Ihis experimení wasnot, therefore,to
analyzethe influence of thecontent(abstraervs. thematic)

on the subjects’conditionalreasoning,as this hasbeendealt
with previously (Seoane& Valiña, 1988; Valiña, Seoane,
Ferraces,& Martín, 1995; Valifla, Seoane,Gehring,Fenaces,

& Fernández-Rey,1992; Valiña, Scoanc,Martín, Fernández-
Rey, & Ferraces,1992). In fact, we only usedconditional

arguments,with ihematieeonteut,as experimentalmaterial.
Questionsabouíthe possihleeffect of thematicfacilitation
havegeneratedabundantexperimentalinvestigation in the
Iast Iwenty years, but this topie is now practically spent,
given that, as we previously indicated, the influence of
knowledge on pragmaticreasoningis more complexthan

that of merefacilitation of thematicversusabstractcontent
(Valifla, Seoane,Ferraces,& Martín, 1996b).

In this experiment,we tried to determinetheprecise
importanceof the variablethat we calI the probability of
empirical frequencyin conditionalreasoning(Valiña, Seoane,
Gehring,et al., 1992; Valiña. Seoane,Martín, et al., 1992).
This refersto the frequencywith which the expressedrelation

(betweenantecedentandconsequentin condilional statements)
occursin the real world. This offersthree leveis, whichrefer
to the degree of empirical occurrence:deterministie,
probabilisrio, and wñhoutspectjficrelation. In this respect,
we consideredthe delerministierelation similar to arelation

of entpirical necessiíy (the relation expressed in the
conditionalstatementwill alwayshappen,for example:If
tlíe docker throws a piumb itt/o tite ~vatentiw,í tite plumb

wiii sink); whereasthe probabilistie relation presentsan
enípirical possibility (which only happenssornelimesin the
real world, for example:if tite faratergetswet, the>í he wili
c.atclt a caíd).

lf, as posiled hy thetheory of mentalmodeh.,reasoning
subjectselaborateanalogicalrepresentationsof the real world,
then one would expect that reasoningwiíh conditional
statementsin which empiricalpossibilitiesareexpressedwill
be difíerení from reasoninginvolving statementswhich
present empirical necessities.More precisely, and in
agreementwith Johnson-Lairdsproposais(Byme& Johnson-

Laird, 1992; Johnson-Laird& Byme, 1992), reasoningabout
a neeessary argumentrequiresthe elaborarionof a unique,
explicit mental model of the situation. However. if the

situation concernsaprobable conditional statement,Ihatmay
or maynot occur in the real world, then il would benecessary
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to elaborateboth an explicit andan implicit mental model.
Therefore,we expectedthe subjectsto manifestmore conect

reasoníngwith conditional síatemenís.in which Ihey
expresseda necessary(deterministic)relation, than if the
relation waspossible (probabilistie). In ihe latíer case,ihe
numberof mental modelsneededto arrive at theconclusion
was grealer,which led to an increasein theworking memory
workload, and, finally, an mercasein Wc numberof errors.

We also manipulatedtwo more variables: type of
conditional rule aud availability. The first had four levels,
correspondingto the four typesof conditional inferencerules
from propositional logie.

The manipulationof thetype of rule variableallowed us

to seewhetherour resulíswould supportthe predictionsof
the theoryof mentalmodels(Johnson-Laird,1983;Johnson-
Laird & I3yrne, 1991). or thoseof its revisedversion(Evans,
1993), developedwithin the Irarneworkof Fvans’stheoryof
heuristic-analyticprocesses(Evans. 1982, 1984, 1989).
Accordingto Johnson-Laird(1983; Johnson-Laird& Byrne,
1991), MP for condilionals requiresonly oneexplicit model

andoneimplicit model.Subjectsfocus iheir altentionon the
initial explicit model aud. from Ihere, immediaíelygenerate

the conclusion.Qn theother hand, when faced with MT
problems,thesubjectswould not be able to generalethe
conclusiondirectly from the explicil model,but by developing

thepossihle implicil models instead.Regardingthe níinor
MT premise,reasoningwith tbis rulerequiresthe subjectslo
generalethe conclusionby the elaborationof threemodels.
The numberof mentalmodelsneededfor MT is greaterthan
for the MP rule. This implies that the operalive memory
workload would be greater,andaccordingly,performance
would be worse.

Evans(1993) agreedpartially with Johnson-LairrLs
theory(1983; Johnson-Laird& Byme, 1991), but considered
that in theoriginal version, therewasno clearexplanation
of how thesubjectselaboratedthe modelswhen they weue
requiredto reasonaboutMT problems.In Ihe revisedversion
of the theory of mentalmodels. ibis auíhorproposedthat
¡he subjectsstart elaboratingaH initial representation,Ihat
inclu(tesa completerepresentationof the affirmative values.
but only an implicit representalionof <he negativevalues.
According to this author, ‘subjectsmay draw inferences
cuitee if the premiseis exhaustivelyrepreseniediii Ihe currení

model, or if alí models in which it occursare explicitly
represented (Pl principIe, Evans. 1993, p. 7). The MP
inferenceis adjusíedto the previousprincipIe, but not to
thai of MT, becausethe premise not q wasn’t totally
represented.Therefore,subjectswould try to develup an
implicil model. However. they might or niight nol be

successful,and so, could generateor fail to generatethe
correct inference.

The mentalmodels theoryproposesthat in MP andAl?
inferences,subjecísreasonfrom the initial representation.
in which Ihere is no explicit model to serveas a counter-
example,to ihe inference.Thus, Johnson-Lairdpredicts thaI

subjecíswill elaborateboíh MP andAl? inferenceswith
eqtial frequency,“even if stihjecís representtheconditional

wiíh exhaustivecategoriesbut an implicit model” (Evans.

1993, p. 5).
Nevertheless.ihe evisedversionof thc íheoryproposes

that suhjecíswill draw MP inlérenceswiíh grealerfrequency
than Al? inferences.In Ibis sense,in the caseof MP, subjects
will draw the iníerence both frorn a conditional or
bicondilional representationof the rule, buí they only will
generate[he Al? inferencesif they adopta biconditional

representationwith a higherrateof MP inferencesthan the
Al? ones.

Accordiiíg to the original theory, subjeclsmadethe Al?
inferencemorc Irequently than the DA becauseIhere is an
explicit represeníationof affwmaíive. buí not negalive,values
in the inilial model. Given the minor premiseof the DA
argumení.reasonerscould acctiratelysaythat nothittg fhiíows
símply becausethey couldn’tcombinethe information in the
secondpremisewiíh ihe initial setof inodeis (regardlessof
whctherihosemodels were br [heconditional or biconditional

interpretation).So, rcasonerscould aniveat the right answer
fbr ihe wrong reason.¡he samepredictionfollowed from Ihe

revisedversionof ihe theory. but Evans(1993,p. 9), on the
basis of the resulis of the ¡iteraturewhich used inferences
from Ihe affirmative condilionals,pointed out thai the Iwo
inferenceswere madewith roughlyequalfrequency.

Finally. Ihe third variable we manipulated xvas
availability. Qur aim waslo síudy whetherthe availability

of a seenariowas a sufficient condition (as proposedby
Pollard, 1982) to provokean improvementin subjects’
reasoning,or w hether,as Evans proposed(1984, 1989,
1995), it cou]d be a necessarybut insufficient conditionlo
influencereasoníng.

Basedon our theoreíical proposals.we proposethe

following predictions:
1. l’he factorrelatedtu the suhjectspreviousknowledge

modulates[he reasoníngprocess. In this respecí,the greater
the possibiliíy of subjectsactivatingknowledge,the casier

the task will be. As Byrne and Johnson-Laird(1992)and
Johnson-Lairdandl3yme (1992, 1994)proposed.reasoning
froni a deonticrelation implies iheelaborationof a unique
mentalmodel.Consequently,we hopeto obtain <he highest
numberof cor¡cctunswersand greatestceriainty abouithe
answerswhen the subjecísreason aboutdeterministie

siatemene..In the sanie way, the lowesi performancelevel
andlowesi leveisof certainiy would registerin statements

withouí specificrelation, where it is nol possibleto access
Ihe subjecís’concelitual sysiem.

2. Reasoningis basedon the constructionof mental
models or scenariosof ihe situation. llowever, the useof
accessiblescenai-iosis not sufticient to improveperformance

in a reasoningtask. In ihis respecí,andbear¡ngin mmd that
ihe availabiliíy of the seenariothaI we wilI preseníis limited
tu includine available professionsin decontextualized
reasoning,~vedo not expecíto registersignificantprincipal
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effectsof ibis variable(availability) on the numberof correct

answers. More specifically, we do not expecí higher
pertbmiancelevelswhen [he subjectsreasonaboutarguments
which include available professions,comparedto those
which preseníunavailableprofessions.

3. Availability, in itself, is nol a sufficient factor [o
improveperformance,andwe agreewith PollardandEvan’s
proposal(1987)when they síale thai variablesof content-
coníextmodulatehumanreasoning.1n this respect,we expect
[o registerlower numbersof correctanswersandless certainty

ahoutthe answerwhen Ihe probability of empiricaloccurrence
expressedin the argumenísis nulí (without-specitic-relation
condition), if the subjectsreasonaboutunavailableseenarios.
Also, subjectswill teud [o rejectthe task more often ([he
increaseIn [he selectionof Ihe alternativenothingfbilo¡vs

will revealthis). However, when the subjectsreasonabout
delerministiestatementspresentedin availablecontexts,we
expect[o registerthe highestnumberof correctanswersand
grea[est certainty aboutthe answer.In [his case,access[o
the conceptualsysíem is heingfacilitated, andthe activation
of relevant knowledge will definitively facilitate the
elaboralionof a mental framework lo reasonabouí.

Method

Participanis

Fifíy-four school síudenís(26 femalesand28 males),

studying at the RafaelDieste School (A Coruña,Spain),
parlicipated voluntarily in this experiment.The age of the
studentsranged from 16 to 20 years(M = 17.6). Subjects

were randornlyselecíedandnone had any prior tuition in
formal logie.

Desiga

Wc useda 3 x 2 x 4 design(Probability of Occurrence
in the Real World x Availability x Type of Rule), with
repeatedmeasurementsin the threefac[ors.

The first factorwasprobability of empiricaloccurrence
of the relation betweenthe antecedentaud the consequen[
of eachconditional statement.This relation could always

occur in Ihe real world (deterministie),sometimesoccur
(probabilistic),or [herecould be no specificrelation between
aníecedentandconsequent(without specific relation).

The secondfactor was availability, with two levels
(Available and Unavailable).This refers to the type of
professionincludedin the problem,which in onecasewas
available[o the subjects(for example,a singer),whereasin
the other, il was unavailable(for example,a soprano).

Finally, [he third factor was the Iype of rule, which
correspondsto [he four types of conditional inference
proposedby prupositional logw: MP, MT, Al?, ant! DA,

As dependentvariables,we used:a) <he numberof
corree!answersaccordingto Logie andb) [he certaintythat
the subjectsexpressedabout[heir answers.

Materíais aud Procedure

Two bookle[s were madeup for Ihis investigation.Each
one containeda pageof instructions and a total of 48
problemsof conditional inference(two per page),of which

16 expresseddeterministierelations,which alwaysoccurin
[he real world (for example,¡1 Ihe ‘tun looksal iterseif in
the níirror titen site seesherselíre/lected), 16 contained
prohabilistiestatementswhich occursometimes(for example,
if rize Inilíer sníokesa lot, then he wiii itave iung cancer)
and, finally, 16 itenis which containedconditional .sta[ements
where[here wasno specificrelationbetwecnthcantecedent

andthe consequent(for example,~ tite sculptorciils itis itai~
the,í ite lviii ge! inarried). We used [heconditional sta[ements
from apreviousnormativestudy (Martín & Valiña, 1993).

We manipulated[he degreeof availability of [he content,
selecting[he professionsof [he charactersin it, which were
included in tlie premises.In eight items, thesecharacters
hadan availableprofessionfor Ihe subjects(for example,

if tite workma,ílaus fro,n tite te,tthfloon the,í he wili hurt
Itinísel!), whereasin the othereight iíems, we presentedan
unavailableprofession(br example,if thepiastererfi/ls
/Pont lite tenílí /Ioor titen he wili kurt líimse4Q.We used,
with conditional argumenís,characterswith available
professions(e.g., singer, philosopher,clown, biologist,

workman,etc.),andunavailableprofessions(e.g.. soprano,
axiologisí. tightrope-walker,rnalacologist,plasíerer,etc.)

selectedfrom a previousstandardizedstudy,which hadbeen
used in a series of experimentsbasedon the study of
syllogistic reasoning,with quantifiers of natural language
(Valiña, 1988),including syllogismsin narrativetexts (Val jíja
¡985; Valiña & de Vega, 1988).

Finally, xve included two problems of each rule of
PropositionalLogie for both typesof conten[ (2 MP, 2 MT,
2 Al?, and 2 DA for available,as well as for unavailable

professions).The problemswere randomizedant! their order
of preseníationiii [he booklets was random andinverse
random.

ihe experimentalparadigmused wasan answer-selecíion

paradigm. The task of Ihe subjectswas [o select [he
conclusionthat was logically deducedfrom [he premises.
Also, theyhad[o mark witl) a cross,On aseven-pointseale,

the degreeof cerl.ainty that they felt about the correctness
of [heir choice. This sealerangedfrom itol at ah sure [O
contpíetelvsure,with a neutral iníermediatescore.

Wc carried ouí [he experimentin [he classroomwhere

Ihe síudentsnormally had lessons.AII the subjectssal at
separatedesksandthey alí did [he sametask. We handed
them wriíten ins[ructions andwe also real [heseinsíructions
aloud; afterwards,Wc clearedup any doubts [bey had.
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The instructionswere:
In [bis booklet you havea seriesof sentencepairs. The

first are of [he ‘1/ ..., the,t’ type. Thesetwo sentencesare

alwaysconsidered[o be true. Afier eachof [hesepairs of
sentencesyou will find a seriesof [hree statements.Your
task is to point out which of Ihese statemenls,at your

discretion, 5 deducedlogically from [he former ones.lf you
tliink [bat there is one [hat is Iogically corred,<ben you
should circle its number. lf you think that noneof the
sentencescan be logically deducedfrom the former pair,
then cirele [he numbercorrespondingto No conclusionLs

deduced.Apart from this, you mus[ also indicatehow sure
you feel aboutyour choice. You have alí the time you
considernecessaryfor [his. Make sureyou understandwhat
you haveto do.

Half of the subjects,randomly selected,receiveda

booklet with [he itenis presentedin randomorder,and[he
other half receivedano[her booklet with Ihe tenis in inverse
randomorder.

Once we read the instructions and we clearednp any
doubts,[he subjectscarriedout [he task without a time ¡imit.
The experimentlastedjust under an houn

Results

The datafrom 6 subjectswaseliminaledbeforecarrying
out [he analysisbecause[bey had not completedthe task.
We preseníthe resultsin threesections:(a) distribution of
eachtype of answeramongthe four conditional inferences;

(b) analysis of [he impact of experimental factors on
performance;and(c) study of [he influenceof [he aboye-
mentionedfactoeson [he subject’sconñdence.
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A) Distrihution ~ eachTvpeof aníongfuefour
Conditional Itíferences

Each item offered a choice of three conclusions:
affirr,íative, ‘tegative, and nothing follows, meaningit was
not possible¡o deduceanyconclusion.Descriptivedata for

all variablesareshown in Figure 1.
As shown in [his figure, [he niosí frequenlly selecíed

answerIn [he MP rule is Ihe affirmative conelusion,which
is logically correct. This percentagedecreasedparallel [o
the probability of empiricaloccurrencebetweenantecedent
and consequentof [he conditionalstatement.Specifically,
Ihe delcrministiccondition registered[he highesl percentages
of correctanswers,whereas[bis frequencydecreasedin the
wiíhout-specific-relationcondition. In [his case,[he subjects
were not able [o establishany particular link between[he

evcnts mentioned in [he rule and [he real world. Wc
registereda higherfrequencyof rejectionof [he task in [bis
condition, which is refiectedin an merCaseof [he choiceof
[he alternativenoihiñg /bi1¿ÑÑ.
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Figure 1. Frequency(%) of endorsementof conditionalinítrences
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In <he caseof the MT rule, Ihe most frequentlyselected
answerwas [he negativeconclusion,which, in [his case,
was correct. However, tlie percentageof subjectswho

reachedthe logically correctanswerwas less[han for the
MP rule. Despitethis. the samedecreasingprogressionwas
observedlhroughoul the threeconditions of enipirical
occurrence:determinis<ic-probabilistic-withoutspecific
relation.Thus, in MT, the deterministiecondition xvas also

the onethatregistereda greaterpercentageof subjectswho
chose[be corred answer,followed by [he probabilistie

condition.
The correct answerwaschosenmost frequentlywith the

MP andMT rules,according¡o [be entenaof FormalLogie
(an affírmativeconclusionfor MP anda negativeconclusion
for MT).

In the rules of AC andIDA, the condition where [he
greatestpercentageof correct selectionsoccurredwas <he
without-specific-relaíionone. l-lowever. when <he empirical
occurrencewasdetenministieor probabilistie,therewas an
meneasein [he lendency[o make biconditional in<erpretations
of the s[atement, which was reflectedin an increaseiii [be
choice of affirmalive ant! negativeanswers,respectively.
(SeeFigure 1.)

Tbus, when [he subjec<sreasonedaboutAC or DA rules,
when [here wasno empinical relation between[he antecedent
and[he consequent.they mainly chose[he answer[bat .stated

thatno conclusioncould bededucedfrom [he premises,which
wasthe correctalternativeaccording[o Logie. 1-lowever.when
[he statementexpresseda deterministieor probabilistie

empiricalrelation, [here weredifferencesbetweenboth rules

Table 1
Percentageof

(Al? and IDA) with regard<o <he most frequently selected

type of answenWhen [he subjeclswere asked[o reasonabout
Al? problems,<bey most frequentlyselected[he affurmative

answer,whcreaswith DA problems[hey tendedmainly [o
choosenegativeones.This could indicatethat [he increase
in [he empirical frequencyof [he conteníof Ihe rules was
acconipaniedby an increasein [be suhjects’tendency<o carry
out biconditional interpretationsof Ihe premises.whereasin

<he caseof conditionswi<hou[ specif¡c relation, [his tendency
was“blocked”, andconsequently,[he subjectsconskleredtha[
it wasnot possibleto deduceany conclusion. Indeed,it was
precisely <he choice of <his latter answerin [he withou[-
speciflc-relationcondition which increased[he percentageof

correctanswerswith AC andDA rules.
In Table 1 aredisplayed[he percentagesof [he notííi¡tg

foiiows answersselected.lii [his table, it may be seenthat
[he percentagesof [his alternativewere greaterin the
nonlogical rules (AC, IDA) <han in the logical rules (MP,
MT). In turn, [his alternativewas the rnost frequently
selectedwhen <he subjec<sreasonedabouts<a[ernentswi<h
no relation between[heir elements.

8) Analysis of tizo h;tpact of Liixperiníental Factors
oit Subjects PerJbrntance

The number of corred answersof eacbsubjectwas

added up, following the critenia of fonnal Logic. In Table
2, [be percen<ageof correc[ answersis shown, for eacb<ype

of rule, wi[h regard[o [he availability and probability of
enipirical occurrence.

‘Notlíing Foiiows Respotises Selected

Detenministie Probabilis<ic Withou< specific

relation

TOTAL

MEAN

MP 2.10 <7.75 27.10 15.65

Available
MT

Al?

23.95

30.2<)

28.15

35.45

44.80

55.20

32.30

40,30
DA 44.8<) 41.65 60,40 48.90

Mean 25.30 30.75 46.90 34.30

Unavailahie

MP
MT
Al?
DA

4.20
28.15
32.30
33.30

16.70
35.40
38.55
48,95

30.20
41.65
53.15
61.45

17.05
35.10
41.35
47.9<)

Mean 24.50 34.90 46.65 35.35

TOTAL MEAN 24.90 32.85 46.80

Note. MP — Modus Ponens;ML — ModusTollens: Al? = Atfinmatinn of <he Consequent;[DA= Denial of <he An<eceden<.
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Table 2
Perceutíageof Corred Answers¡u caclí Experhnetttai Co,ídition

De<erministic Probab¡Iistic Without specific relation TOTAL

M 3D

MP 96.85
MT 70.85
Al? 30.20
DA 44.80

6<).7<) 25.45 55.75 18.30 60.45 7.00 58.95

MI> 95.85
MT 69.80
Al? 46.85
DA 47.9<)

65.10 20,00 57.30 15.85 60,40 6.15

62.90 23.0<) 56.40 7.10 60.40 6.6<) 59.9<) 3.00

Note. MP = Modus Ponens;MT = Modus Tollens;Al? = Affirmatio¡i of <he l?onsequent:DA [Denialof <he Anteceden<,

We performed a 3 x 2 x 4 ANOVA (Probabilily of
Occurrence x Availabilily x Type of Rule). using [he
percenlageof correctanswersas <hedependen<variable.We
ob<aineda significant effeet of the type of rule, F( 1.64,
77.26) = 14.14,p < .0001. with relalion lo [he numberof
correctanswers.The highestnumberof correctanswerswas
registeredwhen [he subjectsreasonedaboutMP problems
(M = 82.82%), followed by those obtained wilh MT
problenis (M = 62.85%),and DA (M = 50.86%).Finally,
<he lowest percentagesof logical successeswere obtained
with Al? problems (M = 43.23%).The cnrresponding
contrastscarriedout subsequen[ly indicatedlhat [here were

signifícantdifferencesbetweenMP andMT in [he number
of corred answers,E (1, 47) = 41.90,p <.0001.as well as
with regard <o <he Al? rule, E (1, 47) = 4.54, p < .001.
However, no significantdifferenceswere revealedin Ihe
numberof coi-rec[ answersbetweenthcAl? and DA rules.

Sirnilarly, a significantProbability of Empirical Occunence
x Type of Rule interactionwasrevealed.E (3.58, 168.42)
6.41, p < .0001.As rnay be seenin Figure 2, with <he MP
rule, whe~’ we. nre~epwHn deterniinioácrebajan wa reai~tered

[he highestnumberof corredanswersE (1, 47) 10.75,;’
< .t)012. Specitically,we registeredIhe following deereasing
progressíonin <he numberof Iogically conectanswers o [he
<hrce experimental condilions: dcterniinis<ic (96.35%),
probabilistic (81.25%).andwithuut .spcciflc relation (70.85%).

The same progressíonoccurred with [he MII rule,
al[hougb [he numberof corrcctanswersin [he <hreeleveis
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Figure 2. Interactive effec<sbe<weenprobability of empiuical

Available

M 3D

16.05
38.4<)

33.8<)
52.75

M 3D

Total

8 1.25
64,60
35.4<)
4 ¡.65

32,00
35.65
39.83
41.15

M 3D

7 1.9<)
54.15
55.20
61)4<)

Unavailable

42.42
43.55
42.85
44.90

83.35
63.20
40,30
4 8.95

10.30
6.9<)

¡0,80
8.2<)

17.40

56.8<)

93,45
94,00

Total

8 1.25
60.40
38.55
48.95

2,30

3?.,62
42.46
40.31
39.25

TOTAL

69.80
57.3<)
53.15
6 1.45

40.95
39.95
43.05
42.15

82.30
62.50
46.2<)
52.8<)

10.70
5.35
6.00
6.15

60.90 3.20

of empirical occurrencewas lower with [he MP rule occuneneeandtype of rule In <he percentageof corrcc<responses.
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(70.33%,62.5%,and55.73%, respectively).However, wi<h

Ibe Al? and DA rules, this progressionwasdifferent. With
[heAl? rule, [he ordenof [he decreasingprogressionin [he
number of correc[ answerswas [he following: wilhout

specific relation (54.18%),determinis[ic (38.53%), and
probabilistic (36.98%).TheDA rule followed[he sanieorden,
(althoughwe registereda bighernumberof correctansWers
[han in Ihe AC rule): without specific relation (60.93’/o).
de<erministic(46.35r/c),andprobabilistie (45.30%).

Wc also carriedou[ 3 x 2 x 2ANOVAs. in which [he two
flrst variableswere [he saniefagtors(Probabilityof Empirical
Occurrencex Availabiliíy), whereasIhe third variableonly

had two leveis, whichcorrespondedei<her [o [he logical rules
or [o [be nonlogicalrules.

B.I.) Jnípact of experimeníalfactors on subjects’
perjbrmancewith. logical rules

The nesuhsof <heseANOVAs (Probability of Empirical

Occurrencex Availability x Logical Rule)indicatedthat [he
probability of empinicaloccurrencesignifican[Iy influenced
[he nuniherof corred answers,F(2,46) = 9.894,p < .0001.

Thenewere significantdifferencesbelween[he detenministie
condition. wherewe registered[hehighest levels of correct
answers,and[he other two, F(I, 47) 19.638,p < .00<11.

Signif¡cantdifferenceswerealso revealedin [he typeof
logical rulevariable,E(1, 47)= 16.49,p <.0001.Specif¡cally,
when [he subjec[s reasonedabot¡tMP rules,[he percentage
of conrectanswerswas higher (82.82%) [han when <bey
reasonedaboutMT rules (63.89%).

Table 3
Stíbjecr 1 Confidence (Meazis)

B.2.) Impa.tof experinte¡ítalfactors oit subjects’
performanceivith nonlogical rules

The resultsof [beANOVAs,using [he numberof correct
answersin nonlogica] rules as a dependentvariable,once
again showed<bat the probability of empinicaloccurrence
signifi cantly influenced[he numbenof Iogically correet
answer~.,F(1.39, 65.38) = 3.83, p < .04. Whenthe subjects
reasonedaboutstaternentswithoul a speciflc relation be[ween
[heir elements,they chose a higher numberof correct
answers(57.55%). and[he lowest percentageappearedwhen
they reasonedaboutprobabilistie statemen<s(41.14%).
Subsequentconlrastsshowedsignificantdifferencesbetween
[hewithout-specific-relationconditionand [heother two,
1(1, 47) 2.661, p < .028.

The <ype of nonlogicalrule also significaníly influenced
[he numberof correctanswcrs,F(1, 47) = 5.05, p < .029,
with a higherpercentageof correctanswersregisteredwith
the DA rule (50.86%) [hanwith [beAl? rule (43.23%).

C) Infiuíence of ExperintentalFactors on tite
St¡bjects Confié/ence

The subjectswere asked[o indicate for eachof [he itenis

[hecertainty [beyfelt about [beconclusionwhich, in Iheir
opinion, could be deducedfnom [he premises.Eachoneof
[he answerswas markedon a sealerangingfrom ¡ (¡íor uf
di Yare> [o 7 (conip/etc/evare). la Tabie 3 aredisplayed[he
meansof [he subjects’confidence for alí experimental
conditions.

¡ti cadíExperiníentaíConditio,í

Deterministie Probabilistic Wi<hout specific relation TOTAL

M SD M SD M SD M SD

Available

MI’

MT
Al?
DA

6.65 ¡.00

6.30 1.45
6.25 <.45
6.20 1.45

6.30 1.15

6.15 1.65
6.2<) 1.65
6.15 <.55

6.25 1.35

6.00 ¡.40
6.15 1.55
6<15 1.40

6.4<)

6.15
6.20
6.15

0.20

0.10
0.05
0.05

TotaL 6.35 0.20 6.20 0.20 6.10 0.1<) 6.20 <1.10

Unavailable

MP

MT
Al?
DA

6.60 ¡.50

6.00 1.85
6.20 1.40
6.10 1.20

6.25 1.85

6,10 ¡.75
6.15 1.70
6.20 2.00

6.20 1.50

6.00 <.70
6.00 1,60
590 2.15

6.35

6.00
6.10
6.10

0,15

0.05
0.10
0.10

Total 6.20 0.20 6,20 0.10 6.00 0.10 6.10 0.10

TOTAL 6.20 0.15 6.00 0.10 6<10 0.10 6.15 0.10

No/e. MI> = ModusPonens;MT Modus Tollcns; Al? Affirmation of <he l?onsequent;DA = Venial of <he Anteceden<.
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Wc performed a 3 x 2 x 4 ANOVA (Probabilitv of
Empirical Occurrencex Availabilily x Type of Rule).
Differences with regardte availability were revealed:tIte
subjectsfelt more certain about [he correclnessof <heir
answerwhen they reasonedabeul availableeontent(Al =

6.21), [han when <bey did so abouíunavailableconlen< (M
= 6.13). Despite [he fact <hat [he dilTerencesbelween[he

averagesof both conditions appearednegligible, Ihe rcsul<s
of [he analysesindicaled that they were statistically
signiflcant. 14,47) =

4.9(tp < .031.
Similarly, we obíainedsignificant difíerencesin [he

cer<aintyof [he answerswith regard[o <he <ype of rule,
F(2.70, ¡26.67) = 11.48,;’ < .0001. lJpon performing

subsequentconlrasts,significantdiffercnceswerc revealed
between[he MP and [he MT rules, E(1, 47) = 24.53,p <

.0001: Ihe suhjec[s feIt more sureof their answerswhen
they reasonedaboutMP problenis [han aboutMT enes.

Furíhermore,the subjectswere more confident when ¡hey
reasonedaboutanyof <heseargunients(MP and MT) [han
ahoutargumen<sof AC, E(1, 47) IO.99I,p <.002. Final¡y.

therewere significaní differencesin [he certainty of <he
answerwhen <he subjectsreasonedabourMP, MT andAl?
rules, as compared<o DA rule, E(1, 47) = 7.677, p <.001.

The probahility of empiricaloccurrencealso signiñcantly
influenced the subject<certainty of <heir answers,I( ¡.44.
67.63)= 5.17, p < .015. When [hesubjectsreasonedaboul
deterministiestatements,they seemedmore certainabot¡l <heir

answers(M = 6.27)[hanwhen theyreasonedaboutprobabilistie
statements(M = 6.18). Finally, statementswi<h no enipirical
relation be<weenantecedentandconsequentprovoked¡he leasí
certainty in [he subjects’reasoning(M = 6.06). Subsequent
contrastsshoweddifferencesin [he determinisliccondition
compared[o [he otber two, 1(1, 47) = 6.87.p < .014.

Discussion

We obtainedsignificant differencesin Ihe numberof
corred answers,wilh regard[o [he type of rule. Correct
performance in [he four rules follows a decreasing
progressionin [Ns order: MI’ - MT - DA - Al?. We obtained
the besíperforniance,[herefore, when [he subjeetsreasoned
abou[ MP rules. followed by MT rules.

According [o [he thcory of mental models. [he MP
inferenceis casier[han Ihe MT becausein <he former, <he
initial sel of modeisdoes nol need<o be fleshedotil [o make
[he inference.The MT inferenceis more difñcult becauseit

requiresf)eshingout [he selof modelsandkeepingniultiple
niodels in mmd. The revisedversion of [he <heory predicts

[he superioriíyof MP over MT: ‘inferencesxviii be made
more often if Ihe condilions for inferenceare met in <he
nitial i nipí ici t represenlarionand lc•ss oflen i f fleshing 011<

is required”([>2 principIe, forniulaled by Evans, 1993. p. 7).
Besides[he numberof corred logical answers,we tised

answers.The greaterreasoningcomplexity with MT and
specialy, [he greaterload ojí operativemenio¡y, explain [he
lower degreeof cert.aintyregisteredin MT as comparedwith

MP. In ¡he sameway, <he subjeclsselectthe alternative
,fhliows more frequenlly in <he MT rule <han in Ihe

This resulí may be explainedwithin Ibe frameworkof
<he tbeory of mental modeis.bearingin mmd <hat ‘vben
reasoningaboutMT, [he explicit niodel is eliminatedant!
subjectsonly haveIhe implicií model on hand,which they
must develop lo be able [o generale[he correct inferenee.
Howcver, occasionallyIbis model is not developed,witb
<he direct resulí that it is nol possible lo dcduc< any

conclusion.In [he MP rules,[he percentageof subjectswho
select[he alternativenothnígJbiiows is lower. as. in [his
case,Ibe subjecsare reasoningdirec<ly from <he initial

explicit model.
Ocr results also sbow [bat [he MP aud MT inferences

aremademure frequently<hanIhoseof Al? andDA. These
resul<s do not suppoutei<herof [he two versionsof <he theory,
according<o which the MP and<he Al? occurmore oflen
[han ihoseof MT andDA.

tinlike <he original versionof [he theory.which predicted
a similar frequeneyin <he productionof MP andAl?, aud
supporting[he predictionof [he revisedversion. Wc registered
a higberfrequency in [he MP inference[han in [he Al?.

In general,<he results obtainedwitb <he type of rule
variablepartially support<be theory of mental modeis.and,
more so, Ihe revisedversion of [he theory. ‘Fo sum up: a)
MP inferencestakc placemore often [han [he MT. as is
positedby both versions,b) <he Mí> occursmore frequently
¡han<heAl? rule. and. in turn, <he Al? rule is producedwith
a similar frequency[o [líe DA rule; bo<h resultssupport<he
predictionsof <herevisedversion of <he theory, bu< do not

confirm Ihe predictionsof [he original version;andc) <he
subjectsproduce<he MP a¡id [he AC rules more often ¡han

ihe MT andihe DA rules.
The resultsof <bis investigalioncontirm our predictions

regarding<he imporlanceof knowledgeabou reasoning,
following ¡he trend revealedin previousinves[igations (Valifla,
Seoane,Gehring, eta!., 1992; Valiña, Seoane,Martín, e< al..
¡992). Wc obtaineda signilicant interaclionbetween[he ¡ype
of rule and probabili<y of empirical occurrcnceof Ihe
s<atements.Thus, as Byrne andJohnson-Laird(1992) and
Johnson-l,airdandByrne (1992)staíed.[he difficul<y in <he
pioductiunof [he four rules of infcrenceis modula¡edby <he
;íccessarxorprobable charucterof <he reíati un that <bey
ex¡)ress.According lo [hese aulhors,when subjeclsreason
abouta dco,ític or necessarv reíation (deten i nistie). [bey
only need<o elaboratean explicit model of <he situation Lo
produce<he correctinference. However, when <¡ley reason
abnu< a probabiíisíic relation. <hcy have lo contemplateal
least txvo al<crnal.¡ve possibi¡ [les, gi ven ¡Lii Ibe relation may
or niay not occurTherefure,[bey have[o elaborateah explicit
model from <he information mentionecíin [be rule, as wel¡

as a dependenívariable [he subjects’cer<ainty about Iheir as an ¡rnplicit model.
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Ihe resulísof our experimenísupport <his proposal.
Effec[ivcly, Ihe subjectsregistered[he bes< performancewith
MP and MT rules with sta<ements <ha! expresseda
deterministic relation. l-lowever, wi<h MT problems,
perforniancewas worse, because<be s[ruc<ure of [he rule
implies that [he subjectscould not reasondirectly from a single
initial explicit model.Furthermore,in Ihe MT rule, we observed
poorer performancewith probabilistierelations. In [bis case,
added[o [he inherentdifliculties in [he formal strucíureof
MT, is [he fact <hat Ihe probabilistierelation forces[he suhjec<
<o coníemplatevariousalternativemodeis in order<o produce

<he conclusion.
Similarly, Byrne andJohnson-Laird(1992, experiment

3) observed[bat [he presenceof aprobabilistiomodal verb
in sta[ementsturned [he relation mío a fact [bat mighí or
might no[ occunAs a consequence,in order[o reason,<he
subjectshad<o elaboratean explici< niodel ([bat revealsIhe
eventocctLrrencementionedin <he rule) andan implicit
model (thatrepresents<he potentialpossibility tha< an event
may not oceur).However, [he presenceof a deontio modal
verb indicaledthat [bere wasno possiblealternative<o <he

event mentionedin Ihe statenient.In [his respect,[he
determinismin the relationguided[he subjectstowards<he
construction of a single explicit model íba[ expressed[he
occurrenceof 11w relation. In short, as BycneandJohnson-
Laird (1992) pointed out, whereasa modal verb wi<h a
probabilistiecharac[er requires[he elaborationof a series
of alternativemodeis<bat areintrinsically hypo<hetical,<he
modal verb which expressesa relation of necessi[y brings

about<he construclionof a single simple Ihctual model.
Furtbermore, [he interaction registeredbetween <he

probabili<y of empiricaloccurrenceaud[he [ypeof míe reveals
[hat. in the Al? andDA rules, [he lower <he possibility of
activatingempiricalknowledge,<he betterperformancewill
be.Theseresul[s may be explainedby [he existenceof a bias
towardsnonpropositionalconclusions<bat guides subjects
towardsa correctconclusion.In [his respect,[he subjectsmay
choose[be correctaltemativesimply because[he absenceof
an empirical relation between<he elementsof <he rule leads
them [o rejecí[he task more often, and, consequeníly,<o
answer<hat it is not possible<o arrive at a conclusion.

S<evensonandOver(1995, experiment4) analysedIbe
effect of <he “quality” of premiseson [he productionof the

AC andDA míes.Theseauthorsobservedthat, as contidence
decreasedin <he conditional relation. reasoningwith <he Al?
becamemore difticult, whereasit hadno effeet upon <he DA
rule. Qur resul<s in [he withouí-speciñc-relaíioncondition.
with AC ant! DA rules, support [boseof S<evensonandOver.
Effec<ively, [he lack oían empirical relation between[be

antecedentand<he consequen[makeperformancemoredifficult
with Al? rules Ihan with DA rules. In general,[heseauthors
explained[heir resultswithin [he franiework of [he theoryof
mentalmodels, indica<ing tha[: “<he epistemieweightsof
niental models of [he premisesin an inferencewould help
determine[he weightsof [he niental modeisof <he conclusion,

which would fix how probableor improbable[he conclusion
wasthought[o be” (Stevenson& Over, p. 640).

Siniilarly. other authors(Cummins, Lubart, Alksnis. &

Rist, 1991)underlined[he importanceof [he conten!of
conditional s<atemen[s on [he productionof inferencerules.
Theseauthorsdesignedan investigation thaIanalyzed<he
influence of [he staíenients’fhmíandconfe,ít on [hesubjects’
reasoningwith decontextualizedcondilional arguments.As
In our experimen<,<be au[bors presented[he subjectswith
problemsusing[he four rules of conditionalinference,with
<hematiecontent [bat expressedcause-effec<relationsand
varied with regard<o [he numberof “alternative causes”

and “possible causes” [bat could be derived from [he
conditional. Tbe authorsalso registeredan interaction
beíweenform andconten[, which led [beni <o characterize
humanreasoningas fundanientallypragma<ic:“<he tendency
<o interpreta statemen<as a conditional or a biconditional
may exist on a continuum,varying with [he sizeof [he pooí
of alíernatives[bat characterize[he situation describedby
Ihe cunditional’ (Cumminset al., p. 275).

lf we note <he similarity of [he probability of empirical
occurrencevariable[hat we used.<be deterministielevel may
be consideredsimilar lo [he condition of a narrow relation
be[ween antecedentand consequent,so [bat <bere are no
possibLe ‘alternative causes in [he conclusion <bat is
preseníed.Qn[he contrary,we can consider [he probabilis[ic

level lo be similar [o <he conditionwhew [he con<entis flexible
abou<<he possibleexistenceof “incapaci[a<ing conditions”
that make<he presentedsía[ement niore relative(or probable).
In [bis respec<,ant! according<o <he authors,[hegreater<he
numberof possiblecauseswhich <he subjectsmay produce
by acíivating [heir knowledge,<he lower [be probability of
in<erpreting <he s[a<ementsas biconditionals.In conditionais

whoseconsequenceis probable,Ihe subjecísproduceMP and
MT rules less frequently [hanin delerministiestatemen<s.The
subjectsmakc [he AC andDA inferenceswi[h determinislie
statements,becausethey are interpretedmore ofíen as
biconditionais.According[o <beauthors.<he less“altemative

causes ihe subject is able [o elaborate,[he be«er<he
performanceof MP, MT, Al?, and DA rules.

As <bey hadpredicted,Cumminset al. (1991) found a

similar interaction [o [he onewe obtainedbe<weenform and
empirical frequency.Theseresultsconfrrm [hat [he type of
inferencewasmodulatedby factorsrelaled<o [be activation

of knowledge, particularly, [o [he possibility of activating
‘alternativecauses’or “incapaci<aíingconditions’from [he
s<aíenien<s.In our case,[bis influence of knowledgeupon
reason¡ngis reflecíedin [he possibili<y uf activa[ing empirical
knowledgefrom [he empirical frequencyof [he s<atements
[bat werepresented.Thesevariablesdelermine<líe search
for plausible conelusions elaborated from empirical
knowledge,and no< from logical or necessaryconclusions
elaburatedby <he activationof formal rules.

Moreover, we confirm our empirical expectationswi<h
regardlo availabili<y. As Evans(1984)stated,availabili<y
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wasnot sufñcientlo facilita¡.e [he productionof a conditional
inference<ask, asopposed<o Pollard’s(¡982) point of view.

Qur results show [bat [he mere inclusion of available
professionsin decontextualizedargunienísdoesnot improve
<he subjects’perfonnancewhcn conipared<o [he inclusion

of unavailableprofessions.However, <he subjecís’ degree
of conñdenceabout[heir ansWersincreases.

None<heless,wc could not confinnone of our predictions

<naderegardingavailability of <bescenario. Like Pollard and
Evans(1987), who proposed<he influenceof con<ext-conten<

variableson reasoning,Wc expected[o regisíera signiflcant
interactionbetweenIhe empiricalfrequencyof [he staíemenís

andavailabiliíy of [he seenariowbere<hey were included.
Wc boped<o ob[ain a highernL¡mber of colTecíanswersand
greaterconfidenceabout<heir answerswhen <he subjecis

reasonedaboutdeíerníinisticrelations,presentediii available
coníexts.Siniularly, [he poorestpeiformanceandlowestdegree
of confidenceabotut[beir ariswerswould be registeredwhen
[he subjectsreasonedabout sta<emen<sWi<hout specific
relation, in unavailablecontex<s.However, w’e eou¡d no!
conf¡rm Ihesepredic<ionsbecauseno interaction xvas observed.

In spite of <his. in <he contexíof <his experiment,when
rcferring [o “availablescenariot.,’we aresimply referring <o
conditional argumentsthaI include availableprofessions.
Perhaps<he way we manipulated<bis variableand<he Iype
of Iaskpresentedmay explain <he absenceof significant
effectsof [his factor on corred perforniance.It is imporlant

to underlakenew investigationsin the future lo seewbether
<he effect of <bis variable on reasoningis greaterwben

conditional -argunientsincludedin texts areused,which would
allow <he subjects[o elaboratea‘mental franiework <bat is
ací.ivelytransfornied,with <he intention of deriving its factual

and plausibleconsequencesfrom Wc ‘mental simulation’
mode” (Valiña & De Vega, 1988. p. 58).
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